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It brings me immense pleasure to welcome all of you to the 4th International Conference 
on Opencast Mining Technology & Sustainability (ICOMS-2021) at Singrauli, Madhya 
Pradesh, India. ICOMS 2021 is the fourth annual International conference hosted by Northern 
Coalfields Limited, in association with its knowledge partner, Indian Institute of Technology 
(BHU), Varanasi. 

ICOMS 2021 is the confluence of mining industry, academics, researchers and engineers 
from all over the world. It is a world class technological forum of sharing the knowledge and 
expertise in the field of opencast mining. The conference attractted overwhelming response 
from all across the globe, which is reflected in messages and around 100 technical papers and 
abstracts hailing from 04 continents put together in this souvenir. I take this opportunity to 
thank all of them. I trust that the papers compiled here will furnish an excellent reference book. 

The ICOMS 2021 is organized in parallel with the exhibition by equipment manufacturers, 
suppliers and service providers. In view of the uncertainity around Covid-19, ICOMS-2021 is 
to a conducted in hybrid manner i.e. both physically & virtually like it's predecessor ICOMS 
2020. 

I look forward for impactful exchange of ideas benefitting all across the industry, academics and 
research. Please enjoy your stay in Singrauli under hospitality of Northern Coalfields Limited. 

I hope the ICOMS 2021 shall be an indelible experience of knowledge sharing, which would 
be an impetus to stimulate further study, research and adoption of best practices in the area of 
opencast mining. 

Happy ICOMS to all of you.

Satish Jha
Convener, ICOMS-2021

Foreword
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MESSAGE

izYgkn tks'kh
PRALHAD JOSHI

lalnh; dk;Z] dks;yk rFkk [kku ea=h
Hkkjr ljdkj
ubZ fnYyh

MINISTER OF PARLIAMENTARY AFFAIRS,
COAL AND MINES

GOVERNMENT OF INDIA
NEW DELHI

I congratulate Northern Coalfields Limited on the 4th edition of the International Conference on 
Opencast Mining Technology & Sustainability. Opencast mining has proven advantages of higher 
productivity and greater safety. Therefore, this two-day conference should be very helpful in 
holding discourses on better recovery of in-situ coal resources. 

As we are already aware that coal holds paramount importance in ensuring energy security 
to India. It is our aim to build an Aatmanirbhar Bharat and become a USD 5 trillion economy. 
In this regard, conferences such as ICOMS provide a platform for exchanging ideas, backed by 
attainable execution strategies to further improve the coal ecosystem. 

I extend my best wishes to the CMD, NCL, the organisers and participating delegates of ICOMS 

2021. I am confident that the conference will be instrumental in promoting sustainable mining 
and shaping this sector in a New India. 

          Pralhad Joshi
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MESSAGE

jkolkgsc ikfVy nkuos 
RAOSAHEB PATIL DANVE

jkT; ea=h
jsy] dks;yk ,oa [kku 

Hkkjr ljdkj
MINISTER OF STATE

OF RAILWAYS, COAL & MINES 
GOVERNMENT OF INDIA 

It gives me great pleasure to learn that Northern Coalfields Limited, Singrauli in association 

with IIT (BHU) for fourth continuous year, is organizing a two-day “International Conference 

on Opencast Mining Technology & Sustainability (ICOMS-2021)" on 13th-14th December, 2021 

at Singrauli. 

DGMS has supported the initiatives of Indian Coal Mining Industry ensuring safety and conservation. 

Northern Coalfield Limited, a subsidiary of Coal India Limited has shown its commitment towards 

Safety & conservation measures in its purview of coal mining operations. It is very satisfying 

that the company has not only clearly chalked out the upcoming challenges posed in front of 

them but is also reaching out to the world for technical and innovative solutions. NCL has also 

implemented several new initiatives adhering to ever evolving standards of safety measures of 

Coal mining. 

ICOMS has provided an opportunity for exchange of knowledge as also a scope for benchmarking 

of ideas. I am sure that the deliberations in the International Conference would result in evolving 

best practices in promoting production, productivity and safety. 

I wish this International conference a grand success. 

Raosaheb Patil Danve
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MESSAGE
I am very happy that consistent with its tradition of excellence, Northern Coalfields Limited, 
Singrauli is going to organize “4th International Conference on Opencast Mining Technology and 
Sustainability “ICOMS-2021” in association with IIT (BHU), Varanasi during 13th -14th December, 
2021 at Singrauli (M.P.).

CIL is a predominant mainstay of Indian energy security accounting for 80% of the total coal 
supply share. Along with increasing coal production to reduce coal import, transition from 
coal to renewable is also a challenge for which CIL is preparing itself through various strategic 
initiatives. In view of this it is of paramount importance that both Industry and Academia along 
with R&D organizations come together to prepare a roadmap for energy security and sustainable 
development of the nation.

ICOMS is such a dedicated and well organized platform which offer the technocrats, eminent 
scientists and professors, across the globe to share their ideas, innovations, research works 
through different interactive sessions and exhibition at Singrauli.

I congratulate Team NCL to continue their efforts and maintaining this trend of organizing 
ICOMS, even in the current challenging situation due to Covid-19 pandemic. I wish them all the 
success for the upcoming ICOMS-2021.

Anil Kumar Jain

vfuy dqekj tSu] Hkk-iz-ls-

lfpo
ANIL KUMAR JAIN, IAS
SECRETARY

Tel.: 23384884 Fax : 23381678
E-mail : secy.moc@nic.in

Hkkjr ljdkj
GOVERNMENT OF INDIA

dks;yk ea=ky;
MINISTRY OF COAL

'kkL=h Hkou] ubZ fnYyh&110 001
SHASTRI BHAWAN, NEW DELHI-110 001

ww.coal.gov.in
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MESSAGE
It gives me immense pleasure to know that Northern Coalfields  Limited, Singrauli is going to 
organize 4th International Conference  on Opencast Mining Technology and Sustainability 
"ICOMS 2021" during 13th -14thDecember 2021 in association with IIT (BHU), Varanasi.

It is very satisfying to know that the company has not only clearly  chalked out the upcoming 
challenges posed in front of them but is also reaching out to the world for technical and 
innovative solutions.  

With proactive and ahead of the time endeavors like ICOMS-2018,  I hope Team NCL will maintain 
its growth trajectory years after years.  

I wish NCL best in its endeavor of building forum for exchange of new ideas and shared knowledge.  

My Best wishes for the successful organization of this conference. 

          (M. Nagaraju)

,e- ukxjktw] Hkk-iz-ls-

vfrfjDr lfpo
M. Nagaraju, IAS
ADD. SECRETARY

Tel.: 23383356
E-mail : m.nagaraju@nic.in

Hkkjr ljdkj
GOVERNMENT OF INDIA

dks;yk ea=ky;
MINISTRY OF COAL

'kkL=h Hkou] ubZ fnYyh&110 001
SHASTRI BHAWAN, NEW DELHI-110 001

ww.coal.gov.in
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izeksn vxzoky
v/;{k&lg&izcU/k funs'kd

Pramod Agrawal
Chairman Cum Managing Director

dksy bf.M;k fyfeVsM
COAL INDIA LIMITED

(A Maharatna Company)
A Govt. of India Enterprise

"COAL BHAWAN"
 Premises No. 04, MAR, Plot No. AF-III

Action Area=1A, New Town, Rajarhat
Kolkata-700 156

Production through opencast mining presently accounts for a little over 95% of coal lndia,s total 
coal output. lf the trend has to sustain to scale up the production to higher levels in future, the 
imperative subtext to this woutd be infusion and adoption of newer technologies. 

Higher levels of quantity and quality production can only be achieved through efficient tech-
nologies, autonomous operations and advanced processes replacing manual operations. The 
driving points oftechnology introduction should be better safety, cleaner environment, higher 
productivity, quality of product, reduction in cost of operations and as a consequence increased 
profitability.

I appreciate the.joint efforts of Northern coalfields Limited and IIT (BHU) Varanasi in organizing 
a two-day "International Conference on 0pencast Mining Technology and Sustainability (IC0MS 
2O2l) on 13 to 14 December 2021 at Singrauli. The seminar is expected to draw the participation 
of mining experts' academicians and researchers. 

Such contextual and important conferences should not be mere annual rituals but the learnings 
from them should be put into effective practical use in enhancing Indian coal industry to pro-
ductive standards.

Pramod Agrawal

MESSAGE
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MESSAGE
I am immensely happy to know that Northern Coalfields Limited, Singrauli in association 
with IIT (BHU), Varanasi for fourth year in a row, is organizing a two-days "International 
Conference on Opencast Mining Technology & Sustainability (ICOMS-2021)" on 13th - 14th 
December, 2021 at Singrauli. 

Our country is addressing the big challenge to fulfil the growing demand of coal after the 
COVID 

ndemic to ensure energy security to its rapidly growing economy. Opencast Mining 
contributes heavily to meet this ever-growing demand. ICOMS sets a great platform for the 
integration of spirit of innovation and research. Organizing such events would provide an 
opportunity for exchange of knowledge and experience for sustainable development of the 
mining sector. 

I congratulate the organizers for the initiatives taken and wish this International Conference 
and Exhibition all success. 

My special compliments to NCL for taking a leading part in organizing this event.

 Amit Banerjee
 Chairman & Managing Director
 Beml Limited

BEML LIMITED
CIN:L35202KA1964GOI001530

Government of India, Ministry of Defence
A Miniratna Category-1 Company
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MESSAGE
I am happy to learn that Northern Coalfields Limited, Singrauli in association with IIT (BHU), 
Varanasi for fourth year in a row, is organizing two-days "International Conference on 
Opencast Mining Technology & Sustainability (ICOMS-2021)” on 13th-14th December, 2021 
at Singrauli in the hybrid manner, i.e. both physically and virtually, adhering to the new 
normal after COVID-19 pandemic. 

The Coal mining industry is a significant contributor to the economic growth of the country. 
India is poised to become a USD 5 trillion economy. The coal mining sector has a pivotal 
role to play in this economic transformation. In light of this transformation, it is imperative 
that Industry and Academia along with research bodies, across the globe must join hands to 
suitably craft a pathway for the energy security and sustainable development of our Nation. 

I am confident that besides the appropriate areas of relevance to coal mining industry and 
its future in India, this event shall also deliberate on the emerging areas, like Low-carbon 
mining, Automation Digitalization, Data Science and Analytics, AI, Clean Coal Technology 
etc., and their useful applications in the coal mining sector. Furthermore, I believe that the 
deliberations in the conference shall bring forth newer insights and initiatives on managing 
the social impacts of mining activities. 

It is consequential to affirm that ICOMS-2021 provides a brilliant forum to further strengthen 
the cordial partnership between IIT(BHU) and NCL. Covid-19 pandemic has pushed both the 
industry and academia towards innovative solutions to deal with novel challenges. I hope 
the conference will be a great platform for the generation and dissemination of new ideas 
and knowledge among the professionals around the globe from different fields. 

I express my best wishes to NCL for this grand event and for continuing its journey towards 
excellence in association with the IIT (BHU). 

Pramod Kumar Jain

DeeÛeeÙe& Øeceeso kegâceej pewve
efveosMekeâ
Prof. Pramod Kumar Jain
Director
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fou; n;ky
funs'kd ¼rduhdh½

BINAY DAYAL
Director (Tchnical)

COAL INDIA LIMITED
(A Govt. of India Enterprise)
Premises No. 04, MAR, Plot No. AF-III
Action Area=1A, New Town, 
Rajarhat Kolkata-700 156

MESSAGE
I am pleased to offer my wishes and congratulations to Northern Coalfields Limited for 
organising two-day“International Conference on Opencast Mining Technology & Sustainability 
(ICOMS-2021)” on 13th-14th December, 2021 at Singrauli in the hybrid manner; i.e. both 
physically and virtually, adhering to the new normal after COVID-19 pandemic.

Mining is an economic activity and has been the prime source of providing mineral resources 
to various industrial sectors. Innovation in technologies and skill up-gradation is essential for 
optimum production of coal reserves in the country. The Indian Government has opened Coal 
sector for private investments. Events like ICOMS shall provide a platform for indigenous and 
foreign entrepreneurs, academicians and industrial experts. It shall help them to meet, interact, 
exchange thoughts and ideas, and collaborate to open a pragmatic roadmap for the growth of 
mining industry in the country.

I wish NCL the very best in its endeavor of building the forum for exchange of new ideas and 
shared knowledge.

My Best wishes for the success of the event.

BINAY DAYAL
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izHkkr dqekj flUgk
v/;{k&lg&izcU/k funs'kd

Prabhat Kumar Sinha
Chairman Cum Managing Director

vee@o&ve& keâesueHeâeru[dme efueefcešs[
¼,d feuh jRu dEiuh½

iks- vkW- ,oa ftyk&flfaxjkSyh ¼e-iz-½ fiu & 486889

NORTHERN COALFIELDS LIMITED
(A Mini Ratna Enterprise)

P.O. & Distt. Singrauli (MP), Pin - 486 889
Phone: 07805-266621/266573 (Off), 266459 (Fax)

E-mail : cmd.ncl.cil@coalfields.in, Website : www.nclcil.in
CIN No. - U10102MP1985G0I003160

MESSAGE
It is a matter of great pride and honour that Northern Coalfields Limited, Singrauli is organizing 
“4th International Conference on Opencast Mining Technology & Sustainability  (ICOMS-2021)” 
on 13th-14th December, 2021 at Singrauli (M.P.) in association with IIT  (BHU), Varanasi in the 
hybrid manner; i.e. both physically and virtually. 

India is fortunate to have large reserves of coal, which can support the industry for coming  
few decades. However, despite huge reserves of coal available in the country, it is a matter 
of  serious concern that we are still dependent upon imports thus draining our precious foreign  
exchange. This necessitates urgent & emergent need to promote world class innovations within  
the organization to enhance production, productivity, quality and safety in mines, and reduce  
import of coal.  

ICOMS, in its last three editions, has registered a grand success and made a remarkable impact  
on productivity, safety and quality in the mining sector. Several best practices emerged from  
this platform have also been adopted in the field such as development of mechanized gravity  
drip irrigation system for plantation at dump slopes, extraction of barrier coal trapped in inter 

Project boundary, deployment of surface miner at bottom most turra coal seam, capacity  build-
ing for rapid prototyping and drone manufacturing etc. ICOMS-2021 has also been  planned to 
ensure further value addition and technology enhancement in the existing  production system.  

I hope this mega event will help in creating awareness and showcase the latest technologies  
and developments which have taken place in the mining sector and also in exchange of  knowl-
edge among the researchers, academicians, engineers etc. which will surely contribute  towards 
the betterment of the mining sector. 

I extend my best wishes and greetings for the grand success of this International Conference. 

Prabhat Kumar Sinha
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Prabhat Kumar Sinha
Chairman-Cum-Managing Director egkunh dksyQhYM~l fyfeVsM

Mahanadi Coalfields Limited
(A Subsidiary of Coal India Limited)
A Mini Ratna Company

MESSAGE
I am immensely happy to note that, Northern Coalfields Limited, Singrauli in association with 
IIT (BHU),  Varanasi for fourth year in a row, is organizing a two-day “International Conference 
on Opencast  Mining Technology & Sustainability (ICOMS-2021)” on 13th-14th December, 2021 at 
Singrauli in the  hybrid manner; i.e. both physically and virtually, adhering to the new normal 
after COVID-19 pandemic. 

India is blessed with vast resources of many metallic and non-metallic minerals and the Indian 
Mining  Industry plays a pivotal role in the progress of country’s infrastructure and economy. In 
view of the  current thrust on increasing domestic coal production and despatch, majorly from 
opencast coal mines to  reduce coal import as well as transition from coal to renewables, it is 
of paramount importance to  reinforce the infrastructural system of the coal sector.  

In recent few years ICOMS has emerged as an effective platform for both industrial and academ-
ic  professionals from across the globe to interact in a real time basis for preparing the roadmap 
for future  opencast mining. With proactive and ahead of the time endeavors like ICOMS-2021, 
I hope Team NCL  will maintain its growth trajectory years after years. I wish NCL best in its 
endeavor of building forum for  exchange of new ideas and shared knowledge. 

My Best wishes for the successful organization of this International Conference and Exhibition. 

Prabhat Kumar Sinha
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,- ih- i.Mk
v/;{k&lg&izcU/k funs'kd

A. P. PANDA
Chairman Cum Managing Director

meeTLe F&mšve& keâesueHeâeru[dme efueefcešs[ 
SOUTH EASTERN COALFIELDS LIMITED
(A MINIRATNA PSU)
P.O. : S.E.C.L, Seepat Road, Bilaspur-495 006 (C.G.)
Phone : (07752) 246301/ 246302 (O)
Fax : (07752) 246450
E-mail : cmd.secl.cil@coalindia.in

MESSAGE
It is a matter of great pleasure to note that Northern Coalfields Ltd (NCL) is organizing “4th 
International Conference on Opencast Mining Technology & Sustainability (ICOMS-2021)” in 
association with IIT (BHU), Varanasi on 13th and 14th December 2021 at Singrauli, Madhya 
Pradesh. 

Open cast mining is relatively an easier method of extracting minerals from the mines, where 
extraction depends largely on the surface exposure. For this purpose, large parcels of land have 
to be taken into possession to deploy heavy machineries and extraction of minerals depends on 
the ability to maneuver them within available space. But more important question is about the 
choice of technology and its sustainability. It is an unassuming reality that technology has not 
only been the driver of growth but also has helped in the global transformation. However, the 
growing awareness about the probable future put a question mark on the sustainability of the 
present technologies, even if it is so, for how long? 

Sustainability of the open cast mining depends on narrowing down the gap between the BEFORE 
and the AFTER concerns. It is a fact that origin can not be duplicated but a near original can be 
created to reduce the impact of metamorphosis. Open cast mining has always been economical 
for extraction and easier in scaling, but limited by the area of operation and size of investment. 
As environmental challenges are many, miners carry the risk of drawing any parallel between 
the objective of wealth creation and the subjective of bio degradation. In our aspiration to 
strengthen the present, more often than not we forget the future in store for us. Therefore, a 
sustainable operation in mining needs to relook at the possible extraction processes with near 
naught harm to the source and the possible attempts to re-create the same. 

While conveying my best wishes to the participants on the occasion, I sincerely hope that the 
best minds in the field will enlighten the associated ones to work beyond the present and 

contribute towards the future. 

I wish the organizers, participants, experts and the event a grand success, with an aspiration 
for a better tomorrow.

A. P. Panda
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izse lkxj feJk
v/;{k&lg&izcU/k funs'kd

Prem Sagar Mishra
Chairman/Managing Director

F&mšve& keâesueHeâeru[dme efueefcešs[
EASTERN COALFIELDS LIMITED

(keâesue Fbef[Ùee efueefcešs[ keâer Deveg<ebieer)
(A Subsidiary of Coal India Limited)

meebkeâleesefÌ[Ùee/ Sanctoria, hees.- ef[mesjieÌ{/ PO - Dishergarh
efpeuee/Dist.- heef§ece yeo&Jeeve (he. yeb.)/ Paschim Burdwan (W.B.)

efheve/ PIN 713333- otjYee<e/ Ph: 0341-2520545,
Hewâkeäme/ Fax 0341-2523574,

meerDeeF&Sve/ CIN-U10101WB1975GO1030295
F&cesue/email : cmd.ecl.cil@coalindia.in
JesyemeeFš/Website : easterncoal.gov.in.

MESSAGE
It gives me immense pleasure to note that Northern Coalfields Limited is organizing “4th 
International Conference on Opencast Mining Technology & Sustainability (ICOMS-2021)” in 
association with IIT (BHU), Varanasi on 13th and 14th December, 2021at Singrauli. 

The modern paradigm of coal mining operations is based on continuous adoptions and 
application of systemic advancements. A dynamic equilibrium between sustainable coal 
mining and environment conservation is the need of the hour to remain relevant in the 
energy sector in a sustainable manner. As such I am confident that the conference will 
provide great opportunity to interact and exchange ideas & knowledge among mining 
professionals across the globe, which in turn will provide valuable inputs to our industry. 

I congratulate team NCL for the initiative taken to organize such an event and I wish the 
4th International Conference on Opencast Mining Technology & Sustainability (ICOMS-2021) 
a grand success.

        Prem Sagar Mishra
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ih- ,e- izlkn
v/;{k&lg&izca/k funs'kd

P. M. Prasad
Chairman-cum-Managing Director

Hkkjr dksfdax dksy fyfeVsM
,d feuhjRu dEiuh
Bharat Coking Coal Limited
A Mini Ratna Company
(A Subsidiary of Coal India Ltd.)
Koyla Bhawan, Koyla Nagar, Dhanbad-826005
Qksu@Phone : (dk;kZ- Off.) 0326-2230112
QSDl@Fax : 0326-2230153
bZ&esy@E-mail : cmd.bccl.cil@coalindia.in

MESSAGE
It gives me immense pleasure to know that Northern Coalfileds Limited, Singrauli is going 
to organise "4th International Conference on Opencast Mining Technology & Sustainability 
(ICOMS-2021)" in association with IIT(BHU), Varanasi on 13-14th December 2021 at Singrauli 
and is also going to publish a Souvenir on the occasion.

During the present era, contribution from Open Cast Mining in meeting the country's de-
mand of coal is substantial. Organising this type of conference with participation from lead-
ing visionaries, strategists & experts from local & global industries and other stakeholders 
shall go a long way in understanding and addressing the current & future challenges of Open 
Cast Mining in Coal Industry as well as the economy.

I extend my sincere wishes for grand success of ICOMS-2021 and congratulate the organisers 
for their endeavor.

P. M. Prasad
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ih- ,e- izlkn
v/;{k&lg&izca/k funs'kd

P. M. Prasad
Chairman-cum-Managing Director

lsUVªy dksyQhYM~l fyfeVsM
,d feuhjRu dEiuh
¼Hkkjr ljdkj dk ,d miØe½
njHkaxk gkml] jk¡ph 834 029
CENTRAL COALFIELDS LIMITED
A Miniratna Company 
(Govt. of India Undertaking)
DARBHANGA HOUSE, RANCHI 834 029
Qksu@Phone : (dk;kZ- Off.) 2360001, 2360002
QSDl@Fax : 651-2360003
bZ&esy@E-mail : cmd@cclgov.in & cmd_sectt@yahoo.com

MESSAGE
I am immensely delighted to know that, Northern Coalfields Limited, Singrauli in associa-
tion with IIT (BHU), Varanasi for fourth year in a row, is organizing a two-day “International 
Conference on Opencast Mining Technology & Sustainability (ICOMS-2021)” on 13th-14th 
December, 2021 at Singrauli in the hybrid manner.

Mining industry has been witnessing technological advancement which has helped not only 
to increase mineral production but also its optimum utilization.  The Indian Mining Industry 
is a significant contributor to the economic growth of the country and coal is the main fuel 
for power generation. The growing demand for higher coal production and deeper mines; 
requires deployment of higher capacity mining equipments. With proactive and ahead of 
the time endeavors like ICOMS-2021, I hope Team NCL will maintain its growth trajectory 
years after years. 

I hope 4th ICOMS would lead to quality and process enhancement in opencast technology 
and sustainability in longer term leading to addition in national repository of technical ad-
vancements. This is an excellent arena to bring the opencast mining practitioners under one 
umbrella.

I extend my best to the Team NCL for the successful organization of the conference.

P. M. Prasad
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eukst dqekj
v/;{k&lg&izcU/k funs'kd

Manoj Kumar
Chairman Cum Managing Director

Jesmšve& keâesueHeâeru[dme efueefcešs[
(Yeejle mejkeâej keâe Skeâ efceveer jlve - ßesCeer ~ Ghe›eâce)

WESTERN COALFIELDS LIMITED
(A Miniratna - Cat. │Government of India Undertaking)

keâesue Fmšsš, efmeefJeue ueeF&vme, veeiehegj-440001
Coal Estate, Civil Lines, Nagpur - 440001

 (keâe /O) : 2510315, 2510440
 (efve /R) : 2510314

email : cmd.wcl@coalindia.in
website : http//westerncoal.gov.in

MESSAGE
It gives me immense pleasure to note that keeping the tradition from the last 3 years, 
Northern Coalfields Limited, Singrauli is organizing a two-days 64th International Confer-
ence on Opencast Mining Technology & Sustainability (ICOMS-2021)" in association with IIT 
(BHU), Varanasi on 13-14 Dec'21 at Singrauli (M.P.) with wide participation from various 
Mining Organisation, academician, researchers and other stake holders. 

A sustainable and robust mining sector is an essential element in Indian growth story. Mining 
sector contributes approx. 2.5 % of the GDP and is poised to grow at a faster pace for firing 
and fuelling the country's growth engine. In the present scenario, the main challenge be-
fore the Mining industry is to produce coal in cost effective and sustained manner through 
adoption of latest technologies. This requires widespread innovation and implementation 
of new and appropriate green technologies. Green mining initiatives would address the 
concern of the sector on global warming and pollution and offer sustainable solutions to 
these concerns. It is of utmost importance that post mining a healthy ecosystem is restored 
through mine closure and rehabilitation. 

With the increase in the demand of coal, it is important to focus on sustainable coal pro-
duction and to adopt the best international practices. I am sure that, with exchange of 
ideas, this conference would help in identification and adoption of suitable technology for 
efficient exploitation of natural resources and bridging the existing impediments through 
improved knowledge and its convergence into workable deliverance. 

| sincerely convey my best wishes for the grand success of the International Conference on 
Opencast Mining Technology & Sustainability “ICOMS-2021” while commending the Organ-
izers for their endeavour and commitment towards technological and societal betterment. 

Manoj Kumar
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Manoj Kumar
Chairman-Cum-Managing Director

MESSAGE
I am immensely happy to know that Northern Coalfields Limited, Singrauli in association with 
IIT (BHU), Varanasi for fourth year in a row, is organizing a two-days “International Conference 
on Opencast Mining Technology & Sustainability (ICOMS-2021)” on 13th – 14th December, 2021 
at Singrauli.

Our country is addressing the big challenge to fulfill the growing demand of coal after the 
COVID-19 pandemic to ensure energy security to its rapidly growing economy. Opencast Mining 
contributes heavily to meet this ever-growing demand. ICOMS sets a great platform for the 
integration of spirit of innovation and research. Organizing such events would provide an 
opportunity for exchange of knowledge and experience for sustainable development of the 
mining sector.

I congratulate the organizers for the initiatives taken and wish this International Conference 
and Exhibition all success.

Manoj Kumar

mesvš^ue ceeF&ve hueeefvebie SC[ ef[peeFve FvmešerÛÙetš efueefcešs[
(kesâeue FefC[Ùee efueefcešs[ keâer Deveg<ebieer/Yeejle mejkeâej keâe Skeâ ueeskeâ Ghe›eâce)

ieesvoJeevee huesme, keâeBkesâ jes[, jeBÛeer-834031, PeejKeb[ (Yeejle)
Central Mine Planning & Design Institute Limited

(A Subsidiary of Coal India Limited / Govt. of India Public Sector Undertaking)
Gondwana Place, Kanke Road, Ranchi- 834 031, Jharkhand (INDIA)

Corporate Identity Number (CIN) : U14292JH1975GOI001223
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Dr. Anindya Sinha
Director (Tech/Operations), NCL

vee@o&ve& keâesueHeâeru[dme efueefcešs[ 
(Yeejle mejkeâej keâe Skeâ efceveerjlve Øeefle‰eve)

efmebiejewueer 486889 (ce.Øe.)
NORTHERN COALFIELDS LIMITED

(A Mini Ratna Company)
P.O. Singrauli Colliery

Distt.-Singrauli (M.P.) - 486889
CIN - U10102MP 1985GOI003160
Tel : 07805-266615, Fax : 266652

Website : www.ncl.nic.in

MESSAGE
It is a matter of great pride and honour that Northern Coalfields Limited, Singrauli is or-
ganizing “4th International Conference on Opencast Mining Technology & Sustainability 
(ICOMS-2021)” on 13th-14th December, 2021 at Singrauli (M.P.) in association with IIT (BHU), 
Varanasi in the hybrid manner. 

Mining, by its very nature, is working against the Mother Nature. Same rings true for coal 
mining.  With increasing demand of coal in recent times, NCL as well as CIL as a whole, 
ramped up its coal  production and dispatch to ensure the national energy security and 
safeguarded its economic  growth. It is imperative to continually strive to look for better, 
efficient and sustainable ways to mine  coal. It is amazingly pleasing to know that NCL is 
achieving its coal production target and also setting  up new benchmarks in front of other 
coal companies, particularly in the field of production,  productivity and integration of re-
search and innovations.  

I hope that ICOMS-2021 offers a plethora of opportunities to all its stakeholders including 
practicing  engineers, machinery manufacturers, academicians, scientists, policy makers, 
planners and  regulators to enrich themselves with exchange of innovative developments 
showcased by eminent  mining experts from across the world, creating awareness and 
demonstration of latest technologies  and developments in the sector. This shall enable us 
to strategically deal with upcoming challenges,  ensuring rapid sustainable growthand to 
prepare in advance for transition from coal to renewables.  

I wish this International Conference and Exhibition a grand Success. I am confident that the 
event  would be very successful and attain new heights of excellence. 

Dr. Anindya Sinha
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R. N. Dubey
Director (Finance/Personal)

vee@o&ve& keâesueHeâeru[dme efueefcešs[ 
(Yeejle mejkeâej keâe Skeâ efceveerjlve Øeefle‰eve)

efmebiejewueer 486889 (ce.Øe.)
NORTHERN COALFIELDS LIMITED

(A Government of India Mini Ratna Enterprise)

P.O. & Distt. Singrauli -486 889

Phone: 07805-266613 (O), 266661

Mobile No. : 9406965001

MESSAGE
It is matter of immense pleasure and great pride that Northern Coalfields Limited, Singrauli is 
organizing the two days "4th International Conference on Opencast Mining Technology & Sus-
tainability (ICOMS-2021)" on 13th-14th December, 2021 at Singrauli in association with IIT(BHU), 
Varanasi with a wide participation from various Mining Organizations, Academia and R&D organ-
izations. 

Coal is the major fossil fuel mined in this country and is the mainstay of our energy. For sus-
taining envisaged economic growth, coal has to play a critical role in fulfilling the energy re-
quirements of the country. For making coal production sustainable with the projected growth, 
it is important to adopt the best international practices and improve operations through total 
cost value chain. This flagship event aims at global participation of mining professionals, policy 
makers, equipment manufacturers, scientists and academicians to interact on the various issues 
related to the Coal mining and allied activities. 

I hope that ICOMS-2021 will surely act as a dais for exchanging ideas and surely pave the path 
for identification and adoption of suitable sustainable technology for judicious use of natural 
resources through improved knowledge and workable solution. 

I convey my best wishes for the mega success of this International Conference "ICOMS-2021" and 
its continuity on the road of excellence. 

Ram Narayan Dubey
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S. S. Sinha
Director (T/P&P)

vee@o&ve& keâesueHeâeru[dme efueefcešs[ 
NORTHERN COALFIELDS LIMITED
(A Subsidiary of Coal India Ltd)
P.O. Singrauli Colliery
Distt.-Singrauli (M.P.) 486 889

MESSAGE
It is pleasant to note that Northern Coalfields Limited, Singrauli is organizing “4th Interna-
tional Conference on Opencast Mining Technology & Sustainability (ICOMS-2021)” on 13th-
14th December, 2021 at Singrauli in association with IIT (BHU), Varanasi.  

The Indian Mining Industry is a significant contributor to the economic growth of the  coun-
try. Coal has major share in primary energy requirement of the nation and plays an  im-
portant role in its socio-economic development, despite the push towards renewables and  
systemic challenges faced by the sector. CIL is continuously upgrading its infrastructure and  
technological setup to be ahead in the energy sector. Northern Coalfields Limited is the  
leading company in opencast coal mining where mega mines and machineries are  contrib-
uting round the clock to ensure energy security of the nation in a sustainable manner,  and 
is also known for its professional approach in technology absorption in coal mining. In  this 
context, organizing International Conference of this scale is quite timely and a welcome  
move to address various issues involved in absorption of the technologies. 

I am hopeful that this conference shall motivate and enrich all researchers and industrial  
delegates with innovative ideas for implementation in their domain.  

I wish my best to all the organizers for a grand success of this International Conference. 

Subrata Shekhar Sinha
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Amit Kumar Srivastava
CVO, NCL

vee@o&ve& keâesueHeâeru[dme efueefcešs[ 
NORTHERN COALFIELDS LIMITED
(A Subsidiary of Coal India Ltd)
P.O. Singrauli Colliery
Distt.-Singrauli (M.P.) 486 889

MESSAGE
It gives me immense pleasure to know that Northern Coalfields Limited, Singrauli is 
organizing “4th International Conference on Opencast Mining Technology and Sustainability 
(ICOMS-2021)” during 13th-14th December, 2021” in association with IIT (BHU), Varanasi 
for the fourth year in a row. 

Mining is a challenging operation requiring continuous adoption and application of 
systematic improvements to remain competitive and keep it sustainable. This is indeed a 
commendable work on the part of NCL to continue the spirit of integration of innovation 
and research through the platforms like ICOMS. This provides excellent opportunity to 
bring opencast mining practitioners and academic researchers to ponder about quality and 
process enhancement in opencast technology and sustainability leading to faster adoption 
of technological advancements. 

I extend my sincere wishes for grand success of the Conference and congratulate the 
organizers for their endeavor. 

(Amit Kumar Srivastava)
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Coal has played an important role in the global development 
since 19th century to power steam engines, heat buildings, 
generate electricity as a source of energy. However, now 
a days, Climate change, safety, and a variety of other 
environmental issues are becoming serious concerns. In 
many cases, such concerns are justified, and much more 
needs to be done to address them. In the developing country 
like India, where the coal has a share of over 56% in 
primary energy consumption, there is a long way to either 
reduce dependency on coal or to meet its requirement in 
a cleaner way by use of Clean Coal Technologies. In FY 
2020-21, the domestic coal production was 716.01 MT. The 
country imported 214.97 MT coal to cover up the demand 
supply gap. To meet the National developmental goals the 
per capita energy demand is continuously increasing and 
accordingly the coal demand is also expected to be increased 
in near foreseeable future. At present, there is focus on 
improving productivity of mining system and operations 
as well as energy conversion efficiency of thermal plants 
along with adoption of Clean Coal Technologies (Coal 
liquefaction and gasification) to meet the energy demand 
in a sustainable manner. Northern Coalfields Limited 
(NCL), a Coal India Limited company located in Singrauli 
and Sonebhadra districts of M.P. and U.P., respectively., 
is striving hard to ensure energy security to the nation 
by optimum utilization of resources in an integrated and 
sustainable way.In view of the global climate change and 
continuously increasing demand for coal and other primary 
energy resources in India, it is of paramount importance for 
a coal producing company like NCL to develop a strategy 
to strengthen its expertise in 2 main domains for business 
sustainability viz. Environmental Management and 
Business Diversification particularly through technology 
intervention in the field of alternative uses of coal i.e. 
coal gasification, coal liquefaction, gainful utilization of 
overburden material (for sand production as well as for 
other purposes like for glass, ceramics, solar wafer etc. 
based industries). During this transition phase when coal 
business is facing global challenge due to increasing share 
of Renewable Energy sources as well as due to serious 
concern over climate change, it becomes important for a 
business leader that it not only inspires its team members 
to connect with something bigger than themselves; to 
work together, take bold action, and accomplish tasks that 
couldn’t be achieved without shared effort, but it also keeps 
its team members motivated to take initiatives by their own 
with the feeling of ownership for the organization. Such an 
exceptional example has been set up by Shri P.K. Sinha, 
currently leading the two flagship subsidiaries of Coal 
India Limited, Northern Coalfields Limited and Mahanadi 
Coalfields Limited. Both subsidiaries contribute about 
50% of total coal production of Coal India Limited. In this 
article the special attention has been given to discuss the 
business challenges to NCL and the key highlights of the 
initiatives taken for system improvement, infrastructural 
development and strategic initiatives for preparing a 

roadmap for business sustainability etc. under the dynamic 
leadership of Shri P. K. Sinha as CMD, NCL.
Singrauli Coalfield of India
NCL operates primarily with the objective of producing 
coal with due regard to social up-liftment, sustainable 
development and environmental up gradation. It is an ISO 
9001:2015, ISO 14001:2015, ISO 45001:2018 certified 
company.Organization’s main products include non-
coking coal in the range of grades G5 to G13 besides 
‘De-shale Coal’ and the ‘Coal Rejects’. About 86% of the 
coal produced is dispatched to Power Sector. NCL has 
share of about 15% in nation’s total coal production i.e. 
a contribution of about 10% in total power generation. 
Singrauli Coalfield is spread over 2202 Km2, comprising of 
two basins, viz. Moher sub-basin.

 
Fig. 1Moher Sub-Basin and Main Basin in Singrauli Coalfield

(312 Km2) and Singrauli Main Basin (1890 Km2). It has 
total coal reserve of 10.06 BT (6.83 BT in Moher Sub-basin 
and 3.23 BT in Main Basin). Major part of the Moher sub-
basin lies in the Sidhi district of Madhya Pradesh and a 
small part lies in the Sonebhadra district of Uttar Pradesh. 
All the coal mining operations of NCL are at present 
concentrated in Moher Sub-basin through 10 numbers of 
highly mechanized opencast mines. Singrauli main basin 
lies in the western part of the coalfield and is largely 
unexplored. 

Fig. 2Moher Sub-Basin - Operating Mines of NCL

New Dimensions to a Sustainable Coal Mining Business 
through Dynamic Leadership



Northern Coalfields Limited, Singrauli

XXIV

In NCL, there are 10 numbers of opencast mines where 
coal (sub-bituminous coal, i.e. non-coking coal in the range 
of grades G5 to G-13) is being exploited by (i) Shovel-
Dumper combination and (ii) Surface Miner.  Currently 
NCL has a fleet of 1239 equipments for production. 
NCL has produced 115.04 Million Tonnes (MT) coal i.e. 
101.80% of the target in FY 2020-21 with 6.50% growth 
over last year. It was for the 3rd consecutive year, when 
NCL surpassed 100 MT milestone. NCL is one among the 
3 subsidiaries of CIL to cross 100 MT in FY 2020-21. NCL 
dispatched 108.67 MT coal i.e. 96.20% of the target in FY 
2020-21with 1.20% growth over last year. The target for 
coal production and offtake in 2021-22 is 119.0 MT and 
126.50 MT, respectively. The coal supplies from NCL has 
made it possible to produce about 10515 MW of electricity 
from pithead power plants having power generation 
capacity of 13295 MW. In addition, NCL is also supplying 
coal to up-country power plants of different states of the 
nation.
Challenges in Singrauli Coalfield
To meet the growing demand of coal and in keeping with 
the pace of economic growth, NCL has to continuously 
supplement / contribute to the country’s growing energy 
demand. Thus, in the next five years it is expected that 
NCL will have to produce in the range of 125-130 MT 
and majority of all these coal will come from the existing 
mines. This increase in production involves the following 
challenges:
i) No new area is available in the strike direction 

except Semaria and Kakri North Blocks. 
ii) High Stripping ratio towards the dip.
iii) Increase in working depth.
iv) Scarcity of Overburden dumping space.
v) Half basinal shape of the deposit, as a result of 

which mining operation will be converging towards 
the center, squeezing the available working area / 
strike length.

vi) Area on the dip side of existing projects is 
densely populated and needs Resettlement and 
Rehabilitation.

vii) Environmental Challenges due to substantial 
increase in mining activity involving drilling, 
blasting, excavation and transportation.

The leader who consider challenges as opportunities 
Shri Prabhat Kumar Sinha, currently heading the two flagship 
subsidiaries of Coal India Limited, Northern Coalfields 
Limited and Mahanadi Coalfields Limited. The duo NCL 
and MCL Contribute about 50% in Coal India’s production. 
Shri Sinha is known for his effective leadership acumen, 
well supported by his technical knowledge, confidence in 
himself and his team, strong and clear communication, 
setting the right expectations and giving the team the right 
direction, his innovative approach, perseverance during the 
crisis, risk management, openness to change, etc. Beside 
several challenges in expansion of business in Moher Sub-
Basin of Singrauli Coalfield, the performance graph of 
Northern Coalfields Limited has shown a steep rise with 
a marked highlight of surpassing the 100MT annual coal 
production during his tenure. A gracious growth figure of 
about 24% in respect of coal production within a short span 

of 3 years can be majorly attributable to aggressive process 
re-engineering, introduced by Shri Sinha at different 
levels in the organization. His insightful endeavors and 
magnificent rapport has helped him to obtain incremental 
clearances of 23.5 MTPA for operation of NCL mines. While 
satisfactorily fulfilling the power demand of the northern 
grid thermal plants, NCL under his guidance, work for full 
contentment of its stakeholders in the surrounding. The 
result oriented determination of Shri P.K. Sinha provides 
an appropriate pace to the new projects undertaken at 
NCL, which is expected to ensure the future coal supply 
of the company in accordance with the burgeoning coal 
demand of the nation. Shri P K Sinha has spearheaded in 
institutionalizing the Research & development wing of 
NCL, through an innovative concept of SARAS (Science 
& Applied Research Alliance and Support)having major 
thrust on advancement of mining technologies, clean coal 
technologies, climate change, waste management, new 
& renewable energy, efficiency improvement and cost 
reduction besides providing scientific support to NCL 
units for improving availability, reliability and efficiency. 
Apart from providing solutions to the critical issues of 
NCL, the concept has motivated the youth workforce of 
the organization, which has propelled the growth graph 
of the subsidiary. His penetrative ventures for sustainable 
development and for upliftment of the society is expressed 
in his work towards “Skill India” mission of Govt. of India, 
where NCL in association with Ministry of MSME and all 
its stakeholders i.e. Industry, Technical Institute and local 
youths have developed a single platform for the betterment 
of the nation. Shri Sinha has a wide overseas experience, 
and has represented Indian Coal industry at different 
global platforms. In August 2019, he has visited Russia 
as a part of Indian delegation to explore the opportunities 
for digitization and technological upgradation of Indian 
mines.In December 2019, he delivered a special talk on 
Sustainable Development of Singrauli Coalfields at Perth, 
Australia. Shri Sinha’s flamboyant managerial skills and 
leadership ability have been appreciated time and again and 
he has been honored with many prestigious awards. He is 
recipient of National Mine Safety Award from the President 
of India. He has been awarded HB Ghosh Memorial Award 
for Best Mine Manager 2012 and 2013 for two consecutive 
years by the Mining Geological and Metallurgical Institute 
(MGMI). His case study on management of overburden 
(OB) in adverse conditions in opencast coal mines has also 
received laurels on MGMI forum in the year 2018.  Shri 
Sinha was conferred ‘IMMA Excellence Award 2018’ as 
well as PSE Excellence Award for 2018 and 2019 by Indian 
Chamber of Commerce (ICC) for his outstanding contribution 
to the Indian coal industry and national economy.Due to his 
outstanding contribution as a corporate leader, he was awarded 
the fellowship of World Academy of Productivity Science in 
February, 2020. He is also associated with esteemed industry 
institutions and is the Vice President of the Mining Geological 
and Metallurgical Institute (MGMI) and the member of the Indian 
Mine Managers Association (IMMA). Shri Sinha’s ability to 
make strategic and visionary decisions and aligning the team to 
achieve beyond the targets is phenomenal. His strong leadership 
is evident as NCL is continuously overachieving the targets. 
He sets the right direction and inspires the team to succeed in 
achieving the end result.Shri Sinha is truly a visionary leader and 
sets the right direction for his team. Under his leadership, NCL 
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became a 100 MT Coal Producing company. His positive attitude 
and outlook towards difficult situations and crises set him apart 
from the crowd. Shri Sinha is well known for his Quick Decision 
Making, He has initiated many new projects including the Mining 
Skilling center, OB to Sand Project, Solar Project, Kisan Ganga, 
Collaboration with IIT-BHU, and its Incubation Center, Skill 
Development programs, and others. His leadership style helped 
him to run the business smoothly. NCL and MCL, under his 
leadership, are not only producing coal but also improving the 
lives of the communities in and around the Mining Areas through 
his Five-Factor Model (Big Five) which is as follows:
i. Emotional Stability: Shri Sinha handles tough 

situations with his vast experience and calm mind as 
he believes both in his and his Team’s capabilities. 

ii. Extraversion: We can find him very active during all 
the company events. His involvement beyond the 
boardroom activities is phenomenal, which makes 
him a Peoples’ Leader. It produces a positive and 
far-reaching impact to set the direction for the future 
leadership of the company.

iii. Openness: Shri Sinha is very clear and open about 
his vision and targets of the company. He always sets 
clear expectations from the Team and keeps himself 
personally involved with the team.

iv. Agreeableness: The employees and other stakeholders 
trust him and always stand with him in achieving the 
company’s vision. 

v. Conscientiousness: Most of the time we find Shri 
Sinha involved in Performing his duties. He has given 
the biggest portion of his life serving the Coal Industry 
and ensured many positive transformations under his 
leadership.

With his abilities and charisma, Shri Sinha is transforming 
the Coal Industry from bureaucratic and traditional 
Leadership towards an Industry that is open to change, 
embracing Innovations and new Technologies, 
Digitalization, Creating Modern Infrastructure, Renewable 
energy, making difference in the Welfare of employees, 
and creating vibrant social Infrastructure. He is a 
Transformational leader who encourages and inspires the 
employees to create innovative and interesting ways to 
work which can help grow and shape the future of the 
company and the Coal Industry. He trusts and trains the 
employees to take ownership of their assigned works.
Remarkable Initiatives and Developments

CMD NCL & MCL Shri P K Sinha has diverse experience of 38 
years in mining industry. He assumed the charge as CMD of NCL 
in December 2017 and Under his leadership, the company entered 
the coveted 100 Million Tonne coal group in FY 2018-19 and 
became the third largest coal producer of the country. Considering 
the rise in coal production and productivity coupled with incessant 
efforts in promoting social concerns, Shri Sinha is writing a new 
definition of NCL’s contributions towards nation building. The 
company has been continuously achieving its Production targets 
since then.  He has been entrusted with additional responsibility 
of CMD MCL, another flagship subsidiary of Coal India Limited. 
The combined duo accounts about 50% Coal Production of 
Coal India Limited. Prior to Joining NCL as CMD Shri Sinha 
was looking after South Eastern Coalfields Limited (SECL) as 
Director (Technical/Project & Planning) of) where the President 
of India conferred National Mine Safety Award to him. Shri 
Sinha’s paper on slope management was also appreciated by 
MGMI. Shri Sinha has also presented various technical papers 
on coal in national and international forums. Shri Sinha also 
represented Indian Coal Industry in World Mining Congress in 
the year 2008 in Poland and in year 2011 in Istanbul. Shri Sinha 
also represented the Indian Coal sector in International Mines 
Expo held in Las Vegas in September 2016.
Production

NCL has produced over 115 MT in FY 2020-21 more 
than its assigned target, the growth of NCL in the coal 
production over the year is phenomenal. The company 
is planning to contribute about 130 MT in the 1BT Coal 
Production target of Coal India Limited by 2023-24.
CSR
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In the corporate Social Responsibility, in the last 6 years, 
NCL has constructed 180 km of roads in about 65 villages 
under its Gaon Jodo Abhiyan. 

A large number of community halls, construction of 
more than 7000 toilets and rural areas, electrification, 
arrangement of solar lights in villages, Installation of more 
than 2100 hand pumps and 42 RO for water in villages and 
public places while improving infrastructure in 60 villages. 
Along with this, about 39 ponds and 12 check dams have 
been developed. In Sonbhadra and Singrauli more than 110 
government public health centers were developed. In the year 
2020-21, with the CSR budget of about 130 crore was spent in 
social development activities, The NCL undertook massive 
effort to fight and curb COVID-19 including distribution 
of masks and sanitizer, Sanitization of areas, distribution 
of Ration kits and Establismnent of COVID Ward etc.   
The company is also establishing  library and e-library in 
175 schools of Singrauli at a cost of Rs 448.11 lakh. 
Marketing

“Under Self-reliant India, NCL is saving huge foreign 
exchange under special spot e-auction by implementing the 
process of ‘spot e-auction’ for import substitution for coal 
importing consumers. Increasing revenues by improving proper 
blend of seams. By deployment of draglines at lower bench 
height, S/D to expose Turra seam, the % of Turra drastically 
increased in all mines. So the revenues and profits. Boundary 
Coal was a brain child of the leader. Tons of coal locked in 
boundary has been extracted and has shown path for futures.

Environment

    

Vast amount of plantation is being done in and around mining 
area of the company. In addition to large scale plantation, 
modern preventive measures for pollution control including 
fog cannons, Mist spray, Road Sweeping machines have 
been installed. NCL is setting up environment laboratory 
with CSIR NEERI which will play an important role in 
the prevention of pollution of Singrauli region. NCL in 
collaboration with Indian Institute of Forest Management, 
Bhopal has prepared an integrated plan for the wildlife of 
Singrauli so that balance is maintained in the ecosystem of 
the area. Eco- parks in Bina, Nigahi and Mudwani-Jayant 
are being developed to promote eco-Tourism. The company 
has also signed an MoU with MP Tourism for this.
Integration of research and innovation
As a visionary leader Shri P.K. Sinha, CMD, NCL 
introduced the concept of integration of innovation 
and research in the organization for ensuring business 
sustainability. The Technical and Scientific Studies/
Investigations and R&D proposals under SARAS are being 
taken up through institutions of CSIR and other technical 
scientific institutions of repute under the Govt of India viz. 
IITs, NITs and other institutions of national importance. In 
order to integrate innovations and research, NCL has come 
up with a unique strategy under which following 3 wings of 
SARAS are being developed in parallel mode:
• Integrated Laboratory Facility (Development of 

Technology on Lab scale): It is the main R&D 
wing of SARAS which comprised of technical 
laboratories. The main purpose of this wing is to 
facilitate fundamental research and scientific works. 
The laboratory consists of Design & Simulation Lab, 
AI & Big Data Analytical Lab, Remote Sensing Lab, 
Geotechnical Cell Lab , Drone & Automation Lab and 
Environmental Management Lab. 
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• Technology Centre (Technology Demonstration): In order to 
provide a central facility of testing, fabrication and training, 
a state of art Technology Centre is being developed by NCL 
and Indo-German Tool Room, Indore.

• Incubation Centre (Commercialization of Technology): 
This wing of SARAS comprises of various 
startup companies selected through different Govt 
Programmes on pan India basis as well as Innovation 
groups/societies of the students of IIT (BHU). The 
main purpose of this wing is to involve young and 
creative minds in developing the end solutions/scale 
up facilities for the R&D/scientific works in the field 
of mining and its allied activities.

Future action plan

In order to make the country “self-reliant in the coal sector”, 
Coal India has been given a target to produce 1 Billion 
Tonnes by the year 2023-24. In the context of this target, 
NCL is targeting 130 Million Tonnes by the year 2023-
24, to achieve this has to strengthened its infrastructure, 
expand its projects, deployment of advanced machines for 
which an action plan to make an investment of Rs 7000 
crore is being implemented. NCL’s flagship First Mile 
Connectivity (FMC) is a major part of it which will process 
the mechanized coal evacuation. Under this initiative 2 
FMC Projects i.e. Krishnashila CHP and Block-B Rail 
Connectivity have already commissioned which is helping 
NCL in ensuring enhanced coal dispatch in a safe and 
environment friendly manner.
 

NCL has taken several other initiatives for long term 
business sustainability under the leadership of CMD, NCL. 
Some of these are as follows:
1. Use of Overburden (OB) as Sand, Road foundation 

material, Bricks, Ceramics: The overburden generated 
from the mines consists mainly of Sandstones and 
Shales. Among these two, sandstones predominate. 
In order to address the scarcity of space for OB 
accommodation in internal dumps and to convert the 
problem into a great opportunity now it is planned 
to explore the possibility of converting waste i.e. 
Overburden to Wealth. NCL is in process to establish 
its 1st plant for sand production from overburden 
material. There are also several other possibilities of 
use of Over Burden for various other purposes like - 
road filling & foundation material, bricks, ceramics etc. 

2. Solid Waste Management: Initiative in pipe line, it 
will be a step important for Swachh Bharat and green 
initiative. Huge potential of savings.

3. Solar Initiatives: 50 MW at Nigahi is in pipeline and 
there is huge potential for long term contribution 
towards energy security and sustainability. The 
company has target of contribution of 280 MW in 
Solar power generation in the country by 2023-24.

4. Establishing Satellite Incubation Center at NCL for 
systematic support, platform, scaling and networking 
of startups with our PAPs and their co-operatives, 
Farmers in surrounding area, our co-operatives: Huge 
potential to address the stakeholder especially the land 
oustees.

5. System Efficiency improvement of grey areas through 
continuous improvement initiatives, scientific studies, 
R&D : like - Dragline planning, operations & system 
management.

6. Long term integrated plan, implementation road map 
and action plan for basin as a whole with advanced 
techniques and tools (Recasting Master Plan): Huge 
possibilities for conservation of resources and focused 
management, alternate optimum/efficient ways and 
OC Mining layouts for greater depths >300 m through 
advance simulation systems.

7. Alternative avenues for long term & for sustainable 
growth of Company: New blocks, diversification, 
identifying the potential areas and suitable models 
for proper diversification as a succession plan for 
continuous growth of the company.

8. OB Removal without blasting, Digital Mine.
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Hon’ble chairman of the valedictory session, Director (Tech/Operations) Shri Anindya Sinha sir, The 
distinguished panelists on the dias, Shri S S Sinha Sir, DTPP NCL, Prof Arif Jamal, from IIT BHU-
Knowledge Partner of the event;Prof Piyush Rai, Co-convenor ICOMS,  Shri Satish Jha, Convener 
ICOMS.
As Coordinator of Technical Committee, I am honoured to present the key take away and 
recommendations of this two days international conference.
This year conference and exhibition has been held in a hybrid mode – having both physical and 
virtual modes of participation. Carrying out technical sessions with Covid protocol and managing the 
virtual platform required day-night efforts of the technical team. 31 papers have been presented on 
physical mode and 44 papers have been presented on virtual platform including papers from USA, 
Turkey, South Korea, Iran and Australia.
Additionally, 44 Exhibitors have participated on both physical and virtual platform.  
Tone of the conference was set with inaugural address by the Chairman, CIL. 
There were 12 Keynote Address and Key Note presentations.
Major recommendations:
1. Smart mining:use of Artificial Intelligence, Machine Learning,system integration in operation, 

maintenance, supply chain and sales.
2. Innovation, incubation and R&D:Efforts of NCL through SARAS (Science & Applied Research 

Alliance & Support) under MoU with IIT BHU appreciated.
3. Blast free and Eco-friendly mining: Higher capacity Surface miners 
4. Developing, updating and upgrading Benchmarksfor maintenance, operation and allied 

activities.
5. Assessment of pros and consfor use of Fly ash as backfill
6. Use of Reflection index for better fragmentation in blasting 
7. Fatigue monitoring to avert incidents and accidents
8. Strategy and initiatives for Clean Coal with thrust on Coal gasification
9. Strategy for Dump accommodation with higher stripping ratio mines

Key Take Aways
from

ICOMS 2020
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Recommendations from Plenary Sessions:
1. Assessment of optimal traffic density for safe operation.
2. Developing strategies for implementation of new legislation: From upgrading near compliant 

level to proactive level to ultimate resilient level to achieve zero harm.
3. Study of OB Dump material properties for use in construction material
4. Development of methods for barrier coal extraction for conservation of coal.
5. Studying the benefits of amalgamation of mines into mega mine for high rate of coal production 

with modernisation.
6. Training mine planners and mining engineers on modelling and scheduling software for adoption 

of smart mining.
7. Assessment of psychological health of miners to improve their productivity and work-life 

balance.
8. Energy awareness programs: developing energy management and energy benchmarking 

programs with a view to reduce cost on power consumption.
9. Solar power for captive consumption of mines and allied activities in CIL.
10. Networking of Schools in mining area with modern education facilities.
11. Dump Slope stability monitoring using modern technology.
12. Advantages of inclined drilling in Dragline Mining for better and safe high wall, better throw 

blast & less structural failures.
13. Revisit of CIL’s Spares Management policy and practices in view of the recent changes in 

public procurement policy like procurement through GEM (Government e-Marketing) portal, 
waival of experience and financial criteria for MSME, Make in India and global procurement 
policy.

Exhibition:
This year exhibition has been a grand success with participation of 44 companies including 19 startups. 
Key take away from exhibition include:
1. Adoption of Equipment health monitoring system, collision avoidance system
2. Adoption of improved fire-fighting systems with higher life of the system. Improved Mist Spray 

system for fugitive dust suppression with self-treatment of water for use of unclean water as 
well.

3. Adoption of system for reduced carbon and hazardous gas emissions from vehicles.  
This type of Knowledge sharing among experienced managers, engineers, scientist and educationist 
will have long lasting impact on future growth in CIL as well as in NCL and coal industry as a whole. 
This will also help a lot to fulfil the expectations of Honourable Coal Minister of attaining 1 BT Coal 
production with due regard to safety, sustainability and economic viability.
This is a very good platform for knowledge sharing among experienced managers.
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Abstract— A Digitalization Model Structure (DMS) for 
industry 4.0 operations that utilizes concepts of systems 
analysis coupled with valuation of outputs is presented 
here. The conceptual model and associated data analytics 
should allow optimization of any industrial operation, 
identify incremental needs for innovation and development, 
and appropriate approaches for their implementation to 
achieve desired results with a good understanding of return 
on incremental investments. It considers interactions among 
all subsystems of an industrial system to identify needs for 
improvements and evaluations of alternate solutions. The 
feasibility of machine learning and artificial intelligence and 
their impacts on profitability can also be assessed. Initially, 
the data gathered should allow for more effective planning 
of unit operations based on deterministic (average) values 
but as more data are analysed, the model could be used for 
stochastic planning and profitability modelling. The authors 
illustrate proposed use of the model with an example for 
open-pit coal mining operations.

Keywords— Digitalization; Industry 4.0, Machine learning, 
Artificial intelligence, open-pit coal mining.

BACKGROUND AND GOALS

Any production system can be classically depicted as 
a combination of blocks of inputs, processing of inputs 
through one or more processes that result in one or more 
value-added outputs as shown in Figure 1. Furthermore, 
it can also be considered as “System of interacting Sub-
systems and/or unit operations.”. We present here a 
modified systems analysis- based structure for industrial 
operations that can be used in end-to-end assessment of 
industry operations for digitalization, and data analysis 
for any selected metric/s of goals. It can be used to identify 
areas of concern and/or improvement from different points 
of view such as production and productivity, cost, energy 
consumption, emissions control, guiding considerations of 
alternate approaches to dealing with identified concerns, 
and assessment of solutions once implemented.

In reviewing the subject literature, the authors found the 
terms “Digital Transformation”, “Digital Revolution”, 

“Digitalization”, Industry 4.0, “Intelligent or smart Mining”, 
“Mining 4.0” loosely used without a good understanding 
of them. Therefore, a consistent understanding of them is 
desirable first [1, 2, 3]. Digitalization refers to “continuous 
evolution/ improvement of processes and procedures 
using digital technologies. The word captures application 
of computerized or digital devices, methods, and systems 
to transform operations and business practices to improve 
productivity, health and safety, and profitability [1].

Fig. GGeneric Conceptual Diagram for a Production System

The word “Internet of things (IOT)” refers to “Tools 
of Digitalization”. It refers to the network of physical 
objects or elements that contain embedded technology 
to communicate and interact with others elements about 
their current internal states or the external environment 
with ability to transfer data over a network. A good 
example of an IOT is the dashboard of TESLA Electric 
Vehicle (EV). The EV equipment health, space around 
the car (cameras), vehicle speed, battery charge are being 
monitored, e-mails and text messages are being sent and 
received continuously. The autonomous package has the 
ability to assess its surroundings and decide when to slow 
the car speed, or determine when to change the lanes.

A Smart or Digitalized Industry refers to the “Behavior 
of a System of Sub-Systems or an industrial system that 
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may be able to control and adapt itself to the dynamic 
environments similar to the nature [4, 5]. Engineers 
typically design to control an industrial system. Most 
biological systems in nature however respond to their 
current environment — quickly, robustly, and adaptively. 
Engineers are now considering to design systems just 
like Nature. Machine Learning (ML) and Artificial 
Intelligence (AI) are tools to achieve such designs. 
“Intelligent” (or Smart) systems can interact with their 
current environment and adapt to changes based on 
qualitative and quantitative information (current IOT 
or self-awareness and demonstrated governing models 
locally, regionally, and globally). ML processes seek to 
learn and adapt based on past experiences, just like our 
brains do. Examples include smart grid, smart defense 
systems, and intelligent transportation systems. The goal 
is to mimic the human brain’s ability to generalize and act. 
An example is “Handwriting Recognition” where we can 
use lots of handwriting samples and correlate them with 
the actual text. The ML algorithm learns from the samples 
to generate a program for recognizing handwritings

PROPOSED DIGITALIZATION STRUCTURE

A. Concepts of a Generalized Production System:
A production system (Figure 1) is classically depicted as 
a combined block of inputs, processing of inputs through 
one or more processes that result in one or more value-
added outputs. We have added "Valuation Block" to assess 
positive or negative valuation of inputs, processes, and 
direct and indirect outputs to model profitability. We 
have also included data analysis for each block along with 
feedback among different blocks to better understand 
interactions among different subsystems of the system. 
Such a generalized conceptual model of a production 
system is shown in Figure
A discussion of different blocks is given  below.

Fig. 2. A generalized proposed conceptual model of a production system.

B. Discussion of Inputs (Blocks 1 and 2): Every production 
system has inputs (Block 1) such as capital, infrastructure; 
human resources, raw materials, energy; natural 
resources (water, geologic, minerals and geochemical). 

Each input is characterized through its supply chains, 
and value (cost). For example, a company may be hiring 
professional human resources from two or three different 
schools and sub- professional workers from a few regions. 
Similarly, you could be buying electricity, water, natural 
gas, equipment, and supplies from selected vendors with 
specific cost functions. These are the characteristics of 
the inputs supply chains. These inputs are critical for the 
production system to sustain and enhance its profitability. 
For continuous improvement in the designed production 
system, these data must be collected and analysed (Block 
2- Data analysis) at appropriate intervals. Data analysis 
feeds back into the Block 1 to plan for increase or decrease 
in capacity or developing alternate supply chains. In 
addition, data analysis above may also affect the nature of 
the production processes, outputs, and associated values 
(positive or negative) in Blocks 3, 5, and 7. That establishes 
the feedback loops shown in Figure 2. The above data also 
affect the overall profitability of the production system 
and requirements for its management (Block 9). Pertinent 
data from Block 1 and from Blocks 3-8 may be analysed in 
Block 2 to identify: 1) Adequacy of different supply chains 
from availability, costs, and business strategies points of 
views, 2) Dynamic changes in markets and their impacts 
on inputs Block 1 (capital for infrastructure, revenue, and 
profitability) points of views, and 3) Required inputs from 
Blocks 3-8 and feedback into Inputs Block 1.

C. Discussion of Processes (Blocks 3 and 4): All 
processes that "convert" inputs or output/s from a process 
to "value- added" and "negative-value" products are 
included here. They are designed to result in sustainable 
positive "Revenue- Stream" for the production system. 
These include planning processes, and physical, chemical 
and/or organic processes. For an automobile assembly 
plant, examples include transporting supplies to different 
assembly points, mounting car body onto the frame, 
installing electrical wiring, quality assurance and quality 
controls, final testing of the assembled car prior to 
delivery to the vendor, etc. Inputs to different processes 
(supply chains) and processes themselves should also 
be analysed for improvement of processes and inputs.
Different processes may have inputs from Block 1 and/or 
from Block 3. Processes can lead to varying quality and 
quantity of outputs (Blocks 5 and 6) that directly impact 
revenue and profitability of the business (Valuation 
Model- Blocks 7 and 8). Required or suggested changes 
in processes (Blocks 3 and 4) will also affect outputs of 
Blocks 5-9. For example, a waste processing circuit may 
have inputs from the raw material as well as from other 
cleaning circuits. Feed characteristics of the inputs to a 
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process (input quality) may control the output and waste 
from different processing circuits (Block 3) that will in turn 
change Blocks 5,7, 8, and 9 and affect Blocks 1 and 3 and 
Block 9.

D. Discussion of Outputs (Blocks 5 and 6): Direct outputs of 
these processes are value-added product/s for the markets, 
and negative-value waste products. Indirect outputs may 
include items such as socio-economic, property values, 
political implications, regional security, etc. Each output 
supply chain has its characteristics (market price, demand, 
sustainability, infrastructure, transport requirements, 
impacts, etc. The production system may have and should 
have some flexibility in achieving output characteristics 
based on the valuation model. The analysed data of outputs 
(Block 6) provides meaningful insights for transforming 
the production system which can affect the processes as 
well as the inputs and the profitability of the system.

E Discussion of Valuation Model (Blocks 7 and 8): The 
Block 7 translates outputs into valuations (positive and 
negative) for each output with the goal to a sustainable 
production system with maximum profitability given 
the inputs, processes, and outputs. It can also be used 
to evaluate alternate decisions related to the production 
system (modified inputs, processes, outputs, and valuation 
structures based on supply and demand scenarios). Data 
analysis in Block 8 provides feedback to the entire value 
chain of inputs, processes, and outputs. An analysis of 
the production system along the lines above can also help 
identify digitalization and data collection requirements.

MODELING INDUSTRIAL OPERATIONS AS CYBER- 
PHYSICAL SYSTEMS (CPS)

Most industrial operations may be analysed as cyber- 
physical systems. The CPS represent a breed of 
engineering systems that integrate cyber and physical 
processes in an ever-changing socio-techno-economic 
environment. These include technology areas of 
Cybernetics, Design of Embedded systems, Internet of 
Things (IoT), Big Data, and (AI). Some examples of the 
CPS are smart grids, smart cities, smart transportation, 
cybersecurity, and disaster response management. 
The DMS proposed in the previous section alsolends 
itself to CPS analyses. Realizing their importance in 
the future, India has approved a National Mission on 
Interdisciplinary Cyber-Physical Systems (NM-ICPS) to 
be implemented [7]. CPS modeling is intelligent, designed 
for autonomy, and exhibit emergent behavior that can be 
visualized. They will have applications in manufacturing, 
defense, healthcare, energy, transportation, agriculture, 

industries and the society at large. Large-size enterprises 
such as Department of Defense (DoD) programs 
constantly face challenges of incorporating new systems 
and upgrading existing systems over a period of time 
under environmental threats, constrained budgets, 
and uncertainty. It is therefore necessary to look at the 
future scenarios and critically assess the impacts of risk 
in overspending, schedule overruns, rapidly changing 
technology, coordination, and stakeholder dynamics. 
Many of the problems encountered by large industrial 
operations are similar to DoD. These problems can also be 
modeled under a System-of-Systems (SoS) architecture. 
The dynamic planning of a SoS is challenging and can 
be designed to have specific objectives, managers, and 
resources. There is a requirement within any SoS for 
making decisions to transform legacy systems, add new 
systems, and/or change the configuration of these systems 
[6]. These can be addressed through the wave model of 
architecture evolution that is vital for sequential decision 
making [9, 10]. CPS fall into the category of Acknowledged 
SoS as shown in Figure 3. Such SoS have recognized 
objectives, and a designated manager. Constituent systems 
have independent ownership, individual objectives, their 
own development and sustainment approaches. Finally 
changes in the systems are based on collaboration between 
the SoS and the system.

Fig. 3. A conceptual overview of Acknowledged System-of-
Systems

The research allowed developing an overall modeling 
approach that can also include uncertainty and risk. 
Agarwal et al [6] developed an approach to model 
Acknowledged SoS called Flexible and Intelligent 
Learning Architectures or FILA-SoS as shown in 
Figure 4. In this approach, the architecture is modeled 
as a set of selected systems (nodes) and a set of selected 
interfaces connecting the systems (edges). The integrated 
system models are organized into three main elements: 
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SoS acquisition environment, SoS agent behavior, and 
individual system behavior. The approach utilizes: 1) 
Attributes of the supply chains (characteristics, costs, 
performance, and time; 2) Capabilities of supply chains; 
and 3) Feasible interfaces or the ability to interface with 
each of the other available subsystems. The authors propose 
to use the above approaches to develop architecture for the 
DMS data gathering, data analytics and data visualization. 
Some of the potential applications of the FILA-SoS 
include modeling complex systems such as logistics, and 
cyber-physical systems. Examples include transportation, 
health, energy, economic institutions and communication 
infrastructures. It also acts as a test-bed for decision 
makers to evaluate operational guidelines and principles 
for managing various acquisition environment scenarios. 
These complex entities include both socioeconomic and 
physical systems, which undergo dynamic and rapid 
changes.

Fig. 4. An overview of multiple integrated modules within 
FILA-SoS

DIGITALIZATION MODEL STRUCTURE (DMS) AND 
MINING INDUSTRY

Mining industry is an important industry globally and 
it provides energy and other minerals (commodities and 
rare earths). World Mining Data (2020) indicates that the 
industry extracts over 10-billion tons of raw materials 
from the planet earth with a value of $ 1.5 trillion or 
about 2% of the global GDP. The industry is expected to 
continue to grow consistent with the needs of the society. 
India currently plans for a substantial increase in coal 
production to meet its energy demands in this century.
Historically, mining industry is conservative and slow to 
change because of large capital expenditures involved, 

high risk, and government regulations. However, the 
industry now faces global competition, and environment 
regulation that requires introduction of cost-cutting 
strategies, productivity improvement, consistency in 
product quality, and transparency to all stakeholders. Over 
the last decade, automation, controls and digitalization 
efforts are being introduced though the process has been 
slow. “Intelligent Mining”, “Smart Mining”, “Mining 4.0” 
refer to digital transformation of minerals industry [11, 
12]. Over the period 2021-2025, Smart Mining markets 
are expected to grow about 300%. A “smart mine” utilizes 
in its mining and processing operations automation and 
control, data gathering and data analytics, ML and AI, 
including autonomous operations to enhance productivity, 
health and safety, environment, product quality and its 
consistency, and production costs. Coal India Limited 
(CIL) plans to invest heavily into digitalization efforts 
over the next decade [13, 14]. Therefore, some of the DMS 
concepts discussed above can be used and are illustrated 
with an example of an open-pit coal mine. Open-pit 
mining provides over 90% of the coal production in 
India [13, 14, 15]. A mine may be considered as a “Cyber-
Physical/Chemical System” that combines social and 
technical aspects in its planned design ((Socio-Technical 
Engineering). All elements or sub-systems of the system 
can be monitored and are part of the Mining Internet of 
Things (MIOT) as shown in Figure 5. Thus, they are 
digitally connected (all elements are connected to each 
other in time-domain and the entire system is monitored 
centrally. The entire production system is data- driven– 
and new available data (such as new drill hole information) 
can and should be used to drive real time decisions, 
including changes in operations planning. The production 
system is a mine specific model that allows data (for 
example geological data) to automatically influence and 
affect the current mining schedule, as they are inherently 
linked through the mine data model. The data analytics 
also allows for analysis of virtual and real alternatives 
through simulation.

A. ILLUSTRATION OF DMS CONCEPTS FOR AN 
OPEN-PIT COAL MINE

An integrated operations IOT-based model for the 
example mine is shown in Figure 5. The example mine: 
1) Sells most of the steam coal for power and some of it 
in the spot markets, 2) Uses shovel-trucks and draglines 
for overburden removal, 3) Most overburden stripping 
requires blasting, 4) Haul trucks are diesel powered, 5) 
Other transportation vehicles are gasoline powered, 6) 
Uses shovel to dig coal without blasting, 7) In-pit crushing 
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of coal is not practiced, 8) Coal is transported using haul 
trucks to processing plant, 9) Processing includes coarse 
and fine coal cleaning (except chemical flotation), 10) 
Most coal-waste is over 6 mm in size and constitutes about 
15% of the run-of- mine (ROM) coal, 11) Wastewater has 
near neutral pH, but

Fig. 5. A Conceptual Open-Pit Mine showing IOT/MIOT and 
Cloud-based Data Storage and Data Visualization

Fig. 6. A DMS Structure for the Example Mine

sediments must be removed prior to recirculation, 12) 
Concurrent mining and reclamation is required by law 
and involves overburden grading, topsoil and subsoil 
replacement, and vegetation. The block-based proposed 
structure for the example mine is shown in Figure 6. Inter-
relationships among data flows are shown in Figure 7 [16].

DESCRIPTION OF THE PROCESSING BLOCKS 
FOR MINING OPERATION

Inputs Blocks 1 and 2 for the Example: Block 1 (Selected 
only): These may include: 1) Overburden and coal geology, 
coal reserve base and land acquisition, 2) Mining plan and 
statutory permits, 3) Capital, 4) Infrastructure, 5) Human 
resources at all levels, 6) Equipment, parts and their supply 
chains, 7) Operating supplies and associated supply chains, 

8) Energy and water resources and their supply chains, 9) 
Market/s and quality requirements for different products, 
and Land for water and waste management. Block 2: 
Analyses consider all supply chains and costs dynamically 
that impact processes, outputs, and valuations. The goal is 
to sustain and enhance the industrial system for close-to-
optimal profitability. Feedback from Block 2 is available to 
all Blocks (Blocks 1-8) in the value-added chain.

Modeling & 
Simulation 

Data Analytics & 
Visualization 

Data Collection , 
Storage & 

Management 
Business Decisions 

Deployment and 
Evaluation Feedback 

 
Fig. 7. Data Analytics and Decision-Making Framework for 

MIOT

Processes (Blocks 3 and 4): The processes include: 1) Short-
term and long-term mine planning processes, 2) Overburden 
removal, transport and stacking or dumping processes, 
3) Mineral removal and transport processes, 4) Mineral 
processing operations, 5) Waste management processes, 
6) Reclamation operations and mine closure processes, 
7) Health and safety management, 8) Environmental 
management’ 9) Customer relations, and 10) Administration

Outputs (Blocks 5 and 6): These include items such as 1) 
Multiple products for long-term and spot markets (different 
grades of coal), 2) Storage, loading and transportation 
facilities for different products to customers, 3) Waste 
products for disposal and/or management, such as coarse 
coal waste, fine coal waste, water streams, 4) Disturbed 
land for ecological restoration processes.

Valuation Model (Blocks 7 and 8): These include items 
such as revenue streams (positive and negative) for 
different product streams, indirect positive and negative 
impacts (land values, blasting impacts, noise levels, 
etc.), environment management (dust control, coal waste 
management, waste- water management, administrative 
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services in different blocks of the production system, 
near-term and longer-term projections for output prices 
and markets. These are the ultimate outputs of a business 
and directly affect Block 9 (Optimization and Management 
Model). Any substantial changes in Block 9 can trigger 
changes in Blocks 1, 3, and 5 based on feedbacks from 
Blocks 2, 4, 6, and 8. It should be emphasized that the above 
discussion relates to the macro- level production process. 
We can also develop a similar model at the micro-level 
for each unit operation or sub- system of the production 
system to identify areas for improvement and how best 
to implement changes. For example, one could develop 
analyses separately for overburden removal, reclamation, 
and mineral processing unit operations. Such analyses can 
help identify digitalization requirements and associated 
costs in each subsystem.

DATA ANALYTICS AND VISUALIZATION

A simplified model for data analytics was given in Figure
7. It shows the inter-relationships among data flows and 
potential approaches for data analytics and visualization. 
The data analytics also allows for data storage and data 
analysis from the cloud, including analysis of virtual and real 
alternatives through simulation. The data is stored digitally 
and is subject to cyber-security controls. Short Period Check 
(SIC) refers to a procedure of separating a shift into shorter 
intervals of around 10 or 15 minutes or less each depending 
upon specific requirements. The data are then analysed and 
used to control actions over the next interval. This process 
operates effectively in practice and has been a cornerstone 
in the manufacturing sector and is slowly entering the 
mining industry now. Over the next 24 to 36 months, SIC 
is likely to be implemented in several mines globally. The 
operations analytics outputs may be for selected metrics 
such as productivity, emissions data, energy consumption, 
airflow, dust concentration, cyber-security concerns, etc 
[10].

IMPLEMENTATION OF THE DMS

Global digitalization change in the unit operations is 
not recommended since it may involve large capital 
expenditures (CAPEX) and operating expenses with 
no assurance of reasonable return on investment (ROI). 
Each unit operation and/or a subsystem must establish 
an acceptable ROI value based on CAPEX and operating 
expenses for implementing the changes. The proposed 
changes may be motivated by the desire to: 1) Increase 
productivity, equipment availability and utilization, 
2) Health and safety of workers, 3) Environment, 4) 
Monitor statutory requirements and data consistency, and 

5) Feasibility of using ML and AI tools to achieve the 
above. We suggest implementing changes on as-needed 
basis and with increasing detail at the micro-level as 
benefits are accrued. A four-block implementation 
strategy shown in Figure 8 is proposed. In Block 1 
an approximate cost breakdown for macro-level unit 
operations of the production system (including input and 
output supply chains) is proposed in collaboration with the 
company operations staff and/or a consulting company. 
The above should lead to the identification of the unit 
operations (BLOCK 2) that require the most digitalization 
(partial or complete) from productivity, profitability, 
and sustainability points of view and will provide 20-
30% return-on-investment (ROI). At this point consider 
implementing digitalization and feedback loop control 
methodology for one or more critical unit operations 
identified above (BLOCK 3). Upon implementation assess 
impacts and performance using the DMS model (BLOCK 
4) on all blocks of the DMS for at least six months for 
the expected benefits. Upon successful implementation 
in selected unit operations, the process above should 
be repeated starting with BLOCK 1 for identification 
and implementation of additional digitalization on a 
demonstrated-need basis for all unit operations in the 
production system.

Fig. 8. Suggested Digitalization Implementation Flow Chart

It is suggested that each organization develop a centralized 
operations analytics cell (OPC). A consideration should 
be given to involving academic institutions to benefit 
the organization and the development of future human 
resource. The goal of the cell should be to develop metrics 
for evaluating the performance of supply chains throughout 
the production system (inputs, processes, and outputs) as 
well as pricing strategies for marketing outputs. Metrics 
above should be consistently used by all operations of 
the organization or company. The OPC should perform 
industrial engineering (IE) and operations analytics (OA) 
studies for each operation. Undergraduate and graduate 
students, and young faculty members from academic 
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programs should be considered as short-term interns to 
perform these studies. It will have positive impacts long-
term on the available human resource.

The above studies under the supervision of the company 
experienced operations staff and any research staff would 
be the foundation to identify the needs for appropriate 
digitalization with desired ROI. IE and OA studies will also 
assess the performance of digitalization implementation 
and identify required improvements in existing and 
future installations. The above approach will also develop 
and sustain high quality of professional workforce in 
the industry. OA should regularly provide reliable and 
consistent data on variability in production, equipment 
health and utilization, costs associated with inputs supply 
chains, and outputs supply and demand scenarios, health 
and safety and environmental costs. A company can then 
develop production planning models, processing circuits, 
costs associated with outputs stochastically for continuous 
improvement in productivity and profitability. At the 
outset it may appear that the DMS implementation may 
require lot of data collection effort that may or may not be 
available and/or very costly to collect. However, that may 
not be accurate to achieve the goals of improvement. We 
suggest collecting the data at the macro- level first which 
is absolutely essential if we are interested in considering 
digitalization or we are interested in improving a unit 
operations specific metric. Such broad-based analyses 
allow us to identify areas where improvements are needed 
and would be justified based on incremental CAPEX and 
operating expenses. Once improvements are implemented 
in one or two such areas and proven to be a success, 
the entire process above must be repeated for the entire 
operation because of interactions among subsystems of 
the unit operation. Thus, data collection requirements 
are incremental and based on identified needs- a global 
change in data collection is not recommended.

CONCLUDING REMARKS

The authors provide here a digitalization structure that 
can be used to systematically assess the performance of 

different subsystems within a production system. It also 
allows to objectively identify the relative importance of 
implementing digitalization in different subsystems based 
on the ROI of CAPEX and incurred operating costs. 
It can be also used to objectively assess the impacts of 
implementing digitalization in different subsystems and 
interactions among them.

India is still in early stages of incorporating digitalization 
and analytics in its mining operations. Therefore, it is very 
timely to propose a systems analysis-based structure such 
as DMS that can objectively prioritize unit operations 
that should be digitalized and assessed. We believe the 
concepts of digitalization and sustainability go hand in 
hand and they will help in enhancing the profitability and 
competitiveness of all industrial operations, including 
minerals industry.

Future plans are to consider implementing the DMS 
structure initially at an open-pit coal mine in India. The 
authors have been already invited by CIL to make an oral 
presentation at a Digitalization Workshop at the IIT-ISM 
(Dhanbad) planned over the next two months. A mining 
company in Jharkhand has agreed to participate in Block 
1 studies of Fig 7. Upon completion of those studies, the 
authors will present the findings to company professionals 
as well as to CIL with recommendations for first set of unit 
operations that should be digitalized based on analyses 
recommended here. The authors also plan to share the 
findings of these studies in publications of archival value.
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Abstract — Sulfidic mine wastes are problematic since they 

contain reactive minerals rich in heavy metals, such as pyrite. 
These wastes can lead to serious environmental problems and 
high tailings management costs if not appropriately managed. 
There is a need for long-term approaches for transforming 
these wastes to move toward zero environmental footprint, 
such as ‘how can they create new economic value, minimize its 
environmental impacts and diminish liability from mining 
waste?’. One practical solution is to employ paste backfill 
technology which allows operators to store, backfill or recycle 
wastes as secondary resource, innovative and environmentally 
sound system. Paste backfilling technology for underground 
mine backfill and surface tailings disposal applications has 
recently gained a great popularity mainly due to increased 
tailings usages, reduced rehabilitation costs and environmental 
impacts, and enhanced ore extraction and security conditions. 
This paper aims at introducing the concepts of underground 
paste backfill and surface paste disposal for sustainable mining 
and backfilling operations. 
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I. INTRODUCTION  
A large amount of mining wastes such as waste rocks and 

processing tailings, which have no economic value and can 
be considered environmentally harmful, are produced from 
mining industries every year [1]. Essentially, these wastes 
contain sulfide minerals that tend to form acid mine drainage 
when exposed to air and in the presence of water [2]. Waste 
rock is a coarse material that does not contain mineralization 
during the extraction of mines or that cannot be enriched 
according to the current economic and technical conditions 
but has to be produced due to the operation and has not been 
subjected to any processing other than excavation [3]. The 
tailings, on the other hand, is a fine-grained constituent that 
remains after precious minerals are recovered by different 
ore preparation and enrichment methods, is detrimental to the 
environment due to heavy and toxic metals they contain, and 
has no economic value [4]. New technologies are constantly 
being developed to reduce waste generation and to dispose of 
it effectively. One of the most ideal methods considered for 
mining waste disposal is to control them at source [5]. For 
sustainable management, one way of good management of 
mine wastes is to fill some of the hazardous wastes (up to 
60%) into underground production rooms known as stopes 
and to apply paste technology, where the remaining waste 
(40%) is safely stored on the surface as an effective waste 

disposal system [6]. The low-cost and effective tailings 
management technique needed in the mining industry pushes 
mine wastes to be considered as an important raw material 
source both within their own structure and in different fields 
[7]. In this view, the cemented paste backfill (CPB) method, 
which allows effective ground support and waste reduction 
for most modern underground mines, has newly been used 
frequently in most modern mines [8,9]. Besides, innovative 
waste disposal systems are proposed by mines around the 
world to replace conventional methods. The basic principle 
of these systems is to use dewatered wastes and to store the 
wastes above ground in a relatively dry paste form [10,11]. 
The mining industry continues to face many challenges due 
to its potential environmental impacts. With increasing social 
awareness, increasing government pressure on waste 
disposal alternatives, and the scarcity of available spaces for 
waste disposal, these challenges are becoming increasingly 
difficult to meet [12]. In this concept, Fig. 1 discusses an 
exemplary mine life cycle established to effectively manage 
mining waste in a sustainable way. 

In recent years, one of the strategic topics in the mining 
sector, as in many important sectors, is sustainability [13]. 
Sustainability has been defined by the UN Commission on 
Environment and Development as 'the ability of humanity to 
achieve development by meeting their daily needs without 
compromising the ability of future generations to meet their 
needs'. With the Kyoto protocol, protecting the environment, 
reducing CO2 emissions, using alternative raw materials have 
become medium and long-term goals by many countries. 
Waste management in the mining industry is an important 
issue that needs improvement in terms of sustainability [14]. 
In order to achieve this, it is essential to consider and use 
wastes as alternative raw materials in other sectors such as 
construction and civil engineering [15-17]. Certainly, paste 
integrated solutions offer a number of technical, operational, 
financial and environmental benefits for safe disposal and 
management of harmful mining waste [18]. The key benefits 
of implementing paste technology for underground backfill 
application are: reduced amount of binder for equivalent 
strength, reduced amount of water in the backfill, reduced 
labor requirements, relatively fast fill settlement and mining 
cycle, reduced maintenance and improved mining operations 
[19,20]. The main benefits of implementing paste technology 
for surface disposal application are: less tailings storage 
space, water consumption, rehabilitation and shutdown costs, 
and operational risk [21]. Paste is a solid, non-precipitating 
and flowing material that exhibits negligible bleeding when 
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settled under its own weight. The paste has a flow resistance 
of 200 kPa and a slump of up to 25 cm [22]. Depending on 
underground and surface paste technology application, sand 
and cement can be added to paste backfill without impairing 
the flow and strength properties [23]. 

CPB is a high-density, engineered, and fluidized mixture 
consisting of total or finely discarded and filtered processing 
tailings (75-85wt.% solids), hydraulic binder required to bind 
solids and liquids (2-9wt.%), and mixing water (15-25wt.%) 
required to transport the paste material to underground mined 
out stopes under gravity or with the aid of a pump [24-26]. It 
is used in underground mines to re-fill mined out stopes. The 
quality and behavior of CPB is controlled not only by its 
internal factors such as tailings, cement and water [27-30], 
but also by external factors such as transport, placement and 
curing conditions [31]. Many studies have been so far carried 
out on CPB materials in the lab [32-34] and field conditions 
[35]. Due to relatively difficult and risky nature of field tests, 
different experimental setups have recently been discussed to 
describe the field behavior of CPB material in a controlled 
laboratory medium [36,37]. Surface paste disposal (SPD) has 
recently been proposed as a serious alternative to traditional 
tailings dam application for surface tailings disposal in the 
mining industry [38,39]. SPD, derived from the CPB system 
used for underground metalliferous mines, can be applied 
with and without cement [40]. Note that as SPD system is a 
relatively new alternative for paste tailings management, it is 

less utilized by modern mines worldwide. The Bulyanhulu 
mine (Tanzania) was the first gold mine to adopt this system 
[41,42]. Non-cemented paste backfills have a solid content of 
up to 75wt%, corresponding to a slump value of 20-25 cm. 
Dewatered mine tailings are placed sequentially in 30 cm 
layers (each formed in 5 days) which are allowed to dry 
before placing the next layer. As a result, it is believed that 
the efficient utilization of paste tailings for both aboveground 
storage and underground backfill purposes will bring a new 
light to the sustainable waste management practice for most 
modern mines worldwide. 

II. MATERIAL AND METHODS 

A. Laboratory and field tests 
In this study, two different experimental sets were used to 
examine the CPB and SPD applications. A new laboratory 
equipment was designed and used in the tests to carry out the 
consolidation tests of CPB, as demonstrated in Fig. 2. This 
device has been developed for in-situ paste tailings settling, 
curing and stress conditions to be well studied at laboratory. 
The laboratory equipment consists essentially of three parts: 
i) an upper loading plate to apply vertical stress up to 800 
kPa, ii) a transparent sample box (D  H: 10  20 cm), and 
iii) a lower drainage hole to collect drainage water. system. 
Further information on this innovative laboratory equipment 
can be found elsewhere [36,37,43]. 
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Fig. 2. Laboratory setup developed to measure underground backfill performance: a) schematic; and b) application 
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Fig. 3. Field setup developed for the aboveground paste tailings storage system: a) schematic and b) application 
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In addition to underground paste backfill, some of mining 
wastes (approximately 40%) are stored in the aboveground 
tailings dams. For long-term/permanent disposal of mining 
wastes in surface tailings dams, above-ground engineering 
structures such as valley and/or slope dams and specially 
constructed tailings dams are used. Paste tailings are usually 
stored on land but can sometimes be filled in abandoned 
opencast mines. In this study, SPD application was examined 
with two mini experimental cells (Fig. 3). The first cell is 
called cemented cell, partially filled with 2% by weight low 
cement waste, while the second cell is completely filled with 
cement-free waste and is called a non-cemented cell. A total 
of 10 different layers of paste material were placed in each 
cell. More information on this innovative field test can be 
found elsewhere [39]. 

B. Paste tailings characteristics 
One of the most important distinguishing features of the 

paste is the particle size distribution of the solids. The paste 
mass should contain fine particles to ensure sufficient water 
retention. At least 15% by weight of a typical paste should be 
below 20 µm. Thanks to the colloidal water holding feature 
of fine-grained particles, mixtures that do not decompose and 
show typical paste flow characteristics are provided. The size 
distribution of the tailings sample was measured by the wet 
method using Malvern Mastersizer particle size distribution 
device (Fig. 4). The tailings have a water content of 25%, a 
specific gravity of 3.3, a specific surface area of 2.5 m2/g, a 
total porosity of 48.7%, a dry unit weight of 23.6 kN/m3, 
1.3% It has liquidity and plastic index values of 4.8%. 
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Fig. 4. Size distribution of the studied processing tailings sample 

 

In this study, the mineralogical composition of tailings 
was investigated by using Bruker AXS D8 Advance XRD 
and Hitachi® 3500-N SEM-EDX equipment (Fig. 5). X-ray 
diffractometry (XRD) results illustrate that tailings contain 
abundant quartz (53.5%) and pyrite (27.5%). Moreover, 
energy dispersive X-ray spectroscopy integrated scanning 
electron microscope (SEM-EDX) results show that tailings 

contain sulfur (S: 29.2%) and iron (Fe: 22.3%) as the two 
main elements that cause acid and sulfate production. Silicon 
(Si: 13.5%), aluminum (Al: 7.3%) and calcium (Ca: 0.4%) 
were found in the tailings. 
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Fig. 5. SEM micrograph of the studied processing tailings sample 

 

For CPB applications, a cement mixture consisting of 
20%:80% Portland cement CEM I and ground blast furnace 
slag (Slag) was used, while only CEM I was used for SPD 
applications. Cement content of 4.5% and 2%, respectively, 
was used for both underground mine backfill, and surface 
paste disposal purposes. The chemical properties of binder 
and mixing water are listed in Table I. 

Tap water and tailings pore water were used as mixing 
water. pH, redox potential (Eh) and electrical conductivity 
(EC) were measured by using a Benchtop pH/ISE Meter 
Orion Model 920A coupled with a Thermo Orion Triode 
combination electrode (Pt-Ag-AgCI). The measured pH, RP 
and EI values of void water and tap water were determined 
as 9.3, 152 mV and 7.6 mS/cm, 8.1, 425 mV and 0.3 mS/cm, 
respectively. 

C. Sample preparation conditions 
To better examine the effect of curing conditions, various 

backfill samples were prepared by using a cement content of 
4.5%. To obtain a homogeneous mix consisting of tailings, 
binder and mixing water, all these ingredients were carefully 
blended by using a Hobart mixer for 12 minutes. After the 
mixing process, the slump of the backfill was adjusted to 18 
cm by adding mixing water. The prepared samples were first 
placed in both transparent and plastic containers and then 
placed in the curing chamber with 80% relative humidity and 
80% ambient temperature. A vertical stress up to 400 kPa 
was gradually applied to backfill. This pressure value depicts 
underground production room (stope) with a total height of 
18 m. Here, the wet unit weight of CPB samples is taken as 
: 23.1 kN/m3. SPD samples were prepared at the above 
ground paste backfill facility and transported to the site with 
a ready mix truck. Tailings, whose slump was measured in 
the range of 20-29 cm, were placed in previously prepared 
mini cells in the field in thin layers of 10 cm. 
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TABLE I. CHEMICAL COMPOSITIONS OF HYDRAULIC BINDER AND MIXING WATER USED IN THIS STUDY 

Element Detection limit 
(mg/L) 

CEM I %100 
(mg/L) 

Slag %100 
(mg/L) 

CEM I: Slag/ %20:80 
(mg/L) 

Tailings pore water 
(mg/L) 

Tap water 
(mg/L) 

Al 0.010 2.57 5.42 4.44 0.21 0.01 
Ba 0.001 0.01 0.15 0.03 0.05 0.01 
Ca 0.030 47.0 22.45 30.6 559 40.9 
Fe 0.006 1.71 0.38 0.45 0.01 0.06 
K 0.003 0.69 0.42 0.46 0.29 0.84 
Mg 0.001 1.33 6.81 3.73 1.83 2.27 
Mn 0.002 0.03 0.75 0.14 0.01 0.01 
Na 0.004 1.57 1.49 1.51 0.05 0.01 
S 0.033 1.47 1.31 1.34 1630 46.0 
Si 0.020 9.12 16.9 14.5 0.89 0.90 
Ti 0.002 0.15 0.37 0.29 0.01 0.02 
Zn 0.005 0.03 0.01 0.01 0.11 0.10 

 

After each paste layer application, the layer of placed tailings 
was flattened with the help of the Topcon RL-H3C rotary 
laser. For the cement cell, only the first layer was filled with 
2% cementitious tailings and the remaining 9 layers were 
filled with non-cemented tailings. Cement type CEM I was 
used. Sensors were placed in layers 2, 4, 7 and 9 to monitor 
the quality and behavior of the paste tailings layers. 

D. Strength and geotechnical tests 
Compression tests, 50 kN load capacity and 1 mm/min. 

was performed only on CPB samples using a press with a 
deformation rate. A total of three specimens were tested to 
reach an average strength value. To determine the water 
content of samples, they were oven dried at 45°C for 3 days. 
This temperature was chosen to ignore the dehydration of 
cement composites. No strength test was performed for SPD 
specimens. Geotechnical index tests were performed on 
representative specimens that broke after strength testing. 
Initially, only the water content and specific gravity values of 
tailings backfill samples were determined. Then, these two 
important experimental data and other remaining parameters 
(void ratio and saturation degree) were calculated.  

III. RESULTS AND DISCUSSION 

A. Effect of infill placement conditions on strength 
Fig. 6 shows the change in uniaxial compressive strength 

of CPB containing 4.5% cement as a function of curing time. 
Different paste backfills (consolidated, drained and non-
drained) were compared with each other at 7, 14 and 28 days. 
In general, it can be said that the consolidated backfills 
provided much better strength than other backfills, regardless 
of the curing time. The compressive strength (2.9 MPa) of 
the consolidated CPB during the 28-day curing period is 
50% higher than that of the drained fillings (1.5 MPa). The 
main reason for this is the decrease in the void ratio of the 
consolidated fillings due to stress and an effective hydration 
product formation. Another reason for the higher strength of 
consolidated paste backfills is the drainage of excess water 
from the sample due to the consolidation loads applied 
during the curing period. Drainage of the free water present 
in fresh backfills first provides a decrease in the void ratio of 
paste backfill and then an increase in the strength. 
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B. Effect of infill stope height on strength 
Fig. 7 shows the uniaxial compressive strength evaluation of 
samples taken from different heights in a stope (mineralized 
production room) containing 4.5% by weight cemented paste 
backfill at different curing times (7, 14 and 28 days). In a 
given sphere, the strength of the fill increases proportionally 
with the increasing stope depth. This trend follows the same 
trend as geo-static compressive stress (  h). The strengths 
of the fill at stope depths of 0, 4, 8, 12, 16 and 20 m during 
the 28-day curing period are 1.6, 2.1, 2.5, 2.6, 2.7 and 2.9 
MPa, respectively. It proves that the strength of these back-
filled stopes increases from the top to the bottom due to the 
consolidation effect. For a curing period of 7, 14 and 28 
days, the strength of backfill at the base of the stope was 
81%, 64% and 51% higher, respectively, than the strength of 
backfills located above the stope. The density of consolidated 
filling increases with increasing stope depth, thus reducing 
void ratios as a result of stress during curing. This is because 
the lower the void ratio, the closer the backfill solid grains 
are to each other, and therefore the lower the friction angle 
formed and the stronger the backfill strength. 
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laser. For the cement cell, only the first layer was filled with 
2% cementitious tailings and the remaining 9 layers were 
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reach an average strength value. To determine the water 
content of samples, they were oven dried at 45°C for 3 days. 
This temperature was chosen to ignore the dehydration of 
cement composites. No strength test was performed for SPD 
specimens. Geotechnical index tests were performed on 
representative specimens that broke after strength testing. 
Initially, only the water content and specific gravity values of 
tailings backfill samples were determined. Then, these two 
important experimental data and other remaining parameters 
(void ratio and saturation degree) were calculated.  
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A. Effect of infill placement conditions on strength 
Fig. 6 shows the change in uniaxial compressive strength 

of CPB containing 4.5% cement as a function of curing time. 
Different paste backfills (consolidated, drained and non-
drained) were compared with each other at 7, 14 and 28 days. 
In general, it can be said that the consolidated backfills 
provided much better strength than other backfills, regardless 
of the curing time. The compressive strength (2.9 MPa) of 
the consolidated CPB during the 28-day curing period is 
50% higher than that of the drained fillings (1.5 MPa). The 
main reason for this is the decrease in the void ratio of the 
consolidated fillings due to stress and an effective hydration 
product formation. Another reason for the higher strength of 
consolidated paste backfills is the drainage of excess water 
from the sample due to the consolidation loads applied 
during the curing period. Drainage of the free water present 
in fresh backfills first provides a decrease in the void ratio of 
paste backfill and then an increase in the strength. 
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B. Effect of infill stope height on strength 
Fig. 7 shows the uniaxial compressive strength evaluation of 
samples taken from different heights in a stope (mineralized 
production room) containing 4.5% by weight cemented paste 
backfill at different curing times (7, 14 and 28 days). In a 
given sphere, the strength of the fill increases proportionally 
with the increasing stope depth. This trend follows the same 
trend as geo-static compressive stress (  h). The strengths 
of the fill at stope depths of 0, 4, 8, 12, 16 and 20 m during 
the 28-day curing period are 1.6, 2.1, 2.5, 2.6, 2.7 and 2.9 
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filled stopes increases from the top to the bottom due to the 
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81%, 64% and 51% higher, respectively, than the strength of 
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filling increases with increasing stope depth, thus reducing 
void ratios as a result of stress during curing. This is because 
the lower the void ratio, the closer the backfill solid grains 
are to each other, and therefore the lower the friction angle 
formed and the stronger the backfill strength. 
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After each paste layer application, the layer of placed tailings 
was flattened with the help of the Topcon RL-H3C rotary 
laser. For the cement cell, only the first layer was filled with 
2% cementitious tailings and the remaining 9 layers were 
filled with non-cemented tailings. Cement type CEM I was 
used. Sensors were placed in layers 2, 4, 7 and 9 to monitor 
the quality and behavior of the paste tailings layers. 
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Compression tests, 50 kN load capacity and 1 mm/min. 

was performed only on CPB samples using a press with a 
deformation rate. A total of three specimens were tested to 
reach an average strength value. To determine the water 
content of samples, they were oven dried at 45°C for 3 days. 
This temperature was chosen to ignore the dehydration of 
cement composites. No strength test was performed for SPD 
specimens. Geotechnical index tests were performed on 
representative specimens that broke after strength testing. 
Initially, only the water content and specific gravity values of 
tailings backfill samples were determined. Then, these two 
important experimental data and other remaining parameters 
(void ratio and saturation degree) were calculated.  

III. RESULTS AND DISCUSSION 

A. Effect of infill placement conditions on strength 
Fig. 6 shows the change in uniaxial compressive strength 

of CPB containing 4.5% cement as a function of curing time. 
Different paste backfills (consolidated, drained and non-
drained) were compared with each other at 7, 14 and 28 days. 
In general, it can be said that the consolidated backfills 
provided much better strength than other backfills, regardless 
of the curing time. The compressive strength (2.9 MPa) of 
the consolidated CPB during the 28-day curing period is 
50% higher than that of the drained fillings (1.5 MPa). The 
main reason for this is the decrease in the void ratio of the 
consolidated fillings due to stress and an effective hydration 
product formation. Another reason for the higher strength of 
consolidated paste backfills is the drainage of excess water 
from the sample due to the consolidation loads applied 
during the curing period. Drainage of the free water present 
in fresh backfills first provides a decrease in the void ratio of 
paste backfill and then an increase in the strength. 
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B. Effect of infill stope height on strength 
Fig. 7 shows the uniaxial compressive strength evaluation of 
samples taken from different heights in a stope (mineralized 
production room) containing 4.5% by weight cemented paste 
backfill at different curing times (7, 14 and 28 days). In a 
given sphere, the strength of the fill increases proportionally 
with the increasing stope depth. This trend follows the same 
trend as geo-static compressive stress (  h). The strengths 
of the fill at stope depths of 0, 4, 8, 12, 16 and 20 m during 
the 28-day curing period are 1.6, 2.1, 2.5, 2.6, 2.7 and 2.9 
MPa, respectively. It proves that the strength of these back-
filled stopes increases from the top to the bottom due to the 
consolidation effect. For a curing period of 7, 14 and 28 
days, the strength of backfill at the base of the stope was 
81%, 64% and 51% higher, respectively, than the strength of 
backfills located above the stope. The density of consolidated 
filling increases with increasing stope depth, thus reducing 
void ratios as a result of stress during curing. This is because 
the lower the void ratio, the closer the backfill solid grains 
are to each other, and therefore the lower the friction angle 
formed and the stronger the backfill strength. 
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C. Effect of paste tailings layers on volumetric water content 
Fig. 8 shows the assessment of the measured volumetric 

water content in paste tailings layer 1, 3, 5, 8 and 10 in 
cemented or non-cemented mini cells. For the first layer, the 
volumetric water content of the cemented cell (0.46) is lower 
(0.46) than that of non-cemented cell (0.48). Paste tailings 
layers except the first layer show relatively the same trend. 
That is, the volumetric water content of the non-cemented 
cell is always low compared to that of the cemented cell. The 
main reason for this is that it acts as a leak-proof cover with 
the cement applied in the first layer, allowing neither water 
nor oxygen permeability. In addition, when the paste layer is 
applied, the water content will increase as the material 
contains water in the first case, but after a certain period of 
time, the volumetric water content will decrease with the 
effect of settling (there is also the effect of evaporation). 
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Fig. 8. The relationship between paste layer thickness and volumetric water 
content for SPD samples 

D. Effect of fill placement conditions on saturation degree 
Fig. 9 shows the evolution of the observed saturation 

degree depending on curing time for different cementitious 
paste backfill samples. The degree of saturation decreases 
over time regardless of the sample being tested. The highest 
decrease in saturation degree was obtained from consolidated 
cementitious paste backfill. During the 28-day curing period, 
the degree of saturation of consolidated paste backfills (86%) 
is lower than both drained backfilling (88%) and non-drained 
backfilling (93%) coastal. It is noteworthy that the variation 
in saturation degree of non-drained paste backfills is limited 
(between 93-95%) for a certain curing time. 
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Fig. 9. Saturation degree-curing time relationship for SPD samples 

IV. CONCLUSIONS 
This paper presents the results of studies designed for 

both underground paste backfill and surface paste disposal 
applications. Numerous laboratory and field testing were 
performed on paste tailings from a metallic Canadian mine. 
Laboratory research includes mechanical and geotechnical 
tests on consolidated, non-drained and drained backfills with 
4.5% cement by weight, at curing times of 7, 14 and 28 days, 
while field research includes the volumetric water content 
and degree of saturation of tailings placed in cemented and 
non-cemented cells. Based on different laboratory and field 
test results, the following conclusions can be drawn: 

 Compared to other types of paste backfills (drained 
and non-drained), the most ideal CPB mixtures are 
obtained from consolidated paste backfills. 

 The application of consolidation stress to laboratory-
made paste fills during curing mimics the placement 
and in situ conditions of CPB for an efficient backfill 
design for mines. 

 The addition of cement to paste tailings layers applied 
in the mini field cells plays an important role in the 
quality and behavior of the SPD application. 
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C. Effect of paste tailings layers on volumetric water content 
Fig. 8 shows the assessment of the measured volumetric 

water content in paste tailings layer 1, 3, 5, 8 and 10 in 
cemented or non-cemented mini cells. For the first layer, the 
volumetric water content of the cemented cell (0.46) is lower 
(0.46) than that of non-cemented cell (0.48). Paste tailings 
layers except the first layer show relatively the same trend. 
That is, the volumetric water content of the non-cemented 
cell is always low compared to that of the cemented cell. The 
main reason for this is that it acts as a leak-proof cover with 
the cement applied in the first layer, allowing neither water 
nor oxygen permeability. In addition, when the paste layer is 
applied, the water content will increase as the material 
contains water in the first case, but after a certain period of 
time, the volumetric water content will decrease with the 
effect of settling (there is also the effect of evaporation). 
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D. Effect of fill placement conditions on saturation degree 
Fig. 9 shows the evolution of the observed saturation 

degree depending on curing time for different cementitious 
paste backfill samples. The degree of saturation decreases 
over time regardless of the sample being tested. The highest 
decrease in saturation degree was obtained from consolidated 
cementitious paste backfill. During the 28-day curing period, 
the degree of saturation of consolidated paste backfills (86%) 
is lower than both drained backfilling (88%) and non-drained 
backfilling (93%) coastal. It is noteworthy that the variation 
in saturation degree of non-drained paste backfills is limited 
(between 93-95%) for a certain curing time. 
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IV. CONCLUSIONS 
This paper presents the results of studies designed for 

both underground paste backfill and surface paste disposal 
applications. Numerous laboratory and field testing were 
performed on paste tailings from a metallic Canadian mine. 
Laboratory research includes mechanical and geotechnical 
tests on consolidated, non-drained and drained backfills with 
4.5% cement by weight, at curing times of 7, 14 and 28 days, 
while field research includes the volumetric water content 
and degree of saturation of tailings placed in cemented and 
non-cemented cells. Based on different laboratory and field 
test results, the following conclusions can be drawn: 

 Compared to other types of paste backfills (drained 
and non-drained), the most ideal CPB mixtures are 
obtained from consolidated paste backfills. 

 The application of consolidation stress to laboratory-
made paste fills during curing mimics the placement 
and in situ conditions of CPB for an efficient backfill 
design for mines. 

 The addition of cement to paste tailings layers applied 
in the mini field cells plays an important role in the 
quality and behavior of the SPD application. 
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C. Effect of paste tailings layers on volumetric water content 
Fig. 8 shows the assessment of the measured volumetric 

water content in paste tailings layer 1, 3, 5, 8 and 10 in 
cemented or non-cemented mini cells. For the first layer, the 
volumetric water content of the cemented cell (0.46) is lower 
(0.46) than that of non-cemented cell (0.48). Paste tailings 
layers except the first layer show relatively the same trend. 
That is, the volumetric water content of the non-cemented 
cell is always low compared to that of the cemented cell. The 
main reason for this is that it acts as a leak-proof cover with 
the cement applied in the first layer, allowing neither water 
nor oxygen permeability. In addition, when the paste layer is 
applied, the water content will increase as the material 
contains water in the first case, but after a certain period of 
time, the volumetric water content will decrease with the 
effect of settling (there is also the effect of evaporation). 
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content for SPD samples 

D. Effect of fill placement conditions on saturation degree 
Fig. 9 shows the evolution of the observed saturation 

degree depending on curing time for different cementitious 
paste backfill samples. The degree of saturation decreases 
over time regardless of the sample being tested. The highest 
decrease in saturation degree was obtained from consolidated 
cementitious paste backfill. During the 28-day curing period, 
the degree of saturation of consolidated paste backfills (86%) 
is lower than both drained backfilling (88%) and non-drained 
backfilling (93%) coastal. It is noteworthy that the variation 
in saturation degree of non-drained paste backfills is limited 
(between 93-95%) for a certain curing time. 
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IV. CONCLUSIONS 
This paper presents the results of studies designed for 

both underground paste backfill and surface paste disposal 
applications. Numerous laboratory and field testing were 
performed on paste tailings from a metallic Canadian mine. 
Laboratory research includes mechanical and geotechnical 
tests on consolidated, non-drained and drained backfills with 
4.5% cement by weight, at curing times of 7, 14 and 28 days, 
while field research includes the volumetric water content 
and degree of saturation of tailings placed in cemented and 
non-cemented cells. Based on different laboratory and field 
test results, the following conclusions can be drawn: 

 Compared to other types of paste backfills (drained 
and non-drained), the most ideal CPB mixtures are 
obtained from consolidated paste backfills. 

 The application of consolidation stress to laboratory-
made paste fills during curing mimics the placement 
and in situ conditions of CPB for an efficient backfill 
design for mines. 

 The addition of cement to paste tailings layers applied 
in the mini field cells plays an important role in the 
quality and behavior of the SPD application. 
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C. Effect of paste tailings layers on volumetric water content 
Fig. 8 shows the assessment of the measured volumetric 

water content in paste tailings layer 1, 3, 5, 8 and 10 in 
cemented or non-cemented mini cells. For the first layer, the 
volumetric water content of the cemented cell (0.46) is lower 
(0.46) than that of non-cemented cell (0.48). Paste tailings 
layers except the first layer show relatively the same trend. 
That is, the volumetric water content of the non-cemented 
cell is always low compared to that of the cemented cell. The 
main reason for this is that it acts as a leak-proof cover with 
the cement applied in the first layer, allowing neither water 
nor oxygen permeability. In addition, when the paste layer is 
applied, the water content will increase as the material 
contains water in the first case, but after a certain period of 
time, the volumetric water content will decrease with the 
effect of settling (there is also the effect of evaporation). 
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D. Effect of fill placement conditions on saturation degree 
Fig. 9 shows the evolution of the observed saturation 

degree depending on curing time for different cementitious 
paste backfill samples. The degree of saturation decreases 
over time regardless of the sample being tested. The highest 
decrease in saturation degree was obtained from consolidated 
cementitious paste backfill. During the 28-day curing period, 
the degree of saturation of consolidated paste backfills (86%) 
is lower than both drained backfilling (88%) and non-drained 
backfilling (93%) coastal. It is noteworthy that the variation 
in saturation degree of non-drained paste backfills is limited 
(between 93-95%) for a certain curing time. 
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IV. CONCLUSIONS 
This paper presents the results of studies designed for 

both underground paste backfill and surface paste disposal 
applications. Numerous laboratory and field testing were 
performed on paste tailings from a metallic Canadian mine. 
Laboratory research includes mechanical and geotechnical 
tests on consolidated, non-drained and drained backfills with 
4.5% cement by weight, at curing times of 7, 14 and 28 days, 
while field research includes the volumetric water content 
and degree of saturation of tailings placed in cemented and 
non-cemented cells. Based on different laboratory and field 
test results, the following conclusions can be drawn: 

 Compared to other types of paste backfills (drained 
and non-drained), the most ideal CPB mixtures are 
obtained from consolidated paste backfills. 

 The application of consolidation stress to laboratory-
made paste fills during curing mimics the placement 
and in situ conditions of CPB for an efficient backfill 
design for mines. 

 The addition of cement to paste tailings layers applied 
in the mini field cells plays an important role in the 
quality and behavior of the SPD application. 
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Fig. 7. Stope height-compressive strength relationship for CPB samples 

 

C. Effect of paste tailings layers on volumetric water content 
Fig. 8 shows the assessment of the measured volumetric 

water content in paste tailings layer 1, 3, 5, 8 and 10 in 
cemented or non-cemented mini cells. For the first layer, the 
volumetric water content of the cemented cell (0.46) is lower 
(0.46) than that of non-cemented cell (0.48). Paste tailings 
layers except the first layer show relatively the same trend. 
That is, the volumetric water content of the non-cemented 
cell is always low compared to that of the cemented cell. The 
main reason for this is that it acts as a leak-proof cover with 
the cement applied in the first layer, allowing neither water 
nor oxygen permeability. In addition, when the paste layer is 
applied, the water content will increase as the material 
contains water in the first case, but after a certain period of 
time, the volumetric water content will decrease with the 
effect of settling (there is also the effect of evaporation). 
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Fig. 8. The relationship between paste layer thickness and volumetric water 
content for SPD samples 

D. Effect of fill placement conditions on saturation degree 
Fig. 9 shows the evolution of the observed saturation 

degree depending on curing time for different cementitious 
paste backfill samples. The degree of saturation decreases 
over time regardless of the sample being tested. The highest 
decrease in saturation degree was obtained from consolidated 
cementitious paste backfill. During the 28-day curing period, 
the degree of saturation of consolidated paste backfills (86%) 
is lower than both drained backfilling (88%) and non-drained 
backfilling (93%) coastal. It is noteworthy that the variation 
in saturation degree of non-drained paste backfills is limited 
(between 93-95%) for a certain curing time. 
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Fig. 9. Saturation degree-curing time relationship for SPD samples 

IV. CONCLUSIONS 
This paper presents the results of studies designed for 

both underground paste backfill and surface paste disposal 
applications. Numerous laboratory and field testing were 
performed on paste tailings from a metallic Canadian mine. 
Laboratory research includes mechanical and geotechnical 
tests on consolidated, non-drained and drained backfills with 
4.5% cement by weight, at curing times of 7, 14 and 28 days, 
while field research includes the volumetric water content 
and degree of saturation of tailings placed in cemented and 
non-cemented cells. Based on different laboratory and field 
test results, the following conclusions can be drawn: 

 Compared to other types of paste backfills (drained 
and non-drained), the most ideal CPB mixtures are 
obtained from consolidated paste backfills. 

 The application of consolidation stress to laboratory-
made paste fills during curing mimics the placement 
and in situ conditions of CPB for an efficient backfill 
design for mines. 

 The addition of cement to paste tailings layers applied 
in the mini field cells plays an important role in the 
quality and behavior of the SPD application. 

 The SPD method can be well applied to conventional 
tailings impoundments (called tailings dams) for the 
optimal tailings disposal and to significantly reduce 
future reclamation costs. 

These results show that consolidated backfill produced using 
a new laboratory equipment can be appropriately used for 
cost- and performance-effective paste backfill in place of 
both drained and non-drained paste backfill prepared using 
conventional molds. In addition, the proposed new approach 
for safe surface disposal of hazardous paste tailings enables 
operators to reduce costs linked with waste management. As 
a final point, additional studies are underway to confirm the 
benefits of underground paste backfilling and aboveground 
paste disposal techniques. 
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Abstract—This paper outlines a new approach to fleet 
management systems. Using a GPS calculated fleet 
management system, advanced analytics and fleet balancing 
can be achieved at a lower total cost of ownership than 
previously possible. A detailed explanation of this process is 
covered and the benefits of this method of data processing 
and treatment across numerous mining operations is covered. 
This is indicative of what similar mining systems could be 
offered to increase the overall efficiency of the industry. A 
case study of typical value creation using this system at a gold 
mine is covered, yielding savings of USD 180 000 per month. 

Keyword s— load and haul management; software as a ser-
vice; analytics; optimization.

I.  INTRODUCTION 

The loading and hauling processes typically make up 80% 
of mining costs; 70% of which is hauling costs and 10% 
loading costs. The residual 20% comprises drilling and 
blasting costs; 12% and 8% respectively [1]. The large 
cost component associated with hauling has led to many 
solutions being developed to address deviations between 
equipment design rate (tonnes per hour) and mines real 
operating rate (tonnes per hour). These systems typically 
address the following key considerations:

· Truck to loading equipment pairing
· Hauling delay categorization and 

quantification
· Measurement of throughput rate (cycles per 

hour)
This often presents targeted solutions for topical problems 
within the mines operational team often leading to 
isolated improvements in a single area that may have 
unexpected results elsewhere in the business [2]; or lack 
the contextual awareness to be focused on the mining 

constraint. Exhaustive time models have previously 
lacked the granularity necessary to adequately mitigate 
unintended behaviors resulting from specific/targeted 
business improvement initiatives – this has resulted in 
mixed results and, in recent years, a reduction in the use 
of time models within the load and haul discipline. 

The increased availability of GPS co-ordinates (reduced 
cost of GPS devices) at an increased frequency (increased 
bandwidth and coverage of networks) has allowed for the 
density of telemetry to be increased to a meaningful level 
at which deductions on truck performance can be made. 
Furthermore, this allows for the exhaustiveness of GPS 
data (time and location are implicit in GPS), to match 
the exhaustive nature of haul truck usage. A solution is 
presented using the classification of GPS data to provide 
insights into the operation of haul trucks – creating a 
mutually exclusive and collectively exhaustive time model 
- with sufficiently granular metrics.

Mutually exclusive and collectively exhaustive refers 
to the statistical term meaning that all numbers in a set 
contain all the possible outcomes of an event, and only 
one outcome is possible per event; for example the 
numbers on a dice (1,2,3,4,5,6). A mining truck travelling 
to a loader after re-fueling would be considered ‘non-
productive travel’. A stopped truck while loaded with 
material would be considered a ‘cycle delay’ – in this 
same manner every time-interval and corresponding 
GPS co-ordinate is categorized to account for 24 hours 
a day. The presented solution generates the time model 
in Figure 1, autonomously on the receiving of GPS co-
ordinates with the corresponding mine site configuration. 

Fleet Management System: A Flexible, Data 
Driven Approach 
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Figure 1. Haul truck time model

Effecting change on operational priorities requires 
effective communication of data that is consistent and 
accurate over multiple time horizons from instantaneous 
to monthly trend analysis. This allows the most profitable 
focus area to be identified and the method of controlling 
the introduced improvement to be implemented as a 
control within the shift’s activities. The described solution 
contains both real-time alerts and production metrics as 
well as historical data that can be aggregated over any 
time interval. Figure 2 illustrates the live position of haul 
trucks and their current state within the time model. 

Figure 2 Haul truck status, position, and activity in real-time

Figure 3, illustrates the required metrics to effect change 
within the shift, covering the material currently being 
loaded, number of loads per hour, current truck allocation 
and queueing and filling time for the shift so far. 

Figure 3. Live metrics indicating, que, fill, and tact time (loads 
per hour)

Figure 4, illustrates the trending of categorized delay data 
over a month, with the specific intent of quantifying a 
lost production opportunity. Mine management has full 
visibility of the cost benefit trade off. 

Figure 4. Considerable increase in dumping queue time in 
front of primary crusher

II. A CASE FOR IMPROVEMENT: A GOLD MINE

The proposed solution was used by a gold mine which 
identified that there was likely some improvement 
needed in the operating of it’s load and haul fleet. The 
fleet consisted of 4 x Leibherr 9200 face shovels and 23 x 
CAT 777’s. The exhaustive time model, presented in the 
form of a Value Driver Tree (VDT), was used to identify 
the biggest contri butor to the deviation from the design 
(target) rate of the fleet. For clarity, this is presented as an 
extract of the VDT, covering the operating hours category 
in Figure 1, shown in Figure 5.

Figure 5. Abnormally large loading time, comprising 30% of 
loading time

It was identified that the loading time presented an 
unusually high time, compromising 30% of the total 
cycle time. To fully quantify the frequency of the and 
magnitude of the loading time a box and whisker plot was 
used, separating loading time into filling and queueing 
time, Figure 6. Queueing time is calculated from the GPS 
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co-ordinates as the total moving and stationary time from 
when the truck is within 120 meters of the shovel and the 
filling time as the stationary time within 50 meters of the 
shovel before a confirmed dumping event.

Figure 6. Filling and queueing time per shovel

 Queuing time was shown to be highly variable across all 
the shovels when compared to the more consistent filling 
activity. On average the queuing time exceeded the filling 
time by a multiple of 1,75. Further investigation into 
the cause of the queuing time variation revealed larger 
than expected variation in the pre-ceding empty travel, 
indicated in Figure 7. This suggested two tightly coupled 
cycle processes and hence coupled variation that would 
make the physical visibility and identification of potential 
over trucking visible. The distributed working areas of 
the shovels did not aid in the identification of the over 
trucking. The full extent of the opportunity could only be 
determined through the controlled removal of trucks.

