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International Conference on Opencast Mining Technology & Sustainability

It is my great pleasure to welcome all of you to the 3rd International Conference on Opencast Min-
ing Technology & Sustainability (ICOMS-2020) at Singrauli, Madhya Pradesh, India. The ICOMS 
2020 is the Third annual conference hosted by Northern Coalfields Limited, in association with its 
knowledge partner, Indian Institute of Technology (BHU), Varanasi. 

ICOMS 2020 is aimed at providing the mining industry, academics, researchers and engineers from 
all over the world, a technological forum of sharing the knowledge and expertise in the field of 
opencast mining. We have received overwhelming response from all across them, which is reflected 
in messages and 61 technical papers and abstracts compiled 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 2020 is organized in parallel with the exhibition by equipment manufacturers, suppli-
ers and service providers. In view of the uncertainity around Covid-19, this year ICOMS-2020 is to 
conducted in hybrid manner i.e. both physically & virtually. 

Once again, welcome to ICOMS 2020. I look forward for meaningful 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 2020 will bring an unforgettable experience of knowledge sharing, which will 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-2020

FOREWORD
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MESSAGE
I am delighted to know that Northern Coalfields Limited (NCL) in association with IIT (BHU) is 
organizing the “3rd International Conference on Opencast Mining Technology & Sustainability 
(ICOMS-2020)” from 22nd to 23rd January, 2021 at Singrauli (M.P.) both physically and virtually, 
in light of COVID-19 pandemic.

For an emerging economy like India, we have huge challenges in terms of coal demand and 
supply in the future. As a responsible coal producing company, it is imperative that NCL as well 
as Coal India as a whole must take necessary steps to continue its legacy of providing energy 
security to our nation by attaining environmentally and socially sustainable growth. ICOMS has 
already proved itself as a great platform which aims to provide a forum for the academicians, 
scientific community & industry professionals to interact and exchange their knowledge in the 
field of Opencast Mines and Energy.

My best wishes to the organizers and participating delegates. I am sure that it will be a landmark 
event in the history of the State. I am confident that it will be a vibrant forum for the exchange 
of ideas and give them exposure to the latest innovations, and be pivotal for the progress of 
our mining industry.

Pralhad Joshi

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
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MESSAGE
It gives me immense pleasure to know that Northern Coalfields Limited, Singrauli is going to 
organize “3rd International Conference on Opencast Mining Technology and Sustainability 
“ICOMS-2020” in association with IIT (BHU), Varanasi during 22nd-23rd January, 2021 at 
Singrauli (M.P.). 

Indian coal sector has played a significant role in the energy mix. Transition from coal to 
renewables seems a reality and same is to be planned meticulously otherwise India could 
grapple with a significant proportion of population with limited access to reliable energy and/ 
or stranded investments. 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 itself 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, also known as “The Energy Capital of India”.

I hope post-event NCL will have variegated pool of ideas backed by practical execution and 
solutions. 

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-2020.

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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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

Opencast mining holds the supremacy in the country's coal output primarily due to volume pro-
duction, cost efficiency and reduced wastage. Though Coal India is keenly pursuing ramping up 
production through underground mines, the surface mining of coal continues to hold the sway 
in the overall output.

This necessitates induction of higher degree of mechanized mining and adoption of newer 
technologies in the opencast mines, which Coal India's coal companies persistently pursue as 
an ongoing process. Surface miners, which have production efficiency contribute to around 50% 
of CIL's production now we will be deploying more in the ensuing years.

As a transformative idea CIL has also taken up on a mission mode engagement of Mine Devel-
oper cum Operators who bring in state-of-the-art technologies to our OC mines. We are also 
going in for elevated digitization and automation to ensure higher efficiency in operations and 
sustainability.

We have also established Sustainable Development Cells (SDCs) with multi-pronged activities 
for maximizing the utilization of available resources in a sustainable way while minimizing the 
adverse impact of mining.

I appreciate the joint efforts of Northern Coalfields Limited and IIT (BHU) Varanasi in organizing 
a contextual and topical two-day "3rd International Conference on Opencast Mining Technology 
& Sustainability (ICOMS-2020)" on 22nd & 23rd January 2021 at Singrauli.

While offering my best Wishes for the success of the Conference I urge the organizers that the 
learning from it are put for the greater benefit of the industry.

Pramod Agrawal

MESSAGE
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MESSAGE
I am pleased to learn that, Northern Coalfields Limited (NCL) is organizing "3rd International 
Conference on Opencast Mining Technology & Sustainability (ICOMS-2020)" in association 
with IIT (BHU), Varanasi on 22-23rd January 2021 at Singrauli, M.P.

India as a major mining nation especially in coal, needs to gain mimentum in embracing 
new technologies in mining. The New steps taken in the mining policy by the government 
is expected to open up new windows of opportunities for digital technologies in Indian 
Mining Sector.

Coal still remains the dominant source in the country meeting around 56 percent of its 
primary commercial energy requirement and cannot be expunged from India's energy basket 
at this juncture and the need of the day is to emphasize on increasing the operational 
efficiency with sustainable productivity.

While Covid-19 has had implication on the mining industry, mining companies showed 
remarkable resilience and continues mining operations to the extent possible. There is 
significant focus on automation of mining operations and use of digital solutions to increase 
productivity and enhance workforce safety. Artificial intelligence, machine learning and 
industrial internet of things offer a number of rewards for the sector.

I appreciate that, the theme being deliberated in the conference focuses mainly on today's 
need for the Mining Industry.

I hope it would be a great forum for the academicians, scientific community & industry 
professionals to interact and exchange their knowledge in the field of Opencast Mines and 
Energy.

I wish "ICOMS-2020" a grand success.

 D K Hota
 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
It gives me great pleasure to learn that Northern Coalfields Limited, Singrauli in association 
with IIT (BHU), Varanasi for third year in a row, is organizing a two-days “International 
Conference on Opencast Mining Technology & Sustainability (ICOMS-2020)” on 22nd-
23rd January, 2021 at Singrauli in the hybrid manner, i.e. both physically and virtually, in 
view of the uncertainty around the COVID-19 Pandemic.

Mining Industry, especially opencast mining contributing more than 90% of domestic coal 
production is facing challanges of environment, safety and adaptability of new technology. 
COal industry is with open opportunity and wide possibities with rise in  the requirement 
of energy. It’s high time for the mining sector to be a conglomerate of interdisciplinary 
technology and ideas to walk on the path of sustainable development. Technologies like 
artificial intelligence, nanotechnology, data science, authomation, clean coal technologies 
etc. Will play vital role in shaping the future of mining industry.