Figure 7 Increased variation when haul truck travelling empty

III. CONTROLLED CHANGE: REDUCING ASSET 
COUNT

Reducing the number of trucks in the fleet would be 
done conservatively as to reduce operating costs but not 
to reduce tonnes mined. An alert, Figure 8, was created 
in the system when the queueing time of a haul truck 
exceeded the average filling time, 240 seconds, allowing 
the operational team to maintain at least one truck in the 
queue.

Figure 8  Queueing alert being generated on 240 seconds

The anticipated truck reduction through using the control 
mechanism was 0,75 trucks per shovel, therefore 3 x CAT 
777 could be removed while still maintaining a single 
truck buffer per shovel. The intention to further reduce the 
truck count would be done once the new variation in the 
empty travel and queuing time can be completed, this was 
not possible before this publication was released.

IV.  CONCLUSION

The ability of a GPS based fleet management system 
to produce considerable improvements - reduced 
operating costs by 3 x CAT 777 - in real-world load and 
haul applications has been demonstrated. Through the 
autonomous categorization of GPS co-ordinate intervals 
an exhaustive time model can provide the adequate 
granularity to enable improvement initiatives. The barrier 
to entry for mines to utilize fleet management systems is 
considerably reduced through: 

· ease and availability of GPS co-ordinates 
· autonomous categorization of events
· low to no infrastructure requirements
· pre-packaged contextualized time model 

analysis
Further reductions in fleet will be made at the presented 
gold mine as part of a PDCA/DMAIC process. 
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Abstract - Drilling and Blasting are core operations in a 
mine. They impact all the downstream operations and their 
costs. Innovation through digitization and technology is a 
key focus area for Mining companies. Digital technologies 
exist for optimizing both drilling and blasting for many 
years. However, these technologies have largely been non-
integrated and non-real time. This gap results in sub-optimal 
drilling and blasting operations. Also traditionally focus has 
been on optimizing individual areas (drilling or blasting and 
subsequent subsystems). Industry has largely lacked real time 
or near real time integration available to the user in the field 
and in the office. Digitization in drill and blast is often talked 
about but large companies find it very hard to implement 
this successfully.  This paper talks about implementation 
examples in coal mining companies of digital solution in drill 
and blast. It talks about digital strategy for drill and blast, 
implementation effort and some key innovations. 

A case study is provided of a south African coal mine where a 
full digital platform for drill and blast was adopted including 
a blast data management solution, a blast design solution and 
fragmentation image analysis. Details are provided about the 
challenges in adoption and implementation. This includes 
challenges in process, change management and alignment. 
Details of the business benefits are also articulated along with 
lessons learned. Point of view is also presented about key 
considerations for a mining company when determining the 
digital strategy in drill and blast.

INTRODUCTION

Blasting is a core activity in mining and impacts 
downstream operational activities such as excavation 
and processing. Software technology usage in blasting 
has been prevalent for many years (the use of blast 
designers is common) but it has not really been readily 
accessible to an average blaster. Integrated tools for 

blast data collection and blast performance analysis are 
largely missing from the industry. The tools that are 
available are not very easily accessible being confined 
to a desktop in the office. Many large geographies / 
developing countries (such as India etc.) are hardly using 
blasting software. Even the tier-1 mining companies in 
these geographies are not using any software for blasting. 
These large mining companies have been operational for 
many years. The software products that are available are 
too complicated for an average blaster – almost trying 
to show case blasting knowledge rather than being user 
friendly. In other industries it is normal to have a cloud 
/ mobile based platform – Why has this not happened 
in drilling and blasting? It has been convenient for the 
explosive companies to not make any innovation. If 
blasting is efficient, they sell less products. Also high 
quality intelligence is not made readily available easily 
because expensive consulting is sold of these capabilities. 

The key aspect being that software technology has not 
covered all aspects of blasting and at times has been too 
complicated for an average blaster.

KEY COMPONENTS OF A DIGITAL STRATEGY 
FOR DRILL AND BLAST

For a mining company, real innovation in drill and 
blast needs detailed assessment of the digital strategy. 
The first step is understanding drill and blast digitally. 
Key components include Blast Design, Blast data 
management, quantifying fragmentation, understanding 
geology , design conformance. A lot of companies try 
and optimize drill and blast in pieces. The below diagram 
provides a high level overview of key components in drill 
and blast. 

Digital Strategy and the Challenges in Adoption 
and Implementation 
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Fig 1: Why Drill and Blast is a large Digital Area

KEY COMPONENTS IN DIGITAL STRATEGY FOR 
DRILL AND BLAST

A mining company needs to decide what is the return 
on investment they are seeking when implementing 
digitization in drill and blast. It is widely known that drill 
and blast significantly impact down stream operations of 

load, haul, crushing and secondary blasting. However , 
improving drill and blast consistently has been hard for 
mining companies. The commercial benefits of improving 
drill and blast digitally are huge. Key aspects that require 
understanding are the effort and bandwidth that would be 
required in order to achieve it.

Figure 2 : Key Considerations of Digital Strategy in Drill and Blast
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KEY CHARACTERISTICS OF AN INTEGRATED 
PLATFORM FOR BLASTING

In this paper a technology platform for blasting is described 
which takes an integrated view of blasting. It enables an 
average blaster to not only design their blasts but also 
analyze how a blast is performing and prepare for adverse 
impacts commonly seen during blasting, such as vibrations 
and flyrock. All of this, in an integrated manner. A case 
study is provided of a south African coal mine where a full 
digital platform for drill and blast was adopted. Details 
are provided as to how a coal mining company utilized 
a digital system at an enterprise level, the challenges in 
adoption and implementation. This includes challenges 
in process, change management and alignment. Details 
of the business benefits are also articulated along with 
lessons learned. Point of view is also presented about key 
considerations for a mining company when determining 
the digital strategy in drill and blast.

The platform described in this paper is a significant 
innovation since it makes high-quality drill and blasting 
intelligence available to an average blaster, supervisors 
and senior mine management, and is accessible anywhere, 
anytime, via a Software-as-a-Service (SaaS) and mobile-
based enterprise platform. The web based platform 
provides the ability to capture detailed blast information 
and do analysis in the field, including capturing GPS 
locations, date/time, photographs, video, etc. SaaS means 
anyone can access it anytime from anywhere without the 
need for infrastructure (servers, computers).

KEY FEATURES

Blast Data Collection and Analysis: A blaster can capture 
pre-starts, perform quality assurance and quality control on 
blast holes, track the explosives per hole and perform a post-
blast performance analysis for future planning purposes, 
statutory requirements and/or environmental compliance. 
The review and analysis of past data can improve blast 
design, execution and help in the achievement of desired 
blasting outcomes, downstream productivity and process 
improvement. Analysis can provide opportunities for taking 
corrective steps.  You can use this program for systematic 
storage, retrieval and analysis of blasting data to determine 
how blasts are performing. Industry has typically only 
concentrated on blast designs but the analysis of how blasts 
are performing, and appropriate actions is important too. 
Cloud based platform makes paper-based data collection 
redundant and enables real-time in-the-field recording.

•	 A blast design platform : A blast design 

platform which enables design in 2d,3d and 
drone /survey based data.

•	 Blasters Management Portal: The blasters 
management portal provides visibility to 
central mine management and blasting 
supervisors across all the mines in a large 
organization, from the same central system. 
It enables assessment/comparison across all 
mines for important parameters (powder 
factor, costs, production, etc).

•	 Multi tenancy: A crucial feature is the ability 
to be used across a number of mines within the 
same organization. This enables clear visibility 
organization-wide of the blasting function, 
whether it be design, blast data collection, or 
a comparison of crucial parameters between 
mines.

•	 Integration	with	Explosive	truck	:

•	 Maps	 and	 Drone	 Data	 Analysis:	 The	 ability	
to see personnel and plant clearance zones on 
a map at your site and also the ability to do 
drone data analysis across all mines.

CASE STUDY

A case study is presented of a large south African coal 
mining. Located approximately 80 km south-east of 
Pretoria in South Africa’s Mpumalanga province, it 
employs about 600 employees – excluding contractors – 
and produces 3.65Mtpa of thermal coal. It is a conventional 
open-pit mine that uses modified terrace configurations 
and truck and shovel operations. Coal is processed using 
dense medium separation for the top coal layer (seam 
4) as well as the bottom coal layer (seam 2). Crush and 
screen technology is also used to supply coal to the power 
station markets. The mine implemented a blast design 
system (2d and 3d), a blast data management system, a 
drilling platform, a smart drilling and smart blasting app 
and Apart from collecting data for blasting like charging 
sheet, vibration records etc., they were also using the 
predictors for air, ground and fly rock prior to each blast. 
The simple act of making it easily accessible via cloud 
and mobile makes it a mass usage system. Their software 
usage statistics are as follows:

TABLE 1: MINE USAGE STATISTICS

The analytical graphs generated from the system were 
used for comparison and performance assessment /
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benchmarking of each of the mine sites. They are compiled 
to highlight the benefits of ongoing fine tuning of blasting 
activities to the user. The improvement was obtained 
because of suggestions taken by the blasting professionals 
from the software. Some graphs and inferences are as 
follows:

1. Cost per tonne comparisons- Mine wise

Fig 3: Cost per tonne comparisons

Engineering Comment: This parameter is helpful in 
determining the amount of capital that is being invested 
with regard to the production obtained by the mine. 

2. POWDER FACTOR COMPARISON

Fig 4: Multiple mine powder factor comparison

Engineering Comment: A comparative analysis can be 
achieved to study the average powder factors observed at 
different mines.

3. BURDEN AND SPACING

Fig 5: Burden Spacing Variations

Engineering Comment: This graph can aid the mine in 
setting up proper primary blast parameters. These vary 

a lot with geology as well so if the mine considers their 
data properly, it is possible to generate an approximate 
correlation between blast parameters and geology/
geotechnical parameters.

4. DRILL FACTOR (PRODUCTION/ METER)

Fig 6: Drill Factor comparisons (mine-wise)

Engineering Comment: This graph is helpful in 
determining the variation of another important KPI with 
regard to drilling and blasting activity i.e. production 
obtained per meter drilled. From the above graph it can 
be deduced that the overall production (in ton) per m 
of material drilled has increased for both the mines. 
However, the rate of increase for mine K was higher than 
Mine E considering the slope of the trend line being higher 
respectively.

5. AIR BLAST OVERPRESSURE

Fig 7: Tracking of Air Blast Overpressure over several months

Engineering Comment: This mine observed an increasing 
trend in air blast over pressure over a period of 11 months.

Note: A country specific statutory limit can be imposed 
upon in the graph to denote the exact months in which the 
air blast overpressure limits were exceeded. 

KEY LEARNINGS FROM IMPLEMENTATION

Initially a detailed training was provided in the system. 
However, after some time the key drill and blast personnel 
moved to another mine within the group. The new blast 
design person had just returned from maternity leave. The 
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system uptake was slow – Eventually escalation needed to 
be done to senior management which resulted in alignment 
between planning, survey and production. This resulted in 
regular usage of the system.

DIFFERENT KINDS OF ANALYSIS IN THE 
SYSTEM

Strength of any dataset lies in the different kinds of analysis 
that can be performed on that data. It is recommended to 
the user to store blast records in the system as soon as 
the blast is conducted. Production obtained from a blast 
combined with the amount of explosive utilized can help 
generate an important key performance indicator (KPI) 
i.e. powder factor. Similarly, production can be linked to 
the meterage drilled to obtain another KPI i.e. drill factor. 
Several other KPIs such as specific charge and specific 
drilling which are familiar to our system users outside 
India can also be generated and tracked from the data 
saved on the platform. Similar to excel we allow our users 
to perform several data analysis, data visualization and 
easy interpretation as follows:

DATA ANALYSIS AND VISUALIZATION 
TECHNIQUES

1) Descriptive statistics generation- mean, 
median, mode, standard deviation, variance, 
range, count, minima and maxima can be 
quickly generated

2) Regression analysis- linear and polynomial 
regression techniques can be implemented

3) Histogram charts creation- aids in easy 
visualization of data 

4) Trendline- track changes over a time period 
5) Rank and percentile generation- performance 

assessment of mines
6) Correlation- helps to analyze the relevance of 

each blast data point

Fig 8: Monthly Reports to System Users and Senior 
Management

Weekly and Monthly (figure 8) reports go out to the 60+ 
system users to track these important statistics generated 
on their data. They are given guidance as to what it means 
for them from a mining perspective and what internal 

changes in their processes can aid in improving their 
future blasting results. A very simple example of this 
kind of blast design process improvement is the concept 
of asking the users to keep their burden constant all while 
increasing their spacing by a very small amount. Data 
analysis from the system will provide an idea as to how 
small this spacing amount should be. The users can save on 
their drilling, explosive and initiating system costs as they 
are able to test various scenarios out before conducting the 
blasts in the Blast Designer. Another example is the ability 
to  create a sample blast design using their own past data/
blast practices in the blast designer on the basis of reverse 
engineering and correlating rock and explosive properties 
with their zone-wise average/most used blast parameters.

1. Mobile data collection: Mining industry has adopted 
mobile technologies for innovative solutions to enhance 
productivity improvements. The mobile app in this platform 
is used for easier data collection in the field. This includes 
actual charging details, photograph, videos etc. Even face 
coordinates and fly rock and air/ground vibration contours 
are plotted in a map view to visualise the predicted direction 
and distance impacted. Mobile specific benefits include GPS 
capabilities, regulatory triggers and notifications within the 
tool, offline mode, direct photo and video capture, digital 
signatures for approvals, etc. The data can be filled directly 
in the cloud-based data management tool or synced from 
the mobile app for a consistent database management and 
generating collective or individual site analytics of the 
operations. Figure 9 shows such data about blasting results 
with photographs and video. 

Figure 9: Mobile app for data to desk solution

Figure 10: Cloud data management for drilling and blasting 
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information.
Limitations: The mobile app while friendly was not as 
extensively used as the web based system. The miners 
appreciated the tablet but were unwilling to user personal 
devices in the field. The procurement of a rugged tablet 
across all sites was work in progress at the time of 
submission of the paper.

2. Management Portal: The advantage of a cloud-based 
platform is that information and analysis is available to 
multiple people in the same mine as well as consistency 
of key processes across all mines. A group of mines can 
independently use the system as their own and the central 
management or environmental management teams can 
access the data information reports for each mine to meet 
strategic and operational needs for planning, controlling 
and decision making for optimizing mining operations. 
This data is available directly from the system anytime for 
each mine or collectively via a management portal. This 
portal allows Blasting supervisors, Mine Management 
and senior management to monitor blast records uploaded 
by different mines (or even one mine) of their organization 
and generate their graphs and reports to do comparative 
analysis based on key factors such as powder factor, output 
produced etc. all from a central place. They can generate 
different reports from different mines month wise, blast 
wise or custom date wise to get specific information per 
blast like fragmentation, overall cost etc., blast vibration 
report, explosive and initiator consumption report, daily 
production report, accident and misfire report etc. 

3. Data Analysis: Blast data analysis provides the ability 
to be able to do things like streamlining the process, 
optimising the operations, as well as enabling people to 
make informed decisions. Based on the database and its 
search and analysis capabilities, the system can provide 
opportunities for taking corrective steps by changing 
explosive charge distribution, initiation timing and 
sequence for controlling fragmentation size, vibration 
and fly rock. Automatic graphs can be generated based 
on data and can be used do a comparative study for a 
specific factor across all mines, or even view complete 
performance of individual mines. Some of the graphs that 
are crucial from a management perspective are operational 
cost graph, production vs operational cost, total explosive 
consumption vs powder factor, blast performance, burden 
& spacing vs operational cost. Performance and cost of 
blasts can be monitored and appropriate blast designs 
for particular areas or different zones can be identified 
as shown in Figure 11. The analysis should be available 
centrally for all mines or for each mine separately. It is 

also a move towards safer blasting, factoring in vibration 
and fly rock prediction prior to a blast. The hole loading 
and charging details can be varied based on pre-predicted 
factors. Being able to visualize the variation between 
actual and planned design can further help in spotting the 
lags and boost the optimization process by analyze the 
root cause of the variation from planned blast. The system 
currently provides the capability of predicted and actual 
vibrations. Actual vibrations at a particular point can be 
captured using industry standard equipment / vibration 
monitors.

Figure 11: Analyses and optimize the performance of your drill 
and blast parameters

CONCLUSION AND RECOMMENDATIONS

Digitization in drill and blast has been talked and 
attempted but its is harder to get detailed assessments of its 
outcome. Identifying the correct digital strategy is crucial 
in determining the tools and the approach in digitization. 
The traditional focus has been on lots of algorithms in 
blast design but a wholistic look at drill and blast for a tier 
1 mining company has been missing. Some of it has to do 
with usage of incorrect tools. This paper has attempted to 
capture the key aspects /components in a digital strategy 
in drill and blast.  It is also important that mining heads 
or innovation leads consider all aspects (what is the RoI, 
what is the effort to get that RoI) before making a decision 
including effort to achieve the desired business objectives 
or improvements or cost savings in drill and blast. The 
resourcing required to get the  achieve the digitization is 
also crucial. This includes effort in implementation and 
effort in on-going analysis. A lot of effort needs to go in 
the digital strategy digitization in mining including drill 
and blast. It is also crucial to understand organization 
specific issues, considerations (resource skill sets, resource 
availability )  etc in order to make it successful need to be 
considered by a mining company before embarking on a 
digitization journey.
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ABSTRACT- Blasting operations are an important source of 
environment related complaints in surface mines/quarries. 
Ground vibrations, air over-pressure, fly-rock, generation 
of fines and dust, blasting fumes, damage to remaining rock 
and in some cases leaching of chemicals in the blast holes and 
polluting ground water are some of the undesirable impacts. 
Safety of buildings, structures and people in the mines and 
surrounding areas is of prime concern. Slope stability & 
reduction of quality of coal may be adversely affected with 
improper drilling and blasting operations. The challenge 
before industry is to make changes in the presently used 
blasting technology. Use of software for blast design, record 
keeping, and support in execution, blast monitoring and 
analysis makes it possible that damages and dangers from 
blasting can be predicted before blasting and changes can be 
made to control adverse impacts. Innovative practices in the 
area of drilling, new bulk loading of explosives & initiation 
systems, performance measurement and the evaluation 
of blast outcome and productivity need to be adopted. 
Measurements while drilling, automation in drilling and 
charging, Drone applications, use of artificial intelligence 
and machine learning applications help in operational 
improvement in drilling and blasting. 

INTRODUCTION 

Blasting is one operation which impinges on efficiency 
of entire operation and results in poor image due to 
severe environmental impacts. Adverse environmental 
effects of blasting ranging from ground vibration, air 
blast overpressure, dust, fumes, fines and the potential 
for fly rock makes entire operation as harmful to 
environment and society. It is important to control all 
these effects while carrying out blasting operations as 
increasingly projects are being subjected to scrutiny 
and at times closure (Bhandari, 1997, Bhandari,2011). 
Conventional blasting practices and techniques are 
unable to improve efficiency and mitigate environmental 
hazards. Poor blasting design and execution not only has 
negative economic consequences, but is also a safety and 
environmental hazard. An improper blast can change the 
balance sheet of a mine due to public litigation cases and 
payment of heavy compensation. Efficient blasting with 
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reduced environmental effects requires suitable planning, 
good blast design, accurate drilling, the correct choice 
of explosives and initiation system, blast execution, 
adequate supervision and considerable attention to details. 
Also the damages and dangers from blasting can be 
predicted before blasting thus adverse blasting impacts 
can be controlled. Blasting operations are  utilizing  
technology systems that underpin rock blasting in open 
pit and underground mine operations, such as predictive 
modelling, blast design, radio-controlled detonation, 
real-time monitoring of drilling, charging and post-blast 
data analysis. Measurements while drilling, automation 
in drilling and charging, drone applications, use of 
artificial intelligence and machine learning applications 
help in operational improvement in drilling and blasting. 
Evaluation of blasting results including fragmentation 
and muckpile displacement, help in optimising drilling 
and blasting operations while controlling, environmental 
impact and meet with regulatory requirements. Tools 
that allow pre-blast bench face profiling and post-blast 
analysis of fragment size distribution are now commonly 
used. Software are frequently updated to accommodate 
new technology and data-collection capabilities. It is 
worthwhile to look at some technologies which are being 
adopted in mining industry to make blasting operations 
efficient and reduce environmental impact. It might 
appear, on the face of it that the regular mining activity 
of producing suitably sized blasted rock is a relatively 
uncomplicated exercise. However, there are many 
examples, throughout the mining industry where, through 
an apparent lack of understanding of  the basic principles 
governing efficient drilling and effective blasting, mines 
are not operating at their optimum – in terms of overall 
production costs, energy utilization, resource management 
and rock stability whilst, at times, jeopardizing safety or 
creating an adverse environmental impact, as a result 
of blasting nuisance such as ground and air vibration 
hazards and dangerous fly rock incidents. The objective 
of this paper is to enumerate innovative blasting practices 
which could be adopted for safety and controlling adverse 
environmental controls in blasting operation.
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DESIGN AND EXECUTION OF A BLAST

Essentially, the energy released by the explosives is useful 
for fragmentation, displacement and movement of broken 
rock whereas wasteful part of energy causes so many other 
impacts such as ground vibration, airblast and flyrock. A 
blast with poor fragmentation is likely to have a higher 
than expected environmental impact. The key therefore is 
the effective blast design and proper implementation for 
both efficient blasting and environmental impact control. 
Operators should adopt strategies to control the adverse 
environmental impact of blasting operations (Figure 
1). The diagram explains systematic manner in which 
consideration of geology and mine planning information, 
blast block location, environmental information is 
provided for design of blast.  Based on blast design drilling 
operations take place and measurement of actual drill hole 
position is recorded. Based on this information explosive 
and initiation can be changed at execution level.

Fig. 1 Strategy for adopting to obtain optimum blasting 
operations

DIGITALISATION OF DRILLING AND BLASTING 
OPERATIONS

Digitilisation can be used in every step of drilling 
and blasting operations. After holes are drilled then 
measurements regarding burden, spacing, hole depth need 
to be made may be by using tools or manually measured. 
There would always be difference between designed hole 
location and inclination and actual holes drilled.  However, 
automated drilling navigation systems are now being used. 
After actual drilling and blasting parameters are available 
then predictive tools may be used for fragmentation, 
vibrations, flyrock and dust. Information can be used 
for simulation of firing sequence and for checking any 
unfired holes. If drilled blast is likely to exceed respective 
limits then charging, initiation timing and sequence can 
be changed to keep adverse environmental impacts within 
defined limits as well achieving targeted fragmentation 
and displacement. Measurement while Drilling (MWD) 
helps in getting information about variation in the strata 

to tailor energy distribution with in the hole and inter hole 
delay timing and sequence (Rai, 2015).

2.1 DRILLING AND BLASTING RECORDS AND 
ANALYSIS

Drilling and blasting data management system ensures 
information storage, but also acts as an intelligent system as 
an aid for blast design, prediction of impacts and analysis. 
Data is obtained from blast hole face profiling tool, 
vibration prediction tool, and direct data link to a database 
incorporating all the major manufacturers products. and an 
interface allowing the user to add new product ranges and 
create custom products. Misfire and accident details can 
be recorded. Presently as per regulatory requirements all 
the blast details such as explosive used, initiating devices, 
place of blasting, number of holes, burden, spacing, depth 
of holes, layout used are recorded in registers. Some 
organizations have been recording additional information 
for their convenience in excel. Explosive magazine storage 
and explosive consumption, accident reports are also 
maintained separately and have become online on PESO 
website. Vibration reports are also separately made.  It is 
often very difficult and time consuming to retrieve and 
analyse all these reports and also it is hard to find the right 
information for making decisions.

Fig. 2 Data collection from various operations in Drilling and 
Blasting

Software BIMS is helpful in storing important blast 
related data for generation of subsequent analytics 
and useful suggestions to the user regarding efficient 
conduction of future blasts. It is used to store, manage, 
document and retrieve drill and blast related information. 
It can work in conjunction with other systems such as 
mine planning packages, ERP etc. All charging, initiation, 
decking, pre & post blast images and blasting block info 
regarding rock and location, face profile are stored. 
Searching functionality enables the user to precisely 
search for records in various manners such as according 
to vibration limits, according to face, explosive wise etc. 
Several reports can also be generated in the system as per 
user’s requirements. Information about post-blast images, 
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videos, accidents, misfires, fragmentation, displacement, 
can also be captured. It helps user maintain good records 
required for statutory purposes in an efficient manner 
as well. Data base for keeping blasting data has existed 
previously as well. Key features of the data include ability 
to import from any blast design package, tools, significant 
analytics and reporting. In addition, on site data can be 
stored through Smart Drilling App and Smart Blasting 
App. Blasting software plays a vital role in optimization 
of Drilling and Blasting practices and offers a wide 
range of products than can be used to carry out various 
key operations of mining. This includes providing aid in 
drilling and blasting operations, mine safety and drone 
data analysis. Using software one can predict the outcome 
of the blast and prevent extra cost incurred on secondary 
blasting, predict the fragmentation, predict flyrock, 
predict ground and air vibrations before the blast is carried 
out by putting in the blast design parameters. All these 
factors combine together in deciding the overall cost of the 
blast which we finally need to reduce by opting for new 
techniques and practices of blasting.

2.3 APPLICATIONS OF AI, MACHINE LEARNING 
AND DATA ANALYSIS IN DRILLING & 

BLASTING
Artificial intelligence and machine learning applications 
in blasting save costs and increase efficiency of operations. 
These applications allow faster decisions with greater 
accuracy with improved health and safety. Through error 
elimination boosting of efficiency takes place. This helps  
in smaller environmental footprint and increase extraction 
of precious resources. However, despite being the industry 
benchmark, empirical model results are based on a limited 
number of factors affecting the outcomes of a blast. As 
a result, modern-day researchers are employing machine 
learning (ML) techniques for blast impact prediction. The 
ML approach can incorporate several factors affecting 
the outcomes of a blast, and therefore, it is preferred over 
empirical and other statistical methods. The literature 
reveals that the machine learning methods are better 
predictors compared to the empirical models. 

Fig 3 Use of data analysis and application of AI/ML in 
designing blast

If data is continuously recorded then large number of data 
becomes available, the system can up-date scaled distance 
relationship, based on location variations and ultimately 
provide the blasting engineer with an interactive means to 
assist with planning of future blasts. Blasting operations 
urgently needs innovative technology.

TOOLS AND TECHNIQUES

With the development of new explosives systems and 
initiation devices, blast design and execution software 
tools, the blasting process has now become more efficient 
and safer.  Blasting operations are  utilizing  technology 
systems that underpin rock  blasting  in  open  pit  and  
underground  mine  operations,  such  as  predictive 
modelling, blast  design,  radio-controlled detonation, 
real-time monitoring of  drilling, charging   and   post-blast   
data   analysis.  Information Technology (IT) systems are 
being used to record, manage and analyze data being 
generated. Developments in information technology have 
gone through leaps and bounds, which have led to ripple 
effects in raising the standards of technology in drilling 
and blasting. Several tools can be used in assessing blast 
face conditions, assist in designing blast, executing blasts, 
during and after blast monitoring, recording all results and 
analyzing records. Information must be collected during 
drilling about the rock strata so that loading pattern of 
blast holes can be decided. Many tools and techniques 
have taken the guesswork out of explosives loading and 
blasting operations (Rodgers, 1999). Some of them are:

Face profiler systems using laser technology profiles the 
rock face by pointing profiler to the floor, toe and crest–
then take accurate measurements and calculates bench 
heights, minimum and optimum burdens, computes drill 
hole angles and offsets, and hole depths. Drills may have 
a tendency to follow the faults, weakness planes, weak 
rock, cavity or similar other geological weakness creating 
borehole deviation.
Another tool is the 3-D laser profiling system, which 
includes equipment and software that allows the user to 
make precise burden measurements without venturing 
near the crest of the bench. This system, too, transmits 
its findings instantly to a field computer. From these field 
computers, the data from both tools are merged in blasted 
sign software to adjust the blasting plan by compensating 
for any initial "guesstimation" of the burden and for 
drilling inaccuracy. Another technology that has great 
importance for drilling accuracy, and the integration of 
drilling and blasting operations is Global Positioning 
System (GPS) as applied to drill positioning on individual 
blast holes.  New GPS-enabled applications help drill 
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and blast engineers develop more appropriate and more 
suitable blast designs. Engineers can create designs in the 
office and upload them to the drill rigs by remote means; 
drillers can see the patterns from their drill rigs as sent 
by drill and blast engineers from the offices. Engineers 
can monitor and follow up drilling progress in real-time 
from the offices, from any location, depending on how 
they are connected. The most significant changes in 
blast technology have taken place in explosive-delivery 
systems. One factor is the continuing trend away from the 
use of cartridge products in favor of bulk products for both 
surface and underground operations: new surface and 
underground delivery-vehicle technologies that boost blast 
accuracy and safety: high-precision pumps and blending 
and measurement devices, robotic arms that place the 
product in the hole, and remote controls. When considering 
blasting technologies, operating companies tend to be 
highly cost conscious, which mitigates opportunities to 
develop value-added or innovative products. 
Electronic detonators are now commercially available. 
Advantages include more- precise delay timing (resulting 
in increased blast efficiency and control) and greater 
compatibility with remote-controlled loading of explosives 
and wireless detonation. However, these initiating system 
shave higher costs and trials have given some issues of 
some manufacturers in watery holes and in underground 
operations. Gathering records during the drilling process is 
of crucial importance. A Global Positioning System (GPS) 
installed on the drill system can provide the precise locations 
of boreholes drilled. Each borehole can be surveyed to provide 
an as-built record of the drilling accuracy accomplished at 
each location. The operator also can provide the on-the-
spot assessment of situations that result in drill downtime, 
or unusual performance of the system at the given location. 
In such an arrangement, the machine location, changes in 
geology, unusual rock strata features and machine defects 
could all be documented at the same setting. Systems have 
been developed a production monitoring system, a material 
recognition system and a guidance system for vertical 
and inclined drilling. The production monitoring system 
provides the operator with immediate information on 
drilling productivity and performance, while the material 
recognition system is equipped with vibration sensors and 
pattern recognition software to determine the hole geology 
while drilling. Guidance systems for vertical and inclined 
drilling enable the operator to position the blast hole with 
a high accuracy. In order to prevent hole overloading, it 
is necessary to load holes as designed using the correct 
charge weight. Additionally, a blast ratio should be ensured 
sufficiently high to eliminate the possibility of excessive 
charging and holes have to be monitored to check the rise 

of the powder
Drill Machine Navigation System Use of a drilling 
machine with a GPS guidance system can accurately 
locate holes on the planned location and GPS is used to 
determine the exact collar elevation at each drill location. 
Normally, the drill pattern file containing the designed 
hole numbers, northing and easting coordinates for each 
hole and the defined horizon to which all holes should be 
drilled is sent to the drill. The drill monitoring system 
precisely calculates the depth of the drill hole and it 
significantly reduces over and under-drilling (Rodgers, 
1999). After drilling the data of actual drill hole positions 
and length can be uploaded from the drill to mine planning 
office. The knowledge of actual locations and spacing 
between holes facilitates comparison between actual and 
planned blast design (QA/QC). 
Traditionally blast designs are based on powder factor. 
Application of Measurements while Drilling (MWD) 
allows application of energy in real-time matched to the 
rock strength of the blast pattern as well as desired blast 
outcomes(Rai et al, 2015). These technology applications 
will allow customers to manage their drill and blast 
operations and achieve improved blast outcomes. Some of 
the biggest challenges facing drill and blast teams are hole 
positioning, diameter accuracy and hole dipping, where 
is automation able to mitigate these risks? In relation 
to hole positioning and hole dipping, current practice 
is to print out a list of hole numbers and a map of their 
position. This is taken to the bench, where each hole 
must be located manually, measured with a tape measure 
and the hole depth written onto the print-out list. At the 
end of the shift, this is taken back to the blast designer, 
who then manually enters this data into the blast design 
software to generate loading sheets. The automatic hole 
dipping system is uploaded with drill hole numbers and 
GPS coordinates of each hole via Wi-Fi from the blast 
design software. On the bench, the hole is identified 
and measured, with information transmitted to the blast 
design engineer; real time data comprising the actual hole 
position, depth, and depth of water which might be in the 
blast hole. The blast hole load sheets are then generated 
using this information. Diameter accuracy is important 
because if you have a planned 229mm, which is in fact 
240mm (due to bad drilling of the ground), you’ll need to 
load 10 per cent more explosives – mines generally know 
regions where this occurs. ‘On drill’ scanning systems 
need to be developed to accurately measure blast hole 
volumes. This could be a data mulling system, whereby 
the instrument scans a hole as the drill is withdrawn from 
it and the data is transmitted when the device reaches the 
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surface. A major development would be to monitor blast 
holes prior to, at and after loading. Prior to loading, there 
is real time monitoring of hole depth, temperature and the 
depth of water (should it be present). At loading, there is a 
real time measurement of the depth of explosive column; 
whilst after loading, there’s real time monitoring of the 
temperature and density of explosive products. After the 
holes are drilled, a low cost sensor cable is placed in each 
hole, and the cable is prewired to a wireless transmitter. 
Before the hole is loaded with explosives, the sensor cable 
monitors the depth (cave-in detection), depth of any water 
present, and hole temperature. This information is used to 
plan the blast hole loading and identify hot holes. During 
loading, the sensor cable monitors depth of the explosive 
column as the explosive fills the hole. After the holes are 
loaded with explosive products, the same sensor cable is 
used to monitor density and temperature of the products. 
Subsequent data can be used to: 
•		 Monitor	 the	holes	during	sleep	 time,	and	ensure	 that	
the density is not approaching a critical value 
•		 Detect	any	water	ingress	of	explosive	products	(due	to	
a decrease in density and temperature) 
•		 Identify	 any	 reactive	 ground	 reactions	 (due	 to	 a	
significant temperature increase). At detonation the same 
sensor cable is used to measure the Velocity of Detonation.

Drill pattern generated by using drill design software is 
imported in the drill rig. The operator selects the hole to 
be drilled and trams to the correct collaring point using 
the Hole Navigation System. Yellow and green bars on the 
screen show in real time how to move to get to the correct 
collaring point. This reduces operator error at collaring, 
when it is especially important to get the correct bottom 
coordinates of the drilled hole. Even a slight error can have 
major consequences in the end. 

Drones are revolutionizing blasting by capturing the 
exact GPS coordinates of every hole drilled. Each drill 
hole is then cross-referenced against the blast plan 
to ensure accuracy. Adjustments can then be made 
accordingly in terms of timing, firing sequences, and 
charge distributions to ensure the results of the blasting 
are as exactly as intended. Additionally, view blast in slow 
motion to see detailed blast behaviour. Efficiently clear 
the exclusion zone to ensure all personnel and equipment 
are a safe distance from the blast, and conduct an aerial 
shotfirer inspection to make sure it is safe to return. 
Fragmentation size analysis of muck piles in near real-
time measurement, benchmarking blast performance and 
informing downstream can be carried out.

DUST PLUME MOVEMENT
Blasting operations can generate large quantities of 
fugitive dust. When this dust is released in an uncontrolled 
manner, it can cause widespread nuisance and potential 
health concerns for on-site personnel and surrounding 
communities. Meteorological conditions such as wind 
speed and direction, temperature, cloud cover and humidity 
will affect the dispersion of airborne dust. Atmospheric 
stability affects dispersion of the emitted plume, 
determining the extent of the vertical and horizontal, 
transverse and axial spread of the emitted particulates. 
Thus, dispersal of dust plume resulting from blasting is an 
important area which needs attention. A computer model 
has been developed to simulate the dispersal of dust. The 
software display shows 3D movement of plume. This 
prediction allows one to delay blasting and use suitable 
atmospheric conditions and prevent blast plume to go 
to a particular site. (Kumar and Bhandari, 2001, 2002), 
(Bhandari et al, 2004).

4. Evaluation of Blasting Results
Powder factor is simply an economic tool to evaluate various 
blast designs, as numerous variables will dramatically 
change the powder factor of the blast. Currently powder 
factor is used as criteria for design and evaluation of 
blast. Evaluation of a blast must include the factors upon 
which a blast can be evaluated are – Fragmentation, 
Flyrock, Ground Vibrations, Air Vibrations, Backbreak, 
Toe Problem, Muckpile Displacement, Powder Factor, 
Stemming Ejection, Drill Pattern Accuracy and Cost. 
Based on these sub factors upon a blast can be graded.

5. CONCLUSION
Planning a blasting operation is a complex activity 
demanding special skills on the part of the blaster and 
other group members. Properly trained blasters, accurate 
measurements and proper attention to every safety 
regulation will ensure consistent, safe blasts. Planning 
for blasts is important because geological conditions and 
purposes for the blast vary from mine to mine. Blasts 
modelling programmes and tools have significantly aided 
engineers in accurately simulating and analysing different 
blast designs. Several tools and techniques are now 
available where environmental requirements can be met 
and results can be predicted before a blast and corrective 
steps can be taken to ensure compliance with appropriate 
regulations. As in other industries use of appropriate 
design to achieve desired results through use of artificial 
intelligence and machine learning is needed.
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Abstract—Since the 2000s, smart mine technology has been 
attracting attention worldwide due to the increase in labor 
costs and the realization of eco-friendly and accident-free 
mines. Smart mining technology refers to cutting-edge 
ICT(information and communication technology) such as the 
IoT(internet of things), big data, AI(artificial intelligence), 
and AR(augmented reality) was applied to the mine site. 
The use of ICT technology in mines is used in various 
fields such as mine planning (three-dimensional model 
shape and reserves evaluation), production management 
(combination of large equipment and ICT), and safety 
management (location tracking and communication system 
of underground mines). The Jangseong Mine of Korea 
Cement Co., Ltd. started open-pit mining until 2005, and then 
switched to underground mining in 2006. In the early 2000s, 
before conversion to mining, the reserves were evaluated 
through in-situ drilling. A three-dimensional ore body and 
geological model was constructed using the existing drilling 
data and additional data, and the short-term and long-term 
mining plan was established by evaluating the reserves based 
on this. In addition, the underground mine location tracking 
and communication system was applied for mine safety 
management. Available equipment for this Jangseong Mine 
is 2 loaders, 3 excavators, 3 jumbos, 2 charge vehicles and 14 
dumps, and the total number of workers is 28. Each piece of 
equipment and personnel can wear a tracking tag to manage 
workers and vehicles from the main office. And this function 
is used as the most basic data for identifying the location 
of workers in case of collapse of a tunnel or an unexpected 
accident, and establishing a rescue plan or evacuation plan, 
and is used to recognize the location of the rescue team during 
rescue work.

Keywords—ICT, 3D geological model, reserve evaluation, lo-
cation tracking of underground mines, communication system
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I. INTRODUCTION 

Smart mining, which is another term for mining 
automation or digital mining, is gaining popularity 
in domestic mines. The 3rd Basic Mining Plan was 
confirmed in January 2020, and a pilot plan was designed 
to introduce smart mining. The initial plan involved 
conducting unmanned and automated mining operations 
and transport operations by 2021. However, the plan was 
later expanded to incorporate large-scale operations such 
as drilling and blasting by 2024. In this master plan, the 
Ministry of Industry and Commerce decided to focus on 
the stable supply of industrial raw materials, enhancement 
of productivity and profitability, and strengthening of 
mine safety and environmental management. 

Following the introduction of smart mining through the 
pilot plan, the results of the unmanned and automated 
operations will be used to change and expand the 
perception of the domestic mining industry. It was decided 
that from 2021 to 2023, the first phase of the plan will 
support applicable fields such as loading and transport 
through pilot operations. From 2024, in the second phase, 
the plan will be expanded to incorporate other operations, 
such as drilling, blasting, and mineral processing. 

The application of digital mining in mines is innovative. 
It automates mechanical equipment, reduces human 
participation, and enables quick decision-making for 
collaboration and mine management. In modern mines, 
large equipment is used for mining work, which may 
lead to fatalities during disasters. To prevent accidents, 
information communication, that is, location confirmation 
and voice calls between workers and equipment are 
necessary (Fig. 1). However, most mines are located in 
remote areas, and the communication infrastructure is 
poor. 
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Fig. 1. Roll of ICT in mine operations

II. DOMESTIC MINING STATUS

A. Mining Policy

In domestic mines, business conditions are deteriorating 
due to deep mining and aging workers, and the mining 
industry lacks the investment for introducing new 
technologies and modernizing equipment. The mining 
industry plans to apply ICT unmanned and automated 
technology to domestic mines. However, large-scale 
implementation and application of new technologies are 
not feasible owing to high investment costs. Therefore, 
the domestic mining industry needs policy support for 
alleviating the burden of initial investment required 
to build advanced mining infrastructure. The goal 
of domestic mining is sustainable development and 
the efficient use of mineral resources. The “resource 
development + ICT” model is a part of the Ministry of 
Trade, Industry and Energy’s “Second Mining Master 
Plan.” It aims to promote automation and unmanned 
systems using ICT convergence and ensure eco-friendly, 
high-efficiency, low-cost, and accident-free resource 
development projects. In addition, the government has 
set the goal of establishing an unmanned remote-control 
system in domestic mines by 2024. 

The goal is to develop futuristic mines using Rio Tinto’s 
“Mine of the Future” as a model, in which one worker 
controls mining equipment with a monitor (Fig. 2). The 
introduction of 3D location information technology, 
such as a proximity detection system, is also being 
considered. The 3D location technology can mitigate 
the risk of collision between equipment and workers in a 
dark pit and automatically stop the equipment in case of 
an emergency. 

Fig. 2. Mine of the Future

The utilization and application of digital mining in 
Korea are still at an early stage, and mine management 
and application fields are mostly dependent on foreign 
technology. Therefore, these novel technologies, such as 
digital mining are primarily applied to relatively large-
scale mines because introducing these new technologies 
is expensive. Some of the technologies introduced in 
large-scale mines are location tracking, voice calls in the 
mine, monitoring and response of business sites by CCTV, 
environmental monitoring in the mine, and the proximity 
detection system of equipment. 

B. R&D

GPS signals cannot be received in closed areas such as 
underground tunnels. Therefore, a separate wireless 
communication network is required for communication. 
Mining tunnels have a cylindrical shape with a diameter 
of approximately 6 m and are connected from several 
hundred meters to several kilometers. Therefore, there are 
many closed areas where it is difficult to apply the same 
technology for communication. Accordingly, in January 
2014, technical issues of the domestic mining industry 
were discussed, and a plan was proposed to develop 
technology with small and medium-sized enterprises (Fig. 
3).

Fig. 3. R&D process

The new mine operation and safety management system 
recognizes radio frequency in real-time, tracks the location 
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of workers and equipment in the mine, and manages 
the access history of mine shafts, making it possible to 
perform a comprehensive analysis of equipment work 
efficiency and ore productivity. The product undergoes 
field demonstration tests for metallic ore (iron), non-
metallic ore (limestone), the influence of iron supports, 
and electromagnetic wave propagation distance (Fig. 4).

Fig. 4. R&D process
In Daesung MDI's Jecheon office located in Jecheon, 
Chungcheongbuk-do and Sungshin Minefield Mine 
located in Jeongseon, Gangwon-do, a central control 
system was established to secure the working status and 
safety management data in domestic mines. An integrated 
wireless repeater was also installed to provide real-time 
location information and improve work efficiency by 
enabling real-time voice communication. Furthermore, 
part of the construction cost was borne by the state 
subsidy project for mine safety facilities. Following the 
on-site inspection of the tunnel, a repeater was installed, 
and technology for the recognition detection range, real-
time data transmission, emergency alarm/two-way call, 
and location information was provided. The novel control 
system reports the current location of the workers in 
the tunnel accurately. Thus, in the event of an accident, 
if the miners are trapped in the tunnel, their location 
can be identified in advance, and the response team can 
rescue them. In addition, owing to the new technology, 
it is possible to efficiently manage work vehicles, freight 
vehicles, and heavy equipment by using data comprising 
the history and location information of vehicles entering 
and exiting the tunnel. The mine safety facility project 
prevents fatalities and damage to property from mining 
accidents, prevents occupational diseases of workers 
by improving the working environment, and provides 
education and training on support equipment and safety. 
The project aims to keep the accident rate below the level 
observed in developed countries (Fig. 5).

Fig. 5. Real time mining operation management system

C. PILOT PROJECT
In the Boleo mine in Mexico, a remote-control room 
was first set up outside the mine, and RFID tags for 
transmitting and receiving signals were attached to 120 
workers and equipment (Fig. 6). With this system, it is 
possible to check the history of each worker entering and 
exiting the tunnel, call any worker with one click, and 
notify all workers of an emergency. Workers in the mine 
can also obtain the status of each workplace and worker 
and the temperature and humidity at the site. Furthermore, 
managers inside and outside the mine can also access these 
data using a mobile terminal. In the future, the Korea Mine 
Rehabilitation and Mineral Resources Corporation plans 
to gradually upgrade the tools to improve the productivity 
and efficiency of mines by comprehensively analyzing the 
collected data.

Fig. 6. Prototype for field applications

III. OVERSEAS STATUS

In the early 2000s, Rio Tinto, a major mining company, 
suffered from low productivity owing to manpower 
shortage and high production costs. They started a 
radical experiment called the “Mine of the Future.” Five 
unmanned trucks were remotely controlled to transport 
mineral debris from an office 1500 km away. Gradually, 
unmanned trucks began to carry iron ore, and a total of 
10 unmanned trucks could be remotely controlled by 
one person. A large truck capable of carrying 290 tons 
could run around the clock without disrupting satellite 
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navigation. Recently, underground tunnel excavation, 
mining, and mineral sorting have been carried out 
by robots or machines instead of humans. Although 
the ultimate goal of resource development and ICT 
convergence is worker safety, ICT can also ensure 
productivity improvement. This is because it can collect 
information pertaining to the entire process of a mine 
operation in real time, facilitate communication, and 
assist in making quick and accurate decisions. In the case 
of the Chelopech mine in Bulgaria, the introduction of 
ICT in 2013 increased production by 53% and reduced 
production cost by 30% per ton, transforming the mine 
on the verge of bankruptcy and into one with a surplus 
(Fig. 7).

Fig. 7. Chelopech mine system

IV. CONCLUSIONS
The application of digital mining in mines is more 
useful as a mine management strategy than a simple 
mine management approach. Therefore, to establish a 
government-industrial development strategy with a long-
term and short-term plan, it is advisable to seek the help 
of experts in this field. The experts can interpret the 
results, provide technical direction, and ensure efficient 
application to realize the mine management strategy. 
Presently, the economic value of a mine depends more on 
a competent manager rather than the mine itself. In other 
words, competent management personnel can reduce 
production costs and maximize shareholder profits by 
improving work efficiency. When the corporate profits 
resulting from securing capable management manpower 
are reflected in the wages of the employees, the talented 
N-generation will be attracted toward the mining 
industry and can be nurtured as competent managers. To 
apply digital mining, mining business owners must have 
a clear management strategy. In other words, in order for 
mines in Korea to remain a sustainable industry for at 
least 50 to 100 years, as in other countries, the business 
owners must have a clear mission for mine development.

Abstract — Large amounts of pyritic tailings are created  from the ore processing plants annually. When they are exposed to water and 
air, acid mine drainage takes place, resulting in an adverse impact on human and environment. Hence, these tailings must be stored 
suitably. This study deals the quality and performance of cemented paste backfill (CPB) which is consisted of pyritic tailings with 
different pHs (e.g., 4 and 11), ordinary Portland cement (OPC), slag additives at different replacement ratios, and mixing water. Several 
experiments like uniaxial compressive strength (UCS), scanning electron microcopy, and mercury intrusion porosimetry were carried 
out on CPB samples prepared with different OPC/slag ratios (e.g., 90/10, 70/30, and 50/50) and fixed solid content (76wt%). Results 
have indicated that the best UCS values are obtained from CPB samples containing a OPC/Slag ratio of 90/10. The main reason behind 
this behavior could be explained by the basic function in the hydration reaction of slag. Due to the fact that slag is a supplementary 
cementitious material, using too much slag in CPB delays hydration reactions and hence reduces the corresponding UCS values. 
Besides, the UCS of CPB with high pH tailings were higher than CPB with low pH tailings for a given OPC/slag ratio. This was mainly 
because low pH environment does not help to accelerate the hydration process. As a result, the findings of this study will endorse the 
use of slag as industrial waste in CPB materials prepared with low pH tailings and offer an alternate option to OPC.

Slag Effect on Properties of Cemented Paste Backfill 
Containing Pyritic Tailings at Different PH Values
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Abstract — The cemented paste backfill (CPB) technique,hich has been frequently used in the mining industry, might be insufficient 
due to some operational difficulties and needs regarding the availability and characteristics of tailings. To eliminate these problems and 
increase CPB’s performance, using several alternative materials such as sand is vital for sustainable backfilling and mining operations 
in terms of operational risks and costs. This study aims at increasing the mechanical strengths of CPB samples by using different 
proportions of quarry sand and thus to help reduce the cement-related costs for high desirable backfill strengths. To end up this aim, 
the slump, uniaxial compressive strength (UCS), and microstructural (e.g., SEM, and MIP) properties of sand blended CPB samples 
were investigated experimentally. The sand blended backfill samples were prepared at three different replacement ratios of tailings/
sand (e.g., 90/10, 70/30, and 50/50) and two different solid contents (e.g., 72wt% and 76wt%). The 28-day cured CPB samples were 
subjected to UCS testing. The results have showed that the replacement of sand greatly increase the mechanical strength of CPB (up to 
about 52-64%). This is because of the chemical structure (e.g. high CaO content) of calcareous sand, a significant improvement (e.g. 
high compact material) in the tailings gradation. As a result, the main findings of this study will allow operators to optimally design 
their mine fill recipes which will save money by shortening operating hours and provide operational savings by reducing the actual 
budgets.

PH Effect of Tailings on Physico-Chemical & 
Mechanical Properties of Cemented Paste Backfill
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Abstract — Huge amounts of tailings produced as a result of mining activities are generally disposed of by being stored in tailings 
dams. In particular, the sulfide tailings that are stored cause serious environmental problems such as the depletion of natural resources 
and climate change, as well as air, water, and soil pollution. Hence, the chemistry of these harmful tailings must be known accurately 
and disposed appropriately. This study aims to determine the use of dam tailings of different pH in cement paste backfill (CPB) samples 
through geochemical (e.g., conductivity, alkalinity, and redox potential), mechanical (uniaxial compressive strength) and geotechnical 
(water content, specific surface area, degree of saturation and void ratio) tests. CPB samples were prepared at a constant solid content 
of 72wt.% and subjected to different curing times. Results have showed that the strength acquisition of CPB samples with high pH 
(10.5) tailings is relatively higher than samples with low pH (4.2, 5.9, and 6.8) tailings. The main reason of obtaining higher mechanical 
strengths could be explained by the basic environment of CPB which accelerates the cement hydration. The gaps between tailings 
particles are filled by the high hydration products and hence the corresponding strength becomes higher. From geochemical tests, one 
can see that the conductivity, alkalinity, and redox potential of low pH tailings is relatively lower than high pH tailings. As a result, 
the findings of this study will ensure the better understanding of cemented backfills in terms of pH effect, operational excellence, and 
cost savings.
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Abstract - Draglines are used for overburden removal to 
uncover coal.  Draglines are self-contained system that can 
load and transport overburden (OB) to the dumping point 
with very high efficiency at the lowest cost. Planning and 
design of a dragline mining operation is a complex process 
that requires deep understanding of dragline mining methods 
and the application of computer simulation technology to 
evaluate different scenarios to optimize productivity.  In the 
present article, the authors have carried out research on 
various dragline mining methods, systems and methodologies 
used for planning and operation of draglines. An extensive 
survey of dragline mining methods in India has been carried 
out to identify the gaps between the existing practices and 
the global best practices. Few measures have been suggested 
for improvements in the performance of dragline mines. 
Most important being the application of computer-aided 
simulation to help identify the most appropriate mining 
methods and excavation geometry to achieve highest level of 
dragline productivity. The proposed methodologies could be 
mutually applicable to both new operations as well as existing 
operations.  
Keywords: Dragline mining, Simulation, Mining Method, 
Digging Sequence

1. INTRODUCTION: 
Planning and management of equipment systems of 
surface mining is critical for achieving higher production 
and productivity.  Poor performance of equipment systems 
can endanger the economic viability of mining operations 
(Fourie, 2016, Elevli and Elevli, 2010, Mohammadi, Rai 
and Gupta, 2016). Mining plan and mining methods which 
governs the production efficiencies of mining operations 
are heavily influenced by the equipment systems used 
and, therefore, must be designed to optimize equipment 
productivity and utilization (Topuz and Baral, 1988). 
Key operational parameters that affect the productivity 
of equipment systems in surface coal mines are the pit 
geometry, digging conditions, mining methods, mining 
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sequence, and operator’s efficiency etc. (Barabady and 
Kumar, 2016). Weber (1990) recommended the following 
basic rules for achieving maximum productivity of mining 
operations: 
- Move the minimum quantity of material
- Move materials to the shortest, possible distance
- Move materials with the minimum amount of 
      equipment
- Move materials with the minimum number of people 
      and
- Move materials in the shortest, possible time. 
Surface coal mining has got three major operations that 
affects the production and overall productivity of the mine 
- i) Coal extraction, ii) Overburden (OB) removal and iii) 
Auxiliary Operations (Figure 1). 

Figure 1:  Major Surface Mining Operations
OB removal is a major process in a surface mining of 
coal accounting for over 60% of the mining cost (Jones et 
al., 2002 and Corke et al., 2006). Based on the principles 
suggested by Weber (1990), Table 1 presents general rules 
for the selection of equipment systems of OB removal 
under various geo-mining conditions for efficient and cost 
effective operations.



Northern Coalfields Limited, Singrauli

36

Dragline is predominantly used for overburden removal 
to expose coal.  Draglines are self-contained system that 
can load and transport overburden (OB) to the dumping 
point with very high efficiency. Dragline mining system 
is highly productive, comparatively low in operating cost 
and labour requirements, extremely robust and has very 
long life, commonly 30 to 40 years. However, the use 
of draglines for overburden removal is restricted by the 
following factors; (Westcott et al., 2009): 
- Size of Deposit: Large deposits to ensure adequate 
strip length and sufficient reserves to justify large capital 
expenditure
- Dip of Coal Seam: Gently dipping deposits, due to 
spoil instability on steep dips.
- Thickness of Overburden / Inter-burden
Dragline mining is often associated with blasting and/or 
dozer push to increase overall overburden removal capacity 
(Westcott et al., 2009) (Figure 2). 

Figure 2: Cast blasting in dragline operation

Application of cast blasting not only reduces the overall 
mining cost but also enhances the efficiency of dragline 
mining system as a whole (Chironis, 1980, Crosby et 
al, 1982, Tracy, 1985, Worsey and Giltner, 1987, Naidu 
and Singhal, 1989, Workman, 1995).Depending on the 
dragline mining methods and the excavation geometry, 
the cast blast can result up to 40 – 50 % of casting of OB 
material (Mirabediny, 1998, Asri and Daafi, 2016).

In a dragline operated surface coal mine, a combined 
equipment system is deployed.  In this system, the top few 
meters of OB are removed by the shovel-dumper called 
“pre-stripping”. Shovel-dumper operations advances the 
upper layers of overburden to prepare working level of 
dragline operation for direct casting of remaining OB 
(Morey, 1990, Humphery and Wagner, 2011). The shovel-
dumper operation also removes variable topography, 
leaving a horizontal bench for the Dragline. The Dragline 
then is able to operate uniformly and efficiently at its 
optimum digging depth (Morey, 1990, Humphery and 
Wagner, 2011). The boundary between the zones of 

direct dumping by Dragline and dumping by shovel-
dumper is determined by the methodology based on the 
cost and production capacity to handle overburden rocks 
from digging face to the dumping zones (Rubetskoy, 
Krasnyansky and Khroning, 2001). Dragline mining places 
the OB into the adjoining void of previous operation directly. 
Pre-stripped overburden by shovel-dumper system is placed 
on top of the dragline spoil as shown in Figure 3. The 
proximity of the dumping by dumpers to the active dragline 
spoil area is determined by the geotechnical competence of 
the overburden material and the strip floor. A good general 
rule to follow is to dump leaving two Dragline spoil peaks.

Figure 3: Combined equipment system of dragline mine
A large Dragline can operate through a range from about 
50m above to 65m below its working level (Morey, 1990, 
Humphrey and Wagner, 2011). The main advantages of 
dragline are;
- Direct casting – No transportation System required
- Low operating cost, and
However, the dragline application is generally constrained 
by the digging depth and dumping height requirements 
which requires meticulous planning determined by the 
following factors: 
- Pit Geometry 
- The placement of spoil material 
- Digging methods and digging sequence.

2.  DRAGLINE MINING METHODS
Figure 4 explains a typical dragline mining method and 
digging sequence for OB removal.  To dig and dump 
overburden, dragline takes multiple sitting positions 
(digging sequence). From positions of 1 and 2, the dragline 
digs the Key Cut. Key cut is a trench confined to the width 
of the single bucket at the bottom. Key cut serves the two 
purposes in dragline operation. 
It fixes the alignment for new and stable high wall slope, 
and it allows maximum lateral control of the bucket as it 
works down.
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TABLE 1: GENERAL RULES FOR SELECTION OF EQUIPMENT SYSTEMS OF OB REMOVAL

OVERBURDEN REMOVAL EQUIPMENT SYSTEMS

Dra-
gline Shovel

Shov-
el and 
Truck 

Front-
End 

Load-
ers

Doz-
ers

Front-End 
Loader 

and truck 
Comb.

Bucket 
Wheel 

Excava-
tor

Scrapers

Elevat-
ing Full Power

With 
Push 

Tractor

THICKNESS

0-30 ft. 2 1 1 1 1 1 1 1 1 1

30-60 ft. 1 1 1 2 2 2 1 1 1 1

60-100 ft. 1 1 1 3 3 3 2 2 2 2

>100 ft. 1 2 2 - 4 - 3 3 3 3

CHARAC-
TERSTICS

(Blocky- 
large break-
out Force)

2 1 1 3 1 3 - - - -

Moderately 
Blocky 1 1 1 2 1 2 - 2 2 2

Good Frag-
mentation 1 1 1 1 1 1 3 1 1 1

(Low break-
out Force) 1 1 1 1 1 1 1 1 1 1

TRANS-
PORT DIS-

TANCE

50-150 ft. 1 3 - 1 1 - 3 - - -

150-300 ft. 1 - 2 1 1 - 1 - - -

300-500 ft. 2 - 1 2 2 3 2 3 3 3

500-1000 ft. - - 1 - - 1 - 1 1 1

>1000 ft. - - 1 - - 1 - 1 1 1

SEGRE-
GATION 

CAPACITY
- C A A A A A A B B B

PRODUC-
TION CAPA-

BILITY
- A + A A A A A A A A A

FLEXIBILI-
TY UNDER 

VARIED 
FIELD CON-

DITIONS

Good A A A A A A B A A A

Fair A B B B A A B A A A

Poor A C C C B B C B B B

MOBILITY - C A A A A A C A A A

LEGEND1. SHOULD BE CONSIDERED, 2. MAY BE CONSIDERED, 3. MAY BE CONSIDERED UNDER CERTAIN CONDITIONS, 4. 
MAY BE CONSIDERED IN SPECIAL SITUATION
A. HIGH, B. MODERATE, C. LOW                                                                                               (Modified after Bruce A Kennedy, 1999, 
Surface Mining, 2nd Edition)

As the excavation progresses, the Dragline moves to the 
position of 3 followed by 4 to excavate the remaining 
overburden. From position 1 and 3 Dragline excavates the 
upper portion, and from position 2 and 4 lower portion 
of the bench is excavated. Detailed planning and co-
ordination of Dragline operation is extremely important 
to achieve operational efficiency. Specific dig and dump 
positions, bench levels, walking pattern etc. require a 
well-engineered operating plan. 

Figure 4: A Typical Dragline operation of surface coal mine
Several Dragline mining methods are practiced across 
global mining operations. Mirabedini, 1998in his study 

has reported over twenty dragline mining methods in 
various dragline operations. These mining methods differ 
by bench geometry (bench width, bench height), dragline 
sitting position, blasting practices, re-handle %, number 
of dragline passes, dragline walking pattern, mode of 
digging, dig-dump locations, etc. A few dragline mining 
methods are discussed below: 

2.1. SIMPLE SIDE CASTING METHOD
Simple side casting is the simplest of all dragline mining 
methods in which the Dragline sitting on its level removes 
the overburden (OB) below and side cast it into the 
previously de-coaled area. This method is applicable for 
low to medium OB thickness, usually up to 30m thick 
OB and 10m thick coal seams. Generally, very low or no 
re-handling is involved in this method, and the Dragline 
swing is in the range of 900.  The bench width and dumping 
radius of Dragline are the limiting factors (Figure 5).

Figure 5: Simple side casting method
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2.2. EXTENDED BENCH METHOD
With increase in overburden thickness and / or width of 
the Dragline pit, it becomes difficult for the Dragline to 
side cast all the OB by simple side casting method. This 
problem could be solved by another mining method called 
extended bench method. In this method, the material 
from the initial key cut of OB face is used to extend the 
dragline bench width on the high-wall side (also known 
as the bridge), working from this extended bench / bridge 
Dragline is able to increase its dumping radius of side 
casting significantly. This method involves re-handling 
of OB as the bridge OB is to be handled twice (Figure 
6.). The amount of re-handling depends on the size of the 
extended bench.  

Figure 6: Extended bench method

2.3. LOW-WALL IN-PIT BENCHING METHOD
As extended bench method may involve large amount of re-
handling which is an unproductive utilization of Dragline 
hours. Low-wall in-pit benching method of Dragline could 
provide the solution to significantly reduce the re-handle. 
In this method, the Dragline sit at a lower elevation than 
the full OB thickness of high wall (Figure 7).   

Figure 7: Low-wall in-pit benching method
When the dumping height of Dragline is not the limiting 
factor, the amount of re-handle can be significantly 
reduced by the selection of level of in-pit bench which 
is based on the dumping heights of Dragline. Ideally, an 
in-pit bench level should be prepared as low as possible 
keeping in mind the dumping height of Dragline and 
dumping space available. This method is associated with 
cast blasting technique for OB. dragline sits on the blasted 
material (after levelling by Dozer) on the low-wall side 
of the pit. The dimension of in-pit bench depends on the 
pit-geometry, blast profile and the Dragline parameters 

(operating radius, dumping height, and the base dia.). 
Usually, in-pit bench is made 10 – 15m below the high-
wall level. Dragline works solely from the in-pit bench 
on the low-wall side. Mode of operation of Dragline is 
generally a combination of chopping and pull-back 

2.4. TANDEM OPERATIONS OF DRAGLINE

In this method, two or more Dragline are employed for OB 
removal in tandem. Each Dragline is assigned a specific 
task. This method is generally adopted for extracting thick 
coal seams underlying deep overburden or wider pits. 
There are two basic variants of this method: 
i) Vertical tandem method: For high OB thickness, 
the Dragline operation is limited by the digging depth. 
Therefore, in this method, the Dragline bench is split in 
two vertical benches one each for each Dragline. There 
are two high wall passes – the Dragline working at higher 
level (first high wall pass) does simple side casting, and the 
second Dragline which woks from the lower level (second 
high wall pass) works with extended bench method. 
Theoretically, no re-handle is associated with the first pass, 
the second does some re-handle depending upon Dragline 
configuration and the Dragline pit geometry. The upper 
Dragline bench is generally of lower thickness compared 
to the lower bench thickness. The upper Dragline moves 
ahead followed by the lower Dragline (Figure 8.). A 
Dragline tail clearance of 25 – 30m is required for the 
lower Dragline pass from the upper Dragline. This method 
can handle up to 70 – 80m overburden depth. 

Figure 8: Vertical tandem method
ii) Horizontal tandem method: This method is generally 
adopted for wider strips and a medium bench height (up 
to 35 – 40 meters). Unlike the vertical tandem method, in 
this method, both Dragline work at the same level.  There 
are again two high wall passes - the first pass does the key 
cut and extends it leaving most of the remaining OB (box-
cut) to be removed by second high wall pass with second 
Dragline. This method is very popular in thick coal seam 
mining of Singrauli coalfields in India with wider pits up 
to 80-90m. This method is associated with a large amount 
of re-handle, as the second Dragline has to do a lot of re-
handling caused by the dumping from the first Dragline 
(Figure 9).
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Figure 9: Horizontal tandem method

2.5. MULTI-SEAM DRAGLINE OPERATION
Multi-seam Dragline operations are usually a multi-lift 
operation with a combination of high wall and low-wall 
Dragline passes to remove overburden and inter-burden 
material in succession to expose coal seams. Up to three 
coal seams in succession can be successfully mined with 
Dragline. The selection of suitable Dragline mining 
method is influenced by the geo-mining conditions such 
as thickness of both overburden and inter-burden of seam 
sequence. Sequencing of Dragline digging positions and 
coal extraction are much more complex in multi-seam 
operations than single seam operation. Depending upon the 
thickness of the Inter-burden, multi-seam operations could 
be either a single high wall pass – double low wall pass 
operations (Figure 10. (a) And (b)) or a double high wall 
pass - single low wall pass operations (Figure 11. (a), (b), 
and (c)) in case of three seam sequence mining by Dragline 
system. 

I) SINGLE HIGH WALL PASS - DOUBLE LOW WALL 
PASSES DRAGLINE MINING METHOD:

In this method the first pass is a standard high wall simple 
side casting method with a key – cut and the main cut. 
The overburden is directly dumped into the previously de-
coaled area with minimal re-handle. The second and third 
Dragline passes are essentially the low wall operations 
with a combination of chopping and pull back. A typical 
sequence of operation is shown in Figure 10. (a) and (b). 

Figure 10 (a):  High wall Dragline pass in multi-seam operation

Figure 10 (b): Low wall Dragline pass in multi-seam operation

II) DOUBLE HIGH WALL PASSES AND SINGLE LOW 
WALL PASS DRAGLINE MINING METHODS: 

With a decrease in top over burden thickness, there is a 
point at which there is not enough material from the first 
Dragline pass to form the in-pit bench level for low wall 
Dragline operation. It is then desirable to switch to double 
high wall and single low wall operation. In practice, double 
high wall and single low wall method is more productive 
than the single high wall and double low wall method with 
very less or no re-handle. A typical scheme of operation is 
shown in Figure 11. (a), (b) and (c).  

Figure11 (a): High wall Dragline pass in multi-seam operation

Figure11 (b): Low wall dragline pass in multi-seam 
operation(First pass)

Figure 11 (c): Low wall dragline pass in multi-seam operation 
(Second pass)

(Humphrey and Wagner, 1990, Lumely and Haneman, 
1994, Chaoji and Dey, 2000, Kishore and Dewangan, 2010, 
Rai, Yadav and Kumar, 2011, CarlsonsTM, 2019. 3d-digplus 
2019, DragSimTM -RPM Global, 2019).

2.3. REVIEW OF DRAGLINE MINING METHODS 
IN INDIA – METHODOLOGY AND RESULTS.

An extensive survey of dragline mining methods in India 
was carried out via field visits, seeking informations 
through emails, and / or dtailed conversation with 
concerned mine official over phones to understand the 
prevailing Dragline mining methods across various mines 
of different geo-mining conditions (Table 2.).  
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TABLE 2: SURVEY OF DRAGLINE MINING METHODS IN INDIA.

Sl.
no.

Project Name 
&	Coalfields

 Geological & Mining Conditions Dragline	Fleet	and	Configurations

Mining 
Methods

Coal 
Pro-

duction 
(Mt per 
year)

Strike 
Length 
(km)

No. of 
coal 

seams

Thick-
ness 

of coal 
seams 
(m)

Thick-
ness of 

overbur-
den (m)

Strip 
Width 

(m)

No. of 
Dragline 
operating

Bucket 
Size
 (m3)

Boom 
Length 

(m)

Oper-
ating 

Radius 
(m)

Boom 
Angle 

(º)

Dump-
ing 

Height 
(m)

Digging 
Depth 
(m)

1

Amlohri 
(NCL) 

Singrauli 
Coalfields

14 2.6-3.1 2 12-18 55-66 70-80 4 24 96 88 30 38 46

Horizontal 
tandem 
method 
having 
central 

entry with 
70-80m 

strip	width	
and 30-

40m depth

2

Dudhichua
(NCL), 

Singrauli 
Coalfields

25 3.2-3.6 3 16-25 50-63 75 4 24 96 88 30 38 40

3
Jayant (NCL)

Singrauli 
Coalfields 25

3.4 3 14-24 46-66 70-80 3 24 96 88 30 38 46

4
Jayant (NCL)

Singrauli 
Coalfields

3.4 3 14-24 46-66 70-80 1 15 90 83 30 37 42

5

Khadia 
(NCL)

Singrauli 
Coalfields

14

4.1 3 19-22 55-60 70-80 2 20 90 83 32 38 43

6

Khadia 
(NCL)

Singrauli 
Coalfields

4.1 3 19-22 55-60 70-80 1 33 85 72 38 40 46

7

Nigahi 
(NCL)

Singrauli 
Coalfield 21

3.5 3/2 12-19 52-59 70-80 2 24 96 88 30 38 46

8

Nigahi 
(NCL)

Singrauli 
Coalfields

3.5 3/2 12-19 52-59 70-80 2 20 90 83 32 38 43

9
Bina (NCL)

Singrauli 
Coalfields 10.50

2.0 - 
2.3 3 13-22 42-50 70-80 2 10 70 67 30 28 35

Vertical 
Tandem 
Method

10
Bina (NCL)

Singrauli 
Coalfields

2.0 
-2.3 3 13-22 42-50 70-80 2 24 96 88 30 38 46

11

Dhanpuri
(SECL)

Suhagpur 
Coalfields	

 1.30 1.0  2  8.0 60  60 1 20 90  -  -  47  42 Extended 
bench 

method

Extended 
bench 

method

12
Block-II 

(BCCL), Jha-
ria	Coalfields

 1.80  0.60 4  25 30  60 1 24 96 88 30 38 46

13

SonpurBa-
zari (ECL), 
Raniganj 
Coalfields

5.00  1.00  10  4.0  28-30 60 1 24 96 88 30 38 46

14

Rama-
gundam-1 

(SCCL), Go-
davari Valley 
Coalfields

3.31 2.0 – 
2.5 6 10 26 60 1 24 95.6 88 30 39.6 46

Extended 
Bench 

Method 
for 3 Seam 
and Spoil 

Bench 
Method to 
expose 4 
Seam by 
removing 
10m OB

15

Rama-
gundam-3 

(SCCL), Go-
davari Valley 
Coalfields

6.3 2.0-2.5 6 10 23 60 1 30 93 81 37.8 44 50

16 Moher, Sasan 
Power Ltd.  18.00 4.10  2 18 55  60 - 

77 2 63 100 90  32  46  48 
Extended 

Bench 
Method
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Table 2. shows that only few dragline mining methods 
are being practiced in India at different coal mines across 
various coalfields. Most common amongst them is the 
extended bench method. The common dragline sizes vary 
in bucket sizes from 10.00 to 30.00m3, and boom lengths 
from 70m to 100m. Most common dragline configuration 
is 24.00m3 bucket size and 96m boom length. Sasan coal 
mine of Singrauli coalfields deploys the largest dragline 
with 62.00m3 bucket size and 100m boom length. Multi-
seam dragline operations are completely absent in India. 

3.  SCOPES FOR IMPROVEMENT 
The above situation of Indian dragline operationprovidesan 
opportunity to discuss, improve and introduce new 
approach to dragline planning to enhance operational 
efficiencies (OE) of mega dragline operated surface coal 
mines of Northern Coalfields Limited, Singrauli (NCL) 
using modern technologies and new ideas.Based on 
some recent researches and discussions with the mining 
professionals working with global dragline operations 
have suggested following:
- In some existing operations the Low-Wall dragline 

mining method could be a better option to reduce re-
handling and increase coal exposure rate than extended 
bench method, 

- High wall tandem operations could be reviewed to 
transform into a combination of low wall and high wall 
Dragline operation bringing a significant improvement 
in operational efficiencies, 

- Multi seam operations can be introduced in some 
coalfields in India which have the occurrence of gently 
dipping multiple and packed coal seams separated by 
compact and hard host rocks ideally suited for multi-
seam Dragline operation. 

3.1.  EXISTING DRAGLINE PLANNING PROCESS: 
The existing dragline planning process in India involves 
traditional method of developing 2 – D dragline balancing/
range diagram to balance the dig-dump volumes, digging 
depth, dumping radius, and dumping heights.  This 
method fails to optimize OB removal process by dragline 
system in a combined equipment technology. In this 
method, the simulation models to optimize dragline 
operations captures only limited parameters and makes 
a lot of assumptions for other parameters.  For example, 
this method does not capture the digging sequence and 
walking pattern, dragline swing angles at various dragline 
positions, dig face angle and dig block lengths etc. which 
have huge bearing on productivity of dragline system. It is 
also difficult to simulate complex mining operation such 
as multi-seam dragline operations, multi-pass high wall 
and low wall operations etc. by this approach.
3.2. Proposed Dragline Planning Process: 
Planning of dragline operation is a complex process that 
requires deep understanding of dragline mining and 

application of sophisticated software solution to simulate 
various scenarios of dragline operations in order to 
optimize the efficiency of the system. Simulation can be 
used to optimize dragline’s operational efficiency of both 
new operations as well as existing operations by modifying 
and improving the mining methods and operating plans. 
Simulation is defined as “the process of designing a model 
of a real engineering system and conducting an experiment 
with the model for the purpose obtaining the deeper 
understanding about it. It is also used to evaluate various 
strategies within the limits imposed by a set of criteria for 
the operation of the systems” (Shannon, 1975). Simulation 
has become increasingly popular technique for planning 
and analyzing newly designed mining operations and / or 
for modifying and improving existing ones.
Use of computer simulation and modelling of mining 
systems is a common practice to evaluate various operational 
scenarios. Several production planning and scheduling 
tools using simulation techniques have been developed 
to simulate mining processes mainly in connection with 
the optimization of haulage transport system, equipment 
fleet optimization, production scheduling etc. (Kim, 
1992, Knight and Bonates, 1999, Vegenas, 1999). Internet 
surveys have shown the availability of few software 
solutions for simulation of dragline operation, namely the 
CarlsonsTM (March, 2019), 3d-DigPlusTM (March, 2019) 
and DragSimTM (March, 2019) etc.However, the selection 
of a software system is critical to the success of dragline 
planning peocess. Software system should be able to build 
accurate simulation models for different mining methods, 
at the same time be able to calibrate and validate the 
model based on the actual field data and allow sensitivity 
analysis under various operating scenarios.  The software 
system should also be able to simulate other components of 
dragline operation such as the cast blast profile and dozer 
push requirements as shown in Figure 2 to maximize the 
overall productivity of dragline mining system (Rai et al 
2020).  

CONCLUSIONS:

Draglines are self-contained system that can load and 
transport overburden (OB) to the dumping point with 
very high efficiency. The success of dragline operation 
depends on the dragline excavation geometry (bench 
height, bench width), mining methods, and digging 
sequence which in turn measure of operational efficiency 
/ productivity of Dragline system. Over twenty dragline 
mining methods are practiced world over under variable 
geo-mining conditions. These mining methods differ by 
bench geometry (bench width, bench height), dragline 
sitting position, blasting practices, re-handle %, number 
of draglines passes, dragline walking pattern, mode of 
digging, dig-dump locations, etc. In India, only a few of 
them are practiced which leaves a scope of improvement. 
The authors in the research article have proposed some 
improvement measures to improve performance of 
dragline operation in India. The most important measures 
being the reviewing the dragline mining methods and 
application of computer simulation techniques. 
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ABSTRACT-- In the early 1980s surface miner entered the 
mining scene. However, it took another 10 years to make 
this technology mine proven. In mid 1990s, surface miners 
started working in cement and limestone companies in India. 
Surface Miners made their debut in Indian coal mining 
industry in late 1990’s. Since then this machine has proved its 
sustainability and success over the period of time, as presently 
it contributes around 50% of coal production from open cast 
mines of CIL. Further, it helps to achieve the twin objective of 
our country to increase coal production with minimal impact 
to environment.  Considering the strategic importance of this 
machine in coal mining, effort has been made in this paper 
to present the performance of Surface Miners in open cast 
mines of CIL and the mathematical model for calculation of 
its norms of availability, utilization & productivity. 

INTRODUCTION

Introduction of the state-of-the-art techniques in mining 
has been a continuous process and readily adopt to 
technologies available keeping productivity, safety, 
environment and economic considerations in view. 
Development of surface miner was initiated in 1970s, was 
continued into the early1980s, and marks a new paradigm 
in surface mining system (Ghose,2008). The design 
concept for the surface miner is based on the milling 
principle and owes its origin to the road milling machines 
which cuts the old road surface for road construction. 
Since 1990s, surface miners have gained its popularity 
with improved design of cutting drum and higher machine 
power. This has enabled the users to excavate rock from in-
situ with cost effectiveness and eco-friendliness. Surface 
miners now offer an effective alternative to conventional 
coal mining practices. Surface miner machines allow for 
cutting, crushing and loading of material in one pass. 
Selective mining with high quality produce and without 
drilling and blasting, high production rate and small size 
products are some of the advantages of this machine, 
therefore it  assists and relieves the pressure on drill and 
blast design and environmental impacts. In mid 1990s, 
surface miners started working in cement companies in 
India. The machines proved the ability of mining and 
sizing the soft limestone without blasting. Since then 

Availability, Utilisation And Productivity of 
Surface Miner

D.Bhattacharjee GM(OC), A.K.Mishra GM(S&T), Shobhit Mehta (CM, Excv), CMPDI
Rakesh Kumar (CM, Mining), Rajat Sharma (Mgr, Excv) CMPDI

surface miners have become the standard mining machine 
in all soft to medium hard limestone mines in India. This 
success led Coal India Ltd. to look more closely at this 
technology. In Mahanadi Coalfields Limited, substantial 
amount of coal were situated close to a village and could 
not be mined because of blasting restrictions. MCL, 
together with surface miner manufacturer developed a 
project to mine this coal using surface miners. 

1.0 OPERATING MODES OF SURFACE MINERS

1.1 TURN BACK 
The turn back method is the most common operating 
mode utilised. After making a straight cut of one strip, 
the cutting drum is raised, and the SM turns back to make 
an adjacent cut heading in the opposite direction; Fig.1 
shows this process. This is the most widely used method 
of SM operation as it increases production and recovery 
of the resource. However, a long pit length and favourable 
conditions for turning around are required to optimise this 
mode.  

(Fig.1)
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1.2 Continuous Harvesting 

The SM operates on a level block and continuously cuts 
in an oval shape. The block starts with a wide turning 
radius for the SM and with each full rotation, the turning 
radius is reduced. Once the radius becomes too tight for 
continuous movement of the SM, straight runs are made 
in the middle of the block; Fig.2 shows this process. The 
mode requires wide blocks to maintain continuous runs 
for as long as possible. 

                          

(Fig.2)

1.3 EMPTY TRAVEL BACK 

SM operates in straight runs, moving forward and once it 
comes to the end of the block or the run is complete, the 
SM moves backward without cutting to get into position 
for the next adjacent pass; Fig.3 shows this process.

(Fig.3)

2.0 PERFORMANCE OF SURFACE MINERS IN CIL

Surface Miners have gained great applicability and 
acceptability for coal production in CIL over shovel-
dumper combination due to its inherent advantages, such 
as, elimination of drilling & blasting, production of sized 
coal etc. Use of surface miner has certain limitations 
too. It requires relatively large working area to operate 
efficiently to get optimum output. It has been more 
than two decades, when the first Surface Miner was 
introduced in CIL at Lakhanpur opencast mine of MCL 
in year 1999. Since then the deployment of this equipment 
in opencast mines of CIL has expanded at a very fast 

rate. However, the first batch of 4 departmental surface 
miners (Make Wirtgen/ Model SM2200/3.8) in CIL were 
deployed at MCL during the year 2009-10. Presently 41 
nos. of departmental and 94 nos. of outsourced surface 
miners are deployed in different opencast mines of CIL. 
Contribution of coal production by surface miners has 
increased significantly over the years. During 2020-21 
around 49% of total coal produced from opencast mines of 
CIL was by surface miners. Presently, surface miners are 
working in opencast mines of ECL, CCL, WCL, SECL, 
NCL and MCL. . In a recent study in CMPDI, the mines 
of CIL which produced more than 1Mt Coal in 20-21, it is 
found that Surface Miner is deployed in 36 mines of CIL 
and is already proposed in 13 other mines, further it is 
found that deployment of Surface Miner is feasible in 4 
other mines. In 29 mines deployment of Surface miner is 
not feasible mainly because of reasons like underground 
working, fire, faults, high gradient, and short life span of 
mine etc.

Model-Wise population of departmental Surface Miners 
as well as deployed in outsourcing in opencast mines of 
CIL is given in Table1.0 and technical specifications for 
Surface miners deployed in CIL is depicted in Table 2.0.

MODEL-WISE POPULATION OF SURFACE 
MINERS

Subsidiary Departmental Out-
sourcing

ECL - 7

CCL - 12

WCL - 2

SECL
L&T KSM 403     -  5
PMM 2205          -  5
  TOTAL            -  10

34

NCL L&T KSM 403   -  8
        TOTAL     -  8 -

MCL

  L&T KSM 303 -  11
  WIRTGEN SM 220 -  1
    L&T KSM 403    -  4
    PMM 2205          -  7
       TOTAL         -  23

39

CIL 41 nos. 94 nos.

Table 1.0
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TECHNICAL SPECIFICATION OF SURFACE MINERS

Make Model M/C Operating 
Weight (kg)

Engine HP/
Engine KW

Drum 
Width 
(mm)

Max Cut-
ting Depth 

(mm)

Remarks

Wirtgen SM2200 3.8 55000 kg
950HP/
708kW 3800 350 Deployed 

in different 
opencast 

mines of CIL 

(Departmen-
tal & Hired)

L&T KSM303 50000 kg
800HP/
596kW 3000 300 

L&T KSM403 54000 kg
950HP/
708kW 4000 300

Puzzolana PMM2205 72000 kg
900HP/ 
670kW 4000 300

L&T KSM304 100000 kg
1200HP/
895kW 3000 400

                                                                                 TABLE 2.0
After more than two-decade journey in CIL, Surface Miner presently contributes around 50% of total annual coal 
production of CIL from opencast mines. This technology has successfully adopted to Indian coal mining conditions and 
is sustainable, and has largely succeeded in giving boost to coal production in CIL.

Mine-wise production from Surface Miner for last two years in opencast mines of CIL and total coal production in CIL 
from Surface Miners and its share in total production for last five years is depicted in table 3.0 and 4.0.  

MINE-WISE PRODUCTION FROM SURFACE MINER FOR LAST TWO YEARS

Sl. No. Mine
COAL PRODUCTION (MT) BY SURFACE MINER

2019-20 2020-21

  DEPT. OS DEPT. OS

1 Basundhara w. 1.77  0.81  

2 Garjanbahal 5.33 2.12 8.67 3.10

3 Lajkura  2.61 0.55 3.82

4 Samleshwari 3.22 1.17 2.15  

5 Belpahar 0.49 6.68 0.55 6.63

6 Lakhanpur 2.09 18.38 2.89 18.10

7 Hingula 4.56 2.02 4.73 1.62

Sl. No. Mine
COAL PRODUCTION (MT) BY SURFACE MINER

2019-20 2020-21

8 Balram 5.05  4.88 0.82

9 Ananta 1.92 7.73 1.60 6.25
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Sl. No. Mine
COAL PRODUCTION (MT) BY SURFACE MINER

2019-20 2020-21

10 Bhubaneswari  28.00  28.00

11 Jagannath 0.03 0.09  3.61

12 Bharatpur  2.69  5.40

13 Lingraj 6.67 5.87 6.18 5.44

14 Kaniha  7.53  7.94

15 Kulda 0.74 12.36 1.21 14.17

 TOTAL MCL 31.85 97.24 34.23 104.91

1 Dudhichua 2.46  2.70  

2 Jayant 4.05  3.63  

3 Krishnshila 2.30  2.40  

4 Nigahi   0.87  

 TOTAL NCL 8.80  9.60  

1 Dipika+augment.  20.72  25.56

2 Gevra  37.55  30.34

3 Kusmunda  31.15 1.45 21.43

4 Baroud  1.76  2.58

5 Chhal  0.44  2.26

6 Jampali  0.69  1.52

7 Bijari  1.40  1.30

8 Mahan-ii  2.00  2.00

 TOTAL SECL  95.71 1.45 86.99

1 Yekona i&ii  0.35  0.73

2 Penganga  4.43  3.46

 TOTAL WCL  4.78  4.19

1 Sonepur bazari  6.50  6.06

2 Rajmahal  0.51  0.04

 TOTAL ECL  7.01  6.10

1 Karo I    1.13

2 Ashok  9.42  12.88

3 Piparwar  3.09   

4 Birsa  1.75  1.62

5 Amrapali  9.38  13.44
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Sl. No. Mine
COAL PRODUCTION (MT) BY SURFACE MINER

2019-20 2020-21

6 Magadh  0.004  2.86

 TOTAL CCL  23.65  31.93

TOTAL CIL 40.66 228.39 45.29 234.11

TOTAL PRODUC-
TION(MT) 269.05 279.40

                                           Table 3.0

TOTAL COAL PRODUCTION IN CIL FROM SURFACE MINERS    

YEAR        Prod. (MT)
   Surface Miner

         Prod.(MT)
   Opencast Mines of
                CIL

    Contribution  of 
    Surface Miner 
            (%)

2020-21          279.4          569.76              49

2019-20          269.1          571.59              47

2018-19          280.7          575.62              49

2017-18          265.8          536.06              50

2016-17          255.9          522.08              49

      Table 4.0
Analysis of these statistics as shown in Table 1.0, 3.0 & 4.0 shows that there are 135 surface miners currently deployed in 
36 mines of CIL.  During 2020-21, 279.40 MT of Coal was produced from Surface Miner from opencast mines of CIL. 
Percentage share of coal production through surface miner, as compared to total opencast production is around 49%. 
Thus Surface Miner technology has proven its success year after year and will continue to remain the major contributor 
of coal production in coming years.

3.0 AVAILABILITY, UTILIZATION & PRODUCTIVITY OF SURFACE MINER 
In this highly competitive global scenario, challenges of environment protection and safety considerations and in order 
to achieve high productivity from Surface Miners it is mandatory to develop Availability and Utilization norms for 
Surface Miners. Optimum Utilization of equipment can only be improved and maintained if there is an appropriate 
measurement system for it. Keeping in mind the same, effort has been made to develop a mathematical model for norms 
of availability, utilization and productivity of surface miners, considering the unproductive time losses, repair and 
maintenance hours of Surface miner.
 3.1 STANDARD AVAILABILITY AND UTILISATION OF SURFACE MINER

1.   No. of days in a year                                                                                                          365 days
2.  Non-working days (Rain, National holidays, Unavoidable circumstances, etc.)                35 days
3.  Annual Working days (365-35)                                                                                          330 days
4.  Annual Shift hours (330*3*8)                                                                                            7920 hrs.
5.  Repair & Maintenance hours (unavailable hours)
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Description Frequency Duration Total (hrs.)
Overhauling/Annual Maintenance 1 7 days 168

2000 hours Maintenance 2 16 hrs 32
1000 hours Maintenance 3 8 hrs 24
500 hours Maintenance 5 6 hrs 30
250 hours Maintenance 10 4 hrs 40

Daily Maintenance  (330-7-20) 303 1.5 hrs 455
B/D Repair & Tooth Replacement 303 2.5 hrs 758

TOTAL 1506

6.  Annual Available hours (4)-(5)                                                                                          6414 hrs.

7. Availability of Surface Miner (6)/ (4)*100)                                                                          80%

8.  Standard Availability of Surface Miner                                                                            80%

9.  Standard Annual Available hours   (4)*(8)                                                                        6336 hrs.  

10. Idle Hours

Description Frequency Duration Total (hrs.)
Start of shift   (990-21-22) 947 30 min. 474

Preparing	the	working	zone	&	tiffin 947 30 min. 474
Closing of shift 947 20 min. 316

Break	for	OB	blasting		(330-7-2) 321 30 min. 161
Fuel	refilling 321 30 min 161

TOTAL    1584

   
11. Annual Working Hours(9)-(10)                                                                                       4752 hrs.

12. Utilization of Surface Miner (11)/ (4)*100                                                                          60%

13. Standard Utilization of Surface Miner                                                                             60%

14. Standard Annual Working hours of Surface Miner                                                          4752 hrs.      

The norms for availability and utilization  has been 
developed, considering non-working days, repair and 
maintenance hours for which machine will not be 
available and finally the idle hours for which machine 
is available, but is not productive. The achievement for 
departmental Surface Miner of CIL in terms of availability 

and utilization for last five years is depicted in table 5.0, 
analysis of which shows that in terms of Availability, it 
is above 80% for last five years but in case of Utilisation 
it is around 45%, which is below 60%. Improvement in 
Utilisation hours will finally help in achieving desired 
production from Surface Miner.  
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AVAILABILITY AND UTILISATION OF DEPARTMENTAL SURFACE MINERS DURING LAST 5 YEARS 

COMPANY 2016-17 2017-18 2018-19 2019-20 2020-21

 %AV %UT %AV %UT %AV %UT %AV %UT %AV %UT

MCL 80 47 82 41 84 43 86 38 81 40

NCL 91 47 91 48 93 52 93 53 92 52

SECL 98 16

CIL 82 47 84 43 86 45 88 42 84 41

                                                                                 Table 5.0
3.2 ESTIMATED ANNUAL PRODUCTIVITY OF SURFACE MINERS:

Productivity depends upon cuting width and cutting depth 
of the machine, and length of cut is another major parameter 
affecting productivity. Cycle time for Surface Miner has 

been obtained from field studies. Based on these, annual 
productivity for Surface miner can be calculated.

ESTIMATION OF STANDARD PRODUCTIVITY OF SURFACE MINER (DRUM WIDTH 3800 MM)

(Windrowing application)

1 Volume of Coal Removed (cum) = Cutting Width (m) x Cutting Depth (m) x Length of Cut (m)

Cutting Width  3800 mm     = 3.42 m

Cutting Depth 200 mm     = 0.20 m

e.g. For Length of cut 100  m       = 100 m

Volume of Coal Removed (cum) 3.8 X 0.9 x 0.20 x 100 68.40 m3  

2 Cycle Time (min.)

Time required to cut one pass
@ 1.00 km/

hr. = 6.00 min

Time to reverse for next cut 2.00 min

Time	to	reposition	to	start	next	cut 0.50 min

Total 8.50 min
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3 Hourly Output of Surface Miner 
(68.40 x 60) 

/8.5 482.82 m3   

4 Factor for travelling, positioning etc. 0.80 (assumed)

5 Annual Productivity of Surface Miner 1.84 Mcum  

(Standard Annual working hours x Hourly output x Factor)

6 Annual Productivity of Surface Miner (Adopted) 1.84 Mcum

7 Specific	Gravity	of	Coal 1.65 t/cum  (assumed)

8 Annual Coal Production from Surface Miner 3.04 Mt

Length of Cut (m) 100 150 200 250 300

Annual Productivity (Mt) 3.04 3.37 3.55 3.68 3.76

An effort has been made to draw a relationship between 
productivity of the surface miner and length of cut, by 
statistically extrapolating the results. It was observed 
that there was an extreme effect on productivity up to 
a length of 100 m. The dominant effect of length of cut 
on productivity continues even up to 200 m cut-length. 
However, the effect of length of cut on productivity was 
not so dominant after 300 m cut-length. In fact, it was due 
to the decreasing ratio of turning back & repositioning 
time to cutting Time. 

 

CONCLUSION

Surface miner is an equipment capable of producing high 
quality coal even from thin seams. Careful planning of 
deployment of surface miner after studying geotechnical 
parameters of the strata combined with efficient 
supervision of every cut, we can achieve enhanced 
coal production with grade enhancement and grade 
control.  Considering the success and future potential of 
Surface Miners in meeting  the enhanced demand of coal 
production from Coal Mining industry, an overview of 
Surface Miners in reference to its performance in CIL, 
deriving norms for Availability, Utilization and estimation 
of Annual Productivity have been attempted in the paper. 
The need of the hour is to increase effective utilisation 
hours of Surface Miners deployed in CIL and to study the 
feasibility of its deployment in various operating modes 
while considering the economics of operation so that 
advantages of this revolutionary technology may reach to 
majority of mines of CIL. 



Northern Coalfields Limited, Singrauli

50

Application of 3-Dimensional Balancing 
Diagram for Effective Draglines Operating in 

Tandem
Vikram Seervi

Department of Mining Engineering, IIT-BHU 
Varanasi-221005 ,India

Vikramseervi.rs.min17@itbhu.ac.in

Dr. Nawal Kishore
Department of Mining Engineering, IIT-BHU 

Varanasi-221005 ,India
Nawalkishore.min@itbhu.ac.in

Abstract — In the recent past with the expansion of mines 
for higher rated outputs, the concept of tandem operation of 
draglines, especially on longer strike face length has gained 
overwhelming response in order to achieve the targeted rate 
of coal exposure with optimum percentage of rehandling by 
altering cut width as well as overburden bench height in the 
strike face. Because of the complex nature of dragline operations, 
different digging methods are used in general practice. The 
deployment and operation of a draglines in different modes 
having certain specific operational parameters that will 
affect the rate of coal exposure. Hence, it will be necessary 
to study the effect on rate of coal exposure and percentage of 
rehandling by changing the dragline operational schemes in 
very precise manner and with accuracy. To overcome from 
the tedious and time consuming method of drawing manual 
balancing diagram, a two dimensional balancing diagram 
based on computer graphics  approach has been developed 
for effective operation of draglines in tandem operation. The 
two dimensional balancing diagram provides all the relevant 
calculations in precise way though it again unable to visualize 
all cuts taken by the both draglines. Therefore, there is need 
to develop a computer graphics program to generate a three 
dimensional balancing diagram along with all the relevant 
information shown in the diagram for better understanding to 
the planner and engineer. To achieve the goal, an attempt has 
been made to develop a computer graphics package to generate 
the three dimensional balancing diagram on computer terminal 
along with all necessary information for selecting the best 
option as per prevailing field condition. The computer graphics 
generated three dimensional balancing diagram will certainly 
help for effective draglines operating in tandem..

Keywords—Balancing diagram, 3-dimensional balancing 
diagram, tandem operation, rate of coal exposure, rehandling 
percentage.

INTRODUCTION 
India produces about 90% of coal from opencast mining. 
Opencast mines deploy large number of states of the art 
heavy earth moving machines like draglines, bucket 
wheel excavators and shovels and dumpers combination 
for removal of overburden to expose the coal. Draglines 

are the largest mobile equipment in the earth which 
remains the choice wherever geo-mining condition 
permits because of their high production versatility in 
terms overburden removal in million cubic meters and 
hence rate of coal exposure in million tonnes. With the 
expansion of mines for higher rated outputs, the operation 
of dragline tandem has recently gained significance in 
the field. The efficiency of a tandem dragline operation 
may be adjudged by evaluating the rehandling percentage 
of overburden and coal exposed by the dragline [1]. The 
operation of draglines in tandem is advantageous from the 
viewpoint of reducing the cycle time and idle marching 
time. Besides, coal dilution is minimized, and exposure 
as well as recovery is maximized. Also, loss of coal in 
the ribs is reduced and safer working conditions exist 
near the rib side [2]. In tandem operation of draglines, 
several decision-making parameters, such as geo-
mining, machine and operational parameters need to be 
considered. It is worth noting that the tandem operation 
of draglines calls for a very intricate and comprehensive 
study and analysis. The balancing diagram is, thus, a 
very important tool for planning tandem operation of 
draglines, while coal exposure and rehandling percentage 
are important indices for appraising the performance 
of draglines [3]. Balancing diagram can be defined as 
graphical representative of the scheme to be adopted for 
determining the suitable seating position of the dragline 
in order to get maximum overburden accommodation 
in de-coaled area with least possible rehandling for 
achieving high rate of coal exposure and ensuring slope 
stability [4].  The purpose of balancing diagram is to 
draw a scheme which will be followed in tandem dragline 
operation to achieve the targeted coal production set by the 
organization/project. Manual preparation of the balancing 
diagram under a given set of conditions is a complex 
problem, which becomes much more complicated if the 
influence of parametric variation is to be ascertained. To 
this end, the application of computer graphics is of great 
significance, through which the complete 3-dimensional 
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balancing diagram can be generated without consuming 
much time in the iterative procedure. It is in this light that 
the present paper discusses the application of computer-
based preparation of the 3-dimensional balancing diagram 
through a self-prepared software package. 

OBJECTIVES OF THE STUDY 
The following objectives were chiefly addressed in the 
present study: 

a. To develop a suitable graphical software for planning 
of draglines operating in horizontal and vertical tandem. 

b. To use the developed software for preparing the 
3-dimensional balancing diagram under the prevalent 
field conditions of a field case. 

c. To determine the rate of coal exposure and rehandling 
percentage for the case study through the computer 
graphics software and compare the results with the 
manually-prepared balancing diagram.   

DEVELOPMENT OF COMPUTER PROGRAM FOR 
PRESENT STUDY

Majority of the commercial packages that are presently 
available to facilitate dragline mine planning have been 
developed for specific mine properties or are limited by 
the coal geology and mining methods that they simulate. 
Many variations of dragline methods have been reported 
by mine planners. Since the deployment and operation of 
a dragline in modes different from conventional schemes 
will affect productivity, it will be necessary to study the 
effects on production of changing the dragline operational 
schemes. Therefore, mining techniques (operational 
parameters) used in software package have to be modified. 
For instance, tandem dragline operation in horizontal and 
vertical mode requires change in operational schemes 
(deployment schemes of dragline) and therefore mining 
techniques (operational parameters) used in program have 
to be modified. Although programs can be specifically 
designed and packaged for mine planning purposes, 
there seems to be no universally accepted definition of 
what mine planning actually entails [5]. Every program 
is based on some specific model or assumptions, which 
are limitations in general. At this point, it is appropriate 
to mention that not a single software package has been 
developed to simulate single coal seam mining with 
tandem dragline operation (i.e., in horizontal or vertical 
tandem). Keeping in view the complex tandem dragline 
operations, a computer program has been developed in C++ 
language using OpenGL graphics API for both horizontal 
and vertical tandem operations. The flow chart (as shown 
in Fig.1) represents the input and output parameters of the 

software. The output is displayed (as shown in Fig.2,3) in 
the form of a typical 3-dimensional balancing diagram. 
The computer program for generation of this graphical 
balancing diagram was written taking into account the 
various formulae and calculations incorporating all 
the field parameters as revealed in the flow chart. In 
tandem operation of draglines, several decision-making 
parameters, such as geo-mining, machine and operational 
parameters need to be considered. It is worth noting that 
the tandem operation of draglines calls for a very intricate 
and comprehensive study and analysis. With this in mind, 
the balancing diagram (Cross-sections proportionate to 
draglines productivity) is a very important tool for planning 
tandem dragline operations, while coal exposure and 
rehandle percentage are important indices for appraising 
the performance of draglines [3]. In order to alleviate 
the manual drawing of balancing diagram and carry out 
volumetric calculations quickly and precisely to select the 
best alternative the computer graphics program has been 
developed for the purpose. This program can handle any 
variable parameter influencing tandem dragline operation 
like geo-mining, machine (equipment specifications) 
and operational. This has been achieved by developing a 
program that follows the same basic steps as those taken 
when planning is carried out for manual preparation 
of the balancing diagram. The planner (engineer) will 
control the planning operation at every stage. All actual 
decision making, such as the determination of optimum 
bench height (stripping bench height), cut width, workload 
distribution on each dragline (To maintain uniform 
advancement of both draglines), specification of the cut 
dimensions (cross-sections), coal exposure rate, rehandle 
percentage etc. is carried out interactively at the computer 
terminal. For the development of the program, the critical 
parameters that influence the production of a dragline and 
hence coal exposure rate in tandem dragline operation were 
identified. The inter-relationship between these factors 
have been incorporated into the program. The inputs of 
the program are factors associated with geo-mining (seam 
thickness, seam gradient, overburden height, density of 
coal), dragline specification (annual productivity and 
reach of both the draglines) and operational parameters (cut 
width, stripping bench height, utilization, coal recovery 
etc.). The output is in the form of balancing diagram 
(as shown in Fig. 2,3) generated on the screen with all 
information and calculations like coal exposure, rehandle 
percentage, cross-sections area of key cut, first cut, first 
dig and rehandle. Apart from the above input parameters, 
some more input parameters like swell factor, fill factor 
and machine travel cum positioning factor are utilized 
in calculating annual production keeping in view each 
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dragline operating in tandem operation. The methodology 
adopted in the program is average annual production rate 
approach of draglines. Such approach has been considered 
by [6] to estimate dragline productivity in the interactive 
computer program. Input design parameters used in the 
program for balancing diagram are given in Fig.1. This 
methodology is more expedient since it relies on readily 
available production data and makes the program so 
simple that analysis has been carried out to investigate the 
effect of mode of operation or influencing parameters on 
the operational dragline performance. According to the 
requirements of two different modes of tandem operation, 
i.e., horizontal tandem and vertical tandem, two programs 
have been developed since a single program cannot cater 
to both. Slight differences exist between them due to 
stripping bench division. In vertical tandem operation, 
stripping bench division requires that the cut sections 
taken by each dragline should be in the same proportion as 
their annual production. This has been done by an iterative 
procedure. The main contribution of both the programs is 
to optimize the stripping bench height and cut width by 
varying these parameters till we obtain required rate of 
coal exposure. A typical output is shown in Fig. 2.

Fig.1: Block diagram of input and output parameters of the 
program. 

CHECKING OF THE COMPUTER PROGRAM
After the development of the computer program, the input 
parameters (based on actual field condition) were used for 
verifying the results by comparing with manual balancing 
diagram. All the modes of operation encountered during 
field investigation i.e., horizontal tandem and both modes 
of vertical tandem operation of draglines have been 
chosen for this specific comparison. For evaluation of the 
efficacy of the computer-generated balancing diagrams 
with respect to manual balancing diagrams, three indices, 
namely the coal exposure, the percentage rehandle and the 
linear advancement of both draglines were computed from 

the respective balancing diagrams. On comparison it was 
found that the accuracy of computer-generated balancing 
diagram was 99.86%. Therefore, this program can be used 
for further studies. 

Fig.2: Dragline balancing diagram for horizontal tandem showing 
particular input parameters and generated output vales.

Fig.3: Dragline balancing diagram for vertical tandem showing 
particular input parameters and generated output vales.

CONCLUSIONS
As such, there is increased acceptance of dragline in 
Indian coalfields, which calls for efficient planning and 
design as other type of contemporary equipment. Because 
of extremely high initial capital investment entailed with 
draglines, proper adjustments in design and specification 
are imperative in order to derive the fullest benefits from 
the equipment. At the same time, the pit planning and 
design requirement must be considered in the planning 
stage. For this purpose, the balancing diagram is definitely 
useful tool for field planners because it yields precise 
results in terms of cut areas, coal exposure and rehandled 
volume. Balancing diagram can be drawn manually as 
well as with the developed software graphic package.. 
Manual preparation of dragline balancing diagram is 
quite cumbersome and time-consuming. Several iterations, 
while preparing the balancing diagram manually, make this 
preparation process complex. Graphics-based software package, 
as has been developed in the present work, has yielded precise 
results in terms of cut areas and coal exposure. Computerized 
preparation of the 3-dimensional balancing diagram is a quick 
and precise method, which is definitely a useful tool for field 
planners. 
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Abstract - Opencast mining is a dynamic field in terms of 

surface profile changes due to continuous extraction of 
minerals. Using Synthetic Aperture Radar (SAR) data, terrain 
and land-use classification can be carried out for topographic 
feature extraction, monitoring topographic changes and slope 
stability. Features with neighbourhood pixel operations in an 
image can be analysed using feature extraction technique for 
distinguishing them from other unique features present in the 
image. Partitioning of an image into regions based on the type 
of texture present in them by grouping similar set of pixels can 
be done by a procedure called texture feature extraction. This 
technique uses an object-based approach to classify images, 
where object is the considered group of pixels with similar 
spectral, spatial or texture attributes. Such type of 
conventional classification methods include pixel-based feature 
extraction technique in which features are detected from 
information in each pixel in an image. For the purpose of 
feature extraction and topography analysis of the coal mine 
land area, Sentinel-1’s C band IW SLC (Interferometric Wide 
swath Single Look Complex) SAR data is used. This paper 
deals with detection of features in Sentinel-1 satellite SAR data 
of coal mine area in Dudhichua. Image features are classified 
into different regions separating mine region and rest of the 
land surface which demonstrates that texture feature detection 
technique can be accurately carried out to determine active 
coal mine area with other distinguishing features present in 
image.  

Keywords - Feature extraction, SAR image processing, Opencast 
mines and Interferometric SAR. 

I. INTRODUCTION  
         A coal mining area includes developments of coal 
mining and processing as its major industries along with 
community living alongside. Remote sensing technology is 
an indispensable research technique in resources and 
environment studies useful for such kind of applications. 
For the purpose of exploring coal mines, this technology can 
access a wide range of coal mining area information in any 
geographical conditions. As a specified geographic area of a 
certain social group, a coal mining area has characteristics 
of its own. In such an area, the distribution of ground 
objects varies and is abundant in which feature extraction 

can be carried out. They are not only the familiar ground 
objects such as construction sites of coal mining, land and 
water bodies, but also some special types of features such as 
waste dumps and subsidence mining areas. Therefore, to 
study the information features of typical ground objects in 
coal mining areas with SAR images, automatic extraction of 
information of the land cover from these SAR images, 
would be of theoretical significance and practical value in 
promoting the application of SAR images to investigations 
of coal mining areas. A SAR image obtained through single 
polarization is an image that reflects the features of the 
backscatter of the single-band microwave generated from 
ground objects under such polarimetry. A SAR image 
abounds in texture information and the different degrees of 
surface roughness takes on different textures. Pixel values in 
an image, assisted by texture, improves the accuracy of the 
information extraction from remote sensing images. [1], [2]. 
   This texture analysis is used in a very broad range of fields 
and applications including remote sensing applications can 
be useful to detect important features by image synthesis or 
pattern recognition. For each of these image processing 
procedures it is necessary to extract meaningful features that 
describe the texture properties. In this process extracting 
relevant information from an image will be the first task that 
needs to be undertaken. After detecting an input, some 
valuable information extracted from the image are used in 
the next step for identifying unique image features. Feature 
extraction starts from an initial set of measured data and 
builds derived values features intended to be informative 
and non-redundant, facilitating the subsequent learning and 
generalization steps, and in some cases leading to better 
human interpretations.  
        Texture is a repeated pattern of information or 
arrangement of the structure with regular intervals. Texture 
refers to surface characteristics and appearance of an object 
given by the size, shape, density, arrangement, proportion of 
its elementary parts.[3],[4] This texture analysis technique 
can be categorized into seven classes: statistical approaches, 
structural approaches, transform-based approaches, model-
based approaches, graph-based approaches, learning-based 
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approaches, and entropy-based approaches. [3]- [8]. Before 
processing with texture feature extraction Pre-processing of 
image needs to be carried out that requires elevation map 
and slope map generation by processing two Synthetic 
Aperture Radar Interferometry (InSAR) data products. The 
data products used for processing in the paper are retrieved 
from European Space Agency (ESA) Sentinel -1A satellite 
as shown in table 1.  
        InSAR is the combination of information provided by 
two different radar images, which have a known distance 
which includes the perpendicular baseline. In this mode, 
terrain height or displacements can be extracted by post-
processing of complex images. Also, two complex images 
are processed from same position or from slightly different 
positions. These two images are conjugate multiplied and 
the final result obtained is an interferogram with contours of 
equal displacement of elevation. In the case of SRTM 
(Shuttle Radar Topography Mission), generation of 
Elevation Maps is involved. Repeat-pass interferometry 
enables the measuring of elevations based on the same 
principles as single-pass InSAR. Short wavelengths are 
particularly prone to temporal decorrelation, such as those 
transmitted and received by the C-band of Sentinel-1 
(5.405 GHz, corresponds to around 5.5 cm). For extraction 
of important features in a image, Segmentation is another 
technique in which partitioning an image into multiple 
segments by combining similar set of pixels is done. 
Partitioning of an image into regions based on the type of 
texture present in them by grouping similar set of pixels can 
be done by a procedure called texture feature segmentation 
This can be classified into two categories depending on part 
of an image segmentation is carried out, global 
segmentation in which segmentation takes place on the 
entire image and local segmentation which deals with 
segmentation which is carried out in a part of an image. It is 
carried out for the purpose of object recognition and many 
other applications with each of the pixel said to be related 
with number of groups in an image depending on category it 
belongs.  
      In this paper, thresholding is carried out for feature 
extraction which is a type of image segmentation technique. 
Similar set of pixels of similar intensities will form a 
connected region. Thresholding comes under intensity-based 
segmentation in which the pixels are partitioned based on 
their intensity value. In this thresholding technique a binary 
image will be created based on intensity distribution in an 
image and two regions will be formed at the end of 
segmentation one belonging to region below the threshold 
and other above the considered threshold value. 
Thresholding is an efficient technique in binarization. 
       A binary image is produced by quantization of the 
image gray levels to two values, usually 0 and 1. The 
thresholding algorithms can be categorized into six classes: 
histogram shape-based methods, clustering-based methods, 
entropy-based methods, object attribute-based methods, the 
spatial methods and local methods based on the local 
characteristics of each pixel [9]. Several thresholding 

algorithms have been investigated and proposed to define 
the optimal threshold value.  
       In this paper otsu’s method of thresholding is carried 
out. Otsu’s thresholding technique is a classification-based 
method which searches for the the threshold that minimizes 
the intra-class variance, defined as a weighted sum of 
variances of the two classes. [9] 

       The paper is organized as follows. Section II will 
include basics of Texture Feature Extraction. Section III will 
briefly summarize the process of overall steps undertaken to 
texture feature extraction in coal mine area. Section IV, 
introduces the workflow of the Sentinel-1 SNAP tool for 
processing coal mine data and morphological operation used 
for texture feature extraction is also presented. Section V 
will show the obtained results obtained by processing coal 
mine data Section VI will provide the conclusion derived 
from the obtained results obtained.  

II. TEXTURE FEATURE EXTRACTION 
          First step is to acquire SAR Interferometric images 

for this purpose we use Sentinel-1 data from European Space 
Agency (ESA). This Texture feature extraction technique 
includes three steps: 

A.  DATA SET 

The data set used in paper incorporates space-borne 
images with products details as shown in Table 1 that 
includes:  

(i) Two Sentinel-1 (S1 C-SLC) SAR images utilized for 
elevation mapping, as a result of the S1 mission advantage to 
provide frequently and timely data. 

(ii) Retrieved images are used for the classification of 
coal mine land cover and the detection of the water and coal 
mine area (Figure 8a, b). Topographic maps of the processed 
images are used to extract different types of info-layers: 
rivers, vegetation area etc.  

 

B. PRE-PROCESSING (Level-1 SLC Processing)  

The SLC processing takes as input, the signal data and 
the pre-processing output including orbit information and 
Doppler centroid estimation polynomials.  

  Sentinel-1A satellite datasets have been used to generate 
elevation map of coal mine area. 

 The study area comprises various land cover features 
including coal mine land, water bodies, vegetation area and 
barren land. SNAP toolbox is   used to generate the elevation 
map using Sentinel-1A interferometric wide swath (IW) in 
single look complex (SLC) image format. The elevation map 
generation process includes baseline estimation, 
co‐registration, interferogram generation, coherence, 
interferogram filtering, flattening, phase unwrapping, phase 
to height conversion, orbital refinement, and geocoding 
followed by generation of Digital Elevation Model (DEM). 
Visual interpretation of derived DEM has been carried out 
using Google Earth.  
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C. POST-PROCESSING (Image Feature Extraction)  

The coherence depends important factors such as 
baseline, wavelength, and temporal resolution of the 
interferometric pair. Followed by elevation map creation 
slope map is created as shown in figure 5 by identifying the 
slope from each cell of a raster surface. Contour lines are 
usually presented as line features in a shapefile or feature 
class that is vector data as shown in figure 5. Two important 
techniques applied on resultant slope image are  

I. Global image threshold using Otsu’s method 

     Thresholding is method used to remove an intended 
object or target object from its background image by 
allocating a value of intensity T(threshold) for every pixel 
such as each pixel is either categorized as a background point 
or an object point.[2] The filter that removes from a binary 
image the components with area smaller than a parameter λ 
is called area opening. Together with its dual, the area 
closing, it is first extended to grey-scale images. It is then 
proved to be equivalent to a maximum of morphological 
openings with all the connected structuring elements of area 
greater than or equal to λ. The study of the relationships 
between these filters and image extrema leads to a very 
efficient area opening/closing algorithm. Grey-scale area 
openings and closings can be seen as transformations with a 
structuring element which locally adapts its shape to the 
image structures, and therefore have very nice filtering 
capabilities. In various applications of image processing, the 
gray levels of pixels belonging to the object materially vary 
from the gray levels of the pixels belonging to the 
background. 

Thresholding is an effective tool to separate objects from 
the background. Examples of thresholding applications 
include document image analysis, map processing, where 
lines, legends, and characters to be found: scene processing, 
where a target is to be detected: and quality inspection of 
materials, where defective parts must be delineated. [2] 

Otsu's thresholding method implicates iterating through 
all the credible threshold values and enumerating a measure 
of spread for the pixel levels each side of the threshold, the 
pixels that are in foreground or background. The intent is to 
decide the threshold value where the summation of 
foreground and background escalates is at its minimum. 
Thresholding is normally used for the segmenting light and 
dark regions. Here grey level image is converted in to binary 
image by changing all of the pixels below certain threshold 
value to zero and all above threshold value to one. [9]- [10] 

 The simplest such abstraction is the process of image 
thresholding, which can be thought of as an extreme form of 
gray-level quantization. Suppose that a gray-level image f 
can take K possible gray levels 0, 1, 2, . . ., K - 1. Define an 
integer threshold, T, that lies in the gray-scale range of T lies 
between (0, 1, 2, . . ., K - 1). The process of thresholding is a 
process of simple comparison: each pixel value in f is 
compared to threshold, T. Based on this comparison; a 
binary decision is made that defines the value of the 
corresponding pixel in an output binary image g. g(x, y) is a 

thresholded version of f(x, y) at some global threshold T. It 
can be expressed from following expression 1.  

𝑔𝑔(𝑥𝑥, 𝑦𝑦) = {1    𝑖𝑖𝑖𝑖 𝑖𝑖(𝑥𝑥, 𝑦𝑦) ≥ 𝑇𝑇
0         𝑂𝑂𝑂𝑂ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑒𝑒𝑒𝑒                                     (1) 

 

ALGORITHM: 

Step 1: Compute histogram for a 2D image. 

Step 2: Calculate foreground and background variances 
which is the measure of spread for a single threshold. 

1) Calculate weight of background pixels and 
foreground pixels. 

2) Calculate mean of background pixels and 
foreground pixels. 

3) Calculate variance of background pixels and 
foreground pixels. 

4)  Calculate “within class variance” 

Considering grayscale levels and threshold value, threshold 
defers from image to image. The following steps are carried 
out for image thresholding.  

1. Calculate weight for background and foreground 
pixels 

          𝑊𝑊(𝑊𝑊𝑒𝑒𝑖𝑖𝑔𝑔ℎ𝑂𝑂) = 𝑤𝑤1+𝑤𝑤2+⋯..𝑤𝑤𝑛𝑛
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑇𝑇𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑛𝑛𝑇𝑇𝑝𝑝              (2) 

 
2. Calculate mean 

h = Histogram value  

            𝜇𝜇(𝑀𝑀𝑒𝑒𝑀𝑀𝑀𝑀) = (ℎ1∗𝑤𝑤1)+(ℎ2∗𝑤𝑤2)+⋯(ℎ𝑛𝑛∗𝑤𝑤𝑛𝑛).
𝑆𝑆𝑛𝑛𝑛𝑛 𝑇𝑇𝑜𝑜 𝑤𝑤𝑛𝑛𝑝𝑝𝑤𝑤ℎ𝑇𝑇𝑝𝑝(𝑊𝑊)                      (3)                                      

 
3. Calculate variance 

 
𝑉𝑉 = ((ℎ1−𝜇𝜇1)2+𝑤𝑤1)+((ℎ2−𝜇𝜇2)2+𝑤𝑤2)………..+((ℎ𝑛𝑛−𝜇𝜇𝑛𝑛)2+𝑛𝑛)

𝑆𝑆𝑛𝑛𝑛𝑛 𝑇𝑇𝑜𝑜 𝑤𝑤𝑛𝑛𝑝𝑝𝑤𝑤ℎ𝑇𝑇𝑝𝑝(𝑊𝑊)           (4) 

 
4. Calculate within class variance 

It is sum of two variances multiplied by their associated 
weights. 
𝑊𝑊𝑖𝑖𝑂𝑂ℎ𝑖𝑖𝑀𝑀 𝑐𝑐𝑐𝑐𝑀𝑀𝑒𝑒𝑒𝑒 𝑣𝑣𝑀𝑀𝑒𝑒𝑖𝑖𝑒𝑒𝑀𝑀𝑐𝑐𝑒𝑒 = 𝑊𝑊𝑛𝑛 ∗ 𝑉𝑉𝑛𝑛 ∗ 𝑊𝑊𝑜𝑜 ∗ 𝑉𝑉𝑜𝑜                      (5) 

Once Otsu’s thresholding is applied on the data which  is 
further processed by opening process.  

 

II. Opening Process - (Erosion and dilation processes) 

Opening and closing processes are those that manipulate 
the erosion and dilation processes to improve the image. 
Both processes depend on the characteristics of the 
structuring element to process the image in order to gain a 



Northern Coalfields Limited, Singrauli

56

better image. The opening process is performed on the binary 
image which is the result of otsu’s thresholding. [11] 

Together, the opening and closing processes constitute a 
method that manipulates erosion and dilation processes in 
order to gain a clearer image. Opening is a process that 
applies erosion and is followed by dilation on the input 
image (IM) as shown in figure 2(b), while the closing 
process is the reverse of the opening process. The structuring 
element (SE) that is used for both processes is similar. The 
opening and closing operations are defined as below in 
equation 5 and 6: 

 Opening=IM⊖ SE ⊕ SE                                                   (6) 

        Closing =IM ⊕ SE ⊖𝑺𝑺𝑺𝑺                                                  (7) 

where⊖ and ⊕ denote erosion and dilation respectively. 

 

 
Fig.1.Flowchart of the opening and closing processes. [11] 

The erosion process shrinks the foreground of the image 
by increasing the background area. The dilation process 
enlarges the foreground of the image by increasing the 
foreground area.  

Both erosion and dilation processes use the same 
structuring element. Different characteristics of the 
structuring element may affect the morphological-image 
processing performance of the image. During the erosion, the 
structuring element will scan through the input image 
without overpass the input image. When all the locations of a 
pixel value of one on the structuring element overlap with 
the pixel value of one on particular areas of the input image, 
the erosion will erode that area and a value of one is set at 
the origin. The structuring element will scan from left to 
right, starting at the top left and ending at the bottom right of 
the input image.  

During the dilation, the structuring element will scan 
through the input image, where, at some point, the 
structuring element will overpass the input image. When any 
pixel with a value of one on the structuring element overlaps 
with a pixel value of one on the input image, that particular 
area of the image will be dilated and a value of one is set at 
the origin. The structuring element will scan from left to 
right, starting at the top left and end at the bottom right of the 
input image. The result obtained after image opening in coal 
mining area is shown in figure 8(b). 

III. FEATURE EXTRACTION IN COAL MINE AREA  
Accurate identification of coal area with vegetation and 

water is an important prerequisite for the effective separation 

of coal area and other land.  For identification of such a coal 
region a pair of Sentinel-1 images acquired on the same 
orbit, one pre-event used as master and one post-event which 
is the slave, have been chosen. The two images are chosen 
within a time window. Moreover, in order to carry out the 
chain of operations useful for generating the displacement 
map, the two images, necessary to generate the 
interferogram, contain the geographic survey area belonging 
to the same swath and are acquired on the same orbit. The 
details of the used products is shown in table 1. 

TABLE I. DETAILS OF SENTINEL’S SAR PRODUCTS USED FOR TEXTURE 
FEATURE ANALYSIS 

 

Product 
1Name 

S1A_IW_SLC__1SDV_20201215T002844 

_20201215T002911_035689_042CFB_7F08 

Description Sentinel-1 IW Level-1 SLC Product 

Sensing start 
time (Image 1) 

15-DEC-2020 00:28:44.781377 

Sensing stop 
time (Image 2) 

15-DEC-2020 00:29:11.731775 

Product 
2Name 

S1A_IW_SLC__1SDV_20210108T002843 

_20210108T002910_036039_043921_D355 

Description Sentinel-1 IW Level-1 SLC Product 

Sensing start 
time (Image 2) 

08-JAN-2021 00:28:43.481191 

Sensing stop 
time (Image 2) 

08-JAN-2021 00:29:10.435701 

 
After that a Goldstein phase filter is applied to reduce 

speckle, a noise due to the different atmospheric effects 
during the acquisition of the two images. The topographic 
phase is used reconstruct can elevation model with the height 
of the ground. The figure 2(a) shows the elevation map of the 
coal area through a colour scale, specifying its height in 
meters.  

Processing then continues with the phase unwrapping. To 
generate the DEM, the Phase to Height tool is applied, that 
allows to obtain an image that contains information on the 
height of the terrain. With information, it is possible to 
extrapolate the height value to be subtracted to all the pixels 
of the image. Figure 2(a) gives us the elevation map 
generated in SNAP processing toolbox for the two products 
shown in table 1.  From the figure 2(a) the mining area 
shown in white shows maximum elevation 368.35m. Water 
region elevation around 106.73m. This image is then given 
for feature extraction as shown in figure 2(b) where all the 
water region present in image is detected using otsu’s 
thresholding and image opening technique.  

Section 4 gives the flow of morphological operations 
applied on the slope map to extract different image features 
present in the image focussed in coal mine area. 
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(a) 

 
(b) 

Fig.2. (a) Elevation map of Coal site area generated from Sentinel data. 
(b)Water region near the coal site detected using otsu thresholding and 

image opening. 

Histogram of the elevation map is created which shows coal 
slope area has the maximum elevation as shown in figure 3. 

  After mapping the elevation map in the coal area region. 
Topography analysis of the coal mine area is carried out, 
where the vegetation area near the coal mine is analyzed. 
Generated vegetation map is overlayed in Google Earth as 
shown in figure 4. This plot is Land cover modis 2007 tree 
cover percentage plot which gives 35 percent of total tree 

coverage near the coal site indicating the  light green color as 
shown in figure 4. 

 
Fig.3 Histogram of elevation plot generated from SNAP    

  Slope represents the rate of change of elevation for each 
digital elevation model (DEM) cell. It is the first derivative 
of a DEM. Slope map generated of the image is as shown in 
figure 5. 

 
Fig.4.  Green coloured area showing the vegetation area near the coal mine 

area dudhichua. 

 
Fig.5.  Slope map generated of the coal mine area Dudhichua with water 

region indicated by dark pixels. 
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  This Slope map helps one identify unique regions present in 
coal mine area. Water region present in image is denoted by 
dark pixels as shown in figure 5. Generation of elevation and 
slope map useful in identifying different features present in 
image for geospatial analysis. 

IV. METHODOLOGY IMPLEMENTED 
   The interferometric procedure is used for processing by 
utilizing image products retrieved from ESA’s Sentinel 
satellite. Figure 6 shows the overall processes carried out for 
feature extraction in image. Details of used image product is 
given in table 1. Steps incorporated for extracting important 
features in image of coal mine area includes the following 
stages: 
 

1. Precise image registration 
2. Interferogram generation   
3. Filtering and Coherence calculation 
4. Phase unwrapping 
5. Geometry calibration and correction  
6. Generation of grid 3D points. (Phase to height 

conversion and geocoding) 
7. Creation of elevation maps (used for DEM 

generation) 
8. Slope map creation  
9. Feature extraction techniques (Otsu’s thresholding 

and Area opening) 
 

A. Coregistration 
 It is used to exploit the phase difference of the acquisitions, 
a stack containing both products must be created first. 
Coregistration makes use of image statistics to align both 
products at sub-pixel accuracy. [12] 
 

B. Interferogram Formation   
  Interferometry technique generates an elevation model 
using interferometric image pair acquired by synthetic-
aperture radar (SAR). An interferogram is formed by cross 
multiplying the reference image with the complex conjugate 
of the secondary. The amplitude of both images is 
multiplied while the phase represents the phase difference 
between the two images. The interferometric phase of each 
SAR image pixel would depend only on the difference in the 
travel paths from each of the two SARs to the considered 
resolution cell. Accordingly, the computed interferogram 
contains phase variation. 
 

C. Coherence Estimation  
    Coherence is calculated as a separate raster band and 
shows how similar each pixel is between the secondary and 
reference images in a scale from 0 to 1. Areas of high 
coherence will appear bright. Areas with poor coherence 
will be dark. [12] 

D. Goldstein Phase Filtering 
     Interferometric phase can be corrupted by noise from 
temporal and geometric decorrelation, volume scattering, 
and other processing errors. Phase information in 
decorrelated areas cannot be restored, but the quality of the 
fringes existing in the interferogram can be increased by 
applying specialized phase filters, such as the 
        Goldstein filter uses a Fast Fourier Transformation 
(FFT) to enhance the signal to-noise ratio of the image. This 
is required for a proper unwrapping in the subsequent step. 
 

E. Phase Unwrapping 
 To be able to relate the interferometric phase to the 
topographic height, the phase must first be unwrapped. The 
altitude of ambiguity is defined as the altitude difference 
that generates an interferometric phase change of Phase 
unwrapping solves this ambiguity by integrating phase 
difference between neighboring pixels. Unwrapped results 
should be interpreted as a relative height/displacement 
between pixels of two images. 
 

F. Terrain Correction 
   Terrain Correction will geocode the image by correcting 
SAR geometric distortions using a digital elevation model 
(DEM) and producing a map projected product. Geocoding 
converts an image from slant range or ground range 
geometry into a map coordinate system. Terrain geocoding 
involves using a Digital Elevation Model (DEM) to correct 
for inherent geometric distortions, such as foreshortening, 
layover and shadow. 

G. Phase to Elevation 
 The unwrapped phase is now a continuous raster but not yet 
a metric measure. To convert the radian units into absolute 
heights, the Phase to Elevation operator is applied. The end 
of this step provides us Elevation map which is used for 
generation of Digital Elevation Model (DEM). [12], [13]. 
 

H. Generation of Slope Map  
   To convert the contour lines to a slope map, they must be 
converted to a digital elevation model (DEM) using the 
Topo to Raster tool. Figure 5 shows slope map generated of 
the coal mine area Dudhichua with water region indicating 
dark pixels 
 

I. Morphological operations for Feature Extraction  
   Morphological operations such as otsu’ s method for 
thresholding and area opening is used for extract essential 
features such as water, vegetation and land area.  
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 Fig.6.Flowchart of steps carried out to obtain final extracted image 
 

V. RESULTS 
The mining area shows maximum elevation 368.35m and 

Otsu's method instinctively performs clustering-based image 
thresholding by diminishing grayscale image to a threshold 
image which can be clearly shown in figure 2(b) where water 
region near the coal site is clearly identified. The water 
region has elevation of around 106.73m as shown in figure 
2(a).  The algorithm considers two classes of pixels that is 
foreground pixels and background pixels.  Final coal area 
extracted image after applying otsu’s thresholding and image 
opening is as shown in figure 8(b). 

After applying this method in figure8 (a) the resulting 
image obtained is given image opening techniques followed 
by pixel group detection in which cluster group of pixels is 
detected all at once. This technique removes all connected 
components considered to be objects that have fewer than P 
set of pixels from the binary image BW, producing another 

binary image, BW2. So final image will be as shown in 
figure 8(b). 

 
                                    (a) 

 
                                   (b) 

Fig.7. (a) DEM of the Coal mines generated and overlayed in Google 
earth(b) Google earth image of showing Dudhichua area in coal mine area. 

Here, the value of the total output cluster pixels is 
manually set considering all pixels in the neighbourhood. In 
a binary image, a pixel is set to 1 as shown in grayscale 
colour map in figure 8(a). with neighbouring pixels having 
value 1. Since the considered image is two- dimensional, 
default connectivity 8 is considered. 

After area opening the resultant image obtained is shown 
in figure 8 (b). The total number of pixels is calculated for 
water which is around 26055 pixels on entire image and the 
rest are land and vegetation area. This ROI is considered as 
coal mine area as shown in figure 8 (a) and in this image 
total land area pixels found is111988 pixels. Total pixels 
obtained for each of the image is tabulated as shown in table 
2. 
TABLE 2. TABLE SHOWING TOTAL PIXELS IN IMAGE FOR LAND AND WATER 

COVERAGE 

 Binary Values (Image) 0 
(Minimum) 

1 
(Maximum)  

Pixels Image1 (Entire Image) 408750 26055(Water) 

 Image2 (ROI) 111988(Land) 376756 
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Abstract — The purpose of the Highwall Mining system is 

to extract coal with an auger machine or a continuous miner 

from exposed seams. The aim of the method was to recover 

coal from a surface mine that has reached its economic limit. 

Highwall mining provides opportunities to extract additional 

reserves with high productivity compared to underground 

operations and conventional surface operations. A large 

amount of coal remains isolated and undeveloped as pillars due 

to previous indiscriminate mining operations performed by the 

use of the auger or the continuous miner. Therefore, it is 

necessary to increase the coal extraction ratio, to reduce the 

threat of failure of the pillars and to reduce damage caused by 

subsidence at the surface. This paper reviews the highwall 

mining experience and design practices with an emphasis on 

geotechnical considerations. In addition, the relevant design 

issues for future research topics and challenges on highwall 

mining are discussed to enhance both the productivity and 

mine safety from the geotechnical point of view. The major 

factors in this system are the coal recovery and the stability of 

the Highwall. 

Keywords – web pillar, planning of a Highwall Mining, 

backfilling the voids 

Introduction  

The Sharda Highwall Mine is located 6 km east of Burhar 
town of Sohagpur area of SECL. It is situated within the 
Shahdol district of Madhya Pradesh Sharda O/C Mine has 
mainly four seams which are Burhar VI (T), Burhar VI (B) 
and Burhar IV & II seams. The details of these seams are 
given hereby. 

 Seam wise Mineable reserve 

   Of these four seams Burhar VI Top seam has already been 

mined by O/C technology. The remaining Burhar VIB & IV 

seams in Sharda O/C mine and Burhar IV & II seams in 

Sharda extension couldn’t be mined either by O/C method 

due to uneconomical stripping ratio or by U/G method due to 

its low height. These seams was thus planned to be mined by 

Highwall mining in descending order i.e. from top to bottom. 

 

Highwall is just a combination of underground and 
surface mining. The coal left in the highwall can be extracted 
by this technology which otherwise would be lost forever. 
The method relies upon the self supporting capacity of the 
strata above the series of parallel entries driven mechanically 
to a considerable depth without artificial roof support and 
ventilation. Moreover this technology provides an 
economical way to extract coal reserves locked up in the 

highwall. The extent of opencast project is limited by the 
financial viability, but the coal continues to exist beyond the 
quarry limit. This is the reason we go for the combination of 
underground and opencast to extract coal within economic 
condition. Highwall mining has several advantages  
compared to underground operations and conventional 

surface operations. Firstly, due to its flexibility and mobility, 
it is easier to recover smaller blocks of coal, which allows 
additional coal recovery from a final highwall or in 
constrained areas such as service corridors, 

Eventually the continuous miner used in the 
Underground mining of coal were developed and outfitted to 
also recover coal from surface high walls.  Highwall mining 
was developed in 1990. As on now more that 60 Highwall 
miners are in operation in U.S. and they may account for 
about 4% of total U.S. coal production. This technology is 
also very popular in Australia.  

The Indian mining giant witnessed the successful 

implementation of first Highwall mining in ASIA continent 

in SECL. At present at three places High wall Mining is in 

operation. 

Coal 

seam  

Thickness 

Range (m)  

Depth 

 (m)  

Work- 

able 

Range 

(m)  

Remarks  

Seam 

VI 

(T)  

0.40-5.64  15  3.0-5.0  

Already mined  

by conventional 

o/c  

mining  

Seam 

VI(B)  
0.06-2.05  32  0.9-1.5  

Virgin & 

workable  

by HW mining 

 (2.637 MT of 

reserve)  

Seam 

IV  
0.37-1.78  60  0.9-1.5  

Worked in the in-

crop 

 portion (part), 

rest virgin & 

 workable by 

HW mining 

 (8.164 MT of 

reserve)  

Seam  
II  

0.47-1.89  88  0.9-1.5  

Virgin & 
workable by HW 
mining (3.182 
MT of reserve)  
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Aerial View Of Trench 

Application 

� Coal blocked in the highwalls of opencast due to 
un-economic stripping ratio.  

� Coal blocked in the boundaries of opencast mines.  

� Coal blocked in thin seams for which no 
conventional mining method is available or economically 
viable.  

� Coal seams in hills and forest area.  

� Coal blocked below roads, permanent surface 
structures and villages (very much present in Jharia, 
Damodar Valley, and Raniganj coalfields, etc)  

� Coal where conventional extraction is constrained 

for various geological and social reasons 

 

Study areas 

To increase the production by High wall Mining within 
existing condition maintaining the safety. 

1. Reducing the thickness of web Pillar between two 
adjacent cuts 

2. Reducing the thickness of barrier pillar after every 20 
cuts 

3. Application of backfilling in the cut, suggests that it 
improves the pillar stability 

 Planning 

The coal is accessed at the base of the highwall from 
where a series of parallel entries are driven into the coal 
seam. Therefore, some of open cut mines may consider 
adopting highwall mining as an alternative mining system 
when uneconomic conditions are expected due to higher 
stripping ratios. The major factors in the highwall mining 
system are coal recovery and the stability of the highwall.  

 The approaches to web and barrier pillar design involved 
three basic steps 

� Application of empirical formula for pillar design.  

� Analysis of data from past auger operations 

� Numerical modeling analysis to confirm design 

performance and test its robustness. 

Factors Influencing Production  

(Sharda HighWall, Sohagpur Area, SECL) 

Year Target(T) Achievement(T) 

2016-17 500000 5,20,028 

2017-18 610000 5,28,396 

2018-19 600000 5,68,322 

2019-20 850000 8,43,396 

2020-21 850000 6,59,423 

 

 

 

 1. Machine operates remotely from active working zone 
hence no exposure of work persons to dust humidity etc. i.e. 
safe mode of operation.  

2. High production potential from 2500 tpd in thin seams 
to 7200 tpd for thick seams  

3. OMS can be as high as 100-200 as only 3-4 persons 
are required in operation.  

4. Production capital investment is much less than as 
compared to similar capacity of other underground mines.  

5. Conservation of coal up to 70%  

6. Environmental friendly technology with regards to 
dust, noise & vibration.  

 

Aerial View Of Trench 

 

 

 

 

 

 

 

 

 

 

LENGTH OF DRIVAGE
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Ground Water Recharge and storage in the excavated pit 

 

 Stability of the Highwall Top Surface  

At Sharda OCP, the mine before commissioning the 
Highwall Miner, had strictly followed ‘smoothwall blasting’ 
so as to ensure crack free highwall. This has helped in 
making the place safer and also the highwall stable. Due to 
the relatively large difference between the top and bottom of 
the highwall, any sliding of the top Over Burden material, 

from of the top surface of highwall will be hazardous to the 
workers and mining equipment on the working bench below.  

The mine planners have examined the stability before 
commencing highwall mining, to avoid any potential 
landsliding at the highwall top.  

Stability of the Highwall  

It is a significant safety concern for a highwall mining 
operation because of the closeness between the highwall and 
the workers/supervisors, and the surface equipment. At 
Sharda, so far no unstable condition was detected nor taken 
place, during the operation.  CIMFR had done a number of 
studies toi design the web pillar and barrier pillar based on 
geo-mining conditions.(Lui………….) 

 

Brief on Tata Steel West Bokaro Coal Mines 

The third mine where Highwall Mining is being 
commissioned is at the Tata Steel Coal Mines at West 
Bokaro. The Mine had introduced Highwall Miner of M/s 
CAT (through Gainwell), through the Contract concept.  

 Here the method of work is mining the bottom seam first 
followed by the Upper seams. At one site they are mining the 
V

th
 seam and after the coal is cut and web pillars are left the 

area is backfilled with Over Burden material so as to create a 
working platform/space for the High Wall Miner and 
movement of HEMM for coal evacuation by loader-dumper 
combination, to mine the VI

th
 Seam. Thus coal is 

permanently lost in the web pillar. To overcome this the 
mine management has taken up a number of R&D projects, 
for selecting a material to be backfill and recover coal from 
the locked web pillars. Figure explains the same. 

 

DRIVAGES UPTO 250M
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BACKGROUND OF DEVELOPMENT:
The development of the formulation is related to 
Ammonium nitrate-fuel oil (ANFO) blasting agents which 
represent the largest industrial explosive manufactured (in 
terms of quantity) globally. This product is used primarily 
in mining and quarrying operations. The components 
are generally mixed at or near the point of use for safety 
reasons. The mixed product is relatively safe and easily 
handled and can be poured into drill holes in the mass or 
object to be blasted. 

DESCRIPTION OF THE PRESENT 
FORMULATION:

Ammonium nitrate- fuel oil (ANFO) has largely replaced 
dynamites and gelatins in bench blasting. Denser slurry 
blasting agents are supplanting dynamite and gelatin and 
dry blasting agents. The most widely used dry blasting 
agent is a mixture of ammonium nitrate prills (porous 
grains) and fuel oil mixture viz. ANFO. The fuel oil is 
not precisely CH2, but this is sufficiently accurate to 
characterize the reaction. The right side of the equation 
contains only the desirable gases of detonation, although 
some CO and N02 are always formed. Weight proportions 
of ingredients for the equation are 94.5 percent ammonium 
nitrate and 5.5 percent fuel oil. In actual practice the 
proportions are 94 percent and 6 percent to assure an 
efficient chemical reaction of the nitrate. Uniform mixing 
of oil and ammonium nitrate is essential to development 
of full explosive force. Some blasting agents are premixed 
and packaged by the manufacturer. Where not premixed, 
several methods of mixing in the field can be employed 
to achieve uniformity. The best method, although not 
always the most practical one, is by mechanical tier. A 
more common and almost as effective method of mixing 
is by uniformly soaking prills in opened bags with 8 to 1O 
percent of their weight of oil. After draining for at least 
a half hour the prills will have retained about the correct 
amount of fuel oil. Fuel oil can also be poured onto the 
ammonium nitrate in approximately the correct proportions 
as it is poured into the blast hole. For this purpose, about 3.6 

Development of a Solid Fuel Based New 
Ammonium Nitrate Fuel Oil (Anfo) Formulation 

T.V.S.Sarma, CEO
Peri Infrastructure Pvt.Ltd, 

Mohanwadi, Opp. Pratik Nagar MSEDCL, Pune

lits of fuel oil (preferably Diesel oil) for every 50 kg bag of 
ammonium nitrate will equal approximately 6 percent by 
weight of oil. The oil can be added after each bag or two of 
prills and it will disperse relatively rapidly and uniformly. 
Inadequate priming imparts a low initial detonation velocity 
to a blasting agent, and the reaction may die out and cause a 
misfire. High explosive boosters are sometimes spaced along 
the borehole to as sure propagation throughout the column. 
As in other combustion reactions, a deficiency of oxygen 
favors the formation of carbon monoxide and unburned 
organic compounds and produces little, if any, nitrogen 
oxides. An excess of oxygen causes more nitrogen oxides 
and less carbon monoxide and other unburned organics. 
For ammonium nitrate and fuel oil (ANFO) mixtures, 
a fuel oil content of more than 5.5 percent creates a 
deficiency of oxygen.The costs of liquid hydrocarbons are 
constantly rising globally and the uncertainty of the future 
(non renewal energy source) and its costs always renders 
the present formulation of ANFO explosive blend subject 
to cost plus approach and leaves very few options for cost 
reduction or cost control.

BRIEF DESCRIPTION OF THE DEVELOPMENT: 

The developed formulation consists a two separate blends 
of Ammonium Nitrate mixed with Carboneous solid fuel 
along with liquid fuel in the form of Diesel oil & Used oil in 
different proportions to enhance blasting efficiency, while 
extending the supply of ANFO (Ammonium Nitrate Fuel 
oil Mixture). The hydrocarbon required for combustion in 
ANFO is provided by Fuel oil, used oil to the extent of 4% 
and the balance in replaced by solid fuel material, thereby 
providing optimum results. So in effect the formulation 
consists of following 4 components:

1. Free flowing Ammonium Nitrate
2. Liquid fuel oil
3. Liquid used oil
4. Solid carbon fuel

The conventional ANFO consists of a mixture of 94% Am-
monium Nitrate and 6% Fuel oil. The benefit of the present 
formulation developed is as follows:

1. Reduce blasting cost by use of following:
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a. Solid carbon fuel to replace 2% of Fuel oil
b. Solid carbon fuel to replace Ammonium 

Nitrate by not only acting as fuel but also as 
filler

c. Liquid used oil replaces costly 2% Fuel oil
d. Environment friendly employment of used oil.

The development comprises of a technique to blend waste 
oil and solid carbon fuel with ANFO for a product that 
can be used in blasting. Mines throughout the world 
produce thousands of liters of waste fuel oil that needs 
to be disposed of in an environmentally safe manner. By 
using the fuel oil in a blasting compound, transporting the 
waste oil is eliminated, the quantity of fuel oil needed for 
blasting is reduced, and potentially toxic hydrocarbons in 
waste oil can be destroyed by the high blast temperature.
The new formulation comprising of ANFO-waste oil-
Solid carbon fuel blend has been tested at various mine 
site, and found that the ratio of waste oil to ANFO blend 
could be as much as 50-50 but with different proportions 
of Solid Carbon fuel without any detrimental effect to the 
final blasting performance.
2. Besides lower the blasting costs, the formulation is 
comparative in terms rock fragmentation to standard 
ANFO. 
3. The blast output results into low fly rock and 
consequently effective casting of the blasted rock. This 
helps is safer and secure mucking and loading of the 
blasted material as well as lower mucking cost since the 
entire blast
4. The properties (being part of natural mineral earth)  
of the solid carbon are such that when mixed with the 
Ammonium Nitrate and liquid fuel and the proposed two 
formulations that upon blasting, the vibration frequency 
resulting from such blasts is very close or matches the 
natural frequency of the rock/mineral being blasted. This 
results in optimum energy utilization of the blast energy 
and that too for fragmentation and prevents loss of energy 
resulting from following unsafe and wasteful means:

a. Fly rock
b. Vibrations 
c. Noise

The above formulations has been  tried from the period 
April 2012 to June 2013 in several Stone quarries in 
Mumbai , Hyderabad & Pune for Road Projects involving 
various rock strata like Basalt & Granite and  found to 
be have given optimum blasting outputs (VOD), resulting 
thereby and thus confirming the validity of following two 
combinations after testing the results in 4 ½” bore holes :

S. 
No

ANFO Combination Solid Fuel 
Addition

Total 

01 70% (AMMONIUM NI-
TRATE) -96%, 2% Fuel 
Oil,2% Used Oil)

30% SOLID 
FUEL

Total- 100% 
Formulated
ANFO

02 82% (AMMONIUM NI-
TRATE)- 96%, 2% Fuel oil, 
2% Used Oil)

20% SOLID 
FUEL

Total – 100% 
F o r m u l a t e d 
ANFO

When the test results of the new formulation were made 
vis-à-vis that of the standard ANFO, the results were 
comparable
We give below the summary of the results:

Product Velocity of Detonation- m/s

70%-30% 3800 

82%-18% 4000 

STANDARD ANFO 4000 

FINAL CLAIM OF THE DEVELOPMENT:

1. Formulation of new ANFO blend consisting of 
Ammonium Nitrate-50%-Fuel Oil-50%-used 
oil- Solid Carbon fuel ( different proportions)

2. The new invention help reduce cost of Liquid 
fuel by use of a) Waste oil, b) Solid carbon fuel

3. The new formulations help reduce cost of 
Ammonium Nitrate by partial replacement of 
Ammonium Nitrate with Solid Carbon fuel as 
a filler and having bulk density of 0.85 gm/cc

4. The above formulation help reduce total cost 
of ANFO compared with Standard ANFO 
used presently in the Mining industry

5. Due to the inherent properties of the Solid 
carbon fuel ( being a natural mineral 
earth) aids Blasting vibration frequencies 
( when blended in the form of the invented 
formulation) to match with that of the blasted 
rock thereby optimizing the blasting energy to 
achieve fragmentation of the rock and reduce 
instances of ground vibration, noise and fly 
rock

6. The reduction of fly rock aided with single 
casted rock aids safe, secure and cost effective 
mucking of the blasted rock thereby optimizing 
the mucking cost and improving productivity 
in mucking function of the mining activity.

7. The use of solid carbon fuel will indeed 
create a new revolution in the Mine blasting 
technology since costs of Liquid hydrocarbons 
are increasing globally and non-renewable and 
further solid carbon fuel is the prime mineral 
blasted in large volumes using ANFO blasting 
agent. Thereby mineral mine blasting costs 
will get optimized with the aid of the new 
invention and offer larger blasting options 
using this technique as compared with the 
other conventional blasting agents.
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Abstract— Mining industry has always been considered as risky 
business. Geological formation and ore body, environmental 
and social issues, metal prices, exchange rates, legislative and 
political risks are uncertain which makes the decision making 
a difficult task to accomplish. Moreover, the mining industry is 
always been an extremely capital-intensive industry. It requires 
several years of production period before a positive cash flow 
begins. The life of the projects is also longer, in general, when 
compared to other industries. In these circumstances, proper 
project evaluation using suitable methodology and techniques 
have a crucial and important role in mining industry. The mine 
valuation in contemporary era would not be considered as 
a mere financial exercise resulting economic viability. The 
major challenge for a proper mine valuation is the limited 
ability to combine the outcomes of financial analysis with 
technical, environmental and social knowledge. This results in 
mismanagement of the same. Moreover, critical appraisal of 
cost parameters with respect to production is also necessary 
for a profitable investment.  This paper briefly summarizes 
various mine valuation techniques and outlines its relevance 
with respect to Indian scenario.  

Keywords— Mine valuation, feasibility study, economic viabil-
ity, techno-environmental and social viability

I. INTRODUCTION

The term ‘value’ is defined as: ‘the amount of money 
something is worth’. Investor relies on valuation for 
financial information and uses it to support financial 
decisions in market. A valuation system must be robust 
in order to bring soundness and legitimacy for decision 
making and achievement of objective. The publicly 
traded companies with audited accounts, should maintain 
transparency. Therefore, valuation provides a key part in 
maintaining their fair value of assets and liability. There 
is significant impact of valuations on intellectual property 
rights and their transfer between related parties in different 
tax jurisdictions, and also on determination of pricing for 
global transfer arrangements. The evaluation of an open 
pit mining project involves many complexities. It involves 
economic uncertainty with respect to futures metal prices 

and cost, technical uncertainties in orebody modelling, 
mine design and open pit planning as different strategies 
and methods are applied throughout the life of the mine 
in order to maximize the present values of the project [1]. 
The attributable value of a mining project may change 
depending on the valuation method applied, technical, 
environmental and social inputs, and other changes in 
fundamental economic parameters. As the inputs with 
respect to economics of valuation changes with time, 
the value of an asset is only valid for a given point. The 
effect of changing economic inputs on other technical, 
environment and social parameters is not be linear since 
they directly affect mining grade of the deposit, life of 
the mine, and exploration cost simultaneously. Therefore, 
a mining project requires a constant assessment of risk. 
It is necessary to correctly interpret all the available 
information and fundamental factors required for each 
methodology for valuation in order to select an appropriate 
valuation technique. Hence, for maximizing the profits 
it is necessary to incorporate mine valuation in regular 
interval and incorporate the outcomes accordingly in 
the mining planning.In order to value a mining project, 
many information is required. Though, at the beginning 
of a mining project, there is only a limited knowledge is 
available. The geological information about the deposit 
becomes necessary although in the initial stage only a 
limited number of drill holes are drilled, which limits the 
information available. The valuator has to rely on historic 
data to estimate the future pricing of the ore.  Although, 
this in most cases is not a good indicator of future pricing.
In this paper an attempt has been made to present a 
review of various mine project valuation techniques and 
understand its relevance for Indian scenario. 

II.  MINE VALUATION TECHNIQUES
Broadly, the valuation techniques can be divided into 
two categories namely, fundamental and technical [2]. 
The fundamental valuation technique derives ‘intrinsic 
value’ using methods such as discounted cash flow. On 
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the other hand, the technical valuation techniques use 
historical charts for predicting possible changes in the 
value or share price.  Historically, fundamental approach 
of valuation is most preferred as it makes an attempt to 
determine true values of a project. Hance, the investor 
can make investment decision based on the intrinsic 
return generated by the asset. The fundamental valuation 
techniques have been divided into three different 
approaches namely Income approach, Market approach 
and Cost approach.Income / Cash flow approach is based 
on utility theory [5]. It considers the earning capacity 
of the project. The useful life of the mineral property is 
determined using present value of future cash flows. This 
approach is generally preferred over other methodologies 
although it do require sufficient information for deriving 
future cash flows. Valuation methods for this approach 
comprise Discounted Cash Flow (DCF), Monte Carlo 
Analysis, Real Options, and Probabilistic Methods [2,3,4].
Market approach is based on the principle of substitution. 
For valuation, an open market transaction of other 
similar mineral asset is compared with the mineral asset 
in question. This raises to difficulties and circumstances 
for defective substitution in valuation due to availability 
of limited information and lack of similarity between 
different resources [6]. This approach can be employed 
in projects at all stages of development although the 
confidence level of the valuation may vary. The thumb 
rule methods like value of mineral asset per unit area etc. 
can also be classified under market approach though they 
have a very limited acceptance [7]. Valuation methods 
for this approach comprise, Gross ‘in Situ’ Metal Value, 
Option Agreement Terms, Comparable Transactions, 
NPV (Net Present Value) per unit of metal [5,6].Cost 
approach uses historical and future amounts spent on the 
mineral asset to estimate the present value of the asset. It 
has a limited theoretical basis and lacks usage in mineral 
industry [7]. Valuation methods for this approach include 
Appraised value, Multiples, Geoscience factor [3,8].It 
must be noted that the different approaches of valuation 
should not be seen as independent of each other, rather 
they largely use identical source of data. Although, the 
data is analyzed using different methods. The three 
methods should be used to complement findings of each 
other. The valuation approaches are applied to projects 
which are in exploration stage, development stage or in 
production stage. In the exploration stage, the economic 
viability of the mineral deposit is yet not established. 
Hence, the potential of discovering an economically 
viable mineral deposit will define the real value of an 
asset under exploration. It must be noted that ultimately 
only a few exploration properties will become later 

become mining properties. Hence, exploration potential 
need to be established for adding value to an asset in 
this stage. The development stage represents existence 
of an economically viable deposit where feasibility and 
pre-feasibility studies have already been completed. In 
this stage the project is yet to be fully financed or is 
under construction stage. There is availability of reliable 
information about minable reserve, production, capital 
and operating costs, etc. for valuation of the asset using 
methods such as discounted cash flow etc. with a decent 
accuracy. In production stage, the mineral asset is being 
exploited and the required information for valuation is 
also available [3]. To improve the efficiency of valuators, 
different valuation approaches are classified depending 
upon their applicability to value mineral assets under 
various stages. In general, the mineral properties which 
are under early stage of development are valuated using 
market approach and cost approach. Whereas, the project 
which are at the later stage are valuated using income 
approach [8]. A general classification of the approaches 
is shown in the table 1 [3]. All the valuation techniques 
contain a high degree of uncertainty. Therefore, the 
results are calculated by combining multiple approaches 
and it is occasional that only a single technique is used 
for valuation. This results in possible increase to the 
trustworthiness of the estimate. 

III. MINERAL VALUATION CODE

The valuation codes are there for a purpose of maintaining 
best practices and ensure accuracy, completeness and 
consistence in reporting of the estimates and information 
with respect to the valuation. There are variety of 
reasons to carry out mineral valuation including mergers, 
acquisitions, fairness opinions, pricing of securities in 
initial public offerings, non-arm's length transactions, 
listing support, financial statements, property agreements, 
litigations, matters related to income tax, claims of 
insurances, vendor consideration, corporate valuation, 
compensation for expropriation etc. The laws related to 
securities applicable in different countries also plays an 
important role in valuation. Presently, there are 3 mineral 
valuation codes in national levels namely, The Australasian 
Code for the Public Reporting of Technical Assessments 
and Valuations of Mineral Assets (VALMIN) code of 
Australia, Canadian Institute of Mining, Metallurgy 
and Petroleum on the Valuation of Mineral Properties 
(CIMVal) code of Canada and The South African Code 
for the Reporting of Mineral Asset Valuation (Samval) 
code of South Africa. Among these codes the VALMIN 
code is the first published code followed by CIMVal and 
Samval codes. In addition to this the Uniform Standards 
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for Professional Appraisal Practice (USPAP) and Royal 
Institution of Charted Surveyors Appraisal and Valuation 
Manual (RICS RED BOOK) is also followed [12-17]. The 
specific codes for the valuation and the security exchange 
jurisdictions as obtained from Venmyn Deloitte Brochure 
& Fliers [10] are shown in Figure 1.

Figure 1: The specific codes for the valuation and their security 
exchange jurisdictions [10]

IV. INDIAN SCENARIO 

The importance of valuation is increasing in Indian 
economy and its financial world. Generally, in India, the 
valuation of a business or project is required for the purpose 
of financial reporting, obtaining bank loans, compulsory 
acquisitions, mergers and acquisitions, REITs, property 
tax assessment, family settlements, contractual disputes, 
registration fee and stamp duty determination, and 
intellectual property disputes [11]. Securities and Exchange 
Board of India (SEBI), The Reserve Bank of India (RBI), 
Provisions of Income Tax Act, 1961 and Wealth Tax Act, 
1957 also mandates for valuation for various purposes. 

The valuers in India in generally follows IVS general 
standards or RICS Red Book as there is absence of any 
detailed regulatory standards in this regard.  IVSC issues 
IVS, which is the setter of independent global standards for 
valuation. Over the years, there is expansion in coverage 
of asset classes in IVS. Although additional standards for 
various asset classes are required in a number of asset 
classes including mines, minerals and quarries which are 
of interest to India including.

The Indian process of mine valuation is vague [9]. The 
United Nations  Framework Classification (UNFC) has 
already been adopted by India for classification of mineral 
reserves and resources. For developing a cash flow, the 
expected expenditure for converting resource into reserve 
must be taken into consideration. The computation of 
average sale price of minerals is done as per Minerals 
(Other than Atomic and Hydro Carbons Energy Minerals) 
Concession Rules, 2016.

V. CONCLUSION

A sound knowledge of mining industries, mining methods 
is necessary for the valuers to determine the valuation of 
mines. The finance lending companies also needs data for 
lending and security purposes but the complex, dynamic 
and unprecedented nature of mining industry becomes a 
hinderance in providing with accurate and reliable reports 
and figures for valuation purpose.

There is no such valuation method standardized and also a 
very limited discussion is completed on the best or optimum 
method for valuation of different mining operations. This 
gives the valuer liberty to approach in their own way using 
various techniques. This in turn may prove to be credible 
in some or may turn disappointing in other cases.

Although DCF helps to determine value of an investment 
at present based on the income it may generate in future. 
It depends on investors, securities, policy decisions etc. In 
mining scenario, the discovery of large ore body, or the 
failure to obtain permits for a particular mining project 
may not give the correct valuation of that mine at any 
particular time. 

Consistent and transparent approach in valuation is in the 
interest of everyone who wishes to see the stability of the 
financial market and economy as a whole. The valuation 
is a complex exercise. Standards in valuation of mineral 
assets and mining projects should be in place to serve this 
economic sector which must be based on robust principles 
and accepted methods. 
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Abstract — This paper highlights the role of effective 
Condition monitoring and preventive maintenance of 
electrical equipment installed in Sasan Coal Mine. In this 
mine, majority of the equipment are electrically driven. 
To obtain maximum productivity and ensure enhanced 
equipment availability, condition monitoring plays a vital role. 
There is invariably a threat of accident and injuries due to 
failure of machinery or that of   instruments at the workplace. 
It’s so essential to develop a system for prior intimation of 
failure and timely action to mitigate any incident. So, by 
implementing condition-based maintenance methodology 
and keeping equipment/machinery checks square measure on 
achieving we have a tendency to attain organisation goals of 
most productivity with zero accidents.

Keywords — Condition Monitoring, Highly mechanized mine

I. INTRODUCTION 

In a large capacity Open cast mine, such as Sasan Coal 
Mine, where all major HEMM equipment are electrically 
operated, it becomes not just a challenge but also a 
responsibility to maintain an un-interrupted power supply 
availability of the power distribution network.

We here continuously strive to achieve our annual coal 
target. To achieve such mammoth target, an effective 
and world class maintenance practice adoption and 
implementation is the need of the hour. 

We at Sasan Coal Mine have put in place a strong 
maintenance practice which is generally based on 
following two methodologies:

‘Maintenance and Condition Monitoring 
Practices’ at Sasan Coal mine – Power Supply 

and Distribution System
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1. Condition Monitoring based Maintenance.

2. Time based Preventive Maintenance.

Condition Monitoring is to precisely observe and monitor 
various parameters of the equipment. Analyzing the 
record trends and its variations is the catch to determine 
irregularities and faults in the functioning of equipment. 
This monitoring helps to optimize failures and add to the 
life span of the equipment. It involves measure specific 
parameters like temperature, humidity, vibrations, 
hotspot, current, voltage and alike of an equipment/
machine and various other connected factors which may 
cause the upcoming failure of the instrument. It helps 
in understanding the performance of the instrument and 
what measures or precautions ought to be taken ahead of 
time. It additionally analyses the failures beforehand in 
order that the upkeep will be planned consequently.

In this approach we carried out health testing of all the 
installed electrical equipment as prescribed by OEM 
and being followed world-wide, record the check results, 
compare the results with past records and/or signature 
tests to research, analyze and diagnose any abnormality/
defect, forecast any forthcoming failure and take choice 
on the replacement/repair well early before any major 
failure. This helps in eradicating any un-necessary power 
failure and leading to reduced downtime.



International Conference on Opencast Mining Technology & Sustainability

69

II. CONDITION MONITORING METHODS AT SPL 
(COAL MINE) 

In this approach we carry out health testing of all installed 
electrical equipment, as prescribed by OEM and being 
followed worldwide, record the test results, compare 
the results with past records and/or signature tests to 
analyze and diagnose any abnormality/defect, forecast 
any upcoming failure and take decisions on replacement/
repair well in advance before any major failure. This 
helps in eradicating any un-necessary power outage and 
resulting in reduced downtimes. 

Certain testing, we do as part of Condition monitoring is 
listed as below: 

(i) Thermograph Imaging for Hotspot 
detection.

(ii) Third Harmonics Analysing for Lightening 
Arrester.

(iii) Tan-Delta tests for loss of Insulation 
checks.

(iv) Oil BDV testing for Power Transformers.
(v) High Voltage detection for line isolations.
(vi) Stability Testing for Transformers.
(vii) CRM Test for equipment.
(viii) Timing test for Breakers.
(ix) IR testing.
(x) Routine test for Power Transformers.
(xi) Transformer Winding Resistance 

Measurement.
(xii) Vacuum Integrity Test for Breakers/VCB 

Bottles.
(xiii) Humidity monitoring and control. 
(xiv) Relay Testing by secondary Injection 

method.
(xv) Primary injection test.
(xvi) ELR testing by injection.
(xvii) EPR Cable testing and repairing using 

cable vulcanizing machine and Cable fault 
locator Kit.

III.  CASE STUDIES 

A. 145KV Current Transformer of  Switchyard –‘B-Phase” 
was detected for rise in Tan-Delta Value.

It was discovered that Tan Delta measurement of the 
132KV circuit-01 Current transformer was on higher side 
than the desired value and also in comparison to rest of 
the phase CTs in year 2017. It was kept under observation 
and tested on regular interval for any further deviation. It 
is found that the parameter increased in years of 2019 and 
2021 considerably. It was an alarming situation and hence 
was decided to replace the CT before any failure or mis-
happening.

The graph of year wise tan-delta value is attached for 
reference:

Date

mA Current Capacitance (pF) %Tan	δ

2 KV 10KV 2 KV 10KV 2KV 5KV

2017 0.241 1.208 384.28 385.05 0.900 0.96

2019 0.241 1.205 383.80 384.10 1.251 1.365

2021 0.236 1.190 375.51 379.35 2.960 3.773

B. 33KV INCOMER BREAKER ‘Y-PHASE POLE’ 
FAULT WAS NOTICED.

During general maintenance of 15MVA DTT Substation, 
it was observed that Contact Resistance of 33KV ICOG 
Vacuum Circuit Breaker ‘Y-Phase Pole’ was much higher. 

Further investigation and condition-based testing carried 
out on the Breaker. Condition of Vacuum Integrity of 
ICOG VCB bottle checked with the help of Vacuum 
integrity tester kit. Its ‘R’ and ‘B’ pole Vacuum bottle 
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Integrity was acceptable as per the test procedure. But 
‘Y’ phase Pole Vacuum Bottle integrity was defective. 
Vacuum bottle Integrity checked by applying voltage of 
40KV DC in across the pole of each phase (Breaker in 
open condition).

This condition-based testing was imperial in diagnosing 
the bottle condition and timely addressable resulted in, 
we believe, averting a major equipment failure and also 
human safety on a whole. This could have resulted in long 
downtimes affecting production.

C. IMPROVEMENTS OVER POST FAILURE OF 
15MVA DRY TYPE TRANSFORMER.

Our 15MVA 33/6.9KV, Cast Resin Impregnated Dry Type 
Transformer failed during operation in the Year 2019. 
The major reason suspected was high voltage surge due 
to lightening Stroke at prima facial. One of the HV Coils 
got flashed. 

Further it was diagnosed that high levels of humidity and 
moisture ingress were major reason for the failure. The 
coils were experiencing humidity due to atmospheric 
condition. Water ingress was also seen inside transformer 
canopy besides being IP43 sustainable design. All these 
factors resulted into low/ degraded insulation level of 
the coils. When exposed to high surge voltages during 
monsoon period lightening, could not withstand the stress 
and got flashed.

This failure leads to implementation of following 
remedies at our mine site to safeguard our precious Power 
Transformers which standalone costs approx. Rs.2.5 Cr. 
INR.

 All our DTT Substations were covered with 
Sheds to protect direct water entry as shown 
in picture.

 Additional lightening arresters were installed 
in the system. Earlier being at termination 
end DP of overhead line was associated with 
another set in the 33KV Offload panel just 
before the transformer so as to minimise the 
distance.

 To address humidity, De-humidifier machines 
of capable ratings were installed in each 
Transformer. We are able to regulate and 
controller humidity with in specified range 
and to our satisfaction.

 System earthing, LA earthing and equipment 
body earthing were isolated and separated 
from each other by suitable earth grid and 
chemically treated earth mats creation. 
Overhead earth-wire grounding also done 
with separate earth pit and independent from 
substation earthing.

 Single point/end earthing of Power Cables, at 
source end, is done as improvement practice 
instead of double side earthing.

 All old GI earth wires of the overhead network 
were replaced with new GS wires. This helped 
us in achieving reduced line tripping due to 
earth wire breakage and fouling. 
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 Complete substation was covered with shield 
wire running over the HT Switchgears with 
proper angle to cover and protect against 
lightning. Faraday Cage concept was adopted 
as a safeguard practice against direct stroke of 
lightning.

All these preventive steps helped us to check any future 
failure incidence. Now, through streamed condition 
monitoring all parameters are checked on regular basis 
for humidity, rise in temperature and surge counters for 
proper assessment and prompt actions in accordance to the 
result.

IV.  MAJOR STEPS FOR CONDITION 
MONITORING  AND PREVENTIVE 

MAINTENANCE ADOPTED AT M&MAEOCP.

 Humidity levels were recorded inside Dry 
Type transformer Canopy. Humidity being 
concern was addressed with installation of 
high capacity De-humidifiers and limitations 
corrected. Humidity Monitoring devices are 
installed for round the clock monitoring and 
regulations. Humidity was controlled to a 
range of above 85% to below 50% as desired.

 Relay testing and co-ordination is done. 
Old type relays with drawbacks of no data 
recording/fault analysis tools are replaced 
with new generation intelligent relays to adopt 
better fault selectivity/isolation/tripping and 
achieve safety of equipment and human. It is of 
prime importance to monitor parameters such 
as current, voltage etc. to analyse and compare 
for condition accessing and corrective actions 
required if any.

 EPR cables used to feed HEMM equipment 
got punctured and being huge in lengths was 
difficult to diagnose. Use of Cable fault locator 
helped in Pin-Pointing/identification using 
Destructive test, repaired and made ready 
for re-use by use of Canadian Make Cable 
Vulcanization/Jointing Machine.

 Thermo vision camera is used to detect any 
hotspots in the running equipment, Overhead 
lines, joints and such to analyse and detect 
hotspots/excessive heating etc. Any such 
irregularities are dealt on time-to basis to 
avoid any mishappening or injuries.

 LA Third Harmonics Resistive Current measure-
ment test are carried out to forecast any defect in 
the LA installed at 132KV Switchyard and 33KV 
Mine distribution network. The results are re-
corded and compared for health assessment.

Equipment Phase I R c o r . 
(µA)

IRcor. (µA) IRcor
(µA)

IRcor. 
(µA)

132KV 
Circuit-02

R 12 13 12 13
Y 8 8 10 12
B 15 15 11 10

 LA counter readings are recorded daily and re-
viewed. It helps us to analyse the lightening prone 
zones of the mine and surge stress experienced by 
the equipment.

 Dissolve gas analysis and Breakdown voltage of 
the transformer oil is carried out for the oil filled 
Power transformers. The result is compared and 
analysed for condition of oil, presence of impuri-
ties/gases and health assessment based on results.

 Suitable size Inverter and Battery sets were in-
stalled at our remote location Substation for emer-
gency power back-up. This was done to overcome 
the drawback of no-control power availability in 
case of power tripping. Hence, it was difficult to 
access the cause/extent and nature of fault. More-
over, the substation has to be charged mechani-
cally without protection system in line. Now we 
have reliable control power back-up of approx. 06 
Hrs.

 In overhead lines, line monitoring through Ther-
mal vision camera is undertaken on daily basis 
for spotting any hot-spots especially at jumper 
points, cable connections etc.
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 All our 33 KV OH lines are fitted with Lightening 
arresters at start and end points. All Lightening 
Arresters are accompanied with surge counters 
which are regularly monitored for any rise in 
count especially during monsoon period. 

 Suitable type and strength rated earth wire run 
throughout the Ring main Overhead line and are 
maintained periodically.

 DSLP (Direct Lightening Stroke Protection) mea-
sures are taken at all location, Substations and 
Overhead spans and maintained in accordance.

V. ADVANTAGES OF CONDITION MONITORING 
AND PREVENTIVE MAINTENANCE.

 Condition monitoring helps in saving the cost 
involved in maintenance considerably because 
condition monitoring closely observes the condi-
tion of the equipment and can predict when the 
maintenance is needed. Regular maintenance and 
tracking adds to the additional cost and also re-
duces the life span of the equipment.

 Condition Monitoring and Preventive Mainte-
nance helps to know and understand the fault and 
abnormalities of the equipment so that required 
actions can be taken in advance, and some ma-
jor casualty can be avoided. If there is any change 
or discrepancy in the machine, the engineers can 
understand in a better way and get the problem 
fixed. It’s always a good idea to get the problem 
fixed first rather than using the machine which 
has a problem in it. 

 Condition monitoring and Preventive Mainte-
nance aims at the efficient working of the machine 
to meet the demands of the operation required by 
industry. This will need a set of people and pro-
cesses so that the equipment can work efficiently 
and have a long span of life. 

 Condition monitoring and Preventive Mainte-
nance ensures that the equipment is not overbur-
dened or they are treated before they reach the 
critical situation. One of the main importance of 
Condition Monitoring is that, it detects the signs 
of deterioration at an early stage so that the dam-
age caused is not too heavy.

VI. RESULTS OBTAINED – A COMPERATIVE 
VIEW 

1. CASE OF DRY TYPE TRANSFORMERS

The graph shows that with enhanced improvement 
plans and close condition monitoring and Preventive 
maintenance practices, we have been able to keep a check 
on the failure rate of DTTs’.

The	cost	of	each	DTT	amounts	to	approx.	Rs.2.5	Cr	
and saving them is also a challenge and achievement 
which we tend to meet every year on year.

2. CASE OF HT BREAKERS AND CTS’/PTS’

Equipment HT Breakers PT CT

Year Diag-
nosed Failed Diag-

nosed Failed Diag-
nosed Failed

2018 0 2 0 0 0 0

2019 0 1 0 1 0 0

2020 2 0 1 0 1 0

2021 1 0 0 0 0 0

The above data emphasizes the need for effective condition 
monitoring. The failure numbers were recorded prior to 
2019 when we depended on third- party for annual testing 
and monitoring of installed equipment. But after starting 
in-house testing and condition monitoring by purchasing 
our own test kits and effectively planning and executing 
condition monitoring, we were to a large extent able to 
predict short comings and possible defects. We were able 
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to diagnose and take corrective actions well in advance 
any avert any unwanted failure. 

3. EPR CABLES – SCRAP VERSUS REPAIR
Before last Financial Year, we had to scrap a certain 
amount of EPR cables which were damaged during mine 
operations mainly due to dragging, operational faults, 
handling by HEMM equipment and blasting. As there was 
no concrete way of fixing/repairing of cables a huge loss 
was incurred.But now as part of condition monitoring and 
maintenance practice we have started in-house testing, 
Cable Jointing and Jacketing using our MCS (Make Cable 
Vulcanization) Machine. With this effort we have been 
able to reuse most of the cables. Just to highlight we can 
look at the table below for various cable sizes joined and 
jacketing done in the year 2020 and 2021.

Data for FY 2019-20 & 2020-2021

Cable 
detail

Jointing/Jacketing 
Done (in mtrs.)

OEM Cost/
mtr.

Cost Saving       
(In lakhs.)

4CX35 
Sq.mm   2366 11.83

4CX50 
Sq.mm 3180 2306 73.33

4CX70 
Sq.mm 3215 3161 101.63

Total estimated cost saving (in Lacs.) 186.79

Hence, we can see that by adopting new technology 
and better methodologies for preventive maintenance 

and	condition	monitoring	we	can	not	only	streamline	
operations with reduced downtime but also, can take 
a	leap	in	re-use	of	goods	and	minimize	wastages	and	
implement	cost	saving	with	all-round	development	of	
resources and manpower.

VII.  CONCLUSION.

The results received over the years as shown in the graph 
attached showing power availability for the Shovels at 
Sasan Mine which is consistently maintained above 95% 
emphasis the importance of condition Monitoring and 
Preventive maintenance.

In all, a better organized Maintenance practice and 
condition monitoring saves organizations time, money 
and resources.
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Abstract—In coal fired power stations, coal of appropriate 
quality is essential for proper combustion and operational 
efficiency of the boiler. Pricing of coal also depends on its quality 
or ‘Grade’. Coal quality many times becomes an issue between 
power generator and Coal Supplier as quality of coal affects 
the performance and economics of both the companies. Major 
problems related to coal quality are receiving lower grade of 
coal along with boulders and stones.  Historically, there have 
been differences in Coal Quality as billed at mine end, Coal 
Quality as received at power plant end and coal quality as fired 
in boiler. Customer is king in open and competitive economy. 
In such scenario, the only way is to supply coal of desired 
quality and that is possible by exercising certain operational 
controls especially at points where chances of dilution is high. 
The Present paper discusses about the operational control 
measures (daily production planning, during blasting, during 
excavation, during coal stocking, daily supervision, during short 
term planning, etc)   being practiced in one of the large opencast 
mine with complex geo-mining conditions to ensure supply of 
coal meeting desired coal quality..

Keywords—Coal Quality; dilution; planning; supervision to 
ensure coal quality

I.  INTRODUCTION 

Electricity	is	one	of	the	most	basic,	critical	and	cru-
cial components for the economic growth and wel-
fare	of	India.	It’s	sufficiency	are	must	for	sustained	
growth of the Indian economy.
India’s power sector is one of the most diversified in 
the world. Sources of power generation range from 
conventional fossil fuels such as coal, lignite, natural 
gas, oil, and renewables such as wind, solar, etc.However, 
more than 60% of power generation is achieved by using 
coal only. Total installed capacity of coal based power 

generation is 201995 MW (as on 30.09.2021, source CEA 
website) out of total installed capacity of 3,90,791 MW ( as 
on 31.10.2021, source: CEA).

In coal fired power stations, coal of appropriate quality 
is essential for proper combustion and operational 
efficiency of the boiler. The main goal of coal quality 
control in coal mines is to supply coal to power plants 
within certain quality constraints. Coal properties can 
affect the efficiency, reliability, and availability of both 
the boiler and the emission control units. Pricing of 
coal also depends on its quality or ‘Grade’. Coal-based 
power generation being the dominant segment of India’s 
power portfolio, coal quality has always been an issue 
between power generator ( like SEBs, NTPC) and Coal 
Supplier (like CIL, SCCL) as quality of coal affects the 
performance and economics of both the companies. Major 
problems related to coal quality are receiving low grade 
of coal along with boulders and stones.  Historically, 
there have been differences in Coal Quality as billed at 
mine end, Coal Quality as received at power plant end 
and coal quality as fired in boiler. As NTPC was facing 
the deviations in coal quality at different end and was 
aware about the role of coal quality in power generation 
business, it incorporated penalty provisions in mining 
contract documents, for development and operation of its 
captive coal blocks, against coal quality parameters.

II. SYSTEMS IN PLACE TO ENSURE THE COAL 
QUALITY FROM ONE OF THE COAL MINING 

PROJECTS OF NTPC

Being new entrant of the mining industry, NTPC decided 
to adopt outsourcing model for development and operation 
of its coal blocks. The broad systems to ensure coal quality 
are as below:
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(a) Contract Stage: Incorporation of very 
clear provisions related to coal quality 
parameters to be ensured by Mine Operator 
and penalty provisions to discourage the 
Mine Operator from any negligence in this 
area.

(b) Execution Stage: The ultimate objective 
of above provisions in contract agreement 
is to get the right quality of coal at power 
plant end and not to penalise the Mine 
Operator, hence  a proper scientific 
system to ensure the coal quality in 
mine operations have been  put in place 
while ensuring the role of every team 
involved in the chain/sequence/cycle of 
coal production. The details of roles of 
every team has been elaborated further. 
Brief flow chart depicting the role of 
various departments at different stages is 
presented below:

 III. Geo-Mining Conditions in Coal Block

The block comprises of Talchir, Karharbari, Barakar, 
Barren Measures and Raniganj formations belonging to 
Damudas, a Sub Group of Lower Gondwana. The block 
is generally traversed by NW-SE / SE-EW trending faults 
with northerly throw causing step like configuration. 
The strike of the strata is generally NW-SE and the dip 
of the strata varies from 100 to 200 (1 in 3 to 1 in 5.5) but 
generally 100 to 150   towards south-west. 

Nineteen faults with throw ranging up to 150m have been 
deciphered based on exploration carried out in the block. 
The throw of most of the faults ranges from 10-40m. 

The Barakar formation contains five persistent coal seams 
numbered seam I to V in ascending order. Out of these, 
seams I & II have spitted into 3 sections each, where as 
seam III, IV and V spitted in two sections each. The split 
sections are designated as top, middle & bottom. The split 
sections of the seams merge to form composite seams 
designated for example as IIC for II composite, II TM 
for II Top & Middle combined and MB for Middle and 
Bottom combined. The Karharbari formations underlies 
the Barakar formation and contain 5 thin generally 
unworkable coal seams namely K-1 to K-5.  

The Barakar coal seams (seam I to V) are medium to 
high	ash,	non-coking	bituminous	type.	The	moisture	
and ash of these coals normally ranges between 3% 
to 5% and 25% to 45% respectively on inclusion of 
all dirt bands less than 1m in thickness excepting 
obvious	dirt	bands	such	as	Grey	shale,	sandstone	etc.

V. MINING SYSTEM 

As the geo-mining condition of the allocated block is 
difficult, it becomes mandatory to consider the following 
factors before deciding the mining system. 

•	 Gradient of 1 in 3 to 1 in 5 of the coal seams.

•	 Multiple coal seams.

•	 Presence of medium thick coal seams along 
with thin seams.

•	 Presence of up-throw strike faults.

Except in thin coal horizons and in thin tapering OB 
wedges formed above coal seams, Drilling & Blasting is 
being done both in OB and Coal benches before excavation 
by shovels. Top OB benches are being developed in 
horizontal slicing pattern; whereas partings (less than 
10m thick) between the coal seams are being excavated 
parallel to coal seams (i.e. inclined slicing) to minimize 
intermixing of stone with coal. Thick partings (i.e >10m) 
are being developed with horizontal slicing system. 

Coal is being worked by inclined slicing. Thicker coal 
horizons are being blasted but thin horizons are being 
extracted with ripper dozers. 
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VI. EXISTING SYSTEM TO ENSURE COAL 
QUALITY DURING MINING OPERATION  

(SHORT- TERM PLANNING AND EXTRACTION 
OF COAL)

All the five seams differs quality wise and there are thin 
inter-bands, stone-bands available in the seams.  For the 
process of coal quality control at the stage of operational 
planning it is necessary to have sufficient exploration 
information about the deposit. In the mines, this task is 
accomplished in different ways. One of them is to further 
explore the deposit with drill-holes drilled in a dense grid.

In order to maintain stable coal quality parameters, 
certain measures are undertaken on annual basis, monthly 
basis and daily production planning. This process begins 
with the exploration and is conducted until the end of 
the mine’s life. Coal quality control can be divided into 
several stages: 

(i) Determination of annual excavation area and 
establishment of a long-term mining sequence on 
annual basis to determine percentage share of coal 
production from various seams (Seam -I II, III, IV 
and Seam V) and advances of the mining faces at 
different times or in other words their exposure, 

(ii) Determination of patches and seam-wise production 
on monthly basis. The Plan keeps updated by 
the inputs available from in-fill drilling data and 
samples collected from various seams exposed.

(iii) Daily operational planning by short-term production 
scheduling for deployment of the extraction 
equipment. 

(iv) Keeping sufficient gap between coal face and OB 
face to avoid dilution.

(v) Round the clock supervision ensuring the optimum 
deployment of excavators from coal quality point 
of view and cleaning of the coal face to avoid 
intermixing of shale and inter-burden.

(vi) Selective mining by deployment of small equipment’s 
and Ripper dozer.

(vii) Training and regular instruction to excavator 
operator to identify the shale and from coal and 
sent alert to overman/shift-in charge in case there is 
doubt.

(viii) Hourly sampling at crusher output to continuously 
monitor coal quality.

(ix) Arrangement of Stocking coal seam-wise so that 
in case of feeding of coal from coal stock, desired 
quality can be maintained.

Roles of related departments are outlined below: 
5A ROLE OF GEOLOGIST (PART OF MINE 

PLANNING TEAM): 

Role of Geologist’s for ensuring desired coal qual-
ity: 
Geologist plays vital role for ensuring desired coal quality 
as per customer requirement by the following compliance:

(i) In-fill drilling : 

a) Carrying out In-fill drilling activities with 
borehole spacing no greater than 200 mts to 
increase confidence in mining activities & 
mine planning. 

b) Identification & delineation of geological 
complexity areas (such as faults etc).

c) Updation of Geological model with In-fill 
drilling data (i.e. with seam correlation, 
details of seam roof & floor, seam quality 
(band by band & overall analysis), seam in-
crop positions, etc).

(ii) Drilling for Blasting : 

a) As per gradient of strata & geological 
complexity, area wise blasting boreholes are 
planned in consultation with site geologist for 
avoiding mixing of OB & Coal after blasting 
(It helps to mineral conservation as well as for 
maintenance of quality of coal).

(iii) Coal Stock Management:

a) Maintaining ROM coal stock with keeping 
seam wise & its quality wise separately 
with proper flagging / demarcating. 

b) Despatch of ROM coal (Seam Wise / 
Quality Wise) from Coal Stock to Crusher 
in a scientific manner for maintaining 
mixing ratio(blending) to achieve desired 
quality of coal as per requirement of 
customer.
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5b. Role of Drilling and Blasting Team:
Quality control during Drilling and Blasting Operation:

(i) Drilling

a. Depth of the coal seam is ensured by 
drilling pilot hole at coal bench/patch to 
be blasted.

b. Proper cleaning of coal benches is done 
before drilling.

c. Proper delineation of coal patch by survey 
department.

d. As, the coal seam is inclined, proper 
drilling is done under close supervision so 
that hole is not punctured into coal/OB as 
per patch.

(ii) Blasting

e. Proper/ adequate charging of blast holes based 
on type of strata to avoid over break and thus 
avoiding mixing of coal and OB.

f. Throw of the material is done in desired 
direction by changing firing sequence.

5C. ROLE OF ROUND THE CLOCK SUPERVISION 
TEAM:

Shift production team gets blasted coal patch to begin 
with. Sometimes there is mixing of underlying strata of 
OB/Shale, but mostly there is little mixing.

(i) In case there is shale and coal lying side by side, 
one of them is removed first based on the ease of 
operation.

(ii) Coal cleaning i.e. removal of shale or other debris 
material is taken in cyclic manner for all coal faces 
so that when production has to be taken from the 
patch it is free of any impurity.

(iii) If there are thin layers of coal or shale interspersed, a 
smaller excavator with small bucket size is deployed 
so that it can easily remove coal/shale without 
mixing (Selective mining). 

(iv) Excavator operators are especially trained and 
regularly instructed to identify shale and ensure 
no mixing takes place. If requires, a small cleaning 
operation is done before starting coal loading.

(v) Separate supervisors/spotters/ geology staff is 
deployed during the shift to oversee the coal 
extraction keeping quality in view.

(vi) Coal seams vary in quality/grades, therefore 
machine deployment is done in a manner that post 
blending we achieve desired grade of coal.

(vii) Since geology of pit is disturbed, often shale/dirt 
band is found in coal seam or a thin coal horizon is 
found in shale/OB face, a joint inspection by Shift-
in-charges is done to plan the extraction of coal 
without any impurities getting into the coal.

(viii) If during the extraction process of Coal, any dirt/
shale band or vice –versa emerges, supervisory 
staff/operator alerts the shift in-charge. Shift in-
charge visits the particular face and devise a plan 
to successfully remove coal or shale/dirt as the case 
may be.

VII.  CONCLUSIONS

From the experience of mining the coal in last 4 years 
ensuring above measures, the following conclusions are 
drawn:

1. Supply of desired quality of coal must be part 
of contract conditions and payment shall be 
linked to supply of desired quality of coal. 

2. The ultimate objective of deploying qualified 
and adequate manpower is to ensure health 
and safety of workers, efficiency in mining 
operation, environment friendly mining and 
supplying coal of desired quality. All these 
can be achieved only by building a robust 
system which shall be integral part of mining 
operations. 

3. The gap between quality of coal supplied by 
coal producer and quality of coal received 
by power generator can be minimized by 
ensuring certain controls during planning and 
operation.
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Abstract — This year capacity utilization of Bina CHP is highest in last 08 years. Further, Bina CHP responded to the demand 
of the nation and dispatched 104 no of rakes in October 2021, which is highest in last 100 months. This paper highlights how 

gradual structured changes in the Bina CHP have lead to remarkable improvement in the performance of Bina CHP.
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Abstract - Shale has become focus of many researchers in the recent times because of its utility in energy sector in the form of 
Shale gas. Shale is a very special sedimentary rock because of presence of fissility planes which makes it an anisotropic rock. 
Many properties of shale vary from one direction to other direction. It is very important to understand the petro-physical 
properties of shale. The problem with studying shale is that it is very difficult to get good quality core samples. We don’t 
often get good quality core samples. That is why there is deficiency of good quality data on petro-physical properties of shale. 
This project has been done to study the petro-physical properties of shale from Singrauli Coalfield. Good quality cores were 
obtained. Coring was done perpendicular to fissility planes. Following properties of shale including Porosity, Density, water 
absorption, slake durability index, P-wave velocity, S-wave velocity, Poisson’s ratio, Uniaxial compressive strength (UCS), 
Tensile strength and Young’s modulus, cohesion and internal angle of friction were obtained. In order to explain the petro-
physical behavior of shale scanning electron microscopy- Electron dispersive X-ray spectroscopy (SEM-EDS) were done. This 
shale was found to have low porosity and low water absorption which suggests that this shale is very compact. The elastic 
behavior of the shale is non-linear which is because of micro cracks as is evident from SEM Data. The slake durability index of 
the shale after the second cycle was found to be around 92%. This suggests that this shale would not undergo a high degree of 
wear and tear when subjected to deformation in presence of water than compared to other shales. 
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Abstract —the proposed artificial intelligence techniques use data of intrinsic properties of coal samples from different seams to classify 
them based on degree of spontaneous combustion (SC) risk. The unsupervised multidimensional clustering methods used are hierarchical 
and k-means. A two dimensional data visualization of the clustered seams by two techniques viz. multi-dimensional scaling (MDS) and 
principal component analysis (PCA) clearly shows the intrinsic properties contributing to the SC. Wet oxidation potential (WOP) is used to 

find a relationship with intrinsic properties such as moisture, porosity, ash etc. using Bayesian regression models and random forest (RF). 
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Abstract —The main objective of this work was to assess the illuminance level in mines at different strategic locations as mentioned in 
statutory circulars by Directorate General of Mines Safety (DGMS). This paper highlights the detailed field observations for assessment 
of existing lighting condition of a mine and to quantify the effect of poor lighting on productivity of different Heavy Earth Moving 
Machineries. Second part of the work was to find out inherent problems in illumination system of mines and designing of most suitable 
illumination system for the haul roads by using DIALux software. The safety and health aspects were also included in this study. There were 
three mines namely Mine1, Mine2 and Mine3 chosen for field observation. The safety status of different locations inside the mines were 
examined by comparing illuminance levels at those locations with what was set by DGMS and by various typical issues faced by operators 
in those mines. The illuminance level was measured using lux meter present in respective mines. Illumination survey was conducted at 
locations like haul roads, loading points, unloading points, operator’s cabins, workshops, and substations. Productivity analysis in Mine1 
and Mine3 shows that the productivity of both dumpers and excavators were reduced in artificial illumination. Optimization of existing 
haul road illumination system for Mine1 and Mine2 gives the horizontal illuminance on haul roads more than 10 lux. However, the wattage 
was increased from 240W to 275W in case of Mine1 and pole spacing was reduced to 15m from 30m in case of Mine2. It is found that glare 
on haul roads and high illuminance level at intersection of haul roads was two most serious health issues for the operators in the mines.
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Abstract - In India, over 90% of the total coal production is achieved through opencast mining which requires huge quantity of OB removal 
and mining of coal from the quarry and subsequent transport to the surface. We know that the transport cost is one of the major components 
in the total cost of production and as the depth of mine increases, along with quantity of material to be transported increases the transport 
cost rises exponentially. Thus the economics of the mine greatly depends on the economics of the transport system used. Moreover, 
there is huge inflationary pressure with the fuel costs on the rise. With the increase in depth of opencast coal mines and for steep quarry 
batter slope, Steep Angle Conveyor is a solution for transporting coal from quarry floor to surface with better economy and productivity. 
It is also an eco-friendly, traffic-friendly and space & energy saving solution. Due to high initial depth and steep quarry batter slope, it is 
difficult to install conventional conveyor in one Non-CIL opencast project. Therefore, it has been decided for implementation of Steep 
Angle Conveyor. Economic analysis of Steep Angle Conveyor system vs Dumper system reflects that the capital requirement & cost of 
production per tonne for Steep Angle Conveyors along with in-pit conveyors and requirement of 60T coal body dumpers have reduced.  
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Abstract — For large opencast mines, it is pertinent that they shall be planned for smooth and continuous production of 
materials, even during the monsoon period by undertaking early design and formation of voids of suitable size, at the deepest 
levels in the mine to act as sumps where water can be allowed to accommodate, with necessary pumping installations. The paper 
deals with the dynamic application and careful execution of an innovative strategy of main sump creation at Jayant Project that 
proved to be a blessing in disguise. At Jayant Project, the removal of OB cover for the sump creation was predominantly 
executed by a 24/96 Dragline but due to the major breakdown of Yamuna dragline, the task of preparation of sump fell in 
jeopardy. However, in an endeavor to avoid a potential fiasco that was likely to emerge on account of the breakdown, an 
alternate yet challenging plan was devised involving Shovel-Dumper combination. The adopted method eliminated the need 
for unproductive re-handling of material, and thus was subsequently put into practice with positive and satisfactory results.
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Abstract — Mining is inherently dangerous, so having a responsive communication system is critical. Modern mines have been updated 
for increased volume output, are dug deeper into the earth, and have a greater focus on safety for all equipment and personnel. Safe 
and reliable fiber optic networks are the perfect solution for all types of enhanced communication needs in any mining operation. 
After roadway excavation, the deformation and failure of roadway surrounding rocks typically results in roadway damage or collapse. 
Conventional monitoring techniques, such as extensometers, stress meters, and convergence stations, are only capable to detect 
the stress or strain data with the shallow layers of surrounding rocks, and they require arduous manual works. Moreover, in the 
abovementioned monitoring techniques, the monitoring instruments are installed behind the excavation face; therefore, the strain 
and deformation occurring in front of excavation face cannot be detected. In order to eliminate these shortcomings, an innovative 
monitoring system for surrounding rock deformation control has been developed based on Brillouin optical time domain reflectometry. 
Compared with conventional monitoring systems, the proposed system provides a reliable, accurate, and real-time monitoring measure 
for roadway surrounding rock deformation control over wide extension. The optical fiber sensors are installed in boreholes which are 
situated ahead of the excavation face; therefore, the sensors can be protected well and the surrounding rock deformation behaviors can 
be studied. The surrounding rock deformation behaviors have been detected accurately, and the monitoring results provided essential 
references for surrounding rock deformation control works. The fiber-optic cabling system provides the mining with a reliable and 
rugged system, well suited to the harsh environment of underground coalmining. Moreover, the mining operations around the world 
are taking advantage of the benefits of fiber-optics systems including plug-and-play modularity, high reliability, exceptional bandwidth 
and full-proof safety. To achieve sustainable development, Energy sectors must focus on the prevention-oriented strategy of roadway 
safety and stability control.
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Chapter 3A

Environment Sustainability

Abstract - On an ever more crowded planet, the challenges 
of maintaining healthy ecosystems are very complex. 
Sustainable economic development depends on wise use of 
natural resources and minimizing the detrimental impacts 
of development activities. Environmental resources are 
increasingly recognized by environmental economists as assets 
providing services that are no longer readily available. Indeed, 
demands to measure their values and incorporate them into 
our decisions is precisely what we would expect as their 
scarcity increases. It is therefore imperative that environment 
externality is taken into account in economic appraisal of the 
projects, especially to prioritize coal mining projects, as use of 
coal is the largest source of greenhouse gases.

ENVIRONMENTAL EXTERNALITIES
Environmental externalities are a particular form of externalities 
that economic analysis should take into account. They should 
be identified and quantified where possible and included in the 
economic analysis as project costs or benefits. After assigning 
a monetory value to the costs and benefits, the analyst should 
treat them as any other cost and benefit and enter them into the 
cash flow tables. However, environmental externality is easier 
to conceptualize than to measure. In principle, all we need to do 
to account for the externality is to work with social rather than 
private costs. Tracing and measuring all external effects is not 
always feasible. Nevertheless, analysts should always attempt 
to identify them and if they appear significant, to measure 

them. When externalities can’t be quantified, they should be 
discussed in qualitative terms. Application of the environmental 
externality concept to energy resource planning shall help in 
prioritization of projects for coal based electricity generation 
based on minimum environmental impact on the economy. 
Alternatively, significant benefits to human health that result 
from the emission control programs may justify the costs of 
pollution control measures adopted for the projects.

ENVIRONMENTAL EXTERNALITY & COAL 
PROJECTS

All energy conversion technologies pose some risk to 
society. Coal based thermal power is high on target of 
environmentalists. Economists and social scientists continue 
to develop monetary values to represent loss of life, illness, 
global warming, decreased visibility, acid rain, and other 
consequences of generally beneficial electricity production. 
These monetary values have been translated to emissions 
through consideration of dose-response relationships 
and similar cause-and-effect principles. As a result of 
increased public pressure and evolving regional, national, 
and international regulatory requirements, electric utility 
authorities around the globe are becoming more cognizant 
of environmental issues associated with coal based 
electric power production. However, the concerns related 
to environmental issues seem to be limited to ensuring 
regulatory compliance and incorporating the resultant 
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additional costs into the cost of electricity. Use of coal and 
thereby coal mining is under tremendous pressure. At the 
recently concluded climate change conference of 190-plus 
countries in Glasgow (Nov 2021), the proposal to phase out 
coal was introduced by the UK presidency. It was backed 
by small island and least developed countries and supported 
by the EU.  Finally, ‘phase down’ instead of ‘phase out’ was 
agreed under protest from India, supported by China and 
US. In such scenario, factoring environmental externality 
into economic analysis of the coal mining projects will be a 
convincing idea for taking up the coal mining project or coal 
based retrofit applications and comparisons with other fuels.

EXTERNALITY VALUATION
In considering and applying externality costs, the first step 
is to identify and quantify the necessary dose-response 
and physical damage functions involved. The second step 
is to discuss, accept, and gain consensus, if possible, on 
the validity of the economic value of statistical lives (a 
very controversial concept). The third step is to apply the 
appropriate economic data in deliberations, even though, 
in general, these data are costly and difficult to gather. The 
fourth step is to recognize that, even with the appropriate 
data, significant uncertainty and imprecision in the 
estimates will continue to exist (Freeman 1982). Accurately 
attributing costs to their sources is not yet a finely developed 
science, and this situation may influence which parameters 
are selected. Values have been applied to:  
a) The costs of environmental damage (i.e., the costs 

of the damages inflicted on society by pollutants).
b) The costs of technology control (i.e., the costs of 

controlling or mitigating pollution damages). 
The specific definitions that are used and assumptions 
that are made introduce significant complexity into the 
calculation of externality costs, and certain costs are 
traded off against other costs, thus affecting which impacts 
are mitigated (Boras et al. 1990). Nevertheless, in spite of 
these complications, utility commissions are currently 
quantifying, valuing, and considering externalities in their 
planning schemes. These environmental externalities have 
focused on the impact of electricity generation on: 
a) Humans (morbidity and mortality);
b) Crops, forests, and fisheries (losses and damages);
c) Materials (corrosion and soiling); 
d) Climate (change), recreation (diminishment),
e) visibility (impairment). 

CASE STUDY
IRR study in ecological dimension was conducted for 
Dudhichua OCP (20 Mtpa) of NCL in the year 2018 by 
Centre of Mining Environment (A Centre of Excellence, 
MoEF&CC), IIT (ISM), Dhanbad. Estimated life of 
the mine was 18 years as on 31st March 2017 at rated 
production capacity of 20 Mtpa with an average stripping 
ratio of 4.62 cum/tonne. The mine involved diversion of 

467 Ha of forest land including 24 Ha of revenue forest 
land. NPV and IRR were calculated with integration 
of Ecosystem Goods & Services (EGS). The study 
considered ecosystem loss due to damage to existing forest 
land and agriculture land as outflows (i.e EGS from Forest 
+ Agriculture) and economic gain in terms of EGS from 
restored land as inflow. The study used a combination of 
valuation techniques (such as market prices, avoided costs 
and replacement cost approach) to estimate economic 
values of different ecosystem services. NPV and IRR at 
85% and 100% capacity utilization have been presented 
in the following Table for two scenarios – (1) as per the 
Project Report of Dudhichua OCP without considering 
Ecosystem Goods & Services and (2) Integrating loss of 
EGS from forest + agricultural land (outflow) and gain 
from restored land (inflow):

Parameters (1)
As per Pro-
ject Report 
(without 
consider-
ing EGS

(2)
Inte-
grating 
Outflow 
& Inflow 
of EGS

Reduction 
(%) due to 
integration 
of EGS

At 85% Capacity Utilization

Net Flow 
(Rs Crs)

3149.64 2931.90 (-) 217.74 (-) 6.91%

IRR (%) 45.14 37.45 - (-) 7.69%

NPV (Rs 
Crs)

713.85 628.65 (-) 85.20 (-) 29.97%

At 100% Capacity Utilization

Net Flow 
(Rs Crs)

4391.34 4173.61 (-) 217.73 (-) 4.96%

IRR (%) Positive Positive - (-) 2.39%

NPV (Rs 
Crs)

1172.94 1087.74 (-) 85.20 (-) 7.26%

CONCLUSION
There is a tradeoff between Development and 
Environmental Protection. Each society will have to weigh 
its own values and decide whether it prefers a choice with 
more economic output and less environmental protection, 
or a choice with more environmental protection and less 
economic output. These concerns have been echoed in 
various summits involving developed and developing 
countries. Environmental valuation is a mature and 
rapidly growing field. Research in this field has 
documented a large willingness to pay for improvements 
in environmental quality. In the case study presented 
above, economic goods & services (EGS) were considered 
for cash flow analysis by integrating the estimated loss of 
EGS from forest & agricultural land and EGS gain from 
restored land. Inclusion of environmental externality, 
as net of environmental cost and benefits of protection 
measures, in economic analysis of projects can provide a 
good measure for acceptability or non-acceptability of the 
project in comparison to other similar projects. 
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Abstract -  Singrauli area consists of mainly north east part of 
Singrauli district of Madhya & southern part of Sonbhadra 
district of Uttar Pradesh. Singrauli district is the 50th district 
of Madhya Pradesh which is disintegrated from Sidhi district 
on 24th May 2008.It is an emerging power hub of India due 
to availability of coal and water. The exponentially growing 
population, industrial activities and abundant activities at 
one place have led to modification in air quality, water quality 
and land degradation. This study analyses the air pollution, 
water pollution and land degradation of Singrauli region, 
Madhya Pradesh. Singrauli has been declared as critically 
polluted by CPCB. The study provides an updated list of coal 
mining and thermal power plants in the study area and their 
emission effects on the local environment. Each pollutant 
may originate from different sources, however, are inter 
linked with fuel combustion and industrial activities. This 
study examines the types of pollution air, water, and soil; 
the causes and effects of pollution, and proffers solutions in 
combating pollution for sustainable environment and health.

Keywords—Environment; Pollution, Mining, Thermal Pow-
erplant

INTRODUCTION

Economic growth of any country depends on the availability 
of sufficient energy resources and their judicious and 
economic exploitation. The per capita energy consumption 
by the people of a country also indicates the standard of 
living, thus economic development of a country. Hydro 
and nuclear sources of energy do not hold much promise. 
Most of the untapped potential is situated in relatively 
inaccessible location in the extreme northern and north-
eastern parts of the country, generally prone to seismic 
activities. The field of nuclear energy is also stymied 
because of low sectoral allocation, public fears about the 
safety of reactors and increased international interference. 

OVERVIEW OF SINGRAULI

The Singrauli region spreads across the states of Uttar 
Pradesh (Sonebhadra district) and Madhya Pradesh 
(Sidhi and Singrauli districts) and has been for a long 
time promoted as India’s energy capital. It continues to 
be considered as South Asia’s biggest industrial area. 
Literature points out that ever since 1840, when coal 
was discovered in Singrauli, the area’s development has 
revolved around exploiting this mineral resource. Today 
Singrauli landscape hosts some of the oldest thermal 
power stations and operational coal mines in India, set up 
by the National Thermal Power Corporation (NTPC) and 
Northern Coalfields Ltd., other industrial and commercial 
operations. According to the International Accountability 
Project, the region has seen the systematic appropriation of 
prime agricultural land, firstly for a reservoir and dam (the 
Rihand Dam was constructed in 1961), and subsequently 
for coal mines, coal-fired power plants, coal slurry 
disposal areas, railroad lines and other infrastructure. 
The landscape of the region today appears to have been 
overcome by an energy juggernaut, an overwhelming 
and advancing force that crushes any other manner in 
which the region can be approached or understood. An 
important change in the last decade in Singrauli has been 
the affirmative push of the private sector to tap the area’s 
coal reserves for large-scale power generation. It is in this 
context that one needs to examine the push for coal-fired 
thermal power in Singrauli, like Reliance Power Ltd., 
which is commissioning the 3960 MW, Sasan Ultra Mega 
Power Project 660 MW). Two coal blocks, both located 
on forest land, have been allocated to Sasan Power by the 
Ministry of Coal. Both the Moher and Moher-Amlohri 
Extension blocks are under the command area of the 
government-owned Northern Coalfields Ltd. Close study 
of the Singrauli region over the last several decades has 
shown acute pollution, unemployment and displacement-
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related problems to be sustained. The people displaced 
have since lived in plots as small as thirty by fifty feet that 
they received in the form of compensation. 

     Table 1 - Salient Feature of Singrauli Coalfields

Total Area 2120 sq km
Mohar Basin 312 sq km
Singrauli Main Basin 1808 sq km
Present Working Mohar Basin
Estimated	Reserves 9.207 Billion Tons
Proved Reserves 4.158 Billion Tons up to 300 m 

depth
Reserves Under 
Exploitation

1.922 Billion tons

Coal Seems Purewa top -9 m thick 
Purewa - 12 m thick 
Bottom Turra Seam - 20 m thick
 Jhingurdah - 130 to 138 m thick

Coal Quality C to F Grade Gross CV (6000-
4500) K calory/Kg

    ENVIRONMENTAL IMPACT ANALYSIS IN 
SINGRAULI

The major environmental impacts of coal mining and 
super thermal power projects in the study area are on 
land, air and water. The impact on the land was studied 
in terms of land transformation in various landcover 
categories over the years. Singrauli’ future is etched with 
the ambitions of several private and public sector mining 
and thermal power operations, many of which are already 
under construction or negotiation. This is happening even 
though crucial issues of environmental pollution (as well 
as forest land diversion) remain completely unresolved. 
The people of Dibulganj village in Anpara, Sonebhadra, 
Uttar Pradesh, repeatedly pointed to the issue of the 
pollution in Singrauli. The first is the 1630 MW Anpara 
Thermal Power Plant, which is state-owned and forced the 
village to be displaced to make room for its construction. 
The land next to Anpara plant was originally acquired for 
its expansion, but later handed over to a private company 
for the construction of a 1200 MW plant by Lanco. This 
newer plant is even closer to the village than the first one. 
Point wise description of impacts due to coal mining and 
super thermal power projects in the study area is given 
below subsequently heading:

 LAND TRANSFORMATION
The computed matrix explains the built-up area increased 
from 0.87% in 1986 to 1.75% of total area in 1998 as a result 
of conversion of previously existing agriculture, forest and 
wasteland. The town area mainly came up on agriculture 
and wasteland and up to some extent on forest land. 
However, thermal power plants engulfed only some of the 
agricultural land. This is expected in Singrauli area as a 
result of increasing population pressure due to operation of 

largescale coal mining and super thermal power projects. 
A lot of land transformation was noticed during both the 
years (1986 & 1998). In 1986, 71.83 sq km agricultural 
land was lost to built-up land, forest plantation, mining, 
wasteland, fly ash pond and tank/reservoir. However, the 
area lost was regained in 1998 by encroachment of forest 
land (69.05 sq km) and reclaiming wastelands (17.28 sq 
km) in other locations. The forest area was reduced to 
4.51 percent of total geographical area within a span of 
12 years. Thus the loss of forest due to mining could be 
compensated by growing plantation in other areas. It was 
also revealed that loss of forest land accounting 4.06% of 
total area to other land use could not be regained 

AIR POLLUTION
The main air pollution problems in the study area are fly ash 
emanated from coal mining activities and thermal power 
plants and gaseous pollutants like So2, No2 etc. It was noticed 
that dust deposition was more in 5 km radius than in 10 km - 
radius. Based on the severity of impact the area was divided 
into four zones (i) areas affected by fly ash deposition (ii) 
Coal mining affected areas, (iii) areas severely affected by 
coal mining and fly ash, (iv) areas moderately affected by 
coal mining and fly ash. The total area affected by fly ash 
deposition was 654.38 sq km accounting of 34.80% of the 
total geographical area. The maximum area was affected 
by cumulative effect of dust generated from coal mines and 
thermal power plant accounting 366.88 sq km of the total 
area than fly ash deposition (194.38 sq km) and coal mine 
dust (93.12 sq km).

WATER POLLUTION
Liquid effluents coming from coal handling plants, 
workshops and supernatant water overflows from fly ash 
ponds into the natural water courses are the main source of 
water pollution in the Singrauli area. During precipitation, 
the mine water, containing different pollutants and eroded 
material, if not properly treated further intensifies the 
pollution load is surrounding waterbodies and natural 
streams. Thus the major factors affecting surface water 
quality are suspended sediments, industrial and urban 
water and other dissolved substances. These in turn 
changes the quality of surface water in rivers, ponds, lakes 
and reservoirs..

    COAL MINING AND ENVIRONMENTAL 
IMPACT

The Coal, being of organic origin from living plants, 
which flourished hundreds of million years ago, lies at 
various depth and in different geological formations. 
According to location of seams different mining methods 
like opencast mining (OCM) and underground mining 
(UGM) methods are employed. In the coalfield with 
active mines, the environmental hazards are triggered 
due to biotic interaction, i.e. mining of coal by man for 
its economic use. Due to such activities the lands are 
degraded, water contaminated and air polluted, forests 
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denuded, erosion triggered, cultivable land lost and thus 
human life and property are endangered. In a nutshell, 
the pure environment of virgin coalfields are polluted due 
to exploitation of coal resources. This has a far-reaching 
adverse effect on the country and society in economics, 
health and aesthetic in such a situation it is essential to find 
out some solutions to make a balance between exploitation 
of coal and preservation of environment

THERMAL POWER GENERATION AND 
ENVIRONMENTAL IMPACT

 Electricity, the most convenient form of secondary energy. 
The capacity for electric generation has risen tremendously 
around the globe with rapid industrialization and 
urbanization and about 72% of the electricity generated 
in the world during 80’s was based on the conversion 
of primary energy into heat in conventional thermal 
power plants. As, the world’s coal reserves are large, 
generation of power from coal is very significant. Air 
quality deterioration is the most serious impact of power 
generation plant in a region. The combustion of massive 
quantities of coal produces large quantities of Sulphur 
dioxide (S02), Carbon monoxide (CO), hydrocarbons and 
polycyclic organic matter and particulate matter as waste. 
Except S02 all above said product can be kept minimum 
by having a more efficient and complete combustion. The 
problem of large quantities of S02 emission is of particular 
importance because of its well-known impact as acid rain 
on surrounding vegetation and health of society. Although, 
Indian coal having low sulphur content, can still be a 
problem with large power stations, if no sulphur removing 
technology is employed. In our country, installation of 
desulphurization plant like western countries is cost 
prohibitive because of heavy expenditure on technology.

ENVIRONMENTAL MANAGEMENT PLAN
 In the Singrauli region coal mining projects and thermal 
power stations have invited environmental problems 
of complex nature due to heterogeneity of mining, 
industrial and other anthropogenic activities. In order to 
protect the environment from the impact of mining and 
thermal power plants, it is very essential to design very 
carefully and implement the ‘Environmental Management 
Programmers’ in the area so that further degradation can 
be checked before reaching to unmanageable limits. In the 
context of Singrauli coalfields, different environmental 
problem cannot be seen and dealt in isolation but a 
combined effect of mining projects as well as thermal power 
plant and other activities must be taken into consideration 
when undertaking effective control measures. Based on 
environmental impacts assessed in the environmental 
management and pollution control measures for reducing 
the problem of study area are as following:

RECLAMATION OF DEGRADED LAND 
•  Air pollution control 
•  Water pollution control 

LAND RECLAMATION
The degraded lands in the area include (i) mining 
Overburden dumps (ii) degraded forest and (iii) wastelands. 
The reclamation and management of these lands can be 
done as following:
Reclamation of Overburden Dumps
Two approaches are advised to adopt for land reclamation 
of overburden dumps.
•  Technical Reclamation
•   Biological Reclamation

TECHNICAL RECLAMATION
Technical reclamation is the process of backfilling of 
excavated area with overburden and spreading of sub-soil 
and top-soil grading in a systematic manner and it depends 
on the equipment used for mining. Based on the type of 
equipment used for mining, the methods of reclamation 
suggested by Mehta (1988) are classified into following 
five categories.
•	 Shovel Bucket wheel excavator
•	 Stripping shower dragline
•	 Using dragline and shovel dumper combination
High-capacity equipment has been introduced in Singrauli 
coalfield in Bina and Jayant project started in 1975. OB 
dumps in these areas resulting from both the dragline 
operation as well as shovel dumper combination.

BIOLOGICAL RECLAMATION
As soon as the backfilling, levelling and top soiling is 
completed, biological reclamation of land commences. 
Biological reclamation is very important and it is aimed to 
convert the land for some productive use but it is the most 
difficult phase of the reclamation process because of the 
establishment of plant growth on the reclaimed soil which 
lacks in nutrients and organic matter. Recently, with the 
increase in ecological awareness reclamation of mined 
area by biological methods have gained importance. Some 
efforts in biological reclamation have been done on 5-15 
years old. OB dumps in Bina and Kakri project by U.P. 
Forest Department and State Forest Research Institute, 
Jabalpur in Nigahi and Jayant blocks.

AFFORESTATION
A major environmental activity carried out every year is 
plantation. The plantation works are carried out by State 
forest Departments of UP & MP Govt. NCL has taken af-
forestation in and around the mine out area in a big way 
and the same has been reported by remote sensing satellite 
data study, done every year by CMPDI on behalf of NCL.

AIR POLLUTION CONTROL
Suspended Particulate Matter (SPM) and Reparable 
Particulate Matter (RPM) are the two main air pollutants 
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in NCL Coal Fields. To assess the particulate pollution 
in and around the opencast mining projects of Singrauli 
coalfield, air quality monitoring is conducted regularly at 
both dust generating and non-generating sites of the area. 
The quantity of SPM and RPM are dominating at the coal 
working faces, coal yards, coal handling plants and haul 
roads used for transportation of coal, near drilling sites, in 
overburden and on haul roads used for the transportation 
of overburden material. Following mitigation measures 
are taken for control of air pollution in NCL:
•	 Drills	are	provided	with	dust	extractors.
•	 Approach	 roads	 to	 mines	 and	 service	 roads	

are provided with black topping to reduce dust 
generation.

•	 Roadside	 fixed	 sprinklers	 and	 mobile	 water	
sprinklers are deployed for dust suppression on haul 
roads.

•	 Automatic	sprinklers	installed	at	receiving	pits	and	
are actuated through sensors. Fixed sprinklers for 
coalbunkers, transfer points, loading points, which 
are operated through valve controls.

•	 Truck	dispatch	is	within	12-13	%	only.	In	case	truck	
dispatch is required due to exigencies, coal is first 
wetted after loading on trucks and then covered with 
tarpaulin.

•	 Thick	 green	 belts	 (tall	 plants	with	 broader	 leaves)	
have been provided as curtain at mines boundary to 
arrest air borne dust.

WATER POLLUTION CONTROL
Any mining below the earth level disturbs the general 
water regime. NCL has not only provided water to project 
affected people but also adopted various techniques for 
effective restoration of water regime. Soil conservation, 
dense afforestation in and around mining area and treating 
the effluents from Mines, CHPs, Workshops domestic 
sewage and reuse of treated water are some of the 
measures taken for water regime restoration. NCL mines 
are approaching for zero discharge. Steps has been taken 
for rainwater harvesting at Nigahi, Bina, Jayant, Block 
B, Amlohri and Khadia Projects, it is being extended to 
other Projects also. The water is being re-used in most 
of the mines of NCL and some of the mines like Nigahi, 
Amlohri, Block B and Bina have already achieved zero 
discharge. The water is being re-used in most of the mines 
of NCL after treatment and all the mines have already 
achieved zero discharge.

EFFLUENT TREATMENT PLANT (ETP)
In NCL Integrated industrial effluent treatment plants 
of total capacity of 248.18 MLD are constructed for 
workshops, CHP effluents and mine effluents. The plant 
contains oil and grease recovery system through traps, 
removal of suspended solids through clarifiers after 

chemical dosing at flush mixers, sludge drying beds, 
conveyance line and pumping arrangements. Treated 
water is reused for tanker filling; sprinklers etc. dried 
sludge is buried in lined pits. 

  DOMESTIC SEWAGE TREATMENT PLANTS
Domestic sewage treatment plants of total 16.00 MLD 
capacity are constructed in the townships with activated 
sludge process and one STP of 1.5 MLD with aerated 
lagoon in Khadia Project. Activated sludge process 
Plant contains aeration units for oxidation, clarifiers for 
removal of suspended solids, sludge drying beds, grit 
removal facilities, sewer lines, manholes, pump houses, 
control room etc. Treated water is taken for reuse in 
tree plantation, horticulture and construction activities. 
Dried sludge is valuable manure for tree plantation and 
horticulture activities. One more DSTP of 0.8 MLD is 
under construction at Block –B Project.

SILT ARRESTOR
 Substantial amounts of silts are carried along with the 
runs off water. Catch drain with silt arrestors are provided 
in mines area, which are cleaned at regular intervals.

OIL RECOVERY
Routine maintenance of HEMM is done to minimize the 
leakage of oil. Secondary containments like trays and 
trolleys are used at workshops during maintenance to 
stop the spillage of oils. Floating oils recovered from oil 
& grease traps at workshops & ETPs are stored in drums. 
Drums are stored in a raised paved area having drains to 
collect back spillages.

CONCLUSION
Singrauli coalfield is witnessing environmental problems 
on account of largescale opencast mining and operation 
of super thermal power plants. The study revealed that 
landcover of the area has been drastically changed on 
account of coal mining and thermal power generation 
along with allied activities. The main cause of air pollution 
in the study area was dust from coal mining and fly ash 
from thermal power plants. Impact of dust deposition 
studied revealed that deposition was more in 5 km radius 
than in 10 km radius. For control of dust pollution around 
mining and thermal power establishments, the best 
method suggested was raising of tree curtain or green belt. 
Spraying of water along the haul road, service road, OB 
dumps, and coal piles was also suggested to mitigate the 
problem of dust pollution in mining areas. Engineering 
methods like mechanical collectors, electro-static 95 
precipitators and wet scrubbing was proposed for control of 
stack emission from thermal power plant. Suitable control 
measures proposed for safeguarding the waterbodies 
were disposal of industrial effluents to natural water 
after proper treatment, circuit treatment plants, settling of 
suspended particles in sumps etc.

                                    



International Conference on Opencast Mining Technology & Sustainability

89

   Application and Stowing of Fly Ash in 
Underground Metal Mines

Umeshwar Charpe
Chief Manager (Mines), MOIL Ltd, Nagpur

Umesh.charpe@gmail.com

Abstract –  Understanding the problem of the mining and 
power sector and studying the properties of fly ash, many 
researchers have identified fly ash a suitable alternative to 
river sand for stowing to fill UG void created due to extraction 
of valuable ore bodies. A number of studies have already been 
made to ascertain prospects and problems of hydraulic fly ash 
stowing.Fly ash has been classified into two classes, designated 
as Class F and Class C. Themain difference between them is in 
the amount of calcium, silica, alumina and iron content in ash. 
In class C ash, the combined amount of the oxides of silicon, 
aluminum and iron is 70 % or above (by mass). Whereas in 
class F ash, this amount is in between 50 - 70%. (ASTM C618-
03). In this paper we have discussed important aspects related 
to fly ash stowing in underground metal mines. 

INTRODUCTION

The fly ash consists of silicon dioxide(Sio2), aluminium 
oxide (Al2O3) and iron oxide (Fe2O3). The silicon dioxide 
helps in increasing the strength and consolidation of fly ash 
and offer greater stability and load bearing characteristic 
of the overlying strata after stowing. Fly ash also contains 
some amount of CaO which render its pozzolanic 
characteristic. Due to pozzolanic characteristic of fly ash 
and when it reacts with calcium hydroxide, alkali, it forms 
cementitious compound and increase strength. Class C fly 
ash contains high lime than Class F ash and hence possesses 
higher cementitious property. The settlement and water 
percolation rate is problem in case of fly ash due to light 
in weight and finer in particle size. The settlement can be 
enhanced by adding some flocculants in ash-water slurry 
which in turn enhance faster solid-liquid segregation and 
quicker drainage of water through barricade after stowing 
and reduce the development of hydrostatic pressure behind 
barricades. Fly ash is basic in nature having pH value 
ranging from 7-10. The filling up of mine sites and mine 
pits with fly ash has proved to be beneficial where Acid 
Mine Drainage (AMD) is prominent. The basic property 
of fly ash neutralize the acid waters present at the mine 
sites and further restrict the generation of AMD by cutting 
off the contact between pyrites and oxygen. The filling up 
of fly ash with proper compaction also reduces the risks 

of subsidence at the mining sites. The fly ash has high 
water holding capacity and no plasticity.  Backfilling of 
fly ash in underground mine voids can cause pollution to 
the underground water resources due to leaching of heavy 
metals. 

 
 Figure-1- schematic diagram of stope. 

Hydraulic fill should have easy and fast water drainage 
property to enable the excess water to be removed as quickly 
as possible thus the pore water pressure within the stope 
is minimized and adjacent works can commence without 
delay. It is also important for the frequent settling of the 
hydraulic fill and thus fast stability is achieved. Generally, 
the majority of water required to be drained out through the 
barricades comes along with transported slurry to the site 
of operation. Once placed the solid particles settle leaving 
some water on the top of the solidified material as decant 
water to percolate through fill mass. To reduce the risks 
associated with large pore pressure the water should be 
removed from the stope as quickly as practically possible. 
Barricading should also provide frequent drainage. In lack 
of fast and easy drainage, there will be a high pressure 
produced over the barricading and it will rupture the 
barricades and might cause a big accident.  

CHEMICAL EFFECT IN BACKFILL

Backfill derived from tailings, mine industry and other 
industries that have been processed contain toxic chemical. 
It may pose a pollution potential as a result of leaching. 
However, this can be rectified by disposal below water 



Northern Coalfields Limited, Singrauli

90

table, where the backfill will eventually become saturated. 
Permanent saturation of the refuse reduces or eliminates the 
oxidation that might produce acid mine drainage (AMD). On 
the other hand, saturated backfill may not have the desired 
strength and stiffness for ground control requirements, so 
incorporating cementing admixtures into the backfill may 
be a more appropriate solution to the pollution problem. 

BACKFILL TRANSPORTATION 

 For backfill transportation design is required to ensure a 
full line which reduces hammer and wear, in turn reducing 
the risk of plugging the line. For surface disposal, the 
transportation issues are more straightforward, normally 
related to finding a pump that can provide the necessary 
driving force with the required availability to operate 24 
hours/day. Positive displacement pumps can provide the 
necessary pressure and capacity. The pressure gradient for 
pipeline transportation of paste fill is much higher than the 
gradient for dilute slurries. Much more pumping energy is 
therefore required to deliver the backfill from the mineral 
processing plant to the tailing deposit. 

ENVIRONMENTAL EFFECT OF ACID 
GENERATING TAILINGS 

 As regulatory and societal demands on the mining 
industry continue to increase, use of backfill technology 
may provide an avenue for minimising or even eliminating 
various environmental issues. The environmental effects 
of disposal of acid generating tailings in backfill form are 
several. Very little free water is available for generation of 
leachate, thereby reducing potential impacts on receiving 
waters and biological receptors. The permeability of 
poorly-sorted, run-of-mill backfill is significantly lower 
than that of classified, well sorted tailings. This limits 
infiltration of rainfall and snowmelt, which also results in 
a reduction of seepage volume. When placed underground, 
backfill may represent a hydraulic barrier to groundwater 
flow, thereby limiting interaction between backfill and 
ground water. The higher degree of saturation within the 
backfill retards the ingress of oxygen, which reduces the 
potential of generation of acid mine drainage (AMD).      

CASE STUDY 

A. Location

The study area is the Ukwa Manganese underground Mine 
of MOIL.  It lies about 45 km North-East of Balaghat, 
Madhya Pradesh between 21O58’ North Latitude and 
80O28’ East Longitude. It is situated near Ukwa Village 

on state Highway No.26. The mine is situated in hilly 
terrain at an altitude of 2050’L (624.840M) above M.S.L. 
Manganese deposit is dipping 30-45 degree towards N 
320 W. The overall strike length of the ore body is 6 Km. 
(Mining plan 2012)

 Figure -2-Composite Plan of 3 (Three) Leases of Ukwa 
Mine

B.  Method of UG work 

The method of work is cut and fills with sublevel stoping 
with hydraulic stowing. During the development stope 
length of 120m along strike is divided into two stope blocks 
(60 m along strike) with the tugger winze (1.8m x 1.2m) at 
the center. Raises/winzes (1.8 m x 1.2m) in cross section 
at any point are driven to connect the bottom level to top 
level through crown pillar and sill pillar at the boundary 
of stopes block & at the center for ventilation and second 
outlets and for hoisting of ROM by tugger hoist. A parting 
of in-situ rock 5m thick at any point (measured along dip 
direction) are formed above the bottom level by developing 
the sill pillar drive of size 2.4m x 2.1 m in cross section for 
protecting the bottom level. A parting of in-situ rock of 
5m thick at any point (measured along dip direction) are 
formed below the top level by developing the crown pillar 
drive of size 2.4 m x 2.1 m in cross section for protecting 
the top level. Sublevel drive of cross section 2.4 m x 2.1 m 
is developed in between the sill & crown pillar drive at an 
interval of 9 m measuring corner to corner along the dip of 
the ore body to form 3 Nos of core panel on both sides of 
tugger winze. The size of developed panel is 60 m x 52m 
x 3m. The level interval is 30 m and thickness of crown 
pillar and that of sill pillar is 5 m respectively.

C. Sequence of Stoping Operation (SSO) 

The level interval of 9m of all each panel is divided into 
slices of dimension 4.5m (along dip rise direction) and 
5 m (along strike direction). Before commencement of 
extraction of panel between the sublevels, a concrete wall 
and masonry pack wall of width 0.3m and 0.7m respectively 
and height equivalent to the height of extraction are built 
along dip, against panel on both sides for protecting the 
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boundary winzes, leaving a gap of 0.6m from the ore block 
for ventilation of working face and free face for blasting. 
On the other side of pack wall, the winze shall be left for 
service and ventilation. 2’’ (inch) weep hole are provided 
in concrete wall/pack wall in each stoping for drainage 
of stowing and seepage water. The widening of boundary 
winzes for construction of concrete wall and masonry 
pack wall, on both sides of stope blocks shall not exceed 
1.6m. Extraction of panel are simultaneously start from 
the slice adjacent to both the boundary winzes at the dip 
side of the panel and progress inward towards the tugger 
winzes. The manners of extraction of ore in the three 
panels are simultaneously start from rise slices adjacent 
to both the boundary winzes at the dip most side of the 
panel respectively, followed by subsequent dip slices of 
the panel. The rise slices are taken by extracting three cuts 
in rise direction above the lower sublevel of the panel not 
exceeding 1.5 m each leaving at 0.5 m thick layer of ore 
along the H/W contact. Similarly subsequent the dip slices 
are taken by extracting three cut in dip direction below 
the upper sublevel of the panel not exceeding 1.5m each 
leaving at 0.5 m thick layer of ore along the H/W contact.  
Extraction of every rise slices are followed by extraction 
of subsequent dip slices in the panel with commencement 
of extraction simultaneously starting from the rise slices 
adjacent to both boundary winzes at the dip most side of the 
panel and progressing inwards towards the tugger winze.  
Before starting a new slice, the voids of the previous slice 
are completely filled with hydraulically filling material 
with the help of pack walls or barricades by bamboo mats 
and hessian cloth. Rib pillar 5 m along strike and up to the 
true width of the ore body are left to support center tugger 
haulage between the sill and crown pillar of the stope on 
either side of tugger winze. It shall not be split, reduced 
or extracted in any manner. The extraction of ore in all 
the panels are carried out as detailed out above. Maximum 
height of back in the stope shall not exceed 3 m at any 
time. Further, no gallery or drivage shall be left un-stowed 
in the entire stope.  After completion of extraction, the 
entire stopped out sub panels except the entries required 
to maintained to accesses lower levels shall be isolated 
by constructing isolation stopping of at least 0.3 m thick 
in cement concrete. 2’’ (inch) diameter hole shall be 
provided in concrete wall in each stopping for drainage 
of stowing or seepage water.  Drained out water through 
weep holes are drained from boundary winzes or sill pillar 
drive & collected in large capacity sump through drain. 

This discharges water is pumped by centrifugal pump to 
surface water tank. The percentage (%) of ore recovery 
from stoping is 90% and percentage of ore dilution in 
stope is 10%. (Mining plan 2012)

D. Application of Fly Ash in Mines

In Ukwa manganese UG mine, fly ash from Tiroda Thermal 
power plant, 5 x660 MW (Adani power limited) was stowed 
in phase manner. The fly ash-water slurry was prepared at 
ratio of 1:1 and transported up to stope face through HDPE 
Pipelines. In stope after the extraction of slices, pack wall 
of width 0.3 m was constructed and weep holes of 2’’ (inch) 
provided in pack wall for drainage of stowing and strata 
seepage water. With pack wall, bamboo matting and hessian 
cloths was used to arrest the fly ash-water slurry. Drained 
out water through weep holes were drained from boundary 
winzes or sill pillar drive & collected in large capacity 
sump through drain located at below lower level of stope. 
This discharges water was pumped by centrifugal pump 
to surface water tank and recycled to use for stowing. The 
results of the stowing in mine stopes was quite encouraging. 
It was observed that stowed fly ash bed has good stability 
and results in huge saving in water requirement and 
pumping cost. It was observed that within (one) hour of 
stowing the pack was consolidated and walking over it did 
not create any type of impression or subsequent settling of 
stowed ash bed. People could walk over the stowed pack 
within 30 minute of stowing. Only negligible % of fines 
escaped through barricades. 

CONCLUSION

Fly ash has got the potential for beneficial use in variety 
of application including construction material, mine land 
reclamation, soil amendment, structural fill and extraction 
of valuable trace elements. Backfill is an increasingly 
important component of underground mining operations. 
As the mines get deeper, the need for improved ground 
control and maximised resource recovery is essential to 
their safe and economic operation. Water is required for 
transport of hydraulic material, hydration of binders and for 
dust control in dry systems. Environmental consideration 
showing that improved waste management procedures 
have benefit to the mining operations. Regulators are 
increasingly requiring that the prior panning of final site 
restoration as part of the initial mine plan.  
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Abstract –Sasan Coal Mine has achieved excellent progress on 
almost all fronts on account of its Environmental Management 
System. To run a plant of such a big magnitude mine along with 
environmental excellence has always been a biggest challenge 
and SPL has surpassed all the tests and today the mine is 
operating with most environment friendly equipments available 
across the globe. Environmental success of the SPL is fully 
attributed to the dedicated staff and a great support by the Sasan 
management. Some of the robust environmental management 
systems at implemented at Sasan Coal mine include steel 
roofing and cladding of conveyor galleries, dust suppression 
system at coal transfer points, drill machine with retractable 
dust curtain, ETP, STP, Haul road dust suppression using 
70KL water sprinklers and fixed sprinklers, implementation 
of zero discharge, Continuous Ambient Air Quality Monitoring 
Station (CAAQMS), PTZ cameras, bio reclamation of OB 
dump and other areas, plantation at haul road mid berm. A 
vast “Greenbelt Development Drive” is carrying out at the 
SPL for planting trees to improve aesthetic look and also to 
work as sink for the emissions.  Besides above, the effective 
environmental compliance management system is 
always thought to the back bone of this mine by deeply 
embedding a positive compliance culture in its DNA. 
The team is provided with IT based technology support 
to help in implementing the compliance management 
system. This system can escalate issues to higher levels 
in the event of non compliance as well as closely monitor 
compliances in a timely manner. Because of this robust 
environmental compliance management system, till 
date, SPL has not received any non-compliance notice 
from any of the environmental authorities. Over all, 
this is a remarkable environmental show for a massive 
coal mine that would not have come about without the 
extra ordinary hard work of entuire SPL team towards 
environmentalprotecton.

INTRODUCTION

Sasan Power Limited (SPL), a wholly owned subsidiary 
of Reliance Power Limited, is operating a 3960MW Coal-
based Thermal Power Plant at Sasan, Tehsil and District 
Singrauli, Madhya Pradesh. SPL have been allotted the 
captive coal blocks of Moher & Moher-Amlohri Extension, 
with a peak production capacity of 20 MTPA, to fulfill the 
fuel requirement of the power plant. The mine is located in 
the South-Western part of  Moher sub-basin, in Singrauli 
Coalfield area, Dist. Singrauli, M.P. Transportation of 
coal from the mines to the plant is carried out using most 
innovative single flight covered Overland Conveyor (OLC), 
hence no dust generation en-route. Power generated from 
Power Plant is sold to 14 procurers, ultimately benefitting 
42 crore citizens who are spread across 7 states.  With the 
help of the coal block, Sasan Power Plant currently produces 
cheapest electricity in India. If we look at the geographical 
locations of the Singrauli coal field, Moher & Moher – 
Amlohri Extension coal block is surrounded by the Gorbi 
block on its North and Amlohri block on its east. The 
Geographical setting is depicted in the figure below.

Environmental Sustainability at Moher & Moher 
– Amlohri Extension Opencast Coal Mine by 
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Dr. Amitosh Verma*, & Saurabh Agnihotri

Moher & Moher – Amlohri Extension Opencast Coal Mine, 
Sasan Power Limited, Singauli, Madhya Pradesh, India

amitosh.verma@relianceada.com



International Conference on Opencast Mining Technology & Sustainability

93

The Sasan Coal Mine has an extractable coal reserve 
estimated as 470 MTe and volume of the OB is estimated as 
1893 MBCM. Considering the same the average stripping 
ratio of the Sasan coal mine is coming to 4.03 cum / Te. 
The mine has all the statutory permits in place for the 
Annual coal production capacity of 20 MTe. The mining 
methodology used for the production is Showel Dumper 
and Dragline combination for the Over Burden removal 
and FL and Dumper Combination for the extraction of coal. 
The mine has largest fleet of biggest size equipment fleet 
in the country. The details of the some of the equipments 
are given the table.

Particulars Capacity Total

Dragline 62 cum. 2

Shovel 42 cum. 6

Dumper 240 T 55

FEL 42 cum. 2

The coal mine has also touched the peak of its production 
targets and every year it is growing up. For the FY 2017-
18, the coal production has been reported as 18 MTe.

ENVIRONMENTAL SUSTAINABILITY

Sasan Coal Mine has achieved tremendous progress 
on almost all fronts on account of its Environmental 
Management System. To run a plant of such a big magnitude 
mine along with environmental excellence has always been 
a biggest challenge and SPL has surpassed all the tests and 
today the mine is operating with most environment friendly 
equipments available across the globe. Environmental 
success of the SPL is fully attributed to the dedicated staff 
and a great support by the Sasan management. Some of the 
robust environmental management systems at implemented 
at Sasan Coal mine include 

OVER LAND CONVEYOR (OLC) SYSTEM:

The transportation of coal from Sasan Coal mine to the 
Sasan power Plant was the major challenge as, unlike other 
cost plus projects operated in the country; this Ultra Mega 
Power Project is awarded to the SPL based on the fixed 
tariff binding and that too at a rate lowest in the Indian 
power sector. Also, there were so many geographical, 
environmental, social etc. barriers for choosing / adopting 
a suitable option for the said coal transportation. After 
due deliberation, and vast area and technological survey 
finally it was decided to construct the India’s largest Eco-
friendly Over Land Coal Conveyor (OLC), for the Coal 
transportation and meeting the fuel requirement of the 
power project.

Fig. Over Land Coal Conveyor System

The beauty of this conveyor belt is that it is a single flight 
covered conveyor belt without any transfer point en-route 
hence there is no chance of any fugitive emission during the 
transportation of coal from the coal mine to power plant. 
The OLC System has been designed to carry coal at 4500 
TPH capacity with belt speed of 5.6 m/s and belt width of 
1800mm. This unique design selection has made the system 
highly durable and robust for long and speedy operations.

DUST SUPPRESSION ON THE HAUL ROAD:

Moher mine has 05 Nos of Water Tankers with a capacity 
70 KL and spreading width of 21 m for the control of 
fugitive dust on the haul road. The mine has also installed 
fixed water rain gun type sprinklers with pneumatically 
operated valves on the mid berm of the haul road. These 
fixed sprinklers are an excellent tool for thee control 
the dust generation on haul road during vehicle moment 
and also associated diesel cost saving and associated 
environmental pollutions.
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Fig. Water Tankers and Fixed Water Sprinklers

DRILL MACHINES:

All the drill machines are equipped with the retractable 
dust curtains and also with the dust extractor with 
flushing systems, negating the chances of any fugitive 
dust generation to cause any occupational hazard.

Fog. Drill Machine with Dust Suppression System

DUST EXTRACTION AND SUPPRESSION 
SYSTEMS:

The all the conveyor galleries are covered with the steel 
roofing and claddings and at all the transfer points, water 
sprinklers with scrappers are installed to control the 
fugitive dust. 

Primary Coal Crusher House, are covered with steel 
cladding / curtains and automated mist foggers (some are 
designed in-house) are installed for the control of fugitive 
coal dust during the coal transfer. Secondary Crusher 
House has big Dust Extraction System (Bag filter) for 
the extraction of the generated coal dust. Similar robust 
dust suppression arrangements are also installed at the 
coal Transfer Houses. A regular housekeeping is also 
performed to keep the environment dust free.

Fig. Bag Filter at Secondary Crusher House

Fig. Covered Conveyors and Mist Fogger

Blasting Operations

Moher mine has its own blasting unit with highly qualified 
staff and R&D facility. The team has recently come out 
with an invention that blending of waste oil in certain 
ratio along with the diesel has very good impact on the 
blast quality. Implementation of this only innovation in the 
country has helped reduction in the blasting cost and also 
an excellent solution for the management of the waste oil 
from the mines without any environmental impact.

USE OF CNG AS AN ALTERNATIVE DIESEL IN 
DUMPER FUEL:

For the first time in mining history of the country, Moher 
Mine has planned for the phased replacement of Diesel 
used in Dumper with Compressed Natural Gas (CNG). 
The installation of CNG storage and filling unit is in final 
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stage of installation and once started it will be an excellent 
example of environmental sustainability and company’s 
Corporate Environment responsibilities.

TREATMENT OF TRADE AND DOMESTIC 
EFFLUENT:

The mine has a robust state of the art Effluent Treatment 
Plant. Components of ETP include Pre-Settling pits, 
overflow sumps, flash mixer, flocculator, Tube settler, 3 
dosing tanks and pumps (Lime, Alum, Poly Electrolyte), 
Tilted Plate Interceptor, Slope oil tank, Sludge drying bed, 
Clear water tank. All the trade effluents are treated in 
Effluent Treatment Plant for different parameters and the 
treated water is reused for the dust suppression on the haul 
roads and also for the washing of Dumper Trucks.

Fig. Effluent Treatment Plant

For the treatment of domestic effluents, Sewage Treatment 
Plants with Reed Bed Reactor technology is installed, 
after treatment water for the STP is used for the green belt 
developmental activities. All Mine Pit water is pumped to 
the giant de-siltation reservoirs, there reservoir is having 
different compartments with overflow weir arrangements, 
after settlement of silt / coal dust, the clear water is used 
for the mine dust suppression and fire fighting activities.

Fig. Water Storage Reservoir

A zero liquid Discharge if followed at the Sasan Coal 
Mine.

WATER CONSERVATION:

Water is a precious sacred resource and its conservation is 
highly imperative. Sasan Mine has constructed a number 
of check dams, reservoirs and ground water recharge 
structures for the conservation of water. Mine has also 
installed as number of Piezometers at strategic locations 
within and outside the mine premises to have a constant 
vigil on the precious ground water resources.

ENVIRONMENTAL MONITORING:

Monitoring of Environmental Parameters (Air, Waste, 
Noise, Soil, Effluent etc.) is carried out by the independent 
agency which is authorized by the MoEF&CC and 
has NABL Accreditation. The monitoring reports are 
submitted regularly to the office of different Statutory 
Authorities.

MANAGEMENT OF HAZARDOUS WASTE:

Hazardous Waste at the Mine is management totally as per 
the statutory requirement.

The mine has state of the art facility for the storage of 
Hazardous waste. The facilities at the Hazardous waste 
storage area include, shed, horizontal and vertical 
containment, spill collection pit, oil water separation 
unit, drum lifters, showels, fire fighting arrangement, 
spill handling kits etc. The board as per the direction of 
Supreme Court is installed outside the storage shed.

Fig. Hazardous Waste Storage Shed

ONLINE ENVIRONMENTAL SURVEILLANCE AT 
SASAN MINE:

The Environmental surveillance at Sasan Coal Mine has 
been managed excellently. The mine has installed first 
Continuous Ambient Air Quality Monitoring Station 
(CAAQMS) within its premises for the continuous 
monitoring of Ambient Air Quality Monitoring. The 
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parameters of CAAQMS are also monitored by the PCBs 
on a real-time basis.

Fig. Continuous Ambient Air Quality Monitoring Station

The remote surveillance camera with Night Vision and 
Pan Tilt Zoom arrangement, as per the specifications of 
CPCB is also installed for all the emission and effluent 
sources and login details are shared with the Statutory 
Authorities.

Fig. PTZ Camera

The server based Weather Monitoring Station (WMS) 
is also installed within the mine premises for the 24x7 
surveillance of the meteorological parameters. In addition 
to the WMS, the rainfall measurement is also performed 
using manual rain gauzes spread att different crucial 
location within the mine premises.

Fig. Weather Monitoring Station

MANAGEMENT OF TOP SOIL

Top soil at Sasan mine is a scarce commodity. However, 
the management has put all efforts to collect the top soil 
from different recoverable locations and gathered at one 
designated place. These top soils are used in plantation 
activities at different locations / Dumps.

BIO RECLAMATION OF OB DUMPS AND 
GREENBELT DEVELOPMENT:

The Bio-reclamation of OB dump (both internal and 
external) has recently been started in line with the mining 
plan and started giving excellent results. The species has 
been carried out for being them local good soil binder 
and also capability of surviving in extreme climatic 
conditions. Presently more that 90% survival rate has been 
observed for this plantation. In order to strengthen the haul 
road mid berm and also to provide aesthetic look, the Vetiver 
plantation has been carried out on the mode berm. The long 
adventitious roots of this plant have been proven excellent to 
work as soil binder.

Fig. Plantation at Mid Berm

A vast “Greenbelt Development Drive” is carrying out at 
the SPL for planting trees to improve aesthetic look and 
also to work as sink for the emissions.
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ENVIRONMENTAL INITIATIVES:

The management of paper waste at the mine has really been 
a challenge. To meet this challenge, the mine management 
has installed a machine for making pens from the waste 
paper. The machine is getting operated by a Women Self 
Help Group. With this effort, on one hand the mine has 
reduced the waste management challenge and on other it 
has worked as a source of income for the SHG women.

Fig. Paper Pen Making Machine

Mine has also installed water less urinals in the school of 
the R&R colony. This initiative has managed to reduce the 
use of water being used for the urinal flushing and helped 
management for the conservation of natural resources.

Fig. Waterless Urinal

In order to comply with the International targets of 
“Beating Plastic Pollution” Sasan Power has taken an 
excellent initiative to collect the plastic from different 
sources, got them shredded in the especially designed 
plastic shredding machine and using those shredded 
plastic in road bitumen construction within mine premises 
and also in R&R colony.