In the current scenario of Covid-19 pandemic, where both the industries and academia 
are coming up with new innovative solutions to deal with new challenges, the ICOMS-2020 
is the opportunity to further strengthen Industry-Institute Partnership between IIT (BHU) 
and NCL. In view of mutual benefit and in the interest of mineral conservation, mine 
productivity and advancements in clean technologies in energy sector, the collaboration 
of IIT (BHU) and NCL is the need of time. I hope the conference will be a great platform 
for the exchange of new ideas and knowledge among the professiionals around the globe 
from different fields.

Pramod Kumar Jain

DeeÛeeÙe& Øeceeso kegâceej pewve
efveosMekeâ
Prof. Pramod Kumar Jain
Director
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It gives me immense pleasure to learn that Northern Coalfields Limited, Singrauli is organizing 
“3rd International Conference on Opencast Mining Technology & Sustainability (ICOMS-2020)” 
in association with IIT (BHU), Varanasi, on 22nd & 23rd January 2021. I hail the initiative of 
the two presentigious Organizations for having rightly conceptualized this conference in the 
present context.

India is the world’s second largest producer of coal. More than 90% of coal production in India 
comes from the opencast mines. Opencast mining has seen a sea change over the last few 
years in terms of its scale, use of technology and mechanization etc. This has raised associated 
environmental and safety concerns with the increasing trend of accidents due to gailure of 
dump and pit slopes and also due to machinery in the recent past and adverse socio-economic 
impact.

It is necessary to sustain the increased production of coal in the country in an environment 
friendly, safe socially sustainable manner. Systems and technology of coal exploration, 
extraction and processing, addressing safety, environmental and social concerns, remains 
the main challenges to the development of coal sector. Overcoming these challenges will 
require a long-term vision and systematic planning, adoption of suitable technology and policy 
development in a transparent and inclusive manner.

I hope this conference will go a long way in safeguarding the acceptable norms for socio-
environmental needs, safety of persons in and around the mine, technology adoption for Green 
energy and facilitate transition towards sustainable development of the sector.

Prabhat Kumar

MESSAGE

Hkkjr ljdkj @Government of India
Je ,oa jkstxkj ea=ky; @ Ministy of Labour & Employment

[kku lqj{kk egkfuns'kky; @ Directorate General of Mines Safety
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GOPAL SINGH
Chairman-cum-Managing Director

MESSAGE
It gives me immense pleasure to know that Northern Coalfields Limited is organizing "3rd 
International Conference on Opencast Mining & Sustainability (ICOMS-2020)" in association 
with IIT (BHU), Varanasi on 22-23rd January 2021 at Singrauli and is also going to publish a 
Souvenir on the occasion.

During the present era, contribution from Open Cast Ming in meeting the country's demand 
of coal is substantial. Organising this type of conference with participation from leading 
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-2020 and congratulate the organisers 
for their endeavor.

Gopal Singh

Hkkjr dksfdax dksy fyfeVsM
¼dksy bafM;k fyfeVsM dk ,d vax½
Bharat Coking Coal Ltd.

(A Subsidiary of Coal India Ltd)
dks;yk Hkou] dks;ykuxj
Koyla Bhawan/Koyla Nagar

Dhanbad-826 005
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Shekhar Saran
Chairman-Cum-Managing Director

MESSAGE
It is heartening to note that Northern Coalfields Limited, Singrauli is organizing “3rd International 
Conference on Opencast Mining Technology & Sustainability (ICOMS-2020)” in association with 
IIT (BHU), Varanasi on 22-23rd January 2021 at Singrauli, M.P. I would like to congratulate the 
efforts of all the organizers and the able leadership for organizing such conference which is 
inspiring and praiseworthy.

NCL is one of the most production efficient subsidiary of CIL and looking at the ambitious 1 BT 
coal production target set by the Ministry of coal for Coal India. NCL’s contribution would play a 
major role in achieving the same. The theme of the conference is topical considering the status 
and aspects of coal production in Coal India as well as in the country. I am sure, the conference 
will provide tremendous opportunities for high level deliberations and exchange of knowledge 
among the researchers, academicians, engineers, etc., which will surely contribute towards 
the betterment of the coal industry.

I wish the Conference a grand succrss.

Shekhar Saran

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

Heâesve vecyej / Phone No. : +91 651 2230001 & 2230002
Hewâkeäme vecyej / Fax No. : +91 651 2230003 & 2231447

Jesye meeF&š / Website Address : www.cmpdi.co.in F& cesue : cmd@cmpdi.co.in
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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 delighted to learn that Northern Coalfields Limited is organising two-days "International 
Conference in Opencast Mining Technology & Sustainability (ICOMS-2020)" on 22nd and 23rd 
January, 2021 at Singrauli in the hybrid manner; i.e. both physically and virtually, in view of 
the uncertaintly due to COVID-19 pandemic.

Mining is a challenging operation and requires continuous adoption and application of systemic 
improvements to remain competitive in increasingly globalised world. ICOMS itself is a unique 
platform of CIL, which offers opportunities to all the stakeholders form both industries 
and academia/R&D organizations to share their knowledge and experience for sustainable 
development of the mining sector.

I hope that 3rd ICOMS would certainly pave the way for exchange of new ideas and technical 
know-how across the globe and wish NCL best in its endeavor of building forum in association 
with IIT-BHU for exchange of new ideas and shared knowledge.

I wish all the success to the ICOMS-2020.

BINAY DAYAL
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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 
“3rdInternational Conference on Opencast Mining Technology & Sustainability (ICOMS-2020)” 
on 22nd-23rd January, 2021 at Singrauli (M.P.) in association with IIT (BHU), Varanasi in the hy-
brid manner; i.e. both physically and virtually, in view of the uncertainty around the COVID-19 
pandemic. 

In today’s fast changing technology driven world, innovation is an essential part of business 
strategy for any successful organization to remain in the highly competitive environment and is 
crucial in identifying trajectory for future growth. 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, pro-
ductivity, quality and safety in mines, and reduce import of coal.  

ICOMS-2018 & ICOMS-2019 have already registered grand success in terms of their remarkable 
impact on productivity, safety and quality in the production system. Several best practices 
emerged from this platform have also been adopted in the field such as development of mech-
anized 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 etc. ICOMS-2020 has also been planned to ensure value addition and technology enhance-
ment in the existing production system. 

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

I wish this International Conference and Exhibition a grand Success.

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 delighted to know that Northern Coalfields Limited, Singrauli is organizing "3rd Interna-
tional Conference on Opencast Mining Technology & Sustainability (ICOMS-2020) in association 
with IIT (BHU), Varanasi on 22nd - 23rd January 2021 at Singrauli (M.P.).

The theme of the Conference will certainly provide a common platform for exchange of views 
and discussion amongest the participants to address the challenges of coal mining and allied 
industries for further betterment.

I feel proud to be a part of the conference and would like to thanks the convenor (ICOMS-2020) 
and his team for organizing the Conference.

I wish a splendid success to ICOMS-2020.

Prabhat Kumar Sinha
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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 gives me immense pleasure to know that Northern Coalfields Limited, for third year in 
a row, is organizing a two-days “International Conference on Opencast Mining Technology & 
Sustainability (ICOMS-2020)” on 22nd -23rd January, 2021 at Singrauli in hybrid manner; i.e. 
both physically and virtually , in view of uncertainty due to COVID-19 pandemic. 

The knowledge sharing of the Mining professional of all levels , Policy makers, Entrepreneurs, 
Planners and Designers, Law Enforcing Agencies, Practicing Engineers, Scientists, academicians 
and technologist from India and abroad sharing a common platform will not only be of immense 
utility to Mining Industry, but will also act as an impetus towards the industrial development of 
the country. This will definitely help the country in achieving the desired growth in the mining 
sector to fulfill the need of the Nation. 

I wish team NCL all the best in its endeavor of building forum for exchange of new ideas and 
sharing of knowledge.

A. P. Panda
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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 know that Northern Coalfields Limited, for third year in 
a row, is organizing a two-days “International Conference on Opencast Mining Technology 
& Sustainability (ICOMS-2020)” on 22nd -23rd January, 2021 at Singrauli in hybrid manner; 
i.e. both physically and virtually , in view of uncertainty due to COVID-19 pandemic. 

The knowledge sharing of the Mining professional of all levels , Policy makers, Entrepreneurs, 
Planners and Designers, Law Enforcing Agencies, Practicing Engineers, Scientists, 
academicians and technologist from India and abroad sharing a common platform will not 
only be of immense utility to Mining Industry, but will also act as an impetus towards the 
industrial development of the country. This will definitely help the country in achieving the 
desired growth in the mining sector to fulfill the need of the Nation. 

I wish team NCL all the best in its endeavor of building forum for exchange of new ideas 
and sharing of knowledge.

        Prem Sagar Mishra
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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 happy to note that, Northern Coalfields Limited,Singrauli in association with 
IIT (BHU), Varanasi for third year in a row, is organizing a two-days “International Conference 
on Opencast Mining Technology & Sustainability (ICOMS-2020)” on 22nd-23rdJanuary, 2021 at 
Singrauli in the hybrid manner; i.e. both physically and virtually, in view of the uncertainty 
around the COVID-19 pandemic. 

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

With proactive and ahead of the time endeavors like ICOMS-2020,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.

P. M. Prasad
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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 an immense pleasure to know that Norther COalfields Limited in association 
with IIT (BHU), is organising “3rd International Conference on Opencast Mining Technology 
& Sustainability (ICOMS - 2020)” on 22nd - 23rd January, 2021 at Singrauli (M.P.) for the 
third consecutive year in a row.

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. Opencast Mining contributes over 90% 
of domestic coal production and this can be achieved only if socially and environmentally 
acceptable methods are adopted. Self-sustenance in Coal has been identified as Nation-
al Priority for attaining Energy security and reducing import bill for the country thereby 
increasing the relevance and advantage of the seminar. I am sure that, with exchange of 
ideas this conferences 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 solution.

I am also happy also happy to learn that on this occasion a souvenir is being brought out 
for assimilating the technical papers and key notes which would serve as a reference and 
guiding light towards adoption of outcome of the summit.

I convey my best wishes for the grand success of the International Conference on Opencast 
Mining Technology & Sustainability “ICOMS - 2020” while commending the Organizers for 
their endeavour and commitment towards technological and societal betterment.

Manoj Kumar
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Bimlendu Kumar
Director (Personnel)

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 pleasure and pride that Northern Coalfields Limited, Singrauli is organizing "3rd 
International Conference on Opencast Mining Technology & Sustainability (ICOMS-2020)" on 
22nd-23rd January, 2021 at Singrauli in association with IIT (BHU), Varanasi with a wide partici-
pation from various Mining Organizations, Academia and R&D organizations.

Considering the scenario of world and India economy, sustainable development is the demand 
of time, and higher contribution of mining sector in economic growth of nation it becomes 
of paramount importance to have Sustainable mining. We are responsible for preventing mis-
use and degradation of natural resources through adoption of efficient system ensuring con-
servation.Opencast Mining contributes over 90% of domestic coal production and this can be 
sustained only if socially and environmentally acceptable methods are adopted. Increase in 
Coal production has been identified as National Priority for attaining 'Atmnirbharta' in Energy 
security and reducing coal import.

I hope that ICOMS-2020 will surely act as vital platform for exchange of ideas and surely pave 
the path for identification and adoption of suitable technology for efficient exploitatin of nat-
ural resources through improved knowledge and workable solution.

Souvenir being published on this occasion will bring out a collection of technical papers and key 
notes which would serve as a reference and guide towards adoption of latest solutions.

I convey my best wishes for the mega success of this International Conference "ICOMS-2020" 
while appreciating the Organizers for their endeavor and commitment towards technological 
and societal betterment.

Bimlendu Kumar
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MESSAGE
It is a matter of great pride and honour that Northern Coalfields Limited, Singrauli is 
organizing “3rdInternational Conference on Opencast Mining Technology & Sustainability 
(ICOMS-2020)” on 22nd-23rd January, 2021 at Singrauli (M.P.) in association with IIT (BHU), 
Varanasi in the hybrid manner; i.e. both physically and virtually, in view of the uncertainty 
around the COVID-19 pandemic. 

Mining, as an activity, is a challenging operation. Irrespective of the product of mine, 
mining requires continuous adoption and application of systemic improvements to remain 
competitive in increasingly globalised world. With increasing demand of coal, safe and 
sustainable mining has become need of the hour. It is amazingly satisfying 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 research and innovations. 

I hope that the platform like ICOMS-2020 would help in creating awareness and demonstra-
tion of latest technologies and developments which have taken place in the mining sector. 
Sharing of knowledge and experience by the eminent scientists, engineers, researchers 
etc. at a platform like ICOMS-2020 will enable us to strategically deal with upcoming chal-
lenges and to prepare in advance for transition from coal to renewable. 

I wish this International Conference and Exhibition a grand Success. 