Fig. Plastic Shredding and Use in Road Making

Wealth from Waste:

Mine has taken an initiative for in-house processing of 
organic waste like kitchen waste & waste from horticulture 
work. These wastes are collected on daily basis from 
different sources like canteens, store, and horticulture and 
segregated properly. The paper, horticulture and canteen 
waste is used for the making of compost while the plastic 
waste is sent for the shredding and in-turn making of 
bituminous road. This initiative composting of organic 
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waste is not only providing good quality of organic manure 
but also help to reduce wastes in eco friendly manner.  

 
ENVIRONMENTAL COMPLIANCES:

Besides above, the effective environmental compliance 
management system is always thought to the back bone 
of this mine by deeply embedding a positive compliance 
culture in its DNA. A specially dedicated and empowered 
environment team working directly under the CEO 
supervision has been created to weave together the 
culture of compliance within the organization. This team 
is provided with IT based technology support to help in 
implementing the compliance management system. This 
system can escalate issues to higher levels in the event of 
non compliance as well as closely monitor compliances 
in a timely manner. Because of this robust environmental 
compliance management system, till date, SPL has not 
received any non-compliance notice from any of the 
environmental authorities. 

ENVIRONMENTAL AUDITS:

The environmental performance and compliances of 
Moher mine is regularly audited by a number of national 
and international Authorities like Office of Inspectorate 
General (OAG), Ministry of Environment, Forests and 
Climate Chance, Madhya Pradesh Pollution Control 
Board, Core Team of National Green Tribunal, Central 
Pollution Control Board, Export and Import Bank of the 
United States – Against “World bank Norms”, Independent 
Environmental Consultants of lender banks – Against 
“World bank Norms”, EMS accreditation Agency. The 
mine has not been reported any non-compliance till date 
by these authorities. 

ENVIRONMENTAL AWARDS:

In recognition to the efforts made by the Sasan 
Environment Team and support rendered by the entire 
Sasan management, the Mine has bagged a number of 
Environment awards photographs of the some are given 
as below.

Environmental Awards

CONCLUSION:

Over all, this is a remarkable environmental performance 
for a gigantic coal mine that would not have come about 
without the extra ordinary efforts of all the employee 
and supportive management, enabling SPL play its 
environmental role to the perfection.
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Abstract – This paper contains a basic idea of Coal filtration 
from Minerals and analysis of mineral percentage present in 
coal and their magnetic susceptibilities and presentation of 
a separation technique and diagram of primary modules of 
plant.

Keywords—Magnetic susceptibility; Ferromagnetic; Paramagnetic; 
Diamagnetic; Paleomagnetism.

INTRODUCTION

Minerals present in coal seams majorly reduce the quality 
of coal and becomes environmental concern after burning. 
Magnetic field of 0.5Tesla and above is capable enough 
to separate Minerals from Coal. Magnetic susceptibility 
is a property of material, in the case of paramagnetic and 
diamagnetic substance it is constant but in the case of 
Ferromagnetic substance it is a complex function of the 
field intensity and susceptibility increases up to a saturation 
point. Magnetic susceptibility characterizes the ability of 
a substance to be magnetized when exposed to external 
magnetic field. In magnetically isotropic substances, it is 
defined as follows  M = k H,

Where M represents the vector of the induced 
magnetization (in SI of units in A/m), H is the vector of 
the intensity of magnetic field (also in A/m) and k is the 
magnetic susceptibility (dimensionless scalar entity). 

Fig. 1 Relationship between magnetization and intensity 
of magnetizing field for ferromagnetic, paramagnetic and 

diamagnetic substances (a) and field variation of susceptibility 
for the same substances (b). 

a) Ferromagnetic materials quickly becomes a magnet  under the 
influence of Magnetic fields and thus these are the most susceptible  
material to magnetic fields.

b) Paramagnetic materials are relatively more susceptible to 
magnetic field as compared to diamagnetic materials.

c) Some of the Diamagnetic materials requires low temperature to 
get magnetize under influence of magnetic field.

According to their magnetic structure, materials can be 
divided into three basic groups; for their magnetization to 
field intensity relationship and their variation with field 
see Fig. 1. The first group is represented by diamagnetic 
materials whose magnetic susceptibility is negative, 
in general low in absolute value and independent of the 
magnetizing field (k is negative constant). The second 
group is represented by paramagnetic materials whose 
susceptibility is positive, in general higher than in 
diamagnetic materials but still relatively low in absolute 
value and also independent of the magnetizing magnetic 
field (k is positive constant). The third, and most important 
group, is represented by the materials with ordered 
magnetic structure, called the ferromagnetic materials. 
These materials are highly attracted towards magnet 
and can be easily separated from coal. These materials 
are characterized by the existence of spontaneously 
magnetized Sublattices (magnetic domains) even in the 
absence of external magnetic field. They are extremely 
important in palaeomagnetism because they can carry 
remanent magnetism. Their magnetic susceptibility is 
positive, often very high in absolute value and dependent 
in a complex way on the magnetizing field (k is a complex 
function of H as illustrated by the hysteresis loop, see Fig. 
1). In The ferromagnetic substance magnetized for the first 
time the magnetization increases with increasing Field 
intensity along the dashed line; the very beginning part of 
the dashed line is straight line. If the Field intensity reaches 
certain value, called the saturation field, the susceptibility 
virtually no longer increases (in fact it increases very slowly 
due to paramagnetic effect). If the field then decreases, the 
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magnetization also decreases, but not along the dashed 
line, but along the solid line that crosses the ordinate at zero 
field value. It means that there is a magnetization even in 
the absence of the magnetizing field. This magnetization 
is called the remanent magnetization and represents the 
basis for palaeomagnetism. If the field intensity increases 
in the opposite direction, the magnetization decreases 
reaching zero at the field intensity called the coercive 
force. Further decreasing field produces saturation again. 
Reverting field direction and continuing in field changing 
enables the hysteresis loop to be closed. This cycle can be 
repeated many times, but the dashed line is never reached. 
The paramagnetic and diamagnetic susceptibilities are 
field-independent, while the ferromagnetic susceptibility 
is field-dependent (Fig. 1b). The magnetic susceptibility 
depends also on temperature. In paramagnetic 
minerals, the dependence is represented by hyperbola, 

in ferromagnetic minerals there are acute drops in 
susceptibility at certain temperatures when magnetic or 
crystalline states are changed (Curie temperature, Verwey 
And Morin transitions). These changes play virtually no 
role at the ambient temperatures in most minerals, only 
in some titanomagnetites or hemoilmenites they can be 
important. By using strong magnetic fields these minerals 
can be removed from Coal at a very high efficiency. 
After removing these minerals we not only increase our 
Coal quality we will also make environment 90% more 
clean and breathable eventually. Each and every complex 
mineral found in coal is susceptible (sensitive) to magnetic 
field and it depends upon the magnetic field strength to 
attract or repel. A precise and powerful magnetic field 
arrangements is required to filter coal from minerals. Low 
temperature is required to magnetize minerals which are 
relatively less susceptible to magnetic field.

S.No Mineral Chemical formula A/m Susceptibility  Para or diamagnetic

1 Albite Na2O.Al2O3.6SiO2 1.7 Paramagnetic

2 Illite K2O.3Al2O3.6SiO2.6H2O 0.9 450 Paramagnetic

3 Kaolinite Al2O3.2SiO2.H2O 1.7 -60 Diamagnetic

4 Muscovite K2O.3Al2O3.6SiO2.H2O 0.7to1.3 36 to 711 Ferromagnetic

5 Orthoclase K2O.Al2O3.6SiO2 1.7 -13.7 Diamagnetic

6 Quartz SiO2 1.7 -15.4 Diamagnetic

7 Hematite Fe2O3 0.1to0.3 1300to 7000 Ferromagnetic

8 Magnetite Fe3O4 0.01 3 x 10^6 Ferromagnetic

9 Pyrite FeS2 1.7 -6.3 to 63 Both

10 Rutile TiO2 0.8to1.7 107 Paramagnetic

11 Calcite CaCO3 1.7 -13.1 Diamagnetic

12 Dolomite CaCO3.MgCO3 1.7 11.3 Paramagnetic

13 Gypsum CaSO4.2H2O 1.7

14 Halite NaCl 1.7 -10.3 Diamagnetic

15 Siderite FeCO3 0.2to0.3 2770 to 3170 Ferromagnetic

16 Sylvite KCl 1.7
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In the following table there are the details of Minerals 
found in coal seams, and their magnetic susceptibilities, 
and the amperes required to attract or repel, and their 
magnetic behavior. (Reference is cited in last page)

II. DETAILS OF MAGNETIC FIELD 
ARRANGEMENTS AND SEPARATOR

The filtration setup contains 2 giant electromagnets.  
Pulverized coal particles will be fed into vertical 
cylindrical chamber by inlet tubes. Chamber is immersed 
in strong magnetic fields. Fields emanating from two giant 
electromagnets held in place. Magnets are placed distant 
enough so that they don’t effect or apply magnetic pull on 
each other .Windings in electromagnet will be same and 
current will be in same direction thus electromagnets will 
give opposite poles towards each other. Ferromagnetic 
and Paramagnetic particles will stick with the walls of 
the chamber. Rubber teethes of vertical conveyor belt 
‘V’ will take away Ferromagnetic ‘F’ and Paramagnetic 
particles ‘P’ to the inclined conveyor belt ‘I1’ and ‘I2’ 
and diamagnetic particles will get repelled from magnet 
and fall in D1 and D2. Requires low temperature for 
magnetization of some diamagnetic materials with low 
susceptibility to magnetic fields.This filtration Process 
is a fast process. Ferromagnetic and Paramagnetic 
particles are much more sensitive to change to a magnet as 
compared to Diamagnetic particles. Those particles which 
are relatively more Diamagnetic will get more repulsive 
force and travel more distance away from Electromagnet. 
And fall near D1 and D2  This filtration process is similar 
to hay removal from rice. Most of the region near the 
electromagnet will be mineral less pure Coal and will be 
taken away using a conveyor belt from C1 and C2. 

III. CONCLUSIONS

Because of mineral content in our coal the average GCV 
value of coal that we dispatch is of grade 10. After filtration 
of coal from minerals we will have following benefits.

1. GCV value of coal will increase upto an average of 
grade 3 to grade 4 will add INR 3000 per tonne.

2. The amount of minerals that we will filter usually 
gets unnecessary burned to ashes as well as it’s 
transportation to the Power plants and other 
consumers is useless because they don’t pay 
for minerals and these minerals causes huge 
environmental pollution as well. The amount of 
minerals is 35-40%. filtered minerals majorly 
contains Iron, Aluminium, Titanium and these are 
more valuable than Coal instead of burning to ashes 
in big furnaces we can sell or use these minerals 
whatever suits more economical.

3. Like OB to sand, this can be ashes to valuable 
minerals.

4. Through this process of filtration every cubic meter 
of Earth that we un-Earth will be valuable.
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 Abstract — The importance of coal carbonization industries from the national point of view is evolving with great interest. In coke 
ovens, naturally found coal is converted to coke which is suitable for metallurgical industries. An enormous quantities of liquid effluents 
produced contain significant quantity of suspended solids which are high in COD, BOD, phenols, ammonia, and other toxic substances 
disposed into the water bodies without proper treatment which leads to contamination of aquatic ecosystem. A large coke plant of Steel 
Authority of India Limited (SAIL) at Rourkela Steel Plant (RSP) has been surveyed for this purpose, and the impact of its effluent on 
surface water quality is discussed in this paper. The study found that concentrations of BOD, COD, total suspended and dissolved solids 
have exceeded the tolerance limit as per IS: 2490 effluent water standard (inland surface water). Column lysimeters were prepared by 
collecting soil from National Institute of Technology (NIT) campus, Jhirpani river side, Mandira Dam side, putting it layer wise into 
a column, and compacting it carefully to put on the original in situ conditions. Raw effluents, diluted effluents, and water (as a blank) 
were applied to the three lysimeters twice a week with a 5cm inundating. The impact of raw and diluted effluent on groundwater quality 
and soil are also studied and discussed in this paper. From the study it is found that the RSP soil sample and NIT campus soil sample 
were found more efficient for the disposal of effluents, and it is estimated that 2.73 hectares of land can be irrigated with effluents of 
the coke plant without deteriorating groundwater and soil quality.
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Abstract- This research deals in the utilization of the waste silica sand for environmental sustainability and developing the waste sand 
as the alternate for natural sand and developing its sustainable usage in the construction industries ready-mix sand mixture for plaster. 
As environment sustainability is the responsibility to conserve natural resources. The experimental study was done to make it a product 
and utilize it in the field of construction industry and as the replacement or alternate for natural sand. The waste Silica sand was sieved 
and an appropriate mixture was made by mixing cement and additives to formulate it as ready to mix cement plaster.  The experimental 
results obtained were analysed and compared with the standards for reliability of performance before being put into practice. After 
discussion on the results obtained from the different tests, it was concluded that waste silica sand can be used as an alternative for 
Natural Sand in the Cement Plaster and in the different necessities of the construction industry. 
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Abstract — Demand for coal has been rising frequently which is to be matched by making increase in production with high productivity. 
So, to achieve this goal, open cast mining has been widely applied. In open-cast mining, the production activities directly affect 
the environment. The problem of air pollution is increased by mechanization and increased production rates. The main sources of 
pollution are drilling, blasting, haul roads, dropping, crushing, and conveyor These activities released dust particulate matter and 
gaseous pollutants into the environment. Which are needed to maintain within the limit to avoid danger to the environment. For this 
continuous monitoring and assessment of air quality are required. In this paper, ambient air quality assessment has been conducted at 
Srirampur OCP-1, SCCL, Telangana. Samplings have been done in seven locations namely, core zone SRP-OCP site office, SRP-OCP 
base workshop, and buffer zones- Srirampur village, Srirampur colony, Sitharampalli village, Ramaraopet village, and Indaram village. 
The air quality index for the given site was calculated, and parameters such as PM10, PM2.5, SO2, and NO2 were compared to CPCB 
and NAAQS.
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Abstract — This paper analyses the Covid situation in India and the role shortage of oxygen had on the fatality rates. The situation 
related to sources of medical oxygen e.g. through cylinders, oxygen concentrators etc is also discussed along with how the present 
system of oxygen supply needs substantial augmentation through innovative local practices. An innovative solution, Redox Oxygen 
Maker developed by Solaire Initiative Pvt Ltd, is discussed which has the potential to transform oxygen supply for medical usage 
even within the households and dependence on zeolite molecular sieves or similar imported items can be drastically reduced to make 
India ‘Atma Nirbhar’. The process of oxygen generation, reports from labs along with comparison with existing sources of oxygen 
is analyzed. The oxygen maker can also have wider industrial application in organizations like Northern Coalfields Limited (NCL) 
and the paper briefly touches on that as well. As the product is already being tested & used in the markets by individuals & medical 
institutions a primary assessment of the product will also be shared through the paper. 
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Abstract- Gasification is considered as a suitable alternate gaseous fuel generation which capable to valorise the waste material into 

an energy form. However, it has several technical challenges, which need to be solved like optimization of gasifier-engine operating 

conditions for best performance, and utilization of fly-ash produced by gasification. Therefore, the goal of this research is to figure out 

the best engine operating conditions for dual-fuelled engines that run on low-grade coal-based producer gas (PG) and the valorization 

of gasified low-grade coal fly ash in the concrete mixture. 150*150*150 mm concrete block was constructed wherein 20% of cement 

was replaced with gasified coal ash. In the mix design for M-30 grade, the slump was 30 mm. specific gravity of gasified fly ash 

obtained was 2.05 using le chatelier principle. The compressive strength for the first 7 days was 24 MPa which was 16.66% higher than 

the	ideal	code.	and	compressive	strength	obtained	after	28	days	was	28.5	MPa	which	was	5%	lower	than	the	ideal	code.	RSM	result	

reveals that the optimal values of independent parameters of equivalence ratio, compression ratio, and engine load are 0.12, 17.01, and 

12 kg respectively.  The corresponding optimal values of BP, CO, UHC, and NO were observed to be 3.54 kW, 0.0231 (% vol), 4.2539 

(ppm),	 and	 9.6958	 ppm	 respectively.	 	This	study	 concludes	 that	 optimization	 of	 gasifier-engine	 operating	 conditions	 significantly	

improves	the	integrated	performance,	and	coal	gasified	waste	ash	can	be	valorized	in	concrete,	and	thus	environmental	safety.			
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Abstract - Mine closure is an integral part of mineral 
exploitation. The closure of the mine in case of coal deposit 
may not be exactly the same. The mine closure plan may vary 
from mine to mine depending upon the hydrogeology of the 
area, geology of the area, geochemistry of overburden and 
coal along with quantity and quality of water available in the 
mine. It has been observed that the quantity and quality of 
the water during an active stage of the mine is varying and the 
quantity and quality of water accumulated in the mine change 
drastically. A case study has been presented in this paper 
where the quantity of water is in large volume and quality of 
water in pre and post-monsoon is different in different sumps. 
The pH and concentrations of total dissolved solids with other 
water quality parameters were determined. In-pit I the pH 
value is ranging from 2.7 to 3.1, Total Dissolved Solids (TDS) 
from 1130 to 1550mg/L, whereas in the case of pit II, the pH 
value ranges from 2.3 to 2.7 and TDS from 1950 to 3100 mg/L 
and in-pit III, the pH value ranging from 1.9 to 2.7, TDS from 
2500 to 3500 mg/L. From the results, it was observed that 
the leachates produced from fly ash and overburden were not 
having any water quality parameters higher than the effluent 
discharge limits of inland surface water or drinking water 
specifications. It became necessary to bring all parameters 
within the acceptable limit, so that the voids filled with water 
may be filled with as per the mine closure plan. The finding 
of laboratory experiments are encouraging and suggest the 
filling abandoned mine voids with fly ash will not leveled 
the area but also have the least damage to the groundwater 
quality of the surrounding village.

Keywords: Abandoned Coal mine, Acidic water, Fly ash, 
Water pollution, leaching characteristics, batch experiment

INTRODUCTION

Mining has played a vital role in the development of 
society and improvement in quality of life, without which 
today’s world would undoubtedly be significantly worse 
off. Although mining, especially opencast mining, is 
a short-term phenomenon – a temporary land use, it has 
long-lasting impacts on landscape, ecology, and on the 
livelihood of the local population. To ensure that the 
negative effects of mining are minimized, proper planning 
for Mine Closure should be done so that the post-closure 
landscape is ecologically suitable and merges with the pre-
mining landscape. Mine Closure is a process that includes 
all activities that are required to be done continuously and 
sequentially during the entire period of mining until the 
area is restored as per the needs of society. The mine closure 
plan is an integral part of the mining operation. However, 
in the case of some mine, a filed environmental problem 
emerged at the letter stage. Acid Mine Drainage (AMD) 
generated during coal mining operations is normally the 
result of the oxidation of metallic sulfur compounds, 
such as pyrite, which are present as impurities in coal. 
This process may occur naturally when coal comes into 
contact with water and oxygen or through anthropogenic 
processes and can affect different parties such as life in 
water sources, the possibility of using water for human 
and animal consumption or irrigation, recreation, and the 
coal industry itself to be increased taxes to pay. AMD is 
characterized by a pH as low as 2 and a high concentration 
of Fe, total dissolved solids, Al, Mn, and SO4 If left 
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uncollected and untreated, AMD can contaminate 
groundwater and surface drainage, impacting water 
resources and damaging the health of aquatic life. Acid 
water generation and its accumulation are one such type 
of case study. At present, the mine (Gorbi abandoned mine 
Singrauli, M.P. India) was declared abandoned in 1997 
after the cessation of mining activities. There are three 
mine pits in the leasehold area of Gorbi mine and they are 
filled up with water coming from groundwater seepage 
and also from surface water finding its way into these 
mine pits during monsoon. The mine pit water is acidic in 
nature due to the pyritic strata of the pit. The water is very 
acidic in nature and its scientific closure study is required 
for the detailed investigation in order to avoid acid water 
impact on groundwater resources and other environmental 
components on the nearby area. In this paper, an attempt 
has been made to treat the acid water during the filling 
of the materials having some acid neutralization capacity. 
The results are encouraging and may be used for closing 
planning of such mines suffering with acid mine drainage.

A Site description

The Gorbi mine consists of three abandon mines i.e. pit 
I, pit II & pit III. The abandoned area are partly filled 
with over material is covered by moderately crown tall 
trees and bushes. The reason is a sedimentary terrain with 
good groundwater potential is and characterized by high 
porosity and permeability, as a result, water is always 
present in all three pits. Google image (Figure 1 of all 
three pits and volume of water present in given Table 1.

Table 1: Volume of water present in

  Mines Pits 

S. NO. Pit 
No. Pit Area

Volume of water
  present 

1. Pit No. I 40.00 Ha
20.00
million m3

2.
Pit No.
II

8.00 Ha
4.00
million m3

3.
Pit No.
III

26.00Ha
13.00
million m3

Total
Pit Volume
(In Million m3)

37.00 million m3

Fig 1; Google image of Gorbi abandoned mine pits (i.e. pit I, 
pit II & pit III) near Singrauli, M.P

B Study Area

The Gorbi opencast project of Northern Coalfield Limited 
is located in the northwestern part of Moher half Basin in 
Sidhi District of Madhya Pradesh. It lies between latitudes 
24012’ N to 24013’ N and longitude 82012’ E to 82036’ E. 
The location of the study area is shown in Figure 2. Gorbi 
project lies north of Gorbi Block-B. The coal-bearing 
rocks in this project belong to the Barakar formation. The 
Barakar in this block consists mostly of medium to coarse-
grained sandstone with a few pebbly horizons, coal seams, 
and minor shale bands.

Fig. 2; Location map of study area Singrauli, M.P

C Topography & Drainage

The topography is gently undulating. Ground elevation 
varies from 374m to 401m above mean sea level. The most 
important streams around the area are Bijul nallah & Upka 
nallah. The drainage of the area is discharged into Upka 
nallah which further meets into Bijul nallah.
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METHODOLOGY

A Water Sampling

The water sampling locations were identified with the 
objective to assess the physicochemical characteristics of 
mine water across the pit. To get the knowledge of water 
quality in the study area, water samples were collected 
in the 20 liter plastic gallons. Along with collection of 
water sample in-situ water quality parameters such as 
pH,	temperature	(C),	electrical	conductivity	(EC,	μS/cm),	
dissolved oxygen (DO, mg/L), total dissolved solids (TDS, 
mg/L) using a multi-parameter measurement device (ISO-
TECH ITS-601) were measured. Other water quality 
parameters were measured at laboratory scale.

B Collection of Fly Ash

The Flyash used in the study was collected from National 
Thermal Power Corporation (NTPC) Vindhyachal in a dry 
state from electrostatic precipitators. The finer particles 
that escape with flue gases are collected as Flyash using 
electrostatic precipitators in hoppers and stored. Gunny 
bags made of strong poly- coated cotton with 50kg capac-
ity each were used to collect the dry fly ash. The chute of 
hoppers was slowly opened and the bags were filled. The 
mouth of each bag was sealed immediately after collection 
and the same was again inserted in another poly bag to 
prevent atmospheric influences. The bags were transport-
ed with almost care from the plant to the laboratory/filed 
and kept in a secure and controlled environment. Samples 
of Flyash were taken out as per requirement of the exper-
iments.

C Batch leaching experiment and water quality evaluation

To ascertain the long term leaching effect of fly ash as 
well as fly ash acid water interaction has done by ASTM 
Standard Test Method for Shake Extraction of Solid Waste 
with Water (ASTM D 3987) was adopted. The leachates 
obtained was analysed for different parameters like pH, 
total hardness, calcium, magnesium, total dissolved solid, 
chlorides, sulphate, by using different techniques. The 
filtrates (leachates) were also subjected to metals analysis 
by inductive coupled plasma mass spectroscopy.

RESULT AND DISCUSSION

In-situ water quality parameters of different points of 
abandon mines being recorded and obtained results are 
shown below tables. From the table it’s clear that the Gorbi 
abandoned mine water is highly acidic in nature with high 
TDS value.

Table 2: Water quality along bank of abandoned mine

 Parame-
ters 

AMD-1 AMD-2 

Temp(°C) 20.8 19.8
pH 2.7 2.3

Conductivity (mS/µS) 2.27 4.33
TDS (mg L-1) 1520 2880
DO (mg L-1) 5.3 11.6
Fluoride (mg L-1) 0.715 1.704
Chloride (mg L-1) 44.35 65.46

Nitrate (mg L-1) 2.53 2.01

The acid water – fly ash interaction study is in progress 
and observation is being recorded. Following observations 
are being recorded.
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Figure 3: Water quality parameters of AMD 1 water for fly ash 
acidic water interaction test

It was observed from the figure that the increased in 
pH value of acidic water from 2.9 to 5.2 after 30 days of 
interaction with fly ash. With the increase in pH value 
TDS of the sample was decreased with the time period.

CONCLUSION
Acid mine drainage is widely recognized as the single 
largest environmental issue faced by the mining industry. 
Successful management of acid water drainage can play a 
significant role in improving the surrounding environment 
as well the long-term sustainability of the mine site. The 
laboratory investigation of the pH value of overburden 
and fly ash indicates that these materials are alkaline in 
nature. It was reported that the fly ash and overburden 
have neutralization capacity and increase the pH value of 
acid mine drainage, water from 2.1 and 2.9 to 5.1 and 5.8 
i.e. from highly acidic to words basic. The above study at 
laboratory scale as well field scale suggests that the acid 
neutralization properties of fly ash and OB may be assets 
for abandoned coal mines. Filling mine voids with fly ash in 
an environmentally sound process will be the most viable 
option for bulk utilization. This does not only save a huge 
quantity of land requirement for ash disposal but also will 
reduce the associated environmental issues in reclaiming 
the mined-out area for making its gainful use.
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Abstract - Mining sector is mainly a worker-based safety 
critical industry around the globe. As of now, there are more 
than 1 million work forces who are working in mining and 
its allied activities. It will not be wrong to say that mining 
operations are risky and hazardous not only for the manual 
workers and operators who are the fore-runners of this 
industry but also for the competent mining officials. But 
proper task/job planning and its implementations under the 
supervision of competent person can contribute in overcoming 
these challenges smoothly. The Indian mining regulatory 
body has made major contributions to ensure overall safety 
in mines and for which the Safety Management Plan (SMP) 
has been introduced in the year 2002. However, till date none 
of the mines in India can ensure 100% compliance of SMP. 
The goal of this management system is to ensure occupational 
health and safety activities in a simpler way, which is easily 
understandable and easy to implement at the workplace, 
to help establish a more effective prevention system and to 
ensure effective participation of all employees irrespective of 
level difference in the operating system to safety system. In 
this article, the authors have focused on the key Components 
of SMP and its importance in safety critical industry like 
mining, importance of a well-designed safety management 
plan and effective planning for implementation and review 
of the same in a regular basis to improve the overall safety 
standards in the mine.

Key Words: Safety Management Plan (SMP), Coal Mining, Risk 
Assessment, Hazards, Safety Data Management System

INTRODUCTION

Ensuring a safe work place is the prime responsibility for 
any management. Safety at mines has a special significance, 
as the risk is greater and limited to a set of environment. 
The work environment changes continuously with 
respect to area of operation, technology, volume, geology 
etc., and poses newer risks and operational challenges. 
Safety Management is a structured process with well-
defined system that emphasizes continuous improvement 
in work quality, health, welfare and productivity of 
workforce engaged in mining industry through setting 
up of improved safety standards and their effective 
implementation and administration. Safety Management 
plan is an effective tool for improvement of health and 
safety standards at workplace. The Directorate General of 
Mine Safety (DGMS) has recommended for adoption of 
Risk assessment as a tool for development of appropriate 
health and safety management system for Indian mines. 

SAFETY MANAGEMENT PLAN & THEIR 
REGULATORY PROVISION

The present-day environment necessitates having a 
fresh look at Safety Management as a structured process 
composed of well-defined systems that emphasizes on 
continuous improvement in quality of work delivered, 
health, welfare and productivity of workforce engaged 
in the mineral industry through setting up of improved 
safety standards and its effective implementation and 
administration. As the statutory provisions can never 
be fully comprehensive, appropriate and site specific 
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and also since the process of Legislation Making is 
often slow, these often trail behind the technological 
innovations. is the worldwide accepted trend therefore, 
is to make the statutory provisions ‘Flexible’ by adapting 
‘Self-Regulatory or Goal Setting Legislation’ instead of 
the older regime of ‘Prescriptive Regulation’. It is now 
widely accepted worldwide that the concept of “Risk 
management” through “Risk assessment” contributes in 
a more efficient way towards achieving these objectives. 
Considering the accident scenario in Indian Mining 
Industry, it has now become essential to undertake risk 
assessment of all hazardous operations, equipment 
and machinery, taking account of the procedures used, 
maintenance, supervision and management. Introduction 
of risk management as a tool for development of good 
health and safety management system is a breakthrough 
in the traditional strategy as it differs from the existing 
one as it involves the entire staff in the realization of 
safety improvement programme with responsibility and 
accountability sharing proportionate to the decisions 
making authority. The system shall surely be an effective 
tool for improvement of health and safety scenario in 
our mining industry. The Risk assessment process will 
identify all the existing and probable hazards at the work 
environment and in all operations, assess the risk levels of 
those hazards in order to priorities which of these needs 
immediate attention for redressed, where maintenance of 
ongoing management will be sufficient and which are of 
very mild nature. Then for managing these risks, different 
Mechanisms (underlying causes) responsible for these 
hazards are identified and their control measures, with strict 
timelines, are recorded pinpointing the responsibilities. 
Further, the monitoring and auditing at regular interval is 
recommended as a part of the system, which would ensure 
that safe operating procedures are followed, evaluated, 
corrected, standardized and also documented training 
procedures for workers and executives are in place and are 
carried out regularly, so that commitment to health and 
safety is demonstrated at all levels of the organization. On 
implementation of the system, an appropriate safety level 
in each stage of operation may be obtained by a systematic 
and documented management system with well-defined 
responsibility and accountability for safety among the 
mine employees (Adams, 1976; 1977). As per, DGMS 
circular, there are three circulars published on SMP as 
given below. 

1. DGMS (Tech.)(S&T) Circular No. 05, dated 
02.04.2016; titled “Integrated approach for 
development of Safety Management Plan for Coal 
and Metalliferous Mines” 

2. DGMS (Tech.)(S&T) Circular No. 02 of 2011, dated 
04.03.2011; titled “Safety Management System – 
Provision for Auditing and Review”

3. DGMS (Tech.)(S&T) Circular No. 13 of 2002, dated 
31.12.2002; titled “Safety Management System – A 
guideline for implementation

RISK ASSESSMENT AND DISASTER 
MANAGEMENT PLAN 

 A major emergency in a work is the one which has the 
intensity to cause serious injury or loss of life. It may 
also cause extensive damage to property and serious 
disruption both inside and outside the work. It would 
normally require the assistance of emergency services 
to handle it effectively.  Emergency may be caused by 
a number of different factors; it will normally manifest 
itself in two basic forms, viz. fire, explosion or toxic 
release. An important contributing element in mitigating 
huge damage is emergency planning i.e. recognizing that 
accidents are possible at work, and thereby assessing 
the consequences of such accidents and deciding on the 
emergency procedures to be undertaken, both on site 
and off site that needs to be implemented in the event of 
an emergency situation. Emergency planning is just one 
aspect of safety and cannot be considered in isolation.

The Roles & Responsibilities Function of Mines Safety 
Board basically includes but is not limited to –

1)  Focusing on correcting all unsafe acts & Conditions 
within work area. 

2)  Implementation of the Safety Standards & 
Procedures laid down by Unit Safety Board & 
DGMS.

3)  Focusing on improvement in health & hygiene.

4)  Focusing on improvement of basic & cleanliness of 
working atmosphere. 

5)  Learning / sharing safety culture across Mines. 

RISK MANAGEMENT

The basic steps for risk management includes –

A. Identifying the hazards – this involves recognizing 
objects which may cause injury or harm to the health of a 
person exposed to it, e.g., flammable material, sources of 
ignition or unguarded/sharp/pointed parts of machinery; 
Method of Identifying Hazards may include –

a) Looking around the workplace (walk-through 
surveys).
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b) Looking over information from designers or 
manufacturers.

c)  Looking at unsafe incidents, accident and injury 
data in record books. 

d)  Looking at work processes undertaken. 

e)  Talking with workers and understanding their 
issues/ideas. 

f)  Closely looking at and thinking about material 
safety data sheets (MSDS) and product labels. 

g) Collecting references from industry experts who 
have special knowledge (specialist practitioners, 
consultants and representatives). 

h)  DGMS Safety Statistics 

i)  Incidents reported within group or units and 
Assessment of the risk using the Kinney & Fine 
method.

B. Assessing the risk – this involves looking at the 
possibility and intensity of injury or harm that may occur 
to a person if exposed to the identified hazard; 

C. Controlling the risk – by introducing measures, which 
will either remove or reduce impact of the risk of a person 
being exposed to a hazard; and 

D. Monitor the effectiveness of the control measures 
– involves regular reviewing of the proposed control 
measures to ensure that they are suitable and effective. 
This assessment will show what the real level of risk is that 
we want to manage via all our implemented procedures, 
rules, tools/equipment, PPE etc.

Risk = Exposure X Severity X Probability = E X S X P 

To eliminate or minimize the risk, measures are proposed 
that should be implemented in an action-plan or job-plan. 
Both routine and non-routine measures need to be listed. 

Fig. 1. Risk Management Process

Fig. 2. Risk Control Hierarchy

E. Hierarchy of Risk Controls - When defining these 
measures, the hierarchy of prevention needs to be taken 
into account. The primary aim should be to eliminate the 
risk at the first place. Highest priority is to be given to 
elimination. When one needs to select a control for an 
identified hazard, the highest measure of control possible 
for the case should be chosen. The hierarchy of controls or 
preferred order of control measures has been designed in a 
way which range from the most effective (elimination) to 
the least effective (using PPEs). The hierarchy of control 
measures includes following controls –

1. Elimination - Removing the hazard or hazardous 
work practice from the mine. This is the most 
effective control measure.

2. Substitution - Replacing the identified hazard or 
hazardous work practice with a less hazardous one 
with an aim to reduce the intensity of  associated risk

3. Isolation - Obstructing interaction of worker with 
the hazard e.g. machine guarding, remote handling, 
Lock-Out Tag-Out etc.

4. Engineering Control - In case the hazard cannot 
be removed, replaced or isolated, an engineering 
control is the next preferred measure. This may 
include changes to tools or equipment, providing 
guarding to machinery or equipment. 

5. Administrative Control – This Includes introducing 
work practices that reduce the risk. This could 
include limiting the amount of time a person is 
exposed to a particular hazard. 

6. Personal Protective Equipment – This should be 
considered only when all other control measures are 
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unsuitable for the identified risk or with the motive 
of additional protection. 

There may be circumstances where more than one control 
measure needs to be used to reduce exposure to hazards. 
Monitoring implementation of control measures and 
constantly reviewing the effect of these control measures 
is important to ensure that they continue to be relevant 
and stop or control exposure to hazards or hazardous work 
practices. Engineering controls should be regularly tested 
to ensure they work efficiently. Performance testing and 
evaluation standards should be set up.

HIRA (Hazard Identification and Risk Assessment) is to 
be reviewed under following conditions:

a)  Minimum once in year

b)  Addition/Deviation of new equipment / activities 
(Management of Change)

c)  Changes/ modification in Man, Machine, Material 
and Method

d)  Change in legal requirements as per revised 
guidelines

e)  Incident and injury (Incident Investigation)

F. Risk Calculation Methodology - Risk is calculated 
based on the risk rating of all hazards identified. The risk 
is calculated as

Risk = Consequence X Frequency

Risk = Consequence X Exposure X Probability

STRATEGY FOR IMPLEMENTATION OF SMP 

Various strategies that may be implemented at workplace 
for ensuring SMP compliance are as follows:

A Employee involvement / influence

As each employee’s involvement in safety practices 
increases, they are more likely to realize their existence 
and understand the value of working safely side by side 
encouraging others to do the same. For instance, as 
employees are given the responsibility to develop safe 
work procedures at workplace, it is more likely that they 
will develop a feeling of awareness and ownership and 
identify safe work procedures, thereby following them and 
further encouraging others too, to do so. The influence 
and involvement of the employees in developing safety 
practices can have a strong impact on safety culture and 
climate as the collective workforce shall have a stake 
in the unified success of the safety program. Employee 
engagement has been directly correlated to the amount 
of involvement that employees have in their work 
processes (Lockwood, 1997). Employee influence and/or 
participation in developing and implementing the safety 
management system practices, processes, programs and 
procedures functions by actively facilitating employee 
engagement. Following are few instances whereby one 
can create opportunities for employee involvement –

•	 Involvement	in	the	process	of	creating	a	safe	work	
instruction/Standard Operation Procedure.

•	 Influence	STOP	work	criteria.

•	 Involvement	in	investigation	and	devising	solutions	
to past incidents that resulted from human error/
negligence.

•	 Involvement	 in	 performing	 safety	 observations/
safety audits of other employees and their work 
practices. 
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•	 Inclusion	in	the	accident	investigation	team.	

•	 Involvement	in	hiring	for	safety	of	their	peers.

•	 Reward	and	recognition	to	employees	for	reporting	
Unsafe Acts/conditions, hazards, risks, incidents 
etc.

B Pre- and post-task safety reviews

All activities whether routine or non-routine, require 
some element of safety and include health risks. When 
employees perform a routine task, it is more likely that 
they may become complacent and fall into a cognitive 
decision-making trap like anchoring bias (relying 
basically on the outcome of previously executed activity), 
knowledge bias (relying mostly on existing knowledge 
and overlooking any possibly safer options), optimism 
bias (tendency of underestimating/neglecting true risks 
involved in a task), overconfidence bias (overestimation 
of self-ability to avoid potential harmful outcomes of a 
risky task) etc. When tasks are non-routine, the actual 
risks involved may be unknown and one may be unaware 
of its possible outcome. A disciplined practice of periodic 
review of safety considerations of all identified routine and 
non-routine tasks help to facilitate maximum cognitive 
concentration on the safety factors of the activity and 
conditional awareness. Post-task safety reviews help to 
focus on these safety factors and increase the likelihood 
of safety concentration in upcoming future tasks and 
contributes in ensuring continual improvement of safety 
performance. Such safety reviews may be ensured through 
following practices –

•	 Frequency	 of	 pre-task	 safety	 reviews	 done	 (i.e.,	
planning and reviewing the safety considerations of 
the task) is to be recorded.

•	 Whenever	pre-task	safety	reviews	are	done	–

 A review of critical steps involved is to be conducted.

 Probability of errors in steps/situations is to be 
addressed / highlighted.

 The worst thing that could happen and its 
consequences are to be discussed.

 Special safe work procedures including PPE are to 
be discussed.

 Energy sources requiring isolation are to be 
highlighted. 

 STOP work criteria are discussed. 

•	 After	 finishing	 a	 task,	 employees’	 participation	 in	
reviewing the safety aspects of their task should be done.

C Safe Working Procedures/ Standard Operating 
Procedures

Safe work procedures are developed to ensure step by step 
execution of a task safely so that it is free of injury and 
illness. They provide major and consistent information 
to workers regarding what should be expected of them 
from safety perspective. There may be considerable 
variations in the development of a safe work procedure, 
and its content and administration. Safe work procedures 
can play a vital role in ensuring safe execution of routine 
and complex jobs. Safe work procedures can be developed 
by employee involvement and should be updated at 
varying frequencies as and when needed. Efficiency in 
safe working procedures can be achieved through proper 
record keeping of –

•	 Percent	 of	 routine	 tasks	 for	 which	 safe	 work	
procedures have been developed. 

•	 Percent	 of	 high-risk	 jobs	 for	 which	 hazard	
identification and risk assessment have been 
completed.

•	 Hazard	analyses	performed	in	the	past	are	thorough	
and robust. 

•	 Existing	 safe	 work	 procedures	 are	 periodically	
reviewed and updated whenever needed. 

•	 Safety	 “lessons	 learned”	 are	 included	 while	
reviewing and updating safe work procedures. 

•	 Safe	work	procedures	contain	a	warning	about	 the	
potential consequences of deviation which must be 
highlighted at all work levels.

D  Hiring for safety

Prioritizing safety behavior while hiring for critical 
activities by hiring employees who exhibit a safe working 
approach and is less likely to get injured and have an 
intrinsic value for safe work. Hiring for safety is a 
management system practice consisting of factors like 
ensuring physical capability of the candidate, absence of 
any influence of substance abuse, multiple standardized 
interviews prioritizing safety behavior and subsequent 
processes to sow the value of safety prior to hire. This may 
be achieved through following ways –

•	 Safety	values,	beliefs	and	policies	of	the	organization	
are to be discussed during interview with potential 
employees and their reviews are taken to understand 
their approach in the matter

•	 Series	of	interviews	as	per	need,	with	safety	being	
priority should be conducted for potential applicants 
before providing final job offer. 

•	 Ensuring	background	checks	for	potential	applicants.	
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•	 Job	 competency	 tests	 and	physical	 checks	prior	 to	
hiring to ensure that they physically fit for the job 

•	 Provision	for	drug-testing/chances	of	addiction	prior	
to hiring

E Cooperative facilitation

Safety of employees can be viewed as a personal and/or 
collective endeavor. In today’s workplace, operational 
interdependency in executing a task has considerably 
increased, i.e., a single task needs involvement of multiple 
workmen. When tasks are interdependent, employees 
need to depend upon one another for information, physical 
support or cooperation to execute an activity successfully 
without incident. Thus, an increase in concern for safety 
programs is needed to devise ways to formally link its 
employees for sharing of information and to increase a 
sense of willingness to help each other and communicate 
freely about key safety consideration in execution of 
interdependent operations. This may be achieved if –

•	 Employees	 are	 encouraged	 to	work	 in	 cooperation	
with each other for resolving safety issues.

•	 Mechanism	 of	 a	 robust	 formal	 communication	
among co-workers is formulated to ensure complete 
coverage of all necessary safety guidelines and 
information sharing. 

•	 Formal	mechanisms	are	in	place	to	ensure	recorded	
communication and hand over of key safety critical 
information between off-going and on-coming shift 
teams.

F Safety training

Safety training is one of the most fundamental practices 
emphasized by most safety and health legislative bodies. 
Regular safety trainings contribute to increase knowledge 
and awareness of safety and health among employees 
at workplace. The ways in which safety training is 
designed and delivered to employees may considerably 
differ from one organization to another. For instance, 
some organizations may propose a training session with 
minimum compliance objectives in one 10 h session per 
year. Another company might choose to train its employees 
for a longer duration or higher frequency and go beyond 
basic compliance requirements till implementing hazard 
recognition skills, evaluation, and control. However, every 
organization should at least ensure following points while 
imparting safety training before work –

•	 Employees	 are	 formally	 trained	 with	 complete	
coverage on the safety aspects of their job. 

•	 Number	 of	 hours	 of	 formal	 safety	 training	 and	 its	
frequency should be formulated in a way that is best 
suitable and effective. 

•	 A	 record	 should	 be	 maintained	 regarding	 how	
often employees are formally trained annually on 
the safety aspects of their job. (Training frequency 
should be scored on a suitable point scale and 
reviewed by Safety Management) 

•	 Employee	safety	training	should	include	all	possible	
elements of hazard recognition and avoidance.

G Communication and information sharing

Communication and information sharing focus on the 
frequency and methods of imparting knowledge and an 
importance of safe work execution. Organizations might 
use print media (e.g., posters and payroll stuffers) to 
increase cognitive awareness of safe work and emphasize 
its importance. Organisation may also develop a culture 
of incident reporting and sharing incident investigation 
reports concerning near misses and incidents experienced 
within and outside the immediate establishment. This may 
be ensured in the following ways –

•	 Employees	need	to	be	updated	with	new	or	revised	
safety guidelines and safe work instructions. 

•	 Awareness	among	employees	need	 to	be	 increased	
regarding potential hazards in the workplace or their 
associated tasks. 

•	 Information	 about	 the	 importance	of	 safe	working	
practices and negative consequences on self 
and family upon deviation is communicated to 
employees (e.g., print media, posters, and payroll 
stuffers). 

•	 Employees	 need	 to	 be	 informed	 about	 safety	
incidents and probable reasons for such incidents 
experienced in other similar organizations. 

•	 Employees	 need	 to	 be	 informed	 about	 safety	
incidents and/or near misses experienced by other 
employees within the workplace or a similar work 
environment.

•	 When	 safety	 incidents	 do	 occur,	 the	 results	 of	 the	
investigation are to be shared among the workforce 
for indirect experience gathering.

H Accident / Incident investigation

When safety incidents (i.e., injuries and near misses) do 
occur, organizations may investigate those accidents 
with an ultimate goal of reducing the probability of 
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the recurrence of similar event. Accident investigation 
management practices can differ substantially in 
administration as per need. For example, organizations 
may investigate an incident immediately within the shift, 
on which it has occurred in contrary to general practice of 
investigating within 48 hrs. Following points needs to be 
focused on –

•	 Incident	investigations	should	focus	on	the	potential	
reasons why human error might have contributed to 
the incident and address such reasons.

•	 How	fast	the	accident	has	been	investigated.

•	 Accident	 investigations	 are	 conducted	 by	 a	 group	
of competent officials consisting of employee 
representative(s), a safety representative, and the 
injured employee’s immediate supervisor.

I Detection and monitoring

Detection and monitoring reinforce other safety 
management system practices used by an organization. 
Organizations can formulate or utilize checklists used 
by supervisors and other employees to detect conditions 
and behaviors that may not be at par with the safety rules 
and requirements. When a safety violation is observed, 
organizations can handle it in variable ways. For example, 
negative approaches of a group of employees may be 
highlighted for a deviation from a safe work rule or 
procedure while other organizations may use a constructive 
problem-solving approach to avoid repetition. These may 
be ensured through following ways –

•	 Safety	 checklists	 are	 in	 place	 to	 identify	 possible	
workplace hazardous conditions.

•	 Safety	checklists	are	developed	that	corresponds	to	
possible ‘workplace at risk’ behaviors.

•	 Safety	 observations	 focus	 on	 behavioral	 deviation	
from safe work instructions. 

•	 Deviation	 from	 a	 Safe	 work	 instruction	 results	 in	
negative consequences for employees. 

•	 Deviations	 from	 safe	work	 instructions	 (employee	
wise) are tracked and monitored to check repetition.

J Safe task assignment (task-employee match)

Organizations may focus on the compatibility of an 
employee for a particular task in order to increase the 

likelihood of successful execution of the task without 
incident. Task-employee matching may take into account 
familiarity with the task, physical demands of the task, 
behavioral approach needed for the task, etc. This can be 
achieved if –

•	 Supervisors	are	given	the	flexibility	to	assign	a	task	
to the right employee. 

•	 When	flexibility	is	allowed,

 Past experience of the employee with the task is 
considered.

 Physical and behavioral demands of the task are 
considered. 

 Risk of fatigue or effect of extended work hours is 
considered.

 Risk associated with stress or distraction is taken 
into account.

CONCLUSION

The level of economic, social, cultural, political and 
technological structure of a country plays a vital role in 
the implementation and sustainability of occupational 
health and safety management systems (Adams, 1976; 
1977; 1995; Denton, 1980). Management of safety issues 
based on assessment of risks not only integrates safety 
with productivity but also can be used as a very good 
tool for reduction of costs by reducing the number of 
accidents. The systems stand on the premise that all risks 
need not be eliminated and different control measures can 
be adopted for different levels of risks. The key here is 
to aim for As Low As Reasonably Achievable (ALARA), 
which eventually depends on cost considerations. This 
assumes great importance in the current Indian scenario. 
The other merits of the system are that it is created by the 
mine operators themselves through considerable several 
brainstorming. This approach let the mine operators/users 
feel ownership of the system, something that is not cast 
upon hem by experts, Govt. agencies or outsiders, and 
hence chances of successful implementation is much more. 
In this system, grey areas are minimized; responsibilities 
for action are pinpointed and scopes for auditing and 
improvements are always present. Development and 
implementation of SMP in a mine is the need of an hour to 
make the system safer.  
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The Role of Knowledge Sharing in Achieving 
Social Sustainability: A Discussion Based on 

Indian Mining Sector

Abstract- Over the years, the concept of sustainability has 
gained rapid prominence among the academicians and 
practitioners alike. Although initially focusing on economic 
sustainability, organizations have broadened their horizon 
to considering social sustainability (SocSus) as a part of 
their business model. Social sustainability, which measures 
human welfare, is primarily concerned with life - enhancing 
conditions within the community. In this  context, effective 
information  sharing  among the various actors working 
together to achieve the desired objective, can play a huge role 
in thesuccess of achieving social sustainability. Information 
sharing entails sharing acquired information among 
individuals and organizations, with the intention of achieving 
a  desired  objective.  The purpose of this current paper is 
to initiate a discussion on the role of information sharing to 
achieve social sustainability. The paper introduces the concept 
of information sharing for achieving social sustainability, 
and also discusses the advantages and disadvantages for the 
same. The paper is expected to provide the policy makers in  
the mining  sector in  India  to understand  the  importance 
of information sharing for social sustainability, and in the 
process, develop  and design  strategic plansaccordingly.

Keywords: Social sustainability, Knowledge 
sharing, Information sharing, Sustainability, 
Mining industry

INTRODUCTION

The significant change in the business environment over 
the last couple of decades have compelled organization to 
look beyond just revenue maximization to other aspects 
of business. In this context, incorporating sustainability 
as a part of  their strategy and operations has been a  key  
to organizations gaining competitive advantage in the 
market. Sustainability entails an organizations putting 
equal importance on environmental and social concerns 
along with maximizingtheir business revenue – the triple 
bottom line (TBL). However, it has been observed that while 
organizations place substantial emphasis on the financial 
and the environmentalsideTBL,  the social part of the same 
often take a backseat. Thus it has become imperative for 

all business organizations to ensure that the social side of 
the triple bottom line standards are not overshadowed by 
the other two, and thus organization needs to concentrate 
on social sustainability as muchasthey concentrate of the 
economic and environmental aspects ofsustainability. 
Sustainability can be stated as the ability of group of 
entities to exist and thrive in  the  long  run, either jointly 
or independently (Starik and Rands, 1995; Lee et al., 
2021). Therefore, social sustainability represents the triad 
of an organization’s employees, customers, and image - 
all of which can be expected to lead the organization 
to stronger performance, and hence competitive 
advantage (Orlitzky et al., 2003). More specifically, 
social sustainability primarily focusses on educations, 
skills, and employee wellbeing, among others, and often 
overlaps with institutiona l aspects, both of whichhave to 
function in harmony to achieve the  desired (Omann and 
Spangenberg,2002). Thus, social sustainability embodies 
the process of creating successful business strategy and 
operations that addresses wellbeing of the people along 
with understanding their needs from the places where they 
live and work (Woodcraft, 2015). Thus, as Dempsey et al. 
(2011) observed, social sustainability is a dynamic concept 
that will  change with  time,  primarily due to the influence 
of external factors like social interactions and economic 
and environmental concerns and influences. Additionally, 
it has also been observed in previous researches that in 
spite of being an important dimension of sustainability,  
social sustainability  is  still  neglected, especially in the 
developing countries, where managers seem to place more 
emphasis on the economic and environmental aspect of 
sustainability (Govindan et al., 2021; Kusi-Sarponga et 
al., 2019). The current study tries to shed some light on 
this important, but lesser discussedtopic. One of the most 
important asset of any organization is its knowledge(Alavi  
and Leidner,  2001), and it can greatly aid in developing 
new and novel practices that can contribute to achieving 
sustainability. Additionally, sharing of knowledge, both 
internally and externally within and across organizations, 
is a fundamental process to achieve sustainable 
growth  (Muñoz-Pascual  et al., 2020). Therefore, it has 
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become extremely  important  for the organizationsto 
understandtherole of knowledge sharing to achieve 
sustainable growth, especially social sustainability. 
However, a review of the extant literature of social 
sustainability and knowledge sharing indicated a dearth 
of studies trying to marry these two concepts. The current 
paper tries to provide the readers with some insights into 
this important, but relatively sparsely discussedtopic. The 
paper is organized as follows. Beginning with an overview 
of the theoretical foundation of the identified concepts, 
the paper goes on to discuss the importance of knowledge 
sharing in achieving social sustainability. The findings of 
the study are then discussed in the  context of  the Indian  
energy sector – specifically the Indian mining sector. 
Conclusions are drawn from the discussion and future 
research directions and provided. The current paper is 
expected to serve as a starting point for multiple research 
studies pertaining to social sustainability in the mining 
industry,  along  with socializing the notion of social 
sustainability to the policy makers in the Indian  Mining  
Sector, as well as aiding them to design their sustainability 
policiesaccordingly.

THEORETICAL FOUNDATION OF THE 
CONCEPTS

Social sustainability and previousstudies Over the years, 
sustainability has become an important function for 
all business organizations and subsumes initiatives not 
only for profitability, but also towards environment and 
corporate social responsibility (Sodhi and Tang, 2018). 
In this context, social sustainability of an organization 
concerns the well-being of their employees and their 
families,  the well-being  of  their  suppliers,  and last by 
not the least, the well-being of the community(ies) where 
the organizations base its operations (Sodhi, 2015; Sodhi 
and Tang, 2018). Thus  social  sustainability  involve  how 
communities and individuals live, as well as their basic 
requirementsandequity(Rajakand Vinodh, 2015). The 
sustainable development  goals  (SDG)  were adopted on  25 
Sepetember 2015 by 193 countries  to end poverty,protect 
the planet, and ensure prosperityfor all.Towards achieving 
this various SDGs mapped with schedule VII activities 
of  the  companies  act 2013  in India (First sustainable 
goal summit 2017, KPMGreport.) In order to achieve the 
objective of sustainable manufacturing and operations, 
organizations are required to successfully monitor and 
evaluate their  sustainability  performance  (Castillo  and 
Pitfield, 2010). However, it has been sadly observed that 
although an effective integration  among all the three 
pillars of sustainability is required to achieve a sustainable  

business  (Seuring  and Müller, 2008), the other two pillars 
of sustainable growth have been paid a lot of attention  to 
while the social dimension has lacked the due attention it 
deserves. One plausible reason that can be cited for this 
is the fact that social sustainabilityincludesa plethora  of 
qualitative  attributes, which make it very difficult to 
measure	and	assess	(Staniškienė	&	Stankevičiūtė,	2018).	
The lack of  attention that social aspect of sustainability 
has received in the past has therefore prompted a multiple 
study on social sustainability, especially in the context 
of manufacturing industries and supply  chains. While 
there have been multiple studies discussing the  concept 
and  definition  of   social sustainability (Eizenberg and 
Jabareen, 2017; Omann and Spangenberg, 2002; Vallance 
et al.,  2011), social sustainability has also been studied 
in the context of freight  and  transportation (Castillo 
and Pitfield, 2010; Kumar and Anbanandam, 2019), 
green HRM (Amrutha and Geetha, 2020), urban social 
sustainability  (Dempsey et al,  2011),  and supply  chain 
management  (Bubicz et al., 2021; Govindan et al., 2021; 
Kusi-Sarpong et al., 2019; Seuring and Müller,  2008). 
However, it was observed that social sustainability has yet 
to be studied in the context of renewable energy, especially 
the mining industry. The current study tries to shed some 
light in thistopic.

KNOWLEDGE SHARING AND  
SUSTAINABILITY

Knowledge, which can be stated as an intangible asset that 
is unique, hard to imitate, and path dependent (Cabrera 
and Cabrera, 2002), is one of  the  biggest assets of any 
organization. Knowledge sharing, which involves “the 
exchange of knowledge between and among individuals 
, and within and among teams, organisational units, 
and organisations”  (King,  2006,  p. 498),  is one of 
the fundamental means through which an organization 
can gain competitive advantage in the market (Nonaka 
and Takeuchi,  1995). Prior studies have indicated that 
knowledge  sharing positively contributes to a plethora 
of organizational  activities,  ranging from innovation  
capability  to reduction in production  costs and increasing  
the sales and revenue of the organization(Collins & Smith, 
2006; Wang and Noe,2010). Knowledge sharing has been 
known to play a crucial role in identifying(and exploiting)  
internal and external market opportunities, including 
achieving sustainable growth  (Bhatti  et al.,  2016;  Shih 
et al., 2012). Knowledge  sharing,  through  the creation  
of new knowledge  and transmission of information, 
has a significant influence on achieving  sustainable  
performance  (Jilani  et al.,  2020; Muñoz-Pascual et al., 
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2020). Additionally, knowledge  sharing,  through  aiding  
an organization to expand its innovating capability play 
a significant role in achieving sustainability (López-
Nicolás and Meroño-Cerdán, 2011), which includes 
social sustainability  among  others. Prior studies on 
investigating the role of knowledge sharing in achieving 
sustainability involves studying the banking industry 
(Abbas et al.,2019; Jilani et al., 2020), contribution of HRM 
in facilitating knowledge sharing to achieve sustainability 
(Muñoz-Pascual et al., 2020), role of knowledge sharing 
in achieving sustainability in  the  agro-food sector (De 
Bernardi et al., 2019), and manufacturing sector (Aamir et 
al., 2021). However, to the best of the  authors’ knowledge,  
the role of knowledge sharing has not been studied in the 
context of social sustainability in the  energy sector. The 
current study expects to guide the academic researchers 
towards this important area of furtherstudies.

RESEARCH QUESTION AND PROPOSED 
METHODOLOGY

The current study embarks on the quest to investigate 
the role of knowledge sharing on achieving social 
sustainability, in the context of the Indian Mining Sector. 
In this context, the current study guides the readers 
towards untangling the fundamental research question: 
What is the role of knowledge sharing in enhancing social 
sustainability in the Indian mining sector? Specifically, this 
paper tries to entice the readers in answering the following 
question below, RQ. What are the critical knowledge 
sharing attributes that can influence social sustainability 
in the core sector (specifically, mining) in India? Based 
on a literature review on knowledge sharing and social 
sustainability, the authors, in the current study, proposed 
a research question, which they intend to investigate as 
a part  of  their future research activities. The identified 
attributed will be subsequently validated through a multi 
criteria decision making technique, through a primary 
survey of the experts in the Indian mining sector. The 
rationale behind selecting the mining industry is that it’s 
operations are mostly in backward and remote hamlets of 
hinterland of the country which lacks basic infrastructure.
It’s therefore priority to develop basic healthcare, water 
supply and education infrastructure etc for social 
inclusion of the less privileged people. It’s therefore 
envisaged that the business processes must integrated 
with social processes. The holistic development of any 
nation  can be dreamt  of  with social development of poor, 

downtrodden and needy section of the society. The focus 
areas should be material deprivation, health and education, 
skill development,giving a voice, clean drinking water, 
electricity, sports and culture, infrastructure support etc. 
The findings  of the study will then be discussed in the 
context of the extant literature. The limitations of the 
current study, conclusions are drawn from the current 
study and future research avenues will also bediscussed.

CONCLUSION, IMPLICATION, AND FUTURE 
RESEARCH ACTIVITIES

As observed from the extant literature,theonce neglected 
pillar o fsustainability, social sustainability, has gained 
significant importance among the organizations as well 
as the academic research community. As a result, it has 
become imperative to further study social sustainability, 
especially in the context of a developing economy. Further, 
knowledge managementand sharing has, in the recent past, 
become one of the most important weapons in the armoury 
of organizations. Therefore, understanding the role of 
knowledge sharing in achieving social sustainability can 
be considered as an important topic for investigation and a 
valuable tool for the policy makers. Additionally, with the 
energy sector being one of the most important sectors of 
any economy, developedor developing, is it expected that 
they should bemore concerned with social sustainability, 
and therefore studying the mining sector would serve 
as an important  starting point for achieving the same. 
The findings of the current study are expected to aid the 
policy makers to better understand the role of knowledge 
sharing in successfully achieving social sustainability 
and design strategies and policies accordingly. Finally, 
the future research activities should be directed towards 
expanding this study to other sectors of the industry with 
the objective of generalizing the findings and achieving 
external validity in theprocess. One of the key drivers of 
social sustainability is the aptness for businesses to apply 
their creativity and innovation in solving the sustainable 
challenges by building bridges to prosperity. There is 
an urgent need for collaborative platforms and capacity 
building by all stakeholders. With the new opportunities of 
commercial mining activities by private firms for economic 
development, a framework should also be simultaneously 
intervened for  contributionforsocialsustainability. 
With design thinking and participative  approach the  
acceptability  of the  stakeholders  improves  and thereby 
it accelerates the desired change insociety.
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Unemployment in Singrauli Youth An Empirical 
Experience

Amrendra Kumar

“Every development has a price which we have to pay, but if dealt assiduously, development can be an inclusive 
phenomenon”,.

1 Nala, a character in Indian mythology, is the king of Nishadha Kingdom and the son of Veerasena. Nala is known for 
his skill with horses and for his culinary expertise. He is possessed by the demon Kali. He was also a Great cook and 
wrote the first-ever book on cookery, Pakadarpanam (Sanskrit: पाकदपण).

INTRODUCTION 

Singrauli is a district formed in 2007. Prior to formation, 
it was attached to Sidhi district.  As of now Singrauli 
has a population of more than 10 lakh. Geographically 
it is situated in eastern part of Madhya Pradesh and has 
its boundaries attached to Uttap Pradesh. This district is 
also know as Energy Capital of India for having vast coal 
reserve, coal producing Government firms like Coal India 
Ltd. and Private coal  companies like Reliance  and  Power 
producing companies like NTPC and Essar, JP etc. 

Coal India Limited
through its subsidiary Northern Coalfields 
Limited annual production 110 MT.
NTPC has 3 Power Plant with combined generation 
capacity of 9760 MW.
Reliance power Limited with Power Generation 
unit and captive mine

OXYMORON STATUS: 
It is a natural phenomenon which is accepted and 
acknowledged world wide that an area with industrial 
growth has immense development and per capita income 
of the local people is far more than peer districts, key  
indicators of development like health, education, electricity 
for domestic and agriculture is sufficient,  potable water 
availability, women development and transportation etc 
are better. However, when it comes in context of Singrauli, 
the situation is reverse. 

RATIONALE
At  the outset, we must  appreciate that  despite  several  
untoward  our country’s society has a well designed 
social structure that has inherent capacity to make 
one self reliant by virtue of its unique proposition. 
“Sustainability “ is a way of life in the Indian society and 

in the old times even the prince of States used to learn at 
least one specific skill to ensure carry out livelihoods 
during emergency. Eg. Raja Nala 1

One of the biggest  apocalyptic  crisis  in the global economy  
today  is the  loss or  obsolescence of existing  jobs due to 
automation  and  rapid  changes  in  technology. But  every  
change also brings with it a unique opportunity one that 
we must grasp with both hands and understand fully to 
exploit. Technological progress, while making a few profiles 
irrelevant, has also introduced a diverse array of new roles 
and responsibilities which require a greater application of 
human creativity, analytical knowledge and intuition. We 
find that a low proportion of engineers take up projects 
beyond curriculum and do internships. Further, there is a 
lack of faculty talking about industry application of concepts 
in class or students getting exposure through industry talks. 
Skill Sets: Over 80% Indian engineers are unemployable, lack 
new-age technology skills: Report A recent employability 
report has found that over 80 percent of engineers in India are 
unemployable as they lack the technological skills required 
by employers now. Automation is a worldwide phenomenon 
today and is impacting work all across the globe. As per a 
World Bank report, the proportion of jobs threatened by 
automation in India is 69 per cent year-on-year. Sectors like 
Service sector, hospitality automobiles, pharmacy, and IT 
& ITES are in their transition periods and are adopting 
technologies for better governance which is impacting 
and reshaping the workforce. This change is driving both 
companies and employees to advance their skills. The fear of 
losing jobs because of the new automation trend will fade out 
if one focuses on fixing their skills gaps through ‘training’. 
Enrolment  in  reskilling   programmes  offered  by  
various  bodies  and  companies  can   prepare employees 
for their future. Collaboration between companies, players 
in educational system and government will create an 
ecosystem for millennials to upskill and reskill the talent 
that the market currently needs.
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PROBLEM IDENTIFICATION & SOLUTIONS 

1. Education :-  Singrauli district has been reported with 
a literacy rate of 62.4%, lesser than the national average 
of 70.6%:%: male literacy is 73.8%, and female literacy 
is 49.9%.  In a districts where around 18% of population 
is under 6 years of age 62.4% literacy is really not an 
acceptable figure. Moreover, field studies have shown 
that the learning out comes in students ( sample taken 
till Std. 5) is not satisfactory and students are not able to 
do simple caluculation like multiplication and divisions. 
Talking on solution, education needs focused intervention 
as and where required. Constructing a school building 
is not enough when the quality of teachers is poor or 
altogether unavailable. Furniture and school buildings are 
suggested, however, teachers from within the community, 
transport or TA/DA and salary to get teachers from towns 
are options that need to be discussed and implemented. 
Scholarships, bicycles and other transport facilities are 
required so as to make access to schools a routine activity 
and not a struggle for the children and parents.

2. Limited Livelihoods option:-  It has been felt that the 
local youth are reluctant towards migration and lack skill 
sets which can help them getting into companies permanent 
position. Most of the youth struggle hard to get a temporary 
job in contractor’s work (mainly overburden removal 
companies of Coal India Ltd.). On solution part, youth 
should be motivated to enhance skills, SRLMS and RSETI 
should be encouraged to promote skill development in the 
rural areas for entrepreneurship development . Also, a tie-
up should be made between industries and administration 
for absorption and skill development of local youth 
respectively. To elucidate,  Livelihood options are needed 
in almost entire district . Options need to be devised for 
three categories: (1) those who are literate and educated; 
(2) those who have agricultural lands and; (3) those who 
are illiterate and landless. A systematic implementation 
and monitoring of SHGs; technical education; irrigation 
techniques and water management; scholarships and 
counselling for higher education are various options that 
need to be well-thought out and explored for sustainable 
changes.

3. Population: As per statistics present population of 
Singrauli Sist  is around 13.25 lkhs .  As per 2011 census 
of India, Singrauli District had a population of 1,178,273 
in 2011 out of which 613,637 are male and 564,636 are 
female. Literate people are 585,054 out of 359,923 are male 
and 225,131 are female. People living in Singrauli District 
depend on multiple skills, total workers are 499,439 out of 
which men are 304,234 and women are 195,205. 

Now, to accommodate such a vast population our 
industries must have classified jobs as per the level of 
education attainment.

Also, Singrauli is not different that res of  India where  
aspiration of youth does not match with that of their skills 
set and ability. So, many a times, in hope of a better job 
youth tend to forgo the opportunities. Though, it is witty 
to not settle for less than what is deserved but it must be 
bone in mind that in maximum cases such steps leads to 
unemployment.

Further, blue collared job have little or no reverence in the 
Indian society and it again limits the chance of youth to get 
engaged in the jobs.

FACTORS TO MAKE MORE VULNERABLE TO 
UNEMPLOYMENT

Based on empirical data and personal observation it is can 
be established that:

1. Early Education: We must bear in mind that Higher 
education is a Tertiary Education and early education 
i.e. primary and secondary education plays a very 
important role in shaping the future capability of the 
students. Therefore, more focus may be made at early 
level. Thanks to NEP, 2020 the implementation which, 
the Indian education system is poised to become closer to 
international standards. It is important to mention that in 
an online survey conducted across 1103 students across 
India, nearly 96.4% were optimistic about the results that 
come out of the implementation of new policy.

2. Social  Class:   Social identification/class of youth 
does play  an important role in determining one’s self 
reliant in terms of  Job. Many a times during interaction 
with a group of youth, it is learnt that as they hail from 
a particular social class (caste) they are not willing to 
undertake a job. Further, not only some time people from 
higher caste (as identified in society)  refuse to take job 
that which according to them is of lower nature but some 
times lower caste (as identified in society) are reluctant to 
take up a job which entails little risk. Upon interrogation 
it is found that people of lower social strata have limited 
contacts in administration and this acts a limiting factor in 
their growth. For example, in coal mining and transport, 
role of transport supervisor is generally preferred by 
a particular caste only because by virtue of their social 
identity and control; over social system. 

3. Economic  Class: It can not be denied at any point 
of time, that like famous saying “ money begets money”, 
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opportunities (post secondary education and graduation) 
are also highly dependent upon the economic condition 
of the students. Further, as time has changed and digital 
world has immense knowledge source, thus reach to laptop, 
internet, innovative online paid courses does enhance the 
ability to enhance employability and thus self reliant.

4.  Under employment:  The effects of underemployment 
are equally bad as is the case with unemployment. I am of 
opinion that underemployment too causes higher poverty 
levels. Without adequate income, families don’t buy as 
much. That reduces consumer demand, slowing business 
growth. As a result, the nation’s gross domestic product is 
lower, as is job growth. It’s a vicious, downward spiral.

DOES HIGHER EDUCATION HELPS IN INCOME 
ENHANCEMENT?

It is often believed that Higher Education leads to good 
earning and in return makes one self reliant in life. 
However, one can not deny that many Educated individuals 
tend to resist what they perceive as downgrading of their 
job qualification. Consequently on the demand side, though 
employer will tend to substitute the more educated for the 
less educated manpower for a particular job, the highly 
educated manpower prefers to remain unemployed for 
a certain period rather than accept a job that they feel is 
beneath them.

UNDERSTANDING UNEMPLOYMENT

As  stated  earlier,  many  of   our yputh including   graduates  
have  limited  themselves  by  not  able to  keep them  abreast 
of technological upgradation and have proven as non 
employable .
Taking the learning from a research main highlights about 
graduates (engineers) from the employability report:
a. The report stated that only 3.84 percent of engineers 

in the country have the technical, cognitive and 
linguistic skills required for software-related jobs in 
start-ups.

b. Only 3 percent of engineers have new-age 
technological skills in the areas which are booming 
now such as artificial intelligence, machine learning, 
data science and mobile development.

c. Thus, only 1.7 percent of engineers have the skills 
needed to work in new age jobs.

d. The report provides the primary reasons for low 

employability of India’s engineers -- only 40 percent 
engineering graduates do an internship, while a 
mere 7 percent students do multiple internships.

e. Apart from a lack of internships, engineers also 
have low employability because only 36 percent do 
projects beyond their curriculum. Thus, they don’t 
always build the skills to solve problems in a variety 
of situations.

f. Another problem adding to low employability 
of engineers is that the subject is taught in a very 
theoretical manner in colleges -- 60 percent faculty 
doesn’t talk about application of concepts in the 
industry and only 47 percent of the engineers attend 
any industry talk.

WHAT WE NEED TO ENHANCE EMPLOYABILITY AND 
EDUCATION.

A set of skills, knowledge, understanding and personal 
attributes that make a person more likely to choose, secure 
and retain occupations in which they can be satisfied 
and successful. The concept of graduate employability 
is embedded as providing the opportunities for students 
to develop knowledge, skills, experiences, behaviors, 
attributes, achievements and attitudes to enable graduates 
to make successful transitions and contributions, 
benefitting them, the economy and their communities.

Based on fact s above a tentative list to be included in 
syllabus (credit hours) on mandatory basis may please be 
perused as below:
· Design Thinking & Innovative Cell.
· Critical thinking and Case based problem solving.
· Teamwork and collaboration assignments.
· Professionalism and strong work ethic.
· Oral and written communications skills with focus 

on English language.
· Assignment based Leadership Skills .
· Decision Making Exercise.
· Customer interaction/Service
· IT literacy & Data Management
· Enterprising Skills.
· Career Planning and Career Progression concepts.
· IT initiative for UP Skilling and Concepts of Multi 

skilling needs to be elaborated.
· Grievance Redressing techniques to effectively  

counsel manpower in the industries 
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 Abstract - The major objective of the present study is to examine 
HR practices for coal mining industries. It aims to identify 
the key HR issues that coal mining industries need to address 
in the future. The study was conducted in two stages. In the 
first stage, the researchers have reviewed studies from the last 
two decades related to the adoption of human resource (HR) 
practices which is implemented in various coalmine industries 
in India and across the globe. Researchers have emphasized 
that aspects related to redefining the Human Resource (HR) 
issues are considered vital should be thoroughly examined in 
the context of Coal mine industry. Taking these gaps in the 
literature in the second stage of study an open-ended interview 
was conducted online from five HR executives of Central 
Coalfields Limited (CCL, Ranchi, Jharkhand, India) which 
is a subsidiary of Coal India Limited (CIL), an undertaking 
of the Government of India. By integrating the findings of 
studies reviewed and major themes emerged in the interview 
it has been concluded that HR managers should think beyond 
technology and productivity and simultaneously address the 
human factors for the sustenance and effectiveness of the 
coal-mining industry.

INTRODUCTION AND BACKGROUND 
OF THE STUDY

Mining is considered to be the second basic primary 
sector as it has direct and indirect impact on economy. 
At present, the Mining sector in India however is faced 
with several challenges. Seismic shifts in technology, 
increasing urbanization, and growing environmental 
concerns are placing enormous pressure on the mining 

industry in several significant ways. Coal miners are 
subject to the interactive and cumulative effects of arduous 
work and environment, heavy pace, and organizational 
pressures. In the year 2019-20 CIL has envisioned one 
billion ton of Coal Production. In India, the demand for 
coal is continuously on rise due to its ever-increasing need 
from the growing power sectors and steel industries. In 
this context, the attributes of human resource (HR) in 
achieving this objective have become very crucial. In any 
organization, the role of HR practices plays a key role as 
the processes driven by the people are the major success 
factors for organizational success.  In today’s scenario 
where there is a lot of competition in the economy, where 
businesses are operating, the way they are being managed 
plays a vital role. Not only in India, but all across the 
world, the coal industry is an industry of high economic 
importance as it contributes to economic development not 
only directly but also through the growth of many other 
industries where coal is the basic elements like steel and 
power industries. In recent years, the coal industry is 
facing some major challenges including environmental 
issues and restricted availability of coal. In this regard, 
the human resource (HR) problems do occupy the core of 
problems because human resources are the most important 
asset and the growth of mining industry, more than other 
manufacturing sectors depends largely on the quality of 
human resources employed and the effectiveness of HR 
strategies to manage these human resources. As far as 
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the coal industry is concerned, workforce planning and 
management is a serious issue across the world. The 
demand for coal has increased manifold over the years 
and it is still very much in excess to the supply of coal 
leaving a wide gap between demand and supply. With this 
background the major objective of the study is to examine 
of human resource practices in Indian coal industries 
using a qualitative approach.

 A. Stage 1 of the study: Review of Literature

The employees are the cornerstone for any organization 
and the role of good HR practices is to maximize the 

contribution of human assets in order to achieve corporate 
goals. Thus, it is very important to implement HR practices 
in a view that will help employees to work with full 
commitment in the organizations this will simultaneously 
help organizations to succeed. In this regard, researchers 
have done rigorous review of studies from the last two 
decades related to the adoption of human resource (HR) 
practices which is implemented in various coalmine 
industries in India and across the globe. Table-1 presents 
the summary of relevant studies in the area.

Table-1 Summary of Relevant Studies Related to the HR 
Practices in Coal Mine Industry (2000-2020)

S. no Author, (s)

Year and country

Objective Methodology Major Findings and

Conclusion
1. Fey et al., (2000), 

Russia Canada
The	study	 illustrated	how	sus-
tainable development can be 
applied in the corporate min-
ing context. The paper has also 
offered	 guidance	 for	 mining	
companies	 interested	 in	 im-
proving	 the	 sustainability	 of	
their operations.

Qualitative	study Six recommendations were made improved 
planning, improved environmental manage-
ment, cleaner technology implementation, 
increased	 stakeholder	 involvement,	 forma-
tion of partnerships, and improved train-
ing that if followed, would help any mine 
improve	 the	 sustainability	 of	 its	 industrial	
practices.

2. Kowalski et al., 
(2005)

United States

To discuss some of the psycho-
logical and physical issues of 
the aging workforce based on 
recent literature.

Qualitative	study Several	findings	revealed	that	the	mining	in-
dustry	needs	to	accommodate	and	utilize	the	
older worker as an important resource.  More 
research is also needed to determine job skills 
and task requirements as they relate to age so 
that we might determine what can be done 
to	minimize	the	age-related	effects.	Planning	
interventions for this population and for en-
suring healthier work environments and pro-
cedures for all workers in the future.

3. Zheng, Milia & 
Rolfe, (2007) Aus-

tralia

To explore the link between 
strategic	human	resource	
management (SHRM) and 
firm	performance	of	the	coal	
mining companies in Central 
Queensland	(CQ),	Australia.

Qualitative	study.	The-
oretical development 
and	empirical	studies	
on the SHRM-per-
formance linkage are 
discussed.

The	 impact	of	SHRM	on	 the	coal	 industry	
will	 likely	 result	 in	 identifying	 some	 best	
practices that could be potentially adopted 
in	 the	wider	 business	 community	 to	 foster	
regional	economic	development	in	Australia	
and worldwide.

4. Akcakoca et al., 
(2008) Turkey

The econometric productiv-
ity for coal production at the 
Western	 Lignite	 Cooperation	
(WLC) was analysed produc-
tivity	was	also	investigated.

Productivity analysis, 
the values of production 
factors from both un-
derground and surface 
mines between 1991 
and 2002 were used. 

Findings revealed that low technology, 
inadequate training, excessive rate of em-
ployment were all responsible for the low 
labour productivity. Productivity and quality 
concepts or awareness should be improved 
among the employees. Application of ‘Total 
quality management method’ should be con-
sidered for production improvement.
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S. no Author, (s)

Year and country

Objective Methodology Major Findings and

Conclusion
5. Nyamubarwa, 

Mupani & Chiduuro, 
(2013)ZimbabweM-

idlands Province.

HR practices in the mining 
industry	in	Zimbabwe‘s	Mid-
lands Province.

The research data was 
gathered through a 

non-random, conven-
ient sample of HR man-

agers from 8 mining 
entities.

The	findings	of	the	study	revealed	that	
employees are treated as valuable, rare 
and inimitable resource which they deploy 
in various ways to achieve organizational 
objectives. As such the mining companies 
have come up with innovative methods of 
managing their human resources which 
includes providing job security, competi-
tive rewards, and social welfare services 
amongst	other	methods.

6. Carlisle &  Parker 
(2014)	Australia

To examine the relationship 
between musculoskeletal pain 
and	 distress	 in	 an	 Australian	
mining population.

Sample of 231 coal 
miners participated in a 
survey of musculoskel-
etal	 pain	 and	 distress	
on-site during their 
work shifts.

Widespread musculoskeletal pain among 
the coal-mining workforce, and this pain 
is associated with increased psychological 
distress.	These	findings	highlight	the	impor-
tance of supporting the mining workforce 
for	sustained	productivity.

7. Sarna (2015) China To	investigate	the	motivational	
factors of the employees for 
safety behaviour and preven-
tion procedure of the fatal acci-
dent in mining workplace.

Qualitative and quanti-
tative approaches

Motivational aspects for employees in order 
to enhance their performance level and 
productivity include remuneration perspec-
tives; training and development perspec-
tives; job role perspectives and employment 
relationship perspectives.

8. Mishra et al., (2017)

India

To explore the human attrib-
utes, which are directly and 
indirectly	affecting	the	organi-
zational outcomes

Literatures, in this re-
gard, were examined 
from 1974 to 2012 to 
explore HR (Human 
Resource) attributes 
affecting	opencast	min-
ing production and its 
effectiveness

Findings	revealed	18	HR	attributes	influenc-
ing	organizational	effectiveness	in	Opencast	
mines and which have direct and indirect 
impact	 on	 effectiveness	 and	 productivity.	
Prominent among them are- work culture, 
union management relationship, labour 
laws, familiarity on work environment, skill 
building	measures,	labour	unrest,	safety	pro-
tocol,

9. Cai, (2019) China To	investigate	the	relationship	
between human resource (HR) 
practices, labour relations, and 
occupational safety in China’s 
coal	mining	industry	over	the	
past	60	years.

The secondary data on 
coal mining accidents 
and	case	studies	of	two	
state-owned	coal	mines	
in a northern city in 
Anhui Province, China.

Coal	mining	firms	and	practitioners	are	ad-
vised to shift the traditional personnel man-
agement paradigm to a modern HR manage-
ment	system.	In	addition,	although	workers	
are often blamed directly for accidents, it is 
suggested	 that	 workers’	 participation	 and	
voice in various processes of decision-mak-
ing and policy implementation, and trade 
unions’ active involvement in protecting 
workers from occupational hazards, be en-
couraged.

10. Baiquni &  Lizar, 
(2020)

Indonesia

Human resource practice and 
job	 characteristics	 on	 employ-
ee engagement and organiza-
tional commitment, and also 
examined the role of employee 
engagement as the mediator.

Empirical Study from a 
Coal Mining 

Company in Indonesia

The	 coal	 mining	 company	 requires	 strong	
strategic	 planning.	To	 emphasize	 improve-
ments in organizational commitment, the 
company	 can	 review	 job	 characteristics,	
employee engagement, and HR practices. 
However,	job	characteristics	not	only	affect	
the organization’s commitment but also em-
ployee engagement



Northern Coalfields Limited, Singrauli

124

These	studies	have	consistently	pointed	out	that	workers	in	
underground coal mines are prone to several risk conditions 
during their work which may cause loss of life or serious 
injury	which	 has	 a	 direct	 and	 indirect	 cost	 for	 employees	
and	employers.	Hence,	the	aspects	related	to	redefining	the	
Human Resource (HR) issues should be given due attention 
as	the	effectiveness	of	any	organization	largely	depends	on	
the	effective	utilization	of	human	resources	by	assuring	their	
health and safety issues. It is apparent from the above-men-
tioned conclusion that in any organization employees play 
a	major	 role	 in	 the	effectiveness	of	 the	 industry	and	 so	 is	
the	case	with	mining	industry.	Throughout	the	world,	min-
ing	companies	are	fighting	a	range	of	social,	technical	and	
environment forces that are reshaping the sector and require 
a new approach to management. Researchers have empha-
sized	that	aspects	related	to	redefining	the	Human	Resource	
(HR) issues are considered vital should be thoroughly exam-
ined	in	the	context	of	coal	mine	industry.	

A. Stage II of the study: Conducting Online Interview 

To examine how far these HR practices are applicable in 
the	context	of	Indian	coal	mining	industry	an	online	inter-
view	was	conducted	on	five	human	resource	development	
(HRD)	managers	Central	Coalfields	Limited	(CCL,	Ranchi,	
Jharkhand, India) which is a subsidiary of Coal India Lim-
ited (CIL), an undertaking of the Government of India. The 
interview	schedule	included	four	major	questions.	
Table- 2 Major Themes emerged in the Interview

Questions Major Themes Emerged

1- What are the 
challenges in 
managing HR in 
Coal mine workers 
in recent times?

Absenteeism, Lack of devotion, Alcohol on 
duty, workforce planning and management 
(such as shortage of skilled manpower, prob-
lems in hiring due to Poor working conditions 
in mines), large geographical area, pressure 
among workers or departments due to unequal 
work	distribution.

2- What are the 
existing	high-per-
formance practices 
for management of 
HR in your organi-
zation?

Incentives based on production, Bonus, Med-
ical	 benefits	 to	motivate	 employees,	Knowl-
edge awareness and enhancement programs 
and Recognition of top performers at major 
events like CIL foundation day, republic day 

3- What are the key 
HR issues that Coal 
mining	industry	
needs to address 
in	future?	Suggest	
some recommen-
dations.

Lack of skilled labour and Increasing man-
power, increasing salary packages and other 
incentives,	 Organizational	 effectiveness	 in	
terms of quality and quantity of production, 
better safety features, education and health 
facilities for coal mine, Proper welfare amen-
ities like quarters, water supply, and ensuring 
proper	standard	of	living	specially	in	housing	
colonies situated in the mines and Better and 
effective	communication	as	a	whole

4- What are the 
major	obstacles	
in coal mining 
industries	in	India	
in recent times? 

Environmental problems, reducing carbon 
emissions thereby global pressure on using 
less	coal	and	finding	alternate	sources	of	ener-
gy, Emphasis on renewable energy resources, 
Resource scarcity and quality. Getting envi-
ronment clearer from government to keep the 
business going smoothly. Land clearance for 
coal extraction.

II. DISCUSSION AND CONCLUDING COMMENTS
By integrating the findings of studies reviewed and major 
themes emerged in the interview it has been concluded 
that –

(1)  The challenges in managing HR in coal mine workers 
include- workforce planning and management (such as 
poor working conditions create problems in hiring, a 
lack of skilled talent working in the industry and labour 
turnover and absenteeism.

(2)  Most of the HR practices in coal mining industry in 
India as well as across the globe focused on the rewards 
and incentives to motivate employees, healthier and 
safer work environments, job skills for aging work-force, 
job security, safety and employee welfare, sustainable 
development and competitive advantage.

(3) The major obstacles in coal mining industries in India 
and across the globe in recent times are- environmental 
problems, using less coal and finding alternate sources of 
energy, resource scarcity and quality, unhealthy and risk-
prone working conditions.

(4)  The key HR issues that coal mining industry needs to 
address in future in India across the globe include - lack 
of skilled labour and increasing manpower, organizational 
effectiveness in terms of quality and quantity of production, 
better safety features, education and health facilities for 
coal mine, proper welfare amenities. The effective HR 
practices should include proper balancing between mine 
workforce toward increased productivity and innovation.

In conclusion it is very clear that continued mining with 
traditional	methods	alone	 is	not	 sufficient.	The	HR	man-
agers should be equipped with the people, processes, and 
technologies	 that	 can	 transform	 the	 industry.	 First,	 we	
need to change our thinking. We need to be collaborative 
and people-focused. Productivity and quality concepts or 
awareness should be improved among the employees. 
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Abstract - Environmental and ergonomic factors have been crucial issues for the mining industry, and their impact has been growing 

rapidly. To ensure a hazard free working environment, it requires special attention to ergonomic issues faced by mine equipment 

operators, where awkward posture, position and work-related musculoskeletal disorders (WMSDs) occur simultaneously. Posture 

is the position of the body while sitting, standing, walking or working state. Posture assessment looks at the static posture to watch 

for any imbalance that causes or causing discomfort and pain in the body. Discomfort and pain result in the MSDs. The focus of this 

paper is to highlight the importance of postural risk assessment of the operators exposed to whole-body vibration (WBV). In mining 

as well as other industries, the workers are exposed to various kinds of awkward positions to perform task. The main aim of the paper 

is to investigate the physical risk factors among the workers while performing the task using Rapid Upper Limb Assessment (RULA) 

technique. In order to reduce the effect of awkward postures, various posture assessment techniques have been considered which are 

also explained. Possible control measures to posture assessment in relation to MSDs have been suggested so as to protect the operators 

from the hazardous consequences of it. 

Review of Implementation of Indoor Plants for a 
Healthy Workplace

Himanshu Dubey 
Environment Dept., NCL

Singrauli, India
himanshu.dubey@coalindia.in 

Abstract — The purpose of this paper is to investigate the indoor environmental quality benefits of plants in offices by reviewing the 

research done on live indoor plants. Design/methodology/approach – This paper examines some of the studies that have documented 

the beneficial effects of plants, focusing on those used indoors, and then examining results from these studies to identify the tangible 

effect of plants in office work place. Findings – Relative humidity increased following the introduction of plants, Carbon di-oxide was 

reduced, presence of particulate matter was reduced, indoor temperature was regulated and noise was reduced under certain conditions. 

It was also reported to reduce stress and pain, increase productivity and induce happy feeling. Research limitations/implications – It 

would be useful to extend this research in a greater range of buildings and with more Air quality monitoring equipment.
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Alternative Dispute Resolution: An opportunity 
for Coal India
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Abstract — This paper briefly talks about development of Alternative Dispute Resolution (ADR) worldwide and in India. The issues 

faced by commercial entities in India are deliberated upon and how ADR has helped commercial entities substantially. In the context of 

Coal India the paper discusses pendency of cases, types of cases etc in various subsidiaries of Coal India, including Northern Coalfields 

Limited, and analyses with few cases about how ADR could help organizations in increasing productivity & social sustainability while 

being a pioneer in adopting productive legal mechanism of ADR.

Abstract-Mining industry involves frequent and intensive usage of heavy earth moving equipment mainly dumper, drill, shovel and 
dozer. Operators of these equipment are exposed to whole-body vibration (WBV). Prolonged exposure to WBV causes various health 
problems such as musculoskeletal disorders (MSDs). WBV exposure to operators during operation of dumpers in mines is influenced 
by various personal factors and operational factors. In this study, association of vibration exposure for 30 dumper operators with 
operational factors are presented. This work involves the measurement of vibration parameters such as frequency weighted root mean 
square acceleration (RMSA) and vibration dose value (VDV) in accordance with the ISO standards. The results reveal that frequency 
weighted RMS acceleration in the dominant axis for an 8 h work exposure, A (8), for 77% of the dumper operators, exceeded the lower 
limit (0.45 m s-2) of ISO 2631-1:1997, indicating moderate health risk. Vibration dose value for 8 hours work exposure, VDV (8), for 
83% of the operators in dominant axis exceeded the lower limit (8.5 m s-1.75) of ISO 2631-1:1997, which indicates that the dumper 
operators experience moderate health risk due to shock component of the vibration. Further, the operational parameters mainly tyre 
pressure, speed and load of dumper have been studied to observe their relative influence on WBV. A significant positive correlation 
of WBV with speed and tyre pressure of the dumper are observed. A small negative trend is observed between WBV and load of the 
dumper. However, the correlation is not statistically significant. Based on the above study, it is suggested that the vibration exposure 
time of operators should be reduced, and machine as well as operation parameters such as haul road condition that influence the WBV 
exposure should be explored.
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Abstract — Water is essential for life; however, its quality and availability may vary with time and space. Using the electrical resistivity 
method, a geophysical survey was conducted around Nigahi colony, Singrauli District, Madhya Pradesh. The electrical resistivity 
method is one of the most effective Geophysical methods for Groundwater exploration. A total of 10 Geoelectrical sounding has 
been done around the Nigahi colony to depict the potential groundwater zone. There are many standard electrode configurations 
like Schlumberger electrode configuration, Wenner electrode configuration, Double-Dipole electrode configuration, etc. I have used 
Schlumberger electrode configuration with the maximum current electrode (AB) spacing 200m and potential electrode (MN) spacing 
20m. The instrument that was used for collecting data is IGIS microprocessor-based signal enhancement Resistivity Meter SSR-MP1. 
For interpretation of data, I have used IPI2WIN software. The result and aspects of the area are discussed in the present paper.

Abstract— Exposure to Whole-Body Vibration (WBV) negatively impacts the health and safety of exposed Heavy Earth Moving 
Machinery (HEMM) operators working in Indian Opencast coal mines. The operators in their workplace are repeatedly exposed to 
different levels of WBV. Regular and prolonged exposure to different magnitudes of WBV may result into biochemical and biodynamic 
alteration in the tissues, ligaments and tandems. High magnitudes of such WBV may also lead to muscular disorder with back pain 
and at times may well impair quality of life. The authors have measured magnitudes of vibration experienced by HEMM operators. 
Based on the experimental trails and magnitudes of WBV measured at different type and capacity of HEMM, the authors attempted 
to quantify the exposure to WBV while driving and thereafter attempted to evaluate the exposure limit of HEMM with respect to the 
physical parameter of the operators and work experience
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Abstract - Mining has the potential to cause a wide range of environmental, political, and social issues leading to major concerns among 
the mineworkers. The major debates revolve around the balancing economic and environmental concerns, but the social dimension of 
sustainability in mining seems weak and not defined nicely. Equity of access to key services like health, education, transport, housing, 
recreation, and quality of life are some of its indicators, thus, critical for maintaining occupational health. Thus, the paper attempts 
to highlight social sustainability among mine workers with major emphasis on occupational health. Mining is an arduous occupation 
where mineworkers are continuously weighed down by the pain and disability of their work, making it difficult for them to adjust 
to its demands and challenges. Low back pain is a major occupational health concern among mines workers. Despite major changes 
in the workplace and serious ramifications for employees' health, organizations may not regard occupational health as an important 
factor in maintaining the social sustainability of mineworkers in the mining industry. The paper aims at discussing mining-related 
health effects and preventive measures that may be taken to prevent low back pain among mine workers. Much more has to be done to 
guarantee that mining is a healthy and sustainable development practice. Thus, primary prevention methods like establishing a proactive 
process, facilities design and layout, use of mechanical-assist devices need to be implemented. Also secondary prevention methods 
such as communication and management commitment, workplace design, and proactive return-to-work, comprehensive approach to 
restricting the manual material loading, development of educational programs, and imparting knowledge would be discussed in the 
paper. By complying with occupational health and safety requirements and investing in preventative measures, mining firms may 
play a significant role in preventing the spread of illnesses among mineworkers. An effective collaboration between the organization, 
managers, mineworkers and partner institution might facilitate in reaching social sustainability at mines. Educating the stakeholders 
about the challenges faced by mineworkers may reduce the prevalence of occupational health hazards such as low back pain and 
disability in mining industries. 
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Abstract:- In the last two decades, the coal mining industry 
has seen many ups and down as far as survival of the 
industry is concerned. Presently in the Coal mining sector 
there is need for growth in the size of individual operations, 
increase in size of equipment, and greater demands for 
sustainable development. These trends would continue into 
the future impacting both the opening of new mines and the 
closure of existing operations. In this paper, an overview 
of Technological advances in Opencast Coal mining is 
presented. The discussion starts with the Coal mining and its 
future demand in India and concludes with an identification 
of future research needs.

INTRODUCTION

The Mining sector in India has shown tremendous scope 
for growth keeping in view the fact that the country has 
sizeable potential for mineral wealth and demand from 
manufacturing sector continues to expand. It is however 
recognized that mining, unless properly regulated can have 
serious adverse environmental and social consequences. 
On one hand, mining disturbs the soil, water and ecological 
regimes and on the other hand, unless accompanied by 
proactive measures to promote inclusiveness through 
social, education, health and other interventions, it can 
lead to alienation of the local population, and assume 
socially unacceptable dimensions. This has necessitated 
fresh thinking on policy approaches and technologies 
that ensure that Mining is done in a way that causes least 
damage to the natural resources such as air, water, soil, 

biomass, and also benefits local communities in the most 
appropriate way.

Coal mining and its future requirement

With its contribution of nearly 60% of the total commercial 
energy consumption in the country coal continues to play a 
pivotal role in shaping the profile of the national economy 
of a developing nation like India. A share of such magnitude 
in the commercial energy spectrum of the country is in 
conformity with comparatively favourable resource potential 
of coal vis-a-vis other energy resources like oil and natural 
gas. To make the coal industry more efficient Government 
of India has already initiated liberalisation of the coal sector. 
Today the total demand of coal has increased in the world 
with the consumption having an upward trend in all the 
major countries of the world.

Fig-1 Global Coal Consumption trend for last ten years

Source:- Coal 2020 International Energy Agency Annual 
Market Report

Chapter 3C

Green Initiatives & Alternative 
Energy
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As per KPMG 2030 vision document ,in the case of  coal 
industry in India, trends portent that in the long run, 
the demand will decrease substantially. However the 
inflexion point is still unknown. The coal demand in India 
has increased roughly one third in the last five years. 
The increase in demand has been driven by both, power 
sector and non-regulated sector. Power sector remains 
the key consumer segment with roughly 70% of overall 
coal demand.Overall coal demand is estimated to be 1300 
- 1900 MT by 2030. The demand scenario is influenced 
by economic growth, energy efficiency and emergence of 
alternate coal uses. By 2030, of the overall coal demand, 
thermal coal demand is estimated to be 1150 - 1750 MT 
and balance, is coking coal demand. While this appears 
to be a very wide range, the nature of uncertainties in the 
ecosystem are also unfortunately, quite wide.

Fig-2Projected Coal Demand In India by 2030

2.0 PHASES IN A MINING PROJECT

The understanding of the Coal mining cycle is essential 
to fully highlight the problems and issues of the needed 
technologies for sustainable mining. The major steps in 
the cycle are:

•	 Exploration
•	 Planning
•	 Development
•	 Extraction/Production/Operation
•	 Mine	Closure	and
•	 Reclamation	and	Rehabilitation.

Fig-3 Phases in a mining project

Sustainability has to be applied for all the different 
stages of the mining. For achieving sustainability, what is 
required is that a mining project should be economically 
viable, financially profitable and technically efficient. 
This will enable the project to have the capability to 
maintain continuous environmental and socio-economic 
improvements, from mineral exploration, through 
operation, to closure. In operational terms, sustainable 
development in the mineral sector implies a mix of 
scientific mining, improved environmental management 
including pollution control and enhanced socio-economic 
development, especially for local communities in mining 
areas.

TECHNOLOGICAL ADVANCEMENT FOR 
SUSTAINABLE MINING.

Mining technology is a broad topic. In this paper the author 
wants to highlight the various technological advancement 
presently being undertaken in the opencast coal mining 
industry for exploration, planning, development and 
extraction. Present status and improvement areas in the 
coal industry for technological advances in Coal India are 
discussed below:

Exploration- Technology based innovations  
correspond to the development of new techniques used 
by exploration geologists. These techniques could be 
low-tech or high-tech, from mechanical improvements 
in drilling technology to sophisticated analytical tools. 
Most of the time, they address the direct challenges of 
exploration, like enhancing a signal or speeding up the 
exploration process, to reduce both the overall cost of 
discovery and the risk. The exploration of coal has always 
been a challenging task worldwide for the geoscientists. 
Moreover, coal being a stratified deposit has to be explored 
with a different approach in comparison to other ore 
deposits. Indian coal industry has used the conventional 
drilling methods for exploration in last few decades which 
involves huge cost and time. The basic challenge in coal 
exploration involves the proving of the structural behavior 
of the coal seams, for which most of the boreholes are 
drilled as per conventional practice, whereas the quality 
of the coal seams is inferred from the coal core samples 
of about 50% of the boreholes drilled in a block. Hence, 
the question arises that if the structural disturbances can 
be mapped through some indirect methods (other than 
conventional drilling) then the quantum of drilling can 
be easily optimized by half. The global scenario in coal 
exploration involves two means of coal reserve estimation 
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as shown in Figure 4.

Fig 4: Flowchart demonstrating the two means of coal 
exploration in global scenario.

Role of Geophysical Methods - The geophysical tools are 
indirect but effective methods for mapping the subsurface 
variation of the coal seams by mapping the anomaly in 
the physical parameters. Basically the surface geophysical 
survey involves High Resolution Shallow Seismic (HRSS) 
and 2D Resistivity Imaging which are two of the most 
appropriate and economic methods for mapping the 
structural variations. HRSS survey involves artificial 
generating seismic waves on the earth surface which 
travels down the earth subsurface and is reflected back 
from each of the strata contacts. These waves are received 
on the surface using receivers known as geophones and 
the acquired data generates a time section showing various 
reflectors (corresponding to each lithological formation). 
These sections after suitable processing and when 
converted into depth sections (using velocity) provides a 
clear picture of the variation of the stratigraphy as shown 
in Figure 4(a) & (b).

Fig 4(a): Showing the response of a fault over a seismic time 
section.

Fig 4(b): Showing the response of a seam split over a seismic 
time section.

These seismic sections when interpreted and correlated 
can also provide the 3D model of a seam in a particular 
block through which the quantum of drilling cost and time 
can be optimized. The basic concern after establishing the 
structure is the quality which can be determined through 
drilling of a few boreholes scattered thoughout the area. 
These two interpretations will result in estimation of the 
coal reserve with less quantum of drilling induced cost 
and time. This practice has been gradually adapted by 
the global leaders of coal exploration and exploitation 
and the indian coal industry is gradually tending to the 
practices by adapting the technical advances. Presently 
in SECL command area the work of 3D seismic survey 
is under progress in Rajadahi and Taulipali Geological 
blocks of Mand Raigarh Coalfields. The maximum 
depth of investigation is 1200m and the seismic source 
is explosive. 2D seismic survey has been completed in 
Nigwani Bakeli and Shahpur Geological block. Maximum 
depth of investigation was 800-900m and seismic source 
was Vibroseis. In 5nos. of geological blocks 2D seismic 
survey is in progress. 

Mining softwares and digitalisation - Today due to 
advancement in the software packages the mining 
industry is using several varieties of packages to perform 
a large number of technical and scientific tasks.Number 
of software packages have been developed to carry out 
virtually all the functions required to run a mine or for 
exploration work. Software not only provides future 
planning capabilities but also real time development 
changes. Software’s are also available to design the pit 
slope/dump slope which enables maximum recovery from 
open pit mining by way of steeper slope angle with factor 
of safety sufficient to avoid any chance of pit slope failure 
or dump slope failure. Today the mining industry use the 
software for exploration, geological resource modeling, 
mine optimization, mine design, reserve calculations, mine 
scheduling, operational efficiencies, equipment analysis, 
project management and financial modeling. The various 
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types of software packages available in the market are 
MAPTEK VULCAN, GEOVIA SURPAC, DATAMINE, 
GEOVIA MINEX ,CARLSON, SLOPE STABILITY 
SOFTWARES, SIMULATION SOFTWARES etc.

Fig 5:Computerised Mine working from software

In coal India the use of softwares is limited to preparation 
of Project report. Use should be further percolated upto 
individual coal mines. This will help to

· Preparing of outsourcing proposals in very short time.
· Day to day monitoring of progress of shovels.
· Calculation of OB/ Dumps/ Coal stocks in very short 

time.
· Changes if any to be made in short term planning.
· Short term and long term mine scheduling.
· Simulating the mine operations to optimize the 

production and fleet of HEMM. etc.

Digitalisation of mines would help to automate many 
of the processes making it further simpler to collect 
data. Data includes mine conditions , fleet maintenance, 
inventory, fuel usage, Workman training, Land records 
etc. Presently seven mines in Coal India are identified for 
digitalization. M/s Accenture has been awarded the work 
of Digitalisation. This would help more automation, data 
analysis and increase in operational efficiency and safety.

Operational technologies - With the continuous up 
gradation of technology, large opencast mining projects 
deploying giant machines with high production capacities 
have become inevitable. These machines have the 
sophisticated operational modes to beat the efficiency 
norms of the past

SHOVEL / TRUCK SYSTEM - In open pit mining this 
system is the most commonly used. This can also be used 
in conjunction with in pit crusher (mobile or semi mobile).

Fig 6 – Mining haulage truck size evolution

Since last two decades there is significant growth in 
shovel/truck system of mining. Need to increase operating 
scale has led to the demand for larger mining equipment 
to realize decreased costs. Therefore presently the focus of 
the open pit mining industry has been on larger equipment 
with the objective of reducing unit mining costs. There 
is growing demand for use of large size equipment in the 
open pit mines. Presently

· The dumper capacity has gone up to 380/400Te.
· Development and increasing use of large capacity 

hydraulic excavators / rope shovels. (Upto 52m3 
bucket capacity)

· Use of large capacity wheel loaders in large scale 
(Upto 18m3 Wheel loaders).

In Coal India maximum of 42m3 Rope shovels, 240 te 
dumpers, and 10m3 Pay loaders are under operation. 
Scope is there to expand the usage of High capacity 
loading machines in some of the mines of Coal India. Due 
to land constraints the usage of high capacity HEMM’s 
have following disadvantages:-

· Roads needs to be wider.
· Operating space needs to be larger ( Turning radius etc).
· Pits needs to be larger.
Some difficulties have accompanied the introduction of 
larger equipment into mines such as ,high initial capital, 
High spares cost, Higher fuel requirement, complexities, 
dilution, Competant operators and maintenance crews .

USE OF BLAST FREE TECHNOLOGY - Seeing 
the environmental hazards associated with blasting in 
Opencast and the various surface constraints, it was 
felt necessary that blast free technology to be adopted 
in Opencast coal mines. The blast free technology also 
supports higher production rates.

USE OF SURFACE MINER IN COAL CUTTING - 
Surface miner completely eliminates drilling blasting and 
primary crushing unit and thus reduces their associated 
environmental hazards. Apart from this, the sized 
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excavated material increases the transport/conveying 
efficiency and thus saves the energy requirement in 
transportation.It is also useful where seams are thin and 
grade deterioration is a constraint. Application of surface 
miner with proper planning yields better efficiency. In coal 
India surface miners are in extensive use in many of the 
Opencast coal mines for coal cutting. Study is in progress 
for use of surface miner for OB cutting economically. At 
present in Coal India surface miners are deployed in 53 
nos. of coal mines. The total no. of surface miners in use 
are around 135. Further in 15 no. of additional mines 27 
nos. surface miner has been proposed.

USE OF HIGHWALL MINER - Highwall Mining is a 
remotely controlled mining method, which extracts coal 
from the face of a seam within the Highwall of opencast 
mine, which has reached its final limit due to further 
uneconomic stripping ratio or due to local constraints 
which limit further mining by normal surface/ opencast 
technology. The extent of an Opencast Project is limited 
by the financial viability, though coal Seam continues to 
exist beyond the quarriable limits. Irrecoverable and non-
replenishable Coal is lost forever within the Highwall of 
the Opencast Projects. Thus, Highwall Mining is a valued 
Technology which can revolutionize maximization of 
extractable reserves. Highwall mining is presently in used 
at Sharda opencast mines of SECL. One more highwall 
is being planned in Sohagpur coalfields namely Batura 
Highwall of 0.5Mty capacity. This technology is useful to 
extract coal beyond the economic limit of OC Mines and to 
extract the blocked coal due to villages, ponds, railways etc.

USE OF ROCK CUTTING TECHNOLOGY FOR OB 
REMOVAL - This technology helps to extract OB werE 
surface constraints such as villages restrict blasting 
operations. This is in use at one of the mines of MCL. 
SECL has floated tender for use of rock cutters(ripping 
technology) in OB removal in mega mines where working 
has to be carried out in near bye villages.

INPIT CRUSHERS AND CONVEYING SYSTEMS- The 
most significant development was the use of continuous 
transport system in open pit mining system. Now a day’s 
mobile/fixed in pit crushers are an established means to 
crush coal for conveyor transport in Opencast coal mines. 
In Coal India fully mobile Inpit crusher and conveying 
has been used at Piparwar OC mine. Semi mobile/Fixed 
crushing and inpit conveying is successfully in practice 
in many opencast mines. In many of the future projects 
of Coal India where Drilling and Blasting is proposed, 
Inpit crushing has been planned. In pit crushers in current 

operation in the world have a output ranging from 1000 
Te/hr to 10000 Te/hr.

DEVELOPMENTS IN THE CONVEYING AND 
DESPATCH SYSTEMS - Bulk material transportation 
requirements have led to innovations in the belt conveyor 
industry related to carry high tonnages over long distances, 
higher depths and more diverse routes.

USE OF CONVEYORS -  The most efficient way to 
transport material from one point to the next is as directly 
as possible, but as we continue to transport longer distances 
by conveyors, the possibility of conveying in a straight 
line is less and less likely as many manmade and natural 
obstacles exist. Today there is marked trend worldwide 
to use curved conveyors, mostly in overland transport 
applications over long distances. Today’s technology 
allows designers to accommodate these curves relatively 
easily. Presently in Coal India Conventional conveyors are 
in use in many mega mines. Conveyors that can handle 
coal upto 4500tph/hr has been planned in Coal India. 
Conventional conveyors are limited to inclined angles 
around 16 to 18 degrees. But in open pit mines due to 
increasing depth of the mines, now a day there is necessity 
of use of conveyors that can be used in high gradients. 
Thus the necessity of high angle conveyors is been felt, 
especially in case of deep open pit mines. In our country 
Presently high angle conveyors are not in use. However 
provision has been made in some of the future projects of 
Coal India for High angle conveying. Once it is successful 
it can be a milestone achievement as far as inpit conveying 
is concerned.

Fig 7 – High Angle conveyor installed in the mines

The other variations of the belt conveyors are the pipe 
conveyors. In this the conveyor belt is rolled together into 
the form of an overlapping closed pipe. It was developed 
first in Japan and today is manufactured in slightly 
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different forms by different manufacturers. It can be used 
in case of inclines and where curves are to be negotiated. 
Pipe conveyors are in working at Gare Palma IV/2&3 
opencast coal mine. Recently 6.06 km long pipe conveyor 
has been installed and commissioned at Bhattadih OCP 
of WCL to transport coal from mines to Thermal power 
station. This technology can be successfully used in other 
opencast coal mines for surface conveying seeing the land 
constraints, less pollution, less pilferage and high capacity 
tonnages pipe conveyors can handle.

DEDICATED RAIL CORRIDORS FOR COAL 
TRANSPORTATION - In India four dedicated freight 
rail corridors for coal transportation namely Tori-
Shivpur rail line, Jharsugda- Barpalli-Sardega rail 
line, Kharsia-Dharamjaigarh-Urga rail line and Urga-
Pendra road rail line are identified and construction 
work is in progress. These freight corridors have partly 
been operationalized. Operation of these corridor will 
greatly improve coal transportation economics and also 
associated environmental gains apart from increase in 
coal despatches.

FIRST MILE CONNECTIVITY - In order to achieve the 
planned growth in coal evacuation CIL has strategized 
First Mile Connectivity projects for mines having capacity 
of 4Mt and above for easier handling and transportation 
of coal from pit head to destination. Total 35 nos. of FMC 
projects have been identified. Some of the FMC Projects 
have been commissioned and rest are under various stages 
of construction. This strategy will help in reduction of air 
pollution and better human health and economical benefits 
from Conveyor transport and Silo loading.

Fig 8 – Silos Constructed at Kusmunda OC Under FMC 
Project

DEVELOPMENTS IN BLASTING - In mining, 
Uncontrolled blasting/ poor blasting may result in ground 
vibration, noise, fly rock. These environmental problems 
are more common in the hard rock mining. Now a day’s 

expensive technology such as in pit crusher, high capacity 
shovels are used which cannot be moved to distant places 
during blasting. Thus the need is to have a controlled 
blasting without damages to the nearby machines. The 
latest development in the field of explosives is the use of 
emulsion explosives and non electric detonators. In many 
places electronic detonators are used to have a good control 
on the delays for controlled blasting. There are many 
software’s available in the market for proper blast design. 
Innovations in the blast initiation systems coupled with the 
sequential blasting machines, sophisticated seismographs 
for monitoring of blast vibrations and controlled blasting 
techniques have helped to blast large blasts with good 
fragmentation and less vibration and fly rock. In Coal 
India all the issues are successfully dealt with right from 
the planning stage to implementation stage.

DEVELOPMENTS IN THE FIELD OF IT AND 
AUTOMATION

ONLINE TRUCK DISPATCH SYSTEM (OITDS) - A 
GPS based, operator-independent truck dispatch system 
(OITDS) suitable for open cast mines has been installed 
and in operation at Mega mines of SECL, MCL and NCL. 
The present available technology needs further upgradation 
compatible with the present and future requirements. This 
technology has the capability for Real Time Equipment 
Monitoring, Automatic Data Gathering, Automatic Truck 
Assignment and Real Time Reporting. This helps in 
Increased Equipment Utilization, Increased Productivity 
and Reduced Costs( Maintenance ,Fuels)

USE OF 3D LASER SCANNER - A laser-scanning 
instrument works on the principle of LIDAR (light 
Detection & Ranging). The scanner emits laser rays, which 
hits the object to be captured I comes back to the scanner. 
Within a very short period, the scanner collects billions of 
points cloud), this point cloud data can be used to create 
3D models for a wide variety of spatial volumetric tasks 
Productivity of laser scanning is very high in comparison 
to the conventional surveying instruments. Applications of 
laser mapping in mines include: accurately map, model and 
interpret geological structures and boundaries/structures 
in a mine. Detailed and accurate model of benches/
dumps/stocks, Calculation of volume measurements and 
for monitoring of slopes. Presently laser scanner is used 
in mega mines of CIL and by CMPDIL for OB and Coal 
measurement.

GEOGRAPHIC INFORMATION SYSTEM - Data 
collected in the field by surveyors, or from aerial 
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photographs, satellite images, or GPS, is almost always 
represented on some type of map. Presently, the printed 
map is used to analyze the information and to make 
decisions. Now a days maps are stored in layers of spatial 
information in a geographic information system (GIS) 
allowing manipulation, analysis and display of spatial 
data. GIS can be used for issues related to land, establising 
the optimal location of haul roads, mine entry, preparation 
of EIA, selection of site for housing, dumps etc.

PHOTOGRAMMETRY AND REMOTE SENSING - 
Developments in satellite and sensor technology have 
made it possible to detect objects as small as meter from 
satellites. Images acquired by satellite and airborne 
sensors are processed and analyzed and used as data 
sources in a GIS for further analysis or visualization. Can 
also be used for mine closure planning, Rehabilitation and 
land reclamation planning .

USE OF DRONES IN MINING - CMPDI has planned 
to deploy drones at Coal India mines for specialised 
survey applications such as generation of high-resolution 
images, 3D terrain mapping and volumetric measurement 
of excavation. In mining, drones have several applications 
like mine surveying, inventory management, stockpile 
estimation and hot spot detection etc. Mine surveying 
can be done using drones to provide detailed information 
about the sites before starting with mining projects and 
document their progress to visualize changes in site 
overtime. Drones - using photogrammetry or LiDAR - 
are significantly more accurate, efficient, and prevent 
endangerment of personnel. The updated 3D surface 
models provide recurring snapshots of changes in the 
life of the stockpile. For mine operators, this data plugs 
directly into any mining or GIS software suite for further 
analysis and evaluation. Drones can access highly toxic 
hard-to-reach areas for providing better insights for mine 
planning. In coal mines, drones can be used to detect hot 
spots in coal stockpiles to assess potential spontaneous 
combustion areas and enable personnel take pre-emptive 
measures. Drones can further help blast planning, haul- 
route surface optimization and emergency response. They 
can monitor road conditions and security.

REAL TIME SLOPE SLOPE MONITORING RADAR 
- Real time slope monitoring is used in many Opencast 
mines to provide real time monitoring and advance warning 
signals before any slope and dump failure in opencast 
mines. This system can detect movement of benches 
with precision, continuity and wide area coverage. The 
monitoring occurs without the reflectors and equipments 

on the bench wall and slopes.The system gives data for 
interpretation within minutes. The radar moves around the 
mine in a cyclic manner to identify  problematic  areas.  
This system has been installed in many mines of CIL.

Fig 9 – Real time slope monitoring Radar

IDENTIFICATION OF 
FUTURE DEVELOPMENT NEEDS

There is great potential for further sustainable developments 
in the field of mining, through the application of advances 
in several fields of science, engineering and technology. 
The various areas of development can be categorized as 
follows:

I) AUTOMATION AND ROBOTICS- It includes 
further advancement in global positioning system and its 
area of application, repair and maintenance using robotics, 
automated communication and data transfer system, 
automation in ancillary operations, look ahead technology 
for making real time decisions.

II) TRANSPORT SYSTEMS- Need for advanced, high-
performance in-mine transport systems to replace trucks. 
It includes recently introduced new conveying system 
such as High angle conveyors, skip hoist system. Research 
on suitability of Hydraulic or pneumatic transportation 
systems should also be carried. On the surface transport 
by water ways is one of the solutions to reduce load on 
roads and rail. Achieving these improvements in materials 
handling technologies and systems has the potential 
to improve productivity significantly reduce mine-
site emissions, including dust emissions and improve 
efficiency.

III) EQUIPMENTS : Technologies should be developed 
to make mining equipment self-analyzing, capable of 
identifying problems before they occur, and self- repairing 
will allow problems to be resolved prior to breakdown. 



Northern Coalfields Limited, Singrauli

136

Focus should be on to developing smart, durable, and 
wear-resistant materials and components for mining 
equipment, developing new battery technologies for use 
in mining equipment and on creating new and innovative 
alternatives to powering mining equipment such as LNG/
CNG. These improvements could lead to reduction in 
operation cost, fleet operation, maintenance cost and 
extension of equipment life cycles.

IV) BLASTING : Further improvements in controlled 
blasting techniques to reduce. Vibration, noise dust 
emissions. Alternative to blasting for fragmentation such 
as high pressure water technologies. Encouraging use 
of face profiler, GPS in drills, electronic detonaters and 
Design/fragmentation softwares

V) SYSTEM INTEGRATION : This approach 
incorporates all aspects of mine site, preparation, 
excavation, production, environmental management, 
delivery, material and water reuse, and remediation 
in the up-front planning process. It also includes 
integrating innovative methods for reclamation and mine 
closure practices.. Systems integration should include 
sustainable development concepts, making efficient use of 
information technologies, characterization technologies, 
selective mining technologies, raw materials, process 
activities at or near the mining face, and all materials with 
market value to be extracted, processed, and sold. It also 
includes reusing process residues, identifying new and 
useful applications of current waste materials and lands, 
suppressing dust emissions.

VI)  PROSPECTING AND EXPLORATION : The global 
leaders in coal exploration are adapting various indirect 
methods for optimizing the cost and time in conventional 
drilling exploration. 2D and 3D seismic are tools that has 

been established worldwide for mapping the structural 
behaviour of not only the coal seams but also the preceding 
and succeeding startigraphic sequences in a particular 
area of interest. This not only helps  in minimizing the 
drilling required to prove the geological structure, but also 
generate a continuous grid representing the stratigraphy 
with minimum interpolation as in the case of drilled 
boreholes. The structure and quality results then may be 
used to determine the Reserve of the coal seams in Indian 
coal exploration in future.

CONCLUSION

There are many improvements as far as mining 
technology and data base mine management is concerned, 
but in Indian context majority of the advancements are 
evolutionary in nature rather than revolutionary. Time has 
come for radical change in the mining technology seeing 
the various adverse effects of mining on the environment 
and community, to achieve sustainable development. The 
operators, equipment manufacturers and government have 
to come together to take the risk in advancing and adapting 
the emerging new technologies in mining in an integrated 
approach so that the technologies are revolutionized 
in a time bound manner. This will help to achieve the 
exploration targets, higher production and despatches, 
improve health safety of the miners and the surrounding 
communities.
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Abstract — Rare earth elements, including yttrium, have 
gotten attention over a few years worldwide because of their 
applications and vital roles in many defence and security- 
related industry, strategically. Coal is a valuable source of 
power energy as well as for the metal contents in it. Recent 
research and findings provide evidences of REEs in coal and 
coal by-products. The study of REEs in coal and coal by- 
products is infancy globally. This research paper focuses on 
the REEs content in coal and a review of possible recovery 
by leaching methods. Slow and fast leaching methods with 
the help of chemicals can be a promising method to recover 
these valuable REEs from coal and coal by-products. The 
collected coal samples were analyzed by the scanning electron 
microscope with energy-dispersive X-ray analysis, inductively 
coupled plasma mass spectrometry, Thermogravimetric 
analysis, and Ultimate analysis. The REEs concentration in 
coal and coal by-products was also compared with the average 
concentration of the Chinese coal, US coal, and World coal 
to see the comparative study. This study also found that ash 
content has a higher concentration of REEs than samples 
themselves, more than three times higher. The recovery is also 
possible by various leaching methods up to 50% and more 
than that. Conversion of samples to calcined samples will 
lead to higher recovery of REEs by the leaching method. So 
with the help of focused study on REEs in coal and coal by-
products, will lead to interesting facts over the coal utilization 
other than power sector in future. This research work can lead 
to metal free coal and coal by-products to the environment.

Keywords—coal; rare earth elements; calcined samples; leach-
ing

I. INTRODUCTION

The increasing demand for rare earth elements (REEs) for 
advanced technology development has elevated and to 
fulfill this demand, we should look for the new resource 
base substance with REEs. The existence of REEs in coal 
is in a new fancy study over the past decade. Despite its 
(REEs) importance, very limited studies have been carried 
out on methods to recover and refine the REEs in coal as 
well as the existence. REEs are strategic as well as non-
renewable resources that are widely used in many fields. 

These REEs are excessively used and aggressively mined 
of its ores globally, which will escalate to depletion in 
abundance [19]. REEs is a group of 15 elements, which we 
call the lanthanide elements (atomic numbers 57–71) and 
two transition metal elements, i.e. yttrium and scandium. 
Promethium (atomic number 61) is very rare in the earth 
crust and is normally considered not to exist in nature 
[6,17]. Increasing applications for REEs started in the 
1960s when developments in process technology allowed 
their purification at the commercial scale [14]. By the 
estimation of USGS, China will be the leading exporter of 
REE in the world (95%) by the end of 2009, whereas only 
43% of world’s REE reserves are reported in China [13]. 
Moreover, the importance of REEs is immense in modern 
day technology-driven world, and the need for these 
elements for building the modern civilization is ample. 
According to geochemists, REEs are divided into two 
broad categories viz., light rare earth elements (LREEs) 
and heavy rare earth elements (HREEs). Y is grouped under 
HREE because of its physical and chemical similarity; 
further referred to as REY [4, 7, 18]. The vital controls 
of REEs on geological and cosmo-chemical behaviour are 
their size, i.e. ionic radius, redox potential, coordination 
number, and volatile and ionic behaviour. These REEs 
are valued for their characteristics including distinctive 
magnetic, phosphorescent, and catalytic properties in 
various products and processing like high strength 
magnets, metal alloys, polishing, catalysts, phosphorous, 
glass, ceramics, and others (Fig. 1). These elements are 
also useful to strengthen any country strategically because 
they are used for defence purposes in making satellites 
communications, guidance systems, aircraft structure, fly-
by- wire, and smart missiles.

Coal ash, which includes fly ash and bottom ash, is a 
major by-product of coal-fired thermal power plants. Coal 
ash is a principal industrial waste that has a destructive 
impact on human health and the surrounding environment 
due to leaching or migration from its disposal or dumping 
sites. However, coal combustion by-products (CCPs), 
also known as coal ash, are an economically promising 
resource for removal of precise critical metals, including 
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Ga, Ge, REEs, and Y (REE + Y or REY), Au, Ag, Re, V, 
Zr, Nb, and base metals such as Al [8, 18]. There was a 
short-lived crisis for REY supply in 2010 as well as price 
hike in 2011, which led to a search for alternative resources 
for REY globally [1, 8, 15]. This led to exploration for 
sources of REY that have increased significantly. On a 
commercial scale, REY is extracted from REY bearing 
minerals like bastnaesite, monazite, xenotime, etc., also 
called as rare earth deposits [10, 11]. Coal, along with the 
production of its combustion, has recently attracted much 
attention as hopeful alternative sources for valuable trace 
metals (VTM) [5]. There are also so much research going 
on, removing REE from coal and coal fly ash (CFA) by 
mechanical grinding and enhancing leaching methods 
(alkali solution) from the point of physics and chemistry 
[21]. REEs occur in coal as a trace element, generally 
having concentration below 0.1% in natural materials. 
In India, coal is mostly bituminous rank with less sulfur 
concentration (below 1%) and relatively higher ash 
percentage. It is because of the mode of formation, i.e., 
allochthonous deposition. An allochthonous deposition is 
drifting of materials from one part into sedimentary basins 
and due to this movement of materials will lead to a lot of 
minerals to associate with the occurrence of coal.

Fig. 1: Use of REEs Worldwide (Modi and Jamal 2021)

MATERIALS AND METHODS

The collected coal samples were from an open cast mine, 
of Sohagpur Coalfield, Madhya Pradesh, India. Pillar 
sampling method was adopted for the collection of coal 
samples from running seam. After collecting the coal 
samples, it was immediately put into the zip-lock plastic 
bags to minimize the oxidation and contamination. The 
collected coal samples were brought to the laboratory and 
crushed as per the required for analysis. The ash made in 
the laboratory as per standards of ASTM 1994 [2] to see 
REEs concentration in ash samples. The collected coal 
samples were analyzed by Shimadzu TGA-50, thermo-
gravimetric analyzers (TGA) for proximate analysis.

For ultimate analysis, coal samples were analyzed by the 
CHNOS-Euro EA Elemental Analyzer. Coal samples were 
analyzed by Carl Zeiss EVO-MA15/18 scanning electron 
microscope (SEM-EDX). SEM-EDX instrument helps in 
producing the detailed high-resolution images of sample 
by rastering a focussed electron beam across the surface 
and detecting secondary or backscattered electron signal. 
The samples were analyzed by the Agilent 7700 ICP-MS at 
the Birbal Sahini Institute of Palaeosciences in Lucknow, 
Uttar Pradesh, India. USGS standards were followed here, 
SGR- 1B, SCo-1 for shale samples, and CLB-1 for coal 
samples.

After the qualitative and quantitative identification regarding 
REEs in samples, an attempt has been made to recovery 
these valuable metals from coal and coal by products 
with the help of leaching methods. These two methods 
were called as slow and fast leaching methods, depending 
upon the time for completion. Leaching experiments were 
conducted on the samples using, de- ionised water, acidic 
solution, and basic solution. Parameters and conditions 
were plotted to mimic the natural conditions present in coal 
mines. In slow method, only de-ionised water and acidic 
solution were used while in fast method, de- ionised water, 
acidic and basic solution were used in the experiment. Coal 
samples were used in slow leaching method while in fast 
leaching method, different type of samples (Coal samples, 
ash samples, calcined samples) were used.

RESULT AND DISCUSSION

A. Characteristics of coal - Traditionally, the various 
proximate analysis determination involve heating the 
sample in furnace under ASTM specific conditions [3]. 
But here we have adopted the TGA for proximate analysis 
because traditional methods are not only time consuming 
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but also they require plenty amount of samples. Ultimate 
analysis determines the elements of organic matter of 
coal and includes carbon, hydrogen, nitrogen, oxygen, 
and sulphur. The potential pollutants in coal are Nitrogen 
and Sulphur. In the analysis done by Scanning Electron 
Microscope with the help of energy dispersion X-ray (SEM 
with EDX), we are able to see the elemental distribution in 
coal samples and coal ash also. The atomic percentage and 
weight percentage in coal samples are as follows as shown 
in Fig.4.

The proximate analysis showing the coal sample’s 
moisture content, ash content, volatile matter and fixed 
carbon content. Moisture % in coal samples is 3.41, Ash 
% is 30.6, Volatile matter % is 29.6, and fixed carbon % 
is 36.5. Gross caloric value of A-1 sample is 5525 Kcal/
Kg. Sample name B-1 and B-2 were the coal shale. This 
is present in coal samples in form in interband which 
decreases the caloric value of coal samples as well as its 
grade also. The Ultimate analysis of coal samples were 
showing the percentage of Carbon, Hydrogen, Nitrogen, 
Oxygen, Sulphur, and Oxygen.

The Carbon content is 63.9, Hydrogen content is 4.6, 
Nitrogen is 0.6, Sulphur is 1.8 and Oxygen is 28 in coal 
samples of A-1 (in percentage) from table 1. While for 
sample number B-1 and B-2, Carbon percentage is very 
low, and Oxygen percentage is very high as shown in table 
1. GCV is also low comparatively for these samples.

Fig. 5: Graphical representation of REEs in coal and coal by- 
products

B. Rare Earth Elements (REE) in samples - The coal and 
coal ash along with high shale content in coal are analysed 
with help of ICP-MS. The analysis is showing in table 2. 
The graph were plotted between the coal samples and its 
ash formed in laboratory. Here the graphs were plotted 
between Rare Earth Elements and its concentration among 
coal samples, high shale content coal and its ash. The 
LREE elements are more in all samples comparatively to 
HREE. The graphs are plotted between the concentration 
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and REE. The graphs were plotted on axis scale of linear 
scale to see the variations of REE. The highlighted font 
in sky-blue of table 2 are showing here the critical rare 
elements (Y, Nd, Eu, Tb, Dy). The sample name aA-1 
is ash of sample A-1, samples aB-1 is ash of B-1 sample 
and sample aB-2 is ash of sample B-2. The coal sample 
of A-1 was showing the fair amount of REE but when we 
analysed it’s ash made in laboratory we found huge change 
of REE concentration upto 10 folds. The coal ash sample 
of aA-1 is very much higher for Ce (239 in PPM), La (123 
in PPM), and Nd (99 in PPM) than any other coal sample 
and it’s ash. The coal shale sample B-1 and B-2 along with 
its ash sample, aB-1 and aB-2 are also higher and showing 
here fair amount of REE concentration in samples and it’s 
ash. When we compare REE in the coal samples with the 
US coal, Chinese coal and World coal, then this values 
show very good results. REE in coal samples are higher 
for all elements than the US coal. REE in coal samples 
are higher for Sc, Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb for 
Chinese coal while it is lesser than for Dy, Ho, Er, Tm, Yb, 
Lu elements. When we compare the REE concentration 
with the world coal, every element fall in its range as per 
given by the data in table no 3. When we see the critical 
REE concentration in Sohagpur Coalfield , it’s also higher 
than US coal. The critical REE Y, Nd, Eu, of Sohagpur 
Coalfield are higher than Chinese coal except Tb and Dy. 
The coal ash is prepared in laboratory and analysed of 
coal sample and coal shale. The mean value of coal ash 
for Sohagpur Coalfield is higher than the Chinese and US 
coal samples as per data comparison of table no. 2 and 
table no. 3 for all REE. When we compare these coal ash 
REE data with the world coal REE data of table no. 3 then 
it is also high for almost all elements except Ho.

C. Recovery of REEs for coal and coal by products (CCP) 
- These (REEs) are the precious metals as discussed in 
introduction part, so to recover these metals is also very 
important as found in coal and coal by products (CCP). To 
recover these metals from coal and CCP, we performed the 
leaching methods for recovery. In slow leaching method as 
said earlier, it recovered most of REEs from coal samples. 
In fast leaching it also recovered many REEs from coal 
and CCP. Acidic solution is very much effective for 
mobilisation of REEs from Coal and CCP in both methods. 
1Tang and Huang [20], 2Finkelmann [9], 3Ren et al [16], 
4Ketris and Yudovich [12]. 5No available data were cited 
from Ketris and Yudovich [12]. Modi et al 2021 [22].

CONCLUSION

Coal is a valuable asset or resource, not only because of 
its energy content but it also causes endowment of metal 
present within it. The potential worth of REEs in coal 
are recognised by many, and with the expanding need of 
REEs, it continues to impel expedition for it by developing 
countries. Numerous conclusions can be derived from 
this current research obtained from analysis conducted 
on REEs in coal and coal ash samples. The distribution 
and significance of REEs in coal exhibit eminent amount 
within it. It also displays a specific characteristic i.e. REEs 
in collected coal sample was higher than that in the US 
coal. However, on comparing it with Chinese coal, the 
collected coal sample again showcased higher value of 
it except for few (consisting mostly HREE). On equating 
these obtained data of coal samples with that of the world 
coal, it was found that every REEs were within the range. 
The distribution and abundance of REEs in coal ash and 
coal shale ash samples of Sohagpur Coalfield were much 
higher than coal samples of other countries as compared 
from related literature. It was higher than Chinese coal, US 
coal, and world coal when compared with collected sample. 
This exhibits that the coal ash can be very good alternative 
for REEs. While, coal Shale ash can be considered as one 
of the best resource for recovery of REEs when considered 
in distribution and abundance perspective. The study too 
depicted a satisfactory recovery of REEs from coal and 
coal by-products. Though, slow leaching method can be 
considered as a competent and compliant technique for 
recovery of REEs from coal.
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Abstract — India has crossed 100 GW of installed solar and 
wind capacity and is committed to producing 500 GW of 
Renewable Energy (RE) by 2030. The production of energy 
also requires energy storage infrastructure to cater to 
unprecedented and volatile energy requirements. The recent 
power shortages and outages in various parts of the world are 
alarming and call for cost-efficient and reliable energy storage 
infrastructure. Battery Energy Storage System (BESS), 
an electrochemical device, is a wise and viable option for 
integrating large proportions of renewable energy produced 
onto large power grids. BESS charges (or collects energy) 
from the grid or a power plant and then discharges the stored 
energy later to provide electricity or other grid services when 
needed. India plans to set up a 14 GWh grid-scale battery 
storage facility at Khavda (Gujrat) and another 13 GWh grid-
scale battery storage facility in Ladakh. With India aiming 
to shift its dependency from conventional energy sources to 
renewable and clean energy sources, the survival of the Coal 
Industry seems to become more challenging. Many reasons, 
such as concerns for climate change, surging oil prices, 
lousy oil spills, frequent nuclear disasters, and subsidies on 
Electric powered vehicles, have set the right tone for Coal 
India Limited to invest in VRE & BESS Projects. As a first 
step, Coal India Limited (CIL) can utilize the land reclaimed 
after the mining activities to set up Solar Parks & BESS 
facilities. These facilities and energy storage infrastructure 
would provide for cheaper and reliable sources of power. 
This step will help the power sector immensely and help 
rejuvenate the brand image of CIL, thereby facilitating the 
Land Acquisition & Rehabilitation prospects of the company. 
Coal India’s horizontal shifting to renewable energy will 
ensure the country’s energy security and create investment 
opportunities, infrastructure development, and employment 
opportunities in the country.

Keywords— Variable Renewable Energy, Battery Energy Stor-
age System.

 I. INTRODUCTION

Fossil Fuels used in thermal energy generation are available 
in infinite quantities and take a long time to regenerate. 
Renewable energies can be a solution to a permanent 
source of clean energy. They not only differ from Fossil 
Fuels in their diversity, abundance, and their ability to be 
used anywhere, but they also do not produce greenhouse 
gases and other environmental polluting emissions. 
With the advancement in technology, Power Generation 
Systems worldwide are undergoing significant change, 
which is accelerated mainly by the economic availability 
of variable renewable energy (VRE), the use of diverse 
energy sources, advancement in Artificial Intelligence, 
and growing opportunities for electrification.  

Fig-Installed RE Capacity (GW) in 2020

India is the world’s third-largest energy-consuming 
country, thanks to rising incomes and improving standards 
of living. Energy use has doubled since 2000, with 80% of 
demand still being met by coal, oil and solid biomass. On a 
per-capita basis, India’s energy use and emissions are less 
than half the world average. Nearly everywhere globally, 
producing electricity from new renewables is more cost-
effective than producing it from new coal-fired power 
plants. In a growing number of regions, including parts 



Northern Coalfields Limited, Singrauli

142

of China, the European Union (EU), India and the United 
States, it has become cheaper to build new wind or solar 
PV plants than to operate existing coal-fired power plants. 
Renewables also are outcompeting new natural gas-
fired power plants on cost in many locations and are the 
cheapest sources of new electricity generation in countries 
across all continents. [1]

  
Per-Capita Energy Consumption Mega Joule [2]

The Stated Policies Scenario (STEPS) provides a balanced 
assessment of the direction in which India’s energy 
system is heading, based on today’s policy settings and 
constraints. A 50% rise in India’s CO2 emissions to 2040 
is the largest of any country in the STEPS, even though 
India’s per capita CO2 emissions remain well below 
the global average. The increase in India’s emissions is 
enough to offset the projected fall in emissions in Europe 
in the same period [3]. 

Fig - Projected energy demand of the country in Present 
Scenario vs Sustainable Development Scenario vs 2019 [2]. 

The Prime Minister of India, Mr Narendra Modi, has 
pledged at the COP 26 Climate Conference in Glasgow 
that India will achieve net-zero carbon emissions by 2070. 
PM has also raised the nationally determined contribution 
(NDC) target of non-fossil electric capacity to 500 GW 
by 2030, from 450 gigawatts earlier. Out of that 500 GW, 
India will have around 450 GW from solar and wind, while 
70-100 GW from hydropower plants. To achieve the SDG 
and Mr. Prime Minister’s vision, the biggest challenge that 
country will need to address is the Storage, and Smooth 

distribution of VRE as the cost of battery storage per unit 
is currently very high and needs to come down. So, the 
demand of the Battery-Storage needs to be encouraged 
to bring down the prices of batteries. Coal India Limited 
(CIL) has already installed 4.83 MW solar power plants, 
including 2 MW of ground-mounted solar projects. Coal 
India, a fossil fuel producer, has aligned itself and is 
committed to becoming a Net Zero Energy Company and 
is implementing a 3 GW solar power program by 2023-
24. The Coal Vision 2030 report commissioned by Coal 
India Limited (CIL) assesses future demand scenarios for 
India’s coal sector through the year 2030 and identifies 
the key action areas. The report observes, “With the 
increasing threat of climate change impacting humanity 
and the global funding focus on renewables, it is a matter 
of time when the alternate clean energy would displace 
coal.

VARIABLE RENEWABLE  ENERGY WITH 
INTEGRATED BESS

The significant shift of energy sources from the traditional 
sources of power (Fossil Fuels) to VRE (solar and wind) 
generation has changed the paradigm of power systems 
and electricity markets worldwide. Solar and wind do not 
require fuel and have practically zero marginal generation 
costs compared to the traditional power sources, where 
marginal costs are high due to the use of fuel as a ray 
material. While generation capacity from the traditional 
power sources was considered dispatchable and available 
throughout most of the year, but the power from the VRE 
is available only when the sun shines, or the wind blows.

The total potential for renewable power generation in the 
country as of 31.03.2019 is estimated at 1097.46 GW.

A. Solar Power - National Institute of Solar Energy has 
assessed the country’s solar potential of about 748 GW, 
assuming 3% of the wasteland area to be covered by Solar 
PV modules. National Solar Mission (NSM), launched in 
2010, is a significant initiative of GOI to address India’s 
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energy security challenges. The NSM’s objective is to 
establish India as a global leader in solar energy.

Way Forward to be a global player in Solar Power – 

1. Encourage Roof-top Solar (RTS) Plant throughout 
the country with incentives of subsidy/Subsidized Loan. 
Create Solar Grid in cities so that the excess power 
generated by RTS could be sold to Discoms.
2. Plan heavy investment in R&D by collaborating with 
IITs to bring down the cost of Battery Storage.
3. Promote Make in India in manufacturing/assembling 
finished solar Products (Solar Torch, Lanterns, and 
inverters) by promoting the role of MSEs in Solar 
Technology and increasing Custom Duty on imported 
solar products.
4. Plan Green City, powered solely by Solar Energy, in 
the vicinity of capital region / Heavy-populated region of 
every state of the country. 
B. Wind Energy - The country currently has the fourth-
highest wind installed capacity globally with a total 
installed capacity of 39.25 GW) and has a vast potential of 
over 300GW onshore and 195GW off-shore wind energy. 
The country can truly realize its potential in VRE when 
it takes all the benefits of wind energy and combine that 
with solar energy through wind-solar hybrid projects.

Way Forward – 

1.  Untapping the potential of Off-shore wind energy by 
investment in R&D.

2.  The Wind-Mill Plants are often blessed with ample 
free surrounding space that could be used to set up 
Green Hydrogen Plants to produce Green Hydrogen 
(using electrolysis).

3.  The green Hydrogen produced could act as Future 
Fuels and solve future energy problems.

4.  Wind Power could also be used to produce Green 
Ammonia, which could produce Green Manure.

  Fig. Green Hydrogen as future fuel [4]

C. BESS Technology - The two fundamental benefits of 
BESS are demonstrated through the diagram 

a. Avoid loss of extra power generated by PV in the 
daytime.

b. Avoid investment towards the additional thermal 
units of peaking power for a few hours in the 
evening.

Fig - Issues in a system of high solar PV penetration [5].09

The Capital costs are expected to fall in the coming 
years. The fall in this cost is essential for the successful 
implementation of VRE projects in India and VRE + 
BESS Hybrids.

Fig – Estimated Global Capital Cost of the storage system ($/
kWh) from 2019-2030 [6]

The Pilot Programme in BESS, Puducherry

CEA and the Bureau of Indian Standards (BIS) has set out 
plan to finalize standards for BESS grid interconnection 
and implementation with studies in Pilot project in 
Puducherry. The pilot project is as follows – 

Stage 1: Conceptualization & Pilot Implementation
•	 Technical due diligence and detailed feasibility 

assessment of BESS
•	 Selection of Implementing Agencies
•	 Pilot Implementation & Demonstration of BESS 
Stage 2: Techno Economic Assessment & Modelling 
Framework
• Techno Economic Assessment & Modelling. 
• Design, Modelling & economic evaluation.
• Assessment of the Value of BESS
Stage 3: Regulatory and Market Framework
•	 Assistance in framing Regulatory Mechanisms 
•	 Recommendation on regulation, policy 
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By charging the storage system with low-cost energy 
during the generation of excess VRE and discharging 
during periods of high demand, the Battery Enabled 
Storage System can help reduce renewable energy 
curtailment and increasee the value of the energy that 
developers can sell to the market.

CHALLENGES FOR THERMAL  
ENERGY VIS-A VIS CIL

1.  Thermal Power cannot be a permanent source of 
energy as it takes hundreds of thousands of years for 
Fossil Fuels (the raw materials for the generation of 
Thermal Energy) to regenerate. 

 2.  Per Capita Energy Consumption of the country 
is still below the Global Average even when 
Thermal Energy meets more than 60 % of the 
country’s energy demand, and Greenhouse Gas Co2 
Equivalent Emissions in Energy Sector has been 
showing positive growth in the country.

3.  Expansion of Coal Mining Projects is heavily 
affected by Land Acquisition and R&R issues which 
causes irregularities in Coal supply to power plants 
and disturbs smooth supply of power to the nation.

4. All the steps/processes (Mining, Crushing, 
Transportation, Combustion) involved in the 
production of Thermal Energy harm the Ecology 
& Environment (Land Degradation, Air Pollution, 
Water pollution, Depletion of UG Water, etc.).

5.  Unlike VRE, Thermal Energy is not backed by BESS 
technology. Long Monsoon Season & Cyclones have 
had a history of disturbing the country’s energy 
security, as was when Gulab Cyclone hit the Eastern 
Coast of India in Sept 2021.

6.  Despite advancements in technology and the 
Promotion of Safety culture in the Mining Industry, 
the Job condition in Mining Industry is still quite 
challenging and hazardous compared to other 
industries.

                                   METHOD

1.  The Back Filled areas of Mine and the OB Dumps 
of the CIL could be used to set up Solar Park with 
BESS units, which shall not only ensure energy 
security but shall also provide essential employment 

opportunities for the Mining-Project Affected 
People (PAP) even after the mining operations are 
completed in the region.

2.  Together with coal production, investment in 
VRE shall help improve the per capita availability 
of energy in the country, which is now below the 
Global Average, without having any adverse impact 
on Ecology and the Environment.  

3.  With CIL planning to close its unviable UG mine 
in a phased manner, the excess workforce generated 
could be judiciously employed in VRE and BESS 
units of CIL, thereby producing more revenue for 
the company.  

4.  With the ambitious production target of 500 GW of 
RE by 2030, it is the right time for CIL to invest in 
VRE so that an increase in supply could bring down 
the cost of production of RE. 

Similar had been the case in till now where Solar Module 
Price decreased by eight times in 10 years due to massive 
investment in Solar Power Sector. [8] 

5.  Together with setting up its units, CIL shall form joint 
ventures with Private Companies, MNCs in VRE & BESS 
sectors, and State Governments to set up Hybrid VRE & 
BESS plants.  MNCs in the JV shall provide the expertise 
for the work and partnership with the state govt. This should 
facilitate the clearance of statutory restrictions/obligations.

CONCLUSIONS
With the country still lagging behind the global average in 
per-capita consumption of energy, sustainable growth in the 
generation of energy is the key to the country’s sustainable 
development. Vast potential in VRE generation and the 
present demographical state of the country provides the 
right time for transition from thermal energy to cleaner 
energy. Being the Global Leader in Coal Production, 
Coal India Limited investing its capital, workforce, 
infrastructure, and expertise in VRE and BESS will not 
just facilitate the country’s Sustainable development but 
will also inspire other companies & countries of the world 
for the transition in clean energy.       
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Abstract — Ministry of Environment, Forest and Climate 
Change (MoEFCC) came out with a notification in May 2020, 
doing away with the guideline to use coal with ash percentage 
not exceeding 34% in thermal power plants located between 
500 to 749 km from coal mine. The decision was based on the 
realization that coal washing adversely impacts topography, 
water drainage pattern and quality, water bodies, surrounding 
air quality at large scale. Washing process increases the cost 
of power generation with no commensurate environmental 
advantage etc. and at the same time requires import of high-
grade thermal coal for blending. However, the decision to 
part ways with washing of thermal coal should not imply that 
various benefits attributed to washed coal such as improved 
heat rate of thermal power plants (TPPs), higher plant 
availability, reduced ash handling, lower transportation cost 
per energy content of coal and lower carbon footprint from 
mine to thermal power plant can be overlooked. With coal 
washing of thermal coal not mandatory now, the ash content 
can still be brought down through selective mining using 
hydraulic shovel or surface miner. Earlier, use of hydraulic 
shovel was widespread and selective mining was limited to 
band thickness of 100 cm or more because of inter-mixing 
during blasting and limitation of shovels. But, with surface 
miner dirt band of thickness limited to 50 cm or more is 
mined separately due to blast free process and cutting of coal 
in layers. For reaping the benefits of clean coal, need of the 
hour is to create an ecosystem comprising of three different 
processes of resource assessment, coal mining and end use 
at thermal power plants. In this paper an attempt has been 
made to explore a new ecosystem for cleaner coal in which a 
pivotal role can be played by surface miner supplemented by 
benefit transfer from power plants.

Keywords— Surface Miner, Selective Mining, Clean Coal 

India has the fifth largest coal reserve in the world.[1] 

However, Indian coal is of high ash content owing to 
its Drift Theory of origin. Coal production in India has 
increased from 352.06 million metric tonne (MMT) in 
2001-02 to 730.87 MMT in 2019-20, mainly on account of 
increase in production by opencast method.[2,3] Opencast 

coal production now accounts for around 95% of the total 
coal production in India.[3] Historically, high quality coal 
was produced by underground method of mining from 
coalfields of erstwhile Bihar and West Bengal. Subsequent 
increase in production saw domination of open cast mining 
to extract coal at less depth and newer coalfields with 
low quality coal were brought under extraction. Average 
quality of run of mine (ROM) coal deteriorated with time. 
In an attempt to reduce the carbon footprint from pit to 
power plant and wastage of resource on transportation 
and storage, Ministry of Environment Forest and Climate 
Change (MoEFCC) notified to restrict the supply and use 
of high ash percentage coal (Ash >34%) in distant located 
(distance>1000km) traditional thermal power plants. 
Subsequently, this restricted distance has been reduced to 
500 km by 2016.  This restriction to supply of high ash coal 
was also expected to bring financial and operation benefits 
on account of reduced transportation cost, ash handling and 
improved operational efficiency at the coal based thermal 
power plant. The imposition of restriction on transportation 
forced the coal companies to think of the ways to reduce 
the ash percentage. Coal washing was thought of as a only 
feasible measure and the coal companies invested heavily 
in the non-coking coal washeries. Meanwhile, MoEFCC 
came up with a notification on 21st May 2020 vide which 
the restriction on supply and use of coal with ash percentage 
more than 34% has been removed. Indian thermal coal has 
poor washability characteristics and higher ash reduction 
leads to poor yield as well as wide variation in RoM supplied 
to the washeries further aggravated the problem. Economic 
gains were not proportionate with high cost of beneficiation, 
even rejects and effluent discharge from washeries become  
environmental challenges. At the same time technological 
advancement in thermal power plants enabled them to use 
indigenous coal efficiently and made them better equipped 
to control the environmental fallouts associated with use of 
high ash coal.  Preventive and mitigation measures to utilise 
high ash% coal efficiently, such as electrostatic precipitator 
(ESP), flue gas desulfurization (FGD) etc. can be adopted at 
a single consumption point i.e. thermal power plants rather 
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than at multiple points as the earlier case was, at washeries 
and at final consumption points.  Even if the restriction on 
supply of high ash coal has been removed, the benefits 
of low ash coal cannot be ruled out. In transportation 
stage, financial and environmental gain is on the account 
of reduced overall transporting quantity. At the power 
plant end, improvement in thermal efficiency adds to the 
financial and environmental benefits. Improvement in 
heat content per kg ultimately leads to less consumption 
of coal which directly leads to reduced emission intensity.

COAL WASHING – A DEFAULT CHOICE
Ash percentage of coal can be reduced by two broad 
methods - selective mining and coal washing. At the time 
of issue of initial guideline from MoEF recommending coal 
washing to limit ash percentage to 34% for transporting to 
a distance more than 1000 km, surface miner was not an 
established technology in mining sector in India. Indian 
coal is interbedded with numerous dirt bands hence cannot 
be selectively mined by full blasting of coal seam as it leads 
to mixing of coal and dirt bands and cannot be separated 
effectively by excavators.[4] So, even though myriad of 
technical and financial challenges were associated with 
coal washing such as poor washability characteristics 
of Indian coal, poor yield at coal washeries, high cost of 
beneficiation and problem of handling of rejects etc., it 
became a default choice.

SURFACE MINER-AS A BENEFICIATION TOOL
Surface miner has come a long way since its introduction 
in coal mining in India in 1997 in Lakhanpur OCP. Surface 
miners contribute nearly 50% of the total production of 
Coal India Limited and up to 94% of the total production 
of MCL, a subsidiary of Coal India Limited.[5,6] It has 
been a huge success story due to its reliability, productivity 
and environment friendliness. The icing on the cake is that 
surface miners are indigenously designed and produced in 
India.   Surface miners are still seen as highly productive 
machines which extract coal without requirement of drilling 
and blasting.[7] Though it is used to extract coal selectively 
by removing obvious dirt bands such as thin sandstone, 
shale, clay layers separately, its potential has not been 
utilised to extract coal selectively removing combustible 
dirt bands having ash percentage greater than 55%. The 
reason can attributed to sole focus on quantity rather than 
quality of coal during extraction of coal. It is quite evident 
from the fact that annual production of coal is always 
reported in terms of million tonnes produced without any 
reference to quality of ROM produced or improvement in 
quality of ROM achieved in particular. Though the pricing 
system has shifted from UHV based to GCV based 
system but it does not encourage selective mining. The 
differential price benefits associated with improvement in 
one or two grade are not enough to cover revenue loss due 
to reduced volume of coal being produced and increase in 
operational cost due to selective mining. On the other hand 
it rewards grade slippage as loss in pricing is overcome 

by increase in quantity of coal.[8] Also, the coal pricing 
is so formulated that price per unit heat content is lower 
for lower grade which leads to preference for lower grade 
coal over washed coal by thermal power plants. To replace 
“dirty coal” by “cleaner coal” in the whole operational 
chain from pit to power plants, it is imperative to have 
policies that incentivise the selective mining. A whole new 
ecosystem needs to be put in place comprising of three 
different stages of resource assessment, coal mining and 
end use at thermal power plants.

AN ECOSYSTEM FOR CLEANER COAL
Selective mining has never been a priority in India. 
Along with unfavourable pricing system coal has always 
remained a scarce commodity. So, greater effort had been 
on increasing quantity of coal produced than quality 
improvement . Earlier coal washing was hailed as panacea 
for ash reduction and other means were largely unexplored 
as the deployment of surface miners in coal mining was at 
nascent stage. Now that our executional experiences with 
coal washing has told us otherwise, the industry will be 
better served to seek improvement at every stage from 
resource assessment to extraction to its use in thermal 
power plants.
a. Updation of resource assessment standards - Our 
resource assessment criteria for coal can be termed 
outdated with recent advancements in surface miner 
technology. Even today coal resource reporting for open 
cast mines is following the rigid criteria of I100 thickness 
of coal seam, which was adopted for shovel & dumper 
technology for opencast mine. It means, combustible dirt 
bands of thickness up to 100 cm will be included as the 
coaly matter. It can be seen as a trade-off between dilution 
of grade and productivity of excavators, when blasting is 
used to loosen coal for excavation. With modern surface 
miner technology a thickness band up to 10 cm can be 
mined separately. Hence, resource assessment can be 
done up to I10 basis i.e. combustible dirt bands of thickness 
greater than 10 cm are excluded from seam thickness. 
One flip side of it is sharp decrease in productivity of 
surface miner and loss/dilution of RoM with increase in 
selectivity. But with existing surface miners and modern 
automatic cutting depth adjustable technologies a fine 
balance between selectivity and productivity can be 
achieved and a more reasonable I30 basis could be adopted. 
Hence, a relook into the resource assessment standards 
is needed. In addition to that, as per modified ISP norm 
2017, combustible dirt bands defined as “carbonaceous 
shale” under old UHV based system of classification for 
coal with ash plus moisture between 55-75% has now been 
sub-divided into:
1. Carb shale Low – ash plus moisture between 55-65%
2. Carb shale High- ash plus moisture between 65-75%
“Carb shale low” is to be considered as coaly matter as 
it roughly corresponds to G15-G17 grades of GCV based 



International Conference on Opencast Mining Technology & Sustainability

147

classification and “carb shale high” is to be considered 
as combustible dirt band. This practice of including the 
litho unit “carb shale low” as part of coaly matter further 
deteriorates quality of coal resource. This will further 
increase the average ash content of RoM. Hence, the step 
could be seen retrograde that focus on quantity rather 
than quality up gradation. Therefore, feasibility of site 
specific and flexible resource assessment standard must 
be explored to achieve optimum reward. This flexibility 
is also in line with the spirit of UNFC which states, 
“Geological study is an initial evaluation of economic 
viability. This is obtained by applying meaningful cut-
off values for grade, thickness, depth and costs estimated 
from comparable mining operations.” At present there may 
be a possibility of a project being discarded as unprofitable 
having coal resource of grades G10 to G13 reported on 
basis of I100, but it may turn to be profitable if re-assessed in 
line with capabilities of surface miner. Even in the present 
unfavorable pricing system there exist a window to get 
rewarded by the significant price difference between grades 
in the band of G5 to G9. (Fig. 1)

Fig.1 Price of coal per tonne for different grades

The main challenge that remains is the relatively low 
borehole density at the geological report (GR) and project 
report (PR) preparation stage. In India, especially in coal 
sector, long term planning is adopted, where resource 
assessment is based on limited number of boreholes. But 
if planning and resource assessment is exercised for one 
year in advance, then, coal excavated in preceding year 
may provide valuable input about spatial distribution of 
bands in coal seam. As the coal seam in any working mine 
are usually under 10-30 m of OB cover, advance borehole 
sample could be obtained at relatively lesser cost. The 
above-mentioned method will help us to update geological 
model in advance, with more accuracy and will help in 
achieving desired result from surface miner.
b Coal beneficiation at the mining stage itself -  In 
extraction of coal, a huge limitation is that it is very difficult 
to precisely differentiate between coal and combustible dirt 
bands. This leads to excavation of combustible dirt bands 
invariably along with coal. As surface miners excavate in 
layers in horizontally bedded deposits, the same problem will 
persist and selective mining of coal excluding combustible 
bands with existing mining practices of extraction may not 
be possible. As whatever is black is considered as coal in 
absence of any differentiator between coal and combustible 

dirt bands. It is expected that distribution/thickness of coal 
or dirt band may not be uniform across the seam extent 
within the open cast pit. For the block size for optimum 
productivity of surface miner, it can be reasonably expected 
that horizontal and vertical distribution of properties of coal 
seam, thickness and grade may not vary drastically due 
to continuous distribution of coal seam. To enable proper 
execution of selective mining coal seam will be divided 
into multiple blocks, suitable for optimum productivity of 
surface miners. In geological model coal seam will have 
to be divided into different thickness bands depending 
upon their ash content. Thickness of band will be equal 
to or greater optimum cutting depth of the surface miner. 
The intent is to mine out different bands separately so that, 
two different products could be obtained from a single 
seam, one with lower ash content and another with higher 
ash content predominantly with combustible dirt bands. 
As a rule of thumb, with reduction of 1% ash there is an 
improvement of 100 Kcal/Kg in GCV. High grade coal can 
be sent to distant power plants whereas inferior product 
may be fed to nearby power plants, industries etc. or can be 
discarded as waste. In this way problem of reject disposal 
which comes along with coal washing will be addressed. 
Similarly, there is no additional effluent discharge in the 
whole process like in coal washeries. Even ash disposal 
from pithead power plants can be explored in left out voids 
of neighboring opencast mines.
c. Integrated Financial Model - As discussed, selective 
mining has never been a priority for coal producers due 
to prevailing pricing structure. But it may provide for 
substantial savings for thermal power plants due to savings 
in coal transportation, increased efficiency, reduced ash 
handling etc. Coal producers and power generators are 
seen as different water tight compartments and overall 
benefits accrued due to cleaner coal is not captured or 
lost due to separate profit and loss statement. Whereas, 
in reality both are interdependent and held together by a 
common thread-coal. If an integrated approach is applied, 
where both operations are seen as parts of a common 
ecosystem, it can be realized that cleaner coal leads to 
immense environmental benefits with overall reduction in 
cost of power generation. The freight charge for 400 Km for 
transportation of coal is around Rs.1000/te, with reduction 
of every percentage of ash it will translate to saving of 
Rs.10/te, let alone other benefits. Hence, an inclusive 
financial model could be explored based on carrot and 
stick policy. Benefits accrued at the end of thermal power 
plant could be shared with coal producers to cover revenue 
loss and increased operational costs associated with 
selective mining of coal. In addition to that, a provision 
for incentive should be placed to ensure supply of agreed 
quality of cleaner coal without grade slippage. In lieu of 
that coal producers have to accept the provision of penalty 
in case of slippage below desired grade.
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CASE STUDY
A case study of a seam with layers of combustible dirt bands 
will enable to understand the foregoing deliberations. In 
the considered case, two layers of combustible dirt bands 
(Fig.2) of 0.9 m and 0.7 m thickness are interbedded with 
coal. If existing (I100) method of resource assessment is 
adopted, the combustible dirt band would be included 
and reported as a single grade coal resulting into average 
ash percentage on higher side. With proposed method of 
flexible resource assessment and extraction is followed, 
only 0.4 m of thickness of the combustible dirt bands will 
be reported as the part of coal seam. Whereas a total of 1.2 
m (Fig.3) of combustible dirt bands will not be included as 
a constituent of the coal seam. Removal of the dirt bands, 
resulted into lower average ash content of coal and the 
average grade of coal improved from G9 to G8.

Fig.2 Original seam composition

Fig.3 Combustible dirt bands to be removed selectively 

Layer wise moisture and ash percentage is tabulated in 
Table I.

TABLE I. ASH AND MOISTURE PERCENTAGE OF 
DIFFERENT LAYERS

Layer Thickness Moisture percentage Ash percentage

1.5 m 7.4 25.34

0.6 m 5.1 51.34

3.6 m 7.4 24.77

0.6 m 4.3 60.20

4.95 m 7.4 25.65

The result based on I100 and I30 method is tabulated in Table 
No.II.

TABLE II.  RESULT BASED ON I100 AND I30

I100 I30

Coal Coal Combustible dirt band

Thickness (m) 11.25 10.05 1.20
Moisture (%) 7 7.4 4.6
Ash (%) 29.42 25.29 56.83
GCV (Kcal/Kg) 4761 5095 2538
Grade G9 G8 G16

 Based on thickness of combustible dirt bands, it can 
be assumed that quantity of G8 coal, applying selective 
mining using surface miner will be 89% of the G9 coal 
reported on I100 basis. At the thermal power plant end, 5% 
reduction in ash percentage leads to 3% improvement in 
thermal efficiency.[8] In the above case, reduction in ash 
percentage is of 4.13 percentage points which translates 
into 2.4% percentage points improvement in thermal 
efficiency. Premium that power plants that can pass on 
to coal companies in terms of Rs./te without increasing 
input price, on account of reduced coal consumption and 
transportation for thermal power plants, considering 1 to 3 
percentage points improvement in thermal efficiency over 
average of 30% thermal efficiency, along with different 
freight distance is tabulated in Table No.3 . The average 
freight charges has been considered as Rs.2/te/km [9].

TABLE	III.	Premium	than	can	be	passed	on

Improvement in thermal efficiency (in percentage points)

Distance of coal 
transportation (in Km)

Premium per tonne of coal that 
power companies can bear without 
increase in input cost of coal

750 280.44 374.97 469.50

1000 333.35 445.72 558.08

1250 386.26 516.46 646.67

Even if the combustible dirt bands are discarded, remaining 
89% coal of G8 grade will fetch around Rs.160 per tonne 
more than the 100% of G9 coal. Hence, a financial model 
can be designed with a win-win  situation for all by 
compensating the cost of selective mining to coal producers 
from the savings accrued to the thermal power plants.

CONCLUSION

In India, a shift of narrative is required from quantity to 
quality of thermal coal produced as the benefits associated 
with consumption of cleaner or low ash content coal is 
enriching not only from environmental point of view but 
economically too. Shift of focus to quality of coal should 
be explored in a new ecosystem for cleaner coal beyond 
coal washeries taking into account recent advancement 
in mining and power sectors. The responsibilities and 
benefits will be shared among different stakeholders, coal 
producers and coal based thermal power generators, on 



International Conference on Opencast Mining Technology & Sustainability

149

the basis of their respective capabilities and strengths. The 
recent decision of CIL to promote Surface Miners provide 
a window of opportunity to use it as a beneficiation tool 
on a large scale. With new coal blocks of relatively lower 
grade coal (G10-G14) being auctioned and secured by 
various successful bidders, the coal produced from these 
mines may have to be transported up to 1000 Km and more 
for consumption. Savings accruing to them on part of ash 
reduction will be immense and will contribute in viability of 
such coal projects which will augment import substitution 
of non-coking coal. At the same time to accommodate 
renewal energy supply which have “must run status” 

thermal power plants require flexible operation which 
reduce their overall efficiency. With cleaner coal flexing 
will be more efficient and overall efficiency will improve 
for the power plants. The quality enhancement of coal will 
also be in line with position held by India for “phasing 
down of coal” at the UN climate change conference 
(CoP26) as it will lead to overall lesser consumption of 
coal quantity in absolute terms. Cleaner coal in the system 
will set a virtuous cycle in motion which will complement 
and reinforce the technological advancement at power 
plants to fulfil the desired objective-to ensure 24*7 power 
to all, in a sustainable and affordable way.

Reservoir simulation and techno-commercial 
study of CO2 sequestration and enhanced coalbed 

methane recovery in a coal seam of Raniganj 
Coalfield
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Howrah, India 
aroy0087@gmail.com

Pratik Dutta
Dept. of Mining Engineering, IIEST, Shibpur

Howrah, India 
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Abstract— In coalbed methane (CBM) recovery operation, a production well is normally stimulated by hydraulic fracturing to connect 
the wellbore to the coal natural fracture system. Dewatering of the well results in drop in pressure within the natural fracture system, 
which in turn, causes the methane gas molecules desorb from the coal matrix and are released into the natural fracture system. Adsorbed 
gas continues to be released as the pressure reduction continues and the recovery process is abandoned when the system pressure gets 
too low. The recovery can be enhanced by injection of CO2, which due to its higher adsorption affinity than CH4, is preferentially 
adsorbed into the coal matrix and drives CH4 into the natural fracture system. The pressure in the natural fracture system is increased 
due to CO2 injection and the CH4 flows to the production wells. In this process, commonly known as CO2-enhanced coalbed methane 
(ECBM) recovery, CO2 is stored tightly in the matrix and is not produced unless the injected gas front reaches the production well 
or, in other words, CO2 breakthrough occurs. A preliminary reservoir simulation was performed to understand the feasibility of CO2 
sequestration and ECBM recovery in a coal seam of the Raniganj coalfield, which is an active CBM-producing area in the country. 
GEM, a compositional simulator, was used for this study. Initially several important reservoir and flow parameters like CO2 injection 
pressure, sorption isotherm, fracture permeability, porosity, and gas saturation were varied to understand the significance of these 
parameters in the CO2 sequestration and ECBM process. Within the considered reservoir setting, it was observed that, with CO2 
injection, methane recovery could be enhanced by up to 140%. It was also found that permeability ranging within 20 md and 30 md and 
an injection pressure 600 psi (~4100 kPa) was suitable for better recovery. In the next set of simulation studies, the effect of different 
drainage areas with same well pattern configuration and different well pattern configurations with the same drainage area were also 
addressed. To understand the possible scenario, gas (CH4, CO2) rate, cumulative production and injection volumes were assessed. 
Inclined injector-horizontal producer combination was found to be the preferred configuration. Finally, an economic analysis using net 
present value (NPV) was used to optimize the economics of the project. Methane recovery and CO2 injection data were obtained from 
simulation study. The economic analysis, based on some suggestive input values evaluates the technical and economical feasibility of 
CO2 sequestration and ECBM recovery for the project. For every discount rate (10%, 20%, 30%), the payback period is very low and 
therefore, the expense becomes lesser than the outcome. Net cost of CO2 is the most important parameter and was calculated as CO2 
cost- CO2 credit. Lower CO2 cost always exhibits higher NPV and higher price of Methane exhibits the same. CO2 injection time has 
negligible influence on the economics. Availability of CO2 credit along with CO2 costs is also found to be another factor during ECBM 
process that will help to maximize the economics. 
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Optimization of Process Conditions for Production of 
Hydrogen through Underground Coal Gasification
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Abastract - Coal is a major fossil fuel and plays an important role in energy sector. However, significant amount of coal resources 
were remaining unutilized due to un-mineable coal seams. With increased demand of energy, it is important to utilize these un-minable 
coal by converting it in-situ into combustible gas using underground coal gasification (UCG) technology. UCG technique converts the 
abundant coal resources into synthesis gas. The process involves injection of oxygen and steam into ignited underground coal seams 
to produce gases that can be used as fuel, power generation or feedstock for various chemical and food industries. UCG is a clean gas 
technology which provides advantage of higher efficiency, higher safety, environmentally friendliness, and lower cost when compared 
with the surface gasification. In UCG, coal seams were accessed by drilling boreholes from the surface into the coal seam, creating 
a channel through the coal seam between injection & production wells. Oxidants, steam and fuel were transferred to the coal seam 
from injection well. The coal reacts with injected air or oxygen and steam to form gases CO, CO2, CH4, H2 etc. Produced gases were 
channeled up by production well leaving behind the solid residue. The gasification of coal in this manner creates an empty cavity 
below ground. Composition of product gases, size & shape of cavity depends on water influx, heat content of coal, distance between 
the injection and production wells, flow rate of oxygen & steam and combustion & gasification time for which coal seam is combusted 
and gasified. Though UCG seems to have a high potential to fulfil the energy demand for the growth need of developing countries, 
limited studies were reported in literature. In this study various type of coals were investigated for performing UCG experiments in 
Laboratory. Laboratory scale experiments were performed by cutting coal to make channel & drilling the coal for making production 
well, injection wells & two more wells for taking temperature readings. Coal block is then ignited to initiate the gasification process by 
injecting oxygen and/or steam. The gases produced diffuse from char and propagate towards the production well. Composition of the 
gases collected from production well is analyzed in a gas chromatograph. Effect of various parameters such as volatility & moisture 
content present in coal, temperature, pressure, oxygen to steam ratio, flow rate of inlet gases is studied. These studies will enhance the 
knowledge of UCG to be used as replacement of other energy resources.

 Abstract- Coal is considered the world’s most abundant fossil fuel and is a chief energy resource used mainly for power generation. 
India has emerged as the second largest coal producer in the world after China. In India, approximately 95% of overall coal production 
is from the opencast mines. Open-cast mining generates waste material in the form of rock i.e. Overburden. Open-cast mining generates 
waste material in the form of rock i.e. Overburden. To meet the growing demand of energy in India, the coal production is continuously 
increased. As a result the coal is mined at greater depth and huge overburden is being removed with the increase in stripping ratio. If 
the Stripping ratio is more than 3.5 then void space for internal dump is not sufficient to accommodate overburden removed despite 
increase in height of dump. 10 OC coal mines in NCL accounts for about 25% of the total volume of the overburden removal in CIL 
and till date about 5 billion Cum of Overburden dumps are created. The Overburden in NCL consist mainly of sandstone and hence 
utilization of overburden waste for construction of roads, manufacturing of sand, aggregates, ceramics, replenishing top soil is a great 
opportunity for converting the waste in to resource and help in providing inputs for infrastructure development.  This will also lessen 
the burden on sand mining from rivers and in turn help in restoring ecosystem and biodiversity of rivers. This can be a roadmap to 
succession of business plan and will ensure revenue generation even after exhaustion of coal mining. If properly planned for long term, 
this will lead to restoration of land in pre-mining profile ready to use for other purposes.  This will be a way to sustainable opencast 
coal mining in true sense.

Converting Waste to Resource – Way to Sustainable 
Opencast Coal Mining in Northern Coal fields Limited

Dr Anindya Sinha P D Rathi
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E-mail: nc.choudhury@coalindia.in

Contact: +91-9369172310



International Conference on Opencast Mining Technology & Sustainability

151

Sand Extraction from Overburden benefits a  
OC mine project

Gadda Prashanth, 
Dept – MT MINING, Mine–JAYANT PROJECT, NCL, CIL India,  

Email- prashanthgadda3@gmail.com
Abstract - Overburden is the unutilized rock or soil bands that are generated during the mining process and are dumped near the marked placed 
inside the mine boundaries. It contains alluvial, sandstone, soil, gravel, clay, debris other than mining material. Dumping or management of 
this mine waste is a significant environmental problem, and additional cost spends to the mining industry.  Ecological environment concerns 
are being raised against exploitation of natural resources. The lack of consensus is mostly related to preserve soil beds from erosion and the 
fact of having natural sand as a filter media for ground water. Sand and gravel are low energy-intensive construction materials, but the growing 
demand for industrial uses has depleted this natural source. For a period of time, coal industry in India is facing shortage of river sand due to 
new mining laws and its increasing demand in infrastructure expansion. The present study concentrates on study of extraction of sand from 
the overburdens of opencast mines of Coal fields and its feasibility as a fine aggregate in concrete. The surcharge soil spread over in mines 
needs to be removed for separation of coal to an external dump till ample space is produced for back filling by obtaining of land nearby coal 
carrying area. Moreover, surcharge waste needs to be managed at the time of closure of mine for land acquisition. In present project study, the 
geotechnical and physical properties of extracted/processed sand from overburden and natural sand from river bed is compared and effort is 
made to utilize the waste generated in tones into sustainable sand solution. From the results obtained that the processed overburden sand can 
be used as the best alternative for the river sand because the geotechnical properties of both are almost the same. This processed overburden 
utilization in the coal mining area to reduce environmental impact, more availability of a land resource, minimizing the overburden disposable 
cost to the mining industry, and it’s also helpful to the preservation of natural river sand.

Energy generation from Municipal solid waste (MSW) of 
Jayant Township, Singrauli (M.P.): An Eco-friendly Approach
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 asojnt@gmail.com
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Abstract - Conservation of the energy plays significant role in development of a nation. Municipal solid waste [MSW] is getting importance in 
recent years. Having fewer disposal system of MSW ,it  is being considered as valuable bio-energy resources. The MSW management involves 
collection, transportation, handling and conversion to energy by biological and thermal routes. The municipal solid waste [MSW] industry has 
four	components:	recycling,	composting,	land	filling,	and	combustion.	The	generation	of	MSW	is	directly	dependent	on	the	population	increase	
and type of living standards. In view of large population of our country, the generation of bio-energy from MSW is a good aspect for  any of 
the industry Waste management is key concept for future growth of the country. Waste generated from Urban and Industrial sector increase 
continuously with rising population, rapid urbanization and industrialization. Some recent estimates have indicated that about 40 million tone 
of solid waste and about 5000 million cubic meters of liquid waste is generated every year in the urban areas of the country. In addition to 
this , a large quantity of solid and liquid waste is also  generated in the industrial sector. Most of the waste generated in the country finds its 
way into rivers, ponds, low lying areas outside the city, etc. , without any treatment, resulting in environment pollution and global warming. 
This problem can be mitigated through adoption of environment friendly technologies for treatment and use of waste before it is disposed off. 
These technologies not only lead to generation of a substantial quantity of decentralized energy but also reduce the quantity of waste besides 
improving the quality of waste to meet the pollution control standards. Jayant mine being a mega project with annual peak capacity of 25 MT 
is one of the largest OCP of India and continuously supporting the energy requirement of the country since its inception. Although Jayant 
mine is itself a fully mechanized  mega mine and its township accommodates approx. 2200 quarters (cumulative A type, MQ type, B type, C 
type & D type), thus generating household waste of approx. 3300 kg/day which is a significant number for proper utilization of waste.  The 
analysis of this paper is restricted to the better and feasible use of produced municipal solid waste from the Jayant township. It comprises of 
collection, segregation and conversion of domestic waste to alternative energy generation like bio-methane( for domestic and other uses), dry 
compost and other suitable use. Municipal solid waste is playing very important role for generation of energy and power as alternate source 
of energy in recent few years. In context of Jayant Project, generation of methane gas through biogas plant is a feasible and efficient method 
for conversion of waste to energy. The current paper deliberated the details of the used methodology through comparative study of various 
available data and literature. This will not only add to the generation of bio- methane and other products, but certainly reduce the solid waste 
causing environmental pollution in  totality. 
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Abstract — Renewable Energy Resources are considered 
important for reducing the emissions of Green House Gases 
(GHG) and improving the security of energy supplies by 
decreasing the dependency on fossil fuels. Present total 
Contract Demand of MCL is 63 MVA with annual power 
consumption of 350Million Units having huge power cost of 
Rs.214 Crore. MCL has committed itself to have Renewable 
investment and set a target for installation of solar power 
plant of total 200MW by 2023-24 to become NET ZERO 
Green Energy company. We are considering DC/AC ratio for 
proposed implementation of Solar Power Plant in MCL is 1.5 
(50% over loading).Further we are searching such Engineering 
Construction Procurement (EPC) bidder who should optimize 
the Levelized Cost of Energy by enhancing the DC Capacity 
keeping the AC capacity fixed as per required Solar Target 
of MCL. The present Electricity Tariff that MCL is paying to 
various private power supply agency for its 14 nos of mines 
in command area of Odisha is very high i.e. at 220kV supply 

voltage for Mines in Basundhara Area Average rate Rs.6.90/
kWh, at 132kv supply voltage for Mines in Talcher & IB fields 
Average rate Rs.6.50/kWh , at 33kv supply voltage for Mines 
in Kaniha Average rate Rs.7.70/kWh, at 33kv  supply voltage 
for HQ Township Average rate Rs.5.25/kWh and  which are 
increasing in every year. Optimization of space and shading 
analysis for Solar installations, Optimization  of tilt angle 
and losses minimization, estimation of monthly and annual 
generation and average cost of green energy generation, 
IRR calculation and project viability power evacuation 
arrangement is to be carried out during Design Engineering 
installation of Solar Power Plant. Hence the optimization of 
energy expenditure is required must which only be achieved 
by fulfilling the Solar power installation target as Average 
solar energy rate varies from Rs.1.99 to Rs.4.11 with different 
Debt Equity Ratio .Further the power purchase supervision 
and tariff management for conventional power vis-à-vis 
Renewable Solar Power is to be analyzed for optimization of 

Chapter 3D

Sustainable Energy Management
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energy expenditure for success ENERGY story of Mahanadi 
Coalfields Limited. The Standardization /Diversification 
of entire power system in coal mines is to be achieved by 
increasing Renewable power mix with Conventional power. 
Total Net Energy Cost Saving after deducting O&M expenses 
shall be to tune of 650 Crore by the use of Proposed 51.2 
MW Solar Power Plant in entire solar life of 25 years .The 
payback period shall be only 4 to 5 years of total solar capital 
investment of Rs.307 Crore. The total Annual CO2 reduction 
to the tune of 92960 Tons  per year shall be achieved.

Keywords— Green House Gases, Levelized Cost of Energy 
,Optimization, Net Zero Green Energy, Grid  Emission 
Factor, Renewable power mix ,Pay Back Period

INTRODUCTION 

India at present is the fourth largest global energy 
consumer behind China, the United States and European 
Union. Its per-capita power consumption rose to 1208 
units, whereas the global average is more than double 
of our figure. Presently in India we have about 70% of 
our total energy generation coming from fossil fuel 
resources which develops bi- products like CO2, SOX, NOX 
contributing to gaseous pollution and huge quantum of fly 
ash to disperse and cause for environmental hazard. On 
the contrary, Solar Power is free from all such pollutions 
having abundant resources can come up as a low cost 
environment friendly solutions in our country. The major 
challenge of Solar Energy is its Grid availability during the 
day time only and irregularity in generation quantum with 
weather conditions. We trust the problem will be gradually 
evaded with the development of Low cost storage system. 
However, considering our social commitment of making 
the globe a green planet, we must try to augment solar 
generation parallel with the traditional resources and fill 
the target of installing 450GW by 2030. 

RE SCENARIO ACROSS THE WORLD

1. GLOBAL SCENERIO - Primary energy supply in the 
100% renewable energy system will be covered by a mix 
of sources, with Solar PV generating (69%), followed by 
Wind Energy (18%), Biomass and Waste (6%), Hydro (3%), 
Geothermal Energy (2%) and others (2%) by 2050. Wind 
Energy and Solar PV make up 96% of total electricity, 
and approximately 88% of the total energy supply, which 
will have a synergetic balancing effect. China sets new 
renewable target of 35% by 2030. California sets goal of 
100% clean electric power by 2045. Peru lifts renewable 
energy target to 60% by 2025 and aims for 100% in long 
term. Australia to achieve more than 50% renewable by 
2030 without government intervention.

a.  Solar PV and Wind Energy lead the transition - 
Approximately 96% of renewable electricity generation 
will come from solar and wind energy by 2050, and with 
a significant amount of local generation, the system will 
be more efficient. 
b. Electricity and heat storage of energy - Energy 
storage will meet nearly 23% of electricity demand and 
approximately 26% of heat demand. Batteries will emerge 
as the most relevant electricity storage technology and 
thermal energy storage emerges as the most relevant heat 
storage technology by 2050. 
c. Photo Voltaic Solar heading to Terawatt range by 2050 - 
Rapid introduction of PV globally is fuelled by availability 
of cost competitive, distributed energy. In 2050 or before 
between 4.000 and 30.000 GWp PV will be installed. By 
2020, about 500 GWp have been installed.

Fig. 4. Projected global PV power generation heading to 
Terawatt from 2015 to 2050

2. SOLAR SCENARIO IN INDIA - India is among the 
five largest producers of electricity in the world’s and third 
largest consumer of electricity . The National Electric 
Grid in India has an installed capacity of 390.79 GW as 
of 31 October 2021.  Renewable power plants, which 
also include large hydroelectric plants, constitute 38% of 
India’s total installed capacity.  The Solar Energy Sector 
in India offers potentially enormous capacity and little of 
this potential has so far been exploited. Solar radiation of 
about 5,000 trillion kWh per year is incident over India’s 
land mass, with average daily solar power potential of 
0.25 kWh/m2 of used land area. Solar Power Plants require 
nearly 2.4 hectares land per MW capacity. Solar Plants 
with 1.33 million MW capacity could be installed in India 
on 1% of its land (32,000 square km).

TABLE I.   Source	wise	installed		capacity	in	india

Source Installed capacity (in MW) Percentage
Thermal 234024 60%
Nuclear 6780 2%
Hydro 46512 12%
RES 103055 26%
Total 390792 (390.79GW)  
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Fig. 5.  % of installed capacity in India

Large tracts of land that is unproductive, barren and devoid 
of vegetation exist in all parts of India, exceeding 8% of its 
total area. These are potentially suitable for solar power. It 
has been estimated that if 32,000 square km of these waste 
lands were used for solar power generation,2000 billion 
kWh of electricity could be produced. Total installed 
capacity of Solar Power is 41 % of total installed capacity 
of renewable energy in India.

TABLE II.   RE	Basket	of	India

Source Installed	capacity	(in	MW) Percentage

Wind 39440 41%

Solar 41090 43%

Small Hydro 4790 5%

Biomass 10340 11%

Total 95660 (95.66GW)  

Fig. 6.  % of Renewable energy installed in India

3. SOLAR SCENARIO IN COAL INDIA LIMITED 
- Coal India Ltd has planned  to set up  various rooftop 
and ground-mounted solar power projects  to become Net 
Zero Energy Company by Producing 3000MW (approx.) 
of Solar Energy for captive use having present Contract 
Demand of 1096 MW. In order to generate 3000MW 
Solar Power, CIL requires 60 Sq. KM (approx.) out of 
about 300 Sq. KM of vacant, un-used and barren land 
under possession. For producing 3000 MW of solar power 
Coal India being cash rich PSU is geared up for Capital 
investment of about Rs 120,000 Million in next 4 years. 
CIL has joined hands with following expert solar Power 
Producers/ Agencies in the form of JV/MoU:

•	 M/s	National	Thermal	Power	Corporation	of	 India	
(NTPC)

•	 M/s	Solar	Energy	Corporation	of	India	(SECI)
•	 M/s	 Neyveli	 Lignite	 Corporation	 of	 India	 Ltd.	

(NLCIL) 
•	 M/s	Deloittee	Touche	Tohmatsu	India	LLP
Moreover, Coal India Ltd. is venturing into the solar ingot, 
wafer, cell, module business. The Board of Directors has 
also approved the formation of special purpose vehicles 
(SPVs) for a solar power value chain (ingot-wafer-cell-
module) business vertical and new and renewable energy 
business vertical, which will undertake renewable power 
generation projects.  Further, Central Coalfields Ltd 
(CCL), a wholly owned subsidiary of Coal India Ltd, is 
planning to develop an integrated aluminum complex 
for the formation of an SPV for this Greenfield project. 
Coal India has strong potential of captive consumption of 
RE due to having its Huge land bank, Robust Financial 
Position, Commitment towards Green Energy , Partnered 
with key experienced RE Producers/ Agencies.

4. SOLAR SCENARIO IN MAHANADI COALFIELDS 
LIMITED - The first multifarious step MCL had 
taken towards integration of Renewable Energy with 
Conventional Energy is by installation of additional 51.21 
MW Solar Power over and above existing 2MW Ground 
mounted Solar Plant already installed at its Anand Vihar 
Colony of MCL HQ . It will be a noble step toward 
fulfilling MCL’s commitment to promote Green E nergy.

A. Ground Mounted 50 MW Solar Power Plant - This 
plant shall be installed in total land area of  200 Ha at 
any where in PAN Odisha with appropriate connectivity 
to State Transmission network under DBDT mode through 
CAPEX Model. This green energy shall be used for 
captive use of  MCL  at  its 3 EHT Sub Stations/Supply points i.e. 
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Basundhara 220Kv SS ,Nandira 132kV SS,,Jorabaga 132Kv SS 
through Long Term Open Access by entering into an agreement 
with OPTCL/STU for 25 years as per prevailing guidelines of 
Odisha Electricity Regulatory Commission. The cost of Solar 
Generation shall be of Rs. 4.11 /KWh considering Debt: 
Equity 0:100  and various assumptions like Capacity 
Utilization Factor (CUF)=25.34%, Return on Equity 
IRR=20.43%. The present Electricity Tariff that MCL is 
paying to various private power supply agency for its 14 
nos of mines in command area of Odisha is very high i.e. 
at 220kV supply voltage for Mines in Basundhara Area 
Average rate Rs.6.90/kWh, at 132kv supply voltage for 
Mines in Talcher & IB fields Average rate Rs.6.50/kWh , 
at 33kv supply voltage for Mines in Kaniha Average rate 
Rs.7.70/kWh, at 33kv  supply voltage for HQ Township 
Average rate Rs.5.25/kWh and  which are increasing in 
every year.

B. Grid connected 1.21 MW  Roof Top Solar Power Plant 
- Installation of 1.21 MW Grid connected Roof top solar 
power plant shall be made in various Non- Residential 
buildings of MCL under CAPEX  mode.  

TABLE III.  Installation of 1.21MW Grid connected Roof 
top solar power plant

Sl. 
No.

SPP 
Ca-

pacity 
(KW)

Site Mode (CAPEX)

1 230 HINGULA  DAV @Rs.34630.00/
KW

2 600
IB Valley(CH+Orient 
GM	Office+IB	GM	Of-
fice)

@Rs.34630.00/
KW

3 130 Lakhanpur @Rs.34630.00/
KW

4 250 Jaganath @Rs.34630.00/
KW

Total=1210

Considering  Grid  emission factor in tCO2/MWh  = 0.83, 
the Annual CO2 reduction to be achieved by installing 
51.21 MW Solar power  in MCL shall be 92960  Tons CO2 
per year (112 MU x 0.83 t CO2/MWh). Useful life of Solar 
Power Plant shall be as 25 years from commissioning date 
and the proposed site identified for installation of Solar 
Power Plant in MCL boasts of optimum PLF(Plant Load 
Factor) values  about 25.34% of  AC Capacity .

Further proposed program for installation of Solar Power 
Plant to achieve Net Zero target of MCL is depicted below;

TABLE IV.   program	 for  installation	 of	 	 SPP	 	 to	
achieve	Net	Zero	target	of	MCL

Sl. 
No 

Financial 
Year 

Proposed Capac-
ity addition in 
MW 

Project Location 

1 2021-22 

1.21MW (Roof 
Top mounted) 

Roof top area of 
various NR Build-
ing of MCL 

50 MW (Ground 
mounted) 

225 Ha of land is to 
be	identified	by	the	
EPC Contractor in 
PAN Odisha 

2 2022-23 75MW 

Availability of MCL 
land/land on Pan 
India basis is also to 
be explored 

3 2023-24 75 MW 

Availability of MCL 
land/land on Pan 
India basis is also to 
be explored 

The Solar project shall be set up on EPC basis using open 
category modules (without restriction of Outsourcing Cell 
and/or Module Domestically) with Five years of Operation 
and Maintenance (O&M) contract of solar plant. 

ANALYSIS AND INTERPRETATION FOR 
OPTIMIZATION OF ENERGY EXPENDITURE 

 The Power Purchase Supervision and Tariff Management 
for Conventional Thermal Power vis-à-vis Renewable 
Solar Power is analyzed for optimization of energy 
expenditure for success ENERGY story of Mahanadi 
Coalfields Limited. Optimization of space and shading 
analysis is carried out for Solar installations in various 
Roof Top Area of Non-Residential Buildings and also in 
Ground area .Further optimization of tilt angle of Module 
Mounting structure of Solar Panel Array has been carried 
out for losses minimization so that optimum monthly and 
annual generation is estimated and average cost of green 
energy generation shall be competitive in open market 
and Viable. The power evacuation arrangement for Solar 
Energy with Grid Synchronization is identified. The IRR 
calculation & cost benefit analysis is carried out during 
Design Engineering installation of Solar Power Plant for 
overall project viability.
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TABLE V.  Net Cost Saving in Electricity Bill through 
present SOLAR PROGRAMS in  MCL

Sl.No. Description Net Saving

01 Ground Mounted 50 MW Solar Power Plant Rs.634.00 cr.

02
Roof Top Captive Power  installation of 
1.21MW Solar Power by solar power devel-
oper

Rs.16.00 cr

                                                   Total 650 Crore

The Standardization /Diversification of entire power 
system in coal mines is achieved by improving power 
factor and load factor.  Total net energy cost saving after 
deducting O&M expenses shall be to tune of Rs.650 Crore 
by the use of 51.21 MW Solar Power Plant in entire solar 
life of 25 years with payback period of  4 to 5 years of 
capital investment . 

CONCLUSIONS

Global Photo voltaics is a fast growing market. We expect 
to move from the current 500 Gigawatt installed globally 
to 3000-5000 GW of PV, 3-5 Terawatt by 2030.  For 2050 
we expect globally 50 - 70 TW. Total direct energy jobs 
are set to increase with the initial ramp up of installations 
from about 23 million in 2020 to around 35 million by 
2050 . Solar PV emerges as the prime job creator with 
over 22 million jobs by 2050. Operation and maintenance 
jobs continue to grow through the transition period and 
become the major job segment by 2050 with 50% of total 
jobs.  PV costs have dramatically come down and have 
become the lowest cost way to produce electricity in 
many countries. Many exciting technology improvements 
are ongoing, from transitioning to Passivated Emitter 
and Rear Cell (PERC) and High Effiency Silicon Hetro 
Junction Technology (HJT) solar cell technologies, to 
incorporating Perovskites in highest-efficiency PV cell, 
and completely new approaches. Investments in coal-
fired or nuclear power plants might turn into wasted, 
lost assets, as the future energy system will be based on 
renewable energies, especially solar and wind that should 
be complemented by flexible power. 

Abstract — Northern Coalfield Limited is one of the Prominent subsidiaries of Coal India Limited in ensuring energy security of the 

nation and it is of Paramount importance that quality coal is ensured to all its  consumers. Introduction of GCV system in place of 

UHV system and third party sampling, newer challenges have come which also have brought newer opportunities with it if carefully 

examined. This paper aims to analyze the Mixing/Blending or Segregation practice followed in NCL in congruence to the pricing 

mechanism of GCV system.

Maximization of revenue from either by Mixing /
Blending or Segregation practice of different grades in 
the present GCV system of coal gradation with aim to 

achieve best quality control: An overview
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Abstract — Global Energy Resources are getting scarcer and 
increasingly exorbitant with time. Presently CIL meets 42% 
of the nation’s primary energy demand and caters 84% of 
the nations coal requirement. The share of energy costs in 
total production costs is significant in Open Cast Coal Mines. 
Reduction in energy cost can be achieved by improving the 
efficiency of HEMMs & other electrical equipment .The 
various innovative approaches are to be applied to each 
important equipments, processes and plants at all stages 
of Production in coal mines such as use of More efficient 
equipments, Minimizing idle/redundant running of major 
energy consuming equipments, Equipment operation at 
optimum capacity, avoidance of wasteful energy-use, End 
use minimization & Use of Technology upgrades. The various 
implementable measures shall be used for reduction of energy 
cost in OC Mines i.e. Short-Term Measures:- Reducing 
energy consumption by Operational improvements  with 
little or no investment . Benefit-Immediate pay back (within 
one year), Medium-Term Measures/Low Cost Alternative: 
-Making low-cost modifications and improvement to existing 
equipment Benefit- Pay-back period less than two years, 
Long-Term Measures, High Cost Alternative:- Making 
equipment changes or implementing new techniques and 
new technologies involving large investments leading to 
more capacity utilization and energy savings .-Benefit-Pay 
back more than 2 years .Analysis in Specific  Electrical 
Energy Consumption are to be taken  up to reduce from 2% 
to 5% as compared to previous year. The following steps 
are to be taken to economize energy cost by using energy 
efficient Lighting, Power Factor Improvements, improving 
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Power distribution System by proper loading of Power/
Distribution transformers,Efficient method to be used for 
Pumping/Dewatering Operations in Mines, Staggering of 
Maximum Demand by centralized control through Single 
Point Metering and reducing demand charges. Detailed 
innovative comprehensive Action Plan is to be adopted for 
Sustainable Energy Management to achieve Mega Savings 
to the tune of 5% of total energy cost in Open Cast Mines. 
It becomes successful, not only by the Top management but 
participation of the total work force. New technologies with 
state-of-the art machines, new processes introduced in saving 
energy.Despite the projected escalation in production cost, 
Indian coal will now continue to be the available source of 
energy. With proper Sustainable Energy Management, power 
crisis in india can be solved & also fulfill the demand of Power 
Generation in global scenario. The Energy Industry must 
take lead in sustainable development.. 

Keywords— Comprehensive Action Plan ,Short Term Measure, 
Medium Term Measure, Long Term Measure, Pay back ,Sus-
tainable  Energy Management, Mega Saving

INTRODUCTION 

Sustainable Energy Management is the key to economic 
development and India’s current shortages of electricity 
have hampered industrial growth In a developing 
country like India striving for rapid industrialization for 
National development, Energy management and  efficient 
utilization of Electricity are of paramount importance 
deserving the greatest attention of the planners, power 
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supply industry, industrialists and the common man.. The 
most important aspect is to adopt sustainable practices in 
maintenance and at each stage of operation for reduction 
of electrical energy consumption strategy of the coal 
mines. Further identification of the problem areas and 
implementation of remedial measures in this regard are 
required must. Energy management  has been recognized 
as a National priority for a very long time. Conservation 
and efficient use of energy in industry have for a long time 
been a priority of the Government of India. Employee 
on COAL Industry became aware of the seriousness and 
did their best for Sustainable Energy Management and to 
conserve & preserve this energy. New technologies with 
state-of-the art machines, new processes introduced and 
best practices are adopted in maintenance and operation 
in coal mines for saving  of electrical energy. 

ENERGY MANAGEMENT IN MINES

1. Energy Management  in Electricity bill through TOD 
(Time of Day) Consumption - As per tariff applicable for 
HT Consumers, the Energy charges are 20 paisa less in off 
peak night hours from 10pm to 6am as compared to basic 
energy charges applicable in day time & in peak time in 
Odisha for industrial consumers of  mines. Sustainable 
Energy Management methods are adopted  for energy 
saving i.e. Possible Non important electrical loads are being 
staggered from peak hours to off peak hours in Mines 
with the consent of production and operating Engineers to 
reduce power cost without production loss. As a result Net 
rebate on Time of Day consumption during Off peak/Night 
hour from 10PM to 6 AM in  Mines has been obtained in 
Monthly electricity bill.

TABLE	I:		TOD	for		mines	load	in	odisha

TIME OF 
DAY 

MP GROUPE 
OF 

MINES 

TARIFF APPLICABLE IN 
MP GROUPE OF MINES 

PEAK 
HOUR 

6PM TO 10PM
=4 Hrs 

Normal rate of energy charge 

OFF PEAK 
HOUR 

10PM TO 6AM
=8Hrs 

(-)20paisa less from  Normal 
rate of energy charge

DAY HOUR 6AM TO 6PM=
12 Hrs. 

Normal rate of energy charge
=Rs.5.80/KVAH 

2.  Energy Management in Electricity bill through 
Demand control - Sustainable Energy Management 
adopted towards Demand Management front in coal Mines 
is by explaining the method of charging of  maximum 
demand charges  to HT Consumer as per latest provision of  
Electricity Regulatory Commission tariff .It  is informed 

to all Power Engineers, Authorised Electrical Supervisors 
,Operating Enginers of Mines that Maximum Demand for 
the Month is determined by the maximum load used in 
any15 minute slot available in  a month  (starting from first 
date of billing cycle in a month i.e.00:00 hrs  to 00:00 hrs of 
last date of billing cycle).If Maximum Demand recorded in 
a Month is Below 80% of Contract Demand=Than, it shall 
be charged minimum 80% of CD at Normal rate. If MD 
is above 100% of Contract Demand, it shall be charged at 
2 times the Normal rate .Further in coal mines of MCL, 
Centralized control of maximum demand is established by 
Purchasing Power at Single Point Metering at 

i) 220kv Basundhara substation connection point-  
Feeding  power to mines & township  of Basundhara 
Area

ii) 132kv Jorabaga sub station connection point - 
Feeding power to mines & township of Lakhanpur-I, 
Lakhanpur-II,Y-Curve and   industrial & township 
of CWS feeder,

iii) 132kv Nandira substation connection point – Feeding 
power to mines & township of  Jaganath area namely 
baneswari,,Balaram,Hingula,Lingaraj,Bharatpuriv) 
33 kV Kaniha point- Feeding  mines & domestic 
power to kaniha .

NO PENALTY PAYMENT made against OVERDRAWAL  
OF POWER due to accurate prediction of demand  by 
adopting of above energy management practices and 
using technique of Hourly recording and monitoring of 
Maximum Demand at various HT Sub stations. 

3. Energy Management in Electricity bill through 
Power Factor Economy - As per latest tariff of Odisha 
Electricity Regulatory Commission ,KVAH billing has 
been introduced w.e.f. April’2021 for all HT Consumers. 
By adopting Sustainable Energy Management practices 
such as installing capacitor bank in various sub stations 
in mines,CHPs,Colonies,Offices and explaining the 
power factor impact on electricity bill in tariff structure to 
concerned officers and electrical supervisors , Power factor  
is  being improved and maintained above 0.95  in mines 
and  townships of MCL. As a result difference  between 
KVAH and KWH got reduced and hence decreases the 
overall energy cost in monthly Electricity bills.

4. Energy Management  in Lighting circuits  - Energy 
Efficient lightings are used and  improvement of power 
distribution system are carried out  by proper loading of 
power/distribution transformers, avoiding idle running of 
machines/HEMMs for Sustainable Energy Management  
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in open cast coal mines.  High watt luminaries/
conventional fittings i.e. 400W HPSV, 250W HPSV, 
150W HPSV, 40W tube light fittings were replaced by 
newly procured energy efficient LED Luminaries i.e. 
Industrial High Bay light  Fittings  200-240w , Flood  
light Fittings 190-210w , Street light Fittings 120-140w , 
High Bay light fittings  100-150w , street light Fittings 
70-85w , street light Fittings 35-45w, LED Tube rod 4 ft 
16/18/20/24w , Pin type LED Lamp 9w, 12-15w etc  from 
GEM Portal for their use in Offices, Street lights, Mines 
lightings & Township Areas in various projects/units of 
MCL.As a result 50% of total energy cost saving achieved 
by using above energy efficient LED’s against existing 
conventional fittings . The expenditure made towards 
replacement of above LEDs was got payback within one to 
two years. Efforts are made to reduce Transmission losses, 
Transformation losses, Distribution losses, Utilization 
losses in overhead line and various equipments  used in 
mines. The percentage of power consumption in various 
equipments used in opencast mines are tabulated below;

TABLE II: % OF POWER CONSUMPTION IN 
VARIOUS EQUIPMENTS/AREAS USED IN 
OPENCAST MINES

Equipment/Areas % of Total

HEMM 10-12

Coal Handling Plant and Feeder 
Breaker

68-70

Water Pumping 16 –18

Mines lighting 5 –6 

Workshop 1 -2

5. Energy Management in  Coal Handling Plant - MCL 
has planned to adopt its linked customer to evacuate coal 
through Belt Pipe Conveyor (BPC) system in Coal Handling 
Plant of Hingula, Bhubaneswari and Lakhanpur. This new 
system is more efficient, productive and eco-friendly as 
compared to conventional Bucket Trolley System and 
Roller Pulley conveyor system. Further, in compliance to 
the directive of Ministry of Coal, crushing of coal to (-) 
100 mm size has been carried out  from the existing CHPs 
to ensure 100 % sizing of coal to (-) 100 mm. Various 
Road weighbridges and Rail weighbridges are installed at 
different locations of MCL for weighment of coal. Dust 
extraction system is used regularly for controlling the dust 
during coal feeding to create environment friendly for 
operation as well as maintenance work force. 

Fig.1:  Mechanically Actuated dust suppression system on the 
conveyors of CHP

Further, sprinkler system is used to avoid dust generation 
during stacking, reclaiming & storage. Automatic 
Mechanical Samplers (AMS) are being installed in 
different Silos of opencast mines of MCL to fasten as well 
as to ensure precision in coal sample collection process

Fig.2:  AMS at CHP

MCL has NABL accredited labs having highly 
sophisticated laboratory equipment and other facilities 
related to coal sample collection, preparation, testing and 
analysis. 

6. Energy Management for  Dewatering operation in 
mines - All the mines of MCL have adequate pumping 
arrangement for dewatering of the mines. Suction pipes of 
pumps are normally be of at least 20-25% higher diameters 
than delivery pipes. for efficient working of pumps. 
Maximum possible number of pump sets are installed on 
Pontoons for dewatering of the mines during Monsoon.

Fig.3:  Pontoon Pumping of dewatering in mines
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7 . Energy management for economizing the power cost  
- The innovative  comprehenship approaches applied 
for economizing the power cost are on each important 
equipments, processes and plants at all stages of Production 
in coal mines of MCL. These are achieved by using more 
efficient equipments, Minimizing idle/redundant running 
of major energy consuming equipments, Equipment 
operation at optimum capacity, Avoidance of wasteful 
energy-use, Preventive/ Regular/ Breakdown Maintenance 
facilities, End use minimization, Use of Technology 
upgrades.  The specific electrical energy consumption 
of each open cast mines are to be reduced from 3-5%  
as compared to previous year by adopting various 
implementable guidelines. These will help in reduction 
of power cost in Opencast Coal Mines  in MCL  through 
adopting; Short-Term Measures:- Reducing energy 
consumption  by Operational improvements  with little or no 
investment- Benefit-Immediate pay back (within one year) 
Medium-Term Measures/Low Cost Alternative: -Making 
low-cost modifications and improvement to existing 
equipment -Benefit- Pay-back period less than two years 
. Long-Term Measures, High Cost Alternative:- Making 
equipment changes or implementing new techniques and 
new technologies involving large investments leading to 
more capacity utilization and energy savings -Benefit-Pay 
back more than 2 years .

Short-Term Measure - India needs a nationwide consumer 
awareness campaign on energy  efficiency. Only a forth of 
Indian household are currently aware of BEE star levels. 
While awareness levels are high among residents of 
metros and tier-1 cities. The majority in small town towns 
and rural areas remain unaware. To bridge this divide, we 
need a decentralized and consumer centric engagement 
strategy. State governments, DISCOMS, and retailers 
need to be at the forefront of power renewed efforts to 
create mass awareness about energy efficiency. Now, less 
than 25% of ceiling fans produced in India are star rated 
while the Bureau of Energy Efficiency plans to bring 
ceiling fans under mandatory labeling from 2022, the high 
upfront cost will be another barrier. We need innovative 
sustainable business models that can attract manufacturers 
to produce efficient technology at scale and bring it within 
the purchasing capacity. Automatic load control and 
microprocessor based equalization running of compressor 
system has been introduced for efficient operation of 
air-conditioning plants, refrigeration units reducing 
unnecessary energy losses. An effective preventive 
maintenance programme has been introduced  to decrease  
machine and bearing friction of various equipment  for 
reduction of energy loss. The equipment and instruments 
are checked and tested for energy efficient performance at 
regular intervals. Lower efficacy lamps such as tungsten-
filament incandescent lamps used for general lighting, 

office lighting, high-pressure discharge lamps, Metal 
Halide lamp used in mines lighting  are replaced with 
higher-efficacy  LEDs resulting higher luminous output 
per watt of energy consumed. Now  we are planning to 
replace all other light fittings by LED light fittings only. 
Sustainable Energy management and savings up to 10% or 
more are achieved through operational improvements and 
good housekeeping in entire Power Distribution System. 
Harmonic Filters and synchronous drive are provided in 
Shovels/HEMMs resulting saving about 4% energy in the 
system. Dynamic Reactive compensation introduced by 
installing capacitor banks of adequate capacity ensuring 
Nil drawl of Reactive power from the Electric Utility 
Company getting improved power factor benefit  from 
DISCOM. HT Induction motors are operated at full load  
to achieve optimum motor efficiency resulting energy 
conservation. 

         Fig.4:  Power Distribution system

 Medium-Term Measures - The following modification and 
improvements are incorporated to existing equipment :- 
Retrofitting/ Minor Modifications of existing equipments. 
Power factor correction equipment by installing capacitor 
banks  resulting considerable power saving . Ordinary 
A.C. induction motors drives are  replaced  by high-
efficiency motors  though 10-25% costlier. This makes 
system energy efficient and improves power factor as 
additional advantages. The investment made will pay off 
within two years. Overpowered drives are replaced by 
correctly powered motors taking into account maximum 
torque, maximum starting current, R.P.M., possibility of 
speed variation and a safety margin.

Long-Term  Measures -  Replacement/ Installation/ 
Modernization of old and inefficient existing equipment 
and systems are planned as below:- New techniques and 
technologies involving large investments are introduced 
for higher production  /performance with assured 
substantial energy saving in place of old and inefficient 
existing equipment and systems . Investment decisions are 
based on expected financial return on the capital invested. 
From above Strategic sustainable Managerial model, 
following 3 stages of implementation adopted in MCL.
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8.  Innovative comprehensive action plan adopted for  
sustainable energy management and mega savings in 
MCL - The detailed sustainable innovative comprehensive 
action plan  proposed to achieve mega saving to the tune 
of 5% of total energy cost in open cast mines by adopting 
following 03 cost alternatives. It becomes successful not 
only by the top management but participation of the total 
workforce. 

No Cost Alternative - Transformer load management by 
cyclic loading of 10, 5 MVA, 33/6.6KV Transformer at coal 
& OB substation, Cyclic loading of distribution transformer 
in CHP, Workshop, pump house, crusher, Maintain 6.6KV 
voltage by automatic operation of OLTC at mines sub-
stn, Maintain 34KV on 33KV bus at Main substation of 
projects/units, Reduce idle running of shovels, Reduce 
idle running of dumpers, By stricter administrative and 
technical control on Electrical energy, Alternate switching 
off transformers at various Townships, Staggering of load 
from peak hour to off peak hour /night hour resulting 
net saving in power cost in energy bill. Switching off 
50% of road lights in colony, Excess lamps are reduced 
in main colony Sub Station  based on Illumination level, 
Replacement of  lamps with LED for external lighting, 
Replacement of  incandescent lamps/Fluorescent tube 
with LED lamps in quarters, Replacement of metal halide 
lamp with LED luminaries at  T/ship, Timers provided for 
street light control, Replacement of incandescent lamps 
with LED at residential buildings, Reduction in voltage 
for colony lighting, Alternate switching off CHP lighting  
Distribution Transformer, Reduction of excess luminaries 
and switching off bay lights in workshop, Timers 
provided  for Switching off some of the lights of shovel 
maintenance shed and dumper  repairing sheds during 
night, Timers provided for Switching off time office 
lighting, Timers provided  for Switching off bay light in 
sump, Disconnection of FL lamp and its replacement by 
LED in control room building, Timer control for mine 
lighting, Switching off 2/3rd street light in  T/S, Avoid idle 
running of Shovels , Regulated water supply by providing 
overhead tanks

Low  Cost Alternative - Reactive compensation by 
installing capacitor banks in various 6.6KV Feeders 
and minimizing line losses, Reactive compensation by 
installing capacitor bank in various 415V motors in CHPs, 
Suitable capacity of 3 phase energy savers are used in 
lighting circuit of CHP’s, 700 KVA 3 phase energy savers 
are used in each project sub-station

High  Cost Alternative  - Use of high efficiency motors, 
Energy monitoring system (use of digital panel meters at 
Mines substation), Reduction of station transformer capacity 
at project main substation, Static variable frequency drive 
are provided at various 300 KW booster water pumps in 

CHPs. Indigenous development on power system proposed 
to be adopted in advanced electrical equipment in MCL  is 
by using High temperature Super conductor cable system, 
Super conducting fault current Limiters, Fully digitalized 
Sub Stations, Process Bus Technology, Helicopter based 
aerial patrolling  for monitoring transmission line using 
high resolution camera, Wide Area Energy Measurement 
System (WAMS) towards Smart distribution for real time 
monitoring.

Fig.7:  Indigenous Development on Power System in mines

9. CONCLUSIONS

 Energy management program (EMP) in MCL became 
successful, not only by the Top management who show 
ample interest towards achieving its goal; but also co-
operation from grass root level workers take active interest  
in this regard. Total participation of the MCL workforce 
accomplished the task of sustainable Energy Management 
in mining operation. The technology up-gradation and 
modification are taken up by the Engineers and Managers; 
the housekeeping measures and innovative comprehensive 
action planadopted in maintenance and operation by 
technicians and helpers. 

We need to monitor supply quality and changing 
consumption pattern on a real time basis. We should 
deploy smart meters to measure actual savings and 
demonstrate the benefits of energy efficient devices to 
build user confidence. India has tasted success in recent 
years by using LED luminaries under government’s 
UJALA Scheme which reduces its annual carbon emission 
by nearly 82 million tones.. The Energy Industry must 
take lead in sustainable development.
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Abstract  - Global warming is a burning issue in today’s 
world. The mining sector is a contributor in general and 
Coal mining in particular. Major mining companies in the 
world have committed to Net- Zero mining and carbon 
emission reduction targets for 2030. Indian coal mining 
sector is a laggard to implement processes and technology to 
reduce carbon emission. At the same time, Reliance’s Sasan 
coal mines started their sojourn in early 2010, and from 
its inception; the company was committed to reducing the 
carbon footprints. From initial machine selection to mine 
planning and implementation of Fleet management system 
has objective to reduce the carbon footprints and at the same 
time cost saving is also integrated to produce the electricity at 
the cheapest cost in India.

Keywords—Net-Zero Mining, De-carbonization

INTRODUCTION 

As de-carbonization, or the pursuit of net-zero emissions, 
draws sharper focus from businesses and governments 
worldwide, the mining industry remains central to 
that challenge. About the essential resources the world 
needs through mining, the path of de-carbonization, 
sustainability, and the opportunities for technology 
and global collaboration to achieve net-zero emissions 
increasingly becomes paradigm to mining. So how does 
the industry meet this demand and do it sustainably? 
The answer is the same way we always have - through 
innovation and technology. At Reliance’s Sasan Coal 
Mine, the company has been committed to reducing its 
carbon footprint, and it has followed through the path of 
Technology and innovation. This paper intends to share 
the following comparative study for machine selection in 
carbon reduction (240 Te Dump Trucks to 100 Te Dump 
Trucks) Best Practices to reduce diesel consumption via:

a) Mine Management system - Queue Time reduction, 
Dumping RPM Trend Analysis and behavioral 
training of operators, Optimum numbers of LMVs 
using VTS

b) Heat Mapping of Haul Road for every week and 
reducing the diesel consumption and ensuring safety

c) Optimum achievement of Payload of dumpers for 
unit diesel consumption

d) Fixed Line Water Sprinkler system
e) Use of waste oil in ANFO in replacement of diesel.
f) Fuel injector system and, plans for implementation 

of new technological advancements to reduce the 
carbon footprints, such as:

a) LNG - Dual Fuel ignition system
b) Trolley Assist Dump Trucks
c) Hybrid Dump Trucks
d) Solar Power generation  at saturated dumping 

ground
e) Hydrogen as Fuel

SELECTION OF MACHINERY: COMPARATIVE 
STUDY OF CARBON REDUCTION

The problem of global warming is alarming and a 
coordinated effort on all fronts is required to reduce 
carbon emissions.  According to a report, Mining is 
responsible for producing up to 7% of global greenhouse-
gas emissions, 75% of which are carbon dioxide. The 
major contributor is diesel-operated dump trucks and 
excavators. A typical mine consumes around 70-80% of 
total diesel consumption in hauling and loading operation. 
Sasan Coal mine had considered the carbon footprint while 
equipment selection. The Selection of in-class 240 Te 
electric drive dump trucks and 42m3 Electric rope shovels 
for OB removal and 240 Te dump trucks and 42m3 front 
end loaders for coal removal. There was around 21 % less 
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carbon emission in our equipment selection. A comparative 
study for carbon emission for present equipments and the 
diesel operated 100 Te dump truck and PC 2000 excavator 
shown in below table. The CO2 emission from diesel fuel 
in heavy-duty equipment can be derived as per Mining 
Environment Management, 2008. [1]

CO2 (Te/ Hr) = FC × CF

Where, FC is diesel fuel consumption (L/Hour) and CF is 
the conversion factor. The conversion factor for diesel fuel 
can be calculated as 

CF= CC*10-6 *0.99 *(44/12)

Where, CC is the carbon content for diesel fuel in gm/L.

OB Removal Emission Calculation

Parameters

240 Te MT CAT 
4400 AC Dump 
Truck and CAT 

7495 HD Electric 
Rope Shovels

100 Te CAT 777E   
Dump Truck 

and Hydraulic 
Excavator  PC 2000

Average Speed 
( KMPH)

25 30

BCM Per Trip 100 42

Average Cycle Time 
(Min)

24 20

Average Dumper 
Productivity(BCM 

per HMR)
250 126

Total Volume 
Handled (BCM)

51000000 51000000

Total Working Hour 
(Hrs)

204000 404762

Fuel Consumption 
Rate ( Ltr Per 

HMR)
125 60

Conversion Factor 0.0027 0.003

The hourly fuel consumption and carbon emission will 
depend on the engine load factor. The CO2 emission factor 
for MT 4400 AC dump trucks is taken as 0.0027 Te/hour 
taking into consideration of electrical drive system and for 
mechanical trucks and excavators is 0.003 Te/hour. The 

density of High-Speed Diesel (HSD) is taken as 810 g/L.   

OB Removal Emission Calculation

 

240 Te MT CAT 
4400 AC Dump 
Truck and CAT 
7495 HD Electric 
Rope Shovels

100 Te 
CAT 777E   
D u m p 
Truck and 
Hydraulic 
Excavator  
PC 2000 

C02 emission per Hour ( CO2= 
Fuel Consumption * CF) (Te / 
HMR)

0.3375 0.180

Total Carbon emission for Dump 
Trucks ( Te- Co2 Equivalent) 68850 72857

Total Carbon emission for Dump 
Trucks ( Te- Co2 Equivalent) 69 73

Excavator   Fuel Consumption  Per 
HMR 0 110.00

Productivity ( BCM Per HMR) 1800 1350.00

Total Working Hour for Excavator 
(Hrs) 28333 37778

C02 emission per Hour ( CO2= 
Fuel Consumption * CF) (Te / 
HMR)

0 0.330

Total Co2 Emission  for 
Excavator 0 12

Total Carbon Emission in MT-
Co2 equivalent  for OB Removal 69 85

Table 1- Calculation for carbon emission for Overburden 
removal

Coal  Removal Emission Calculation
240 Te MT CAT 
4400 AC Dump 
Truck and CAT 

7495 HD Electric 
Rope Shovels

100 Te CAT 777E   
Dump Truck 

and Hydraulic 
Excavator  PC 

2000

Average Speed ( KMPH) 25 30

Te Per Trip 180 85
Average Cycle Time (Min) 20 18

Average Dumper 
Productivity(Te per HMR) 450 250

Total Volume Handled (Te) 18000000 18000000
Total Working Hour 40000 72000

Fuel Consumption Rate 
(Ltr Per HMR) 85 50

Conversion Factor 0.0027 0.0030
C02 emission per Hour ( CO2= 
Fuel Consumption * CF) (Te / 

HMR)
0.2295 0.150
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Total Carbon emission for 
Dump Trucks ( Te- Co2 

Equivalent)
9180 10800

Total Carbon Emission for 
Dump Truck  in MT-Co2 

equivalent
9.2 11

Coal  Removal Emission Calculation

240 Te MT CAT 4400 AC 
Dump Truck and CAT 
7495 HD Electric Rope 

Shovels

100 Te CAT 
777E   Dump 

Truck and 
Hydraulic 

Excavator  PC 
2000

Excavator  ( Fuel 
Consumption  Per HMR)

160 110

Productivity ( BCM 
Per HMR)

1700 1350

Total Working Hour 
for Excavator

10588 13333

Conversion Factor 0.003 0.003

C02 emission per Hour ( 
CO2= Fuel Consumption * 

CF) (Te / HMR)
0.48 0.330

Total Co2 Emission  
for Excavator (MTe 
-CO2 Equivalent)

5 4

Total CO2 emission 
for coal  (MT) 14 15

Table 2- Calculation for carbon emission for Coal Removal

Total CO2  Emission Calculation

240 Te MT 
CAT 4400 
AC Dump 
Truck and 
CAT 7495 

HD Electric 
Rope Shovels

100 Te CAT 
777E   Dump 

Truck and 
Hydraulic 
Excavator  
PC 2000

Total Carbon Emission for 
Coal Operation 14 15

Total Carbon Emission in 
MT-Co2 equivalent  for OB 

Removal
69 85

Total Carbon Emission (OB 
+ Coal ) MT-Co2 equivalent 83 100

Less Carbon Emission in 
MT-CO2 Equivalent 17

Percentage  Reduction in 
Carbon Emission 21%

Table 3- Total carbon emission

BEST PRACTICES TO REDUCE THE DIESEL 
CONSUMPTION

Sasan coal mine has implemented various best practices to 
optimize the fuel consumption for heavy equipment. The 
data for fuel dispensing is done with the help of hectronics 
fuel management system that provides information about 
the fuel dispensing and minimizes the spillage loss. The 
fuel consumption for HEMM is analyzed on a real-time 
basis with the help of the Mine Management System and 
fuel management system. Some of the best practices are 
discussed in brief in this paper

A. Mine Management system - Sasan Coal mine has state 
of art Mine management system (MMS) that optimizes 
the operational and maintenance parameters. MMS 
system has three components, viz Truck Dispatch System 
(TDS), Mine care, and ProVision. The TDS is real-time 
optimization software and captures the data on a real-
time basis for all HEMMs. The operational efficiency 
is increased by analyzing the parameters for Dump 
Trucks and Shovel. The system has been instrumental 
in optimizing the system capacity by analyzing every 
component of the unit mining operation.

Spot Time of Dumper - The Queue time and spot time of 
the dumper are optimized to enhance productivity, which 
in return also reduces the fuel consumption of the dumper. 
The Dumper cycle time comprises Loading Time, Spot 
time, Queue Time, Loaded travel time, empty travel time, 
and dumping time. The queue time, spot time, and dumping 
time are major improvements area for productivity 
enhancement and fuel consumption reduction. The Spot 
time for the dumper was analyzed with the help of TDS 
and reduced year-on-year basis. The data shows the year-
on-year decrease in dumper spot time, which minimizes 
the unproductive time of the dumper cycle.

FY 
Cycle 
Time 
Target

Shovel Idle/
Hang Time

Loading 
Time

Dumper 
Exchange/
Spot Time

FY17-18 3 0.4 1.78 1.04

FY18-19 3 0.3 1.53 0.99

FY19-20 3 0.39 1.46 0.98

FY20-21 2.92 0.49 1.43 0.92

FY21-22 2.92 0.56 1.43 0.90

Table 4- Shovel Cycle Time 
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Graph 1- Shovel Cycle Time Analysis 

Queue Time reduction - The diesel consumption and 
productivity enhancement can be done with the help of 
optimizing the queue time of the dumper. 

FY
Queue 

Time(min)
Total 
Trips

Total  
Queue 

Time Time 
(Hrs)

Average Fuel 
Consumption 
in Queue

Total Fuel 
Consumed

CO2 
Emission 
(Te)

FY19-20 1.12 508334 9489 25 237222.5333 6.41

FY20-21 0.89 492649 7308 25 182690.6708 4.93

FY21-22 0.82 274289 3749 25 93715.40833 2.53

 Table 5- Dumper Queue Time 

Graph 2- Dumper Queue Analysis

Payload Monitoring  - Payload monitoring is an important 
parameter for productivity as well as for equipment health. 
The optimum payload decreases the number of trips 
required to remove the targeted material. Achieving the 
optimum payload will reduce the operating hours of dump 
trucks and Shovels. It will reduce fuel consumption and 
carbon emission.

               Graph 3- OB Dumper Payload 

Graph 4- OB Dumper Payload 

Dump Truck  RPM Trend - A study done with the help 
of mine care data at our mine postulates that the optimum 
engine RPM required at the time of dumping is 1800 RPM 
and above that RPM has no impact on decreasing the 
dumping time. But, somehow, the operator has behavior 
to run the engine at RPM more than 1800 and that energy 
goes as waste energy and increases the fuel consumption 
and emission in return. There is an annual saving of 
around 150 KL of diesel by monitoring the trend for each 
operator in every shift. The training of the operator is done 
to optimize the RPM trend during the dump tray raising 
operation.  As per result, it can reduce up to 0.4 MT of 
CO2 emissions.

Haul Road Heat Mapping - The Haul road heat mapping 
is done with the help of a Truck dispatch system that 
monitors the gradient and condition of the haul road. 
It helps in implementing the planned haul road on the 
field to optimize the fuel consumption of dump trucks. 
The good condition road has a vital impact on the fuel 
consumption of the dump trucks.

Figure 1- Heat Map for Sasan Coal Mine 

B. Fixed-line water sprinkler system - The fixed-line 
sprinkler is installed at our mine site for coal haul road that 
reduces the operation for water trucks. It has reduced the 
operating hours of water trucks for the length of three (3) km. 

     Figure 2 Fixed -Line Sprinkler at Sasan Coal Mine
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C. Use of waste oil in anfo  - At Sasan Coal mine, the total 
annual consumption of AN-based explosives is around 
19.46k MT. ANFO is the most cost-effective explosive & 
well-proven.. ANFO formulation contains about 94.3% 
(w/w) AN & 5.7% (w/w) diesel oil i.e. approx 1350 kL of 
diesel oil required per annum. With 50% substitution of 
diesel with ‘Used Oil’, the annual required quantity of 
‘Used Oil’ for ANFO manufacturing will be 675kL or 
1.85kL / day.  The CO2 emission will be reduced by 2 MT 
of CO2 -equivalent/ year and in addition, waste oil can be 
utilized that fulfills the purpose of recycling.

D. Use of fuel injectors in dumpers - Optimization of fuel 
supply to engine   is done with the help of GE Fuel Saver 
Kit in all Dumpers.  There is an estimated saving of 4% 
to 6% of annual Dumper Diesel consumption approx 1358 
KL annually. 

FUTURE PLANS

The Sasan Coal mine is committed to reducing diesel 
consumption and carbon emission by implementing new 
modern era technology.

A.  LNG - Dual Fuel Ignition System - The plan for Dual 
fuel ignition system for LNG and diesel for dump trucks 
has been studied and some of the dump trucks are fitted 
with the LNG kit system. As per a study at our mine, 
around 20 % of diesel will be replaced by LNG. LNG, 
being relatively more clean fuel than diesel will reduce the 
carbon emission at our mine site.

Figure 3- LNG System for Dump Trucks 

B. Trolley assist dump trucks - The CAT MT 4400 AC 
dump Trucks are electric-driven dump trucks that can 
be converted into trolley assist dump trucks running on 
electricity for coal dump trucks. The system has a potential 
for coal haul roads and study and feasibility study is under 
consideration for implementation of trolley assist dump 
trucks. As per global standards , it can reduce the diesel 
consumption for coal hauling by 60-70%

Figure 3- Trolley Assist CAT Dump Trucks 

C. Hybrid dump trucks - The Hybrid dump trucks are of 
various kinds starting from battery operated to biofuels. 
The battery-operated dump trucks are a new concept 
and easy to implement in electric-driven dump trucks. It 
integrates the battery system with the diesel engine. The 
retarder braking system is used to charge the battery and 
can be charged externally too. As per the study, there is 
an estimate of around 25 % replacement of diesel in this 
system. According to OEM Study, there is around 20-25% 
diesel consumption reduction with the help of a hybrid 
dumper. The saving depends on the Haul road profile and 
regenerative power of the braking system. The system uses 
the waste energy of the retarder braking system to charge 
the battery. The battery can be externally charged too. [2]

        Diesel Saving 

OB Dump Truck Assumption

Present 
Condition 

With 
Hybrid 
System

According to 
OEM Study, 
there is 
around 20-
25% diesel 
consumption 
reduction 
with the 
help of 
a hybrid 
dumper. 

The saving 
depends 
on the 

Haul road 
profile and 
regenerative 
power of 

the braking 
system

Dumper Productivity 
(BCM per HMR) 250 245

Diesel Consumption 
( Ltr per HMR) 125 94

Saving, Diesel 
Consumption (%)   25%

Total Volume to be 
handled 51000000 51000000

Total Working Hour 204000 208163

Carbon Emission (Te 
Per HMR ) 0.3375 0.2538

Total carbon 
Emission for Dump 
Trucks (Mte-CO2 

equivqlent)

69 53

Carbon Emission 
Reduction (%)   -23%

Table 6- Hybrid Truck comparison
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D.  Solar generation system in dumping ground 
- The Mine reclamation process is an integral part of 
the mining ecosystem. The reclamation shall entail the 
objective of sustainability and also employ people after 
mine closure. The installation of a solar power generation 
system on matured dumps and integration with microgrids 
will help to provide electricity and reduce the carbon 
emission for electrically driven equipment.   

E.  Hydrogen as Fuel - In recent research and 
development around the world, hydrogen is remarked as 
the future fuel for clean energy. Hydrogen is zero-carbon 
fuel that can fulfill the dream of a carbon-neutral world. 
Hydrogen has more energy per unit weight and produces 
water as its bi-product. Hydrogen has around three times 
more energy than diesel and gasoline. The research 
and development of hydrogen generation, storage, and 
transportation are on the way. The industry is looking for 
the implementation in coming years. 

CONCLUSION AND SUMMARY

With the completion of the COP 26 Glasgow Summit, 
there is consensus about the requirement of coordinated 
effort to restrict the global warming problem. Most of 
the countries and industries have pledged for Net zero-
emission. India has pledged for Net Zero-emission by 
2070. The mining industry in general and coal mining, 
in particular, is treated as a major contributor to carbon 
emission. It is our responsibility and as well as obligation 
to measure every carbon emission and take steps to reduce 

and optimize the carbon emission.  The time has come 
where “Every Emission Counts”. The industry shall come 
forward and have a consensus for broader introspection 
to reduce and optimize carbon reduction. The following 
measure shall be taken to fulfill the target of Net-Zero 
emission -

1.  The carbon emission Index shall be developed and 
the carbon emission index shall be measured and 
calculated for every mine.

2  Carbon capture and sequestration system shall be 
developed at the mine site.

3.  The implementation of modern and frugal technology 
shall be expedited in the mining industry.

The paper encompasses the carbon emission from Scope 
1, i.e, greenhouse gases emission (GHG) from diesel. 
The Scope 2 greenhouse emission, i.e, emission from 
electricity generation shall also be considered in near 
future. The Scope 3 emissions, i.e, emission from supply 
chain and transport is one of the major contributors to the 
mining industry. The development of new technology, 
like Conveyor belt, pipe belt conveyor, development of a 
common hub for ore supply to end-use industry shall be 
taken into consideration while planning for new mining 
projects. In our industry, carbon emission reduction is 
directly related to optimizing the cost of production as 
the industry is heavily dependent on fossil fuels. The 
reduction of carbon emission is the need of the hour and 
the mining industry should head start its sojourn for de-
carbonization.

Abstract — Driven by the opencast coal mining challenges associated with the bulk generation of coal fines and shortage of good 
quality coking coals, microalgae biomass agglomeration with low-grade coals and coal fines in form of coal- biomass blends will 
be an attempt towards durable high-grade fuel production for domestic as well as industrial use. In the present study, densification is 
integrated with wastewater treatment to extract dense microalgae to be utilized as a biomass binder for low-cost coal briquetting. Along 
with microalgae, activated sludge and other biosolids are investigated as briquetting co material with coal. Further, it explores the 
impact of binder, i.e. type of binder, blending ratio, and binding mechanism upon mechanical strength and thermal stability of reformed 
coal-biomass briquettes. Clean coal combustion with reduced total sulfur content, desulfurizing bacteria, and potential bio-activator as 
cow dung will be employed to develop sustainable and energy-efficient pretreatment technologies in place of high-cost conventional 
approaches. However, integrated low-cost microalgae- coal briquetting technology is still in a very nascent phase which requires 
extensive research to explore low-cost oleaginous microalgae culture from municipal wastewater, pretreated dairy, and other industrial 
effluents for sustainable technology development. Further, highly concentrated microalgae harvesting integrated with wastewater 
treatment will lead towards commercial production of microalgae –coal briquettes to fulfill energy security issues with environmental 
acceptability.

Process Development and Performance Assessment of 
Waste Water Grown Microalgae-Coal Densification
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Abstract- Recently, due to the global rapid increment in energy demand and a limited reserve of conventional fuel, gasifier-IC engine 
with dual fuel mode operation has become a promising technology for decentralized power generation. Despite the availability of 
several operations, the performance of the Gasifier-IC engine integration could not be improved by the gasification of very low-grade 
coal, especially with increased ash concentration. As a result, an experimental investigation on downdraft air co-gasification of Indian 
low-grade coal and Mahua wood (50:50) to create producer gas and its use in dual-fuelled mode CI engines has been conducted. 
Furthermore, by optimizing the input variables such as gasifier equivalency ratio, engine compression ratio, and engine load, the 
response surface methodology (RSM) based optimization has been used to the Gasifier-Engine to identify the optimal response of 
engine performance and emission. The RSM-based study suggested that the optimal input operating parameters for co-gasification 
would be 0.27, 16.54, and 83.55% for equivalency ratio, engine compression ratio, and load, respectively. The performance response 
values of the gasifier-engine are 29.51 BTE, 0.0186 vol % CO, 7.2514 ppm-UHC, 154.91 ppm NO based on ideal input variables. 
The findings reveal that the projected regression model has a high R2 value of BTE 99.54 %, CO 96.97 %, HC 88.18 percent, and NO 
92.78 %. As a result, the experimental and RSM-based research provides better knowledge and prediction of co-gasification and its 
application in engine/power systems.

Co-gasification of Low-grade coal and Waste Biomass 
blend: Experimental Investigation and RSM based 

parametric optimization of dual fuel CI Engine
Deepak Kumar Singh, Jeewan Vachan tirkey, Hemant Kumar, Ritesh Sonkar, Jitendra Kumar Singh

Department	of	Mechanical	Engineering,	Indian	Institute	of	Technology	(BHU),	Varanasi
deepakkrsingh.rs.mec19@iitbhu.ac.in, jvtirkey.mec@iitbhu.ac.in, hemantkumar.mec20@itbhu.ac.in,

riteshkumariit@gmail.com, jitendraks.rs.mec16@itbhu.ac.in

Abstract — Coal being the major fossil fuel in India contributes around 58% of country’s commercial primary energy supply and 
coal-based power generation accounts for more than 70% of power generated in the country. Despite having world’s fourth largest 
geological coal reserves of 344.02 BT, India imported 215 MT of coal during 2020-21 of which 164 MT is non-coking coal. To cater 
the country’s growing energy demand and to make India self-reliant, the available options are to increase indigenous coal production or 
to enhance renewable energy capacity at a faster rate or to utilize low grade coal (ungraded coal having GCV less than 2200 Kcal/kg) 
for power generation using efficient combustion technologies that meet/comply environmental emission norms/standards or improve 
the efficiency or capacity utilization of existing power plants. Mahanadi Coalfields Limited, a subsidiary of Coal India Limited based in 
Odisha is exploring the possibility of generating power by utilizing the rejects segregated from surface miners, washery rejects and coal 
from low grade seams using efficient combustion technology. In this paper the authors have shared their views, knowledge gained and 
the actions taken so far regarding utilization of rejects segregated from surface miners for power generation using Circulating Fluidized 
Bed Combustion (CFBC) technology-based power plant at Mahanadi Coalfields Limited.
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Abstract—Disruptive Advancement of Technology has been 
the key driver in industrial revolutions across the globe. A 
disruptive technology like Unmanned Aerial Vehicles (UAVs), 
commonly known as Drones, for surveying and mapping will 
play a crucial role in shaping the future of the mining industry. 
It is one technology which is fast replacing more expensive and 
more cumbersome conventional techniques of measurement in 
the industry. Although drones have been around for some time, 
there is a dearth of drones which can be used for accurate and 
precise surveys. UAVs can carry a variety of payloads ranging 
from basic surveillance cameras to bulky and expensive aerial 
LiDAR units. While the former has been exploited to good use 
to keep an eye on the operations, the industry needs a robust 
and cost-effective surveying solution. There is a need for a 
technique which can provide a highly granular survey result 
while keeping the rates low. While Lidar can potentially cater 
to the first requirement, these are very expensive. RGB sensor 
based survey grade drones, thus, can be leveraged to provide 
highly granular data at conventional survey rates. There are 
arguably other benefits of using photogrammetry survey 
drones in the mining sector as they directly and positively 
affect safety, compliance, planning & scheduling and other 
critical operations existing in the mining business cycle.

Keywords—Unmanned Aerial Vehicle (UAV); Drone; Mining; 
Technology; LiDAR (Light Detection and Ranging); Surveil-
lance; Survey; RGB (Red Green Blue); Safety; Compliance; 
Photogrammetry; MSME( Ministry of Micro, Small & Medium 
Enterprises); Survey Grade Drone; Safety; Orthomosaic; 3D 
Point Cloud; Digital Terrain Model; Slope Map; Canopy; Blast-
ing; Fragmentation; Inspection; Aerial Survey

INTRODUCTION

Although drones came into existence due to their need 
in military applications, their civil and commercial use 
has been expanding since the onset of the last decade. 
The common feature between both military and civilian 
applications is the risk factor of sending a human piloted 
aircraft, which can be mitigated by use of drones. Globally, 
drones have now found innumerable applications ranging 
from close range inspections, security surveillance, 
agricultural spraying, and of course surveying and 
mapping. The Indian scenario has been a bit different. 
Drones operations in the commercial space were mostly 
banned in India prior to DGCA announcement of CIVIL 
AVIATION REQUIREMENTS SECTION 3 – Air 
Transport SERIES ‘X ‘, PART I ISSUE[1], which was 
effective August 27th, 2018, unless special permissions 
and exemptions were sought from relevant government 
bodies. This had initially throttled the pace of research and 
development in this sector. With the formulation of UAS 
Rules 2021 and other regulatory frameworks in India, 
the industrial Applications of UAV are now growing by 
the day, enabling many MSMEs & start-ups to develop 
drones catering to specific industries. There are different 
types of UAVs based on size, payload sensor, geotagging 
technology, endurance, take-off and landing procedure, 
and portability.

Prospecting the Implications of UAVs  
 in Mining Industry
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TABLE II.  Different Types of UAVs as per maximum all-
up weight including payload [2].

Type of UAV All Up Weight

Nano UAS ≤250g

Micro UAS 250g ≤ 2 kg

Small UAS 2kg ≤ 25 Kg

Medium UAS 25 Kg ≤ 150 Kg

Large UAS >150 Kg

the below table and figures represent drones as per taking 
off and landing, area coverage and portability.

Fig [1]: Image of Multi-Rotor, Fixed Wing and VTOL Hybrid.

Table 2: Comparison of various types of drones in 
reference to Take-off and Landing, Area Coverage, Cost, 
Portability.

Drone Type Multi-Rotor Fixed-Wing VTOL Hy-
brid

Take-off 
and Land-
ing

Small Space
(10mX10m)

Long landing 
space(
100mX20m)

Small space
(10mX10m)

Area cov-
erage

Up to 300 
Ha per day

Up to 1000 Ha 
per day

Up to 1000 
Ha per day

Cost Least Less High

Portability Easy and 
lightweight

Complex and 
medium  weight

Complex 
and higher 
weight

These devices are safe, easy to use and can be carried 
almost anywhere by a single person. The cost is also 
one of the key benefits of drones as they are relatively 
more economical than traditional survey equipment such 
as Terrestrial Laser Scanner and manned helicopters 
while providing better results. This all is achieved at a 
fraction of the cost for surveying new areas for mining 
companies. Drone based aerial surveys are now being 
regularly conducted in Indian Open Cast Mines since 
various statutory bodies have taken multiple initiatives to 
promote the application of the same. According to Rule 13 
and 14 of Draft Mineral Conservation and Development 
(Amendment) Rules, 2021[3], UAV Data can be used for 
preparation for all plans and sections; they have also made 
a mandate of submitting aerial survey data on yearly basis 

and with submission of any mine planning document. 
Such surveys require drones which are designed to provide 
highly accurate photogrammetric results through GCP 
corrections at every square grid of 200m or through more 
advanced PPK/RTK techniques. Survey grade drones 
these days use mostly PPK correction techniques which 
reduces the requirement for extensive ground control 
work and hence saves time on the field. A well calibrated 
imaging sensor, geotagging technology, terrain following 
capability, precision flight planning software are some of 
the important components of survey grade drones.

Table 3: Comparison between Non Survey Grade Drone & 
Survey Grade Drone, considering a case for survey of 100 
Ha Open Cast Mines.

Survey 
Equipment

Survey Grade Drone Non Survey Grade 
Drone

Geotagging 
Technology

Post Processing Kin-
ematics

Single Global Posi-
tioning System

Camera 20MP or Higher
HigherPixelCount
Sensor Size,
Good Optics,
Durability, Resistance 
to electromechanical 
fatigue.

Wide Lens Camera
Limited Sensor Size
Camera based for 
Photography and 
cinematics shots.

Terrain 
Following 
Capability

Yes Not Present

No. of GCPs 
Required (no. 
of GCPs/ Sq. 
Km)

3-4 8-10

Time to Sur-
vey (Hours)

1-2 4-5

Time to 
process data-
(Hours)

4-5 7-8

Absolute 
Vertical Ac-
curacy(With-
out GCPs)

<20 cm >50 cm

Absolute 
Vertical  Ac-
curacy (With 
GCPs)

<10 Cm 15 cm

Accuracy of 
Volumetric 
Estimate

98% and Above 85%-90%

With the increased availability of survey grade drones and 
skilled personnel at current times, there are many potential 
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applications of drones that are successfully conducted in an 
open pit mining operation. Applications such as volumetric 
assessment of stockyards, excavated volume & Dumps, 
data for mine planning and scheduling, safety assessment 
of Dump and Haul Roads, blast fragmentation, current 
drainage assessment, Generation of High resolutions 
photographs for inspection of vital equipment/structures 
like silo tops, Heavy Earth Moving Machineries etc., 
Mapping of Built-up Structures in the proposed expansion 
areas, statutory surveying and mapping requirements, 
tension crack detection and characterization, drill 
holes accuracy measurement and many more. All these 
applications require high resolution, accurate geotags and 
accurate 3-D models of the mine. For example, despite 
advancement made in slope monitoring, identification of 
tension crack remains an open problem for geotechnical 
engineers. With the increasing size and depth of the 
mines, traditional tension crack mapping is a laborious 
and dangerous task which eventually has necessitated 
automation. A crucial bottleneck to accomplish this task is 
the availability of millimetre resolution three-dimensional 
terrain models of the benches.

UAVS IN MINING INDUSTRY

The mining industry is explicitly complex because of 
the extent and nature of work. Mining and exploration 
companies often face challenges in accessing remote 
and unsafe topography. The inaccessibility results in no 
information of the area, unavailability of data and lastly 
remains unexplored. UAVs are turning the mining sector 
into an emerging frontier for new technology. In recent 
years, these UAV technologies have helped the industry 
find cheaper and safer ways to map deposit sites and 
explore for minerals remotely. The potential usages for 
the application of drones in mining are seemingly endless. 
Drone aerial surveys, field mapping, and monitoring can 
be done in real-time, depending on the system [4].  Lee and 
Choi categorized the applications of drones in the mining 
industry, including surface, underground, and abandoned 
mines, as demonstrated in Table 1 [5].

Table 4: The applications in mining

Surface Mine Underground Mines Abandoned Mines

Mine opera-
tion
Slope stability
Mine safety
Construction 
monitoring
Facility man-
agement

Geotechnical charac-
terization
Rock size distribution
Gas detection
Mine rescue mission

Subsidence moni-
toring
Re-cultivation
Landscape map-
ping
Gas storage detec-
tion
Acid drainage 
monitoring

The detailed applications of Drones in surface mining are 
shown in table 5.

Table 5: Applications of drones in surface mining (5)

Applications Objectives
Safety and risk man-
agement

Slump prediction, stability monitoring
Erosion detection
Asset location
Damage assessment
Incident monitoring
Livestock location

Daily routines and 
control

Regular safety site survey
Management planning
Security and asset protection

Monthly routines Mapping inaccessible areas
Boundary management

Strategic planning Pit design
Road design
Slope assessment
Mineral exploration

Financial Stockpile volumetric calculation
Mobile and static resources calculation

Legal Boundary dispute data
Incident data capture

Environmental Water leakage detection
Vegetation encroachment
Tailings management and assessment

Infrastructure Track and access condition
Watershed, drainage, hydrology
Pipeline inspection

Ministry of Mines vide letter no. 31/46/2016-M.III, dated 
01st November,2016[6]circulated a note for all mining 
PSUs including PSUs involved in Mineral Exploration. 
Below applications of UAV data were notified. 

Table 6. Suggested Application of Drones as per Ministry 
of Mines [6]

Key Areas Applications
Short Term 
Planning

Pit & dump management, Communication of 
daily/weekly mining plans, Haul route surface 
optimization.

Long-term 
planning

Haul road, dump and pit design, Geotechnical, 
Surface stability monitoring, Joint mapping, 
Control for mining in void areas; Mapping of 
steep inaccessible inclines.

Drill & blast Up-to-date surfaces for optimised blast de-
signs, Pre- & post-blast data, Identification of 
misfires & wall damage.
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Geology Stockpile management, Grade control & explo-
ration planning

Hydrology Drainage and water management, Watershed, 
drainage basin & water flow mapping, Thermal 
detection of ground water inflows, Tailings 
dam management

Mineral 
exploration

Resource calculation, Geophysical & water-
shed/catchment area modelling, Supporting 
photography -land usage.

Heritage & 
environ-
mental man-
agement

Reporting, Erosion detection, Vegetation 
change tracking, Inundation tracking, Slurry 
pipeline stability & leakage detection, Game 
counting, Surrounding community mapping

Community Community relations/marketing, Impact 
reporting, Oblique imagery

Regula-
tion and 
operation of 
mines

In case of regulations and operations, the 
activities are volume of extraction which has 
been reported by the mining agency, whether 
the volume has been reported correctly or not. 
It is generally a time taking process

Managing 
waste dumps

Dumping of waste from extraction needs to be 
monitored whether the waste is being put in 
the right site as per the regulations or norms 
are being violated

Post mining 
Reclamation 
of land

For Reclamation activities, the mining agency 
needs to reclaim the land after the mine has 
been closed. IBM has to monitor whether the 
reclamation has been done as committed by 
the agency. Count the number of trees that 
have been planted or calculate the total green 
cover area that has been developed as part of a 
reclamation drive.