Anindya Sinha
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MESSAGE
It is pleasant to note that Northern Coalfields Limited, Singrauli is organizing  “3rd Internation-
al Conference on Opencast Mining Technology & Sustainability (ICOMS-2020)” on 22nd-23rdJan-
uary, 2021  at Singrauli in association with IIT(BHU), Varanasi in a hybrid manner i.e. through 
physical and virtual mode. 

Coal has major share in primary energy requirement of the nation and plays an important role 
in its socio-economic development, despite the push towards renewables and systemic chal-
lenges faced by the sector.In order to reduce coal import and ensuring production of quality 
coal to meet the increasing coal demand, it is of paramount importance to produce, transport 
and use coal in an efficient, effective and environment friendly manner. 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 
andmachineries are contributing 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. The successful implementation of highly mechanized coal mining operations call 
for equally high standard of equipment maintenance to ensure uninterrupted operation. In this 
context, organizing International Conference on Opencast Mining & Sustainability is quite time-
ly and a welcome move to address various issues involved in absorption of the technologies.

I am hopeful that this conference will address all the related issues and I wish the International 
Conference a grand success.

Ram Narayan Dubey
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MESSAGE
It is a matter of great pleasure that NCL is organizing 3rd International Conference on Open-
cast Mining Technology & Sustainability (ICOMS-2020) during 22-23 January 2021 at Singrauli in 
association with IIT-BHU, Varanasi in physical as well as virtual mode.

In the current competitive environment, innovation is an integral component for growth & sus-
tainability of companies. Although India is having huge coal reserves, but coal is still imported 
for meeting energy  demand of our country. Hence, there is an urgent need for promoting 
innovations within the company for enhancing production & productivity with due focus upon 
quality & safety in mines.

The 1st ICOMS held in 2018 & 2nd ICOMS held in 2019 were grand success. Several best practic-
es have emerged from these two ICOMS.

I am sure that ICOMS-2020 will certainly benefit all stakeholders. I wish a grand success for 
ICOMS-2020.

Subrata Shekhar Sinha
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Application of IoT (Internet of Things) and AI based 
technologies in Coal Mining Industry: Opportunities and 

Challenges

Shekhar Saran
 Chairman cum Managing Director, CMPDI 

Pankaj Pandey
Chief Manager (Mining), CMPDI (HQ)

ABSTRACT
In recent years, Internet of Things (IoT) has gained 
significant acceptance in many industries. Utility companies 
use the technology to monitor the energy grid and other 
supply networks for efficiency and to identify bottlenecks 
that could shut down operations. Manufacturing units create 
networks that monitor and help refine process controls. In 
the medical industry, IoT provides the groundwork for 
remote health monitoring and emergency care. 

In a global scenario, mining companies employ the 
technology by using driverless trucks in the mining process. 
Companies are also experimenting with Autonomous 
Drilling Systems that can operate without direct intervention 
by humans. Essentially, IoT finds application in the areas 
of mining operations such as; Productivity enhancement 
of Mining Equipment, Improvement in quality of coal 
while extraction as well as during downstream processes 
(Crushing, Washing), Predictive Maintenance of Mining 
Equipment, Mine safety, Energy conservation, etc. As the 
about IoT and related technologies expands in the mining 
industry, tech. savvy users may find more innovative ways 
to make use of the technology within mining domain. 

In the paper presented here, authors have made an attempt 
to identify and dwell upon opportunities and challenges 
available to Indian coal mining companies for making 
optimum use of IoT technology solutions leading to 
sustainable growth. A road map is also described that 
may assist companies in adopting IoT systems in current 
framework of mining value chain. 

Keywords: Mining, IoT, Analytics, Machine Learning, 
Productivity, Maintenance, Quality

I. INTRODUCTION
By definition, IoT means, “A network of connected 
devices, communicating with each other and, 
generating data in real time for faster and accurate 
decision making”. Or in other words, “The IoT allows 
objects to be sensed and/or controlled remotely across 
existing network infrastructure, creating opportunities 
for more direct integration of the physical world into 

computer based systems”. This results in improved 
efficiency, accuracy and economic benefit in addition to 
reduced human intervention. This can also be termed 
as a cyber-physical system that includes technologies 
instrumental for building smart cities, smart homes, 
intelligent transportation, smart hospitals and 
“SMART MINING”. 

Following are 7 crucial characteristics that define IoT 
(Fig 1.1)

1. Network (Including Cloud): This essentially 
means, devices, sensors, and actuators, connected 
with each other, to a central system, and also to 
‘the Internet’ or, to another network of devices 
available on the cloud.

2. Things: Anything that can be tagged or 
connected or designed in a way to be connected 
with the network. Devices contain sensors or 
sensing materials for converting Analog signals 
to Digital signals. Actuators carry out digital 
instructions forming part of the things.

3. Communication: Devices are connected in a 
way so they can transmit and receive data that 
can be further analyzed or converted to useful 
information.

4. Data & Database Technologies: Data is the glue 
of the Internet of Things, the first step towards 
action and intelligence.

5. Analytics/Machine learning: The aspect of 
intelligence within IoT devices, either embedded 
or remotely gathered in a central system.

6. Action: This can be termed as consequence 
of intelligence. This can be manual action by 
humans or action taken by an underlying system 
of actuators or automated devices.

7. Ecosystem: This represents the place of the 
Internet of Things from a perspective of other 
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surrounding technologies, communities, and the 
broad picture in which IoT fits.    

 

Figure 1.1: A typical IoT Architecture

Depending upon the use cases and situations Internet 
of Things can be broadly defined as; 

A. Consumer Internet of Things (CIoT)
The Consumer Internet of Things is what we connect 
with on daily basis. The Consumer Internet of Things 
or CIoT is where we find applications and use cases 
to track personal ‘assets’ (asset tracking), home 
security systems, smart appliances such as connected 
refrigerators, washing machines, light bulbs, etc. 
Wearables and all sorts of consumer electronics such 
as, smart wristwatch, fitness band, Desktop assistants, 
belong to this category. Additionally, appliances like 
thermostats, parking door openers, sprinklers can 
be included in CIoT platform. The applications are 
getting better and smarter day by day. Availability 
and ownership costs for such products has drastically 
reduced with most of the Infrastructure, Platforms and 
Software available on the cloud as a Service.

B. The Industrial Internet of Things (IIoT)
The Industrial Internet of Things describes typical 
industry use cases across a range of sectors. Some 
people see the Industrial Internet of Things more in 
a context of ‘heavy’ industries like manufacturing, 
mining or utilities. But it is also finds application 
in other areas, for example smart cities and smart 
metering. Just as there are many different applications 
in the Consumer Internet of Things, there are 
also many in IIoT such as; Autonomous vehicles, 
Telematics, Remote health monitoring, smart logistics 
etc. A quick comparison in CIoT & IIoT is shown 
below for better understanding:                               

II. APPLICATION IN MINING INDUSTRY
One of the most matured and rapidly growing 
application domains for the Industrial Internet-of-
Things (IIoT) is in heavy equipment used in areas like 
construction, mining, agriculture, and logging. Mining 
equipment provide huge opportunities for some of the 
things that are possible with the IIoT as listed below.

A. Making Mines Safer
One of the key area for IoT applications in a typical 
mining environment is for improving safety. The 
mining environment, be it opencast or underground, 
is inherently accident prone requiring full attention 
on part of the work persons/supervisors. Coal mining 
conditions present many additional dangers i.e. fire, 
explosion, inundation etc. In such situations, IoT 
devices are deployed for keeping vigil on impending 
dangers and raise an alarm. Actuators can be deployed 
in Plants, CHP, and Washery, for automatically taking 
action i.e. stop and restart operations, spray water in 
desired direction and quantity, in case of fire. The size 
of mining equipment in opencast mines is such that, 
to prevent accidents, it is essential to use, proximity 
sensors, fire detectors and other warning technology, 
such as GPS, radar, video, and RF locating devices. 
Additionally, for taking full advantage of the available 
technologies, Data from all installed devices can be 
collected, stored and analyzed, in real time, for analysis 
and making rapid decisions. Even behavioral data of 
workforce can be suitably mapped and correlated with 
dangerous occurrences. Moreover, mitigating dangers 
affecting productivity, and reducing loss of productive 
hours will lead to long-term financial benefits.

B.  Autonomous Dump Truck Operations
In many parts of the world, mining companies are 
using autonomous, self-driving mining trucks since 
long. Massive driverless mining trucks navigate routes 
and respond to local conditions using over 200 truck 
mounted sensors, GPS, and a radar guidance system. 
So far these driverless trucks have driven millions of 
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miles and hauled millions of cubic meter of material. 
The trucks are connected wirelessly and remotely 
controlled over a long distance. GPS based Vehicle 
Tracking Systems (VTS) is also finding application in 
on road coal transportation.

There are many benefits associated with such 
system. Mine Safety is substantially improved by 
eliminating driver’s fatigue, and also by reduction 
in number of people within the active mine area. 
Autonomous trucks also enable more predictable, 
continuous, optimized operation, all day and 
night, without lunch breaks or shift changes. 

                                   

Figure 2.1: Dump truck management system on an IoT 
Platform

Autonomous dump trucks are operated through A 
“Mine Automation System”, which integrates all the 
automated physical elements. It creates real-time 
multi-dimensional models from a variety of data 
sources including the sensors on the equipment, 
as well as geographical and other data. The system 
can then be used to optimize the mine’s layout, 
operation, vehicle paths, and so forth, coordinating 
all the moving pieces for the most efficient 
operation. (Figure 2.1)                         Visualization 
software are also in use providing 3D displays 
of the mine and other related data for use by pit 
controllers, geologists, drill-and-blast teams, mine 
planners, and supervisors. 

C. Predictive Maintenance of Equipment
For mining equipment, predictive/preventative 
maintenance is very effective. IoT system used in this 
domain require sensors to measure things like fluid 

temperatures, levels, pressures, contamination; bearing 
rotations, temperature, and vibrations; frame rack, 
bias, and pitch (affected by load and road conditions); 
engine speed and gear position; brake pressure and 
temperature; drive train performance; and vibrations at 
various locations in the truck (especially bearings). The 
data is transmitted remotely to monitoring centers that 
can be alerted to potential trouble before it happens. 
Instead of going by scheduled maintenance (e.g. every 
2,000 hours of operations), a predictive model based on 
sensor data can recommend when maintenance should 
be performed. This reduces frequency of maintenance 
(reducing maintenance costs and improving utilization 
of equipment) and also decreases costly and potentially 
dangerous failures in the field. Development of 
Prescriptive maintenance systems has also picked up 
pace where the system itself recommends or suggests 
maintenance steps by correlating historical data.     

D. Other Innovative Applications
Many companies are running trials with Autonomous 
Drilling Systems (ADS) and also trying to automate 
trains that haul material from the mines to the ports/
plants. The vision includes not just automated haulage 
and drilling but also automated mining operations 
(Digging, Dozing), remote monitoring of mining 
operations and processing plants, condition monitoring 
of stockpiles/dumps, coal quality monitoring at each 
stage of production, mine environment monitoring, 
computer-optimized flotation tanks (for extracting 
minerals), application of Drones in remote sensing etc., 
all controlled by centralized operations centers. For this, 
entire mining operations are planned well in advance 
and are dynamic in flow of information. The system 
has a memory with learning capabilities and, it also 
anticipates trouble and responds at lightning speed. 
Practically every process and its physical components 
could be designed to generate, communicate and receive 
data as per requirement. A few examples are, Non-
invasive Face recognition based attendance system. 
SMART Helmet/Harness that registers attendance and 
also alerts, SMART Sprinklers sensing environment for 
spraying water, SMART Lighting and Pumping to save 
precious electricity, SMART UG Supports providing 
data on load etc. The list is endless and limited by 
imagination only. 

III. CHALLENGES AHEAD
IoT and AI is changing the mining industry globally. 
It is making processes safer, economic, efficient, and 
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more reliable. Simply put, it is making the traditional 
mining processes more high tech. However, in case of 
Indian mining industry, conditions are significantly 
different from rest of the world for full scale adoption 
of IIoT. There are a few challenges requiring careful 
consideration before realizing the value addition 
envisaged through IoT applications.

A. Customization needs
Considering current set of operating conditions, mining 
companies in India may not afford full scale automation 
at this stage i.e. autonomous vehicles, shovels, drills etc. 
Therefore, it is recommended to identify, innovate and 
adopt custom built IoT applications for assisting work 
persons in handling routine jobs. This incremental 
automation will spare highly skilled persons to focus 
on matters of strategic importance and, better utilize 
their skills. A few very hazardous jobs may qualify 
for fully automated machinery i.e. extraction of UG 
developed pillars by opencast, extraction of coal seams 
under fire, Inspection of isolation stoppings, green roof 
support etc. 

B. Conventional Mindset
Adoption of IoT based technologies requires a 
complete change in conventional mindset about how 
the work is to be performed and measured. IoT enabled 
services are more visible, transparent, and quantifiable 
in comparison to manual services. So it becomes 
imperative, for the mine officials at all levels to accept, 
learn and adopt new skills and proactively participate 
in the transition process. The existing processes must 
be made flexible enough to incorporate changes. 
Redundancy must be removed as early as possible. 
It is not uncommon to experience negative growth, 
during early phases of IoT adoption lifecycle. However, 
Patience and Trust are two factors that play crucial role 
in ensuring long term success. Capability to explain AI 
generated results to decision makers is also an issue 
requiring careful handling.