Surveillance 
or monitor-
ing

Surveillance of Illegal Activities.

AERIAL SURVEY PROJECT AT NORTHERN 
COALFIELD LIMITED, SINGRAULI. 

Recently an initiative was carried out at NCL for 
assessment of potential application of Drones for Open 
Cast Mining Projects. Interdepartmental teams were 
formed for assessing the applicability of Drones for the 
below used cases. Mapping of Built-Up Structures in 
Jayant and Dudhichua Expansion Areas Vegetation 
Cover Mapping for Nighai OCP. Assessment of Blasting 
Operation. Inspection of Critical Infrastructures and 
Inaccessible areas. Inspection of HEMM such as Draglines 
and Shovels. Survey Grade Drones were utilized for all 
the aerial mappingwork required in aforementioned cases. 
The Details of the Drones are available for reference in the 
below mentioned figure and table.

Fig [2]: Insight PPK 2.0 Drone designed and manufactured by 
Aarav Unmanned Systems, Bangalore

Table 7: Parameters of Insight PPK 2.0 Survey Grade 
Multicopter Drones

Details Parameter
Operation Capability Full Autonomous
Weight 3.3 Kg 
Endurance >40 Mins
GPS Correction Technol-
ogy implemented 

Post Processing Kinematics (On-
Board PPK)

Payload (RGB Camera) APSC CMOS Sensor 24 MP

The entire exercise of Mapping consisted of Planning, 
Capturing, Processing, Analysis and Report Preparation.

A. Planning - The area to be mapped was finalized and 
the boundary file of the AOI was developed using Google 
Earth Software. Ground Reconnaissance was conducted 
to understand the critical challenges and opportunities 
of the AOI. Further to this, Flight Planning available in 
the Ground Control System of UAV was used to develop 
the flight grids and assign the parameters such as Ground 
Sampling Distance, Front Overlap Percentage, Side 
Overlap Percentage and Flight Direction.

Fig [3]: Ground Control Software of AUS Insight PPK 2.0
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B. Capturing - Suitable Flying Locations were identified 
and flight operations were conducted. Multiple Flights 
were conducted to cover the entire Survey AOI. Proper 
quality checks of Photos, PPK Rover and Base Data were 
conducted at completion of every flight.

Fig [4]: Flight Operations at Nighai OCP.

C. Processing - The raw data collected  which includes 
Images, Geotag, Flight Log and GCPs Survey Value were 
imported into photogrammetry software and outputs 
such as 3D Georeferenced Point Cloud, Orthomosaic and 
Digital Terrain Model were developed.

Fig [5]:Orthomosaic(First),3D Point Cloud(Third), 
DTM(Second).

D. Analysis and Report Preparation - The Processed 
2D and 3D data were further utilized for meeting 
the requirement of the use cases. Operations such as 
volumetric assessment, Digitization, Slope Calculation, 
Geocoding, Count generation were conducted on the data. 
Finally reports were developed to highlight the entire 
survey operations and results obtained. The Same has 
been discussed in the next section. 

RESULTS AND DISCUSSIONS

For every use case results were developed and were 
analysed in terms of accuracy and quality of the end 
deliverables.

a) Mapping of Built Up structures in Jayant and 
Dudhichua Expansion Area: The point cloud and 
orthomosaic generated from Drone Survey data 
was utilized to assign a UID to structures and  
analyse the structure extents, type, specification of 
structure, plinth area and height. Finally a plan was 
developed to showcase the distribution of different 
types of structures in built up areas.

Fig [6]: Plan showing the distribution of different types of 
structures (Brick Wall With RC Roof(Blue Colour),Brick Wall 

with GI/AC Sheet(Pink Color), Mud wall with country tile 
roofs(brown color),Temporary Structures(dark blue).

b) Vegetation Cover Mapping for Nighai OCP: Using 
the drone survey generated Orthomosaic various 
patches of differing canopy were identified. Canopy 
areas of those particular patches were extracted and 
categorized as per classification scheme of Forest 
Survey of India[7]. Three more additional categories 
i.e. Plantation on OB Dump, avenue plantation 
and social forestry were used. Finally a plan was 
developed to showcase the different categories of 
canopy cover in the survey AOI and calculation was 
done to assess the total area under each category of 
vegetation.
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Fig [6]: Plan showing the distribution of different types of 
canopy cover (Scrubs(Green),Open Forest(Olive), Dense 

Forest(Dark Green), Plantation on OB Dump(Blue), Avenue 
Plantation(Purple), Social Forestry(yellow) )

c) Assessment of Blasting Operation:  3D Model of the 
Blasting Face before and after blast was developed 
using data collected from drones. At pre-blast 
condition, the position of the blast holes were clearly 
visible, which was further utilized to assess the 
spacing and burden maintained.

Fig [7]: Assessment of Spacing(Represented in Blue Colour) 
and Burden (Represented in Orange colour) of the blast 

pattern.

Using the Pre-Blast and Post Blast DTM and Cross-
Section volume of material reduced, Toe-Burden and 
extent of throw was analysed and reported.

Fig [8]: Pre-Blast and Post Blast Bench Profile (Top) and DTM 
(Bottom) 

d) Inspection and Critical Infrastructure and 
Inaccessible Areas: Areas such large Silos, High 
Rise Conveyors and Bunkers were recorded and 
captured in high resolution aerial photos and videos. 
Areas such as inactive old dumps with limited 
accessibility were mapped and a 3D Model was 
developed. 

Fig [9]: Aerial Photographs of CHP Structure (Top and Image 
of 3D Model of Inaccessible Dump(Bottom)

e)  Inspection of HEMM Such as Draglines and 
Shovel: High Resolution aerial photographs and 
videos were captured for different parts of Draglines 
such as Boom, Head Pulley, A Frame, Mast Tower 
and Others. These photographs and videos were 
then utilized for detection of Cracks, Structural 
Deformation, wear and tear.

Fig [10]: Aerial Images of Draglines.
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CONCLUSION

The advanced technology of UAVs is highly beneficial in 
shaping the “Future of Mining” concept[8]. It can assist 
future- of-mining automated technologies for competitive 
advantage, cost-effectiveness, safety and statutory 
compliance. UAVs can make a major impact in the mining 
industry in terms of productivity, cost and efficiency in 
coming years. It has potential benefits across the mining 
value chain with endless counts. This technology is pretty 
much known now in developed nations like USA, Canada, 
Australia and moving rapidly to other countries also. Many 
organizations including research institutes are developing 
advanced applications of UAVS which will provide more 
solutions and add value to the mining industry. In this 
paper we tried to explore the advantages and limitations 
of aerial survey in terms of the application and use cases 
discussed above. Multiple advantages were noticed and 
few limitations were also recorded and mentioned below:

Advantages: In case of mapping of large expansion 
areas, Aerial Survey is a best fit option as it reduces the 
turnaround time of survey and generates a very detailed 
data set for carrying out various land acquisition activities.  
The high resolution 3D Model gives us a detailed view of 
the structures present in the expansion areas, any point of 
time the data can be used for verification. Drone survey 
data sets are highly accurate and the data sets can be 
effectively used to monitor the vegetation progress on 
OB Dumps and other mine areas. The maps and plans 
developed by drone data are highly accurate and detailed. 
Such detailed plans are very difficult to develop using any 
other traditional survey equipment. In case of operations 
such Blasting which is a costly and risky operation, Aerial 
Data is highly beneficial in terms of Blast Planning, 
Fragmentation Control, Throw Extent and Others. Aerial 
Surveillance of Blasting operation is an effective measure 
to monitor operations such as drilling, loading, Stemming, 
Road Closures, Cross-checking misfires. This will help 
us in making the complete operation more safe. Aerial 
Inspection of CHP-SILO, Dragline Boom and other high 
rise conveyor belts is highly beneficial as carrying out 
these inspections manually is highly risky. Getting such 
critical defects from manual inspection is also not possible.  
Aerial surveys are cost effective, highly accurate and the 
same data set can be utilized for multiple applications. 

In addition to all the potentiality of UAVs, there are some 
challenges as well which is essential to mention here. Few 
to narrate are safety and security issues, software and 
maintenance, short flight endurance, chance of collisions, 

limited payload such as laser scanners and establishment 
of high quality reference data etc. Apart from these, 
regulatory restriction is another big challenge. Before 
flying drones it is advisable to check the local rules and 
regulations. Obtain necessary permits from regulatory 
bodies to comply with guidelines. 

Limitations: The survey data generated from aerial 
surveys are of large file size,a point cloud data of 10 sq 
km can be as high as 12 GB. These require suitable IT 
Infrastructure, such as web based applications to view, 
access and utilize this high resolution data in day to day 
mining works. Suitable weather conditions are preferred 
for aerial survey. Selection of Flying Points, flight 
planning needs to be properly assessed before conducting 
a mission, sometimes requires experienced manpower. 

We propose following areas where UAV technology can 
play a substantial role in shaping the future of mining 
concept: 

Safety and security – With specific applications drones 
can be used in identifying risks and hazards zones in an 
operational, exploration and drilling sites, abandoned 
pits, and processing plants. Assessment of dump slopes, 
drainage condition, tension crack detection and mapping 
of inaccessible areas. Surveillance and monitoring of 
pipelines, conveyor belts, and fleet management in 
mine is possible through this technology. Besides, it 
can also be very useful in search and rescue, confined 
space information, landslide zone assessment, incident 
root cause analysis and investigation in an operational 
environment. 

Productivity – This is another area in mining operation 
where drone technology is highly applicable and valuable 
viz. mine mapping, stockpile mapping, optimised blast 
design, reconciliation, haul road analysis and time lapse 
photography, high resolution photography, detection of 
fractures in mine faces/ hanging wall. 

Survey and mapping – Survey and mapping could be 
performed in a cost effective way with the aid of UAV 
systems and of course with accuracy too. Mapping of 
mineral deposit, exploration target survey, outcrop and 
stockpile yard mapping, infrastructure mapping for mine 
development areas survey is possible using drones.
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Abstract — In India, Mining plays an important role to 
the GDP but instead of it some of the negative impact has 
been observed through mining activities on surrounding 
environment. The remote sensing and GIS have been vastly 
used in this study to quantify changes in land use /land cover 
in Korba Coalfield Region, Chhattisgarh India. The main 
objective of this study is to analyze Landsat 4-5 TM, 8 OLI 
/TIRS satellite data of year 2001 and 2015 with different 
geospatial indices like Normalized Difference Vegetation 
Index (NDVI), Normalized Difference Water Index (NDWI) 
and Normalized Difference Soil Index (NDSI) for change 
interpretation in different type of land cover. The maximum 
likelihood method in supervised classification has been used 
for the classification and preparation of LULC maps and 
its classes. It has been observed that the different land use 
changes with variation in each geospatial index values. The 
mining area is showing increasing trend from 12.2YYYY% 
to 15.1% in year 2001 to 2015 respectively. The built-up area, 
water body and barren land are also showing increasing 
trends and rest of the LULC class like crop land and forest 
area are showing decreasing trends in selected study period.

Keywords— Landsat data, Land use /land cover, LULC change 
detection, Geospatial Indices, Korba Coalfield Mine Chhattis-
garh India

INTRODUCTION 

Land use /land cover change and its mapping, detection 
and monitoring at the local, regional and global level 
can be done with satellite remote sensing data Maléki et 
al., [1]. The most common freely available satellite data 
which is Landsat data used for land use /land cover change 
detection and its monitoring for last 15 years due to spatial 
and temporal resolution Leprieur [2]; Jensen and Hardin, 
[3]; Chuvieco [4]; Panda [5]; Kolios & Stylios, [6]; Klemas, 
[7]. Conventional methods of data collection are time 
consuming and more difficult however a different type 
of environmental component as well as human activity 
which needs long terms monitoring can be well assessed 

with remote sensing technique Ololade [8]; Busayo [9]. 
The impact of mining activities on large surrounding 
area are not easily assessable hence these impacts can be 
assessed with the help of satellite remote sensing data very 
easily which is more capable to monitor & calculate the 
imaginable changes involved in mining surroundings Li 
[10]; Orimoloye and Ololade [11]. The surrounding area of 
mining may be changed over the period of time therefore 
its recurring observation through remote sensing data 
can be very efficient for monitor land cover changes and 
dynamic over the period of time Ololade and Annegam 
[12]. Many vegetation indices were applied to evaluate the 
land use /land cover changes due to human activities with 
respect to environmental issue especially for vegetation 
related issue Li [13]. These indices have been used for 
extraction of information from vegetations spectral 
signature like biochemical properties, environmental 
impact, soil properties as texture, color, moisture content 
physical and chemical properties Janse [14]. Vegetation 
indices (VI) were applied to get information that indicates 
the amount of vegetation biomass, canopy height, 
percentage changes in vegetation cover, plant vigor and 
Leaf Area Index (LAI) differences in vegetation and soil 
Meza Diaz and Blackburn [15]. Among them, NDVI has 
been commonly used for vegetation index Zaitunah [16]; 
Orimoloye [17]. However, NDVI has been performed 
by indices that remunerate for atmospheric changes. For 
example, NDWI, NDSI and NDBI Rasul [18], thereby only 
NDVI can be used for more accurate and suitable results 
for analyzing vegetation covers and land use changes. The 
environmental problems can be assessed and monitored 
through land use /land cover change (LULCC) which is 
one of the essential aspects around the mining areas. The 
mining area impacts on environmental is very important 
when resources become exploited, put down the natural 
land around mining area resulting surface disturbances 
which change the pattern of natural landscape around the 
mining area in less time completely if not managed in 
aright way Qin [19]; Ololade and Annergarm [12].
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STUDY AREA AND METHODOLOGY

A. Study area - Korba coalfield (KCF) is derived its 
name from Korba town which is situated in Korba district 
Chhattisgarh, India as shown in Fig.1. It is located between 
latitude 22°15’ N to 22°30’ N and longitude 82°15’ E to 
82°55’ E which covers about an area of 226.57 km2 Raja 
Rao [20]. The reported study area comes in Toposheet 
no. F44K11 as per survey of India. The coal mine is one 
of the largest coalfields in India which comprises three 
major operating mega open-cast (OC) project named 
Gevra open-cast, Dipka open-cast and Kushmunda open-
cast. As per Raja Rao [20], it is stated that the geology 
of Korba coalfield is characterized by Barakar Formation 
of Gondwana super group which issituated just above the 
Precambrian schist. Korba Coalfield is located in lover 
Hasdev valley which is elongated in east to west direction. 
Generally, undulating terrain having elevation of 275 to 335 
m is characterized in Korba Coalfield Chhattisgarh. The 
drainage pattern is dendritic in nature which is controlled 
by Hasdev River. Korba is also known as power capital of 
India in which National Thermal Power Plant (NTPC) and 
Chhattisgarh State Electricity Board (CSEB) are installed. 
Aluminum site is also present in Korba district operated 
by Bharat Aluminum Company (BALCO). The minimum 
and maximum temperature of Korba Coalfield are 4 to 6 
℃	during	December	 to	 January	and	up	 to	45	℃	during	
May to June respectively. The average rainfall in this 
Korba district is about 1506 mm with 1287 mm as normal 
rainfall in monsoon season during June to September 
month.

Fig.1: Study area map showing different mines coverage

B. Methodology 

Acquisition of landsat images - Landsat 4-5 TM and 
Landsat 8 OLI/TIRS satellite data having spatial resolution 
of 30 × 30 m is incurred for two time period of 2001 and 
2015. This is done for determine the Land use /land cover 
change in study area. Both acquired images of 2001 and 
2015 have 0% of cloud coverage which was downloaded 
from the site of USGS (United State Geological Survey) 
having website (http://earthexplorer.usgs.gov//).  

Table.1: Indices Equations used for this study

Indices Equation Sources

NDVI (B4-B3) ÷ (B4+B3) for Landsat 4-5
(B5-B4) ÷ (B5+B4) for Landsat 8

Rouse [21]

NDWI (B3-B5) ÷ (B3+B5) for Landsat 4-5
(B5-B6) ÷ (B5+B6) for Landsat 8

McFeeters 
[22]

NVSI (B5-B4) ÷ (B5+B4) for Landsat 4-5,
(B7-B4) ÷ (B7+B4) for Landsat 8

Rogers and 
Kearney 
[23]

Table.2: Classes of LULCC

Classes of LULC Descriptions
Water bodies River, ponds, dam, catchment area
Forest	area Coniferous vegetations 
Built up area Ccommercial building, Residential 

area, roads
Mining area Area covers with mine
Crop land Cultivation land
Barren land Area covers with bare due to mining 

activity

Image processing - The Landsat data has been downloaded 
from USGS and processed through ArcGIS 10.8 software 
and All images of Landsat are geometrically corrected and 
its map projection is UTM zone 44 and datum of WGS 84.

C. Geospatial Indices -  Vegetation indices (VI) is very 
essential satellite inferred data for getting information 
about the monitoring as well as assessing vegetation 
coverage on earth surface Klemas [7]. Some of the 
geospatial indices like NDVI inferred with band 4 (Red) 
& band 5 (NIR) having value of -1 to +1, negative values 
denote non-vegetated surface characteristics while 
positive values represent the vegetation area and NDSI 
derives using band 4 (Red) & band 7 (SWIR) is very 
sensible to open land area. NDWI derives with the help 
of band 3 (Green) and band 4 (NIR) is more prominent 
to water bodies. The suitable formula for these indices is 
listed in Table.1.
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D. LULC Classes - Here, six classes of Land use /land 
cover (LULC) have been classified in this study which are 
Mining area, Water bodies, Barren land, Crop land, Forest 
area and Built-up area as illustrated in Table.2. The visual 
interpretation has also been utilised to describe different 
training sample for every LULC class and then ground 
truth point was used for verifications. During preparation 
of LULC, training samples and signature file containing 
multivariate statistics for each class of prepared LULC has 
been used as input for Maximum Likelihood Classification 
for every satellite image Sunar Erbek [24]. 

RESULT AND DISCUSSION

A. Land use /land cover (LULC) of study area - Land use 
/land cover (LULC) dynamic has been prepared for both 
years i.e., 2001 and 2015 by using ArcGIS 10.8 software as 
shown in Fig.2 & 3 respectively. In this study, LULC having 
six classes (Mining area, Water bodies, Barren land, Crop 
land, Forest area and Built-up area) which is extracted for 
detecting changes, as given in Table.3, 4 & 5. The results of 
this study showed that major changes in all LULC classes 
have been observed in last 14 years.

Fig.2: LULC map of Korba Coalfield Mine in 2001.

The LULC analysis reveals a very spatial pattern of 
changes throughout the study period. A major change 
has been occurred in mining area and forest area. The 
positive changes in mining area while negative change 
in forest area is calculated. The low-lying area generally 
represent crop land and forest area showed high altitude 
area. In this LULC analysis, it has been observed that the 
crop land is converted in built-up area and barren land. 
LULC classes like Mining area, built-up area, barren land 
and Water bodies were observed increasing trend during 
study period while Forest area and crop land are showing 
decreasing trend from 2001 to 2015 as given in Table.3. 

The maximum positive change is in water bodies and 
maximum negative changes in crop land are observed in 
this LULC analysis.

Fig.3: LULC map of Korba Coalfield Mine in 2015.

The water bodies have been spread over an area of 6.15 
km2 (2.7%) in 2001 while it was increased up to 9.75 
(4.3%) in 2015 as given in Table.3 & 5 respectively. The 
percentage change in water bodies is 58.66 Km2 as given 
in Table.3. The rate of change and net change in water 
bodies class are found 0.26 Km2 and 1.6 Km2/year from 
2001 to 2015 as shown in Fig.7 respectively. The forest 
area has been observed over an area of 29.92 km2 (13.2%) 
in 2001 while it is decreased up to 28.09 (12.4%) in 2015 as 
given in Table.3 & 5 respectively. The percentage change 
in forest area was -6.12 Km2 as given in Table.3. The rate 
of change and net change in forest area class are observed 
-0.13 Km2 and -0.8 Km2/year from 2001 to 2015 as shown 
in Fig.7 respectively. The built-up area has been spread 
over an area of 44.22 km2 (17.8%) in 2001 while it was 
increased up to 50.75 (27.4%) in 2015 as given in Table.3 
& 5 respectively. The percentage change in mining area is 
26.17 Km2 as given in Table.3. The rate of change and net 
change in forest area class were observed 0.75 Km2 and 4.6 
Km2/year from 2001 to 2015 as shown in Fig.7 respectively. 
The mining area has been spread over an area of 27.54 
km2 (12.2%) in 2001 while it has increased up to 34.21 
(15.1%) in 2015 as given in Table.3 & 5 respectively. The 
percentage change in mining area is 24.22 Km2 as given in 
Table.3. The rate of change and net change in mining area 
class are observed 0.48 Km2 and 2.9 Km2/year from 2001 
to 2015 as shown in Fig.7 respectively. The crop land has 
been spread over an area of 100.47 km2 (44.3%) in 2001 
while it is decreased up to 79.3 (35.0%) in 2015 as given in 
Table.3 & 5 respectively. The percentage change in crop 
land is -24.07 Km2 as given in Table.3. The rate of change 
and net change in mining area class are observed -1.51 
Km2 and -9.3 Km2/year from 2001 to 2015 as shown in 
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Fig.7 respectively. The barren land has been spread over an 
area of 22.33 km2 (9.9%) in 2001 while it is increased up to 
24.47 (10.8%) in 2015 as given in Table.3 & 5 respectively. 
The percentage change in barren land is 9.61 Km2 as given 
in Table.3. The rate of change and net change in barren 
land class are observed 0.15 Km2 and 0.9 Km2/year from 
2001 to 2015 as shown in Fig.7 respectively.

B. Normalized Difference Water Index (NDWI) - As NDWI 
findings by ArcGIS 10.8 software as shown in Fig.4 has 
been used to assess water features in selected study area. 
This index was inferred with green band which maximise 
water reflectance and in case of Near Infrared band water 
reflectance is minimised. The positive value close to 1 
represents the water body while zero and negative value 
shows soil and vegetations. The water bodies in the study 
area may be canal used by municipal and water owed by 
mining industries. The rate of evaporation only depends 
on temperature of each year. NDWI is used for enhancing 
and differentiating data of water spectral, in study area. 
NDWI results showed increasing trend in water bodies 
from 2001 to 2015.  

Fig.4: NDWI for 2001-2015  

C. Normalized Difference Soil Index (NDSI) - NDSI 
findings by ArcGIS 10.8 software as shown in Fig.5 has 
been used to assess soil features in selected area. This 
index was derived from Shortwave Near-Infrared (SWIR) 
band 5 which maximise soil reflectance while in Near-
Infrared (NIR band 4 soil reflectance is minimised. The 

NDSI index application is to detect bare land ensuant from 
mining activities. Based on this analysis of NDSI, the 
value ranged from -0.35 to 1 indicating that mining as well 
as anthropogenic activities are converting natural land to 
use construction of dam and development of agriculture. 
This index used to enhance soil background which shows 
open land area more sensible to NDSI. Thin vegetation 
having high value than the vegetation because of spread 
soil Leprieur [25].

Fig.5: NDSI for 2001-2015

D. Normalized Difference Vegetation Index (NDVI) 
- Vegetation is more reflectance by both Red and NIR 
light captured by available satellites. It is happening 
because of NDVI formula is based on chlorophyll being 
absorbed by red light and Near-Infrared is being scattered 
by chlorophyll leaf structure. This indicates NDVI only 
detects the presence (green vegetated area) and absence 
(non-vegetated areas) of vegetation and used as substitutes 
for vegetation density and plant vigour Joshi [26]; Pinty 
[27]; Raval and Shamsoddini [28]. The prepared NDVI is 
shown in Fig.6. NDVI results shows the decreasing trend in 
vegetation from 2001 to 2015. The NDVI is very sensitive 
to soil background and picks up healthy vegetation only. 
NDVI explain only about dark as well as light vegetations.
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Fig.6: NDVI for 2001-2015

Table.3: Percent change in areas (Km2) from 2001-2015

LULC Class Area_2001 Area_2015 (2001-15) 
Change in %

Water bodies 6.15 9.75 58.66
Forest	area 29.92 28.09 -6.12
Mining area 27.54 34.21 24.22
Built-up area 44.22 50.75 26.17

Crop land 100.47 79.3 -21.07
Barren land 22.33 24.47 9.61
Total area 226.57 226.57 00

Fig.7: Rate of change of LULC from 2001-2015.

Table.4: Rate of change (Km2) of LULC classes from 
2001-2015

LULC Class Area_2001 Area_2015 Rate of change 
(2001-15)

Water bodies 6.15 9.75 0.26
Forest	area 29.92 28.09 -0.13
Mining area 27.54 34.21 0.48
Built-up area 44.22 50.75 0.75

Crop land 100.47 79.3 -1.51
Barren land 22.33 24.47 0.15
Total area 226.57 226.57 00

Table.5: Percent change in areas (Km2) and Net change 
(km2/year) from 2001-2015

LULC Class Area in 
%_2001 

Area in 
%_2015 Net change

Water bodies 2.7 4.3 1.6
Forest	area 13.2 12.4 -0.8
Mining area 12.2 15.1 2.9
Built-up area 17.8 22.4 4.6

Crop land 44.3 35.0 -9.3
Barren land 9.9 10.8 0.9
Total area 226.57 226.57 00

CONCLUSIONS

The present study reveals that the application of different 
geospatial indices is very helpful to Land use /land cover 
change detection. The use of different compounding of 
geospatial indices helped in secernment of each LULC 
classes. It has been observed that the Land use /land cover 
dynamic during the study period. The residential area has 
led to encroachment very close to buffer zone of mining 
area. Land use /land cover change occurred very slowly 
over a period of time therefore continuous evolution of 
changes in different LULC classes become very important 
for the implementation of Environmental management 
strategy (EMS) to encourage the mining sustainability. 
From this study, it will be very helpful in taking decision 
regarding evaluation and implementation in mining and 
regarding regulations of development in order to manage 
& control in speedy losses of natural land cover inside 
selected area as well as other mining regions. It has been 
found by this study that the mining area, water bodies, 
built-up area and barren land are showing increasing trend 
and rest crop land and forest area are showing decreasing 
trend during the period 2001 to 2015.
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Abstract — There is growing trend in the demand of coal 

and metal both domestically as well as globally and to meet this 
demand the surface mines must excavate large tonnages of ore 
and coal. To evacuate ores and coal, mining companies are 
opting bigger size fleets whose performance largely depends on 
the condition of the haul roads. Haul roads are the key 
infrastructure of a surface mine which plays a critical role in 
the safety and economy of haulage operations. Haulage 
operations accounts for 10-50% of the cost of production of a 
surface mine and many haulage accidents in the past has 
occurred due to inefficient design and poor conditions of the 
haul roads. Most of the Indian surface mines lack the proper 
design and planning of the haul roads which directly affects the 
operational safety and the cost of hauling per ton of ore as well 
as the waste material. The aim of the present work was to 
practically design and model a haul road using SURPAC and 
AutoCAD software for better visualization, planning and 
decision making while considering all the necessary geometric 
design parameters issued by the statutory authorities (DGMS) 
and some renowned global guidelines. The digital terrain 
model (DTM) is created using SURPAC software and the 
dimension of various geometric parameters of the designed 
haul road is highlighted in the plan using AutoCAD Civil 
software. 

Keywords— SURPAC; AutoCAD; string; digital terrain model; 
in-pit haul road; turning radius; switchbacks; superelevation; 
earthwork. 

I. INTRODUCTION  
As highlighted in Fig. 1 the selected quarry for the present 
study has reached the ultimate pit limit on one side and 
proposed for the expansion and to finally merge with the two 
small quarries (Quarry1_3). In this case the existing haul 
road highlighted in black arrow would be mined out to merge 
three quarries into a single quarry. So, a new in pit haul road 
is required to connect pit bottom to the crusher for hauling of 
ore using dumpers. To resolve the above-mentioned problem 
an in-pit haul road is proposed through the ultimate pit limit 
side, which needs predesigning and planning before 
construction phase. Thus, in this work we proposed in pit 
haul road to be designed for the pit. Sometimes it is ignored 
or finds difficult to choose the economic haul route for the 
transportation of ores and waste in the surface mines. These 
problems arise due to lack of proper decision-making model 

or decision parameters as well as due to lack of utilization of 
modern mining and civil engineering software for the 
purpose of haul route analysis. So, in this paper economic 
haul route selection method is discussed along with the 
application of SURPAC software to estimate the earthwork. 

 
Fig. 1 Pictorial representation of the study area 

Haul road design related safety concerns: 
Truck haulage is the most widely accepted form of the 
hauling ore and waste in the large surface mines. But the 
design and maintenance of the haul road is ignored where a 
significant scope of optimization is present. Typically, 10% 
to 50% of the total mining cost in surface mines is incurred 
in truck haulage operation only. [1] 
In Fig. 2 out of total surface haulage accidents road design 
related accidents contributes 47% and out of this 47%, 
geometric and functional design aspects predominate the 
cause of accidents. The pie chart also reveals that the poor 
geometric design poses more threat to the safety of surface 
haulage operation than the functional design. Maintenance 
and other cause are less contributing to the surface haulage 
accidents but nevertheless, human error has been a major 
factor of the accidents. [2] 

 
Fig. 2 Various factors of road design related accidents [2] 
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Better and more formal design of haul roads have potential to 
minimize the truck haulage accidents in open cast mines. The 
Fig. 3 depicts the relation between the soundness of the haul 
road design and the percentage of attributable accidents per 
thousand workers. Here the percentage of attributable 
accidents denotes road design related accidents. It can be 
interpreted from Fig. 3 that for the accident rate above 10%, 
poor geometric design has higher contribution to the haulage 
accidents than the poor functional design. Hence the sound 
design of haul road is crucial to reduce the haulage accidents 
in open cast mines. 

 
Fig. 3 Shows the trend of haul road design related accidents [2] 

Cost of truck haulage operation: 
The performance of the haul trucks depends on the design of 
the mine haul roads and gradient variations (Thompson and 
Visser, 2006). 46% of mining operation cost is incurred by 
the haulage operation (Bozorgebrahimi et al. 2003). Loading 
and hauling operations are mostly performed by the haul 
trucks and excavators in the surface mines and the cost of ore 
and overburden transportation have a direct relationship with 
the diesel consumption which further depends on the 
conditions of the haul road. Most of the Indian mines 
overlook the significance of a sound haul road due to lack of 
initial design phase and further affects proper mapping as 
well as planning which has immense impact on the cost of 
hauling per ton of waste and ore in case of truck haulage 
system. Hence the proper and efficient design of haul road is 
one of the vital and fundamental factors in minimizing the 
cost of haulage operation. In view of the above facts and 
figures, there is a strong need for good and proper design of 
haul roads for better visualization, mapping and planning to 
make mining more profitable and viable. 

Various software platforms available for the planning, 
designing and simulation of haul roads are listed below: 

Mine haul route planning 
 HAULNET 
 Haul Infinity 

Geometric design 
 AutoCAD Civil 3D 
 SURPAC 
 Maptek’s Vulcan 

Structural design 
 ANSYS workbench 
 CIRCLY 7.0 
 RS2-Rockscience 
 PaveXpress 

Simulation 
 HAULSIM 

OBJECTIVES OF THE PRESENT STUDY: 
The primary objectives of this study were: 

➢ To understand the various guiding principles of 
haul road design. 

➢ To design an in-pit haul road using modern 
sophisticated software like SURPAC and 
AutoCAD. 

➢ To estimate cut and fill volumes (earthwork) 
required to construct a new haul road. 

Evolution of haul road design and maintenance: 
There has been a significant evolution in the haul road 
design and maintenance management in the past decades 
starting from the poor or no formal road design of haul road 
to the present system of world class road design methods, 
maintenance, and management. 
Poor road design and maintenance leads to longer cycle time, 
more downtime of fleets as well as high cost of hauling per 
ton of ore and waste. But where the road design and 
maintenance management are world class, cycle time is 
significantly improved, breakdown of haulage fleets reduced 
and thus asset life is enhanced which resulted in better safety 
and cost saving of haulage operation. 
In the event of high in-situ stresses and large rock covers, 
where rock burst conditions may be anticipated, principal 
stress direction should be preferred for deciding the 
orientation. However, if there are no stress induced risks like 
rock burst and squeezing then wedge failure stability will be 
critical. Topography of the hill i.e. whether steep slope or 
isolated ridge, too plays a significant role in optimization of 
cavern orientation. 

The distinguishing characteristics of a good haul road: 
There are various attributes of a good haul road which makes 
a surface mining haulage operation safer and more 
economical. Fig. 4 depicts a pictorial representation of a 
good haul road in a mine. 

 
Fig. 4 Attributes of a good haul road 

Haul Road design overview: 
1) Geometric Design: 

The geometric design is the beginning for any haul road 
design and refers to the layout and alignment of the road in 
both the horizontal and vertical plane. Horizontal plane 
includes the design of road width, curve radius, stopping 
and sight distance etc. and vertical plane includes design of 
ramp gradients, cross-fall/camber, super-elevation etc. The 
main purpose is to produce an optimally efficient and safe 
geometric design. Considerable data already exists 

2 
 

Better and more formal design of haul roads have potential to 
minimize the truck haulage accidents in open cast mines. The 
Fig. 3 depicts the relation between the soundness of the haul 
road design and the percentage of attributable accidents per 
thousand workers. Here the percentage of attributable 
accidents denotes road design related accidents. It can be 
interpreted from Fig. 3 that for the accident rate above 10%, 
poor geometric design has higher contribution to the haulage 
accidents than the poor functional design. Hence the sound 
design of haul road is crucial to reduce the haulage accidents 
in open cast mines. 

 
Fig. 3 Shows the trend of haul road design related accidents [2] 

Cost of truck haulage operation: 
The performance of the haul trucks depends on the design of 
the mine haul roads and gradient variations (Thompson and 
Visser, 2006). 46% of mining operation cost is incurred by 
the haulage operation (Bozorgebrahimi et al. 2003). Loading 
and hauling operations are mostly performed by the haul 
trucks and excavators in the surface mines and the cost of ore 
and overburden transportation have a direct relationship with 
the diesel consumption which further depends on the 
conditions of the haul road. Most of the Indian mines 
overlook the significance of a sound haul road due to lack of 
initial design phase and further affects proper mapping as 
well as planning which has immense impact on the cost of 
hauling per ton of waste and ore in case of truck haulage 
system. Hence the proper and efficient design of haul road is 
one of the vital and fundamental factors in minimizing the 
cost of haulage operation. In view of the above facts and 
figures, there is a strong need for good and proper design of 
haul roads for better visualization, mapping and planning to 
make mining more profitable and viable. 

Various software platforms available for the planning, 
designing and simulation of haul roads are listed below: 

Mine haul route planning 
 HAULNET 
 Haul Infinity 

Geometric design 
 AutoCAD Civil 3D 
 SURPAC 
 Maptek’s Vulcan 

Structural design 
 ANSYS workbench 
 CIRCLY 7.0 
 RS2-Rockscience 
 PaveXpress 

Simulation 
 HAULSIM 

OBJECTIVES OF THE PRESENT STUDY: 
The primary objectives of this study were: 

➢ To understand the various guiding principles of 
haul road design. 

➢ To design an in-pit haul road using modern 
sophisticated software like SURPAC and 
AutoCAD. 

➢ To estimate cut and fill volumes (earthwork) 
required to construct a new haul road. 

Evolution of haul road design and maintenance: 
There has been a significant evolution in the haul road 
design and maintenance management in the past decades 
starting from the poor or no formal road design of haul road 
to the present system of world class road design methods, 
maintenance, and management. 
Poor road design and maintenance leads to longer cycle time, 
more downtime of fleets as well as high cost of hauling per 
ton of ore and waste. But where the road design and 
maintenance management are world class, cycle time is 
significantly improved, breakdown of haulage fleets reduced 
and thus asset life is enhanced which resulted in better safety 
and cost saving of haulage operation. 
In the event of high in-situ stresses and large rock covers, 
where rock burst conditions may be anticipated, principal 
stress direction should be preferred for deciding the 
orientation. However, if there are no stress induced risks like 
rock burst and squeezing then wedge failure stability will be 
critical. Topography of the hill i.e. whether steep slope or 
isolated ridge, too plays a significant role in optimization of 
cavern orientation. 

The distinguishing characteristics of a good haul road: 
There are various attributes of a good haul road which makes 
a surface mining haulage operation safer and more 
economical. Fig. 4 depicts a pictorial representation of a 
good haul road in a mine. 

 
Fig. 4 Attributes of a good haul road 

Haul Road design overview: 
1) Geometric Design: 

The geometric design is the beginning for any haul road 
design and refers to the layout and alignment of the road in 
both the horizontal and vertical plane. Horizontal plane 
includes the design of road width, curve radius, stopping 
and sight distance etc. and vertical plane includes design of 
ramp gradients, cross-fall/camber, super-elevation etc. The 
main purpose is to produce an optimally efficient and safe 
geometric design. Considerable data already exists 



Northern Coalfields Limited, Singrauli

184

3 
 

pertaining to good engineering practice in geometric design; 
suffice to say that an optimally safe and efficient design can 
only be achieved when sound geometric design principles 
are applied in conjunction with the optimal structural, 
functional and maintenance designs. [5] 

2) Structural design: 
Heavy earth moving machineries (HEMM) apply substantial 
amount of stress on the haul road. Good structural design 
takes care of the static and dynamic stresses acting on the 
haul road. Haul road consists of four layers which are sandy 
clay subgrade with CBR value 6 at the bottom, above that 
the second layer is clean sand sub-base with CBR value 15, 
the 3rd layer is coarse crushed rock (100 mm rock size) with 
CBR value 80, and the top layer is fine crushed rock (25 
mm rock size) with CBR value 80 [6]. Physico-mechanical 
properties of these layers influence the strength of haul road 
to sustain heavy load applied by the giant trucks. Structural 
design involves experimental analysis of layer properties 
and to observe the critical strain limit as well as stress 
profile on the composite road layer section using modern 
methods like finite elemental analysis. [3] 

3) Functional design: 
Functional design takes care of the wearing course used in 
the haul roads, dust problems associated with haul roads as 
well as the illumination level to work and operate haulage 
truck in the artificial light. Sometimes due to dusty road 
conditions visibility is reduced and similarly due to poor or 
over illumination leads to longer cycle time and operator’s 
health gets impacted. [3] 

II. LITERATURE REVIEW  
Walter W. Kaufman and James C. Ault (1977) highlighted 
the various safe geometric parameters and provided an 
insight into fundamental of mechanical designing aspects of 
a safe haul road. [8] 
Randolph, R.F. and Boldt (1996) has done extensive data 
analysis on surface haulage accidents and highlighted the 
role of multiple causes for such accidents. 
Tannant, D. and Regensburg, B. (2001) has holistically 
covered various geometric guidelines, planning and 
alignment aspects along with the haul road economics to 
design an efficient and effective haul road. [5] 
Thompson and Visser (2003) developed a model that relates 
the consumption of diesel to favorable and unfavorable 
gradients, truck speed, haul road conditions, and overall 
rolling resistance. 
Caterpillar (2006) covered the thumb rules for geometric 
design of haul road as well as the tyre cost and haul road 
economics. [6] 
Roger Thompson (2009) summarized the structural design 
system, the pavement deterioration system and maintenance 
management as components of an asset management 
strategy and to demonstrate the value of its application 
through case studies. 
A report by the Australian Government (2010) indicates that 
the diversity of haul road conditions has a direct effect on 
fuel consumption. 

Roger Thompson (2010) briefly presented the evolution of 
mine haul road design, starting from the seminal USBM 
work of Kaufman and Ault in 1977, to current geometric, 
structural, functional and maintenance management design 
components. [2] 
Curry et al. (2014) in large open pit mines, load and haul 
operations are commonly performed by haul trucks and 
excavators. Among the operations performed in an open pit 
mine, haulage has the highest operating cost. 
Vaibhav A. (2016) developed an application using 
MATLAB on the transportation problem for the purpose of 
lead optimization of haul road and finally proposed a 
designed haul road. [9] 

Jieun Baek and Yosoon Choi (2017) developed a new 
technique of the haul road optimization and optimized the 
haul road layout using rater based least cost path analysis 
(lcpa). Zig-zag sections of the road resulted from 
optimization was also simplified by douglas-peucker 
algorithm. finally, he developed a 3-D model of the 
optimized haul road network. [10] 
Research Gap: 
There is lack of proper research material on how to use the 
recommended haul road geometric design guidelines to 
practically design a haul road before the construction phase 
using the modern mining software like SURPAC. 
Research methodology adopted for this study: 

 
 

Fig. 5 Project process flow chart 
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lead optimization of haul road and finally proposed a 
designed haul road. [9] 
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haul road layout using rater based least cost path analysis 
(lcpa). Zig-zag sections of the road resulted from 
optimization was also simplified by douglas-peucker 
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Research Gap: 
There is lack of proper research material on how to use the 
recommended haul road geometric design guidelines to 
practically design a haul road before the construction phase 
using the modern mining software like SURPAC. 
Research methodology adopted for this study: 

 
 

Fig. 5 Project process flow chart 



International Conference on Opencast Mining Technology & Sustainability

185

4 
 

Data collected from the mine visit A: 

 
Fig. 6 Pit bottom string in dwg. format 

Data collected from the mine visit B: 
➢ Diesel consumption rate = 32.74 l/hour 
➢ Maintenance cost per hour = INR 3000 
➢ Volume of the waste dump = 0.76 Mm3 
➢ Payload of the fleet = 91 T 
➢ Density of waste = 3 T/m3 

III. DESIGN OF HAUL ROADS USING SURPAC 

Brief introduction to SURPAC: 
SURPAC is the world’s most popular, geology, mine 
planning and design software. It is user friendly and provides 
the facility of automation in workflow along with powerful 
3D graphics. SURPAC supports a variety of mining 
operational planning and designing features like ore body 
modeling, underground and open pit operation with better 
visualization and understanding of the operational scenario. 
SURPAC fulfills to all the requirements of geologists, 
surveyors, and mining engineers in the resource sector and is 
flexible enough to be suitable for every commodity, ore 
body, and mining method. 
Import of the pit bottom string to SURPAC:  
At first the acquired pit bottom string was imported to 
SURPAC as shown below: 

Preparation of the pit bottom string for the ramp design: 
 Before starting the ramp design the source string 

needs some preparation like method of design and 
slope angle  

 Then from the design menu bar of SURPAC under 
the pit design module, set slope gradient was 
selected to set up the slope of the bench. 

For the design purpose slope gradient was kept to 80 degrees 
as per the data collected from the mine visit as shown in the 
Figures 7 & 8, and 9. 

Final in-pit haul road plans, DTM and sections: 

 
Fig. 7 An in-pit haul road plan, highlighting various road geometry 

 

 
Fig. 8 Isometric view of the final DTM of the in-pit haul road 

 
Fig. 9 Sectional view of the in-pit haul road 

 

IV. RESULTS AND DISCUSSIONS 
The outcome of the study is presented and discussed here 
with illustrations.  
Haul road designing and modeling is done using AutoCAD 
and SURPAC software. Digital terrain models (DTMs) of 
the proposed haul road are developed using SURPAC for 
better visualization and understanding. Considering the 
various statutory provisions on haul road issued by DGMS a 
well-designed in-pit haul road is developed using pit bottom 
string which was acquired during the mine visit and lead of 
the final in-pit haul road is computed using AutoCAD. 
Switchback is necessary when pits are steep and in-pit haul 
road is decided to be kept in single pit wall side to 
compensate the safe and efficient gradient of the haul road 
but addition of switchbacks to the haul road increases the 
cycle time of the fleets, more tyre wear as well poses threat 
to the safety of the haulage operation because of poor sight 
distance. Hence to resolve this issue a safe turning radius of 
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15 m, turning angle of 160 degrees and the super-elevation 
of 4% is incorporated while designing. 

Economic haul route selection: 

 
Fig. 10 Plan shows two possible haul routes to the waste dump 

 
Table 1 Outputs of the study 

Parameter √   R1 R2 
Lead(m) 633 907 

No. of intersections 0 1 
Cut and fill vol.(m3) -22604, +48818 more 

 
Table 1 summarizes the outcome of the study. Out of the 
above two possible routes first route (R1) is selected 
because R1 is safer and more productive than R2. 
Comparative Cost analysis of haul routes: 

➢ Lead difference = 274m, Per trip =548m 
➢ Operational cost+ maintenance cost = total cost 
➢ Hours saved per trip = 0.548/30 = 0.0183hrs 
➢ Total number of trips=760000*3/91 = 25055 
➢ Total hours saved=25055*0.0183 = 458.50hrs 
➢ Total fuel saved=32.74*458.5 = 15011.5lts 

Operational cost saving =15011*65 = Rs. 975715.00 
Maintenance cost saving = Rs. 3000/hrs×458.5 = Rs. 
1375500. 

 
Fig. 11 DTM of the created road to connect ultimate pit 

boundary to the proposed dump 

V. CONCLUSIONS 
An in-pit haul road plan is created using SURPAC 
highlighting the geometry of the haul road which could act 
as a better source of future planning and decision making for 
the better productivity and safety of the haulage operations. 
A Section of the final in-pit haul road model along x-z plane 
is created for better visualization of the designed haul road. 
Selection technique of an optimum haul route out of two 
alternatives is described based on the cost analysis with a 
case study. Finally, DTMs of the selected road is developed 
as well as computation of earthwork required to excavate or 
fill to construct the chosen route in future is presented. 
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Abstract - The implementation of Artificial intelligence 
provides many economic benefits for the mining industry 
through cost reduction, efficiency, improving productivity, 
reducing exposure of workers to hazardous conditions, 
continuous production, and improved safety. This article 
discusses the implementation of artificial intelligence (AI) in 
Coal handling conveyor drive head systems by considering 
safety of men and machinery. It has been recognized that 
a conveyor belt monitoring system for early detection of 
mechanical, electrical parameters and safety is desirable. 
Since the Gearbox, Drum and motors are too costly it will 
impact on direct production. This paper describes the 
Artificial intelligence implementation, online monitoring of 
critical parameters pertaining to mechanical, electrical and 
troubleshooting during breakdown, maintenance conditions. 
There are three major parameters Temperature, Vibration 
and Belt Tension of Meter, Gear box and Pulley are monitored 
using GSM based Cloud system with Programmable Logic 
controller (PLC) . All the sensors and Energy meters were 
programmed via PLC and data transferring done to GSM 
based cloud system. The Infrared (IR) laser sensor used for 
human safety detection for various hazardous conditions and 
integrated to PLC for monitoring using Artificial intelligence. 
This project help to achieve reduction in accidents increases the 
production and reducing the breakdown of Gear box, Motor 
and Pulley failure and early detection of belt performance. 
Siemens PLC and IFM sensors used for implementation of 
project at conveyor drive systems.

Keywords— Artificial intelligence, Drive head Station, PLC, 
Temperature and vibration, Belt Tension meter Safety Laser 
Sensor, Mining Industry, and Conveyor belt.

INTRODUCTION

Conveyor systems, often called conveyor belts, work by 
using two pulleys that continually loop over the material 
that rotates over them. The belt is then supported by a 
series of rollers along the path. The roller in the center 
of the device prevents the conveyor from sagging in the 
middle while it is carrying a load. The drive head has one 
Conveyor, with all other peripheral devices like motor, 
gear box and drive pulleys. Almost all such Conveyor 
Drive Heads consists of four motors of equal rating, 
either 1250 kW or 630Kw or 350 Kw depends upon the 
requirement. Two drive pulleys called as the primary drive 
pulley and the secondary drive pulley transfer power from 
the motors to the belt. Two three phase slip ring induction 
machines are connected to either side of the shaft of the 
pulleys through Helical Bevel gears with appropriate 
speed reduction. The pulley diameters are of the same 
diameter for both primary and secondary pulleys and thus 
they have the same rotational speed. This leads to almost 
equal load sharing of the machines. 

Fig .1 . Typical Conveyor  drive head  used in mines .
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There are three major parameters considered for 
monitoring of gear box, motor and pulley are Temperature, 
Vibration and Belt Tension of Conveyor, Gear box and 
Pulley are monitored using GSM based Cloud system 
with Programmable Logic controller (PLC). All the 
sensors and Energy meters were programmed via PLC and 
data transferring done to GSM based cloud system. The 
Infrared (IR) laser sensor used for human safety detection 
for various hazardous conditions and integrated to PLC 
for monitoring using Artificial intelligence. 

The Important Components of the Drive Head are
a) 4 Electrical Motors coupled to their respective 

Mechanical Gear Boxes for driving the conveyor.
b) 3 Pulleys (Drums) namely Primary pulley, 

Secondary Pulley and Take-up Pulley.
c) Primary and Secondary pulleys are connected to the 

Motors with the help of their respective Mechanical 
gear Boxes. The take up pulley is for adjusting the 
tension of the Conveyor Belt.

Fig.2. Schematic diagrame of conveyor system

The following mechanical parameters (Variables) are 
monitored and recorded.
a) Vibration of 4 gearboxes and 4 Motors. (Total 12 

Sensors).
b) Temperature of 4 Gear Boxes and 3 Pulleys. (Total 

10 Sensors).

The following Electrical parameters (Variables) using 6 
Energy Meters are monitored and recorded.
a) V,I,KWH and KW etc.

A. Programble logic controller  (PLC) : The central 
processing units of the SIMATIC S7-1200 are designed as 
Compact CPUs with integrated I/Os. Signal modules can 
be connected to the right of the CPU to further extend the 
digital or analog IO capacity.RS485 communication can 
be easily configurred as server or client.

Fig.3.a. Siemens S7-1200 CPU and SENSORS

B. Energy meters : The Siemens energy meter used for 
monitoring of electrical parameters and processing data 
to PLC. 
C. Temperature sensor : The temperature plug is 
a measured signal converter for temperature sensors 
and resistance thermometers.Temperature sensor range 
configurred  as -40 Deg to 90 Deg  with corresponding 
4…20 mA signal in PLC.
D. Vibration sensor : The vibration transmitter by 
contact type is used for measuring the vibration. This 
gives Output 4-20mA analogue signals.
E. GSM modem : MCOM400TRTU is a rugged cellular 
MODEM offering state-of-the-art mobile connectivity 
for machine to machine (M2M) applications. MODBUS 
communication via serial port. The minimum data rate 
from remote to central server is 1 sec.
F. Annunciation system : 30 window announciation 
systems configured for display of running condition and 
monitoring of conveyor status to operator. 

IMPLEMENTATION AT CONVEYOR DRIVE HEAD  

 

Fig.4. PLC panel consisting of all the PLC Modules

The PLC panel consisting of 4 digital input/output 
modules, 4 Analog input modules, 1 GSM modem and 
other networking components. Digital inputs are used 
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for monitoring of conveyor system running, ready, safety 
status and analog modules used for wiring from analog 
vibration and temperature sensors. 

Fig.5 monitoring parameters of Conveyor systems

a. 06 No’s Energy meters are mounted on respective 
panels for power analyzing of motors/breakers.

b. 12 No’s of Vibration Sensors are fixed for Motors / 
Gear boxes.

c. 10 No’s of Temperature Sensors fixed for Gear box/ 
Drums as follows

Fig.6. Monitoring of Mechanical Parameters

Fig. 7. Temperature and vibration sensors mounting location of 
primary motor, Gear box and Pulley

Fig.8. Temperature and vibration sensors mounting location of 
Secondary, Gear box and Pulley

RESULTS AND DISCUSSIONS

The Figure 9. Shows that the energy consumption details 
of 11KV, 6.6KV breaker, all 4 motors are configured from 
individual energy meters to PLC and then data transferred 
to CLOUD system via modbus communication protocol. 
The data has been recorded as a various time interval as 
per user requirements as follows .Report Generation for 
all parameters configured with distinct time duration.

Fig.9.Actual energy of Breakers and motors

Actual running hours can be calculated in various time 
stumps as per user requirement. If anyone drive is not in 
service then it can be easily identified and investigate the 
faults within stipulated time. The machine running hours 
and Actual energy consumption, actual current, Actual 
voltage, actual power of individual motors can be data 
logged using cloud system with various time stumps.

  

Fig.10. Overall view of conveyor system
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Fig.11.Actual power drawn by all motors.

Fig.13. shows that actual energy consumption & actual 
power drawn of 11kv Breaker, 6.6KV breaker and all 
individual motors during 25th dec’20 to 26th dec’20 with 1 
hours time stumps. The data logging has been done from 
CLOUD system.

Fig.12. Temperature variation of Gear box and Pulleys

Fig.13. Vibration monitoring of Gear box and motor

INTEGRATION OF HUMAN SAFETY

A. Belt Tension Monitor 

Fig 14. Belt Tension monitor

Belt tension meter used to monitor the physical tension 
of the belt in terms of “KN”. There are two numbers of 
Load cells or Load transducers are used to convert from 
weight to current signal and transferred to Belt tension 
monitoring device. While belt in damaged condition or 
de-tensioned condition the corresponding tension reads in 
Belt tension meters reads “Zero” KN. When Conveyor in 
normal position or running condition the corresponding 
tension value will be depends on length of the conveyor 
and load conveying in the belt. The typical safe values are 
400KN TO 500 KN. The minimum LO-SET value and 
HI-SET values are programmed as 100KN and 700KN. 
Belt tension meters helps to identify the misalignment of 
pulleys and damaged detection of conveyor belts.

B. Human Safety sensor - IR sensor used for monitoring 
of safe distance from workman to hazardous machine. 
The sensor has capable to cover 190Deg angle detection 
of object from machine with coverage of 7 meter distance. 
Sensor will detect object from source to destination and 
convert it to 4…20 m A. Sensor has connected to PLC 
analog module and programmed as per requirement. 
15…20 mA “Safe zone”, 10….15 mA” warning Zone” 
and less than 10mA “Danger zone”. The corresponding 
zone has been configured using PLC as buzzer sound and 
announciation system. The safety data has transferred to 
CLOUD system for monitoring of safety aspects via GSM.

ADVANTAGES

1.  This system monitors the parameters like Vibration, 
Temperature, Energy, of the conveyor drives in the 
Mines.

2. The temperature monitoring is a vital parameter to 
know the rise in temperature of the gear box and 
bearings. 

3.  The vibration transmitter is a major mechanical 
parameter which alerts the maintenance team in 
case any alignment problem. 

4.  Power/Energy Device is used to measure voltage, 
current and energy consumption, Ruuning hours 
etc.

5. Belt Tension can be monitored using BTM and it 
will help to prevent damage of pulley and conveyor 
belt.

6. IR sensor configured to monitor safety aspects 
regarding object and human when reaching to 
hazardous work spot

7.  Improves the safety, system availability and 
reduction in stoppage of conveyors.
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8.  Data logging information can be used to evaluate 
the performance of the gear box, motor and pulley. 

9. Cost reduction can be achieved using artificial 
intelligence.

CONCLUSION

Based on above study the following conclusions are 
drawn. In NLC mines all overburden conveyors are almost 
1.5 to 2.0 Km long and most of the times the conveyors 
damages,degradation of conveyor life because of  lacking 
of maintenance and delayed identification of hazards.
1. The real time data shall be retrieved from the remote 

locations and are transferred through GPRS based 
IoT. User can access the running system that can be 
viewed monitored. The data transfer in the mining 
system is very difficult to get the signal/line of 
strength. The best possible service provider has to 
be chosen with respect to the location.

2. Real time conveyor status monitoring from remote 
location .it will helip to reduce breakdown and 
impres the system stability.

3. Real time conveyor tension/Load monitoring from 
remote location .it will helip to to identify the pulley 
misallignment and damage etc within stipuplated 
time.

4. IR sensor introduced in hazardous area of machines 
,it will gives alert to opeartor reagrding safety 
aspects.

5. Energy consumption and Drive head running hours 
report generation with various time stumps.

6. Drive head running status, faults etc monitoring via 
remote location.

7. Real time Vibration data monitoring of Motor and 
Gear box . 

8. Real time Temperature data monitoring of Pulley 
and Gear box

9. Real time performance monitoring of motor, gear 
box and pulley.

10. Data logging and Plot generation with various time 
stumps.
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Abstract - This paper was proposed based on the Experience had from Contactor Logic control of Ground water control (GWC) and 
Surface water control (SWC) pumps in NLC India Limited’s Lignite Mines. For mining one tonne of lignite excavation, about 13 
tonnes of water has to be pumped out using various pumps. Approx. 811481 Kilo litres of water will be pumped out using 55 pumps 
with various rating from 50 GPM to 4000GPM.These submersible pumps were working without control of speed, pressure, power 
etc with Induction motors rated 186kW /650kW, Voltage rating 415V/3.3kV. All the pumps power and control panels were working 
with CLC and DOL starters wit fixed speed, Pumps and other allied equipments will prone to damage and system performance will 
be reduced and it wil consume more energy and reduce life of the pump and its equipments. Hence in this paper it was proposed to 
do conversion of pump circuits from contactor/relay logic control (CLC) to Programmable logic controller (PLC) circuits and pump 
control using Variable voltage and variable frequency (VVVF) drives. In this study for conversion of CLC to PLC, we have used 
Siemens S7-1200 PLC, I/O modules and Totally Integrated Automation (TIA), V16 software. As a part of energy conservation in 
pumps, Siemens S120 drives used for smooth starting, stopping and speed control of pumps with SIEMENS-Starter V5.5 software. The 
pump used for performance checking is 1000GPM/250HP/1450RPM and Induction motor rating is 440V/186KW/1500RPM 24 Hours. 
The energy consumption calculated with fixed speed, without PLC per day approximately 3745.344 Units and the energy consumption 
calculated with control speed using VVVF drives and PLC conversion per day approximately 3022.656 Units. The Energy saving per 
day @11 pumps will be 7949.238 Units/day. The cost saved apart from mechanical savings per year @ Rs.3.00/Unit will be Rs. 87, 
04415.61.Since pump is converted from CLC to PLC, it is easy to troubleshoot faults, and improve the performance of the pump.
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Abstract — Shear strength of mine overburden dump 
is generally defined by cohesion and angle of internal 
friction. Results of experiments conducted in the past on 
dump constituents demonstrate a significant relationship 
between the size distribution of particles and their shear 
strengths. The traditional method of determining particle size 
distribution curves includes sieve analysis and digital image 
processing techniques. In this study, a new method based on 
Artificial Intelligence is implemented to generate particle size 
distribution curves from dump images. Mask R CNN, a state-
of-the-art in instance segmentation was trained on annotated 
and labeled dump image dataset containing 44,768 particles. 
The predicted coordinates of segmentation masks over the 
constituents of the dump image were transformed to real-
world dimensions, and size distributions of particles were 
analyzed. The size range of particles that can be detected by 
the model varies from 5 mm to the maximum size of particle 
in the image. To validate the particle distribution size curves 
predicted by the model, coordinates of segmentation masks 
were compared with the ground truth data, and a percentage 
error of 1.274 mm was found with a standard deviation of 
0.439 mm. The proposed approach may be employed for in-
situ conditions for a quick and accurate prediction of particle 
size distribution curves of dump materials in real-time.

Keywords— Convolutional neural network, Dump constitu-
ents, Instance segmentation, Particle size distribution

INTRODUCTION 

Overburden dumps consist of particles (soil-rock mixture) 
ranging from clay to big boulders. The shear strength of 
an overburden dump is characterized by cohesion (c) and 
angle	 of	 internal	 friction	 (φ)	 [1].	 These	 two	 parameters	
c	and	φ	are	controlled	mainly	by	the	size	distribution	of	
dump particles [2]. The traditional method of determining 
the particle size distribution of dump material samples is 
through sieve analysis [3]. However, in recent years, many 
works have been carried out to estimate the particle size 
distribution from dump images. Segmentation of dump 
particles from the images is challenging as various natural 
conditions such as the intensity of daylight, presence of 
moisture in the particles, and occlusion of dump particles 
affect the dump images. Researchers and industrialists 
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used blast fragmentation software such as SPLIT, Gold 
Size, Fragscan, Wipfrag [4], etc. to determine particle size 
distribution curves. These systems perform well for sizing 
the blast fragmentation, but they are unlikely to handle 
a complex matrix of dump constituents. Digital image 
processing techniques such as filtering, thresholding, 
and binary image processing, edge detection algorithms 
are commonly used in civil engineering materials [5]. 
Beucher et al., 1992 used the Watershed algorithm to 
segment overlapping particles [6]. However, most image 
processing methods are based on color contrast, so edges 
of the boundaries cannot be detected if particles overlap. 
These days, significant development can be seen in the 
field of Artificial Intelligence. Common computer vision 
tasks such as image classification, object detection, and 
segmentation can be carried out using state-of-the-art 
algorithms based on neural networks. Convolutional Neural 
Networks (CNN) is one of the popular Deep Learning 
(DL) based neural networks. It is now possible to locate the 
objects of different classes in the images and predict the 
coordinates of bounding boxes. Very few studies had been 
conducted till now to segment geomaterials from images 
using neural networks. Karimpouli and Tahmasebi [7] 
segmented rock particle images by implementing SegNet, 
a fully convolutional auto encoder-decoder network with 
deep architecture to study digital rock physics. Shu et al. 
[8] implemented CNN as a feature extractor for evaluating 
the sorting level of rock particles. This study mentions the 
implementation of Mask R CNN [9], a region-based neural 
network, a state-of-the-art in instance segmentation to 
locate the dump particles in the images, and predict the 
coordinates of segmentation masks and bounding boxes. 
CNN uses convolutional layers through small-sized 
kernels for identifying various patterns from the input 
image. Some more commonly used layers are the Input 
layer, ReLU layer, Max-pooling layer, Fully connected 
layer, Softmax layer, etc. The features are learned during 
the forward and backward steps of training. Initial layers 
are responsible for learning lower-level features such as 
sides, edges, and lower-level features to learn higher-
level features that describe target classes from the deep 
layers [10]. The learning of the model takes place by 
updating the weights and bias coefficients. 
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PREPARATION OF DUMP DATASET

The Deep Learning-based algorithms require a large 
dataset to be trained on. The performance of the AI model 
depends upon the quality and quantity of the dataset 
provided to the model. For developing this framework, 
several dump images were collected from different 
sections of an active overburden dump of an Iron ore 
mine, Tensa, Sundargarh, Orissa, India in January 
2020. Dump constituents were mostly colored shale. 
The particle size distribution was more or less even with 
some images containing quite a large percentage of fine 
particles. The images were collected during different 
day times to account for the variability in the intensity 
of the daylight. The particles lying in the shadow regions 
were also included, and some particles were occluded 
due to the presence of moisture. To get the real-world 
coordinates, a white-colored scale of known dimensions 
was put at the face of the dump slope. The images were 
captured with different distances perpendicular to the 
dump slope to get the different configurations of dump 
particles. The resolution of all the images was 6000 x 
4000, and all the images were taken by Canon EOS 200D 
digital SLR camera using a tripod stand. For labeling and 
annotating VGG Image Annotator (VIA) version, 2.0.8 
was used. The images were pre-labeled by VIA into two 
classes namely, “particle” and “scale”. Particles with 
clear surface edges and lying inside the boundary of 
images were annotated. Particles were annotated even if 
they were blurred or lying in the shadow regions. The 
boundaries of annotated particles did not cross each 
other, and the dust particles were not annotated. 

  

Fig.1. Annotated and labeled images from the training dataset 
[11].

A total of approximately 45000 particles were extracted 
from dump images. Each image contains 200 ~ 400 
particles. These annotated images were then fed to the AI 
model for training. Some of the dump images from the 
prepared dataset are shown in Fig. 1.

PERFORMANCE OF MASK R CNN 

A. Mask R CNN Architecture - He et al. (2017) introduced 
the Mask R CNN, a region-based convolutional neural 
network. Along with branches for classification and 
bounding box regressions, it is an extension of Faster R 
CNN [12] with an extra branch to predict the segmentation 
masks for each Region of Interest (ROI). Mask R CNN 
divides an image’s pixels into specified classes. Fig. 2 
depicts the Mask R CNN’s network architecture. Mask 
R CNN follows the same architectural concepts as Faster 
R CNN, which employs a Region Proposal Network 
(RPN) to propose ROIs, and a Feature Pyramid Network 
(FPN) [13] with a ResNet50 backbone to extract features. 
ROI Align is employed instead of ROI Pooling, a major 
component of the Faster R CNN architecture to warp the 
extracted features with the proposed bounding boxes. 
Long et al. [14] used a combination of smaller Fully 
Convolutional Networks (FCN) and Fully Connected 
(FC) layers to predict masks and classify and localize 
the masked branches. Because it employs the Faster R 
CNN architecture with an added computing expense for 
producing masks, Mask R CNN is relatively simple to 
implement and trains faster.

Fig.2. Mask R CNN architecture illustrating the input and 
output products along with different convolutional layers.

B. Training of AI model - For the segmentation of dump 
constituents, the Mask R CNN model was trained on 
the dump data set. The dataset was divided into three 
parts: train, validation, and test data sets. The train data 
set contains 80% annotated objects from both classes, 
while the remaining 10% of the data set was put aside 
for validating the model and testing. The model that was 
trained on the training data set, was then evaluated against 
the validation data set to optimize the hyperparameters 
and stabilize the model. The multi-task loss function 
utilized in this work is defined as the sum of classification 
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(Lcls), localization (Lbbox), and segmentation (Lmask) losses 
given by Eq.1. below:

L = Lcls + Lbbox + Lmask        (1)

The train data set includes 37,822 objects of the “particle” 
and “scale” classes. This prediction model needed to input 
an image without any pre-processing to be used in the 
field for real-time dump particle segmentation. All of the 
photos were initially resized to 1024 x 1024 pixels before 
being fed into the model. The model was trained using 
the default hyperparameters and a learning rate of 10-4. 
The batch size per image for RPN was increased to 512 
because the number of segmented particles was predicted 
to be more than 256. The remaining hyperparameters 
were left at their default values, as shown in Table 1.

TABLE I.  Various configurations were applied to train 
the Mask R CNN model [11].

Configuration Values
Input batch size to train RPN 512
Initial learning rate 2.5e-4
Decay of learning rate in normalization layers 1e-3
Momentum	of	Stochastic	Gradient	Descent	(SGD)	 0.9
Number of top-scoring precomputed proposals 2000
Number of data loading threads 4
Number of regions per image used to train RPN 512
NMS threshold used on RPN proposals 0.7
Total number of ROIs per training minibatch 512
Number	of	steps	to	evaluate	during	training 500

Google Colab, a virtual cloud computing platform that 
offers 12 GB RAM of Tesla K80 GPU with 68 GB storage, 
was employed to train the Mask R CNN. We designed 
our algorithm using Detectron2’s [15] implementation of 
Mask R CNN. Detectron2 is an open-source deep learning 
library for performing computer vision tasks written 
in PyTorch. Deeper CNNs require enormous datasets 
to train from start to fend, therefore instead of starting 
from scratch, a transfer learning approach was adopted. 
To avoid Mask R CNN from overfitting, the dataset was 
enhanced with a variety of well-known data augmentation 
techniques such as random cropping, scaling, translations, 
rotations, horizontal and vertical flips, and the addition 
of Gaussian noise. In each experiment, the model was 
trained for 10,000 iterations, which took nearly 6 hours 
to complete.

C. Performance of the model

Fig.3. A plot of Mask R CNN training accuracy and total loss 
with steps of iterations [11].

This model’s purpose is to accurately forecast particle 
size distribution curves. To correctly map the objects in 
the images to the labels for all of the annotated particles, 
which vary greatly in shape and size, a high level of training 
accuracy is desired. Fig. 3 displays a plot of Mask R CNN 
accuracy vs. total loss as iteration steps increase. After 
10,000 iterations, the model had a training accuracy of 
93.6% with a total loss of 0.829. In the validation data set, 
there were 3690 annotated dump constituents, and 3224 
projected dump constituents were discovered. The model 
has covered 87.371% of particles with segmentation masks 
that are common to both, according to this result. Fig. 4 
depicts some implications drawn from the predictor model.

Fig.4. Inferences from the Mask R CNN model for the 2 unseen images 
of the test dataset. The first column shows the input images, the second 
column displays the segmentation masks, and the third column shows 

the generated particle size distribution curves [11].

Estimation of the equivalent diameter of object “size” can be 
used as a criterion to evaluate the outcomes of Mask R CNN 
with ResNet50 plus an FPN. Because the dump images were 
obtained at various perpendicular distances from the face of 
the dump, the scale size and its positioning changed between 
images. When the predicted equivalent diameter of object 
“scale” is examined for all images in the validation data set it 
was discovered that the variations in the equivalent diameter 
of scale (in millimeters) were very small, as shown in Fig. 5, 
when compared to the true value of “scale,” which is 93.172 
mm. This finding demonstrates that the predicted particle 
size is quite similar to the actual size.

Fig.5. Box plot representing the equivalent diameter of scales 
that were predicted by the model for all the images of the test 

dataset [11].
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DEVELOPMENT OF WEB APPLICATION

As previously stated, Mask R CNN is used for instance 
segmentation, so it can be used to locate particles in 
unseen dump images and predict bounding box and 
segmentation mask coordinates. For crowded regions, 
segmentation masks are recorded in uncompressed Run-
Length Encoding (RLE) format, which is an efficient 
way to store binary masks of foreground objects. This 
format is used to save annotations in MS COCO style, 
and it works by storing start pixels and adding them by 
the number of pixels in the segmentation masks. The 
developed code includes methods for calculating the 
regions of all segmentation masks predicted by the model. 
The areas derived from encoded RLEs were in (pixel)2, 
and a scaling factor was used to translate the pixel to a 
real-world dimension. The actual area of the white-
colored scale (6818 mm2) used to capture the dump images 
is compared to the area [in (pixel)2] of bounding box 
coordinates predicted by the model. For the object “scale,” 
the scaling factor is calculated as a ratio of the scale area 
to the bounding box area. The scaling factor was used to 
scale all of the items in the “particle” class into mm2. The 
segmentation mask areas are used to determine equivalent 
diameters. The predicted particle areas were found to be 
between 20.389 and 29079.781 square millimeters in size. 
A set of sieves was chosen based on ASTM criteria to 
generate particle size distribution curves. Table 2 shows 
the sieve sizes chosen for the study. All of the particles’ 
equivalent diameters were separated into intervals based 
on ASTM sieve sizes, and the number of particles in each 
interval was counted. Based on the frequency distribution 
of particles, the percentage retained on each sieve is 
computed. Finally, the fraction of particles smaller than 
the sieve apertures is determined and plotted against sieve 
sizes. Fig. 4 depicts some of the predicted particle size 
distribution curves for the test dataset’s unseen images. 
A code block is added to the model to generate a data file 
in CSV format that provides information such as object 
category, bounding box locations, area of segmentation 
masks in pixels, sq. millimeters, and equivalent diameter 
of objects, among other things. Users can utilize this data 
file to perform additional analysis such as determining 
the lowest, maximum, and average particle size, as well 
as the uniformity coefficient (Cu) and the coefficient of 
gradation (Cc).

TABLE II.  Sieve sizes are used for generating size 
distribution curves as per ASTM standards [11].

U.S. Standard (in mm) ASTM (in inch)
125 5.0
100 4.0
75 3.0
63 2 1/2
53 2.12
50 2.0
45 1 3/4
37.5 1 1/2
31.5 1/14
26.5 1.06
25 1.0
22.4 7/8
19 3/4
16 5/8
12.5 1/2
9.5 3/8
8 5/16
6.7 0.265

A standalone web browser application has been developed 
that can be accessed from any device with internet 
connectivity. The application’s backend is Flask, a Python-
based microweb framework. When a user inputs a dump 
image, the Mask R CNN model developed during this 
work runs in the background and predicts segmentation 
masks and size distribution curves in real-time using fast 
inference. Fig. 6 depicts the application’s user interface as 
well as its results.

Fig.6. User interface and predictions of a web application.

CONCLUSION

This work established a novel approach based on Artificial 
Intelligence for forecasting particle size distribution 
curves from unseen dump images. This method can be 
used in the field to estimate the size distribution in real-
time. The technique offers a one-of-a-kind ability to 
address rock boulder components for field studies that are 
typically overlooked in laboratory research. On the dump 
image dataset, a Mask R CNN with ResNet50 and an FPN 
is trained. The Mask R CNN model was trained with an 
accuracy of 93.6% and a total loss of 0.829, demonstrating 
the model’s overall learning capabilities. The developed 
model can forecast a wide range of particle sizes in the 
dump image, from 5 mm to the maximum size. 
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Abstract —This paper highlights the role of digital initiative in opencast mining .Opencast mining is integral part of future mining 
system. About 95% coal production is coming from opencast. The present demand of coal production is increasing trend creating 
tremendous pressure. Mining is war in peace time. We are fighting with mighty nature. Opencast Mining is going wider and deeper 
with steep gradient, adverse geological condition posing serious problem of stability of dump and high wall and others safety related 
hazards. Aging of equipment and manpower is another problem for smooth operation of O/c mine. Shortage of skilled manpower 
due to retirement is another issue. The coal seam is poor quality with low incubation period high moisture content which is prone to 
spontaneous heating hampering the quality of coal which is big issue at present. Presence of excess Black Cotton soil, problems of 
land acquisition, close habitations nearby mining areas with compliance of various mining and environmental related laws are another 
problem for smooth operation of O/c mines. Today is digital age. Every activity is digitally controlled and monitored. The Digital 
journey starts with capturing of data which will be utilized for planning, execution and productivity with safety improvement of the 
mines. Digital initiatives are tool to overcome the problem. It is way to address the above noted challenges. It is an approach to run 
mining business more efficiently and sustainably. Digital initiatives is use of electronic tools, system device and resources that generate, 
store or process data to change a business module and provide new revenue producing opportunity.
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Abstract —In surface mining operations, the dumper haulage system contributes the most in total operating cost of any mine. It is 
estimated that any mining company spends around 50% to 60% in truck haulage system only. So utmost priority should be given to 
keep up an effective haulage framework. To reduce the cost of operation the dumpers must be allocated and dispatched efficiently. The 
haulage systems should be designed in such a manner that the availability, performance and utilization of the dumper and shovel are 
maximized which ultimately yield in high production and reduction of operating cost. In this paper to enhance the productivity of truck 
haulage system an attempt is made to minimize the cycle time of dumpers and allocate an optimized number of dumpers to one shovel 
so that the idle time of dumpers can be minimized. In determining the cycle time of dumpers predicting the travelling time in different 
situation is given utmost importance. For this machine learning models are used which help in predicting the travelling time in different 
atmospheric situation of the mine. This approach of integrating the machine learning methods in minimizing the cycle time will provide 
a proper estimation of performance measure, truck scheduling and finally an optimized truck dispatch system. 
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Abstract - In open pit mine operation, efficient excavation is the primary and most expensive operational challenge. It also entails 
considerable safety, sustainability and environment challenges. In recent past GPS based Operator Independent Truck Dispatch System 
(OITDS) / Real time Fleet Management System (FMS) have been inducted at several mines to improve operational efficiency. How-
ever OITDS have been implemented / operating in silos with limited visibility and integration for many related aspects of equipment 
health and performance monitoring - thus limiting the scope of improvement. Real time OTR Tyre Pressure & Temperature Monitoring 
System (TPMS) is one such vital technology which has been partially installed on fleets without OITDS integration at Coal India op-
erations. NCL, SECL and other Coal India subsidiaries have mandated OEMs to deliver/fit TPMS on new loaders, dumpers & water 
sprinklers whereas pre- existing dumpers do not have this essential system. Coal India has recently embarked on digitization of the 
mines with OITDS and this includes fitment and integration of additional vital sensors, equipment health monitoring data capture etc 
to provide real-time actionable data for increasing production via improved operational efficiency. It is a well established fact that 
improving equipment availability and reliability has a multiplier effect - for example;  5% improved availability can yield 8 to 15% 
increased production.
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Abstract - In the recent times when the mining industry is moving towards mechanization, managing such a large number of machines is a 
challenging task. To address these challenges, an intelligent system is needed where managing or operating all such machines come under 
one roof or platform. The advancement in computer coding technology has reached to a point where there are many truck dispatching 
systems which will give the potential of advancing truck-shovel productivity and future savings. By trying a dispatching system in 
any mine results in the operational increase in production by minimizing waiting times and others beneficial advantages can also be 
obtained through good monitoring & optimal routing. Fleet Management System (FMS) are currently used to coordinate mobility and 
delivery services in a wide range of areas. A Fleet Management System is basically operated using elements like GPS based automatic 
vehicle locators, GPRS, IVRS cellular network and web-based software which is proposed to show exact position of the desired vehicle 
on different maps and take detailed reports of the mission, travelled path, fuel consumption rate, speed limits, and other necessary 
information according to the requirements. In this article, authors discuss the different case studies of fleet management system used in 
Indian open pit mines. The results of study enable us to understand the logical links between major components of an integrated simulation 
and optimisation operational planning framework with current scenario of fleet management systems in Indian mines. 



Northern Coalfields Limited, Singrauli

198



International Conference on Opencast Mining Technology & Sustainability

199

The Making of Mega Mine: Insights Nigahi Project 
Harish Duhan   

Area General Manager, NCL 
Singrauli, India 

Rajendra Verma 
Project	Officer,	NCL	

Singrauli, India 

R.B. Sindhur 
Staff	Officer	(M),	NCL

 Singrauli, India
 rbsindhur@gmail.com 

Piyush Pandey 
Sr. Manager (Planning), NCL 

Singrauli, India 
piyushpandey722@gmail.com

Abstract : The paper describes the growth of Nigahi 
Mine from 4.2MT to 25MT, the journey, its insights and 
development of infrastructures vis-a-vis the growth of 
power plant in ensuring power supply to the nation. The 
paper also takes an overview of development in and around 
its surroundings through CSR works and is efforts to keep 
environmentally sustainable. The requirements of world 
class haul roads, viewpoints and dispatch infrastructures 
needed to dispatch produced coal in environmentally safe 
manner. It also highlights the traffic density and safety 
measures to maintain safe order of mining. The paper 
envisages benching and plantation work done to maintain 
high dumps. The paper discusses various costs involved, 
inventories required to maintain and various auxiliary 
equipment needed at mega mines. The paper also highlights 
the necessity of incorporating latest technology in land 
acquisition processes. Adaptation of the innovative drip 
irrigation cum nutrient feed system to irrigate the saplings 
on the slope of the dumps for its sustainable growth, green 
belt along the closed belt conveyors, judicious spreading 
of top soil for effective biological restoration, thick curtain 
plantation between mine and residential premises are some 
of the important ventures to promote green solutions to the 
large scale opencast mining. The paper also deals with the 
approach adopted for winning hearts of the surrounding 
communities through the activities under CSR, which has 
been an important part of our endeavor. The willingness 
and the spirited efforts surpassing the challenges in the 
installation of first solar power plant of CIL in the vacant 
acquired land of the project reflects the futuristic vision 
of the management. The paper will serve as a guide and a 
tool for conceptualizing as to what actually goes inside the 
making of a mega mine.
Keyword : Mega Mine, Moher Sub Basin, Project Reports, Traf-
fic density, Cost Analysis, CSR, CHP, Environment, Sustaina-
bility, Power plants, infrastructures, haul roads.

INTRODUCTION

Despite the growth in solar, wind and other renewable 
energy in recent decades, the reality is that coal remains 
a major fuel in global energy markets while accounting 
for over 40% of global energy-related CO2 emissions. 
While more and more industrialized countries have 
announced plans to phase out the use of coal in the years 
to come, the world consumes 65% more coal today than 
in the year 2000. Though, global coal demand declined 
4% in 2020, the biggest drop since World War II. The 
main driver of the decline was lower electricity demand 
owing to Covid-19 restrictions and the resulting economic 
downturn.  However, in 2021, recovering economic 
activity to reverse 2020’s decline in coal demand, with 
a 4.5% increase pushing global coal demand above 2019 
levels. Whereas, coal supplies over one-third of global 
electricity generation and plays a crucial role in industries 
such as iron and steel and more than 90% of the world’s 
total proved coal reserves are located in just ten countries. 
The US tops the list holding more than one-fifth of the 
total proven coal reserves, while China, which ranks third, 
is the biggest producer and consumer of coal and same 
is the fact with and other Asian countries those use coal 
as major source for their energy requirement and this 
huge demand of coal of the world is mostly fulfilled by 
large opencast mega mines those produce 35 million tons 
to 100 million tons per annum. Some of the mega mines 
of the world such as North Antelope Rochelle Coal Mine 
and Black Thunder Coal Mine of USA are producing 
over 90 million tons per annum whereas, Tabalong coal 
and Sangata coal mine are producing more than 50 
million tons per annum and Huolinhe coal mine of China, 
Tagebau Garzweiler Coal Mine of Germany, Bogatyr coal 
mine of Kazakhstan, Belchatow coal mine of Poland are 
to name few those are producing more than 35 million 
tons of coal per annum. Production on such a large scale 
in these mine is made possible by deployment of large 
size of Heavy Earth Moving Machinery (HEMMs) like 
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North Antelope Rochelle Coal mine has deployed biggest 
dumper of 440 tons capacity, Black Thunder Coal mine 
has deployed biggest dragline of Ursa Major of 122 
Cum of bucket capacity and 110 m long boom. Hambach 
and Tagebau Garzweller Coal mines of Germany have 
deployed Buckwheel Excavator for their lignite mine and 
the actual size of mine can be more than 60 sq. km like 
Haerwusu Coal mine of China, which is spread over a vast 
area of 67 sq. km. Mega mines not only concentrate on 
their production but also on their dispatch for conveyors of 
115 km length can be seen Hambach coal mine and North 
Antelope Rochelle coal mine dispatch their through Rakes 
which can have 150 boxes at time.

     

Haerwusu Coal Mine, China

      

 
Hambach Coal Mine, Germany

In comparison to some of these mega mines of the 
world, India has also some mega mines in terms of Coal 
Production like Dipika, Gevra and Kusmunda of South 
Eastern Coalfields Ltd.which are producing  45 MTPA 
and 46 MTPA respectively but there are other mines also 
which are mega in terms of material handling and they 
handle material to the tune of 80-90 M Cum annually 
i.e. almost triple in size of Gevra and Kusmunda area. 
Northern Coalfields limited is the parent company of 
such mega mines in India. Northern Coalfields Limited 
(NCL), Singrauli is a major contributor towards fulfilling 
energy requirement of the nation. NCL is a wholly owned 
subsidiary of Coal India Limited, under the Ministry 
of Coal, Government of India.   In NCL, there are 10 
numbers of opencast mines where is being exploited 

by (i) Shovel-Dumper combination and (ii) Surface 
Miner.  Currently NCL has a fleet of 1239 equipments for 
production.  Among the list of 10 nos. of opencast mines 
of NCL, Nigahi, Jayant, Dudhichua and Khadia are the 
mega mines, which are handling material (i.e. both coal 
and overburdern) to the tune of 70-90 M Cum annually 
and these also Nigahi Opencast Mine is the largest 
opencast mine. The project was initially designed by 
Giproshakt, Russia in collaboration with CMPDI, Ranchi 
with a feasibility report in 1974 which identified Nigahi 
Opencast mine as one of the mine in Moher Sub-Basin. 
Subsequently, as desired by the Govt., FR for Nigahi OCP 
(4.2 MTPA) was prepared by CMPDI and sanctioned by the 
Govt. in November, 1987 for an initial capital investment 
of Rs.462.39 Crores. Nigahi commenced its operation of 
coal production in the year 1990. The expansion project 
report for 10 MTPA was prepared in November,1994. It 
was sanctioned by the Govt. in July, 1997 for a capital 
investment of Rs.1846.49 Crores. The EPR for Nigahi OCP 
(10MTPA to 15MTPA) was prepared in January, 2007 and 
got approved by the Govt. of India on 8th October,2007 
for an additional capital investment of Rs.259.40 Crores. 
To meet the growing demand of coal, CIL board accorded 
its approval on 11th November2020 for expansion of PR 
of Nigahi OCP (15MTPA to 25MTPA) with an additional 
capital investment of Rs. 1729.68 Crores. 

WHAT MAKES NIGAHI – MEGA?

In India there are several Mines producing more than 
10MTPA and the figures range from  40-55MT for SECL 
mines. However it is the quantam of work that defines 
the “mega”criteria. The total volume handling for Nigahi 
works out to be 140 M Cum for 25MTPA coal production. 
The departmental fleet includes 19 shovels, 100+ Dumpers 
and 4 Draglines. Accomadation of such a huge volume of 
Overburden in a operational mine is a huge challenging 
when there is a contraint of dumping space of 650 M Cum. 
For despatching: 18.3KM Belt line, 5 Receiving pits, 2 
Silos 4000 Tonnes MGR/RLS ,15-17 MTPA ,One wharfall 
3-4MTPA.Up Coming: 9Km Belt Line, 3 Reciving 
pits,Inpit crusher,One Silo,RLS-10MTPA. 

SILO, Nigahi Project
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There are many other huge infrastructure for maintainnce 
of HEMM, E&M Equiment etc and the kind of technical 
excelence required makes Nigahi classify into a Mega Mine. 
Nigahi Project employs 2300 departmental manpower and 
3200 of contractual manpower. Now just to enumerate a few 
Mega things going in the compact area of  15Sq KM

Coal Production: During the FY 2021-22 the Project has been 
assigned the target of 21 MT of coal production and during the 
FY 2022-23 the target of coal production has been enhanced 
to 25 MT and production of 25 MT with aged HEMMs and 
adverse climatic conditions is a challenging task. However, 
Nigahi has always achieved its all target and this will too be 
achieved. Production of 25 MT of coal requires an average 
daily production of 75000 TPD, but sometime demand rises 
to 90000 TPD,  with Shovel/Dumper and Surface Miner/
Tipper combination. The production comes from 5 face -2 
in Turra and 3 in Purewa seam, with around 15000 Te from 
Surface miner and rest from 10-12 Shovels of 10-12 cum 
either hydraulic or electric. Maintaining regular production 
levels is a huge tasks as the dispatches have to run parallel 
with production. This keeps every Engineer on toes 24X7.

Overburden Removal and Dumping : The major contraint 
in any opencast mine is the handling of overburden and 
with the stripping ratio of 4.68 Cum/T it become the huge 
task to remove and accommodate the same in the available 
voids of the dragline cut.  During the FY 2022-23 Nigahi 
Project is needed to handle 117 M cum of overburden, out of 
which 90 M Cum of overburden is planned to be removed by 
outsourcing agency and the rest 27 M Cum by departmental 
HEMMs i.e. 2 nos. 24/96 and 2 nos. 20/90Draglines, 2 nos. 
of 20 Cum Shovel, 5 nos. of 10 Cum Shovel and a fleet of 
190 T/120 T/100 T Dumpers. But the major problem lie in 
accomodation of this volume of overburden in the voids 
when there is a space contraint. If we consider the base of 
the dump of length 3 km,  soil factor of 1.3  and the height 
at 150m (permissible) then the  required Width = (117 x 1.3 
x 1000000)/(((3000 x 150) = 338m, but to form benches at 
30X30 the overall width requirement will be 600m. With 
HoE and contractor tippers tipping/ dumping round the clock  
is about 750 trips per hour. Presently the average slope of 
dump ranges from 15-20 degrees, any change in this will 
threaten the mine during monsoon and the risk of silt flow 
into haul roads, faces increases.

OB casting by Dragline and coal loading by shovel

Monsoon Preparation : Rainfall, continuously having 
a increasing trend in the Singrauli region from average 
annual rainfall of 700 mm in 90s decade to 1500mm in 
20s decade it has risen to 2100 mm in the year 2021. Every 
year a Monsoon Action Plan is prepared to handle the 
2100mm of annual rainfall in vast catchment area of 15 
sq km, in which 140 L Cum of rainfall is to be handled 
making sump of capacity 35 L Cum and on daily basis 12 
pump of total capacity of 14700 Cum/Hrs are needed to 
be in operation round the clock for maintaing the dry coal 
face, like this preparation is being to pump out approx. 210 
L Cum of water in three month of monsoon period.

Drilling : At the Project average meterage of drilling 
by departmental equipment is 6500 m daily that means 
annually we drill 2145 km . The deepest manmade hole 
in earth is Kola superdeep borehole of only 12.2 km which 
has been drilled in the span of 24 years.

Blasting : As the drilling is daily activity at the mine 
blasting too is done on daily basis and on an average 6 
patches are blasted daily and annually approximately 
2200 blasting are being done at the project consuming 
60000 Te of explosives annually of whopping amount of 
150 Crores .

Haul Roads, Nigahi Project

THE TRAFFIC DENSITY

Coal 50000 Te @55 Te/dumper & 
4.5Km

7272 KM

OBR 
dept

30000 
Cum

@60 Cum/dumper & 
3.5KM

3500 KM

HOE 
OBR

160000 
Cum

@16.5Cum/dumper 
& 4.5Km

87272 KM

TOTAL KM run in day 98045 KM

In a year the  tippers and dumpers would have 
traversed

35 Million 
KM

Earth’s Circumference
Sun to Earth Distance

40000 Km
150 Million 

Km
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Nigahi has the best haulroads of 28 km which also 
includes 6 lane central road and a separate 21 km of light 
vehicles roads

Diesel consumption: Annual diesel consumption during 
the FY 2020-21 was 23000 KL, costing around  Rs170 
Cr for departmental equipment.  The contractor payment 
for HOE stands around at  Rs 550 cr and 40-45% of the 
amount is spent on Diesel.

Power consumption:  Annual Power consumption is 84 
M KWH which cost us Rs. 85 Cr. Illumination at the mine 
is the best in whole NCL as the Project has 3000 nos. of 
pole fitted with the same nos. of LED Light in the mine. 
The Project has installed 27 nos. of High Mast towers at 
different location of the mine. 

Illumination on the Haul Roads, Nigahi Project

Annual consumption of welding rods at the Project is 10.5 
Lakhs i.e. a daily consumption of 3200 welding rods at 
the Project.

Financial summary: The cost of production during the 
FY 2020-21 was 848 Rs/t against the 895 Rs/t during the 
FY 2019-20 and during the FY 2020-21 the Project has 
registered a profit of 864 Cr at 418 Rs/t an increase of 6.5% 
in comparison to FY 19-20. Keeping up with our vision 
of being a symbol of ‘Mining in Harmony with Nature’- 
ventures like effective restoration of flora & fauna, 
through more than 34 lakh plantation, development of an 
eco-restoration park in association with FRI, Dehradun 
on the dump slope, innovative drip irrigation cum 
nutrient feed system on otherwise dry & sandy OB dump 
slopes have helped us to achieve sustainable plantation 
with increased growth rate giving encouraging results. 
Project Nigahi is gratified to be a zero discharge mine. 
Deployment of CAAQMS, mist spray system, belligerent 
water sprinkling on haul roads, green belt along the 
closed belt conveyors, judicious spreading of top soil for 
effective biological restoration, thick curtain plantation 

between mine and residential premises are some of the 
important outcomes of our undying efforts to promote 
green solutions to the large scale opencast mining. Nigahi 
abodes prestigious schools such as DPS & DAV and 
ensure the quality education to the kids of its employee, 
locals and BPL people. The total intake is 2900 of which 
1300 are locals and 300 are BPL kids. 

DPS, Niaghi

Round the clock health dispensaries, well facilitated 
residential colony, emulated cluster parks, shopping 
centers, community buildings, safe drinking water etc. 
exhibits our concern for employee welfare. To promote the 
work life balance of our employees, various recreational 
activities, Gym facility, badminton courts, yoga classes, 
large stadium with amenities of different games have been 
provided.

Helipad near View Point, Nigahi Project 

The Project has a world Class View Point and is one of the 
most visited Mines by VIPs and VVIPs. The entire mine 
can be viewed on camera installed at view point. Its not 
only the 75000 Te Coal Production, 25 rakes Dispatches 
or 250000Cum of OB Removal that keeps CEO of Nigahi 
on toes, but the related connected activities maintenance 
of HEMM, Plant and Equipment, IR, State admins, 
Environment, New initiatives, and above all customers 
requirement makes it more challenging.
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Abstract — Temperature of the surrounding overburden 
strata of coal seams increases due to spontaneous combustion 
of coal and presents a challenge in blasthole loading. Blasting 
in such conditions, called hot-hole blasting, is dangerous and 
risky as chances of premature explosion of loaded blastholes 
increases significantly. It is thus imperative that to charge 
the holes with proper quantity of explosive within a short 
span of time to prevent premature detonation due to high 
temperatures of blastholes and at the same time minimize 
the unwanted phenomenon associated with blasting, i.e., 
Backbreak. Backbreak causes instability to highwall, falling 
of machinery, improper fragmentation, reducing the efficient 
of drilling and adversely affect the total project cost. There is 
a need to minimize the generation of backbreak to improve 
the safety of mine. It is difficult to predict the backbreak by 
empirical methods because various parameters are involved 
in blast design and rock mass. A new approach is highly 
required for precise prediction of backbreak. For this purpose, 
total 100 blasts data were to predict backbreak results. For 
performance measures, the determining coefficient (R2) and 
root mean square error (RMSE) were taken. The value of 
R2 is 0.97 and RMSE is 0.17 that shows the performance 
capacity of the K- Nearest neighbor algorithm. Result of 
sensitivity analysis indicated that stemming length to hole 
length ratio, spacing to burden ratio and specific charge are 
the most influencing variables on the backbreak.

Keywords—Fiery seam, blasting, backbreak, safety, k-nearest 
neighbor algorithm, sensitivity analysis

INTRODUCTION

In India, coal is a major contributor to power generation 
and their extraction requires safe and economic 
techniques. The demand of coal increases rapidly due 
to main source of energy, that reason coal mines have 

a large production target to match the energy demand. 
At present, drilling and blasting are some of the cost-
effective techniques for the removal of overburden and 
extraction of coal in open cast coal mines. But coal has 
an inherent property of spontaneous heating and for that 
reason temperature of adjacent strata increases, which 
require proper attention. In India various incidents 
have been reported, wherein spontaneous heating 
of coal resulted in elevated temperature of rock and 
premature initiation of blasts in such strata. Therefore, 
the temperatures of blastholes have to be monitored 
and it should be lower than the 80o C before loading 
with explosives (DGMS, India, 2006). In addition 
to lowering the temperature of such hot blastholes 
with proper techniques, these need to be loaded with 
optimum quantity of explosive over a short span of 
time to meet the requirements of explosive loading and 
temperature. Various researcher in the past have stated 
that only 20-30 % of explosive energy is utilized for 
fragmentation, and the remaining 70-80 % is used in 
undesirable output, i.e., ground vibration, flyrock, air 
overpressure, light, noise, and heat [1– 4]. For optimum 
utilization of explosive energy then undesirable output 
such as backbreak is required proper attention, which 
is primarily caused by improper blast design [5]. Konya 
and Walter [6] is defined as the damage of rock beyond 
the periphery of blast design is called backbreak. It’s 
a significant concern for blast engineers and planners 
due to many reasons such as, instability of high wall, 
improper fragmentation, falling of machineries, lower 
productivity and safety. The occurrence of generation 
of backbreak is largely influenced by the blast geometry, 
explosive specification and physico-mechanical 
properties of rock mass should be considered. The first 
group of parameters contains the blast geometry such 
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as spacing, burden, stiffness ratio, bench height, charge 
depth, stemming length, blasthole diameter, drilling 
pattern, direction of blast, and blasting sequence are 
all controllable blast design parameters. Konya and 
Walter [6] stated that the when stiffness ratio increases 
than backbreak reduces and also concluded that when 
the burden and/or stemming increases then backbreak 
increases. Gate et al. [7] stated that the extent of 
generation of backbreak is depend upon the short delay 
interval and the chances of generation of also backbreak 
increases when number of rows increases. Further, 
Choudhary et al. [8] found that if the delay gap 
between first row and second row is less than 5ms/m 
and there is no delay gap between last two rows then the  
huge backbreak  was observed. In recent, Sharma et  al. 
[9] used the concept of single hole blast for optimization 
of delay sequencing in multi-row blast and reduce 
the generation of backbreak. Various controlled blast 
techniques were used to minimize the pit wall damage 
by various researchers [10–14]. These are pre-splitting, 
cushion blasting, line drilling, and air decking in the last 
row of the blasthole. Jhanwar and Jethwa [15] studied in 
open pit coal mine by using air decking and found that 
this helps in diminishing backbreak. Further, various 
researchers [16–18] used pre-split blasting technique 
for reduction of backbreak. Monjezi and Dehghani 
[19] conducted a study and found that if stemming 
length to burden ratio reduced from 1.2 to 0.8 then the 
back break is also reduced from 20 to 4m. The second 
group of parameters contains the explosive properties 
which are also controllable. The blasthole pressure 
is dependent upon the strength of explosive used in 
blasting operation. Low density explosive will produce 
lesser blasthole pressure and results shows that the less 
amount of rock damage or backbreak [20]. Reducing 
the explosive strength and specific charge in last row 
can result in a considerable decrease the phenomenon 
of generation of backbreak. Firouzadj et al. [21] , 
Enayatollahi and Aghajani- Bazzazi [22] reduce the 
generation of backbreak by using a mixture of ANFO 
and salt as explosive in blasthole to control blasting 
operation. In recent, Kumar et al. [23] conducted a 
study and stated that the low density emulsion will help 
to reducing the back break and overall cost of blasting 
operation will be optimized. It should be mentioned 
by Blair and Armstrong [24] that the ground vibration 
influence the generation of backbreak from their 
experimental study and modeling exercise. Bhagade 
and Murthy [25] conducted a study through near 
field vibration monitoring and find out the generation 
of backbreak is affected by the intensity of ground 
vibration. The third group of parameters contains the 
physical and mechanical properties of rock which are 
uncontrollable and have an important role to influence 
the rock damage due to blasting (backbreak). Various 
researcher investigated the effect of high temperature 

on physical and mechanical properties of rock and 
concluded that the initial increase in temperature 
tend to increase the uniaxial compressive strength 
(UCS) due to removal of moisture and changes in 
compactness and with further increase in temperature, 
UCS will decrease by developing multiple fracture and 
enhance the additional porosity in rock [26–28]. The 
backbreak is less in case of tight or completely filled 
discontinuities compare to open discontinuities [29]. 
The orientation of discontinuities have a dominant 
effect on the blasting result for the final face and 
loose rock on the face [30,31]. Jia et al. [32] conducted 
a study using numerical modeling and concluded that 
greater dip angle of joints than the friction angle can 
be considered as one of the most important reason of 
backbreak. An accurate prediction of backbreak can be 
useful for optimum blast design pattern and preventing 
from its detrimental effects. It is an extremely 
challenging task to derive an equation for backbreak 
purely by theoretical and mechanistic reasoning due 
to complex phenomenon of influencing parameters on 
backbreak. However, in empirical models there is no 
a straightforward way of predicting backbreak. Also, 
in the empirical models only some of the effective 
parameters of blasting operation. So those numerous 
researchers focused in the prediction of backbreak 
through artificial intelligence technique, which are 
summarized at Table 1. Apart from AI technique, 
Faramarzi et al. [33] applied a concept of a rock 
engineering systems (RES) considering 16 effective 
parameters on backbreak due to blasting. Furthermore, 
Sari et al. [34] recently developed a stochastic model 
for prediction of backbreak in open pit mines based on 
Monte Carlo simulation technique and concluded that 
stemming length is the most important parameter in 
controlling backbreak. The expected and actual bench 
profile after blast and generation of backbreak at mine I 
was represented at fig. 1 and 2, respectively.

 

 

 

 

 

Fig. 1 Expected and Actual bench profile after blasting
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Fig. 2 Generation of backbreak at Mine I

K-NEAREST NEIGHBOR ALGORITHM (KNN) 

The k-NN was proposed in 1951 by [35] and this is 
simplest and most widely used in such classification 
algorithms. Further, k-NN algorithm was modified by 
Cover and Hart [36]. This technique can be used for both 
classification and regression [37]. In order to identify 
the nearest neighbors, this algorithm is calculating the 
distances between the testing, and the training data 
samples. The tested sample is then simply assigned to 
the class of its nearest neighbor [38].

Table 1: Prediction of Backbreak by different Artificial Intelligence Technique(s) and their performance

Sl. No. Researchers Technique Input parameters R2

1 Monjezi and Dehghani [19] ANN B, Q, QL/QT, q, S/B, ls/B, N 0.9794

2 Monjezi et al. [42] FIS B, S, ld, bs, ls, Q, q, ρr 0.9543

3 Monjezi et al. [43] GA-ANN d, ld, S, B, ls, q, bs, Q, RMR 0.9575

4 Esmaeili et al. [44] ANN, ANFIS H/B, ls, q, ρr, N, QL, S/B ANFIS = 0.96
ANN = 0.92

5 Khandelwal and Monjezi [45] SVM ld, S, B, ls, q, bs 0.987

6 Mohammadnejad at al. [46] SVM B, S, ld, ls, bs 0.94

7 Monjezi et al. [47] ANN UCS, bs, W, B, S, ls, d, H, q, Q 0.9002

8 Monjezi et al. [48] ANN B, S, ls, N, q Del, bs, R 0.868

9 Ebrahimi et al. [2] ANN-ABC B, S, ls, ld, q 0.77

10 Shirani Faradonbeh at al. [49] GP B, S, ls, q, H/B 0.976

11 Saghatforoush et al. [50] ANN B, S, ld, ls, q 0.832

12 Ghasemi et al. [51] ANFIS B, S, ls, q, H/B 0.9984

13 Ghasemi [52] PSO B, S, ls, q, H/B 0.9836

14 Hasanipanah et al. [53] PSO-ANFIS B, S, ls, q 0.922

15 Eskandar et al. [54] PSO S, B, ls, q, RMR 0.96

16 Hasanipanah and Bakhshandeh 
Amnieh [55] GA, ICA B, Qmax, q, S/B, ls/B, BI, VoD, d, B/d

GA=0.934
ICA=0.963

17 Kumar et al. [23] RF S/B, H/ls, ρe, Vp 0.9791

18 Sharma et al. [56] GP S/B, ls, q, K SCM= 0.9792
ASP= 0.8167

Where, B is burden, Q is charge per delay, QL is last row charge, QT is total charge, S is spacing, ls is length 
of stemming, q is powder factor/specific charge, N is number of rows, ld is depth of blasthole, bs is specific 
drilling, ρr is rock density, d is hole diameter, RMR is rock mass rating, H is bench height, W is water content, R 
is rock factor, Qmax is maximum charge, BI is blastibility index, VoD is velocity of detonation, UCS is uniaxial 
compressive strength, Del is delay per meter, ρe is density of explosive, Vp is p wave velocity, K is stiffness ratio, 
ANN is artificial Neural Network, PSO is particle swarm optimization, ANFIS is adaptive neuro-fuzzy inference 
system, GP is genetic programming, RF is random forest, ABC is any bee colony, FIS is fuzzy inference system, GA 
is genetic algorithm, SVM is support vector machine, ICA is imperialist competitive algorithm.
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In k-NN, the k value represents the number of nearest 
neighbors. This value is the core deciding factor for 
this classifier due to the k-value deciding how many 
neighbors influence the classification. When k= 1 then 
the new data object is simply assigned to the class of its 
nearest neighbor. The neighbors are taken from a set of 
training data objects for where the correct classification 
is already known. k-NN works naturally with numerical 
data. Various numerical measures have been used such 
as Euclidean, Manhattan, Minkowsky, City-block, and 
Chebyshev distances. Amongst these, the Euclidean is 
the most widely used distance function with k-NN [39]. 
The main steps of k-NN algorithm in Fig. 3 are:

Fig. 3 Representation of k-Nearest neighbor classification (k = 
3 or 6) (Source: Internet)

Step by step modelling procedure of k-NN has been 
described by [40] as follows:

1. Determined the nearest neighbor number (K 
values).

2. Calculate the distance between test sample to all 
the training samples.

3. Sort the distance and determine nearest neighbors 
based on the Kth minimum distance.

4. Nearest neighbor categories are assembled.
5. Utilize simple majority of the category of nearest 

neighbors as the prediction value of the new data 
object.

FIELD DESCRIPTION AND DATA COLLECTION

The trial blasts were conducted at Mine-I of M/s Bharat 
Coking coalfields limited, a subsidiary of Coal India 
Limited. This is covered by Barakar formation which 
is overlay by sandy soil and clay of thin layers, ranging 
between 1.0 m. to 8.0 m. The rocks of Barakar formation 
consist of pebbly sandstone, grit, fine to coarse grained 
sandstone, intercalation of sandstone and shale, sandy 
shale, grey shale, carbonaceous shale, and a number of 
coal seams. The coal seams of mine are under fire due 
to which temperature of the overburden (OB) rockmass 
has also increased. Accordingly, comprehensive 

precautionary measures were observed while loading 
the blastholes in the overburden with explosives and are 
as follows:

•	 Temperature inside the blastholes was measured 
using laser thermometer. If the blast hole 
temperature exceeded 80 °C, in any hole, water 
was used to reduce the temperature in such holes 
before loading with explosives.

•	 All blasting accessories like, explosive, boosters 
and detonators used were tested in an approved 
laboratory for temperature sensitivity and impact 
of higher temperature on its reactivity, to ensure 
safety.

•	 Sleeping holes is not in practice to avoid any 
mishappening in the mine due to overheating of 
explosive.

•	 The charging and firing of the holes in any one 
round were completed expeditiously and other 
safety protocols followed like firing of the 
blastholes in any case within 2 hours of charging.

For study, total 100 numbers of trial blasts were 
monitored and to avoid delay scattering, electronic 
delay detonator was used and blast design variable 
and backbreak were measured. The recorded dataset 
was converted into ratio for model development and 
their statistical information as depicted in Table 2. 
The process of measurement of backbreak at field is 
showing in Fig. 4.

Fig. 4 Measurement of back break in field.

Table 2: Summary sheet of data collected at Mine I, BCCL

Category Variables Symbol Minimum Maximum

Input

Spacing to Bur-
den ratio

S/B 0.85 1.80

Stemming length 
to hole depth 
ratio

ls/ld 0.69 0.81

Specific Charge 
(m3/kg)

q 0.44 1.26

Total charge per 
round (kg)

QT 150 1700

Output Back break (m) BB 2.50 6.00
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SENSITIVITY ANALYSIS

The purpose of sensitivity analysis is to find out the 
most effective independent variables on dependent 
variable. For this purpose, cosine amplitude method is 
applied for the selected input variables on backbreak. 
This method was proposed by [41] and the mathematical 
equation as follows:

               (1)

Where,  independent variables, ; dependent 
variable and n; number of the datasets. The strengths of 
the relationship between input and backbreak is shown 
in Fig. 5. It shows that the stemming length to hole 
length, spacing to burden ratio and specific charge are 
the most influencing variables out of selected variables 
on the backbreak.

Fig. 5 Strength of relationship between input variables and 
backbreak.

RESULT AND DISCUSSION

In this study, trial blasts were conducted at Mine I 
and blast results has been monitored. For prediction 
of backbreak, total 100 nos. of blast were conducted 
and blast design variables namely, burden, spacing, 
stemming length, hole depth, and total quantity of 
explosive in a round were collected and specific 
charge of each round of blast calculated. The collected 
data has been converted into ratio and split into two 
groups namely, training dataset and testing dataset 
in 80-20 ratio, respectively. Performance capacity of 
the developed predictive models were evaluated by 
determining coefficient (R2) and root mean square error 
(RMSE) as per given in equation 2 and 3, respectively. 
Theoretically the value of R2 and RMSE is one and zero 
for the best predictive models.

 
                    (2)

                (3)

Where, Pi and Ai are predicted and actual values of 
backbreak,  respectively;  A  is  the  average  of ,  and  
N  is the total number of datasets. The performance 
capacity of the model in  terms of R2 is 0.97 and RMSE 
is 0.17. For better understanding, a graph has been 
plotted in between measured and predicted backbreak 
and represented at Fig. 6. A sensitivity analysis has 
been performed in between inputs and output variables 
that reveals that the stemming length to hole length, 
spacing to burden ratio and specific charge are the most 
influencing variables out of selected variables on the 
backbreak.

Fig. 6 Predicted vs measured backbreak at Mine I

CONCLUSION

In this study, the K-nearest neighbor (KNN) model was 
efficiently used of to predict backbreak in the blasting 
operation of Mine I. For this purpose, 100 nos. of trial 
blast data were collected. The performance indexes of 
the model were evaluated using determining coefficient 
(R2) and root mean square error (RMSE). The result 
shows that the R2 is 0.97 and RMSE is 0.17. Also, it 
was concluded that the most effective variables on 
backbreak phenomenon are stemming length to hole 
length, spacing to burden ratio and specific charge. By 
adopting this method, one can predict the backbreak 
prior to blasting and, accordingly, blast design can be 
modified to control and minimize the backbreak; vis-à - 
vis, explosive energy utilization can also be enhanced. 
Hence, blast nuisances can be minimized; vis-à -vis, 
more explosive energy can be utilized for the actual 
fragmentation and displacement of rock mass.
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Abstract - The deployment of Dragline machines in opencast 
coal projects involves huge capital expenditure as well 
as operating costs. The mine operators always endeavor 
to ensure smooth excavation of material by the Dragline 
machines while meeting the major objectives of safety, 
minimal disturbance to environment and optimal operating 
costs. Good fragmentation through well designed blasts is 
fundamental in meeting part of the objectives is the good 
fragmentation of rock or mineral proposed to be lifted by the 
machine. If the overburden lying over mineral is not properly 
fragmented, it may result in formation of ‘Toe’ the removal 
of which is the most arduous task in opencast coal mines. 
The mine operators always endeavor to achieve best possible 
results in blasting to ensure smooth operation of the high cost 
Dragline Machine. However, despite continuous efforts by the 
blasting engineers involved in bench blasting for the machine, 
the formation of ‘Toe’ is an ever nagging problem faced in 
large opencast coal projects eventually reducing the overall 
operational efficiency of mining. The case study of Bina, 
which is first opencast coal projects of Uttar Pradesh, India. 
Thorough technical investigations conducted by the authors 
of this article revealed presence of certain controllable 
parameters in the design of drilling and blasting for the 
overburden material to be lifted by the Dragline machine. 
The technical services from the blasting engineers of one of 
the major suppliers of bulk explosives in India were utilized 
in identifying the root cause, with the primary objective of 
eliminating the undesirable effects in subsequent blasts and 
ensure ‘Toe free’ fragmentation and increased productivity of 
the Dragline machines.

Keywords - Dragline, Fragmentation, Toe, Bulk explosives, 
Mohr’s sub basin, Drilling parameters, Gradient, HEMM, Post 
blast mucking, Side casting, Tight muck pile, Key cut area, Det-
onation, Viscosity, Multiple Deck.

INTRODUCTION

Bina is first opencast coal projects of Uttar Pradesh, owned 
by the Northern Coalfields Ltd, a subsidiary of Coal India 
Limited, (a Maharatna Company) a public sector unit of the 
Government of India located at Bina, Uttar Pradesh. The 
coal deposit occurs in a hilly terrain lying at an elevation 
of 280 mts above the Mean Sea Level. The feasibility 
study of the coalfield at the location was prepared by 
the Central Mine Planning & Design Institute, India 
(CMPDI) in collaboration with the Soviet experts in 1974. 
Initially, the project in question, viz Bina was proposed 
at a rated capacity of 4.5 Million Metric Tons of coal per 
annum. However, with improved techniques and heavy 
mechanization, Bina Extension OCP has produced 7.50 
MT of coal and has removed 25.89 Million Cubic metres 
(9.32 Mm³ by departmental + 16.57 Mm³ by outsourcing) 
of Overburden (including in-seam band) during the year 
2017-18. The coal produced from the project is linked for 
power generation at the nearby Anpara Thermal Power 
Station (1630 MW), Obra TPS (1278 MW) of UPRVUL. 
The mining operations at the project are conducted by 
two means viz using company owned equipment and by 
privately owned equipment, termed ‘outsourced activity’.

GEOLOGY AND COAL RESERVES

‘Bina’ project is situated in Mohr’s sub basin. The Three 
coal seams Purewa bottom, Purewa top & Turra Seams. 
Description of Coal Seams proposed to be worked 
alongwith the parting details as on 01.04.2019 are 
furnished hereunder in Table-1.0.
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Table – 1.0

Name of seam

Thick-
ness of
coal in 
metres

Geological 
reserves in
Million Met-
ric Tonnes

Parting Thick-
ness
in Meters

1 Turra seam 8 -21 109.44 40-56

2 Purewa bottom 5 -13 70.10 21-50

3
Purewa Top 
seam         3-8 38.66

21-170

Total 218.20

METHOD OF MINING

The mine deploys use of Dragline machine and a 
combination of Shovels & Dumpers for extraction of coal 
from the deposit. The factors that influenced the method 
include the average stripping ratio (without in-seam band) 
of 5.15 Cubic Meter/ Tonne as on 01.04.2019 and relatively 
flat gradient of 2° to 3°  towards the west and north 
west. The details of bench wise extraction and drilling 
parameters are as furnished in Table-1.1.

Table – 1.1

Sl Particulars Unit Over-
burden

Over-
burden Coal Coal

No (Dra-
gline)

(Shov-
el)

(Shov-
el)

(Sur-
face 
Miner)

1 Bench 
height Metres 32-45 10-18 6-12 0.25-

0.35

2 Working 
bench width Metres 75 55-61 35-40 60

3 Non-work-
ing  bench Metres 75 35 25 60

width

4 Bench slope de-
grees 70 70 80 80

5 Blast hole 
diameter

Milli-
metres 311 250 159

The mine is divided in to two sections, Southern and 
Northern sections with the deployment of 2 Nos. of Dragline 
in tandem operation in each section. Transportation 
through main central haul road on turra seam floor to 
receiving pit of existing CHP cum Deshailing Plant. 

DETAILS OF MAJOR HEMM DEPLOYED

The mine deploys the following heavy earth moving 
machinery for operations involved in excavation of 
overburden and coal.

Table – 1.2

Sl
Heavy   Earth   
Moving Capacity Numbers

No Machinery

A OB removal

Dragline  - I 24 Cum/88 mtr 2

Dragline - II 20 Cum/83 mtr 2

Shovels-Electric 12.5 Cum 5

Shovels-Electric 10 Cum 9

RBH drill – 1 311 mm 1

RBH drill – 2 259 mm 18

Dozer 850 HP 2

Dozer 410 HP 11

B Coal winning

Shovels-Electric 10 Cum 5

RBH drill – 1 159 mm 5

Rear dumper 85 MetricTe 29

Surface miner 950 HP 1

Dozer 410 BHP 5

BLASTING

The blasting activities at the project are conducted by a 
separate team of blasting personnel headed by a Manager 
who is assisted by two Assistant Managers, one each for 
each section of the mine viz West and East. Each of the 
sections has four supervisors to assist the unit incharge 
of blasting. The blasting is conducted using the bulk site-
mixed emulsion explosives supplied by manufacturers 
in private as well as state run companies. There is 
however only one state run company supplying part of 
the requirement for bulk explosives through the country. 
In this project, state run company’s bulk explosive 
products (chemically gassed) are used in to the meet 
the blasting needs for all the excavating machinery viz 
Draglines and Shovels deployed in overburden and coal 
benches. The bulk explosives manufactured by private run 
companies are used only Shovel benches for overburden 
and coal benches, largely due to considerations involving 
performance. The bulk explosives of the state run 
company are preferred to that of others and used to the 
extent of 70% of the total requirement at this project. The 
state run company developed their own technology for 
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bulk emulsion explosives and proved the superiority of 
its products in terms and strength and performance. The 
product deployed by the company is ‘Bulk Site Mixed 
Repumpable, doped emulsions’, supported by a fleet of 
10 nos of pump trucks bearing mandatory approval from 
the licensing authority viz Chief Controller of Explosives. 
The capacity of the trucks range from 8.0 to 13.0 Metric 
Te of pay load. They have a team of technical service 
engineers to conduct blasting and monitor the vibrations 
in the vicinity of the mine. The quality of fragmentation 
observed in general is very good at the project for all 
the benches in overburden and coal. However, the blasts 
conducted in Dragline benches, though not very often, 
result in formation of ‘Toe’. This is the un-blasted material 
or tight muck pile overlying the surface of coal which 
cannot be easily removed by digging with Dragline 
machines, eventually delaying the exposure of coal 
seam with adverse effects on the overall productivity of 
the mine. This problem was taken as a challenge by the 
technical experts of the state run manufacturer of bulk 
explosives which includes the author of this article and 
numerous steps were taken to prevent formation of Toe in 
Dragline benches.

DESCRIPTION OF  ‘TOE’

The depth of blasting in the overburden excavated by the 
Dragline machines varies from 40 to 45 metres in order 
to expose the coal seam named ‘Turra’. The post blast 
mucking and side-casting by the Dragline is sometimes 
hampered due to presence of tight muck pile to a height 
of 4.0 to 8.0 metres which remains as an intact layer 
above the coal seam. This layer which creates problem in 
excavation by the Dragline machine is called ‘Toe’ by the 
mining officials at the project. (Fig 1 &2).

INVESTIGATION OF  CAUSATIVE FACTORS

The bore hole log data coupled with visual observations 
of the drill cuttings indicate that the average overburden 
cover is to the tune of 32.0 metres. The upper part of 
the strata up to 20.0 mtrs is composed of medium hard 
sandstone while the lower part overlying the coal seam is 
‘hard shale’. The observations indicate wide difference in 
density of rock throughout the depth of the heterogeneous 
overburden which could be one of the causative factors 
in the formation of ‘Toe’. Fig-1 shows a photograph of 
‘Toe’ observed in one of the blasts at Bina mine including 
the holes drilled for its removal. Fig -2 shows the ‘Toe’ 
observed towards high wall of the bench near the key-cut 
area of Dragline.

Figure - 1

Figure - 2

SEARCH FOR CAUSES

After detailed technical study and field observations, the 
search for causes is narrowed down to the following factors.

INSUFFICIENT STRENGTH OF EXPLOSIVE:

The observations of ‘Toe’ in the key cut area indicated 
presence of well fractured and tight muck pile. This did 
not allow the bucket of the Dragline to smoothly dig into 
the material eventually leading to formation of ‘Toe’. One 
of the causative factors for tight muck pile while all other 
variables remain constant is the insufficient strength of 
explosives used in the bottom of shot holes. Fig-2 clearly 
shows the ‘Toe’ area of the key cut area of the Dragline.

INEFFECTIVE ‘DOWN THE HOLE’ CHARGING

While there is no dearth of longer delivery hoses for charging 
bulk explosives through the pump trucks, the length of the 
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hose used is sometimes limited by the space available for 
hose reeling and the capacity of the motor used for powered 
winding. Often, the hose damaged at ends is also cut away 
to ensure proper delivery of explosive and avoid spillages. 
In such cases as would cause insufficiency of the length of 
hose vis-à-vis the depth of the shot holes, there would be 
several chances of creation of a discontinuity in the column 
of explosives charged, more so in water filled holes. The 
high density slush to the tune of 1.0 to 2.0 meters at the 
bottom of few holes would not allow the explosives sink 
to the bottom. This is evidenced by visual observations 
wherein the formation of ‘Toe’ is not uniform and occurs 
in pockets over the surface of coal seam. Please refer Fig-3 
which clearly shows the phenomenon.

Fig - 3

CRITICAL DENSITY OF EXPLOSIVE

The chemically gassed bulk emulsion explosives have the 
property of ‘auto compression’. The bottom layers of the 
explosives are compressed by those on the top leading 
to higher density at the bottom and gradually reducing 
density towards the top of the shot hole. The phenomenon 
is more pronounced in deep bore holes exceeding 40.0 
metres. The critical density of bulk emulsion explosives in 
shot holes of about 40.0 metres depth and a diameter of 311 
mm is 1.30gm/cc . The atmospheric density deployed for 
charging of the bulk explosives is termed as ‘cup density’. 
If the cup density of the explosive is higher than a set limit 
say 0.90-0.95, it may result in reaching or exceeding the 
critical density of the column at the bottom of the shot 
hole. At densities closer to critical, the explosive would 
not undergo detonation completely leading to undesirable 
results. The monitoring of cup density is extremely 
important for each and every shot hole. If the density is 
not monitored properly even in a single hole, it may result 

in performance failure of the explosive at the bottom of 
shot holes and eventually leading to ‘Toe’.