C. Security and Privacy of Data
There is no hiding the fact that, the “Internet of Things” 
environment is highly susceptible to security & privacy 
threats. Already, basic devices such as routers, satellite 
receivers, network storage and smart devices are 
ridiculously easy to hack. Recently there was a report 
on first known successful cracking of a car while it was 
being operated. This becomes more of a concern in an 
Industrial IoT environment. Sensitive data pertaining 

to a company can be stolen or tempered with to 
create critical problems. Privacy of employee can be 
compromised leading to embarrassing situations. 
This may adversely affect productivity and safety of 
mining operations. To avert such situations, thorough 
monitoring and systematic upgrades and updates of 
security systems are required. Sometimes a complete 
system revamp is essential to combat imminent danger 
that may prove very costly for a company operating with 
low margins.

D. IoT Infrastructure
For a mission critical Industrial IoT environment it is 
essential to have robust systems in place for collecting, 
transmitting and analyzing crucial data. Even a few 
minutes failure in data flow may lead to devastating 
results. Companies should be willing to invest in 
developing robust IoT infrastructure in far and remote 
areas to reap long term benefits. Security of IoT devices 
(Sensors, camera, Tags) kept out in the open is also a 
matter of concern in coal mining area.

E. Regulatory Framework
Ideally, regulatory framework should not be treated as a 
challenge to IoT adoption. It actually safeguards interests 
of all stakeholders along with providing a robust basic 
structure for building much needed industry standards. 
However, a rigid regulatory framework with lengthy, 
cumbersome processes for incorporating changes may 
completely destroy such initiatives. As suggested later 
on in this paper, regulatory bodies may join hands 
with other agencies, through a dynamic collaborative 
interface, for rapid disposal of issues arising out of such 
implementations.

IV. OPPORTUNITIES & ROADMAP FOR 
ADOPTING IoT
None of the challenges described in the preceding 
paragraphs should be a deterrent for the mining 
companies to adopt IoT solutions. The available 
opportunities that could be derived from such initiatives 
are plenty. Only requirement is, careful planning and 
clear assessment of short and long term expectations 
along with willingness to change. With current pace of 
development in digital/information technology field, it 
will not be surprising if in coming years automation of 
processes and underlying application of AI will become 
a necessity.
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A road map is presented in the following paragraphs for 
mining companies of various commodities and sizes 
to participate in the anticipated Mining IoT (MIoT) 
revolution.

A. Identification of IoT projects and Prioritization
For an organization, the very first step in evolving an 
IoT infrastructure is to have a realistic assessment of its 
actual needs pertaining to such technologies. Priorities 
must be set right in the beginning as blindly following 
the popular trend may lead to burn outs at a later stage. 
Initially, prioritization must be on the basis of ease of 
implementation. There are technology consultants/
experts available to address these issues.
The approach should be “Think Big, Start Small and 
Scale Fast”. One pilot program should be first taken up 
to get the know-how of the technology and establish 
its acceptance. Once the pilot is successful, different 
functional domain for implementation of IoT projects 
should be identified and gradually implemented. 

B. Capacity Building
Capacity building efforts must be directed towards 
both the organizational capacity building and the 
skill upgradation of the people associated with the 
implementation of IoT projects. The first step would 
be to conduct capacity assessment which should form 
the basis of training the personnel. A roadmap should 
be prepared for enhancing the capabilities of both the 
organization and its employees.

Next step would involve forming a small dedicated 
group of experts in every technical department 
entrusted with the responsibility of identifying IoT 
implementation opportunities. People working at 
the Mine or Shop floor level may be consulted and a 
threadbare analysis of each step in a process should 
be carried out to locate a probable application.  Then 
a decision can be taken to develop prototype solutions 
either in-house or by contracting.  Now a days, DIY (Do-
It-Yourself) kits containing sensors, microcontrollers 
(Arduino, Rasberry Pi) GSM/WiFi units etc., are easily 
available for developing prototypes in-house. This 
could be a feasible solution for companies developing 
proprietary items or for the companies on low budget. 
Size and operational preferences of a company are not 
a limiting factor at this stage. IoT promises something 
for every willing developer or consumer of technology.

C. Industry Consolidation
As a consolidation process with clear visibility of 
objectives, it is recommended to evolve a web based 
platform  where all potential users, i.e. Mining 
companies, Technology providers (Hardware & 
Software), Regulatory bodies, Mining consultants/
Institutes, can come together to  share their individual 
efforts or ideas on the subject. A repository of 
innovative ideas may be maintained and freely shared 
for immediate or future development. Successful 
innovations can be suitably rewarded and evaluated 
for industry wide application. Invariably every mining 
company has dedicated funds for sponsoring such 
activities and developing MIoT ecosystem. Many 
Government departments, angel investors, and VC 
firms are also actively supporting such initiative at the 
corporate and individual levels.

V. CONCLUSION
Hence, it can be safely concluded that, the benefits 
derived from adopting IoT enabled services far 
outweigh the challenges it poses. In coming years, 
adoption of IoT may not be a matter of choice, rather 
compulsion for sustained growth or for survival. For 
example, today we cannot think about our professional 
and personal life without computers, emails, cellphones 
and internet. However, just a few decades back, it was 
all optional even nonexistent. 

Miniaturization of processors/controllers, low power 
demand of embedded devices, declining costs of storing 
data on the cloud, availability of open source/free 
software solutions/Algorithms, has greatly contributed 
to cutting edge innovations happening frequently. 

Apparently the  next phase of Industrial revolution has 
begun in the form of Industry 4.0 and, it is advisable 
for the mining industry to be a part of it at the earliest.
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Abstract — 
Research and Development (R&D) has a major role 
in economic development. As the pace of technology is 
accelerating and newer technologies and processes are 
becoming important, R&D is becoming a crucial factor in 
success of the companies and economies in a globalised and 
competitive world.

In the current global scenario, Indian firms have to reorient 
themselves to R&D-based innovation, as their products 
have to compete with highly technology-based products 
of advanced nations in local and international markets. 
Amid the current rapid pace of technological innovation, 
the demands of society are becoming more diverse and 
sophisticated, including a rising awareness of the need for a 
sustainable society, respect for human rights, and a focus on 
ensuring health and safety.

Northern Coalfields Limited has taken a remarkable 
initiative of establishing a dedicated centre for innovation 
and R&D, called as “Science & Applied Research Alliance 
and Support (SARAS)” for improvement in overall 
productivity of the company in its operations and processes 
with a focus on thrust areas crucial for its sustainability and 
competitiveness.

This paper gives an account of NCL’s efforts in adopting 
innovation, scientific studies and R&D Projects along with 
some strategic initiatives under SARAS to ensure socio-
economic sustainability in the long run. 

Keywords—Research & Development (R&D); Northern 
Coalfields Limited (NCL); Innovation;  

I. INTRODUCTION 
Research and Development (R&D) plays a crucial role 
in economic development and has been the driver of 
change around the world to provide accessible and 
affordable solutions to the ever changing consumer 
needs. 

With a population of 1.3 billion, India is the second 
most populous country in the world and the third 
largest economy (measured by power purchasing 
parity). To achieve rapid growth, India needs to view its 
many economic and social challenges as opportunities 
for growth and renewal. Companies need to challenge 
conventions, invest in innovation and R&D, and 
unlock vested interests embodied in the antiquated 
infrastructure, which continues to hamper India’s 
growth.

Achieving universal energy access for all at affordable 
prices is of the highest priority. Over the past decades, 
India has made significant progress in village 
electrification and providing electricity connections to 
households. India’s share of the population with access 
to electricity rose from 43% in 2000 to above 99% 
in early 2019. The focus has now shifted to ensuring 
sustained electricity access, reliability and quality of 
supply.

India’s coal supply has increased rapidly since the early 
2000s, and coal has become the largest domestic source 
of energy and for electricity generation. Between 2003 
and 2014, total coal supply grew by 8.5% per year on 



Northern Coalfields Limited, Singrauli

8

average. In 2016, domestic coal production (hard coal 
and lignite) accounted for 71% of total coal supply. 
The remaining 29% was imported, as India’s thermal 
coal is generally not of high quality nor is there a large 
quantity of coking coal.

Coal India Limited (CIL), a Maharatna CPSU, is the 
single largest hard coal producer in the world with core 
competence across the entire gamut of Coal business 
value chain starting from exploration, planning & 
design, production, beneficiation and marketing. CIL 
presently contributes about 84 % of the country’s entire 
coal output. CIL functions as the apex holding company 
for the seven coal producing subsidiaries and CMPDI, 
the exploration, planning and Design Company.

Northern Coalfields Limited (NCL) a Mini Ratna 
Subsidiary Company of Coal India Limited (CIL) is 
engaged in coal mining through its mega sized highly 
mechanized ten deep opencast mines contributing to 
about 14% of total national coal production i.e. about 
16.7% of CIL’s total coal production.

It is also the highest volume handling subsidiary 
company of CIL accounting for more than 25% of 
total volume of CIL. In order to address numerous 
challenges in managing mega size deep opencast coal 
mines, NCL has taken an initiative named Science 
& Applied Research Alliance and Support (SARAS) 
for sustainable development through Innovation and 
Scientific Research.  

A. Singrauli Coalfields of India
Northern Coalfields Limited (NCL), Singrauli is a major 
contributor to energy requirement of the nation. NCL 
is a Public Sector Company (Mini Ratna-Category-I) 
since 2007 and is a wholly owned subsidiary of Coal 
India Limited, under the Ministry of Coal, Government 
of India. NCL is producing coal since February, 1965. 
It is an ISO 9001:2008, ISO 14001:2004 and OHSAS 
18001:2007 certified company. About 94% of the coal 
produced is dispatched to Power Sector. The company’s 
gross turnover for the fiscal 2018-19 was 230520 
Million Rupees.

Singrauli Coalfield is spread over 2202 Km2, comprising 
of two basins, viz. Moher sub-basin (312 Km2) (Fig. 
4).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 Singrauli 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. 1 Moher Sub-Basin - Operating Mines of NCL

NCL produced 108.05 MT in 2019-20, approx. 15% of 
the total coal production of India. The target for coal 
production in 2020-21 is 113 MT. The coal supplies 
from NCL have made it possible to support about 
10515 MW of electricity from pithead power plants 
having power generation of 13295 MW. In addition, 
NCL is also supplying coal to up-country power plants 
of different states of the nation.

II. About SARAS
Being a major contributor to the energy requirement of 
the nation, Northern Coalfields Limited, Singrauli has 
recognized the potential of coal production through 
socially sustainable inclusive development. To meet 
the increasing demand of coal, NCL is fully aligned to 
the needs of adapting to advanced mining technologies 
and continuously upgrading itself through research and 
development.  In view of the importance of R&D centre 
and the paradigm shift it can make, NCL has established 
a R&D centre i.e. Science & Applied Research Alliance 
and Support (SARAS) in collaboration with Indian 
Institute of Technology (BHU), Varanasi. SARAS, setup 
in 2018, is the outcome of vision and mission of NCL.

The core research areas of SARAS lies in advancement 
of mining technologies, clean coal technologies, climate 
change, waste management, carbon capture utilization, 
renewable energy, efficiency improvement and cost 
reduction besides providing scientific support to NCL 
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units for improving availability, reliability and efficiency.

SARAS emphasizes on enhancing the overall productivity 
of mines by enhancing the performances of Heavy Earth 
Moving Machineries (HEMMs), Coal Handling Plants 
(CHPs) as well as developing greener technologies 
which in turn will translate into cost reductions as well 
as cleaner future. SARAS is also keen in collaborating 
with Institutes/organizations for research related to 
development of cost economic technologies in its core 
mining field as well as in the field of climate change, new 
& renewable energy, efficiency & reliability enhancement 
of its overall units.

The Government of India is promoting Research and 
Development for the Indian energy sector through 
different R&D programmes. Northern Coalfields 
Limited, Singrauli promotes science and applied 
research leading to technology development in the 
energy sector through SARAS. In view of current 
requirement of improvement in existing mining 
practices, need for advanced technologies in mining 
and development in Renewable Energy, all R&D 
Projects of NCL through SARAS are categorized under 
following heads:

I.  Advanced Mining Technologies

II.  Renewable Energy

III.  Environment

IV.  Strategically implementation of new Projects

 V.      Alternative uses of bi-products/waste 
management 

The focus of SARAS- R&D of NCL w.r.t. the scale of 
time is given below – 

a. Short Term issues: Operational efficiency 
issues, cost reduction and sale value 
enhancement issues.

b. Medium Term issues: Environment friendly 
andefficient Technology adoption issues, 
Project implementation issues, EC/FC issues, 
Manpower, commercial exploitation of 
incidentals (OBR, Water), Land Management 
(Land), recruitment and Technical competence 
development for fresh employees. Digital/smart/
integrated management, ERP implementation

c. Long Term Issues: Land acquisition, 

Sustainability, Competition from Commercial 
Mining, Diversification for survival and smooth 
transition, social acceptability for expansion, 
environment pollution mitigation, infrastructure 
development in main basin, Integrated Basin 
planning, lay out and environment friendly coal 
evacuation issues for very deep OC and UG 
mining, alternate use/ clean coal initiatives for 
Main basin (Coal Gasification/Liquefaction).