WIDER PATTERN OF DRILLING

If the design of drilling parameters is not optimum, the 
movement of material when the blast is in progress gets 
restricted at the bottom. This may result in formation of 
Toe. One of the reasons on insistence of wider drilling 
pattern by the suppliers of explosives is the performance 
conditions imposed by the buyer company the Northern 
Coalfields Ltd on them. One of the performance conditions 
stipulate achievement of blasted material of at least 1.74 
Cubic metres for every kg of explosives charged at the 
project in the Dragline benches. This parameter was fixed 
by the officials of the project based on previous experience 
and history of blasting in these benches.

INEFFECTIVE DEPLOYMENT OF DRAGLINE

The Dragline is deployed in ‘horizontal tandem’ for 
excavation of the overburden material. The placement 
of the machine is vital in enabling its reach to various 
sections of the blasted material for digging and removal. 
It is observed that when the machine is placed in the ‘box-
cut’, the reach of the bucket is restricted, leaving out some 
material in the usually tighter muck-pile at the bottom of 
the ‘key cut’ area. This forms the ‘Toe’ which needs to be 
removed separately.

ABSENCE OF CLEAR FREE FACE

One of the wrong practices in blasting adopted by most 
of the open cast coal mines is inadequate focus on the 
availability of free face. It is generally considered that 
the presence of previously blasted or dumped material 
serves the purpose of ‘free face’ for movement of rock 
from the subsequent blast. The fact remains that, in deep 
hole blasting (in excess of 42 metres ) the movement of 
blasted rock is blocked by the blasted or dumped material 
lying ahead which in turn results in ‘heaving’ towards 
the surface of holes. The hard shale lying at the bottom 
of the holes above coal surface is fractured but poorly 
moved from the original location. This would result in 
formation of ‘Toe’, to be removed again through another 
set of drilling and blasting.

OTHER FACTORS

The mine has presence of numerous faults and fracture 
planes that contribute to formation of toe through 
premature venting of gaseous energy from the explosives. 
The study also revealed possibility of drilling holes of 
shorter depth, human errors in measurement, excess back-
filling of holes etc.
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SUGGESTED METHODS FOR  ELIMINATION OF  
‘TOE’

One of the arduous tasks in coal mining with Dragline 
is the ‘removal of Toe’ that formed over the coal seam. 
Most of the times, the ‘Toe’ is cut and removed by the 
use of a Dozer for layers up to a depth of 2.0 metres. In 
case of thicker layers, ranging from 2.0 to 15.0 metres high 
and spreading over an area of about 7000 square metres, 
the removal is planned by repeating the tedious process 
of drilling and blasting. Few of the methods adopted in 
the design of drilling and blasting parameters have helped 
greatly in eliminating the ‘Toe’ at this project.

IMPROVING THE QUALITY PARAMETERS OF 
EXPLOSIVES

The technical service engineers of the state run company 
supplying explosives were advised to maintain high quality 
parameters for the bulk emulsion explosives viz products 
with velocity of detonation in excess of 4500 metres/sec, 
average density of 1.20 g/cc, viscosity of at least 55,000 
centipoise, good stability to ensure sleeping time of 
around 15 days. Further, the strength of the explosives 
was also advised to be maintained at higher levels by use 
of additional doping of low density thermally stabilized 
Ammonium Nitate prills to the tune of 15-20%. The 
thermal energy of the explosives was further increased by 
use of Aluminum powder of about 1% in the product.

EFFECTIVE DOWN THE HOLE CHARGING OF 
EXPLOSIVES

The length of the hose used for delivery of explosives 
was increased from the earlier 40.0 metres to 55 metres. 
Through improved technical supervision, each hole was 
charged by lowering the hose to the bottom of the shot 
holes and careful charging and gradual withdrawal.

DEWATERING OF WATERY HOLES

Some of the holes which were filled with water levels 
ranging from 10.0 metres to 20.0 meters were de-watered 
using special pumps for the purpose. In all other holes, 
care was taken to drain the water upwelling in the shot 
holes as the charging proceeded gradually.

OVERCOMING CRITICAL DENSITY

The shot holes were charged with cup densities lowered by 
around 10% compared to that in previous practices. The 
cup density of bulk emulsion explosives deployed for the 
improvised blasts was 0.90 gms/cc. The product was also 
sensitized through addition of low density Ammonium 

Nitrate prills and Aluminium powder. The down the hole 
density at the bottom of the holes was designed to be 1.22 
g/cc, well below the critical density of 1.30 g/cc.

IMPROVED DRILLING PATTERN

The parameter of ‘burden’ in the drilling pattern 10 meters 
x 12.5 meters practiced earlier was reduced by 1.0 metre 
i.e to 9.0 meters in the two rows on ‘key-cut’ end where the 
Dragline machine had encountered most cases of ‘Toe’. 
This ensured better fragmentation and movement at the 
bottom of the shot holes. Additional holes were drilled in 
the ‘key cut’ zone viz one hole in the centre of four holes. 
These holes were charged with explosives up to 8.0 metre 
height from the bottom. This helped increase specific 
energy per cubic metre of the bottom most strata in the 
‘key cut’ zone, considered to be the generator of ‘Toe’.

MULTIPLE DECKS OF EXPLOSIVES

The technique of distributing the bulk explosives in each 
shot hole was modified to introduce multiple decks in the 
column. The premature venting of gaseous energy caused 
by the presence of fractured and jointed rock mass in the 
bore holes was avoided by the technique. The explosive 
column was broken in to three segments by placing 
two decks of charges instead of the earlier practice of 
either single or no decked charge. The decks prevented 
premature leakage of gaseous energy and helped improve 
rock fragmentation and movement at the bottom of the 
holes and reduced the incidence of ‘Toe’. In excessively 
fractured areas, explosive in cartridge form were also used 
along with bulk explosives.

DEPLOYMENT OF DRAGLINE MACHINE

The technical service engineers of the explosive 
manufacturer advised the mine officials to effect a 
change in the methodology of deployment of the Dragline 
machine to reach the key cut area from closer distances. 
This method of placing the machine over key cut areas 
removed the tight muck piles effectively and with ease, 
thereby avoiding the necessity of separate operations for 
removal of ‘Toe’.

ACCURACY IN DRILLING SHOT HOLES

The reduced levels of the top of the coal seam and the top 
of the overburden cover were calculated through precision 
survey. Most often this cover is assumed and the depth 
of the drill holes is fixed arbitrarily. After the survey, the 
depth of the holes was determined to be 41.0 metres for a 
particular blast. The mine officials were advised to use 
precision survey for each and every blast thereafter. This 
avoided unnecessary costs of drilling shot holes, ensured 
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clean breakage up to the surface of coal seam and reduced 
incidence of ‘Toe’ at the project. Few of the photographs as 
in Fig-4 and Fig-5 indicate the shot holes encountered in 
Dragline benches.

Figure – 4 (shows dri ll hole that did not touch surface of coal – 
undesirable)

Figure – 5 (shows drill hole that touched coal surface – 
desirable)

Figure – 6 (shows drill holes – holes that did not touch coal are 
re-drilled)

Figure – 7 (shows clearing of drill cuttings from the 
mouth of the hole – desirable)

CONCLUSION

The multiple measures aimed at prevention of formation 
of ‘Toe’ at the Bina Coal project, one of the largest coal 
mines in ‘Asia’ have yielded very encouraging results. 
The present study by the authors leads to the following 
conclusions.

•	 The presence of  ‘Toe’  is highly undesirable 
in coal mines using Dragline machines for the 
Tedium involved in its removal. The operations of 
the machines are totally stalled until the ‘Toe’ is 
removed leading to very undesirable consequences 
of drop in coal production and productivity of all 
other auxiliary equipment. Further, another round of 
drilling and blasting increases the risk of injury to 
men, machinery and surrounding area.

•	 The multiple measures aimed at elimination of 
‘Toe’ proved very successful at the Bina project. 
The measures can be adopted by the projects in the 
vicinity facing similar problems on account of ‘Toe’. 
These include improved supervision during drilling, 
charging of explosives, accuracy in calculation of 
overburden cover, improvised quality in explosives, 
tailor-made variation in the drilling patterns etc.
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Abstract- The global supply chain, economies of scale, cross-
border trade agreements, technological improvements, 
high-efficiency communication systems, etc., have appeared 
to be a significant boon for the growth of the global 
economy. However, the most enabling factor that led to 
this unprecedented success to the global economy is the 
availability of power (electricity). The role of uninterrupted 
power supply has gained importance since the first industrial 
revolution, and its significance continues even in the fifth 
phase industrial revolution (I 5.0). Among the available 
source of power supplies, the thermal power plant has a 
considerable contribution. And in recent years, coal power 
has gained much more advantages over other sources in 
terms of safety, availability, economy, and stability. The 
success of these power sources depends mainly on the success 
of their coal supply chain. Considering the activities (e.g., 
mining) involved and its widespread span, the coal supply 
chain is vulnerable to many internal and external risks. These 
risks include cost, quality, freight, ecological calamities, 
environmental regulations, lead time, etc. Thus, the success 
of the power supply largely depends upon identifying and 
evaluating the risks of the coal supply chain. Hence, in this 
research, we focus on identifying the possible risks of the 
coal supply chain, their priority rankings in terms of their 
impact, and finally propose a solution that can minimize these 
potential risks. Further, this approach of identifying and 
controlling the coal supply chain risks leads to a new concept-
resilient coal supply chain. Moreover, to achieve the research 
objectives, we have used an integrated qualitative and 
quantitative research approach, combined with the responses 
of the coal supply chain experts (MCDM). The findings of our 
research work will contribute significantly to the literature on 
risk management in coal supply chains. Also, it will help the 
decision-makers to prepare against the most impactful risks.  

Keywords: Coal supply chain, mining industry, risk manage-
ment, resilient supply chain

INTRODUCTION

The business’s success in the present era of the competitive 
environment solely depends upon the success of its supply 
chain, which is defined as the network of organizations 
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with a common goal and connected through the flow of 
material, information, and capital. The most crucial factor 
that drives the business is power (electric power). Over 
time, scientists have provided many power supply sources, 
i.e., thermal power plants, nuclear power plants, solar 
power plants, wind turbines, etc. However, because of the 
thermal power plants’ safety, availability, economy, and 
stability, its usability is still highest among the available 
options. According to Sivageerthi et al. (2021), about 70% 
of total electric power is produced from coal-based thermal 
power plants. And also, according to the IEA data, global 
coal production has doubled since 1971. Thus, suggesting 
the coal is the most important source of energy in electric 
generation. In this power generation system, the major 
cost is accrued by the coal and the fuel oil cost, among 
which coal comprises the maximum proportion (Li and 
tan, 2020). Thus the success of the thermal power plant 
broadly depends upon the success of the coal supply chain  
Moreover, the success of the coal supply chain is not only 
influenced by its operational activities but also subjected 
to several internal and external risks. These risks not only 
make the coal supply chain vulnerable but also lead to 
detrimental socio-economic effects.  These risks include 
cost risk, lead time risk, stocking risk, regulatory risks, 
environmental risks, etc. Hence, to enable a successful 
coal supply chain, it is necessary to identify, evaluate, 
and mitigate the risks associated with the coal supply 
chain.  Thus in this research work, we have carried out the 
following three research objectives:

1. Identify and analyze the risks associated with the 
coal supply chain.

2. Identify and evaluate the risk-mitigating strategies 
for the coal supply chain.

3. Identify the significant challenges in the risk 
mitigation of the coal supply chain.

The rest of this research article is summarized as follows. 
In section 2, we carry out the literature review, followed 
by methodology and calculation in section 3. Section 
4 consists of the result and discussion, and the section 
discusses the conclusion and future scope.  
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LITERATURE REVIEW

According to the Sivageerthi et al. (2021), the coal 
supply chain is accompanied by a considerable number 
of complexities across the supply chain ranging from 
sourcing to yard management, quality handling, logistics 
management, etc. further author has provided a number 
of factors, i.e.,  coal cost, coal stocking, quality of coal, 
losses in the stockyards, lead time for purchase, quality 
and quantity evaluation, natural calamities, power 
plant SFC, unloading issues at the coal jetty, location 
of mines, and other constraints in the mines. Similarly, 
Van et al. (2021) define and classify the risk factors of 
the coal supply chain as the risk associated with the 
owner, i.e, production failure, poor planning and control, 
poor, delay, etc., the risk associated with the policies 
and societal constraints, legal risk, trade risk, and cost 
risk. Moreover, increasing market demand, changing 
government policies and regulations, high competition, 
etc., makes coal supply chain management a more 
complex job. However, the approach used for mitigating 
these complexities like parallel, redundancy of facilities, 
asynchronous production, etc., reduces the risks 
associated with the coal supply chain, but it affects the 
cost optimization and the effectiveness of the scheduling 
system (Man-zhi et al., 2009). According to Wan and 
Seo (2021), coal mining is among the world’s most risky 
business operations because of its dangerous working 
environment. Further, Burgher and Hirschberg (2007) 
suggested that most coal supply chain risks are poor 
training, lack of safety equipment and standards, poor 
supervision, inadequate managerial approach, etc. Thus 
based on the previous studies, the coal supply chain can 
be categorized as Competitive risk ( ), Environmental 
risk ( ), Financial risk ( ), Geopolitical risk ( ), 
Operational risk ( ), and Regulatory risk ( ). And 
also, considering the vulnerability and disruption impact 
on the business continuity and its long-term impact, the 
experts have coined the term “resilience supply chain.” It 
is defined as the ability of the supply chain that is prepared 
for the uncertainties, mitigates, absorbs the vulnerabilities, 
and recover quickly to its initial or even better position” 
(Yadav and Samuel, 2021).  From the literature review 
and discussion with the experts, we identify the following 
seven strategies as the key to mitigating risk of the coal 
supply chain, i.e., Agility, i.e., quick decision making and 
its implementation ( ), Collaboration among supply chain 
partners ( ), Developing inventory buffer and/or strategic 

stocking ( ), Seeking government support during and 
after the disruptions ( ), Insurance, i.e., ensuring risky 
assets to absorb the financial losses ( ), Risk management 
culture, i.e., risk assessment and risk mitigation planning, 
is the important part of every decision-making process(
), Technology up-gradation for regular operations, safety 
equipment’s, information sharing tools, etc. ( ). Further, 
considering the importance of the priority ranking of 
the supply chain risks and the corresponding mitigating 
strategies, we have used an analytic hierarchy process 
(AHP) approach. 

METHODOLOGY: AN ANALYTIC HIERARCHY 
PROCESS (AHP) 

Thomas L Saty gave AHP approach in the 1980s (Saty, 
1987). It is an efficient tool to identify the priority ranking 
of the independent alternatives based on some selection 
criteria. It considers the pair-wise comparison provided by 
the experts as the input. For our research, we have two 
experts, one is from academia, and another is an industry 
expert. Both have experience of more than 15 years in 
supply chain and related operations. The various steps 
involved in the AHP are as follows. 

Step1. Identify the goal, criteria, and alternatives: For 
this research, our goal is to develop a risk resilient 
supply chain, which considers the risks to the coal supply 
chain as the criteria and the strategies available as the 
alternatives.

Step2. Develop the pair-wise comparison: First, a pair-wise 
comparison is made for the risks regarding their inhibiting 
ability for resilient coal supply chain, and second is done 
for the risk-mitigating strategies with respect to each 
risk. Here, considering the space constraints, we are 
providing only one table of the six comparison matrix. 
These comparisons are provided in Table 1 and Table 2, 
respectively. 

Table 1: A pair-wise comparison of the coal supply chain 
risk regarding the resilient coal supply chain.

Risk

1 4 3 4 5 4

1 2 1 2 3
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1 3 3 2

1 3 1

1 2

1

Table 2: Strategy comparison with respect to competitive 
risk.

Strategy

1 4 2 2 4 3 3

1 4 3 3 2 3

1 3 3 3 2

1 2 2 3

1 3 3

1 4

1

Step 3: Obtain the priority weights and the priority 
ranking for the risks and the strategies, respectively. For, 
our research we have used the super decision software. In 
this, experts’ response is used as the input. The advantage 
of using Super Decision Software is that it minimizes the 
number of tabular formations and numerical computation 
and provides the consistency of the expert’s response. 
The calculation reveals that the response obtained from 
the experts are consistent as the consistency ration for 
each of the response is obtained to be less than 0.10. The 
priority weights and the priority ranking for the risk and 
the strategy are provided in Table 3.

Table 3: Priority weights and the rankings of the risks and 
the strategies.

Risks

Weight 0.424 0.191 0.089 0.176 0.223 0.278

Rank 1 6 5 2 4 3

Strategy

Weight 0.087 0.177 0.112 0.239 0.141 0.146 0.096

Rank 7 2 5 1 4 3 6

Result and discussion: From the literature review 
and expert opinion, we have identified six major risks 
and seven resilient strategies for the coal supply chain. 
Such that, competitive risk ( ), regulatory risk (
), and operational risk ( ), are obtained to be the most 
significant risk followed by the environmental risk (
), geopolitical risk ( ), and financial risk ( ) for the 
Indian coal industry and to counteract these risks, experts 
consider government support ( ), risk management 
culture ( ), and insuring the risky assets ( ) as the 
primary strategy, followed by collaboration among supply 
chain partners ( ), developing inventory buffer and/
or strategic stocking ( ), technology up-gradation and, 
Agility ( ). Thus, the importance of the government is 
very high for the success of the coal supply chain, as they 
directly influence the regulation risk, geopolitical risk 
and can help through financial incentives in technology 
development and disruptions recovery. 

Though these strategies seem to be sufficient to combat 
the risks, their implementations are hindered by many 
challenges specific to the coal supply chain. These 
challenges include managerial dedication, geographical 
remoteness, poor coordination, poor data quality, 
insufficient risk modeling tools, etc. Thus, this research 
can be further elaborated by identifying the mitigating 
strategies for these challenges.
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Abstract —  Ground Penetrating Radar (GPR) is an 
equipment which uses radar pulses to image the strata 
discontinuities if any in the near subsurface. The combination 
of frequencies utilised in a survey fundamentally governs 
the depth of investigation of the scan over an area. Saraipali 
opencast mine in Korba coalfield of Chhattisgarh was the 
area of investigation where scanning were performed using 
GPR on the top of OB dump with combination of frequencies 
20MHz and 350 MHz as a part of the Slope-Stability studies 
undertaken by CMPDI RI-V. The objective was to understand 
the behavior of the stratification on the OB dump of the mine 
using the variation of the dielectric permittivity to image 
any void/discontinuities if developed within the dump due to 
several possible reasons. Three numbers of profiles were laid 
over the OB dump where combination of two frequencies 20 
MHz and 350 MHz generated two sections with maximum 
depths of 35m and 10m respectively. The column thickness 
of the OB dump pre-reported to vary upto 30m to 35m as per 
the operational mine plan of SECL. After processing of all 
the sections, no such discontinuity or void was observed along 
the profiles P1, P2 and P3, however 4 numbers of reflecting 
events were found and correlated using multiple section and 
a 3D model developed in-house using MATLAB with the 
successive reflecting events from least compact to highest 
compact strata. After interpretation of the GPR sections no 
such void was observed to be developed beneath the dumps 
which is a typical indication of high safety parameter as far 
as the stability is concerned. However, the gridding of the 
interpreted events which are representative models of the low 
compact strata (topmost) to the highest compact layer in the 
OB dump of the mine were accomplished.

Keywords— Ground Penetrating Radar, Slope stability, Sarai-
pali OC mine, MATLAB
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INTRODUCTION 

The opencast  coal mines are means of excavating the fossil 
fuel from its insitu deposits by removing the overburden 
strata (Verma et. al., 2011). The major advantages with 
this methodology are low cost, high mechanization, better 
safety and less wastage after excavation and that’s the 
reason behind that major portion of the coal in India is 
produced through OpenCast (OC) mines (Mukherjee and 
Pahari, 2019). In contrast, the global scenario provides 
a different portrait where 60% of the coal produced is 
through underground mines (Mukherjee and Pahari, 
2019; The Coal Resource: A Comprehensive Overview of 
Coal, 2009).  The excavation of the coal from an OC mine 
creating cut pits on the surface has to be  operational with 
safety measures which is dependent upon multiple factors. 
The stability of the pit slope is significant in maintaining 
the safety for operation of the mine which in turn is 
dependent upon by the local geo-technical conditions 
of the slope forming mass along with the surrounding 
acquirer conditions (Singh et al. 1998; Singh et al. 1999).  
Several studies have claimed earlier that the key factors 
governing the slope stability of an open pit mine are the 
shear strength of the mass forming the slope, occurrence 
of any structural discontinuity in the mass and the aquifer 
conditions and groundwater or rainwater inflow in the 
mass (Singh and Monjezi, 2000; Singh et al. 2008).  A 
number of measuring parameters have been introduced in 
the last few decades for rating and characterise the rock 
mass like Rock Mass Rating (RMR), Rock Mass Strength 
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(RMS), Rock Quality Designation (RQD), Slope Mass 
rating (SMR) etc (Verma et. al., 2011; Bieniawski,1974; 
Stille et al., 1982; Deere et al., 1967; Romana, 1985). 
Another aspect involved in the safety is the stability of the 
Overburden (OB) dump that is generated from the non-
coal wastes excavated to recover coal from an OC mine. 
The stability of an OB dump is equally significant to avoid 
any slope failure while operations in an OC mine which 
can cause hazardous implications if not dealt properly 
(Behera et. al., 2016; Vishal et al. 2010; Kainthola et al. 
2011; Poulsen et al. 2014). Several instances have occurred 
in Indian mining history where dump failure has been 
major reason for mine accidents with some even causing 
fatal injury (Bowman and Gilchrist, 1978; Speck et al. 
1993; Kasmer et al. 2006; Singh et al. 2007; Sharma et al. 
2011).  Several studies have suggested different reasons 
responsible for OB dump stability failure including 
geological and geo-technical conditions, mining activity 
in the OC mine and infiltration of rainfall causing 
irregular pore pressure distribution and also causing 
reduction in shear strength of dump material (Verma et. 
al., 2013). The migration of rain water may enhance the 
discharge, leading to the development of tension cracks 
at various places of the dump slopes. Tension cracks are 
also generated due to shocks and ground vibration caused 
by poor blasting (Verma et al. 2013). Ground Penetrating 
Radar (GPR) is an indirect method of detecting subsurface 
anomalous features which involves emission of waves 
of different frequency bands and record the reflected 
waves through a transmitter-receiver dual pair (Rhee 
et. al., 2021). As the radar propagates in the medium, 
some energy is transmitted and some is reflected at the 
interface, wherein the electro-magnetic (EM) properties 
of the material change (air/pavement layer, ground/cavity 
or utility, etc.). The reflected EM wave is then received by 
the receiving antenna. Furthermore, the type and condition 
of the material where the waves passed are evaluated by 
analyzing the shape and transmission time of the received 
wave signal. As the antennas are moved along the survey 
line, a series of scans are collected and positioned side by 
side to form a profile of the pavement’s subsurface (Morey, 
1998; ASTM D, 2011). Sariapali OC mine of Korba area 
in Chhattisgarh state started mining operation in the year 
2021 with an annual capacity of 1.4 MTy per annum. This 
study was a part of the study conducted in the OC mine 
for the slope stability analysis of the open pit highwall as 
well as the OB dump for continuous monitoring the safety 
aspect while operation of the OC mine. GPR from the 
make of GSSR, USA was employed in the Sariapali OC 
mine for carrying the investigation over the OB dump. 

The configurations used were  shallow level scanning 
using a frequency combination of 350MHz and 20 MHZ 
using the radar pulse which propagates into the medium  
and is reflected as signal which is processed suitably to 
image the stratification of the layers beneath the dump or 
map and locate any void or fracture generated inside the 
dump due to percolation of rainwater or mining activity in 
the vicinity. 

LOCATION & GEOLOGY OF SARAIPALI OC 
MINE

Saraipali OC mine is located in the western end of 
Korba coalfield, in the Chhattisgarh state of India. Korba 
coalfield is around 4.8 km wide and 64 km long located in 
south-central part of the Son-Mahanadi basin (Ghosh et. 
al., 2016).  This coalfield majorly constitutes the Lower 
Gondwana  formations with an estimated coal resource 
of more than 10 billion metric tonnes with a majority 
of the coal seams contributing to low grade non-coking 
coal resources (Singh et. al., 2011).  Sariapali coal block 
covers an area of about 7.3 sq kms in the western extent 
of Korba coalfield as shown in Figure 1. The geological 
stratigraphy in this part of the basin exhibits Lower 
Barakar formation consisting of all the coal bearing 
zones typically followed by the Talchir formation and the 
Precambrian basements (CMPDI, 1993). Basically, five 
numbers of coal seams are majorly reported to contribute 
to the overall reserve in this block namely Seam VI, V, 
IV, III and II sequentially from top to bottom.

TABLE I. Seam-wise proved resources in saraipali oc 
mine  

Seam 
Name

Thickness 
Avg (m)

Splits of 
seam

Proved 
Res (MT)

Average 
grade

VI 3.04 T, M, B 36.9 D-G

V 3.04 COM 7.28 C-F

IV 1.17 COMB 3.01 E-G

III 6.81 COMB, 
T,B 17.5 A-F

II 2.44 COMB 17.50 B-E

The cumulative geological coal reserve as reported in the 
Geological Report is 83 MT from all the five major coal 
seams with their grade varying from A-G. However, the 
grades ranging from grade C-G has majority contribution 
to the total proved reserve in the Saraipali coal block. The 
depth range of the potential seams vary from 13m to 290m, 
however the two coal seams VI (including VIT, VIM and 
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VIB) and V have been feasible for the OC mining as per 
the Project Report (CMPDI,1993).

Fig. 1. Location of GPR profiles Saraipali OC mine in Korba 
coalfield, Chhattisgarh 

GROUND PENETRATING RADAR-WORKING 
PRINCIPLE

A. Working Principle - Ground Penetrating Radar (GPR) 
is a portable equipment which is used for imaging near 
surface ambiguities for multipurpose including industrial, 
mining, civil construction, aquifer mapping etc. More 
specifically, this tool has been observed to deliver 
effective results in delineating shallow aquifer, detection 
of voids/sinkholes, evaluation of structure around 
tunnels, assessment of a foundation prior to construction, 
assessment of road pavement, reduction of cavities beneath 
road surface and numerous other similar project projects 
across the world (Sevil, et. al., 2017; Wimsatt, et., al., 
2014; Balasubramaniam, 2010; Pupatenko, et. al., 2017).   
The electrical conductivity of the ground, the transmitted 
center frequency, and the radiated power all may limit 
the effective depth range of GPR investigation. Increases 
in electrical conductivity attenuate the introduced 
electromagnetic wave, and thus the penetration depth 
decreases. Because of frequency-dependent attenuation 
mechanisms, higher frequencies do not penetrate as far 
as lower frequencies. However, higher frequencies may 
provide improved resolution. Thus operating frequency is 
always a trade-off between resolution and penetration. The 
reflection from a sequence of events can be interpreted 
using the variation in the amplitude and the polarity 
variation in the signal. These two factors are governed by 
the equation (1):

ρ=A/A0=( √€1- √€2)/ (√€1+√€2),…….(1) 

where 
ρ	reflection	coefficient	at	the	boundary

A0 amplitude of the incident energy
€1 relative dielectric constant of the medium 1
€2 relative dielectric constant of the medium 2
B. Configuration of frequencies/antennaes used in the 
study - A number of configurations with the antennas may be 
designed to achieve a sequence of frequency combinations 
for optimizing the depth of investigation and resolution of 
a study (Karthikeyan et. al., 2018). These configurations 
of the antennae may be further classified as mono-static, 
bi-static and multi-static architectures depending upon the 
arrangement of the transmitter-receiver duo (Karthikeyan 
et. al., 2018). In this current study, combination of mono-
static and bi-static transmitter-receiver combination to 
understand the and visualize in 3D, the behavior of the 
underlying strata comprising the overburden dump of the 
Sariapali OC mine. For mono-stack configuration, the 
transmitter signal would be routed to the surface and the 
received signal (after propagation through the subsurface 
and reflected would be captured by the same antennae 
but routed by a circulator to the receiver. The anomaly is 
observed when there is a contrast in the permittivity of 
the strata beneath the scanned area (Karim et. al., 2013). 
350 MHz frequency signal has been used for mapping the 
subsurface high resolution anomaly in the OB dump upto 
a depth below 10m.

Fig. 2 (a) Top: Antennae design of a Bi-stack Combination; 2 
(b) Bot: Antennae design of a Mono-stack Combination. 

(Karim et. al., 2013)

The bi-stack configuration involves two different 
transmitter and receiver antennae at two sites with a 
relative spacing between the dual which depends on the 
depth of investigation  shown in Figure 2(b) (Karim et. 
al., 2013). In this study, the 20 MHz signal was utilised to 
investigate the behaviour of the deeper strata (upto 35m). 
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The details of the configurations used in the survey is 
shown Table 2.

TABLE II. DETAILS OF GPR SECTIONS in saraipali oc 
mine  

Profile 
Name

Length 
in (m)

Orientation 
Strike 

Location Frequencies 
(in MHz)

Max. Est.  
Depth (m)

P1 66 NE-SW Top of OB 
Dump 

350 MHz; 20 
MHz

8m; 40m

P2 60 NW-SE Top of OB 
Dump 

350 MHz; 20 
MHz

8m; 40m

P3 173.5 NW-SE Top of OB 
Dump 

350 MHz; 20 
MHz

8m; 40m

DATA INTERPRETATION AND MODELLING

As discussed in the earlier section, a set of bi-frequency 
(shown in Table 2) were utilised to scan the area of 
investigation on the OB dump in Saraipali OC mine 
to achieve optimum results for mapping even minor 
ambiguity in the underneath strata along with mapping the 
deeper events upto 35m beneath the dump. 

A. High Frequency 350 MHz data sections-Layers 
identification - The high frequency 350 MHz dual 
transmitter receiver was used to acquire 3 sections over 
P1, P2 and P3 with maximum recorded depth upto 8-10m. 
As already discussed, the major objective was to locate 
any near surface finer discontinuity and also to measure 
the irregularities of the  layers interpreted with the help 
of certain prior information acquired from the survey 
location. Four numbers of layers namely were interpreted 
and named as Layer1, 2, 3 and 4 in a sequence from top 
to bottom using the semblance in the processed sections 
individually and then correlating the interpreted events 
across the three profiles P1, P2 and P3. The layers L1- L4 
are believed to be represent the near surface strata beneath 
the OB dump so that any ambiguity or discontinuity of 
minor scale including voids, fractures or depression due 
to multiple reasons may be monitored. The high frequency 
data was found to be beneficial for interpreting the minor 
deflections in the near surface Layer 1, however no such 
discontinuity of significant dimension could be found 
from the data. The correlation of the layers along with the 
statistical analysis of the variation has been discussed in 
the following section. The sections consisted of data with 350 
MHz combo-duo, where the top most layer (light green ) is the 
surface whereas the successive layers are the low compact Layer 
1 (red), medium compact Layer 2 (blue) and high compact strata 
Layer 3 and Layer 4 (dark green and pink).

Figure 3: 3D stratified plot demonstrating the behavior of the 
strata in the area of survey on the OB dump.

B. High Frequency 350 MHz data sections-Layerwise 
correlation, Statistical Analysis and 3D grid modeling - 
All the 4 layers namely from layers L1- L4 in the high 
frequency three numbers of processed data sections. In 
this part of the study, it is being attempted to correlate 
the interpreted events individually over each of the profile 
sections. These reflecting events have been then gridded 
to generate grids using ‘cubic interpolation method’ each 
of which corresponded to the four above referred layers 
using MATLAB (Tercan et al., 2013; Ghosh et. al., 2021). 
Each of the grids generated using the inhouse script 
developed at CMPDI RI-V replicates the behaviour of the 
stratified layers which 

TABLE III. LAYERWISE PROPERTIES OVER 
SHALLOW DEPTH SECTIONS.

Layers
No of 
inter-
sections*

Average 
depth (m)

Average Layer 
Standard 
Deviation

Layer 
Rank

L1 3 1.8 0.12465 4

L2 3 3.2 0.11241 3

L3 3 5.0 0.10457 1

L4 3 6.6 0.10462 2

A basic statistical analysis regarding the behaviour of each 
of the Layer  L1 to L4 has been shown in Table III. The 
objective of this section is to evaluate and understand the 
degree of deflections of each layer from their respective 
mean surfaces using the basic equation (2) for estimating 
the standard deviation: 

													ρ=√⅀(xi-x)2/n    …………..(2)

Each of the layers from L1 to L4 in the high frequency 
sections with limited depth range were ranked from 1 to 
4 where 1 signifying the highest continuity layer and 4 is 
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the least continuity layer. The results typically signifies 
L3 and L4 with the highest consistency whereas that of 
L1 with the least consistency. The grids generated using 
MATLAB is shown in Figure 3 where all the four layers 
from L1 to L4 along with top surface on the OB dump 
interpreted from the high frequency processed sections 
has been displayed for a better visualization of the strata.

C. Low Frequency 20 MHz data sections-Analysis - The 
low frequency 20 MHz data was acquired to increase the 
depth of investigation of the survey upto 35m from the top 
of the dump whose column thickness varies from 30m to 
35m shown in Figure 4. The objective of acquiring the 
data in this specification is to map any major fracture 
or void generated from penetration and accumulation of 
water or due to vibration generated by the mine blasting 
in the adjacent Saraipali OC mine. Although, no major 
discontinuity like fracture or void were observed in the 
sections, but a couple of major events were interpreted 
from the sections acquired over the profiles P1 and P3 on 
the OB dump.

Figure 4: 20 MHz processed sections acquired over profiles P1 
and P3 for identification of the deeper events in the OB dump 

of Saraipali OC mine. 

After successfully modeling the near surface strata with 
the processed 350 MHz high frequency data sections, the 
next stage of the study is to find the behaviour of the of the 
deeper strata inside the dump along with the presence of 
any major discontinuity (like voids or fractures) at beyond 
the depth range of the 350 High frequency sections. The 
x-axes in the sections show the longitudinal stretches 
along the lines P1 and P3 where the events are being 
tried to identified and attempts to correlate the events on 
the section with the physical features beneath the dump 
with the help of certain prior information. The amplitude 
of the reflections at the lower depths in the sections are 
typically found to be higher in comparison to the deeper 
reflections.  The maximum depth of investigation in this 
frequency scan is 35m from the surface of the OB dump. 
The reflections from the shallow depth of these sections 

upto 10m seems to be noisy and debar of any physical 
significance with the prima facie. However, the deeper 
reflections in both the profiles were interpreted to exhibit 
some physical events in the dump. A series of contrast 
difference in the reflected signals were correlated to 
signify an impedance at around 20m depth termed as A-A’ 
in Figure 4. Another significant contrast in the amplitude 
is observed at the higher depths towards the bottom end 
of the section below 31m depth and is correlated and 
marked as B-B’. In addition, the prior information from 
the mine plan indicate the existing height of the dump 
from the surface to be around 30m to 35m. The event thus 
interpreted as B-B’ in both the sections may indicate the 
contrast among the bottom section of the dump with the 
compact soil cover over which the OB dump has been 
piled. These two scans of the lower frequency has made 
the observations capable of scanning the entire strata of 
the dump where no such major void/ discontinuity could 
be observed from the data, however the height of the OB 
dump could definitely be re-affirmed by these sections. 

CONCLUSIONS & RECOMENDATIONS
The entire study as already mentioned is a part of the 
slope stability analysis where GPR scan was used as a tool 
to analyze, visualize and grid the near surface features 
underneath the OB dump of the Saraipali OC mine of 
Korba area under South Eastern Coalfields Limited 
as a pilot project. The following observations could be 
interpreted with this study:

 GPR can be utilized to scan and identify near surface 
features in and around a mine area to enhance the 
information related to the safety hazards.

 The antennae and frequency combinations used in 
the study were 350 MHz and 20 MHZ to optimize 
the investigations focused on the shallow depth 
minor anomalies to relatively higher depth events. 

 The high frequency 350 MHZ sections over P1 to 
P3 assisted to infer four layers L1 to L4 and the 
statistical analysis of each of the layer concluded L1 
to be the least continuous and L3 to be the highest 
continuous strata within the range of 10m.

 Each of the identified events was correlated and 
converted to individual grids with the help of the 
mathematical tool MATLAB.

 The low frequency scan sections of 20MHz over P1 
and P3 were processed with few noisy events towards 
the top of the section. However, clear anomaly were 
inferred as two layers A-A’ and B-B’ where the later 
could be due to the bottom contact of the dump with 
the top soil cover.

 GPR results may be used as a tool in every slope 
stability study in OC mine across the country for 
drawing additional inference regarding the near 
surface features in the OB dump and mine bench 
areas. 
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Abstract: Minerals are buried deep into the Earth beneath 
one or more layers of rocks. Drilling & blasting is an essential 
operation for fragmenting these hard rock layers as well as 
coal seam, such that it can be excavated easily and separately. 
A fair proportion of direct production cost is consumed 
in drilling & blasting operations. Therefore, continuous 
monitoring and optimization of blast performance is one of 
the high priority jobs to be done by the mine operators. It has 
been realized that there is a tendency among people to judge 
the blast performance on the basis of minimum cost consumed 
in fragmenting the rock. However, selecting a blast design only 
basis of lowest cost consumption may result negative impact 
to the overall mining system.  Blast performance is a measure 
of utilizing the explosive energy for breaking the rock in 
desired fragment size. An improper blast design may lead to 
wastage of energy and may results in unwanted occurrences 
like generation of flyrock, blast induced ground vibrations, 
air overpressure etc. Consequences of improper blast design 
has become a concern for mining industries. Researchers 
throughout the world, proposed numerous techniques for 
monitoring and controlling the adverse effects of blasting on 
environment. This study is a review, which presents all the 
popular techniques and instrumentations used for monitoring 
of blast performance in any opencast coal mine.

Keywords: Explosive energy Utilization; Blast-induced ground 
vibration; Fragmentation

INTRODUCTION

Drilling and blasting are the major unit operations in 
opencast mining. Despite the best efforts to introduce 
mechanisation in the opencast mines, blasting continues 
to dominate the production. Explosives contribute 
currently about 5% of the direct cost of production, and 
if the aggregate cost of drilling and blasting is taken 
together, this may go as high as 30% of the direct cost of 
production. Therefore, to cut down the cost of production 
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optimal fragmentation from properly designed blasting 
pattern has to be achieved. Blasting is an essential 
operation; it has its impact on the total operating cost 
of mine. The evaluation of blast performance varies site 
by site as per the geology of the site, machinery used, 
type of material getting mined, size of crusher (in case 
of metal mine) and upon overall mine to mill operations. 
Other than required fragmentation blasting has many 
other environmental impacts which also contributes to the 
evaluation of blast performance. The prime objective of 
blasting is to fragment the in-situ rock mass for its smooth 
and economic excavations. The other undesired results 
of blasting such as ground vibration, air overpressure, 
flyrock, back break, generation of nitrous fumes etc. 
are the factors which create a negative perception of the 
nearby habitats towards mining activity (Raina, Haldar, 
et al. 2004). Many communities (all over the world) that 
are	close	to	mines	complain	about	vibrations	and	air	blast	
as	a	consequence	of	mine	blasting	activity	 (Haldar	et	 al.	
2004).	 It	 is	 important	 for	 the	 mining	 industry	 to	 have	
understandable	 methodologies	 and	 tools	 to	 predict	 and	
model	blast	vibration,	air	overpressure,	flyrock	and	other	
blasting	 results.	 For	 decades	 the	 mining	 industry	 has	
worked to increase efficiency in blasting applications, 
commonly through costly and time-consuming methods. 
As computer modelling technology has advanced, some 
guesswork has been removed from the trial and error 
fieldwork and is instead completed in the office by 
varying blast design parameters in a computer model until 
the results resemble what is considered acceptable blast 
performance. This approach is often less expensive and less 
time consuming, but the results must still be validated and 
refined in the field. To truly begin to optimize blast design, 
the use of explosive energy must be understood. Explosive 
energy is transferred into five primary components 
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(Figure 1) during blasting: fragmentation, heave, air blast, 
ground vibration, and heat(Sanchidrián et al. 2010). A 
blasting engineer goal is to maximize explosive energy 
utilization in fragmentation and rock movement (heave) 
and minimize energy loss to air blast, ground vibration, 
and heat. Optimizing explosive energy use will result in 
better performing blasts (i.e. increased fragmentation and 
acceptable air blast and ground vibrations), in addition 
to cost reduction and increased profits. Sanchidrian et 
al. 2007 (Sanchidrian et al. 2007) conducted extensive 
work in an attempt to quantify the energy components in 
rock blasting (Agrawal and Mishra 2018a). In doing so, 
a number of useful equations were identified. The first 
equation, and likely the most important, is the energy 
balance equation expressed as:

  Equation (1)

Where,

𝐸𝐸 is the total explosive energy, 
𝐸𝐹 is the fragmentation energy, 
𝐸𝑆 is the seismic energy,
𝐸𝐾 is the kinetic energy and 
𝐸𝑁𝑀 is energy forms not measured such as air blast and 
heat.
Performance of explosive energy is rated in a number of 
ways, obtained either from theoretical calculations or from 
experimental tests. However, it is difficult to determine 
the amount of the explosive energy 
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Figure 1: Dissipation of Explosive energy during rock blasting.

Transferred to the rock and converted into efficient 
work in the application of rock blasting. To find out the 
actual distribution of explosive energy is a complicated 
phenomenon and a subject of research. Researchers earlier 
have tried and conducted different experiments to measure 
the energy values and also expressed the percentage value 
of explosive energy dissipated in different forms during 
blasting. In work conducted by Sanchidrian et al. (2007) 

(Sanchidrian et al. 2007), the measured energy values 
varied significantly. All energy values were expressed 
as a percentage of the total estimated explosive energy. 
Fracture energy accounted for 3-7%, seismic energy 1-4%, 
and kinetic energy 5-16%. From this, it was determined 
that only 8% to 26% of the explosive energy be measured. 
It was hypothesized that 30% of the explosive energy 
was lost to gasses venting to the atmosphere with the 
remaining 40-60% being transferred to rock deformation 
and heat transfer. Ouchterlony et al. (2003) (Ouchterlony 
et al. 1993) determined that 60-70% of the total explosive 
energy is transferred to the rock mass, with the remaining 
percentages transferred to the atmosphere and not 
performing useful work. They found that seismic energy 
varied from 3-12% and kinetic energy varied from 3-16%. 
Hamdi (2008) (Hamdi et al. 2008) states that 11% of the 
energy is transmitted to the formation of microcracks 
and 6% is transmitted to formation of micro-cracks. The 
proper utilization of explosive energy is the main aim of 
every blast engineer. The blast performance hence can be 
evaluated regarding following factors:
1. Fragmentation
2. Blast-induced Ground vibration
3. Air over-pressure
4. Flyrock
5. Generation of noxious fumes

All these factors affecting the blast performance are 
explained in detail by their methods of prediction, control 
and permissible limits (If any).

FRAGMENTATION

Good fragmentation is a subjective matter and is dependent 
on the end use of the extracted rockmass. The required 
degree of fragmentation also depends upon the type and 
size of the equipment, which is used for the subsequent 
handling and hauling of the fragments. Large machines 
generally allow handling and hauling of large fragments. 
Whereas, larger machines does not meant to handle larger 
fragments but for handling larger volume of materials. 
The good fragmented rock is that which needs no further 
treatment after blast and the desired size can be different 
if the blasted rock is to be transported to the dump area 
than if it has to be sent to the crusher. McKenzie (1966) 
(MacKenzie 1966) found, that the efficiency of all the 
subsystems is dependent on the fragmentation. The mine 
to mill economic analysis concept is a very practical 
approach to understand the effect of fragmentation in 
the mining process of minerals. The optimum/ ideal 
fragmentation can be obtained depending on overall 
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mining operations starting from geology, drilling and 
blasting to milling process of minerals until there final 
dispatch/sell.  Nielsen (1983) (Nielsen 1983) determined 
the optimum actual specific charge (kg/m3) considering 
the influence on different subsystems of mining in an iron 
ore mine of Norway. There are several models developed 
for evaluation of energy utilized in fracturing. The oldest 
theory of Rittinger (1867)(Nielsen 1983) states that energy 
consumed in size reduction is proportional to the reduction 
in particle size. Hence, as per equation (2).

    Equation (2)

Where, 

 W = Energy input of size reduction
 D1 = Initial particle size
 D2 = Final Particle size
 KR = Rittinger’s constant

Kick (1885) (Kick 2012), on the other hand, concludes 
that breaking energy is related to the total strain energy 
required by the particles to bring them to the point of 
failure and, hence, is a function of volume. Bond (1952)
(Bond 1952) indicates in his “Third law” that the particle 
must first be strained to the breaking point (volume 
dependent) and then new surface area is created during the 
failure (area dependent). Oka and Majima (1969)(Oka and 
Majima 1969) showed that all these laws of Rittinger, Bond 
and Kick can be best described in the below equation (3).

    Equation (3)

Where,

F=feed parameter; P=Product diameter K1=constant; 
B=infinite (Kick’s law)

    =6 (Rittinger’s law)
    =12(Bond’s law)

Farmer et al. (1991) relate the difference in the pre and 
post blast specific surface area, which is surface area per 
unit volume of rock, as a measure of explosive energy 
utilization.(Chakraborty et al. 2004a) It is evident from the 
above literature that greater the explosive energy utilised 
in blasting finer will be the product. However, the product 
size depends not only on the explosive energy input but 
also the initial size of the rock to be fragmented. In widely 
jointed rocks, the average block size is more and hence, 
more explosive energy must be utilised to obtain the 
desired product size. Whereas, in thinly bedded rocks, the 

explosive energy requirement would be less if the similar 
size of the product is to be obtained. In openly jointed 
rock mass, the rock fragments get liberated from the rock 
mass instead of being fragmented. It is evident that the 
stress wave is responsible for such liberation and the gas 
pressure can be poorly utilised to extend the fractures 
created by the stress wave(Chakraborty et al. 2004b). 
Large	fragments	adversely	affect	the	loading	and	hauling	
equipment and increase the frequency of sorting of oversize 
boulders	 and	 secondary	 blasting,	 thereby	 increasing	 the	
cost	 of	mining	 (Figure	 2).	 Fines	 are	 also	 undesirable	 as	
indicates excessive explosive consumption. It is therefore 
desirable	to	have	a	uniform	fragment	distribution,	avoiding	
both	fines	and	oversized	 fragments	 to	 the	overall	 cost	of	
mining to the optimum level.

Figure 2: Fragmentation after Bench Blast and its loading 
using rope shovel.
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A. Mine to mill cost analysis - The fragmentation of rock 
mass achieved from drilling and blasting operations has 
its subsequent impact on further mining operations. The 
size of machinery used for excavation and hauling of 
ore is has a significant economic effect on productivity 
and hence on overall mining costs and. The ore when 
economically transported to mill for further reduction 
in size and grading should fragmented as per the crusher 
size and capacity. Oversized fragments of ore will 
require higher amount of crushing energy and again will 
have a significant impact on productivity and economy. 
Therefore, to achieve the ideal/ optimum fragmentation 
with drilling and blasting operations the overall mine to 
mill cost analysis is required to be conducted according to 
conditions of a particular mine. Hence, it can be said that 
the optimum/ ideal fragmentation is a function of Drilling 
and blasting cost, Cycle time of excavator, Transportation/
haulage to the crushing point and crushing cost. Lesser is 
the mine to mill operations cost better is the fragmentation. 
The most popular model for prediction of size distribution 
from the blast design and geological conditions of mine is 
Kuz-Ram fragmentation model.

B. The kuz-ram fragmentation model - Various models 
have been put forward over the years, attempting to 
predict the size distribution resulting from particular blast 
designs. The approaches fall into two broad camps.

•	 Empirical	 modelling,	 which	 infers	 finer	
fragmentation from higher energy input, and

•	 Mechanistic	modelling,	which	considers	the	physics	
of detonation and the process of energy transfer in 
well-defined rock for specific blast layouts, deriving 
the whole range of blasting results.

The mechanistic approach can illustrate the effect of 
individual mechanisms in a better way than empirical 
models. Due to limited scale, difficulty in collecting 
adequate about detonation, it becomes difficult to apply 
it frequently. It requires greater or lesser degrees of 
empiricism, so is not necessarily more accurate. For all 
practical purposes, the empirical models are the ones used 
for daily blast design, and the present author published a 
scheme as the Kuz–Ram model in the 1980s (Cunningham 
1983 &1987) (Cunningham 1983) . The adapted Kuznetsova 
equation can be expressed as Equation (4): 

  Equation (4)

Where,
Xm = mean particle size, cm;
A = rock factor [it varies between 0.8 and 22, depending 
on hardness and structure – this is a critical parameter];
K = powder factor, kg explosive per cubic meter of rock;
Q = mass of explosive in the hole, kg;

RWS = weight strength relative to ANFO,

The adapted Rosin–Rammler Equation (5)
   Equation (5)

Where,
Rx= mass fraction retained on-screen opening x;
n = uniformity index, usually between 0.7 and 2
There is a certain assumption in these empirical models 
which again is possible for a model to be seriously wrong in 
its estimation of blasting fragmentation. Although digital 
image processing using different software and hardware is 
the latest fragmentation tool available giving a reasonably 
good prediction of fragmentation due to blasting.

C. Image analysis technique - Image analysis technique 
has replaced the conventional methods like visual 
analysis, photographic, photogrammetry, and boulder 
count and sieve analysis technique. The conventional 
methods possess inherent problems. Digital image 
processing method comprises of image capturing of muck 
pile, scaling and image, filtering the image, segmentation 
of image, binary image manipulation, measurement and 
stereo metric interpretation. The method is quick and very 
accurate. Research works have been carried out all over 
the world in developing image analysis systems. Several 
countries have developed their image analysis systems. 
Some of these systems are:

•	 IPACS
•	 TUCIPS
•	 FRAGSCAN
•	 CIAS
•	 GoldSize
•	 WipFrag
•	 SPLIT
•	 Power	Sieve
•	 Fragalyst
All these software uses blast muck pile images as the input 
(direct or indirectly) for computation of mean fragment 
size. Although all the systems claim that they are suitable 
for rock fragmentation analysis. The use of each software 
has some limitations and results do varies but they are 
helpful in fragmentation analysis if any one of them is 
used. It is suggested to use only one software throughout 
the study so that results obtained are on same scale. Liu 
and Tran (1996) revealed that the results of fragmentation 
determined by three different image analysis systems 
were not the same. Hence in general practice, Franklin et 
al.	(1995)(Franklin	et	al.	1996)	advised	at	least	five	to	ten	
shots of a rock pile or truckloads or dump yards should be 
taken	to	merge	them	as	a	single	data	sample.	Also	suggested	
to	take	around	10-15	images	analysis	of	same	blasted	muck	
pile and average them to reduce the errors. Fragmentation 
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of rock represents one of the key problems in maximizing 
economic efficiency for exploitation of mineral deposits. 

BLAST INDUCED GROUND VIBRATION

The movement of any particle in the ground can be 
described in three ways; displacement, velocity and 
acceleration. Velocity transducers (geophones) produce 
a voltage which is proportional the velocity of movement 
and can be easily measured and recorded. They are robust 
and relatively inexpensive and so are most frequently used 
for monitoring. It has been shown in many studies, most 
notably by USBM that it is velocity which is most closely 
related to the onset of damage, and so it is velocity which 
is almost always measured. If necessary, the velocity 
recording can be converted to obtain displacement or 
acceleration. Each trace has a point where the velocity is a 
maximum (+ve or -ve) and this is known as the Peak Particle 
Velocity (or PPV) which has units of mm/s. Geophones are 
only able to respond to vibration in one dimension and 
so to capture the complete signal it is necessary to have 
three geophones arranged orthogonally (at right angles). 
One will always be vertical and the other two will be 
horizontal, but the horizontal geophones can either be 
aligned with the cardinal points of the compass, or they 
can be arranged concerning the blast position. In the latter 
case, one geophone would be set along the line from blast 
to monitor (this is known as the longitudinal or radial) 
so that the other would be perpendicular to this line (this 
is known as the transverse)(Agrawal and Mishra 2019).  
Blast induced ground vibrations is a complex phenomenon 
controlled by many variables. Mining blast vibration 
prediction and modeling are becoming more important as 
a consequence of the generally negative perception of the 
nearby habitats towards mining activity(Raina, Baheti, et 
al. 2004). Many communities (all over the world) that are 
close to mines complain about vibrations and air blast as 
a consequence of mine blasting activity(Raina, Haldar, et 
al. 2004). It is important for the mining industry to have 
understandable methodologies and tools to predict and 
model blast vibration.

A. Parameters influencing the blast induced ground 
vibration - The parameters influencing the blast induced 
ground vibration amplitude as well as frequency are 
divided in two groups as follows:

 I. Non-controllable parameters
 II. Controllable parameters

The Non-controllable parameters are those, over which 
the blasting engineer does not have any control such as 
the local geology, rock characteristic and distances of 

the structure from blast site. However, the control on 
the ground vibrations can be established with the help 
of controllable parameters. Some of the controllable 
parameters are: 

1. Charge weight
2. Delay interval
3. Type of explosive/ Initiation system(Agrawal and 

Mishra 2018b; Mishra et al. 2019)
4. Direction of blast progression
5. Coupling
6. Confinement
7. Spatial distribution of charges
8. Burden, spacing and specification and specific 

charge
9. Distance of monitoring point of interest.

B. Monitoring and assesment of ground vibration - 
Seismographs are used to monitor the blast induced 
ground vibration level due to blasting in mines. Blasting 
seismograph consist of a transducer (generally a geophone) 
connected to a processor to collect and analyze the 
signals. The tri-axial geophone contains three mutually 
perpendicular transducers, each consisting of a spring-
loaded moving mass system located within a moving 
coil. The system moves in a magnetic field created by a 
permanent magnet, when the ground vibration caused 
the coil to move within the magnetic field an electric 
current signal is induced with a magnitude proportional 
to the velocity of the coil. Some of the commonly used 
equipment’s for measuring ground vibration due to 
blasting are as follows: 

•	 Micro-	Innovations:		PVM	A6/Sinco	ETNA	8.
•	 Blastronics:	µ	MX,	
•	 Instanel:	 Blastmate	 DS	 677,	 Minimate	 Pro6,	

Minimate Pro4 , Minimate Plus,Minimate Blaster, 
Blastmate III , Micromate.(Figure 3)

•	 Datamaster:	-	Dynamaster	Blast	Monitoring
•	 System,Terrock:	 Vibpak/CJ4/VIB	 Vibration	

Monitoring System.



International Conference on Opencast Mining Technology & Sustainability

227

Figure 3: Blast induced ground vibration and air over-
pressure monitoring during blast using Minimate plus (Left) 

and Micromate (Right) of Instantel Inc. Canada.

There are several approaches to assess and model blasting 
induced ground vibration levels. They range from the 
scaled distance regression methodology to elaborate 
and sophisticated numerical models(H. Agrawal 2018) 
(Chitranjan Prasad Singh et al. 2021). The scaled distance 
regression methodology uses a power law relationship 
between the peak particle velocity (PPV) and scaled 
distance (SD) to the specific point of interest (Duvall and 
Fogelson 1962) (Nicholls et al. 1971). These regression 
methodologies demand statistical estimations of the main 
parameters involved in the problem, so they are reliable 
after availability of a good practical database of blast 
events and its induced vibrations (Yan et al. 2013). 

Scaled distance regression analysis - The most acceptable 
concept of vibration prediction is of Scaled Distance given 
by USBM (Duvall and Fogelson 1962). The scaled distance 
is a concept put forward by using the amount of explosive 
energy in shock and seismic waves, and the effects on the 
basis of distance(David E Siskind et al. 1994) (D E Siskind 
et al. 1981). The scaled distance is derived by combining 
the distance between source and measurement points, and 
the maximum charge per delay(C.P. Singh et al. 2019). 
This scaled distance is defined by equation (6) below:

    Equation (6)

Where SD is the scaled distance (m/kg1/2), D is the 
absolute distance between the shot and the station (m), and 
Wd is the maximum explosive charge per delay (kg). The 
peak level of ground motion at any given point is inversely 
proportional to the square of the distance from the shot 
point [16].  The peak particle velocity (PPV) is given by 
the following equation:

  

Where K and n are site/ geological constant factors. The 
site factors are determined from a logarithmic plot of 
peak particle velocity (PPV) versus scaled distance (SD). 
The straight-line (Giraudi et al. 2013) best representing 
the data has a negative slope n and an intercept K.(D E 
Siskind et al. 1981) The seismic wave analysis techniques 
using signal and system theories have nowadays been 
used frequently in the evaluation of blast-induced ground 
vibration(Agrawal and Mishra 2018a). Signature hole 
analysis (SHA) is one of the technique based on the use 
of seismic analysis, waveform interpretations based 
on signal and systems theories have become popular in 
mining applications.

Signature hole analysis (sha) - This technique is based on 
signals and system theories. Using SHA, it is possible to 
model the complete waveform of a mining production blast 
for a critical site where vibration monitoring or control is 
needed. In SHA, one seismic signal (Signature waveform) 
from one blast hole (Signature hole) is recorded in the site 
under study and using signal and systems procedures that 
involve mathematical convolution of signals, the signature 
waveform can be superimposed to model the complete 
vibration waveform for the production blast. One of the 
outputs of this technique is the initiation timing between 
charges to reach given vibrations levels (usually the 
minimum vibration level for a production blast). Due to that 
reason, waveform superimposition technique is becoming 
increasingly popular with the use of electronic detonators 
since their use provides better control over the initiation 
timing(Chitranjan Prasad Singh et al. 2020, 2021) It is well 
known	that	in	a	blast	event,	the	vibration	structure	response	
is a function of the amplitude and frequency content of the 
ground	vibration	signal	reaching	the	structure	(USBM	and	
Siskind 1980). It was in the 1980s when wave interference 
concept began to be introduced (D. A. Anderson et al. 1985) 
(Crenwelge	and	Peterson	1986)	to	control	blast	vibrations.	
Past	researchers	such	as	(Chiappetta	et	al.	1986),	(Hinzen	
et al. 1987),(Yuill et al. 2002), (Spathis 2006), (Lusk et al. 
2006),(Christopherson	et	al.	2008),(Aldas	and	Ecevitoglu	
2008),	(D.	Anderson	and	Brinckerhoff	2008),	(Yang	et	al.	
2009), (P. K. Singh et al. 2005), (Silva et al. 2016),(Scovira 
2011)	(McKenzie	2013)	etc.	had	shown	the	benefits	of	the	
use of wave interference to reduce the ground vibration 
levels	 in	 a	 blast	 event.	 An	 example	 of	 signature	 hole	
simulation	 report	 using	Advance	 BlastwareTM Module is 
shown in Figure 4.
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Figure 4: An Event report of Signature hole simulation

C. Permissible limits of blast induced ground vibration 
in india - As per Directorate general of mines safety 
(DGMS), Dhanbad circular no 7 of 1997. Depending upon 
the type of structures and dominant excitation frequency, 
the Peak particle velocity (PPV) on the ground adjacent 
to structure shall not exceed the values given in Table 1 
below:

Table 1: Limits of PPV as per dominant excitation 
frequency as per DGMS, Dhanbad.

Type of Structure
Dominant excitation frequency

<8 Hz 8- 25 
Hz >25 Hz

(A) Building Structure not belonging to owner
Domestic	house/structure 5 10 15

Industrial	structure/
Building 10 20 25

Objects	of	historical	
importance 2 5 10

(B) Building Structure belonging to owner
Domestic House/ 

Structure 10 15 25

Industrial structure/
Buildings 15 25 50

AIR OVERPRESSURE

Air blast or air overpressure (AOP) is the pressure wave that 
is emanating in the air from the detonation of explosives. 
These are formed either by the direct action of the explosion 
products from an unconfined explosive in the air or by 
the indirect action of a confining material subjected to 
blast loading(Bhandari 1997). When an explosive charge 
detonates in air, a rapidly expanding gaseous reaction 
generates, compressing the nearby air and shifting it 
outwards through an elevated pace, primarily equivalent 
to the detonation velocity. The resulting shock wave has an 
abrupt shock front, followed by a lesser amount of pressure. 
The nearby air offers very little resistance to the spreading 
out of the reaction products, which therefore spread out 
to pressure lesser than the ambient atmospheric pressure. 
Propagation of air blast waves is preferably reported as a 
function of distance, standardized by means of the cube 
root of the charge mass (Persson et al. 1993)(Khandelwal 
and Singh 2005). Many researchers have done work on air 
overpressure and proposed a generalized equation (7) for 
the prediction of AOP.

) 1/3]-b   Equation (7)

Where, 
AOP = Air overpressure, 
D = Distance between blast face to monitoring point (m)
Qmax = Maximum charge per delay (kg)
‘a’ & ‘b’ = Site specific constants,
D / (Qmax) 

1/3 = Scaled distance (m/kg1/3).

Site constants can be obtained by plotting the graph 
between AOP and scaled distance on a log – log scale. 
This plot will give the linear relation between these two 
parameters. In a linear equation, antilog of the constant 
will give the value of site constant ‘a’ and the slope of the 
line will be equal to site constant ‘b’. The value of site 
constants is depending on the geo- mining conditions 
of the mine, so they cannot be used for other mines for 
prediction of AOP(Khandelwal and Singh 2005). Till now, 
no other appropriate method is available for the prediction 
of AOP, prior to blasting. AOP can be changed into dB by 
the help of the following formula in Equation (8): 

    Equation (8)
where, 
SPL = Sound pressure level in dB
P = Measured AOP in Pa 
Pr = Reference AOP = 2 * 10-5 Pa

Reference AOP is the lowest sound perceptible to ear and it 
stands for zero dB. AOP waves have a very broad array of 



International Conference on Opencast Mining Technology & Sustainability

229

frequencies but the human being can perceive sound only 
at higher frequency (20 – 20,000 Hz) pressure waves and 
it is called generally noise. The lower frequency portion 
(<20 Hz) is not audible (called concussion) but it can 
agitate structures.Out of these factors 1 to 4 parameters are 
controllable	and	can	be	changes	with	blast	design	whereas	
the 5 and 6 parameters are uncontrollable. Blast geometry is 
one of the most crucial parameter affecting AOP. If burden 
is less than the optimum burden, then explosive energy 
will not be utilized in the fragmentation and displacement 
of rock mass and the energy will disperse in atmosphere 
and it will produce a high-pressure wave in atmosphere 
with noise. If stemming is not carried out appropriately, 
then explosive gases will vent out in the atmosphere and 
produce AOP and noise.(Konya et al. 1981) in their studies 
found that AOP can be controlled by the type and length 
of stemming materials. Their consequences indicate that 
a stemming particle size of about one fourth of the blast 
hole diameter gives the best confinement. Other blast 
geometry parameters like spacing, sub-drilling, hole 
length and hole diameter also influence AOP. Quantity 
of explosive used per delay in a blasting round is also an 
important factor in AOP. If the quantity of explosive used 
per delay in a blasting round is high, it will create high 
AOP as compared to a low amount of explosive. If the 
monitoring point is far away from the blasting site, then 
due to energy dissipation, AOP effect will be diminished 
but if monitoring point is closer to blasting site, it can 
generate a lot of noise (Khandelwal and Singh 2005). 
Geological discontinuities play a very vital role in AOP. If 
there is any geological discontinuity in the blast face, then 
due to this discontinuity, explosive gases will escape from 
the blast hole, and it can make a high magnitude of noise 
and AOP. (Wiss 1978) carried out a study and revealed that 
the type of firing pattern furthermore changes the AOP. 
Investigational work performed by them proved that AOP 
was at least 6 dB higher when the monitoring point was 
upright to the firing pattern rather than corresponding 
to blast face, due to blast fortification(Khandelwal and 
Singh 2005). If the direction of initiation is towards the 
concerned place then the intensity of AOP may increase up 
to a certain limit. AOP is spread out in the surrounding air 
of the blasting site, so the meteorological conditions like, 
wind velocity and direction, temperature of the nearby 
area, cloud cover and moisture condition also affect the 
concentration of the AOP practiced at a distance from the 
blast site.

FLYROCK

Flyrock is considered to be the main cause of numerous 
cases of property damage and injuries in surface mining 
(Verakis and Lobb 2003) (Lundborg et al. 1975). It is an 
undesirable phenomenon of the blasting operation and 
is defined as propelling of fragments beyond a specified 
boundary which can result in human injuries, fatalities, and 

structure damages (Figure 5). Since the occurrence and 
intensity of flyrock are influenced by both the controllable 
and uncontrollable parameters(Khandelwal and Monjezi 
2013) (Langefors and Kihlström 1978). Controllable 
parameters can be changed by the blasting in charge, 
while uncontrollable parameters are natural and cannot be 
controlled and altered. The main controllable parameters 
causing flyrock are insufficient burden, improper delay 
timing, inadequate stemming, inaccurate drilling, and 
unwarranted powder factor. Whereas, poor geological and 
geotechnical conditions, especially the existence of loose 
rock in the upper part of the blast hole, are considered to 
be the uncontrollable parameters affecting flyrock (Raina, 
Chakraborty, et al. 2004) (Fletcher and D’Andrea 1986). 
It is difficult to recommend specific methods to control 
and predict the flyrock due to the involvement of various 
blast design parameters. Over the past few years, various 
artificial intelligent (AI) techniques such as hidden 
markov models, artificial neural networks and support 
vector machines have been used in various mining, civil 
and geo-engineering applications. Conventional pattern 
recognition method and artificial neural networks (ANN) 
require sufficient number of samples, which are sometimes 
difficult to obtain. Support vector machines (SVM) are 
based on structural risk minimization principle and have 
very good generalization with few data samples.

Figure 5: Flyrock generation due to blasting in a surface mine.

GENERATION OF NOXIOUS FUMES

Blasting operations produce both toxic and nontoxic 
gaseous products; the toxic being mainly carbon monoxide 
(CO) and the oxides of nitrogen (NOx). The quantity of 
toxic gases produced by an explosive is affected by 
formulation, confinement, the age of the explosive, and 
contamination of the explosive with water or drill cuttings, 
among others. Techniques to protect workers and the 
public from the potential hazards of explosive-related toxic 
fumes are discussed. These include:

•	 Minimizing	the	quantity	of	toxic	fumes	produced.
•	 Determining	where	 the	 fumes	may	 go	 so	workers	

and neighbours can be moved out of harm’s way.



Northern Coalfields Limited, Singrauli

230

•	 Preventing	the	fumes	from	moving	towards	workers	
and neighbors.

•	 Monitoring	 the	 air	 near	workers	 and	 neighbors	 so	
they can be relocated if fumes appear.

•	 Ventilating	structures	or	confined	spaces	until	CO	
falls below a hazardous concentration.

Blasters at surface mines and construction operations 
have not been as concerned about blasting fumes as their 
counterparts in underground mines, believing that fumes 
would disperse in the open air. Surface blasters, however, 
must be aware that toxic fumes have the potential to create 
hazards in their operations. Large surface mines may 
detonate up to two million pounds of blasting agent in a 
single shot. Some of the shots produce a product cloud 
colored red or orange (Figure 6) by the presence of NO2 
(Lawrence 1996)(Barnhart 2003)(Barnhart 2004). At 
present it is not known whether the orange cloud contains 
toxic levels of NO2 since there have been no published 
reports of direct measurements. However, in the interest 
of safety every blaster should assume that any blasting 
product cloud is unsafe to breathe.

Figure 6: Generation of Noxious gases due to blasting.

For surface blasting operations, the CO in the gaseous 
products released immediately after a blast is not of 
great concern since CO is much less toxic than NO2; the 
immediate danger to life or health (IDLH) for CO is 1,200 
ppm compared to 20 ppm for NO2. For CO, the danger 
lies with the gas that remains in the ground after the 
blast (Eltschlager et al. 2001). This CO will be released 
during loading operations or may migrate hundreds of 
feet through the ground and collect in confined spaces. 
The control of these noxious fumes due to blasting is very 
much required for environmental protection as well as for 
worker working in the surrounding.

APPLICATION OF NUMERICAL METHODS AND 
ARTIFICIAL INTELLIGENCE

Recently, with the development of advance artificial 

intelligence and numerical method tools, the prediction 
and optimization of blasting parameters is possible in a 
more efficient manner. Utilization of these techniques are 
very famous and in trend these days. Continuous research 
and development is carried by the researchers globally 
to optimize the blast performance using numerical 
methods. Different numerical methods like Artificial 
neural network (Khandelwal and Singh 2009) (T. N. Singh 
and Singh 2005) (Bakhshandeh Amnieh and Bahadori 
2014), Support vector machine (Khandelwal et al. 2010) 
(Verma and Singh 2013)(Rao 2012), Adaptive neuro-fuzzy 
interface system(ANFIS) (T. N. Singh et al. 2008) (Trivedi 
et al. 2014), Monte Carlo technique(Blair 2004) and many 
more such methods have been used to predict and control 
blast induced ground vibration. All these methods use 
multiple input parameters to get the most suitable relation 
between input and output parameters. More advanced 
numerical approaches are related to the analysis of block 
systems (Mortazavi and Katsabanis 2001). In such models, 
systems of simultaneous equations are formulated and 
solved minimizing the energy of the system to bring the 
system	into	equilibrium.	(Kostić	et	al.	2014),	Khandelwal	
et al. (2005) and Khandelwal and Singh (2007 and 2009) 
(Khandelwal and Singh 2007) made use of such useful 
factors as the rock type, blasting pattern, and explosive 
type (in addition to factors like the maximum weight 
of the explosive per delay and the distance between the 
measuring point and the center of the explosion block) as 
the input parameters to the ANN to determine the PPV 
and compared their results with those of similar methods 
available at the time. (Bakhshandeh Amnieh and Bahadori 
2014), studied the effects of the number of blast holes 
rows on the PPV using the ANN. Bahadori et al. (2010) 
employed GA to improve the correlation coefficient for 
empirical relations used in the prediction of the PPV 
(Sharma et al. 2021). Utilizing the GA Hybrid method, 
Soltani et al. (2012) (Bakhshandeh Amnieh and Bahadori 
2014) also predicted the allowable charge weight per delay 
in blasting operations in the construction of underground 
structures in Gotvand Olya Dam. Longjun dong et al. 
(2011) (Dong et al. 2011) has used random forest algorithm 
and support vector machine for predicting blast-induced 
ground vibration. 

CONCLUSION

The blasting factors required to be assessed for evaluation 
of blast performance are summarised in this paper. Also, 
the significant prediction and mitigation/control methods/
techniques for each factor contributing in the evaluation of 
blast performance are explained in brief. This paper will 
help the opencast mine operators to assess their blasting 
performance depending upon the different parameters as 
explained.



International Conference on Opencast Mining Technology & Sustainability

231

Abstract — Pumping efficiency has a direct impact on energy 
cost of the plant and action should be taken to improve 
pump efficiency for cost reduction.  Our technology uses 
thermodynamic principle to measure pump performance 
parameters very accurately and identify actions which, if 
taken, would improve the efficiency to maximum possible 
level. In this method, the losses are measured in terms of 
differential temperature and pump efficiency is determined. 
With this principle of measurement one can measure and 
monitor individual pump efficiency and pump’s other 
parameters like pump head, pump flow rate, input kW. 
Knowing pump efficiency accurately helps taking timely 
decision for energy savings i.e. improvement of overall station 
efficiency. With this technology, we have measured pump 
efficiency of more than 10,000 pumps across the globe. The 
customer has used the pump monitoring system data to take 
action to improve pump health, reliability and save energy 
and maintenance cost. (Case studies are on page no 2 & 3).

 CONVENTIONAL METHOD OF PUMP TESTING

Flow, head & power are measured and pump efficiency is 
calculated using the following formula.

m
p IP

gQH
η

ρη
×

=

ρ	=	Density	of	the	water	being	pumped
g = Gravitational acceleration
Q = Flow rate
H = Total Head of the pump
IP = Input Power

mη = Motor efficiency

pη = Pump efficiency

Accurate measurement of flow is very crucial and 
directly impacts on pump efficiency. Sometimes flow 
measurement of individual pump is not possible due to 
various site constraints. 

Pump Performance Monitoring by 
Thermodynamic method
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THERMODYNAMIC METHOD OF PUMP TESTING

It works on principle of 1st law of thermodynamic. The 
input energy to the pump is not completely converted in 
to useful work or output. Some part of the input energy 
is converted in to hydraulic losses. These losses will 
dissipate as heat energy. This causes the temperature rise 
of the water in discharge compared to suction. We measure 
this differential temperature across the pump accurately, 
determine losses and calculate pump efficiency directly. 
Following equations explains the principle of the method. 
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Cp = Specific Heat of the water being pumped
ΔT	=	Differential	Temperature	across	the	pump
Wout = Work output

Flow can be back calculated by the same conventional 
equation as shown below.

gH
IP
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ρ
ηη ××

=

Following diagram depicts the procedure of pump 
efficiency testing by thermodynamic method.
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ADVANTAGE OF THERMODYNAMIC METHOD

1. Individual pump efficiency can be measured and 
monitored onsite accurately.

2. Pump station parameters (volume, energy consumed 
and specific energy consumption) can be measured 
and monitored by installing pump monitoring 
system on each pump.

3. Each pump performance data collected can be 
analyzed to find operating regime of pumping 
systems.

4. Data can be transferred to remotely located server 
through GPRS modem.

5. Actions for energy savings are identified.
6. Pump performance improvement after pump repair 

and refurbishment.

CASE STUDIES 

A. Mansiwakal, Udaipur 

Following is the system description.

No of pumps Duty flow 
rate, m3/hr Duty Head, m Motor kW

4 900 165 600

Total yearly energy bill was 7.25 Crore before installation 
of monitoring system.

Post Installation of monitoring system:

1. Identify Low efficient pumps for repair and 
refurbishment.

2. Operate high efficient pumps (Rescheduling).

3. Identify action to save energy.
4. Refurbish pump. 
5. Improve pump health.

Benefits to customer:

1. > 20% reduction in specific energy consumption i.e. 
energy savings.

2. > 20% reduction in water production cost (5.09 Rs/
kl to 3.71 Rs/kl)

3. Improvement in pump efficiency (65% to 85%).
4. Monitoring benefitted in reduction in wastage and 

leakages of water.
5. Power factor improved from 0.85 to 0.98.
6. Maximum demand in kVA (1400 kVA to 1200 kVA) 

is also reduced.
7. Improved pump reliability.
8.     Reduce maintenance cost.

Mansiwakal Monthly Savings

B. Mansiwakal SEC & cost of water production (Rs/
kl) 
C. Various Pumping stations at Ujjain Following is the 
system description.



International Conference on Opencast Mining Technology & Sustainability

233

Pumping 
stations

No of 
pumps

Motor 
Rating, 

kW

Station 
Capacity, 

Mld

Yearly 
Energy bill, 
Rs in Crore

Gambhiri 6 700 (2), 
157 (4) 108 4.26

Ambodiya 4 410(2), 575 
(2) 54 3.84

Gaughat 11 260, 160, 
250, 200 54 4.14

Benefits to customer:

1. >12% reduction in specific energy consumption i.e. 
energy savings.

2. Improvement in pump efficiency (60% to 72%).
3. Reduce water production cost (1.8 Rs/kl to 1.62 Rs/

kl)
4. Improved pump reliability of system.

REDUCE MAINTENANCE COST. 
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Ujjain Monthly Savings

Ujjain SEC & cost of water production (Rs/kl)
D. 

E. Kolar PS, Bhopal

Following is the system description.

No of 
pumps

Duty flow 
rate, m3/hr

Duty Head, 
m Motor kW

6 2,247 90 735

Total yearly energy bill was 14.4 Crore before installation 
of monitoring system. 

Benefits to customer:
1. >7% reduction in specific energy consumption i.e. 
energy savings.
2. Reduce water production cost (2.1 Rs/kl to 1.97 Rs/kl)
3. Volume is increased from 165 Mld to 180 Mld.
4. Improvement in pump efficiency (74% to 84%).
5. Improved pump reliability of system.
6. Reduce maintenance cost
7. water production cost 

 Bhopal Monthly Savings

Bhopal SEC & cost of water production (Rs/kl)
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Abstract:  The present study deals with different dump slope 
rating scheme for mine dump slope.  An attempt has been made 
to develop software for determining the rating class of mine 
dump slope using various dump slope ratings. The authors 
have also developed dump slope rating for Indian coal mines.  
The factor of safety of dump slopes has been calculated by 
numerical modelling method. Dump height and volume, slope 
angle, foundation type, degree of confinement, dump material 
quality, numbers of benches, hydrological condition, cohesion 
and friction angle of dump material are used for this study. 
Two case study have been taken to validate and determine 
the stability class of different approaches. The stability 
classification developed by authors are simple and require 
less parameters compare to other stability classification. It 
uses simple five parameters to give preliminary idea about 
the stability of slope.

Keywords— Mining, Dump slope stability, numerical model-
ling, Stability Classification. 

  INTRODUCTION 

The dump slope stability is very important for smooth 
running of the mining operations in any open cast mine. 
The dump slope generally consists of hard rocks, clays, 
gravels, sands, pebbles, limestones, siftings of fine fractions 
chalks, dump tailings of flotation concentration of ferrous 
and nonferrous metal ores, sulphur ores, coal wastes, etc. 
The rapid increase in production from opencast mines has 
compounded the waste generation in mines. The heavy 
machinery adopted for the extraction of minerals in open 
cast mines has been piling up wastes in the form of waste 
rocks whose management is of supreme importance[1]. 
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The risks relating to the stability of these overburden 
dumps leads to more research and development. Dumping 
of waste without any prior plan and analysis has caused 
several waste dump failures [2]. A slope failure could lead 
to human injuries and deaths, economic losses and can also 
influence the environment. It is vital to develop a rating 
system that takes into account all the concerned parameters 
and provides measures and guidelines to ensure maximum 
safety. Therefore, in the present three software has been 
also developed based on previous dump slope ratings. It 
can be easy to establish guidelines for required stability 
measures using rating system and software. Different 
dump stability rating system

A. Dump Stability Rating (DSR) System (ref) - The 
established Dump Slope Rating (DSR) is a numerical 
index considering 11 factors [3]. These factors are: Dump 
height, Dump volume, Dump slope, Foundation slope, 
Degree of confinement, Foundation type, Dump material 
quality, Method of construction, Piezometric and climatic 
conditions, Dumping rate, and Seismicity. Point ratings 
are assigned to each factor, weighted as per their overall 
importance, and the sum of the individual point ratings 
gives the dump stability rating or DSR. Greater DSR 
values inferred lower relative stability and vice versa. As 
per the range of DSR values (maximum value of 1800), 
four dump stability classes (DSCs) are classified, and 
each DSC is assigned with a relative ‘failure’ or instability 
hazard descriptor. For instance, dumps with DSR ratings 
of less than 200 are set to DSC I (‘negligible’ instability 
hazard), while dumps with DSR values of more than 1200 
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are assigned to DSC IV (‘high’ instability hazard).

B. Waste Dump and Stockpile Stability Rating (WSR) 
System (Ref) - This system incorporates some of the 
concepts used in the DSR system but with a different 
structure [4]. It requires calculations of 22 key factors that 
are thought to affect stability (double than the DSR system). 
These 22 factors have been further organized into seven 
groups, namely Regional Setting, Foundation Conditions, 
Material Quality, Geometry & Mass, Stability Analysis, 
Construction, and Performance. Each factor is assigned a 
numerical rating. The sum of these ratings gives the waste 
dump and stockpile stability rating (WSR). The maximum 
WSR is 100, with a higher rating signifying a more stable 
configuration. WSR values are subdivided into five waste 
dump and stockpile hazard classes (WHCs). Waste dumps 
or stockpiles with a very high WSR rating (more than 80) 
are assigned to WHC I and are characterized as presenting 
a relatively very low potential for instability (i.e., a very 
low instability hazard). Conversely, waste dump or 
stockpiles with a very low WSR rating (less than 20) are 
assigned to WHC V and are characterized as presenting 
a relatively very high potential for instability (i.e., a very 
high instability hazard). The WSRHC system attempts to 
strike a balance between complexity and utility. While 
the number of factors that must be evaluated may at first 
seem daunting, many are based on objective parameters 
that are self-explanatory and should be relatively easy 
to obtain from plans or records, and detailed benchmark 
descriptions are provided to help the user select values 
for the more subjective factors. One of the goals of this 
work is to develop a comprehensive worldwide database of 
waste dump and stockpile designs and performance, and it 
is hoped that the WSRHC system will provide a consistent 
vehicle	for	gathering	and	cataloging	this	data. 

C. Dump Stability Classification Rating (DSCR) (ref) 
- Dump slope rating has been developed for Indian coal 
mines using Numerical    modelling [5]. Various field 
data have been simulated by using numerical modelling. 
This system incorporates the six parameters, namely, 
the overall dump height, overall slope angle of the 
dump slope, number of benches, hydrological condition, 
cohesion of dump material and internal angle of friction 
of dump material.  Dump slopes are classified into 4 
stability classes A with negligible failure hazard, B with 
low failure hazard, C with moderate failure hazard and D 
with high failure hazard. Based on rating system dump 
slopes are divided into various dump stability classes. 
Dump stability classes are mainly used to recommend the 

level of effort for investigation, design and construction 
of dump slopes. The level of monitoring, a requirement of 
support, optimise the height and dump slope can be easily 
done based on classification.

  DUMP STABILITY CLASSIFICATION RATING

Rahul et.al (2017) has developed dump slopes classification 
for Indian coal mines using numerical simulation and 
statistical analysis. Selection of dump slope parameter is 
the most important step in the establishment of the rating 
system. Initially, the parameters which affect the stability 
of slope are considered. The factor of safety is calculated 
by varying one parameter while other parameters kept 
constant. If significant changes are observed, then 
parameter is selected otherwise it is neglected. The 
determination of these parameters in labs or field is easy 
as well as they are more influencing parameters for dump 
stability. The weight of each parameter is calculated by 
using data gathered from the numerical simulation and 
principal component analysis tool. STATISTICA is used 
for principal component analysis [6]. Total estimated 
weight is estimated to the parameter is allocated by 
using the variation in factor of safety with the change 
in the parameter. Allocated weight of the parameter is 
further used to develop rating system and to establish a 
classification system for dump slope. In the present study, 
the dump slope parameters and properties have been 
varied as given in Table 1. Allocation of weight to the 
selected parameter is one of the most important steps in 
the rating of dump slope. Estimated weight and variation 
in factor of safety with the change in value of individual 
parameters are mainly used for it. All selected parameters 
are analysed separately and based on change in factor of 
safety with change in that particular parameter weights 
are allocated.   Table 1 shows the power of variables in the 
rating of dump slope overall slope angle gets the highest 
power, and the number of benches gets the least. All the 
parameters, which are going to affect the stability of dump 
slope or factor of safety of dump slope, are now arranged 
according to their importance. It is difficult to use the 
power of variable so normalization of these powers. The 
normalized values are used as weight for the further study. 

Table 1: Parameters used in analysis for dump slope and its 
variation Rahul et.al (2017)

Sr. 
No.

Parameters 
of Dump 

slope 
stability

Range

Variable importance (Rating of 
dump slope)

Power Importance Estimated 
weight 
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1
Overall 

height of 
dump

40 to 
200 0.6124 2 20

2 Overall 
Slope angle

170 to 
390 0.8872 1 30

3 Number of 
benches 2 to 10 0.2936 6 10

4
Cohesion 
of dump 
material

10 to 
70 kPa 0.3216 5 10

5
Friction 
angle of 
dump 

material

150 to 
450 0.4325 4 15

6
Ground 
water 

conditions
0 to 50 

% 0.4548 3 15

Based on the parameter ratings new coal mine Dump 
Stability Classification Rating (DSCR) system has been 
proposed. The final DSC value of a given rock mass is 
obtained after summation of the rating values of all the 
parameters, as illustrated in Table 2. The stability of dumps 
slope is divided into stability classification on the basis 
of factor of safety and DSC value. Table 4 shows which 
type of failure hazard is expected in which dump stability 
class. It also explains the level of investigation required 
by particular class and the design and construction of the 
dump slope. 

 Table 2: Allocated weight for various parameters 

Overall dump height

Dump height 
(m) Up to 40 41-80 81-120 121-160 Above 

160 

Rating 20 15 10 5 0

Overall slope angle

 Slope 
angle (o) <18 18-22 22-26 26-30 30-34 34-38 38<

Rating 30 25 20 15 10 5 0

Number of Benches

No of Benches 2-4 >4

Ratings 5 10

Ground water table (w.r.to total dump height)

Condition 
of ground 
water

No 
ground 
water 
table

Up to 
15% 
height

15 to 30 
% height

30 to 
40% 
height

Above 
40 % 
height

Rating 15 10 5 0 -5

Geotechnical properties of dump

Cohesion 
(kPa) <1 1-10 10-30 30-50 50-70 >70

Rating 0 2 4 6 8 10

Friction 
angle (0) <10 10-20 20-24 24-28 28-32 >32

Rating 0 3 6 9 12 15

A. Dump stability classes and recommendations - The 
dump stability is classified into four classes namely Class 
A, B, C and D based on the range of dump rating.

•	 Class	A:	In	this	the	range	of	dump	rating	is	greater	
than 80 and the failure hazard is negligible (long term 
stable). The recommendations include requirement 
of minimum lab testing, minimal restriction on 
construction and sufficient visual monitoring.

•	 Class	 B:	 In	 this	 the	 range	 of	 dump	 rating	 lies	
between 61 and 80 and the failure hazard is low 
(stable). The recommendations include thorough site 
investigation limited lab index testing, requirement 
of basic stability analysis, limited restrictions on 
construction and routine visual and instrumental 
monitoring.

•	 Class	C:	In	this	the	range	of	dump	rating	lies	between	
41 and 60 and the failure hazard is moderate (short 
term stable). The recommendations include detailed 
site investigation, requirement of undisturbed 
samples, detailed lab testing- including shear 
strength and durability test detailed stability analysis 
including parametric study, moderate restriction on 
construction and detailed instrumental monitoring.

•	 Class	D:	In	this	 the	range	of	dump	rating	is	below	
40 and the failure hazard is high (unstable). The 
recommendations include detailed and phased 
site investigation undisturbed sampling may be 
required, detailed stability analysis is required- 
including parametric studies and full evaluation of 
alternatives, severe restrictions on construction and 
detailed and continuous instrument monitoring are 
required.

DEVELOPMENT OF SOFTWARE

The software has been developed using C++ programming 
language. The approach adopted is of objective type. First 
the user is given the choice of rating system he/she wants 
to use. Then outputs are shown in the form of tables and 
choices and the user only need to enter the choice number. 
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There is a sequential flow to various parameters and the 
rating is successively added depending on the choice 
made by the user for each parameter. Finally, the program 
calculates the overall ratings and determines the safety 
and hazard classes. Also depending on the class and 
rating proper safety measures and recommendations are 
displayed. Dump Stability Rating and Waste Dump and 
Stockpile Rating uses 11 and 22 parameters respectively 
for the study of dump stability. The inclusion of individual 
factors Cohesion, Number of benches, Friction angle 
is new in this specific rating system as they have been 
grouped in other classification systems serving as Method 
of Construction. Besides the parameters used in Dump 
slope rating system, the Dump stability rating uses other 
factors like Degree of confinement, Dumping material 
quality, Seismicity, Foundation type, Piezometric and 
climatic conditions of dump locality. While the WSRHC 
system considers different factors regarding regional 
setting, foundation conditions, material quality, geometry 
and mass, stability analysis, construction, performance. 
As all of these cannot be determined for every dump since 
some of them require specific and need investigation to be 
carried out, thus leading to be expensive especially if the 
dumping material and investment is quite low. In situations 
like these, Dump slope rating can be used which will turn 
out to be economical and reasonable. Since Dump slope 
plays a major role in the whole, a new system for such 
is very useful. The parameters used here are minimum 
and enough. So, the Dump slope rating provides an extra 
factor for security of dump and serves as a first level safety 
pass to go through other classification systems for overall 
dump stability. In Recent times, the development and use 
of software for theories has been extensively increasing 
and convenient. It reduces manual error, time and can 
be expanded to reach out for everyone. Determining the 
Dump Slope Rating stability of various dumps manually 
might be very difficult and possibility of error taking place 
shouldn’t be neglected. The software works to calculate the 
Dump slope rating and suggests proper hazard measures  
to be taken based on the properties of required Dump.

CASE STUDY

A.  MINE A - The lignite mine A is located at Rajasthan. 
The Coal block is bounded by latitude 270 51’ to 270 55’ 
and longitude 720 40’ to 720 45’. The mine is designed 
with	the	overall	slope	angle	is	23⁰;	the	overall	height	of	the	
dump is 60 m with 15 m of each bench height. The area 

is in the desert so any ground water table is not generated 
in the external dump. Cohesion of the dump material is 15 
kPa	and	angle	of	internal	friction	is	30⁰.	Calculation	of	the	
DSCR value for this case is also done.

Analysis of Dump Stability classification Rating (DSCR) 
- The DSCR value is 71 for this case, and it suggests 
that failure hazard in this case is low and only primary 
stability analysis is required time-to-time and only routine 
visual and instrumental monitoring is required. The factor 
of safety of external dump slope is 1.68 by numerical 
modelling which indicates that the external dump is stable 
for long term [7].

Analysis of Dump Stability Rating (DSR) - The DSR 
value is 450 for Mine A, and it suggests that failure 
hazard in this case is low and thorough site investigation; 
test pits, sampling may be required; limited laboratory 
index testing; stability may or may not influence design; 
basic stability analysis required; limited restrictions on 
construction; routine visual and instrument monitoring.

Analysis of Waste Dump and Stockpile Rating (WSR) - 
The WSR value is 57 for Mine A, and it falls in the Waste 
dump and stockpile hazard class (WHC) 3. The instability 
hazard is moderately hazard. The mine dump requires 
level of effort for investigation and characterization 
like Comprehensive desktop studies to establish initial 
stability rating and hazard classification; detailed site 
reconnaissance to confirm assumptions from desktop 
studies; detailed mapping and subsurface investigations 
likely including test pitting/trenching and limited drilling 
and sampling; in situ instrumentation and testing and 
laboratory testing to verify foundation and fill material 
properties; initiate comprehensive baseline environmental 
monitoring; condemnation drilling.  

B. MINE B - The other Mine B is located near the 
Singrauli area. The area lies geographically between 
latitudes	 of	 24°0′–24°12′	 and	 longitudes	 82°30′–82°45′.	
The overburden rocks in this area are mostly medium to 
coarse-grained sandstone, carbonaceous shale and shaly 
sandstone. The mine is in the production stage. The 
external	dump,	the	overall	slope	angle	is	33.5⁰;	the	overall	
height of the dump is 140 m with 35 m of each bench 
height. In summer ground water table is not generated in 
the external dump. Cohesion of the dump material is 70 
KPa	and	angle	of	internal	friction	is	39.5⁰.	Calculation	of	
the DSR value for this case is also done.
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Table 3: Dump stability classification rating (DSCR) 
calculation for lignite mines (Mine A and B)

Mine A Mine A

Parameters Value Rating Value Rating 

Overall 
height

60 meter 15 140 meter 5

Overall 
slope angle

230 20 33.50 10

Number of 
benches

4 5 4 5

Ground 
water 
condition

No ground 
water table

15 No ground 
water table

15

Cohesion 
of dump 
material

15 Kwa 4 70 Kpa 10

Internal 
angle of 
friction

300 12 39.50 15

T o t a l 
Rating(DSR)

71 60

Analysis of Dump Stability classification Rating (DSCR)  
- For this case with DSCR value=60, analysis suggests that 
failure hazard in this case is low and only basic stability 
analysis is required time to time. Overall height and overall 
slope angle are very high in this case but along with that 
material property is also very good so DSR value lies in 
low failure hazard zone. In this case, due to high DSR value, 
only few restrictions are on construction and only routine 
visual and instrumental monitoring is required. The factor 
of safety of external dump slope is 1.52. It indicates that the 
external dump is stable for long term.  

 Analysis of Dump Stability Rating (DSR) - The DSR 
value is 800 for Mine B, and it suggests that failure 
hazard in this case is moderate and Detailed, phased site 
investigation; test pits required, drilling or other subsurface 
investigations may be required; undisturbed sampling may 
be required; detailed laboratory testing, including index 
properties, shear strength and durability testing likely 
required; stability influences and may control design; 
detailed stability analysis, possibly including parametric 
studies, required; Stage II detailed design report may be 
required for approval/permitting; moderate restrictions 
on construction (e.g. limiting loading rate, lift thickness, 
material quality); detailed instrument monitoring required 
to confirm design, document behavior and establish 
loading limits.

iAnalysis of Waste Dump and Stockpile Rating (WSR) - 
The WSR value is 44.5 for Mine B, and it falls in the Waste 
dump and stockpile hazard class (WHC) 3. The instability 
hazard is moderately hazard. The mine dump require 
the level of effort for investigation and characterization 
like Comprehensive desktop studies to establish initial 
stability rating and hazard classification; detailed site 
reconnaissance to confirm assumptions from desktop 
studies; detailed mapping and subsurface investigations 
likely including test pitting/trenching and limited drilling 
and sampling; in situ instrumentation and testing and 
laboratory testing to verify foundation and fill material 
properties; initiate comprehensive baseline environmental 
monitoring; condemnation drilling.

CONCLUSIONS

Based on the study, the following conclusions are drawn:

1. The dump slope rating for both Mine A and Mine B 
are calculated by using three different classification 
systems namely Dump stability classification rating 
(DSCR), Dump stability rating (DSR) and Waste 
Dump and stockpile rating (WSR).

2. The failure hazard for Mine A is suggested low in 
both DSCR and DSR systems, but WSR system 
suggests the failure hazard is moderate for Mine A.

3. The failure hazard for Mine B is suggested low in 
DSCR system, but DSR and WSR systems suggests 
the failure hazard is moderate for Mine B.

4. The results calculated using software are in 
agreement with the theoretical results.

5. As the DSCR system considers only six parameters, 
and the result is also comparable with other advanced 
classification systems. This can be conveniently 
used for determining the Dump slope rating and 
stability of the mine dump for small dumps. As the 
dump size increases, it needs to be more stable for 
the safe environment at the mine. 

6. The WSR system takes into consideration of twenty-
two parameters and is more advanced than other 
systems. As a result, this aims to maintain a balance 
between complexity and reliability. It proves to be 
more reliable and accurate. hill.
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Abstract— High ground vibration levels and coarse fragmen-
tation are common problems experienced in dragline bench 
blasting. Poor material preparation gives rise to many prob-
lems like diggability issues, adapter damage, wear and tear 
of dragline teeth, leading to poor productivity. High levels 
of ground vibrations cause unstable highwall, backbreak, 
cracked dwellings and general inconvenience. The concept of 
RBI (Reflection Breakage Index) developed addresses these 
two problems concurrently. The concept of RBI was arrived 
at using field experimentation in dragline benches of Niga-
hi and Dudhichua OCPs by placing two geophone sensors at 
distances 30 m and 40 m respectively from the highwall. Us-
ing the acquired near-field ground vibration signatures, the 
concept of reflection breakage was proposed. Two contrasting 
reflection scenarios were identified, their existence was estab-
lished and validated with near-field ground vibration data. 
Identification of mechanisms governing fragmentation and 
ground vibration and development of suitable models led to 
modifications in maximum charge per delay and blast design 
parameters. The maximum charge per delay was reduced 
from 3980 kg to 966 kg. Burden and spacing were optimized 
changing from 10 m by 12 m to 9 m by 10 m resulting in high-
er powder factors i.e. 1.53 m3/kg to 1.62 m3/kg. The initiation 
system was upgraded from detonating cord to electronic. Ef-
fective inter-row delay was increased from 14 to 18 ms/m of 
effective burden giving better burden relief in the back rows. 
Inter-hole delay was increased from 17 ms to 20 ms to op-
timise the co-operation between blastholes. The suggested 
changes were implemented and resulted in superior blast per-
formance leading to higher dragline productivity. 

Keywords—fragmentation, dragline bench blasting, near-field 
ground vibration, reflection breakage

INTRODUCTION 

Dragline	 bench	 blasting	 entails	 fast	 removal	 of	 overbur-
den	requiring	large	scale	blasting	of	deep	holes	(30	m-	50	
m) with large diameters (269 mm-311 mm). This requires 
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large amounts of explosive usage, making large-scale dra-
gline	 bench	 blast	 a	 huge	 investment.	Therefore,	 blasting	
engineers hope for satisfactory results in terms of good 
fragmentation	distribution	and	low	levels	of	ground	vibra-
tions.	The	major	challenges	in	dragline	bench	blasting	are,
1.	 In	large	scale	dragline	bench	blasts,	high	levels	of	

ground vibrations are experienced due to greater 
mass of explosives used, sub-optimum delay as-
signment	 and	 close	 delay	 intervals.	 In	 near-field,	
high levels of vibrations cause damage in the form 
of backbreak in benches making them vulnerable 
to	failure	as	well	as	cause	reduced	confinement	to	
explosives.	In	the	far-field,	ground	vibrations,	if	ex-
ceed the allowable limits, may pose problems in the 
form of cracks in a human dwellings, vibration of 
the	building	as	long	as	the	ground	vibration	persists	
and discomfort to the people living in the houses. 

2. Height of dragline benches commonly vary from 
30 m to 50 m. Thus, drilling, charging and stem-
ming of nearly 200 holes of 30 m-50 m depth takes 
25-30 days on an average. Over the course of time 
the explosive in the hole develops its own densi-
ty profile i.e., the site mixed emulsion gets denser 
with depth. This situation when coupled with dis-
continuous and heterogeneous nature rockmass, 
gives rise to fragmentation, which is difficult to 
predict. To maintain low levels of ground vibration 
a reduction in amount of explosive is desired but to 
achieve expected material preparation to enhance 
dragline productivity, a sufficient powder factor 
should be provided. Not providing sufficient ener-
gy to the overburden blast can increase the count of 
oversize boulders. Watery holes cause insufficient 
compaction of stemming material and explosive 
leading to poor containment of energy of the explo-
sive. This leads to stemming ejection causing poor 
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fragmentation. These oversize boulders become a 
menace for the dragline to handle. The drag, hoist 
and swing motors have to draw higher currents to 
cast the boulders on the dump yard often leading 
to tripping of the motors, reducing the availability 
and utilization of the dragline. Even if the dragline 
bucket is able to handle the boulder, it is with re-
duced bucket fill factor. The dragline availability 
and utilization in Dudhichua and Nigahi OCPs typ-
ically ranged from 64.52 to 80.85% and 35.60 to 
70.09% respectively, which were the prime concern 
from asset optimization angle as well as being low-
er than the CMPDI norms (85% for availability and 
73% for utilization) [1]. The productivity values 
for Dudhichua and Nigahi OCPs are 1.46 lakh m3/
month and 2.1 lakh m3/month respectively. Though 
heavy monsoon contributed to lower availabili-
ty but issues related to fragmentation quality and 
back break were of paramount importance.

  

Fig. 1 Stemming ejection and coarse fragmentation in dragline 
bench blasting

Thus, the major issues in dragline bench blasting are ground 
vibration and fragmentation which create hindrance to 
stripping of overburden and consequently affect the coal 
exposure and productivity. Unavailability of a proper free 
face was also identified as one of the major reasons for 
achieving poor fragmentation. Hence, reflection breakage 
phenomenon was investigated considering its role to 
achieve good fragmentation and reduced vibration. 

MECHANICS OF FRAGMENTATION

The generation of the shock wave by an explosion in its 
early stage accompanied by release of high-pressure 
gases is accepted as the key to rock breakage by blasting. 
Different stages of fragmentation are rock crushing, radial 
fracturing, reflection breakage and gaseous fracturing. 
The conceptual relation of reflection breakage with 
fragmentation is explained below. 

A. Reflection Breakage/Slabbing/ Spalling - Reflection 
breakage is dependent on the presence of a free face. In 
presence of a well developed free face, the compressive 
stress waves, generated from detonation of explosive, are 
reflected from the free face as tensile stress waves. This 
happens due to mismatch of acoustic impedances between 
rockmass and air. This causes tensile slabbing near the 
free face of the bench. Rocks being weaker in tension 
(5-15% of compressive strength) are easier to break in 
tension. This happens as long as the tensile stress value 
exceeds the dynamic tensile strength of the rockmass. In 
case of a very high compressive stress, an equally high 
tensile stress is reflected and higher number of slabs 
gets detached from the rockmass until the tensile stress 
value becomes lower than the dynamic tensile strength of 
rockmass. Thus, a good fragmentation is achieved when 
the two criteria are met viz., presence of a well developed 
free face and high compressive stress. However, in case of 
a poorly developed free face or a low compressive stress 
or both, the reflected tensile stress will be inadequate to 
create sufficient reflection breakage in the rockmass, thus 
leading to larger fragments i.e. poor fragmentation [2]
This is shown in Fig. 2, wherein the thickness of arrows 
is shown proportional to the magnitude of stress for better 
visualization of the reflection process. 
 

10 m 30 m 

Geophone 1 

2540 mm/s 
Geophone 2 

254 mm/s Free Face 

Last row Front row 

Fig. 2 Influence of (a) presence of free face and (b) compressive 
stress level on fragmentation caused by reflection breakage

As it is illustrated in Fig. 2, the number of slabs formed 
is higher in case of a well developed free face and high 
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level of compressive stress level reaching the free face 
(green indicators). This phenomenon is more likely to be 
observed in front rows of holes in bench blasting. Whereas, 
the blastholes in the back rows have poorly developed 
free face and/or lower compressive stress is observed 
at free face causing ineffective reflection breakage and 
flexural bending (results in higher ground vibration). 
Poorly developed free face is because of fragmented muck 
in front of the back rows and lower compressive stress 
reaching the free face is due to higher effective burden. 
Also, due to higher confinement in the back rows, there 
is higher stemming ejection, leading to venting of useful 
energy. Therefore, this explains poor fragmentation yield 
from the back rows and better fragmentation yield from 
the front rows. Most of these features are present in a 
multi-row dragline bench blast. To realize and validate 
this conceptual understanding, field experiments for 
monitoring near-field ground vibration measurement were 
designed in dragline benches of Nigahi and Dudhichua 
OCPs representing some reasonable variation on geo-
mining conditions.

FIELD EXPERIMENTATION

Two experiments were designed and executed as presented 
in the following sections: 

A. Near-field Ground Vibration Measurement - The field 
investigations were carried out in the opencast projects of 
Nigahi and Dudhichua of NCL. A new and first of its kind 
experiment was designed to measure the near-field ground 
vibration in dragline benches. The measurement scheme 
and the sensor placement in field are shown in Fig. 3. 

Fig. 3 Near-field vibration measurement system and sensor 
placement in field

Using the near-field vibration signatures acquired from the 
experiment, important observations regarding reflection 
breakage and its role in fragmentation and ground 
vibration are discussed. 

B. Fragmentation Measurement - Representative 
photographs of the blast muckpile were shot and uploaded 
in WipFrag software (Version 2010 Build 5) and a 
cumulative distribution of fragment size and percentage 
passing were obtained. The images of the muckpile were 
taken with camera held as perpendicular as possible to 
the muckpile as suggested by JKMRC [3] . Three to four 
scaled photographs were shot to cover the entire muckpile 
and it was ensured that there was an overlap between the 
muckpile grabs. Though photographs covering the entire 
muck	 at	 different	 stages	 of	 loading	 could	 have	 given	 a	
more precise picture on fragmentation assessment due to 
time	constraint	an	indicative	analysis	was	considered	here.	
The	 images	 taken	were	 clear,	well-lit	 and	 systematically	
acquired to minimize editing as required by Wipfrag [4]

UNDERSTANDING REFLECTION BREAKAGE 
FROM NEAR-FIELD GROUND VIBRATION

The role of reflection breakage in the fragmentation was 
observed in this research using the near-field ground 
vibration measurement. The concept can be understood 
from the illustration shown in Fig. 4 where two different 
reflection Scenarios viz. A and B are explained.

 

High amplitude 
vibrations reaching 
the geophone 

Geophone 1 Geophone 2 

Higher levels of vibrations 
due to closer source 

Poor reflection 
breakage due to 
improper free face  

Fragmented muck 

 

Scenario B: Later during a blast

Fig. 4 Concept of reflection breakage in fragmentation using 
near-field ground vibrations

Scenario A is observed in the beginning of a blast, where 
the free face is fully developed and the detonation of the 
initial rows generates compressive stress waves of higher 
magnitude. These waves get reflected as tensile stress 
waves of high magnitude leading to full reflection thus 
causing good fragmentation. As a consequence of this 
event, low levels of ground vibrations reach the sensor 
placed near the highwall due to sufficient attenuation. 
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Scenario B is observed in a later phase of the same blast, 
wherein, most of the initial rows of holes have been 
detonated and a fragmented muckpile stands close to the 
current free face. At this point, the dynamic free face is 
not as well developed as it was in Scenario A, therefore, 
causing poor reflection breakage, yielding relatively coarser 
fragmentation. Due to the proximity of the back row holes to 
the sensors, higher levels of ground vibrations are recorded 
in Scenario B. This is also validated with experimental 
evidence from a near-field ground vibration signature of the 
sensor that was placed at a distance of 30 m from the last 
row of hole. A simulated blast design (JKSimblast) and an 
acquired waveform is shown in Fig. 5. 

Fig. 5 Delay simulations and corresponding vector sum of 
transverse, vertical and longitudinal components of 30 m 
sensor[5] 

DEVELOPMENT OF REFLECTION BREAKAGE 
INDEX (RBI)

The role of reflection breakage can be identified from the 
waveform shown in Fig. 5. There are several high peaks 
that are observed from the waveform. The higher peaks 

are the direct compressive waves and the immediately 
succeeding shorter peaks are the reflected tensile waves. 
Bhagade et al. [5] clearly explains the results.  

The efficacy of the reflection breakage can be assessed 
by the reflection breakage index (RBI) i.e., ratio of the 
reflected tensile amplitude to the direct compressive 
amplitude. 

   (1)

In an ideal reflection breakage, the compressive wave gets 
reflected from a well-developed free face as a tensile wave 
of the same amplitude (RBI=1) due to mismatch of acoustic 
impedances between rockmass and air. In a sub-optimal 
reflection breakage, the compressive wave gets reflected 
partially as a tensile wave of a lower amplitude due to 
poorly developed free face (RBI < 1). Closer the RBI to 
unity, better is the reflection breakage, hence, better is the 
fragmentation distribution. The RBI was calculated from 
the waveform for the delay contours and the variation of 
the same with time is shown in Fig. 6.

Fig. 6 Trend of RBI with the progress of the blast

Figure 6 shows that during the beginning of the blast, 
the RBI is close to unity, indicating superior reflection 
breakage, thus better fragmentation. With the progress 
of the blast, the RBI reduces thus indicating inefficient 
reflection breakage due to constrained free face. Scenario 
A is designated as the region for which the RBI is greater 
than 0.5; whereas, scenario B is designated as the region 
for which RBI is less than 0.5. Accordingly, the scenarios 
are identified in Figure 6. The decrease in RBI is caused 
due to absence of dynamic free face in the latter part of the 
blast. Re-adjusting the delays, would ensure the creation 
of a better dynamic free face.  The peak vector sum (PVS) 
values (vector sum of the three components of vibration 
viz. transverse, vertical and longitudinal) of the near-field 

Scenario A Scenario B
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are the direct compressive waves and the immediately 
succeeding shorter peaks are the reflected tensile waves. 
Bhagade et al. [5] clearly explains the results.  

The efficacy of the reflection breakage can be assessed 
by the reflection breakage index (RBI) i.e., ratio of the 
reflected tensile amplitude to the direct compressive 
amplitude. 

   (1)

In an ideal reflection breakage, the compressive wave gets 
reflected from a well-developed free face as a tensile wave 
of the same amplitude (RBI=1) due to mismatch of acoustic 
impedances between rockmass and air. In a sub-optimal 
reflection breakage, the compressive wave gets reflected 
partially as a tensile wave of a lower amplitude due to 
poorly developed free face (RBI < 1). Closer the RBI to 
unity, better is the reflection breakage, hence, better is the 
fragmentation distribution. The RBI was calculated from 
the waveform for the delay contours and the variation of 
the same with time is shown in Fig. 6.

Fig. 6 Trend of RBI with the progress of the blast

Figure 6 shows that during the beginning of the blast, 
the RBI is close to unity, indicating superior reflection 
breakage, thus better fragmentation. With the progress 
of the blast, the RBI reduces thus indicating inefficient 
reflection breakage due to constrained free face. Scenario 
A is designated as the region for which the RBI is greater 
than 0.5; whereas, scenario B is designated as the region 
for which RBI is less than 0.5. Accordingly, the scenarios 
are identified in Figure 6. The decrease in RBI is caused 
due to absence of dynamic free face in the latter part of the 
blast. Re-adjusting the delays, would ensure the creation 
of a better dynamic free face.  The peak vector sum (PVS) 
values (vector sum of the three components of vibration 
viz. transverse, vertical and longitudinal) of the near-field 

Scenario A Scenario B

ground vibration measured were used to modify the charge 
configuration. The behavior of the mean fragment size 
against the peak vector sum was examined and found to be 
directly proportional as shown in Fig. 7. This is due to the 
reflection breakage contributing in blast fragmentation 
process. For the blasts with coarser fragmentation, it 
would imply that the reflection breakage did not take place 
effectively due to poorly developed dynamic free face, 
giving rise to higher levels of ground vibration (dominance 
of Scenario B). Whereas, for the blasts with finer 
fragmentation, it would imply that reflection breakage 
took place effectively due to well developed dynamic 
free face, giving rise to lower levels of ground vibration 
(dominance of Scenario A). Therefore, the earlier part of 
the increasing trend in Fig. 7, shows those blasts wherein 
the fragmentation distribution was dominated by Scenario 
A. The latter part of the plot shows the blasts wherein the 
fragmentation distribution was dominated by Scenario B 
which means that the blasts did not have well developed 
free faces to begin with. The near-field ground vibration 
attenuation can also be realized from the viewpoint of the 
role of reflection breakage and the trend can be classified 
as dominance of Scenarios A and B as shown in Fig. 7.  

 

Fig. 7 Behavior of mean fragment size with peak vector sum 

RE-ENGINEERING THE BLAST DESIGN

The relation of mean fragment size and peak vector sum 
of the near-field vibration was used to modify the charge 
configuration. Assuming a desired mean fragment size for 
dragline bucket to be 460 mm according to the Rzhvesky 
[6] equation, the estimated peak vector sum is found to be 

368 mm/s. Using the obtained value of PVS, the desired 
maximum charge per delay was found to be 1000 kg [5].  
Using the data of near-field ground vibrations, in-situ 
rockmass properties of dragline benches and trial blasts 
conducted, the blast design parameters were fine tuned 
and a modified blast design was formulated for dragline 
benches. An inter-row effective delay of 14-18 ms/m of 
effective burden was found to give proper burden relief. 
An inter-hole delay of 20 ms was found to give a better 
co-operation between holes [7]. Blast design parameters 
such as burden, spacing, and charging scheme were 
optimized based on the rockmass investigations carried 
out. The modified blast design was implemented and gave 
successful results. Near-field PPV of 316 mm/s, backbreak 
of 5.5 m and mean fragment size of 43.38 cm were 
observed using the modified blast design. Half-casts were 
also visible indicating the control of last line of firing.

CONCLUSIONS

Poor fragmentation and high levels of ground vibration 
were identified as major problems in large scale dragline 
bench blasting. Absence of a well developed free face was 
one of issues that gave rise to the said problems. The role of 
free face and the level of compressive stress in reflection 
breakage was conceptually realized. To validate the 
understanding, a near-field ground vibration experiment 
was designed for dragline benches. The acquired near-
field ground vibration signatures revealed the role of 
reflection breakage in fragmentation process. To measure 
the efficacy of reflection breakage in a particular blast, 
a RBI (Reflection Breakage Index) was formulated. An 
RBI more than 0.5 indicates better reflection yielding 
good fragmentation and lower vibrations while a RBI 
value less than 0.5 indicates poor reflection yielding 
coarser fragmentation and higher vibrations. The plot of 
mean fragment size and peak vector sum showed a direct 
proportionality validating the role of reflection breakage. 
The maximum charge per delay was controlled to 1000 kg 
with modified inter-row delay of 14-18 ms/m to keep the 
RBI over 0.5 for ensuring good fragmentation and lower 
ground vibrations. The modifications of the blast design 
reduced the backbreak and ground vibrations and enhanced 
fragmentation aiding higher dragline productivity.
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Abstract—Mining of minerals, particularly, coal, iron ore, 
limestone, bauxite has increased enormously over the last 
two decades for meeting the growing needs of the power, 
steel, manufacturing and construction industries. Methods 
of rock excavation, both in surface as well as underground 
mines/tunnels, have seen rapid changes to meet the diverse 
challenges. While cost-effective rock excavation is the driver, 
there are many challenges such as constrained space, closely 
situated habitat, conservation of minerals, low recovery, 
poor quality, and stability of excavations etc. dictating and 
challenging the methods deployed. This has driven the 
technology planners to design the excavation methods by 
engaging the state-of-the-art equipment, concepts, methods 
and optimization techniques which have potential to deliver 
desired output. Need to cement the industry-academia 
partnership is stressed for carving a win-win strategy in a 
sustainable manner.

Keywords—Rock excavation; coal mining; Mechanical 
cutting; industry and academia interaction;

INTRODUCTION 

Coal mines today are being planned for producing about 
75 MT per annum from a single mine and needless to say 
using high capacity mining machines (GPS and drill rate 
monitoring enabled based drills, long reach draglines, 
high capacity and digging capability shovels, large 
capacity dumpers, automatic truck dispatching systems 
and information systems). It is the scenario in underground 
mining too. High capacity shearers, Continuous miners, 
bolter-miner concepts, continuous haulage systems, rapid 
hoisting systems, horizon control in cutting machines and 
men, machine and mine environment monitoring systems, 
online data transfer for enabling quick decision making 
are some of the key developments. Underground mining 
also has witnessed developments such as deployment 
of jumbo drills, improvised explosives and initiating 
systems, rockmass specific blast designs, and perimeter 
control blasting techniques. Introduction of mechanical 
cutting systems such as Tunnel Boring Machines, 
Roadheaders and Impact Breakers paved way for faster 
excavation where blasting is precluded. Support types and 

ground treatment techniques also enabled faster mining in 
weak grounds.  Some of the challenges and solutions being 
considered in rock excavation are outlined here.

ROCK EXCAVATION CHALLENGES

A. Drilling, Explosives And Initiating Systems And 
Blasting Techniques - Rock excavation in today’s scenario 
deploys advanced drilling methods and smart systems, 
advanced explosives and initiating systems for facilitating 
large scale blasts providing desired fragmentation, proper 
muck pile profile and properly relieved toes for enabling 
the excavation machines (draglines), desired throw in 
constrained space and reduced environmental impacts 
(ground vibration, fly rock, noise, dust and leaving sound 
back walls for retaining the slopes in stable condition). 
Some of the recent developments in the drilling and 
blasting scenario are, the world’s first commercial wireless 
initiating system developed by Orica Mining Services, 
Sandvik’s new bit design (unique cemented carbide DP65 
being tough and extremely wear-resistant) being used 
in extremely hard and abrasive rock, Atlas Copco’s new 
ultra fuel efficient drill, Smart ROC CL (offering higher 
penetration rate). Key features of this being rod handling 
system (RHS), hole navigation system (HNS) and the 
ability to operate the rig by remote control using Atlas 
Copco’s Bench REMOTE system.Sandvik offers mine 
automation packages such as Optimine and Automine 
which include Data acquisition systems (Monitoring and 
reporting), management systems (mine visualizations, 
location tracking, scheduling), intelligent machines, 
automation systems (single unit and fleet automation 
system) targeted to safe and cast effective mining. 

B. Mechanical Cutting of Rocks - Moving from cyclic 
to continuous (non-cyclic) production has been the trend 
now. Robust and high capacity machines are being built 
for providing required production and this has laid more 
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emphasis on scientific selection of excavation systems 
(surface miners, continuous miners, drills, rippers, dragline 
and shovels) based on rock mechanics and cuttability 
studies. The pick inspection feature on machines identifies 
worn out tools automatically by means of optical measuring 
process. Continuously adjustable conveyor belt speed and 
wide, steep-incline belts with extra high ribs make sure that 
even large dump trucks are loaded to full capacity even 
when mining high density minerals such as iron ore. Higher 
focus on productivity is achieved by automated cutting 
operation, cutting depth control, loading processes. Superior 
ergonomically designed operator’s platform allows a good 
view of front track units and conveyor discharge zone. 
Safety features includes: comprehensive lighting package, 
non-slip walkways and accesses, standardized railings, 
accessible stop-switches and wide range cameras (Wirtgen 
Surface Mines).  Wider drums in soft rocks have been put in 
place for higher production in several coal mines apart from 
developing standard performance charts for surface miner 
applications (L&T) in varied rock mass conditions. Design 
of indigenous cutting drum is also in progress at IIT(ISM) 
in a joint project with L&T as Technology Partner. DST 
funds this project under clean mining and Made in India 
initiative.

C. Computer Aided Simulation and Design - Considering 
a panoply of variables influencing the performance, the 
design of machines can best be carried out using computer 
aided pick and drum designs under varied conditions. 
Numerous simulation possibilities exist for rational design 
of picks and drums using designing software, namely, 
ANSYS, ABAQUS, FEM, and PFC etc. Using ANSYS 
software, SIF (Stress intensity Factor) can be computed 
accurately. Cutting force and the chip formation can be 
determined and the influence of friction and multi-cracks 
on the cutting force can also be calculated. PFC 3D can 
model independent particles with granular materials 
(sand and gravels). Using PFC, particles can be linked to 
one another to simulate solid materials (concrete, rock), 
analysis of cyclic and static fatigue in the short and long 
terms (creep),and design of appropriate tools by mixing 
and separation of granular materials can be done.The new 
developments in ABAQUS UNIFIED FEA are material 
and element enhancements, contact and constraints 
enhancements, and XFEM (Extended finite element 
method) improvements.

D. Tunnelling Using TBMs - Faster development needs 
in underground coal mining are driving planners to 
consider mechanized cutting systems such as TBMs, 

Roadheaders, Impact Breakers etc. Advanced cutting 
tools are the requirement to meet the varied geological 
conditions alongwith sensor technology. Disc Cutter 
Rotation Monitoring System optimizes the maintenance 
intervals on the cutterhead of the Tunnel Boring Machines  
(Herrenknecht, Germany). Frequent standstills due to 
manual inspections of the disc cutters are reduced to a 
minimum - which makes tunnelling more efficient and 
avoids secondary damage to the adjacent disc cutters or 
to the steel construction of the cutterhead. ISP - Integrated 
Seismic Prediction can be used on the TBM for fulfilling 
the function of an early warning system for the TBM 
operations. Geological anomalies can be mastered 
quickly, investigated and verified at a very short distance. 
This eliminates some of the constantly required pre-
drillings, which lead to downtimes and thus high costs. 
Multi-mode TBMs have also been developed for varying 
geological and hydro-geological conditions, which can 
be used to construct tunnels safely and cost-effectively. 
These machines are flexible in terms of support and 
excavation methods. The tunnelling mode can be adapted 
to changing ground, requiring relatively short conversion 
times and incurring only low costs. Application of TBMs 
in mine development has already started globally and it is 
time to seriously look into this area. Any new technology 
application in mining requires both fundamental and 
applied research for a given geo-mining conditions and 
universities/institutes of repute with designated facilities 
must be roped in through suitable collaboration.

E. Rock Mechanics Tests from Excavation Perspective 
- Performance of cutting machines is grossly dependent 
on the material being cut and its strength behaviour while 
cutting. Key rock excavation tests for scientific selection of 
cutting machine are uniaxial compressive strength, tensile 
strength, compressional wave velocity, Cerchar hardness 
index, Cerchar abrasivity index and mineralogical 
composition of rocks. It is required to discount these 
values for the in-situ conditions met with such as moisture, 
joints, beddings, laminations, insitu stresses etc. The 
key cutting theories for force estimation under varied 
rock failure criteria dictate the final excavation machine 
specifications. In recent times some handy tools for rock 
mass characterization have been developed. DMT’s Slim 
borehole scanner provides real-time investigation of 
borehole walls for assessing the explosive requirements, 
its distribution and also competence of strata for various 
design purposes. ABS-Vision analyzes borehole images 
(scanned by slim borehole scanner) and identifies cracks, 
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cavities, joints and mineralized zones. Specialized tests 
for the applications of TBMs such as Brittleness index, 
Siever’s J Value, Drilling Rate Index, Abrasion Value 
Steel, Cutter Life Index, Cerchar Abrasivity Index, Punch 
Penetration Index and Linear Cutting are required and 
these are in progress at IIT(ISM) for a few hydel projects 
planning to deploy TBMs.

NEED FOR INDUSTRY (MANUFACTURING AND 
USER) -ACADEMIA INTERACTION

Industry-Academia interaction forms the backbone for 
the development activities. Oflate there has been some 
growing signs of interaction. The drive from both ends 
is quite low probably due to lack of common platforms 
for exchanging the view points and discuss the problems. 
It is worth opening a portal in each academic and user 
industry to flash the projects from either side and make 
some of them a joint venture as a huge talent pool exists in 
academic institutions (IITs, NITs etc) to take the advantage 
of the experience of Industry. Each institution can have 
a industry-academia representative who will coordinate 
the efforts in identifying the problem, referring it to the 
concerned expert for further action at their end. The 
modalities can be worked out jointly. A close coordination 
with industry (with both industry-academia taking lead), 
development of scientific projects, design & establishment 
of technology incubators, laboratory testing, proto-type 
developments, field testing and sharing & protecting the 
intellectual rights with a liberal approach from industry 
can unleash the enormous skill potential in the students/
researchers to serve this country and build an indigenous 
manufacturing hub in mining and construction industry.

THRUST AREAS OF RESEARCH 

Key thrust areas identified for coal industry are presented 
below: 

A. Technology Adoption in Deeper Exploration
i) Hydrostatic Rigs
ii) Geophysical Loggers and logging
iii) Surface Geophysical Survey- Resistivity 

profiling, Vertical Electrical Sounding (VES) 
and Magnetic survey for delineation of in-
crop of coal seams, dykes and ground water 
investigation.

iv) 2D seismic survey using Vibroseis
B. Deep mining

i) Strata control 

ii) Guidelines for mitigating adverse effects of 
mine induced seismicity(rock bursts and coal 
bumps)

iii) Design and development of powered supports
iv) Fibre Reinforced Plastic Roof bolting systems 

and Instrumented bolts
v) Mineral transport through slurry mode
vi) Slope and dump design, stability assessment 

and monitoring systems
vii) Advanced Mine Ventilation for improved 

work place environment
C. Strategic Mine Planning

i) Hydro-geological modelling
ii) Remote sensing and GIS based mine 

surveillance and monitoring
iii) LIDAR and Drone based 3D mapping in 

underground and surface mines
iv) Subsidence monitoring through advanced 

Geomatic tools (Radar Interferometry)
v) Production scheduling frameworks
vi) Developing a policy framework for integrated 

mine planning
vii) Mine planning with selective waste disposal 

using surface miners
D. Mining Methods

i) Mechanised Exploitation of thick deposits by 
underground methods 

ii) Mechanised Exploitation of steep deposits by 
underground methods

iii) Method of working of 2 or even 3 contiguous 
coal seams 

iv) Cost effective Overburden removal
v) Effective sealing of water approach paths to 

prevent mine inundation, when the coal mine 
is worked by Opencast and then converted to 
underground workings.

vi) Extraction of locked standing pillars below 
surface structures / developed area with due 
consideration to coal conservation and safety

vii) Dry fill technology using fly ash in UG coal 
mines to extract coal through stowing under 
the inhabited areas / forest areas

E. Mine Mechanization and Automation
i) Design and Manufacturing of mining 

machinery and their priority
ii) Man riding systems
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iii) Tunnel boring machine
iv) Roadheaders
v) Mine Communication
vi) Mine Robotics
vii) Establishment of Standard Operating 

Procedures for each Mining Operation to 
enhance safety and productivity in coal mines.

viii) Rock Excavation Technology with focus on 
Cuttability Studies for improved machine 
selection and optimisation

F. Work place safety issues
i) Development instruments for detecting weak 

layers in roof and water logged areas
ii) Coal Dust and Gas explosion studies
iii) Ergonomic studies: Man-Machine Interaction
iv) Occupational health issues: Silicosis, 

Pneumoconiosis etc.
v) Worker Heat Stress and Environmental 

Monitoring
vi) Monitoring for Exposure to Aerosol and Dust 

Particulate Matter
G. Reduction of carbon foot print

i) Methane Drainage (Pre-mining gas drainage)
ii) CO2 sequestration in underground reservoirs
viii) Replacement of shovel-dumper combination 

by continuous conveying technology in 
surface mines

ix) Skip winding/high angle conveying for 
vertical transportation of overburden in deep 
opencast mines to shorten conveying distance. 

x) Energy and Environmental (E&E) Profile of 
the Indian Coal Mining Industry to benchmark 
energy use and emission management for 
various mining technologies and equipment 

xi) Guidelines for optimising energy consumption 
and emission profile of various mining 
equipment for reduction of GHG Emissions. 

xii) Coal transportation in slurry mode
xiii) Energy efficient rock excavation systems
xiv) Spatial models for contaminated site 

characterization (old workings)
H. Coal gasification

i) In-situ coal gassification
ii) Enhanced combustion and gasification with 

mitigated emissions
iii) Accelerated coal conversion and catalysis vis a 

vis coal structure and chemistry 
iv) Coal to chemicals

I. Waste to wealth
i) Study of Trace Elements and Rare Earth in 

Coal and Non-Coal Strata
ii) High ash coal boilers
iii) Manufacturing sand
iv) Efficient highwall mining

J. Washing
i) Fine coal recovery processes
ii) Development of intelligent plant systems 

using hardware and software that will 
allow a processing plant to know its current 
operational performance in real time and how 
it compares with optimal standards

iii) Life Cycle Assessment and Environmental 
impacts

iv) Dense medium cyclones and coal floatation 
systems

K. Use of IoT & AI Mining sector
i) Development of smart sensors and monitoring 

systems for Indian mining industry - Make in 
India Approach

ii) Cyber physical systems for locating the 
biological objects, equipment, efficiency of 
operation, 

iii) Increasing productivity and throughput
iv) Improving health and safety 
v) Reducing environmental impact of mining 

operations
vi) Knowledge management for underground 

coal mines to retain the tacit knowledge of 
underground workers 

vii) Artificial Intelligence (AI) & Machine 
Learning (ML) application for better 
interpretation & accuracy

L. Application of virtual and augmented reality
Development and Use of Virtual Reality Mine Simulators 
for improving coal mine safety and productivity. 
IIT(ISM) with University of Queensland is working to 
build VR mine simulators for one opencast coal mining 
project(Nigahi, NCL) and one underground coal mining 
project (Jhanjhra Project, ECL). These are different from 
equipment simulators where operator training is the key).

ROADMAP FOR SYNERGIZING THE INDUSTRY-
ACADEMIA PARTNERSHIP

A. Background and Challanges ahead
i) World has changed and global challenges 



Northern Coalfields Limited, Singrauli

248

demand global collaborations
ii) Population; Cities; Traffic; Global warming; 

Natural disasters; Natural Resources; Security 
of Water, Food and Energy;   Health care;  
Education;  Youth unemployment

iii) Universities have changed: Powerhouses of 
R&D and Training 

iv) Industry has changed: Globalised, highly 
competitive environment

v) Strategic Partnerships: Collaboration for mutual and 
societal benefits

B. Foundation for Strategic Partnership
i) Whole of the Institution as one party
ii) Responsive to emerging ideas (both ways)
iii) Long-term
iv) Reciprocal
v) Partnership committee

C. Drivers, Needs, Benefits, Strategic Areas for a 
Business Case, Engagement Model Research
i) Energy Scenario and dependence (Coal, Oil-

Gas)
ii) Clean mining and coal technologies
iii) Petcokeutilisation
iv) Fly ash utilisation
v) Spontaneous heating  and mining methods
vi) Coal to chemicals
vii) Environmental efficiency through operational 

efficiency
viii) VR Simulators for hazardous workplace 

simulation
ix) Solar and wind power research initiatives
x) Hydro-power development & research

D. Academics
i) Courses relevant to industry  
ii) Advanced technologies for safe and productive 

engineering,
iii) Sustainable Initiatives 
iv) Clean technologies, 
v) Advanced Planning and Design
vi) Data Analytics and AI Applications
vii) Masters in collaboration with Industry 

(Training Part in Industry with dual 
mentorship)

E. Infrastructure
i) Data Analytics Centre
ii) Knowledge Centres with Integrated Central 

Research Facilities

iii) Advanced Research Laboratories (Startups, 
Incubation hubs)

iv) Sports Academy
F. Faculty Engagement

i) Faculty/Industry personnel Mobility to state-
of-the-art plants and research facilities

ii) Faculty/Staff/Student mobility (MoUs), An 
MoU with MCL has been signed by IIT(ISM) 
recently for working as academic and research 
partner. A similar arrangement exists with 
IIT (BHU) and NCL for some time. Thanks 
to the initiative of NCL/MCL management 
to strike such collaboration. Due weightage 
to such industry collaboration and projects 
can encourage faculty to willingly participate 
and work on some of the live problems of coal 
mining industry.

G. Student Engagement
i) Student Interns and Projects with an organised 

administration)
ii) Innovative Projects /Interns
iii) Industry Talks

H. Societal Development
i) Skill development (jointly) for Employment 
ii) Community Services (Health, Safety, 

Environment)
I. Policy Initiatives

i) Policy formulation
ii) Legislative enablement

SUMMARY
Techno-managerial challenges for mining and underground 
construction projects are becoming seemingly challenging. 
This calls for a close look at the problem and aim for a 
solution that is sustainable and cost-effective. Moving 
towards indigenization of equipment and processes with 
integrated solutions can only meet the requirements in 
holistic manner. A collaborative approach with Industry-
Academia partnerships can pave way for quicker and 
cheaper solutions, if continued in a strategic manner.
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Abstract—The stability of in-pit slopes, dump slopes and 
underground mines are a major concern for the safety of man 
and machineries. The geometry and the slope materials play 
a crucial role in assessing the stability. In underground mines, 
the formation of dump slopes or opencast mining above the 
underground galleries can affect the stability of both opencast 
pit slopes as well as underground galleries. The case study 
was carried to achieve the safety of a combined underground 
mine beneath the opencast pit slope of a mine in Western 
Coal Field. The FEM approach was adopted to simulate the 
pit slope over an old underground gallery in the models. A 
total displacement of 15 mm for a pit slope was observed in 
the numerical analysis. The optimized design was proposed 
for ultimate pit slopes to ensure global safety for operational 
conditions.

Keywords—slope stability; opencast mining; underground 
working;  FEM

INTRODUCTION 

A clear understanding of the rock behavior in general 
and the rock mass, in particular, has always been of 
vital importance for mining engineers involved who are 
responsible for stability, reliable design and planning 
and safe operation of mining projects under difficult and 
complex conditions. The assessment of slope stability 
deals with a large number of parameters such as geological, 
topographical, environmental and material properties [1]. 
It provides better, safe and economical designs of road 
cuts, landfills, earth-dams and embankments [2]. The 
slope stability analysis can be carried out with the help 
of conventional and numerical modelling techniques. 
The conventional techniques include Kinematic 
Analysis and Limit Equilibrium Method (LEM), 
whereas numerical modelling includes continuum and 
discontinuum modelling. Modeling has been a useful tool 
for engineering design and analysis. In rock engineering, 

modeling has been divided into two major parts: physical/
empirical modeling and theoretical/analytical modeling. 
Numerical models have extensive application for the 
design of underground mine because of versatility and 
constantly increasing computational supremacy available 
to excavation designers [3-5]. LEM is used to calculate 
the Factor of Safety (FoS) of sliding mass of soil slopes 
or highly fractured slopes. The FoS can be estimated by 
taking the ratio of resisting forces to the driving forces [6]. 
The continuum modelling is more suitable for soil slopes 
and highly jointed rock mass. The continuum modelling 
includes the Finite Element Method (FEM) and Finite 
Difference Method (FDM) approach to model the slope 
to find the solution. FEM involves the representation of 
a continuum as an assembly of connected elements at 
discrete points called nodes. Discrete elements of various 
shapes such as triangles, quadrilaterals and tetrahedrons 
can be used to define the problem domain. The use 
of Mohr-Coulomb failure criteria to analyse toppling 
failure in the case of continuum formulation has serious 
limitations [7]. The major limitations of FEM including 
the difficulty in simulating numerous fractures in a slope 
requiring lots of small-size elements compounded by 
continuous re-meshing of the fracture growth, delineating 
conformable fracture path and element edges. Despite 
these disadvantages, FEM is widely used because of 
its well-developed commercial codes handling a large 
number of nodes assisted by high computing power, ability 
to incorporate material complexity, and user-friendliness. 
Most of the slope stability studies have been carried out 
either on opencast or underground mines [8]. However, 
in this paper, the stability assessment was performed 
proposing an opencast pit slope above the old underground 
galleries. FEM was adopted in the stability analysis of an 
ultimate pit slope, as FEM provides better solutions than 
the LEM for the problems that include excavation in the 
numerical model.
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STUDY AREA

A. Location - The case study considered in this study 
is from an Indian coal mine which is located in the 
Chandrapur district of Maharashtra and comes under 
western part of coalfield.

Fig. 1. Mine Plan with borehole details

B. Geo-mining Characteristics - The mine area has an 
undulating topography with altitude ranging between 
180m RL to 194m RL. Opencast mining in the area since 
1975 has brought about changes in the topography with 
overburden dumps reaching an altitude of 250m RL at 
some places. Wardha River flows in NW-SE direction to 
the west of the area General slope of the ground Wardha 
River which is the main drainage channel. Konda nallah, 
a seasonal tributary of Wardha River has been diverted 
to free the coal reserves for opencast mining. Area of 
opencast mining activity has been protected by flood 
protection bund by dumping overburden from the opencast 
mines up to a height of 198m RL at some places. HFL of 
Wardha River is 193.45m (1994).

The block is mostly covered by black cotton soil. The 
information regarding geological sequence is therefore 
available only from the borehole data. Table 1 furnishes 
summarized statement of lithological details details and 
thickness range of difference formations encountered in 
the boreholes drilled in the mine quarriable area. The area 
is structurally disturbed by four faults viz F1, F2, F3, F4 
and F5. F1 fault is present in the present mining area.

TABLE I. Geological sequence of around the block

Formation Lithology

Soil Black cotton soil, sandy soil

Kamthi Fine	to	coarse	grained	sandstone

Barakars Fine	to	coarse	grained	sandstone

Talchir Greenish	sandstone

FIELD INVESTIGATION

A detailed field investigation was carried out at the 
mine. Presently the underground mining is operational 
at the studied mine. The mine plan and borehole details 
showing the coal seam of the mine are shown in Fig. 1. 
The minor water seepage is observed along the contact of 
sandy sandstone and roof of coal seams at two locations 
during the field visit. No significant water seepage has 
been observed in the field. The mean annual rainfall is 
about 1300 mm. Well fractured rock mass, existing open 
cast working have made the geo-mining condition of the 
quarry to drained condition for all practical purposes after 
implementing an effective drainage system. If the slope 
mass is not provided with effective drainage system, then 
the slope mass condition would be in undrained geomining 
condition.

RESULTS AND DISCUSSION

A. Geo-mechanical Properties - Engineering properties 
influence the slope stability in various ways. Samples of 
rock, soil and coal were collected from the mine and were 
evaluated for different geo-mechanical properties. Table 
2 shows the material properties used in the slope stability 
analysis for pit slope.

TABLE II. Geo-mechanical properties of different 
lithology for pit design

Lithology Unit weight 
(kN/m3)

Cohesion 
(KPa)

Friction angle 
(degree)

B.C. Soil 18 65 30
Sandstone 21 100 35
Coal seams 12 62 24

B. Stability Analysis - In order to optimize the design, a 
finite element based stability analysis was performed that 
simulated the pit slope above the underground galleries. A 
two-dimensional geometry was prepared by considering 
three benches with an overall depth of 150 m. For optimized 
design benches of 10 m × 10 m with a bench angle of 70º 
for overburden and 3 m × 9 m with a bench angle of 55º 
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for B.C. soil . The ultimate angle of the pit is 34º. In the 
proposed numerical model, an excavated underground 
galley of dimension (3 m × 3 m) was prepared with a parting 
of about 5 m beneath the toe of pit slope (Fig. 2). As per 
DGMS guidelines, a safety factor of 1.5 is necessary for 
long-term operation in mines [9]. A safety factor of 1.52 for 
the proposed ultimate pit slope was observed in the FEM 
analysis. A total displacement of 15 mm in pit slope has been 
observed. The FEM analysis shows that the underground 
galleries affect the global stability of the model consisting 
of both ultimate pit slope. The pit slope were also simulated 
without excavated galleries, The result shows that the factor 
safety was found to be 1.64 for the pit slope.  

Fig. 2. Safety factor and total displacement for proposed ultimate pit 
slope

GEOSYNTHETICS IN DUMP SLOPE

Similar to opencast working over underground working, 
the overburden dump slopes can also be designed over 
the underground working with the use of geosynthetics. 
Geosynthetic is a product, at least one of whose components 
is made from a synthetic or natural polymer, in the form 
of a sheet, a strip, or a three-dimensional structure, used 
in contact with soil or other materials in geotechnical 
and civil engineering applications. The application of 
geosynthetic is vast as they are used for separation, 
filtration, reinforcement, protection, waterproofing, 
erosion control, drainage etc. The most used geosynthetics 
are geo-composite drainage, geogrids, geotextile and 
geomembranes.

Fig. 3. Sketch representation of geogrids and geocomposite 
drains in dump slope

Geogrids have large apertures that allow the soil or dump 
material to be continuous through the inclusion. The 
stresses are transferred to the soil through passive soil 
resistance on transverse members of the grid. The friction 
between geogrid and dump particles plays a crucial role 
as the dump particles trap between the geogrid apertures. 
Therefore, slope movement is prevented, as the geogrids 
come in tension during slope failure. A suitable geogrid 
is selected based on its strength and aperture size that 
depends on the particle size distribution of dump material. 
The dump particles trapped into the geogrid aperture thus 
increase the interface properties between geogrid and 
overburden dump, which increases the stability of dump 
slopes. A typical sketch of implementation of geosyntheics 
(geogrids and geocomposite drain) in the dump slope is 
shown in Fig. 3.

CONCLUSIONS 

The FEM analysis of combined underground gallery with 
opencast mine shows that excavation of an underground 
gallery affects the stability of opencast mine. It is 
concluded that the lower the parting thickness, the higher 
will be chance of collapse. In the present study, the slopes 
shows a FOS of 1.52, which is acceptable concerning the 
safety of personnel and machineries. The analysis shows 
15 mm of total tolerable displacement for the slope. It 
is recommended to monitor the slopes as per DGMS 
guidelines [10]. The coal seam in the studied mine is 
standing on a pillar. There is a possibility of a collapse of 
thin parting and sinking of machinery and persons therein. 
Therefore, a condition to the effect that no person or 
heavy earthmoving machinery shall be deployed over the 
developed galleries when the thickness of parting above 
the galleries become less than 5m shall be enforced. When 
the parting thickness is reduced to about 5 m, the parting 
shall be blasted into the galleries to fill the galleries before 
deploying Heavy Earth Moving Machinery. Further, in 
order to enhance the stability of dump slope, geosynthetics 
such as geogrids and geocomposite drains can be installed 
in the dump slopes. The implementation of geosynthetics 
for reinforcement of pavements in Railways and Roads 
have been approved Indian government authorities.
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Abstract— Fragment size is an important aspect in blasting 
that defines the throughput of the Mine-Mill Fragmentation 
System (MMFS). The downstream costs of the loading and 
hauling equipment are directly dependent on the fragment 
size(s) and their distribution obtained from blasting. While 
several blast design patterns are in vogue to achieve proper 
or optimum fragment size in the process, the role of firing 
sequences in defining the fragmented block sizes and 
their distribution is not properly understood. Lot of firing 
sequences can be applied in the blast for various purposes. 
It is believed that V-type firing patterns help to improve the 
fragmentation. The basic phenomenon ascribed to the process 
is that of collisional advantage wherein fragments moving 
in opposite directions towards each other are considered 
to further break the rock on collision. However, the role of 
V-type firing patterns have not been explored in totality. This 
paper tries to identify the advantage of V-type firing pattern 
in comparison with the diagonal pattern. Statistical methods 
have been used to differentiate between the fragmentation 
obtained by diagonal and V-type firing patterns. It is observed 
that the V-type firing pattern provides better fragmentation 
than diagonal firing pattern.

Keywords: Blasting, V-Firing pattern, fragmentation, throw

INTRODUCTION 

The rock fragmentation is an ultimate goal of rock 
blasting. Fragmentation depends upon various variables 
viz. burden, spacing, stemming length, type of explosive, 
powder factor, stiffness ratio, firing pattern etc.  The 
desire fragmentation can be achieved by adopting right 
firing pattern without change in other blast design 
parameters. Change in rock fragmentation size with the 
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help of firing pattern is a cheapest method to get desire 
rock fragmentation. A continuous blast fragmentation 
analysis plays a vital role to evolute the effect of firing 
pattern on rock fragmentation. If blast fragmentation is 
not of required size, it can increase production cost and 
delay in quarry progress due to unnecessary secondary 
blasting which is a safety concern in blasting or require 
use of rock breakers to reduce the size of rock boulders 
which is costly. To reduce the production cost, blast design 
should be revisited to match the cost of the mine mill 
fragmentation system (MMFS). The drilling and blasting 
cost in open pit mine represent 15-20% of the total mining 
cost (Afeni, 2009; Da Gama & Jimeno, 1993; Shim et al., 
2009). The cost of the blasting unit operation has inverse 
relationship with the cost of the loading, hauling and 
crushing. This calls for optimization of fragmentation in 
order to optimize the cost of MMFS. However, away from 
increasing the cost of the blasting unit may not always be 
in favour of the system, if the same does not reduce the cost 
of the other unit operations. There are methods that can be 
used to improve the fragmentation like change in firing 
sequence. This paper focuses on the use of V-pattern of 
firing to improve the fragmentation with the help of inter-
fragment collision process.

 FRAGMENTATION MECHANISM 

Rock fragmentation is achieved by two mechanisms i.e. 
(1) Cratering (2) Bench blasting.

(1) Cratering mechanism - ISEE (International Society 
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of Explosives Engineers) defines cratering as “the 
fragmentation process of a single buried charge” (ISEE, 
2011). The cratering mechanism require two conditions: 

1. It has only one free face i.e., top of the rock and 

2. Spherical charge. - The ISEE define the spherical 
charge as its charge length to hole diameter ratio is equal 
to or less than 8. In cratering (Figure 1) fragmentation 
mechanism, fracturing and movement happen in all 
directions (Uknowledge & Worsey, 2020).

Figure 1 Cratering mechanism

(2) Bench blasting fragmentation mechanism - Bench 
blasting requires two conditions: 

1. It has minimum two free faces i.e., one at top of the rock 
and second at side of the rock, and 

2. Cylindrical charge. This type of charging is called 
cylindrical as in this case the charge length to hole 
diameter ratio is greater than 8.

In this method (Figure 2), the material movement is in the 
direction of the free face. The initial fracturing by shock 
waves will travel in the all direction, but cracks growing 
in the confined direction that is without a free face will be 
truncated. The reason is that the gas pressure will separate 
the fractures in the material that can move. Cracks that 
reach a free face will be able to move freely, and the gas 
will travel through the crack to reach equilibrium. During 
the process the gas escapes and the rock fragments will be 
thrown and rotated, adding to the fragmentation process 
on collision and rebound (Johansson & Ouchterlony, 2013).

Figure 2 Bench blasting fragmentation

BLAST MECHANISM

It is known that explosive in a blast hole detonate rapidly 
and convert into gases of huge volume having high pressure 
and high temperature. This rapid change in volume from 
solid to gas generated a detonation pressure all around 
the blast hole. The pressure wave travels all around the 
blast hole and is transmits through the rockmass. When 
this pressure wave (compressive wave) reaches to the free 
face, it returns back and resulting in tensile stresses. These 
continuous interceptions waves working on the rock in 
opposite direction (Duvall & Atchison, 1957) fragments 
the rock. Since, the tensile strength of the rock is nearly 
10 times lower than the compressive strength of the rock 
(Dey & Sen, 2003) and when the force applied by the 
tensile wave is higher than the tensile strength of the rock, 
the rock breaks.

EFFECT OF FIRING PATTERNS ON 
FRAGMENTATION 

There is different type of firing patterns which are used 
in blasting as per there requirement viz. Line pattern, 
Diagonal pattern, V-type pattern and Extended V-Type 
pattern. In case of in line pattern all the holes lie in a 
same row and fire in a sequence there is little interaction 
during the movement of the fragmented rock in such case. 
Since other firing patterns mentioned above eliminate 
such situation, this the reason that now a days line firing 
pattern is not preferred in regular blasting. In line with 
the above, this study has been attempted to compare the 
diagonal pattern and V-type pattern on their impact on 
fragmentation. In such cases, it is essential to define the 
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geometric aspects of the blast design.

III-A Calculation the ratio of effective spacing to effective 
burden - Diagonal vs V-Type

Burden and spacing are two important aspects of blast 
design in case of bench blasting. A difference in the drilled 
blast design variables exists owing to the firing patterns as 
different holes fire at different times. 

Diagonal firing pattern: In case of diagonal firing 
pattern, the effective or blasting burden and spacing 
change with hole-to-hole firing of the blast round. Such 
condition can be visualized with the help of Figure 3.

Figure 3 Diagonal firing pattern

Figure 3 represents a diagonal firing pattern in which 
dotted lines in black color denote the actual fracture lines 
while dotted lines in red color are effective spacing (Se) 
and blue lines the effective burden (Be). The Se and Be in 
this type of firing pattern can be solved with the help of a 
parallelogram consisting firing points 25, 50, 92 and 67 in 
Figure 3 illustrated with the help of Figure 4.

Figure 4 Solution for Be and Se using a parallelogram geometric 
method

Above figure shows

S = Spacing by side ab or dc
B = Burden by side od
Se = Effective spacing by side db
Be = Effective burden
The area of parallelogram (abcd) is calculated by 
= ab × od 
 = S × B ... Equation 1 
The area of this parallelogram also equal to
 Area of triangle          dab +           bcd
= ½ (Se × Be) + ½ (Se × Be)
= Se x Be ...  Equation 2
By equation 1 and 2, 
S × B = Se × Be ... Equation 3
From           dob, 
Se2 = B2 + (S+S/2)2 
Se = B2 + 2.25 S2 ... 4
Now the ratio of Se/Be can be achieved by replace value of 
Be from Equation 3,
Se/Be = Se2 / (B × S)
Replace value of Se2 from equation 4, 
Se/Be = B2 + 2.25 S2  / (B × S) ... Equation 5
With the help of equation 3, 4 and 5 the value of effective 
burden (Be), effective spacing (Se) and their ratio (Se/Be) 
can be calculated. Such calculations have been used to 
assess the effective burden and spacing in different firing 
patterns. 

V-type firing pattern:

The case of V-type firing pattern is similar but has two 
such limbs of diagonal firing pattern as shown in Figure 
5, that can be used to calculate the blasting burden and 
spacing. 

Figure 5 V-type firing pattern

Figure 5 shows that same line of fracture achieved as with 
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diagonal pattern, the result of this Se/Be ratio will be also 
same as achieved with diagonal pattern. 

Many of authors advocate that the V-type firing pattern 
gives better fragmentation size compare to diagonal 
firing pattern due to increase in effective spacing (Se) to 
effective burden (Be) ratio i.e., increase effective spacing 
(Se) and decrease effective burden Be).

But the similarity of fracture lines in both type of firing 
patterns is not conforming the statement. If a bench has two 
free faces, then diagonal firing pattern (Figure 3) provides 
two free faces for each blasthole and good fragmentation 
is achieved. However, if blast face is having only one free 
face, then V-firing pattern (Figure 5) helps to create two 
free faces for each of the blast hole for achieving good 
fragmentation possibly because in this type of firing 
pattern blast is initiated at the middle of the face and splits 
into two faces which provide further free face for each row 
and holes (Chouhan & Raina, 2015). The opposite lines 
of blast holes collide with each other and induces 
further rock fragmentation.
The effect of V-type firing pattern is evaluated in this 
paper.

AREA OF STUDY

The study was conducted in a limestone mine in India. 
The data pertaining to different aspects of the mine is 
compiled in Table 1. Blast data was generated from the 
mine using diagonal and V-type firing patterns.

Table 1: Salient details of the test site

Sl. 
No.

Component Value/description

Geology Precambrian Delhi Super 
Group

Topography Relief of about 75 m
Lithology Limestone	etc.
General	strike	direc-
tion

NE-SW 

Compressive strength 
of	limestone

80 to 110 MPa

Production 6 MTPA
Explosive ANFO 

density of explosive = 800 
kg/cm3 

Average velocity of the deto-
nation of 3700 m/s

Firing Shock	tube	system	and	delay 
sequencing of 17 ms, 25 ms 
and 42 ms

Blast	pattern Staggered
Loading operation Shovel and backhoe
Bench height Up to 10 m
Burden, spacing, 
stemming,	drill	
diameter

3.0 m, 4.0 m, 2.5 m, 115 mm, 
respectively 

The data thus generated was analyzed further for impact 
of firing pattern on fragmentation.

ANALYSIS OF THE DATA GENERATED

In order to find out the pure effect of firing pattern on 
rock fragmentation, other blast design variables were held 
constant. Sixteen full-scale blasts were conducted in the 
while monitoring of the blast design variables like burden, 
spacing and stemming, bench height, specific charge, and 
firing patterns. Summary of the data generated thus is 
presented in Table 2.

Table 2 Field data of blast variables monitored during the trials
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1 2.79 4 2.5 8.85 0.49 0.29 D 25

2 2.8 4 2.58 9.97 0.48 0.29 D 25

3 2.86 4 2.5 8.97 0.49 0.27 D 25

4 2.82 3.95 2.52 8.41 0.47 0.28 D 22

5 2.85 4 2.5 8.35 0.5 0.27 D 30

6 2.81 4 2.5 9.8 0.52 0.27 D 30

7 2.83 3.95 2.5 9.8 0.5 0.27 D 30

8 2.82 3.96 2.5 9.85 0.51 0.29 D 28

9 2.79 3.8 2.5 9.5 0.53 0.15 V 14

10 2.8 3.8 2.5 9.5 0.5 0.13 V 15

11 2.85 3.41 2.78 9.34 0.55 0.21 V 15

12 2.81 3.46 2.5 9.29 0.56 0.21 V 16

13 2.74 3.89 2.5 9.78 0.54 0.18 V 15

14 2.73 3.82 2.5 9.5 0.51 0.16 V 12

15 2.79 3.93 2.5 9.88 0.57 0.16 V 16

Here, D - Diagonal Pattern and V – V-type pattern, Two 
major outputs viz. throw and fragmentation were evaluated 
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for the said blasts. Since other blast design variables were 
held constant, the pure effect of change in firing pattern in 
case of fragmentation can be seen in Figure 6.

Figure 6 Mean fragmentation size (m) vs. Firing patterns

The plot of diagonal and V-pattern (Figure 6) shows 
that there is strong influence of the firing pattern on 
the fragment size obtained. It is also evident that the 
fragmentation in case of diagonal patterns is higher than 
the those achieved with V-type firing pattern. A change 
of average fragment size from 0.28 m in case of diagonal 
firing pattern to 0.17 m in case of V-type firing pattern 
can be seen. 

Figure 7 Throw (m) Vs Various firing patterns

In addition to fragmentation, the throw of the broken 
rock was also evaluated (Figure 7). As can be seen from 
Figure 7, the throw in case of diagonal firing is more than 
that observed in case of other patterns and varies over a 
wide range. The optimum throw of the muck is however 
obtained in case of V-type firing pattern. A reduction in 
average throw of 27 m in case of diagonal firing pattern to 
15 m in case of V-type firing pattern has been observed. 
One important observation is that the throw of the muck is 
similar in all blasts in case of V-type firing patterns. This 

points to the fact that the pattern is better suited to the 
mine in which trial blasts were conducted.

RESULTS & DISCUSSION

The effect of firing patterns has been evaluated with the 
help of significant number of blasts from a limestone mine. 
Since all the blast design variables were kept constant 
while varying the firing patterns only, the pure effect of 
change in firing pattern has been evaluated in terms of 
fragment sizes obtained and the throw of the muck. There 
are many variations that can be deployed so far as firing 
pattern in blasting is considered. If V-type firing pattern 
is said to further the process of breakage during the firing 
of the blast, it must satisfy some conditions enumerated 
below:

 The velocity of the fragments moving in opposite 
directions must coincide with the requirements, so 
that the fragments collide during the flight in their 
trajectory path.

 The velocity of the fragments should be so that these 
carry sufficient force to further fragment the rock 
on impact.

 The strength of the material should be such that the 
impact of the two fragments exceeds it, and hence 
breaks these further.

 The alignment of the colliding particles should be in 
a direction facing each other, so as to facilitate the 
collision breakage.

 One of the questions is whether the fragments 
achieve such velocities during the process and even 
if the same is achieved what is the mechanism of 
breakage? Whether the breakage is in compression 
or in tension is still unanswered as in-flight 
collision is regarded as a compressional one. The 
forces available at the time of collision may not be 
sufficient to further fragment the rock.

CONCLUSIONS

• The results obtained in this study indicate that the 
mean fragment size and throw reduce significantly 
in V-type firing pattern in blasting. 

• There is a complex relationship in burden, spacing, 
and stemming with the mean fragment size.

• The mechanism breakage due to in-flight collision 
is still not properly understood and needs to be 
explored further.

• A higher order analysis is required for developing 
rational models.
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Abstract- Desired rock fragmentation by drilling and blasting 
has always remained a challenge for mine management. 
Different strategies and statistical tools and techniques can 
be applied to achieve desired fragmentation by designing the 
blasting rounds in surface mines. A tremendous progress has 
been seen in computational approaches to design optimum 
blast design parameters in surface mine in last two decades. 
This paper presents a dynamic computational approach to 
predict Mean Fragment Size based on real time data. The 
results of the blasts were assessed using Mean Fragment Size. 
The equation has been derived using least squire method 
using java language for key processing in software. The 
predictions are made by the developed surface blast designer 
(SBD) software. This software is based on proposed dynamic 
computational approach. It is compared with other research 
outputs and proved its worthiness with blasting data in this 
field scale blasting rounds.

Keywords: Blast design, Computational approach, 
Multivariate Linear Regression, Mean Fragment size

INTRODUCTION

In surface mines, removal of overburden is a crucial 
operation. It is accomplished with the help of a cyclic 
operation i.e.Drilling, Blasting, Loading, and Hauling 
operations. The post blasting operations are heavily 
dependent on results of the blasting operation as the 
fragment size of broken material is required to match 
the specification of machinery that are being used in the 
operations.  In case of poor blasting, secondary blasting 
need to conducted which ultimately results into less 
efficiency of the operation, less productivity and increased 
production cost. The performance of operations like 
crushing and grinding are also greatly affected by fragment 
size [1]. The importance of fragmentation during the blasts 
in surface mines, has encouraged mining researchers, 
scholars and engineers to propose best techniques to obtain 
required fragmentation [2]. The researchers, scholars and 
engineers are involved in developing and proposing new 
techniques to achieve the goal of optimum fragmentation 
with minimum blasting nuisances. With the advent of 
new computational methods these equations have been 
tested and validated in the large-scale field trial blasting. 
The implementation of such empirical equations on 
computational systems has revolutionized the production, 

Improvement in Blasts Fragmentation Using 
Dynamic Computational Approach 

Sonu Kumar Meena, Suresh Kumar Sharma, Rajesh Rai and Piyush Rai
Department of Mining Engineering, IIT (BHU), Varanasi-221005

productivity, efficiency, and profit. Therefore, since 
last two decades, a rapid progress has been seen in this 
field to improve such computational systems. A number 
of computational approaches have been proposed by 
different scholars, researchers and engineers to improve 
the blasting parameters and prediction of fragment size. 
However, every process has scope of improvement with 
passage of time. Now a days, generally the computational 
systems are using empirical equations for predicting 
the fragment size. These empirical equations have 
been derived by scholars and researchers using the data 
collected from blasts of surface mines in specific field 
and geological conditions. Therefore, such systems always 
require a modification to prove their worthiness when are 
used in varying geological and geotechnical conditions. In 
this paper, a dynamic computational approach is proposed 
which is able to use experience of previous blasts in the 
mine to improve the prediction of mean fragment size in 
real time. 

RESEARCH APPROACH                                                                            

In order to predict the Mean Fragment Size, a lot of 
computational approaches have been proposed by 
researchers, scholars and engineers. Recent approaches 
have been briefly discussed here in to compare the 
proposed dynamic computational approach with them. 
Scheck et al. [3] developed a surface blast design 
and consultant system. It allows users to design blast 
parameters based on theoretical and empirical formulae, 
for given details of geological and mechanical conditions 
as input parameters. The system was not using any 
dynamic computational approach for predicting mean 
fragment size. Additionally, they could have used a 
GUI (Graphical Use Interface) interface instead of CUI 
(Command User Interface), as GUI interface improve the 
ease of designing the parameters. Mario et al. [4] developed 
a blast fragmentation Monte Carlo-based simulator, based 
on the Kuz-Ram fragmentation model. It was also using 
the empirical equation for predicting the fragment size. 
This system was also not using dynamic approach for 
the prediction of fragment size, hence it was not able 
to make any real time improvements in the empirical 
equation if they do not work well for available geological 
conditions [4]. Mishra and Ashutosh [5] presented a model 
for designing the blast parameters for blast designs and 
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predicting the Mean Fragment size. Faramarzi et al. [6] 
presented a computational model for the prediction of 
Mean Fragment Size. It was based on empirical equations 
that have been derived using multiple regression models. 
The blasting data that have been used during the derivation 
was taken from Sungun copper mine, western Iran. 
However, the system used data of only particular mine, 
so it is sure that predictions will not be accurate for other 
mines having different geological conditions. Langefors 
and Khilstrom Approach [7] has been used while for the 
prediction of Mean fragment size, Kuz-Ram models and 
Rosin-Rammler empirical equations have been utilized for 
designing the blast parameters. The system used empirical 
formulae, but no facility has been provided in the system 
to improve the predictions based on the experience it 
gets from blasts that have been made on site. Sharma and 
Rai [8] has presented a computational approach for site 
specific blasting using previous blasting events. However, 
it requires regress calculations and software understanding 
to screen the important blast design parameters. Hence in 
this paper same approach is duplicated with development 
of user friendly software. 

Computational Dynamic Method  - In this paper a 
surface blast design software was developed using Java 
Script that preform two important tasks Determines 
optimum parameters for blast design for given geological 
conditions, using properties of rock strata and explosive. 
Predicts Mean Fragments Size (MFS) for the blast design. 
The software has been developed on NetBeans IDE 8.2 
using Java Programming Language. The blasting design 
the parameters of the blast design are based on the model 
proposed by Langefors and Khilstrom [8]. Whereas, by 
default the prediction of mean fragment size is obtained 
with the empirical equation proposed by Suresh and Rai 
[8].  
MFSPCA=-0.114×L/W-0.033×H/B+5.022×10^(-7)×Qe+0.011×B/D+0.017×UCS+0.025×T-0.376

--------------------------------Eq.1

Where, 

L-Blasthole Length, m; W-Width of Bench, m; H-Height 
of Bench, m; B-Burden, m; Qe-Weight of Explosive, Kg; 
D-Diameter of Blasthole, m; UCS- Uniaxial compressive 
strength of rock, MPa; T-Stemming Length, m; MFS-
Mean Fragment Size, m  

Howsoever, when the prediction based on empirical 
equation varies from observed MFS, then the software 
automatically makes a real time improvement by 
generating a new modified equation. The equation uses 
available blast data to improve the prediction of mean 
fragment size for next blast rounds on the bench. This 
process is dynamic because as soon as a new varying 
experience is obtained, a new modified empirical equation 

is generated. The equation is generated in such a manner 
that it minimizes the Mean Square Error (MSE) for all 
blast rounds that have been made on that particular site for 
which the software is being used. The developed software 
keeps and handles the records of archives individual site 
separately. The concept behind the generation of new 
modified empirical equation for the prediction of MFS, 
is based on Multivariate Linear Regression (MLR) model 
[9]. The approach for the prediction of MFS equations as 
follows: 
Let f(x) is a real unknown MFS equation. Now, assume 
Ai is a constant, and Xi is a variable of linear equation 
predicting MFS. The general form of the equation will be 
shown as in equation 1.
f(x) = A1X1+ A2X2+ A3X3+ A4X4+ A5X5+ A6X6+ A7.   ....................... Eq. [2]

Where 

X1 = L/W, X2 = H/B, X3 = Qe ,  X4 = B/D,  X5 = UCS,  X6 = T

(Here, Xi represents equation variables proposed by Suresh 
and Rai [8])

Here, L, W, H, B, D, UCS, and T are variables which are 
obtained either directly from given geological conditions 
of site or obtained from Langefors and Khilstrom [8] using 
given geological conditions. Here to attained zero error in 
the prediction of MFS the real unknown MFS equation 
and Linear MFS predicting equation will become equal to 
each other which is represent in equation 3.

f(x1, x2, x3, x4, x5, x6) = A1X1+ A2X2+ A3X3+ A4X4+ A5X5+ A6X6+ A7.   

      ........................Eq. [3]

Now any error in the prediction for single instance could 
be determined as - 

Δe	=	{f(x1, x2, x3, x4, x5, x6) – (A1X1 + A2X2 + A3X3+ A4X4 + A5X5 + A6X6 + A7) }  
      ........Eq. [4]

Now any error in the prediction for ith instance could be 
determined as - 

Δei	=	{f(x1i, x2i, x3i, x4i, x5i, x6i) – (A1X1i + A2X2i + A3X3i+ A4X4i + A5X5i + A6X6i + A7)}  
      ........Eq. [5]

Now, the Square Error of ith instances could be 
determines as.
Δe2

i	=	{f(x1i, x2i, x3i, x4i, x5i, x6i) – (A1X1i + A2X2i + A3X3i+ A4X4i + A5X5i + A6X6i + A7)}
2  

      ............ Eq. [6]

Where i is ith	instance	of	data,	i	≥	7	(as	the	basting	data	will	
work only if minimum six variables related to basting data 
are present in data matrix). Here i is kept variable as it is a 
dynamic approach where no. of instances of data available 
depends on number of blasting events. 
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Mean Square Error (MSE) of all N instances of experience 
data was determined by equations. N is current total 
number of available blasting instances. 

               MSE =   Ʃ	Δe2
i        …………………………….Eq. [7]

MSE equation contains six variables (X1, X2 …. X6) and 
seven constants (A1, A2…A7).  MSE equation is partially 
differentiated six times w.r.t six variables (X1, X2 …. X6) 
once at a time.  Six equations generate 6 unknowns. These 
equations are then solved using matrix method for solving 
linear equations to get the values of A1, A2... A7 for new 
generated equation. Experience Data can be fed to the 
software either using GUI or can be directly imported from 
a data file created by the software during installation. The 
software also provides facility of handling the experience 
of different sites into different Experience Sheets. 
Experience Sheet is a text file that keeps the data of all 
previous blasting events. The input and design setting of 
Surface Blast Designer (SBD) software is shown in Fig. 1.

Fig. 1: Input and Design setting of Surface Blast Designer 
software

RESULTS AND DISCUSSION

To measure performance of the developed software, the 
following trial blasts (33) data set and existing 43 trial 
blasts data set of Rai, 2002 has also been utilized. To 
measure performance of the software, the data set from 
Rai, 2002[10] was fed to the software and the following 
empirical equation is formed by the software. 

MFS obtained = -0.11419924 x L/W - 0.0328695 x H/B + 5.1x10-7 

x Qe    +  0.01053361x B/D + 0.01728786 x UCS + 0.02453351 x 
T - 0.37221194

If user adds more varying experience to the system, then, in 
order to minimize the mean square error in the prediction, 
the system automatically modifies the equation and offers 
a new empirical equation.  For this obtained equation, the 
following graph using data from Rai, 2002[10] has been 
plotted which shows that results are comparable to real 
observed results of blasts. 

CONCLUSIONS

This paper accounts our research effort aimed at 
systematically minimizing the error in prediction of 
mean fragment size using Surface Blast Designer (SBD) 
software and extracting the actionable information 
and insights for further blast rounds. Hence, it could be 
concluded that the software has reached the performance 
up to the standard and can be accepted for designing the 
surface blasts in surface mines. The software also provides 
different features that make it more user-friendly and 
data handling platform. It is noteworthy to mention that 
the strategy of this study has the potential to apply it for 
improvement in real time field scale blasting projects and 
in various other domains, when comes to statistical data 
management.  As future work, we plan to collect more 
blasting data from various projects and apply different 
techniques of minimizing standard error in prediction 
with different pre-processing methods and parameters to 
make the model more accurate. 
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Abstract—In the last 3-4 years, the Government of India 
has taken a number of reform measures and plans to adopt 
new strategies to meet the growing demand of coal in the 
country. Opening up of commercial coal mining for private 
sector is one of the most ambitious coal sector reform aimed 
at attracting higher investment & creation of employment. 
This is also expected to bring efficiency into the coal sector 
by moving from an era of monopoly to competition. In this 
background, MDO model or complete outsourcing model 
or Built (Develop)-Operate-Maintain type model for life of 
mine is likely to dominate the Indian Coal Sector in coming 
5-6 years. Present paper discusses about certain issues (due 
to uncertainties involved, complex geo-mining conditions, 
dynamic nature of mines, changing labour laws, etc) which 
are likely to crop up during execution of such long term 
MDO contract and their probable impact on profitability 
of coal blocks.

Keywords— MDO; Coal Blocks; Development and Opera-
tion; Outsourcing; Statutory Manpower, Contractual and 
Commercial Issues

INTRODUCTION 

India is poised to become US$ 5 trillion economy by 2025 
as envisioned by Government of India which requires 
securing 9 to 10 percent average annual economic 
growth rate. The long-term growth perspective of 
the Indian economy is positive due to various reasons 
including accelerated reforms in almost all sectors. 
Affordable energy is basic and fundamental to any 
growth. India is the world’s third largest producer and 
third largest consumer of electricity. Though, there 
is greater push towards investment in renewables 
but India’s electricity sector is dominated by fossil 
fuels, and in particular, coal, which generates more 

than 65% of the country’s electricity. Coal is the most 
important and abundant fossil fuel in India. To fuel the 
growth of country, total coal production from country 
is expected to keep increasing. By greater thrust on 
mechanisation, application of modern technologies and 
start of coal production from captive coal blocks, it has 
been possible to produce 730.87 million tonnes of coal 
in 2019-20 (Provisional) and 716.08 MT (Provisional) of 
coal during 2020-21(Source: Ministry of Coal website) 
. More than 90 percent of total coal production comes 
from Opencast Mines which requires removal of large 
volume of waste (Overburden) to produce coal. Opening 
up of commercial coal mining for private sector is one of 
the most ambitious coal sector reform. This is expected 
to bring efficiency into the coal sector by moving from 
an era of monopoly to competition. It is also expected 
to lead to energy security through assured coal supply, 
affordable coal, accountable allocation of coal resource 
and will create direct and indirect employment by 
bringing huge investment. Expertise of coal mining 
operations lies mostly with Coal India Limited, SCCL, 
SAIL, Tata Steel, NLC and the mining contractors 
working with these organisations. Coal India targets 
to produce 1 Billion MT of coal (annually) from year 
2024 onwards. AS per media reports, with their own 
capacities stretched, CIL need MDOs to produce around 
200 million tonnes yearly, that’s why even subsidiaries of 
CIL are coming out with tenders to engage MDOs. Other 
entrants (private players, State power generation entities, 
central PSUs, etc) into the coal mining do not have prior 
experience and hence lack necessary expertise in coal 
mining. In such scenario and competitive environment, 
complete outsourcing model or MDO model appears to 
be emerging feasible model for mining. 

Issues in Development and Operation of Open 
Cast Coal Blocks in MDO Model
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DEVELOPMENT AND OPERATION OF COAL 
BLOCKS

Key objectives of Owners of Coal blocks are as follows:
a. Cost effective coal production and supply within 

shortest possible time frame
b. Safe, efficient, and environment friendly mining 

ensuring compliance of all applicable statutes.
Broad Works in Development and Operation of Coal 
Blocks:
A. Initial Development and Construction activities 

o Land acquisition, R&R 
o Detailed exploration, Geological report, 

Mining plan, EIA/EMP
o Necessary Clearances from Government 

authorities under different laws/acts 
applicable for Mining of coal (Environment 
Clearance, Forest Clearance, Consent to 
Establish, Consent to Operate, Mine Opening 
Permissions, etc)  

o Construction of necessary infrastructure like 
Approach Road, Coal evacuation system, 
availability of power at site and other initial 
development activities, etc

B. Mining Operations;
o Design, engineering, development, operation 

and maintenance of coal mine to deliver coal 
of specified quality

o Arrangement of necessary Heavy earth 
Moving Machinery (HEMM) & other 
equipments.

o Unit operations (drilling, blasting, 
loading and hauling), Road maintenance, 
Illumination, Pumping, dust suppression, etc  

o Deployment of statutory manpower and other 
qualified manpower

o Short Term Mine Planning (Annual Plan, 
Monthly Plan, 5 years plans, etc)

o Safe and efficient utilization of HEMM
o Maintenance of HEMM
o Overburden removal and waste management
o Sizing of coal, Stacking of coal, Coal 

conveying and O&M of Coal Handling Plant 
o Railway siding
o Security and Liasoning
o Progressive and Final Mine Closure plan

VARIOUS BUSINESS MODELS FOR DEVELOPMENT 
AND OPERATION OF COAL BLOCKS

(a) Complete Departmental mode (Mining carried out 
by the Owner/Lessee): 

 This method was widely adopted by the 
subsidiaries of CIL, SCCL in the past. In this 
Model, all resources, management, control and 
supervision of mining operations lies with the 
Owner of the block. In this mode, all the activities 
related to development and operation is done 
departmentally by engaging own manpower and 
own resources.   At present, this model is not 
being practiced even by CIL and SCCL and they 
also outsource many activities in mines which are 
being run departmentally. Hence, it can be said 
that this model does not appear to be suitable for 
any new entrant. 

(b) Partial Outsourcing and Partial Departmental: 
This is being practiced by subsidiaries of CIL. 
The major activities under subject Model are 
undertaken as follows: 

(i) Extraction of coal departmentally with its 
HEMM and outsourcing other activities 
including OB removal, for a short time 
periods (1/3/5 year contracts). 

(ii) Outsourcing the different activities/patches 
to different parties as separate contract, for a 
short period.

Mining fee for providing services are paid against coal 
production and/or OB removal for hauling to certain 
lead distance. 

c. MDO Model (Complete Outsourcing for life of mine 
or longer period say 12 years/15 ears/20 years/25 years): 

In this Model, single point responsibility for producing 
& supplying coal lies with MDO as all the activities of 
mine development & operation are outsourced to a single 
Mine Operator for longer period (say 12 years/15 ears/20 
years/25 years or mine life). Scope of work changes as 
Owner distributes the work between Owner and MDO 
as per site specific conditions, status of the coal block 
and risk sharing formula based on the competence & 
convenience of owner.  The work of Land Acquisition & 
R&R acivities may or may not be in the scope of mine 
operator.

In this model, single base mining fee for whole term 
of contract or year-wise mining fee may be quoted / 
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awarded which includes cost towards coal production, 
OB removal, road maintenance, illumination, pumping, 
safety, compliance, progressing mine closure, sizing, 
etc.     The MDO contract is awarded mostly on the basis 
of quoted mining cost per tonne, to the lowest bidder. In 
the emerging mining industry, with entry of new mine 
owners, the work of mine development & Operation is 
expected to be outsourced to a third-party MDO. The 
MDO will be responsible for the whole range of activity, 
from land acquisition, R&R, mine design, planning, 
construction, Coal production, overburden removal, 
Coal handling, processing and delivery of the coal. With 
power generation heavily dependent on coal and the 
need to keep production numbers growing means that 
MDOs will become significant players in the mineral 
industry. Large MDOs today include Adani Enterprises, 
Thriveni Earthmovers, Dilip Buildcon, Sainik Mining 
and Allied Services, BGR Mining and Infra Ltd, Sical 
Logistics, AMR, VPR, Monte Carlo,  Sadbhav  and 
Ambey Mining.

ISSUES RELATED TO LONG TERM COMPLETE 
OUSORCING MODEL OR MDO MODEL OR 

DEVELOP-OPERATE-MAINTAIN TYPE MODEL

Mines are site specific and very dynamic in nature. 
Planning for operation of mine cannot be fixed for 20 
to 30 years and hence, while execution, it is important 
to have yearly plan based on the availability of land 
and managing other constraints. Hence, Flexibility is 
important and integral part of mining operation and 
success of any contract will depend on following:

(1) Financial strength of MDO as revenue generation 
shall start after start of coal production only whereas 
large investments (on procurement of HEMM and 
development of infrastructure) shall be done during 
initial years when revenue shall be minimum or 
zero. 

(2) Technical expertise and Operational expertise for 
sustainable mining operation and O&M of HEMM

(3) Faster dispute resolution mechanism
(4) Compliance to applicable laws

Based on our experience in mining and emerging 
scenario in mining industry, following issues, if not 
addressed properly, are likely to affect adversely during 
execution of MDO contract:

(a) Financial Tie up of MDO (Single Party or 
Consortium): MDO is long term contract which 
requires infusion of large amount of equity at beginning 
and getting cash-flows at later stage. Hence, equity 

infusion and financial tie up with financial institutions 
at beginning is important to arrange all necessary 
resources. Maintaining the trust level between the 
consortium members, for whole duration of contract 
(ranges between 10 to 25 years), shall become important 
when it comes to investment of large equity or repayment 
of loan. Generally, trust level may not be maintained 
at same level between partners for such long period as 
leaders or CEOs or policies of companies may change 
during such large period and then it will certainly affect 
the performance of MDO contract and Owner will 
ultimately suffer.  To avoid such problem, preference 
shall be given to single party only which is having 
financial strength.

(b) Payment of Mining fee against delivery of coal 
(single Mining fee or year-wise mining fee or fee linked 
to lead & lift):   As mines are dynamic in nature and cost 
in mining of coal depends upon many variables such as 
lead distance, depth of mine/lift, availability of land for 
mining and dumping, pumping cost, local hindrances, 
etc. In other words, it can be said that cost incurred 
in mining of coal will certainly vary month-wise and 
year wise based on prevailing geo-mining conditions, 
climatic conditions, lead & lift and availability of 
land.  Whereas, award of work to MDO is generally 
being done, in beginning, at single average mining fee 
quoted by bidders at certain strip ratio. Normally, mine 
progresses as per availability of land which may or may 
not be strictly as per approved mining plan and hence 
there are commercial risks linked to quoted mining fee.

Further, there may be issues related to maintenance 
of strip ratio and dumping OB at lead which may be 
different from average lead. The issue may address 
easily if following prices are also available as part of 
contract agreement:

(i) Year wise Mining fee mentioning average lead and 
lift for the year

(ii) Price variation formula or quoted mining fee 
against varying lead and lift

(iii) Separate charges of coal production and OB 
removal

(c) Fleet of HEMM: Output of mining operation mainly 
depends upon availability and utilisation of HEMMs. 
Mining Operation can be performed through new 
equipments (Availability and Utilisation will be more 
and hence less numbers of HEMM shall be required 
and their maintenance cost shall also be very less) or 
old equipments (Availability and Utilisation will be 
comparatively less and hence more numbers of HEMM 
shall be required and their maintenance cost shall be 
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high also). Availability of adequate HEMM is most 
important to ensure sustainable output from mine.    
Clear provision shall be made regarding HEMM fleet 
strength, their maintenance, and their withdrawal from 
site. Strict penalty provisions (monetary) should be made 
in agreement to discourage withdrawal or transfer of 
HEMM from the site. 

(d) Management, Direction, Control and Supervision 
related clauses:    The Obligations of MDO is to 
supply certain quantity of coal meeting certain quality 
specifications. Not meeting the quantity and /or quality 
obligations will attract penalties. Quantity and quality 
obligations of MDO can only be met by MDO if the 
management, control, direction and supervision of the 
mine are under full control of MDO. Whereas, as per 
the provisions of Mines Act, 1952 and CMR- 2017, 
Management, Control and Supervision of the Mine shall 
be done through Owner, Agent , Manager and other 
statutory persons of the mine and all these statutory 
persons shall be appointed by Owner for the purposes of 
CMR, 2017. As statutory manpower shall hold statutory 
positions/responsibilities in mine, they are bound to 
perform the duties and responsibilities entrusted to 
these positions i.e management, control supervision and 
safety of the mine, miners and materials in the mine.  
Hence, performance of statutory persons may affect the 
performance/output of MDO/contractor which may have 
significant commercial impact on the MDO contract. 
There is need to bring reform/relaxation in laws related 
to deployment of statutory manpower by MDO who are 
ultimately paid by owner in form of Mining Fee. 

(e) Safety, Compliance and Accident related 
Provisions:  Any accident may lead to loss of production 
for single day or many days. Any violation in conditions 
imposed in permissions/clearances may lead to stoppage 
of mining activity. Hence, strict monetary penalty shall 
be clearly mentioned for following cases:

(i) any accident (fatal, serious bodily injury) happens 
(ii) Non compliance to applicable mining statutes 

related to safety, health and welfare
(iii) Violation of conditions mentioned in various 

permissions/ clearances and approvals.
(iv) Penalty for not complying to directions of Owner.

(f) Effective dispute resolution: Considering the nature 
of mining industry and long term contract, disputes 
cannot be avoided. Disputes, if not resolved timely and 
effectively, may lead to failure of coal mining project 
and may consume lot of time, money and energy in 
litigation. Hence, it is important to have clear provisions 
for resolution of disputes. A site level committee 

comprising of members from various disciplines shall be 
made beforehand to decide upon the disputes in amicable 
manner within time frame.

(g) Provisions related to engagement of Contract 
labour: Engagement of contract labour in mining 
activity (OB removal, coal loading, coal transportation) 
is not allowed unless exempted by Central Contract 
Labour Advisory Board (CACLB), under the Contract 
Labour Act. Whereas Ministry of coal has prepared 
model MDO document assuming that mining shall be 
done by appointing MDOs.   There in need to either 
remove the existing prohibition of engagement of 
contract labour in mining or exemption should be given 
along with allocation of coal blocks to entities whose 
core business is non-mining.  

CONCLUSIONS

Reforms in coal mining to allow commercial mining 
by private players (new mine owners) and increasing 
demand of coal hints that MDO model will emerge 
as preferred model for development and operation of 
coal blocks. There are differing scope of work, legal 
positions, practices, approaches and lack of consistency 
in engagement of MDOs for development and Operation 
of coal blocks. A mine owner prefers to adopt MDO 
model with primary objective: to cut costs and improve 
efficiency. However, ultimate success will depend upon 
how well the industry deals with challenges and issues 
likely to emerge during execution of contract. Some of 
the issues have been identified and listed above based on 
experience. We believe that all the issues can be solved 
if right steps are taken by all stakeholders including 
Government authorities. Though, it would be premature 
to conclude anything but by first principle we may say 
that “If an issue can be clearly identified timely and 
quantified properly then it can be solved easily”. 
Following conclusions are drawn:

1. Financial strength/soundness is more important 
and critical for success of project.

2. Award to single party is more preferable.
3. Clear terms and provisions related to various 

payment and penalties should be incorporated in 
MDO document (especially, lead, lift, penalty in 
case of non-compliance and accident, etc).

4. Synergy in various laws related to coal mining 
by private players. Statutory Manpower by 
MDO should get recognition from Government 
authorities. Contract labor shall be allowed to be 
engaged in mining operation. 

5. Effective, fast and timely dispute resolution. 
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PROLOGUE

The final meeting at the United Nations Climate Conference 
in Scotland that concluded on Nov 16th, 2021 included 
representatives from nearly 200 countries to deliver the 
Glasgow Climate Pact, a deal meant to ensure the world still 
has a chance to avert the worst impacts of global warming. This 
is where a dispute over coal nearly sank the Glasgow Climate 
Pact and coal emerged a winner, a show stopper and a game 
changer in the global energy matrix for the near future and 
especially in India’s energy mix that accounts for nearly 55% 
of its energy consumption. It was a moment born of weeks of 
arduous negotiation and months of painstaking preparations 
when delegates in the plenary hall at COP26 were party to the 
historic moment wherein China, India, and other developing 
nations rich in coal reserves were able to force a “phase down” 
instead of “phase out” for the dirty fuel called “COAL” that 
the world mandates against burning and we call it our black 
diamond while it faces the climate transition risk. Coal power 
generation is, however, under pressure from increasing low cost, 
domestic renewable energy penetration in India’s power system. 
This trend was initiated under India’s solar and wind targets 
in the previous decade. It has been further strengthened under 
India’s commitment to the Nationally Determined Contributions 
(NDCs) in the Paris Agreement, where renewable energy 
capacity is supposed to increase to 40% of generation capacity, 
or 350 gigawatts (GW) in absolute terms by 2030. This effect 
of coal power being under pressure is known as the climate 
transition risk, which connects climate related policy, legal 
issues, technology and market changes to the financial health of 
assets in companies. In this case, the implications are not only 
via countries’ climate targets but also via rapidly falling costs 
of renewable energy and related technologies such as battery 
energy storage systems (BESS) and their interplay with policies 
and markets. Coal India fuelling the prime energy producers to 
the nation, the ethics of energy conservation in the coal sector 
and energy efficiency is imperative and saving energy aims at 
the five pronged benefits. 
1) monetary saving by reducing power bills (Rs10/

kWh of energy saved), 

Coal: the energy game changer to improve the bottom line 
of productivity and sustainability in India success story 
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2) prospects of coal conservation (0.378 kg of coal/
kWh saved), 

3) energy conservation: reducing energy wastage, 
using energy efficient equipment (10% kWh saved) 

4) saving the environment ( 0.95kg of Co2/kWh of 
energy saved) and 

5) exploring renewable trajectories that also helps 
to clean and protect the environment and leave it 
safe for the generations to come, thus fulfilling the 
global UN goal of sustainable development. 

1kWh of energy saved = 2kWh of energy generated and it 
is energy produced at no cost, no monetary cost, no cost of 
coal, no cost to the environment. 
As the world mandates against burning of fossil fuels to 
reduce harmful emissions and carbon footprint, the coal 
sector in India faces the open challenge to mitigate and 
negotiate this climate transition risk by diversifying into 
renewable trajectories like solar energy. But this is not 
enough considering the fact that India holds the third largest 
coal reserves globally. Hence, for the time that ‘”coal to 
power”” is transforming into renewable trajectories and 
coal to liquid or coal to gas, this paper addresses Energy 
Benchmarking and cloud based Energy Monitoring 
Systems for mitigation of climate transition risk by 
effecting energy efficiency in the system, measuring and 
monitoring energy at strategic energy intensive feeders, 
setting mine wise energy targets, benchmarking specific 
energy consumption per tonne of coal (kWh/Te)/per cubic 
meter (kWh/Cum) of overburden (OB) and reducing power 
bills for saving money and reducing carbon footprints.
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INTRODUCTION 
Need for energy efficiency in the backdrop of India’s Coal 
and Power Trajectories - Coal will continue to occupy 
centre-stage of India’s energy scenario. Coal has been the 
most important component of India’s energy matrix for a 
long time, accounting for nearly 55% of the total supplies. 
India holds more than 155.6 billion tonnes of proven coal 
reserves as on 01.04.2019 and ranks among the top three 
coal-producing countries in the world. Owing to the 
pandemic, crumbling power demand during lockdown 
period and global meltdown of the economy, the total 
production of coal from the mines of Coal India Limited 
(CIL) during 2019-20 was around 602.15 million tonnes 
(Mt) and during 2020-21 was around 596.22 million tonnes 
(Mt), registering a negative growth of around 0.78% and 
0.98% respectively as against a growth of 6.9% in 2018-19, 
contributes to about 80% of the country’s coal production. 
However the positive growth in coal production in 2021-22 
so far (April 21-Oct 21) may be projected at around 3.7% 
The power sector, registering around 0.95% growth rate in 
2019-20 and 0.52% growth rate in 2020-21, coal to power 
from April to October 2021 has picked up from (-)1% in 
20-21 to around 13.8% for 21-22 whereas renewables from 
April to October 2021 has picked up from (+)2.1% in 20-
21 to around 5.9% for 21-22. Hence for the time coal is in 
transition mode, coal to power forms the backbone of the 
economic development of our country though coal is at 
crossroads, as shown below: 

Table-1: Actual and projected coal and power trajectories

Year

Country’s Power status Contribution of CIL

Energy 
Availability 

(MU)

% 
energy 

shortage 

% power 
shortage 

CIL Coal 
Production 

(MTY) 

Coal to 
Power 
(MTY)

% coal 
in power

2011-12 857.88 8.5 10.6 435.84 310.00 71.1

2012-13 908.65 8.7 9.0 452.21 353.83 78.2

2013-14 959.83 4.2 4.5 462.42 365.74 79.1

2014-15 1030.78 3.6 4.7 494.23 385.40 78.0

2015-16 1090.85 2.1 3.2 538.76 409.14 76.0

2016-17 1135.33 0.7 1.6 554.14 450.00 81.2

2017-18 1204.70 0.7 2.0 567.37 454.22 80.1

2018-19 1274.59 0.6 0.8 606.89 491.54 81.0

2019-20 1291.01 0.5 0.7 602.13 465.72 77.3

2020-21 1275.53 0.3 0.3 405.98 324.24 79.9

In the year 2019-20, Coal production growth : (-) 0.78%, Thermal power growth : 0.95%
In the year 2020-21, Coal production growth : (-) 0.98%, Thermal power growth : 0.52%
In the year 2021-22 (Apr – Oct), Coal production growth : 3.7%, Thermal power growth : 13.8%

The coal and power trajectories are a grim reminder and clarion call for change 
and both coal and power sectors need to recognize the climate transition risk 
faced by coal and plan to mitigate this risk for a sustainable future wherein 
energy saving and energy efficiency has a vital role

ENERGY SAVING, ENERGY EFFICIENCY 
ENERGY BENCHMARKING AND ENERGY 

MONITORING SYSTEM: ANSWER TO CLIMATE 
TRANSITION RISK FOR COAL

A. Energy Benchmarking of Specific Energy Consumption 
(kWh/Te of coal / kWh/cum OB and setting energy 
targets for each Opencast Mine/Project of CIL - Energy 
Benchmarking is the practice of comparing the performance 
metrics or measured performance of a device, process, 
facility, or organization to itself, its peers, established 
norms or best practices available in the industry globally, 
with the goal of informing and motivating performance 
improvement as well as the bottom line of business 
productivity. Dimensions typically measured are quality, 
time and cost. When applied to mines, benchmarking 
serves as a mechanism to measure energy performance 
of a single mine/Project, relative to other similar mines/
Projects, or to modeled simulations of a reference mine 
built to a specific standard to arrive at a “Benchmark”. 
Benchmarking is used to measure performance using a 
specific indicator (cost per unit of measure, productivity 
per unit of measure) resulting in a metric of performance 
that is then compared to others. Benchmarking may be a 
one-off event, but is often treated as a continuous process 
in which organizations continually seek to improve their 
practices. In this paper it is proposed to apply the tools 
of Project Management to “benchmark specific electrical 
energy consumption for the mines/projects of CIL”, mine/
Project wise to arrive at an “Internal Benchmark” and 
consequently comparing the same with other Opencast 
mines/Projects of other coalfields in India and further 
with the best practices globally to arrive at an “External 
Benchmark”. This will help us set the energy goals for 
the respective mines/Projects of CIL, as against their coal 
production targets. Energy Benchmark will be in kWh/Te 
of coal production, Cum/Te of OB (overburden removed) 
production and Cum/Te of composite production. As a case 
study we will consider one Opencast mine/project of CIL 
and benchmark its specific energy consumption to set the 
energy target for the coming year for that specific Mine/
project as against its coal production target. Investment 
Appraisal for quantified energy saving measures will be 
in the form of Pay-Back period as it would be one-time 
investment. PERT, CPM techniques for project planning, 
Earned Value Management System for cumulative time 
and cost monitoring & scheduling, Pay-Back Period 
method for Investment Appraisal & Probability-Impact 
Matrix for Risk Management would be useful to mitigate 
the climate transition risk by Energy Benchmarking. 
B. Energy Audit and Energy Conservation: the stepping 
stone of Energy Benchmarking - Energy Saving 
Recommendations along with their Investment Appraisal  
Energy Audit involves quantifying existing electrical 
energy use for coal production as in coal mining operations 
and coal transportation, for colony, offices, common areas 
for welfare activities, pin-point areas of energy wastage, 
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suggest energy saving measures to be taken to reduce a 
quantified amount of energy use thus reducing the power 
bills with Investment Appraisal for each energy saving 
recommendation in form of Pay-back period method 
as it is a one-time investment. This will help a mine /
Project to curb its energy use, reduce energy wastage, 
reduce its power bills and will be the first step for Energy 
Benchmarking for that particular Mine/Project. CIL 
being an energy producing company, energy conservation 
measures such as installation of meters in incoming main 
receiving mine feeders, on individual equipment where 
possible and colony houses for measuring and monitoring, 
power factor improvement by introduction of capacitor 
banks, realigning of pumping networks & routes or 
rearranging of pumps, reducing idle running of conveyor 
belts and HEMM, use of soft starters for heavy starting 
current of Shovel and Dragline motors, reducing colony 
load by creating awareness, quantifying energy wastage 
and installation of energy efficient initiatives like 5-8W 
LEDs, electronic regulators for fans, slim tubes of 23 W, 
star rated air conditioners in homes and offices saving 
energy, Super fans, E-vehicles, Efficient water heater, 
energy efficient motors and transformers, auto timer in 
street lights will result in five-fold benefits as described 
above.
C. Project Management and Risk Management tools to 
mitigate transition risk - The following tools need to be 
applied in all Projects to be covered for Energy Audit and 
Energy Benchmarking which is a continuous process of 
monitoring, measuring and implementation.
•	 Risk Management, Company Risk Charter, 

Quantitative and Qualitative Risk Analysis, Risk 
Register, Corresponding Probability and Impact 
Matrix.

•	 Team Work models and Conflict Resolution 
techniques to be applied in all unit structures of the 
organization. 

•	 Communication skills to be sensitized and Leadership 
roles well defined with “Empathy” as a must while we 
live in a pandemic and all team members are going 
through trying times.

•	 Earned Value Management System would help 
monitor planning with implementation stages of a 
Project.

•	 Issue Management and Issue Register for all 
unforeseen issues occurring in Project path.

D. Strategy for Implementation - The steps for 
implementation of Energy Benchmarking and setting 
energy targets for each Opencast Mine/Project of CIL 
with timeline.
•	 The Energy Audit recommendations/energy saving 

measures to be implemented to reduce electrical 
energy consumption wherever recommended, Time 2 
weeks, Cost worked out by Payback Period Method as 
mostly they involve one time costs.

•	 After trend analysis of calculated, measured and 

obtained input data from field authorities, data is 
analysed by “Trend Analysis” for best equation 
generated in straight line form y = mx+c for existing 
load where y = total energy consumption, mx denotes 
variable energy that depends on coal/OB/composite 
production and c = constant energy consumption in a 
mine, independent of coal/OB/composite production, 
Time 5 weeks, including 2 weeks of data collection 
and measurements taken over different periods 
of load cycles, included in energy audit part that is 
implemented as above step.

•	 After reduction of energy saving from the respective 
energies, there will be a set of 3 new equations for 
y1, y2 and y3 as respective reduced energy required 
for coal, OB and composite production for the coming 
year. This energy divided by respective coal/OB/
composite production figures for the next year as 
the target production will benchmark the specific 
electrical energy consumption figures in Te/kWh 
of coal, Te/Cum of OB and Te/Cum of composite 
production as the benchmarked specific energy 
consumption figures for the coming year and y1, y2, 
y3 will give the equations for the energy target goals 
of the mine for target production in the coming year, 
Time 1 week, included in Energy Audit.

•	 The cost of energy saving measures is calculated by 
Payback Period Method as they are one-time costs 
Time 1 week, included in Energy Audit.

•	 Energy Audit Time 7 weeks, Implementation Time 2 
weeks.

E. Case study of an opencast Mine/Project of CIL. 
Summarised data showing results on Benchmarking of 
Energy consumption (Electrical) of the Opencast Project 
of CIL under study, conducted in 2019.

Sl. No. Description Quantity

1.0 Coal Production (2017-18) 8785,000 Tonne

2.0 OB Removal (2017-18) 8136,000 cum

3.0 Composite Production (2017-18) 13767,000 cum

4.0 Electricity Consumption (2017-18) 33.287 M kWh

5.0 Specific	Energy	Consumption	
(Existing)

2.41 kWh/cum of 
composite Prod

3.79 kWh/tonne of 
coal production

6.0 Saving	Potential	in	different	areas	as	per	study	for	
Benchmarking of energy consumption:

6.1 Replacement of 150 W HPSV 
lamps	by	70	W	LED	fittings

0.1752 lakh kWh/
annum

6.2 Replacement of 250 W HPSV 
lamps	by	120	W	LED	fittings

0.1993 lakh kWh/
annum

6.3 Replacement of 400 W HPSV 
lamps	by	190-210	W	LED	fittings

0.1314 lakh kWh/
annum

6.4 Power factor improvement 0.5649 lakh kWh/
annum
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6.5 Pumping System improvement 9.701 lakh kWh/
annum

7.0 Electricity Consumption as per 
Benchmark 32.21 M kWh

8.0 Benchmarked	Specific	Energy	
Consumption (SEC)

2.36 kWh/cum of 
composite Prod

3.67 kWh/tonne of 
coal Prod

9.0 Investment Proposed, one time Rs. 105.07 Lakhs

10.0 Financial Saving as per 
Benchmark, per annum Rs. 95.55 Lakhs 

11.0 Energy saving in MkWh and % 1.077 MkWh, 
3.1 %

12.0 Coal conservation and saving to 
generate saved energy

407 tonnes of coal 
= 1000 MWh  of 

power

13.0 Environment conservation saving 
carbon footprint

1023 tonnes of Co2 
emissions saved

Total annual energy consumption of NCL (20-21) = 443 MkWh/MU
Annual energy cost paid by NCL (20-21) = Rs 410 crores
By saving 1% energy in NCL we save 4.43 MkWh of energy, Rs 4.43 
crores, 1674 tonnes of coal (4000MWh of power) and 4208 kg of Co2 
emission
By taking energy conservation measures so far in 2021 (Apr-Oct) 
NCL has saved 1.12 MkWh of energy amounting to around Rs 1.12 
crores and 1064 kg of Co2 emission
Average SEC for the same period 3.73 kWh/Te of coal and 2.54 
kWh/Cum composite production 
This reiterates the need for Energy Benchmarking and Energy Saving 
Typical representative figures during trend analysis

ENERGY MONITORING SYSTEM (EMS): CLOUD 
BASED SMART METERING AT ENERGY INTENSIVE 

AND STRATEGIC OUTGOING FEEDERS

Energy monitoring systems are essential to monitor, 
guide on implementation and assess impact of any energy 
conservation measure undertaken. This paper highlights 
the role of energy monitoring system, combined with 
cloud based smart metering to identify and minimize 
the wastage of energy in existing load. Continuous 
monitoring of electrical parameter provides maintenance 
team an upper edge to avoid undesired equipment failure 
and planning maintenance schedules. Data from EMS 
gives ability to identify the healthiness of the electrical 
system and apply mitigation solution, wherever required. 
In addition, EMS serves to observe the effectiveness of 
the solution deployed by keeping a track of reduction in 
wastage of energy. Unlike comprehensive networked 
systems, present day cloud-based EMS provide low-cost 
data access to user, anywhere, anytime, minimizing the 
IT and electrical investment and man power for managing 
the infrastructure. 

A. System architecture - 

 

Data  collection  is  one  major  prerequisite  for  energy  
efficient  production  facilities,  enabling  further  analyses  
by  assessing  KPIs,  condition  or  status monitoring 
applications and direct feedback or evaluation of efficiency 
measures. Energy data can both be directly monitored on a 
connected HMI or made available for standard interfaces 
and saved on a generic / cloud data server for monitoring 
and further computation. Besides monitoring aspects, 
EMS may enable  to  reduce  energy  costs  and  CO2  
emissions. With the outbreak of the global pandemic, the 
world is experiencing a cascade of changes. As we enter 
a ‘new normal’, the digital transformation will play a big 
role in emphasizing a low-touch-low- carbon economy. 

B. Advantages of cloud based EMS for substation and 
HVAC control - Facility managers have long depended 
on pen and paper methods of documentation. Shifts were 
filled with forms and clipboards, and the inevitable need 
to enter and re-enter data from run reports. In the field, the 
efforts and focus on the addressing the fault often meant 
incomplete forms, making the handoff to the person in-
charge less than efficient, requiring more follow-up 
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Application of Directed Energy Deposition(DED)- 
Based Additive Manufacturing in  Repairing/

Remanufacturing of HEMM spares
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Abstract -  Directed Energy Deposition (DED) is a very flexible  additive manufacturing process. Among the AM techniques, it is  most 
suitable for repairing and remanufacturing of components. Its  application has been confirmed in repair of automotive and  aerospace 
components. DED allows damaged component to be repaired, and material lost  in service to be replaced to restore the part to its 
original shape.  Repair via DED has many advantages, including lower heat input,  lower warpage and distortion, higher cooling rate, 
lower dilution  rate, better metallurgical bonding between the deposited layers,  high precision, and suitability for full automation. Its 
application in  repair of HEMM spares has been undiscovered till date.  Therefore, the focus of this study is to present an overview of 
the  DED process and its role in the repairing of metallic components  and discovering its possible role in repair of HEMM spares. The  
outcomes of this study confirm the significant capability of DED  process as a repair and remanufacturing technology.

communication. Paper records also make it especially 
difficult to gather meaningful data and real-time reporting.

Cloud-based energy management systems have the salient 
features: They enable remote communication from critical 
facility like substation, feeder load, plant machinery, 
HVAC systems and lighting. They monitor energy usage 
and provide detailed facility reporting and optimization 
tools for benchmarking and specific energy consumption. 
It does not require comprehensive IT system installation 
or maintenance thereof. “Every one degree increase in the 
air conditioner temperature-setting, results in a 6% saving 
on electricity consumed. If all the consumers adopt, this 
will result in savings of 20 billion units of electricity in 
one year alone.”  Minister of Power, India 23rd June 2018

EPILOGUE

Without an efficient energy management system that can 
drive efficient use of energy and thereby competitiveness, 
the future of any organization, its bottom line of 
productivity and sustainability are at stake. Controlling 
and reducing the amount of energy an organization 
uses, is important because it allows you to reduce costs, 
risk, and carbon emissions. Failure to implement an 
energy management strategy could cause organization 
to experience a loss in functionality, a sudden increase 
in energy price, power outages or lack in energy supply. 
An energy management system will not only identify 
opportunities to save energy, but will help you take actions 

to target them. With this knowledge, you can monitor your 
progress and further manage your energy consumption. 

“The best kilowatt of renewable energy generated is the 
kilowatt that you save through ENERGY EFFICIENCY” 
What we need to do is really improve energy efficiency 
standards, develop in full scale renewable and alternative 
energy and use the one resource we have in abundance, 
our creativity.” – Lois Capps
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Abstract : Presently Northern Coalfields Ltd use bulk 
explosives for blasting to the tune of Two lakhs metric tonne 
every year, which is highest in any coal producing companies 
in India. This huge usage of bulk explosives for blasting and 
the consequence, primarily ground vibration in and around 
Singrauli township is always in limelight with the public and 
local print media. In spite of implementing every scientific 
measure to control ground vibrations, the effect is still at 
large. Therefore, a study was carried out with a team from 
NCL. The projects selected for the study were Dudhichua, 
Jayant and Nigahi where the effect of blast and vibration is 
felt the most in Singrauli township.For the purpose of the 
study, 5 stations were selected in Singrauli Township to 
measure the PPV readings which almost covers the total 
township of Singrauli. Five Sets of vibrometer instruments 
were fixed with a dedicated team from NCL and Bulk 
Explosive Suppliers. Blasting in all the three projects with 
exact timing of blasting and charging and the time and PPV 
reading at vibration monitoring stations were recorded. 
Recording at Projects and vibration reading at stations 
were analysed. During analysis of PPV reading with date/
time wise, it was observed that blasting done simultaneously 
in two different projects gave a high PPV readings, this 
could have been due of the effect of “Resonance”, therefore 
in the recommendation after the study, time of blasting 
was staggered in all the three projects. From the ground 
vibrating reading taken between 01/06/2021 to 05/06/2021, 
it is clear that the PPV readings is within the permissible 
limit standard prescribed by DGMS. However, perception 
and annoyance level in terms for gender as published in 
Environment and earth Sciences research Journal (Vol-7 No 
3 Sept 2020 pp 109-115), wherein a PPV reading of 0.08 mm/s 
is perceived by humans, but during the study period most of 
the PPV reading was below or less than 0.08 mm/s.  This was 
recommended for implementation in projects.

THE CASE STUDY
Purpose 
•	 Instances of high ground vibrations felt in and around 

Singrauli township which resulted in high publicity 
in print media. 

•	 To study the actual ground vibration recordable 
through scientific instrument.

•	 Recommend to further lower the ground vibration in 
and around singrauli township. 

Projects selected for the study: -
A) Dudhichua,  B)  Jayant,    & C)  Nigahi
Brief Description of the study -During the month of 
May’21, there was high publicity in the local print media 
with regards to high ground vibrations being felt in and 
around Singrauli Township. Even before May’21, there 
was some instances of publications in the media however 
it short lived. Now, in order establish that the ground 
vibrations in and around Singrauli is within the DGMS 
permissible standard as under: -

Type of structure
Dominant excitation 

Frequency, Hz

<8Hz <8-25 Hz >25 Hz

(A) Buildings/structures not belong to the owner

(i) Domestic houses/structures 
(kuchha brick & cement)

5 10 15

(ii) Industrial Buildings (RCC & 
Framed structures)

10 20 25

(iii) Objects of historical importance 
& sensitive structures

2 5 10

(B) Buildings belonging to owner with limited span of life

(i) Domestic houses/structures 
(kuchha, brick & cement)

10 15 25

(ii) Industrial buildings (RCC & 
framed structures)

15 25 50

To accomplish is purpose, few prominent places in and 
around Singrauli township was selected where vibrometers 
were set to record ground vibrations due to blasting which 
are as: -

•	 Morwa Thana
•	 Shiv Mandir, Singrauli Town
•	 Ayappa Mandir, Nearing Jayant Boundary

Examination of Discomfort Level from Blasting 
Vibrations: Case Study of NCL Mines

Dr. Anindya Sinha
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•	 NCL HQ
•	 BPCL Petrol Pump

The distance from the projects edge with measuring 
stations are as under: - 

Point No Location
Distance	from	Location	/point	(in	Km)

NCL HQ Morwa 
Thana

Petrol 
Pump

Ayappa 
Mandir

Shiv 
Mandir

1 Nigahi 
OB Edge 5.50 5.00 4.50 4.10 2.80

2 Jayant 
OB Edge 2.70 2.30 2.35 1.00 1.40

3
Dudhich-

ua OB 
Edge

3.50 3.60 4.30 2.30 3.80

Study Date: - 01/06/2021 To 05/06/2021

Modalities of the study -

1. For the purpose of the study. a team consisting of two 
officials from production department HQ, blasting 
Managers of Dudhichua, Jayant and Nigahi along 
with representatives from M/s IOCL. M/s IDL and 
M/s Solar.

2. A WhatsApp group was created with all the team 
members and vibration station monitoring team. 
All communication of blasting time and readings of 
ground vibration was circulated in the WhatsApp 
group.

3. All timing noted in vibration reading as well as 
blasting time was the MOBILE TIME, to avoid any 
time difference.

4. Blasting time with No. of holes, dia of holes, place of 
blasting, quantity of blasting material charged along 
with initiation system was noted and uploaded in the 
WhatsApp group.

5. Similarly, at the ground vibration monitoring stations, 
all vibrations recorded are circulated with time and 
reading.

6.  Compilation was done at HQ production department.

Findings -

1. PPV reading of all stations was studied and reading 
which has maximum value was noted from top 
downwards along with time.

2. Taking time as mainframe, blasting done during that 
particular timing with maximum PPV value was note 
from the blast reports received from Projects.

3. All PPV readings recorded when blasting done at 
Projects at the same time frame was studied.

4. All PPV reading more than 0.300 PPV which is 
generally perceived by human body was studied.

5. Corresponding to the above PPV readings, blast done 
at Projects with quantity of explosives used and 
initiation type is tabulated.

Date 01/06/2021

It can be seen that at the same timing 01:34:30, blasting at 
Nigahi as well as Dudhichua triggered at the same time, 
corresponding to this time reading of two places i.e. at 
NCL HQ as well as Shivmandir, Singrauli recorded @ 
0.267 & 0.215 ppv. However, the quantity of bulk used 
was 19000 Kg at Dudhichua and 12700 Kg at Nigahi. This 
reading must be because of Resonance effect. Similarly, at 
Dudhichua, blast done at 1:24 PM and 1:25 both recorded 
0.437 and 0.294 at NCL HQ and 0.51 PPV at Petrol Pump, 
this also could be the effect of Resonance. Blasting at 
Nigahi BLA (W), which gave a PPV reading of 0.496 
(HQ), 0.25 (Petrol Pump) & 0.213 (Shivmandir) needs 
further study.

Date 02/06/2021

On day 02/06/2021, blasting done at 1:12, Blasting was 
done simultaneously at Jayant and Nigahi and PPV 
recording was done at all the 4 stations except at Ayappa 
Mandir.  This could also be the effect of Resonance. 
Blasting at 1:56 PM  Dudhichua (S/D Dept) with 30 MTe 
of explosives (Electronic firing), where ppv reading could 
be recorded in 2 stations ranging 1.427 (HQ) & 0.953 ( 
Ayappa Mandir). This type of blasting  to  needs further 
study to minimize the PPV readings at Singrauli township. 
Timing of Jayant Blasting at 1:57 PM could also attribute 
to the above.

Date 03/06/2021

Similar to the above dates, Blasting done at 1:24 PM, 
triggered PPV reading in all the stations except Petrol 
Pump. The quantity of explosives used was 37 MT,  S/D 
(W) used electronic as initiation system  This type of 
blasting needs further study to reduce the PPV readings.  
Simultaneously Jayat and Dudhichua also blasted at 1.24  
& 1.23 PM. Needs study. Blasting at 1:18 at Jayant D/L (E) 
with 17 Mt of explosives also need to be reduced in PPV 
readings.

Date 04/06/2021  & 05/06/2021

Findings -

From the ground vibration reading taken from 1/06/2021 
to 05/06/2021, it is clear that the PPV readings is within the 
permissible limit’s standards prescribed by DGMS. As per 
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a paper published in Environmental and Earth Sciences 
Research Journal (Vol-7 No 3 September 2020 pp 109-
115), “Vibration Discomfort Levels caused by Blasting 
according to Gender is given under.

As per the vibration study conduction from 1/06/2021 to 
5/06/2021instances of Perception and annoyance level is 
given under: -

Perception and annoyance level evaluation in terms of 
gender

PPV (mm/s) for 
Women

PPV (mm/s) for 
Men Limit Level of annoyance

0.80 0.80 Perception

0.84 0.84 Not Annoyed

2.27 2.27 Slightly Annoyed

5.05 10.4 Moderately Annoyed

16.7 17.4 Extremely Annoyed

Date
	PPV	recorded	at	different	stations	(PPV	mm/s)	vis-à-vis	Perception	and	annoyance	level	

NCL HQ Petrol Pump Shiv Mandir Police Station Ayappa Temple Place of Blasting

1/6/2021 < 0.8. < 0.8. < 0.8. < 0.8. < 0.8.

2/6/2021 < 0.8. < 0.8. < 0.8. < 0.8. >0.8 (0.953)  

3/6/2021

>0.8 (0.981)  >0.8 (0.95)  > 0.8 (1.207) Nigahi

> 0.8 (1.301)  >0.8 (.993 >0.8 (1.39-8) >2.27 (3.302) Nigahi

>0.8 (0.981)    >0.8 (1.207) Jayant

>0.8 (1.301)    >2.27 (3.302) Jayant

   > 0.8 (1.57)  Dudhichua

4/6/2021
>0.8 (0.918)     Nigahi

>0.8 (1.153)     Dudhichua

5/6/2021

 2.29    Nigahi

 1.21    Nigahi

>0.8 (1.931)     Jayant

>0.8 (1.766) 1.91 >0. 8 (1.086)  >0.8 (1.651) Dudhichua

CONCLUSIONS

NCL Company perform 5-6 blast per day in different 
project hence daily blasting activities can be felt by people 
living in the proximity to the Areas where explosives 
are used. They can be uncomfortable with the blast 
induced vibration, even if the vibration levels are within 
the permissible limits for the structure according to the 
regulation. In these circumstances the problem turns from 
a structural damage problem into people’s complaint and 
lawsuits about these complaints.The sensitivity of human 
body is more than 10 times greater than that of building. 
The Human response to the blast induced vibration can 
be physiological and/or psychological.The threshold of 
human perception for blast vibration ground motion is 
around 0.762 mm/sec. The PPV reading of our blasting 
is generally ranging from 0.1 mm/sec (minimum) to 3.3 
mm/sec (maximum). Most of the time it is less than 0.50 

mm/sec but sometimes it goes more than 1.0 mm/sec. 
But all these values are within the permissible limit of 
DGMS guidelines. People living close to mining areas in 
which explosives are used for excavation should not feel 
uncomfortable during blasting operation. In order to avoid 
this issue human perception of blast induces vibration 
is being considered and blasting operation is being 
performed by taking into account human discomfort level 
Ground vibrations is inevitable with blasting and  PPV 
reading below 0.80 m/s is negligible and can be allowed 
at different stations as per the perception and annoyance 
level. PPV reading above 0.8 mm/s is generally perceived 
by human body and needs to be taken into consideration 
for reduction. In the study, except in few PPV reading 
stations, all PPV readings were normal. However, utmost 
care should be taken by projects to reduce the PPV readings 
at Singrauli township within 0.5 to 0.8 PPV. 
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Abstract-This paper brings into light, the unique task of 
restoration of a partially collapsed Boom of 24/96 Yamuna 
Dragline (Make-RANSOME & RAPIER, Model-W2000 
Walking Dragline) at Jayant Project of Northern Coalfields 
Limited (A Subsidiary of Coal India Ltd.). A Dragline has the 
distinction of being the largest Earth Moving Equipment in 
an Open Cast Mine.  The single largest entity of a Dragline 
is its Superstructure, which comprises of the A-frame, Mast 
and Boom (almost 100 meters in length). It is a very tedious 
task to Maintain and Monitor such a superstructure for the 
mines owning and operating these enormous machines which 
are characterized by Long Life.  The Booms of Draglines have 
suffered damages and have even collapsed in the past owing 
to the fatigue induced failure of components. Restoration of 
the Boom after such incidences has proved near to impossible, 
having its own share of complexities and challenges. The 
Boom of 24/96 Yamuna Dragline at Jayant Project suffered 
damages due to unprecedented Hard-landing while lowering 
it for facilitating a repair work in the A-Frame. Repair and 
Restoration work of this magnitude involving the Boom of a 
Dragline has been taken up for the first time in 24/96 Yamuna 
Dragline at Jayant Project (the common practice is to 
replace the Boom instead of going for repair). The cost of the 
replacement of Boom was saved by taking up the repair work 
equaling only 10% of the cost of a Boom. Also, the wait for 
the Boom to be manufactured was countered by proactively 
taking up the work of repair and completing it in a record 
time of 1 year, which would have taken atleast 2 Yrs, if the 
replacement of Boom would have been opted. The journey 
of the restoration of Boom of Yamuna Dragline from Down 
and Damaged to Erect and Fully Functional after an array of 
repair works ranging from welding to in-situ alignment of a 
massive 100 meters records this unique work and makes up 
for a good read.

Keywords- Dragline, Boom, Restoration, Replacement, Unique.

CASE STUDY

As a part of Planned Maintenance, the Boom of 24/96 
Yamuna Dragline was to be lowered to facilitate the 
Repairing of Cracks in the RHS Rear Leg of the A-frame. 
The lowering of Boom was started on 07th July 2020 
after ensuring all pre-requisites (all Check Points as per 
the OEM SOP for Lowering of Boom duly complied and 
necessary	Electrical	Modifications	 in	 the	Control	Circuit	
of the machine done and checked). The lowering, closely 
monitored & executed by a team consisting of technical 
experts & technicians, was just about complete (the distance 
between the lower part of the Boom and the Supports on 
the Platform was only 1 (One) meter), when the Boom 
came down rapidly and hard landed on the Supports placed 
on	the	Platform,	prepared	for	finally	resting	the	Boom.
The initial inspection (after the incident) of the Boom and 
the Super-Structure revealed that the Mounting Bolts of 
the Centre Plate Assembly (a part of the Boom Lowering 
Mechanism) had snapped causing the Centre Plate 
Assembly to dislodge from its original position and getting 
stuck at the Mast. This caused the Boom to land hardly. 
However, the Mast was still hanging and had fortunately 
not collapsed on the Boom Structure saving us from more 
damages.  An initial assessment of the damages revealed 
that one of the many Spans of the Boom had taken nearly 
the complete blow of the impact and structure of the 
Boom distorted as a result. A no. of Chords and Lacings 
constituting this Span of the Boom had deformed or broken 
completely. It was also observed that the Accessories on the 
top of Mast and A-Frame such as Centre Plate Assembly, 
Rope Equalizer Assembly and the Side Mounting Plates 
(on which the Centre Plate Assembly is mounted) had 
damaged to the extent of being non-repairable.  

A Case Study on Restoration of Damaged Boom of 24/96 
Yamuna Dragline at Jayant Project
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A Brief Detail of the Dragline:

1 Supplied by Heavy Engineering Corporation

2 Make Ransome & Rapier  
(Presently CATERPILLAR)

3 Model W2000 Walking Dragline

4 Capacity 24 Cubic Meters (with 96 
Meters Boom Length)

5 CIL No /MFSL No EXC-655 / 9720

5 Date of Commissioning 02.03.1985

6 Progressive Working Hours 2,25,008 Hours

7 Date of breakdown 07.07.2020

Fig. 1 Dragline yamuna after the incident

THE CHALLENGE

It is a general practice to replace the Boom once it 
is damaged. However, it was decided by the NCL 
Management to go for Repairing and Restoration of the 
Boom to its original Shape instead of replacing it on 
account of Life of the Machine and Cost. The work of 
restoration of the Boom being very critical in nature 
required specialized skills and besides its enormity needed 
to involve multidimensional activities and demanded 
for infrastructure and resources of equal magnitude and 
quality. M/s Heavy Engineering Corporation, the Original 
Equipment Supplier was contacted for taking up the 
Restoration Work. But, M/s HEC expressed its inability 
in taking up the work. Subsequently, M/s Caterpillar, the 
Original Equipment Manufacturer was approached to 
take up the work. But, they too showed their inability in 
taking up the work. No other entity was known to have 
accomplished this kind of work and the replacement of 
complete Boom was not an inexpensive option and would 
have taken a lot of time. It was established that the Boom 
had to be repaired and none of the known associates of 

NCL dealing with Draglines were ready for taking up the 
job on Turn-key basis. And, thus research on how to do the 
work started and once the relevant information regarding 
the same was acquired necessary plans to execute the work 
was prepared. 
The work of restoration of the boom had to be carried 
out following OEM standards, maintaining structural 
integrity of the super structure and confirming it with 
stability test.

THE PROCESS

The	work	was	first	of	a	kind	for	the	company	and	no	work	
even close to this was ever taken up departmentally. It 
required thorough research of the work requirement and 
an extensive search for an agency that had the potential 
to take up the job so that the work could be completed 
successfully within the shortest time. The idea was to 
find	 an	 all-inclusive	 solution	 and	 therefore	 an	 EOI	 was	
prepared	(incorporating	all	the	requirements)	and	floated.	
Subsequently, NIT was prepared incorporating technical 
specifications,	 process	 to	 be	 adopted,	 tools	&	 tackles	 to	
be used, tests to be carried out and skilled labour to be 
deployed after a thorough study. The work of Repairing 
of the damaged section of the Boom at Jayant Project was 
finally	awarded	to	M/s	Voltas	Limited.

THE PROCEDURE

The starting of repair work required that a level ground be 
prepared near the site of collapse of the boom. This had to 
be ensured for easy access to the work site and positioning 
of Cranes to be used during the repair. It was also required 
that suitable approach roads be prepared for men and 
material to reach the work site. The cutting and removal of 
the Boom Chords and Laces and replacing them with new 
ones was very critical in nature and required ascertaining 
proper alignment of the chords and laces at every step 
while the repair work was to be done. It, therefore required 
continuous monitoring and caution at each and every step.
Initially the complete Boom, Mast and A-frame were 
inspected visually and the observations were noted. Major 
Part of a span of the Boom was found completely damaged. 
A No. of Boom Main Chords and Lacings were found to 
be bent/damaged and needed replacement. The Centre 
Plate Assembly along with Rope Equalizer Assembly 
and the End Plate Assembly was completely damaged. 
(Replacement of these items was required). Pulleys on 
the Mast and the Boom has severed due to the impact and 
needed repair. Suspension Ropes needed to be replaced 
for ensuring reliability and hence safe operation of the 
machine in the future. Bushings of the Swinging Plate on 
the A-Frame needed to be made free of rust and its free 
movement was to be ensured.
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PLANNING & PREPARATION

The repair of the boom and the commissioning of machine 
involved the following:
1. Preparation of level platform.
2. Inspection	 of	 the	 Boom,	 Mast,	 A-Frame	 and	

Boom	Hoisting	Mechanism	and	carrying	out	NDT	
(Non-Destructive	Test):	DPT	(Die	Penetration	Test)	
&	UT	(Ultrasonic	Test)	to	confirm	the	actual	works	
to be carried.

3. Fabrication of Support Stands for carrying out the 
repair and alignment works.

4. Boom: Damaged Section of the Boom had to be 
replaced by newly fabricated ones, maintaining 
structural	integrity.	All	cracks	in	the	Main	Chords,	
Lacings and Sheave Mounting Areas had to be re-
paired	strictly	 complying	OEM	Standard	&	Weld	
Procedure.

5. Mast:	Rectification	of	Bushings	and	Pulleys	had	to	
be done.

6. A-Frame:	The	 rectification	of	 damaged	Equalizer,	
Mounting	 Plates,	 Rusted	Bushings	 etc.	was	 to	 be	
carried out as per OEM Standard.

7. Suspension Ropes: All Suspension Ropes were to 
be replaced with new ones and recommended ten-
sioning ascertained. 

8. Repairing of Walk Ways, Platforms and Boom Head 
Pulleys was required.

9. Carrying	 out	Structural	 Stability	Test	of	 the	 com-
plete	structure.

10. Hoisting	of	the	Boom	&	Fixing	to	the	final	position.	

Required Boom Chords and Lacings, Swinging Plate & 
Centre Plate Assembly of the Boom Hoisting Mechanism 
were procured from M/s HEC. Further it was also planned 
to use Boom Chords and Lacings lying at NCL’s Amlohri 
Project. All Suspensions Ropes and Boom Hoist Ropes 
were procured from M/s Usha Martin. Required Stands, 
Supports, Jigs & Fixtures were fabricated at site. Cranes 
upto 120T capacities were to be used during the course 
of	repair	(their	ready	availability	was	ensured).	Sufficient	
Illumination was provided for continuous working. 

THE ACTUAL WORK

The re-construction work of the Boom, a mammoth task in 
itself, was unique and unusual and was being undertaken 
for	the	first	time	in	the	history	of	Draglines	in	India.	
The	repairing	work	involved	rectification/restoration	in	the	
three major structure of the Dragline viz. The boom, The 
A-frame and The Mast,

Repairing of the Boom
Repairing of the boom was the most critical of the all works 
to be undertaken and involved following stages: 
11. Initially, thorough inspection & measurement of the 

boom (in situ condition) was carried out with refer-
ence to the rotate frame. 

12. Total	 Boom	&	A-Frame	 Structure	 was	 tested	 for	
cracks	through	NDT	Analysis	was	done	to	find	out	
the	extent	of	damage	and	plan	for	the	rectification	
work. 

13. After the checking of alignment of the boom, the 
boom point was lifted by 5 metre as this was re-
quired	 to	keep	 the	boom	structure	 in	 line.	Finally,	
the boom was kept on supports for further repair 
work 

14. The damaged boom chords and lacings were re-
moved cautiously without causing alteration to ba-
sic	structure	of	the	boom.

15. All suspension ropes were removed one by one. 
16. Boom	chords	were	aligned	 in	a	straight	 line	 from	

Boom Foot to Boom Point.
17. Before the placing of chords & lacings for welding, 

alignment was checked repeatedly in all respects.
18. Chords & Lacings, which were to be replaced, 

were positioned and welded in sequence after cross 
checking	 and	 confirming	 all	 measurements	 and	
alignment readings.

19. All major cracks and minor cracks near boom point 
pulley	 and	 bucket	 hoist	 pulley	 and	 other	 places	
were	rectified	by	the	specified	welding	procedure.	

20. Welding	was	carried	out	by	6G	Qualified	Welders,	
after preheating with high class E7018 Electrode 
and	relieving	 the	stress	 thereafter.	Die	Penetration	
Tests	 were	 carried	 out	 to	 find	 out	 cracks	 during	
welding.

21. All	the	welding	joints	were	tested	by	NDT-	Ultra-
sonic	Testing.

22. After completion of welding, all the four main 
chords were pressurised with air and kept in obser-
vation	over	a	week	and	later	filled	with	nitrogen.

23. In subsequence to the completion of the repair of 
the boom span which got damaged, alignment was 
checked by Theodolite and water levelling.

24. Finally,	Radiography	Test	was	done	on	main	chord	
welding joints.

Since the welding is very critical, only welders with expert 
skills were engaged. Testing of welds and alignment of 
the boom was done numerous times so as to prevent 
occurrence of any elapses/shortcomings. 
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Fig. 2 Removal of the damaged span of the boom

Fig. 3 Aligning the boom for repair

Fig. 4 Placement of lower main boom chords and welding

Rectifications in the Mast & A-frame -A-Frame & 
Mast	housed	 the	Centre	Plate	Assembly,	Rope	Equalizer	
Assembly	and	Pulleys	of	 the	Boom	Hoisting	Mechanism	
and required the following job:

1. The	damaged	components	of	Mast	were	repaired,	
relocated	and	fixed	after	repair.

2. Boom	Hoist	Pulleys	were	fixed	and	lubricated.
3. Bushings were cleaned, lubricated and checked 

for proper movements.
4. The damaged portion of A-frame was thoroughly 

checked.

5. Broken bolts were replaced and the bent/damaged 
plates were repaired/replaced.

6. Rusted	 bushings	 were	 cleaned,	 lubricated	 and	
confirmed	for	proper	movement.

7. All key points were checked and conformed by 
NDT. 

The A-frame repair work was faced with the constrains of 
limited space and accessibility as work was to be carried out at 
height. To cater the repair the work, an extended rigid platform 
was fabricated. Cages lifted using Cranes were also used to take 
up the work in heights. Freeing of the swinging plate assembly 
was tricky due to rusting and creep. 

Replacement of Suspension Ropes -All suspensions were 
replaced with new ones to ensure the reliability and prevent 
fatigue induced failures. The following no. of Ropes were 
replaced:

1. Lower suspension ropes - 6 Nos.
2. Upper Suspension ropes - 4 Nos.
3. Upper intermediate suspension ropes - 2 Nos.
4. Lower intermediate suspension ropes - 2 Nos.

Although order for supply of Suspension Ropes was placed to 
Usha Martin, the supply was delayed. However, this hindrance 
was countered by sourcing these ropes from other projects 
(Dudhichua & Amlohri). 

Structural Stability Test - The	 Structural	 Stability	 Test	
of the machine including the Boom Structure, A-Frame 
etc was carried out to ascertain that the repair work has 
been executed to the desired perfection and as per Original 
Equipment Manufacturer Standards. The techniques used 
for	 the	Testing	 included	Die	Penetration	Test,	Ultrasonic	
Test,	Magnetic	Particle	Test	and	Static	and	Dynamic	Load	
Test.	These	 tests	 helped	 ensure	 that	 the	 repair	work	was	
done	properly	and	any	flaws	detected	during	the	tests	was	
rectified.

Preparation for Hoisting the Boom 
1. Newly	 procured	 Boom	 Hoist	 Ropes	 were	 in-

stalled	 starting	 with	 clamping	 the	 Ropes	 in	 the	
Hoist	Rope	Drum	and	then	routing	them	through	
the Pulleys on the A-Frame and Boom Structure 
and	finally	socketing	them	onto	the	Rope	Equaliz-
er Assembly extended on the Centre Plate Assem-
bly on the A-Frame.

2. Proper Lubrication of the Pulleys on the Boom 
and	other	structures	was	ensured	by	checking	and	
repairing wherever required.

3. Electrical	Modifications,	 to	 suit	 the	 requirement	
for	Hoisting	of	the	Boom,	was	done	in	the	Control	
Circuit.
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4. Proper Health of the Brakes was ensured. 
5. All Main Chords (with special attention at re-

paired sections) were checked and pressurized 
with Nitrogen Gas.

6. Initial Tensioning of Lower and Upper Intermedi-
ate	Suspension	was	done	while	the	Boom	was	still	
resting	on	the	platform.

Hoisting of the Boom & Re-Commissioning of the 
Machine
After thorough checking of the Boom, Mast & the A-frame 
for proper installation of the components, alignment, 
lubrication etc. And, after modifying the Electrical Control 
Circuit	 to	make	 it	fit	 for	 the	work	of	Hoisting	of	Boom,	
the Boom was hoisted and the Lower Suspension Ropes 
fixed	on	the	A-Frame	side	to	hold	the	Boom	in	its	operation	
ready position. 
The work of hoisting the boom was undertaken paying 
due diligence to the Standard Operating Procedure and 
ensuring all mandatory checks and cross checks.
Intermediate Suspensions Ropes were tensioned to 
recommended	tension,	after	hoisting	the	Boom	to	the	final	
position, as per the OEM recommendations. After trial 
run, the machine was walked to face for operation and 
commenced its production from 15th June 2021. 

CONCLUSION

The Boom was successfully repaired and brought to its 
original shape and structural integrity as per OEM Standards 
in a meagre cost of Rs. 2.355 Crores (nearly 1 Crore for 
Repair and 1.35 Crores for the parts and consumables) 
as compared to nearly 20 Crores required for complete 

replacement of the Boom. The decision of going for repair 
instead of replacement saved the company from spending 
a huge fortune (upto Rs. 18 Crores) in re-commissioning of 
Yamuna Dragline. This work also helped the company in 
fast-tracking the commissioning work since a replacement 
would have required atleast 2 (Two) years to complete 
and would have hindered the progress of the mines.
The restoration of the boom by repairing it was a nearly 
impossible	task,	but	could	be	possible	because	of	the	firm	
determination and focus of the project team involved and 
active guidance and support from the top management.It 
may be noted that the Dragline was re-commissioned on 
15th June 2021 and worked for nearly 3000 Hours without 
any trouble in the Boom and has removed 1.25 Million 
cubic meters Over-Burden till now.

Fig. 4 Dragline yamuna in its full glory after the 
completion of repair work and working in the ob-face 

after	final	comissioning	and	placement.

Strategical approach towards Equipment Life 
cycle Management for Business success

Rajeev Singh 
Product Support Manager,

Resource Industries Sales, Services & Technology
Caterpillar, 

singh_rajeev_k@cat.com

Abstract — Mining Equipment Management is the overall management of site-specific processes and activities involved through the entire 
lifecycle of the machine. There are five elements to the entire life cycle of heavy equipment. Strategy remains- Develop and continuously 
improve upon an effective equipment Management process and solutions, and Achieve the optimum Cost Per Hour & Cost Per Ton.
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Abstract: The present study involves developing a precise framework of research methodology for improving the capability of 
spaceborne integrated DInSAR and PSI approach for better detection, monitoring, and analysis of Slope Instabilities in Surface Coal 
Mining Environment. The framework has to resolve the complexity involved in the application of integrated approach, via properly 
addressing the issues that influence the decision to use it, for improving its capabilities. Further, the integrated approach has to be 
implemented in the selected challenging sites of Surface Coal Mining under the purview of the developed framework to check its 
efficacy. The developed framework has been divided into five major components and one optional component. First component of the 
framework involves pre-feasibility assessment of the integrated approach followed by selecting suitable InSAR data sets (s) considering 
three significant parameters, i.e., terrain, deformation, and system characteristics. The other essential components are preprocessing of 
the selected & acquired InSAR data for its quality check, the scheme for better detection as well as monitoring of slope instability using 
Coherent Small Baseline-DInSAR Time Series (CSB-DTS) (a variant of DInSAR), scheme for better in-depth monitoring of detected 
and undetected slope instability using suitable PSI approach, and result validation & analysis. The optional component is related to 
the CSB-DTS and Stacking-DInSAR derived time-series LOS displacement and velocity of detected spatio-temporal development of 
slope instability, respectively. Optional component is to be carried out, if CSB-DTS detects any fast and/or slow slope instability in 
time-series. In the present case, three challenging surface coal mining fields namely Singrauli, Rajmahal group of coalfields, and Jharia 
are selected for the implementation of integrated approach under the ambit of developed framework to check its performance. In the 
present study, pre-feasibility of the integrated approach over the selected coalfields have been carried. Pre-feasibility encouraged the 
use of integrated approach in the selected sites.

Development of a Methodology for Detection, Monitoring, 
and Analysis of Slope Instabilities in Surface Coal Mining 

Environment using Spaceborne SAR Interferometry 
(InSAR) Techniques

Md Soyeb Alam, 
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Re - Commissioning of 24/96 Balram Dragline after 
catastrophic failure at NCL Nigahi Project

R.K. Shukla 
(Sr. Manager, Excv)

Ankit Gupta 
(Manager, Excv)

S.K. Dutta 
(Foreman I/c, Excv)

Abstract -  There are 2 nos. 24/96 Dragline and 2 nos. 20/90 
dragline deployed in NCL, NIGAHI Project. These draglines are 
deployed in both the East and West Section of the Project directly 
above the Turra coal Seam. The paper is devoted to the entire 
dragline team and our Management for their effort and support 
in recommissioning of the 24/96 Balram dragline deployed in the 
East Section after catastrophic failure of RHS 'A' Frame.
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Risk Assessment of an UG Coal Mine in Context of 
Strata Control (Roof Fall)

Gajendra Pd Khanna
Chief Manager (Min), 

Western Coal Fields Limited, Nagpur
gpkhanna@yahoo.in

Abstract - Mining is a hazardous profession we deal with natural phenomena which inherently are variable associated with the 
unpredictable forces of nature. As a result, the mining industry continue to be associated with a huge number of accidents, injuries 
and health hazards. Mine disasters, cause high levels of fatalities and in most cases the mine in question stops it`s production within a 
short time due to occurrence of the disasters. Global dynamics of the technological changes create a need for modern approaches while 
evaluating and analysing the risk in the mining industry. With systematic identification, assessment/ evaluation and elimination or 
reduction of hazards in mining operation, the risk can be reduced to an acceptable level. This paper refers to the role of risk management 
processes and method to control the risk of roof falls in an underground coal mine. By using risk assessment tools in preparation of 
strata management plan and effective implementation of controls roof fall in UG coal mines are preventable.

Challenges on Procurement of Quality Spares 
for Draglines

Sri. Gautam Sarkar,
General Manager (Excv.)/SO, Khadia OCP.

Sri. Shashi Ranjan,
Chief Manager (Excv.), Khadia OCP.

Abstract - There is a continuous increasing need for energy and to fulfil this demand, coal is required in huge quantity. Mother earth 
has been kind enough to homogeneously spread this raw material throughout its crust. A considerable portion of coal is produced by 
adopting surface mining methods. To meet the demands of thermal, cement and other industry sectors the trend in production of coal 
has been increasing. In order to have high production with minimum cost, Draglines are being used in coal mining. This equipment has 
been chosen because of its certain advantages like economically excavate deposits at greater and greater depths. Dragline is a one of the 
surface mining equipment which is used to excavate materials and is so designed so that it can excavate below the level of the machine 
also. Dragline working can be divided into two parts: Digging and Walking. Among them walking is a steady process on which the mine 
design team has little control. Almost all walking draglines take a step of approximately 2 m within a time period of 0.75-1 min. Dragline 
used in surface mining is heavy equipment. They are mostly built on-site for strip mining operations to remove overburden in Northern 
Coalfields Limited and they are largest mobile land machine ever built. It consists of large bucket which is suspended from a boom 
with wire ropes. The bucket is maneuverer by means of ropes and chains. The hoist rope is powered by electric motors and drag rope 
is used to draw bucket assembly horizontally. Various operations of the bucket for the desired purposes are controlled by maneuvering 
of the hoist and drag ropes. The dump operation of the dragline consists of positioning the bucket above the material to be excavated 
and then lowering it so as to drag it on the surface of the material. The bucket is then lifted by the hoist rope and a swing operation is 
then performed to move the bucket to the place where the material is to be dumped, drag rope is then released causing the bucket to tilt 
and empty.  A typical dragline has volume ranging from 30 to 60 cubic meters and length of the boom ranges from 45 to 100 meters. 
Their power consumption is so great that they have direct connection to high voltage grid ranging from 6.6 to 22 kv. The movement of 
the dragline is accomplished by walking, using feet. Maximum speed is only few meters per minute.  Mining draglines are not moved 
frequently as their reach can work a large area from one position. A dragline is most efficient for excavating material below the level of 
their base. It can dig above itself also but inefficiently. It is not suitable to load piled up material as a shovel. Draglines are popular with 
many mines due to their reliability and extreme low waste removal cost. However, they have very limited application due to their boom 
height, boom length and dig-depth. Most mines depend on the dragline 24 hours a day, 7 days a week. For these reasons, dragline design 
requires emphasis placed on developing component’s with high levels of reliability and predictability so that repairs and replacement 
of components can be scheduled at times that will least affect the overall mining operation. Another critical designed consideration is 
that most repairs must be performed away from shop facilities. Although the dragline is a mobile piece of equipment, its enormous size 
prevents bringing to the shops for maintenance and repairs as s common with trucks and other mine equipment. The designer must ensure 
that components are really accessible and that portable tools and rigging equipment are available for any eventuality.
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Abstract — The high demand to safeguard the structures, reduce back break by reducing the vibration stimulates the study of the effect 
of blast design parameters on blast-induced ground vibration. A study on ground vibration with major effective blast design parameters, 
such as burden, spacing, maximum charge per hole, total charge per round, and distance between blast site and monitoring point, was 
carried out. The Overburden rock bench characterizations were done, and the obtained results were nearly identical in both the mines. 
The 56 blast vibration data were collected from the two mines and divided into training, testing and validation. The assessment of 
ground vibration was carried out using a few prediction equations, statistical tools and numerical tools. The advanced data analysis 
software, MATLAB-based artificial neural network (ANN), was used to predict the PPV. The results were compared with a Waikato 
environment for knowledge analysis (WEKA) software and empirical equations. After comparing, an ANN prediction model produced 
a significantly high coefficient of determination approx 0.92 with low RMSE (0.67), while the WEKA analysis software produced a 
comparatively low coefficient of determination approx 0.86 with a high RMSE (1.11). The prediction equations results are significantly 
weak to consider for ground vibration analysis, whereas the Ambraseys–Hendron method is the best empirical method.

"Geotechnical Parameters of Slope Stability: A Case 
Study of Singhori Opencast Mines of WCL "

B. K. Mishra, K. A. Ajay 
Department of Mining Engineering, AKS University, Satna, M.P. 

bhupendrageo@gmail.com, ashwinkhadse7@gmail.com

Abastract - Slope stability is a most important characteristic of open cast mines throughout the whole life of project. The Mechanism 
of failure is mainly depending on the geo-technical parameters of area, rock mass strength etc. This research work based on the 
slope designing skills by acquiring the data simulated by other research agencies and government bodies before our research at the 
same site i.e. Singhori opencast project of WCL and carried out some numerical modeling by using GEO-5 software. Design of 
the final pit limit is not only governed by the ore grade distribution and the production costs, but on the overall rock mass strength 
and stability as well. The potential for failure must be assessed for every possible mining plans and it should be integrated into the 
design of the ultimate pit. Finite element method and limit equilibrium method have been used for analyzing the dump slope 
for different geo mining conditions. The factor of safety of 1.2 to 1.5 has been taken as short stability and Factor of safety > 
1.5 for long term stability. The Bench slope angle = 370, Bench width = 20m, Overall slope angle = 230 for the Total dump height = 
75m is recommended for waste dump of the Singhori mines. The recommendation for bench height and width for top soil dump are 
Bench Height= 10m, Bench width = 20m, Bench slope angle = 370, Overall slope angle = 210, Total dump height = 30m.  It is being 
recommended that the fault plane should be excavated and removed through proper and long benching.
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Abstract — Coal-based power generation accounts for more than 70% of power generated in the country. Coal India Limited is the 
world’s largest coal producer that accounts for 84% of total coal production in the country of which Mahanadi Coalfields Limited, a 
subsidiary of CIL contributes about 25% of coal production. Spontaneous combustion in coal stock piles is a major problem and the 
costs involved due to the loss of quantity and deterioration of quality as an outcome of self-combustion would be significant. Thus, 
effective management of coal stock plays a crucial role in project economics. Management of coal stock that is evacuated before its 
incubation period is routine and does not require special attention but managing coal stock for longer periods and in some cases even 
up to 2 years without an instance of spontaneous combustion where the incubation period of coal is less than 60 days is commendable 
and worth mentioning. In this paper, the authors after having gone through many literature studies on management of coal stock piles 
share their experience and practices adopted in managing coal stocks at 3 mines of MCL at Talcher Coalfields of Odisha, India where 
the cumulative coal stock was around 7.7 MT at the end of August 2021. 
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Abstract: The mining process consist of several independent activities and all processes such as drilling, blasting, loading, 
transporting etc. are interlinked and ultimately influences the production and techno-economic of mining operations at 
opencast coalmines. In blasting, the pyrotechnic detonator’s delay precision is not upto mark, the actual time delay often have 
big difference with blasting design in real blasting engineering, and the blasting effect is difficult to control. Deep hole blasting 
for high capacity excavators like draglines (33/74), 20Cum shovels becomes imperative for achieving high production targets. 
Khadia OC mine of NCL, being in the vicinity of power plants and dwellings has a critical concern for such socio economic 
issues.Environmental hazards associated with deep hole blasting is also bound to happen. One of serious problems faced by 
deep hole blasting is that of ground vibrations. With power plants, Rihand dam in vicinity and local population in and around 
mines, controlling ground vibration was of paramount importance for the project. DGMS has prescribed permissible limit 
of ground vibrations for building/ structures not belonging to the owner of not more than 5mm/sec for dominant excitation 
frequency not exceeding 8 Hz.It became a challenge for reduction of ground vibration, involving deep hole blast for dragline 
& shovels using electronic detonators, for providing precision delay and maximizing the vibration of explosive energy. The 
SME used in a single blast has also been limited to not more than 100-120 tons, keeping in view of no damage to chimney 
and structures of Singrauli Super Thermal power plant of NTPC in close vicinity.Use of Electronic detonators, in such 
circumstances, have been found as a significant solution in this respect.