 Forward looking initiatives require collaboration 
with the educational and technical institutes for 
hand holding and sharing of expertise. Therefore, 
NCL has undertaken collaborative approach 
for development of its R&D initiatives. 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.

Fig. 2 Integrated Laboratory Facilities – SARAS

•	 Technology Centre (Technology Demonstration): 
In order to provide a central facility of testing, 
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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

Fig. 3 Incubation centre - SARAS

on pan Indiabasis 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.

III. Collaborative Approach for execution of 
R&D/Scientific Projects
NCL has identified the different grey areas for 
improving productivity, safety, Environment along 
with production through execution of R&D/Scientific 
Projects in collaboration in the following R&D Areas- 

a) Development of new innovative productive 
systems for enhancing the overall asset value of 
the organization. 

b) Optimum Utilization of different operational 
facilities at NCL by using in-depth theory and 
application of Operations Research. 

c) Core Research in technology advancements and 
their application in the field of advanced mining 
technologies, coal gasification, coal liquification, 
CBM/CMM and membrane reforming system, 
carbon sequestration, capture & storage/
utilization, Mine water treatment and utilization 

in domestic and industrial application.

d) Implementation of new projects and strategic 
initiatives. 

e) Alternative uses of bi-products /wastages, e.g. 
OB, e-wastage, industrial waste recovery.

IV. RECENT INVESTMENTS AND 
DEVELOPMENTS
The R&D activity in NCL started with the MOUs with 
IIT BHU for setting on 24th Nov’18. It was envisaged 
to play a role of a typical ‘in-house’ R&D set up. Thus, 
its activities encompassed the traditional spectrum that 
most in-house R&D departments of the times were 
built to perform. These were:

I) Supporting the ongoing production activity. 

II) Value addition by extending the product line.

III)  Improving the quality of the products.

At present, SARAS has awarded following Scientific/
technical studies to different institutes:

A .Indian Institute of Technology (IIT), BHU:
1.  Stability Evaluation of Dump Slopes and 

Developing Slope Stability Models for Design 
of Long Term Stable Dump Slopes through 
proper benching and vegetation.

2.  Detailed Study on the Effect of Mining as well 
as Thermal Power Stations on Natural Water 
Bodies in Singrauli Region and Recommendation 
Thereof.

3.  Optimization of Capacity Utilization of 
Draglines deployed in NCL through Big data 
Analytics.

4.  Contribution of Neighboring Industries Over the 
Air Quality of the Mining Area.

5.  Study for Impact Assessment of Back Filling 
of Fly Ash in Abandoned Gorbi Mine and 
Treatment/Management of Acidic Water to 
Avoid Contamination of Ground Water and Soil.

6.  Evaluation of ground behavior in open cast 
and underground excavations using TDR and 
Machine Learning Techniques.

B. CSIR - National Environmental Engineering 
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Research Institute (CSIR-NEERI):
1.  Source Apportionment study of Singrauli 

region and Capacity building of Environmental 
Monitoring & Management of Northern 
Coalfields Limited, Singrauli, Madhya Pradesh.

C Visvesvaraya National Institute of Technology 
(VNIT Nagpur):

1.  Risk investigations for slope failure of benches 
and dumps using geo-technical characteristics of 
rocks and their monitoring mechanism in Jayant 
& Dudhichua Opencast Mines of NCL. 

V. Strategic Initiatives in CSR under SARAS
Beside the ongoing scientific studies, SARAS has 
commenced one study on impact assessment of CSR 
activities done by NCL in last 6 years in Singrauli 
region. Skill development programs for the tribals 
are also being carried out by SARAS in the field of 
Mushroom cultivation, Khadi & Handloom, Pearl 
Cultivation and Zero Budget Organic Farming as well 
as Food Processing & Packaging for the socio-economic 
upliftment of people of Singrauli region. The concept 
of community radio, digitalization of Community 
Centres (upgrading these as Training & Processing 
Centres) and e-commerce platform of SHGs is also in 
the final stage of launching under SARAS.  

VI. Other Scientific research initiatives
Use of Drones: 

1. UAV Based Aerial Survey for generation of 
Ortho-photo mosaic, digital terrain model, 
contour maps and volume computation of 
stock piles using airborne LiDAR has been 
successfully completed.

2. In view of the encouraging results of the above 
study, NCL has taken up the following work 
through hiring of drones: 

•	 High Resolution images for densely populated 
areas to be acquired and physically possessed 
i.e. Singrauli, Morwa Township, Jayant.

•	 Monitoring of dump height and dump slopes.

•	 Vegetation Assessment- Every year plantation is 
being carried out on dumps and dump slopes, so 
drones can be used to assess the vegetation cover 

as well as % survival rate and current status of 
the plantation.

•	 For inspection of parts of high mast equipment 
like dragline boom, boom head pullies of shovel 
and draglines etc

•	 Inspection of CHP structures and silo tops which 
are inaccessible and for safety monitoring in 
blasting zones.

•	 Inspection of transmission lines.

•	 Surveillance of operations and security in mining 
areas.

3) A S&T projects is proposed for development of 
Drone-mounted optical sensor based continuous 
monitoring of PM 2.5 and PM 10 at Railway 
sidings.

At Present, scientific research is being done through 
following ongoing R&D projects: 

A . Indian Institute of Technology (ISM), Dhanbad:
1.  Development of Virtual Reality Mine Simulator 

(VRMS) for improving safety and productivity 
in coal mines

2.  An integrated geo-physical approach for tectonic 
study in main coal basin of Singrauli Coalfields 
(CF) using 3-D inverse modeling of Gravity, 
Magnetic and AMT data

3.  Multiple layer trial blasting for better recovery 
with less diluted coal.

B. SAMEER & IIT Mumbai: 
1.  Indigenous development of early warning radar 

system for predicting failures/slope instabilities 
in open cast mines.

C. BIT Mesra:

1.  Development  of  guidelines  for design  of all 
tiers of  shovel-dumper dump  above  dragline 
dump, with delineation of  phreatic surface,  
within  dragline  dump.

D. NSCR/ISRO:

1.  Development of a methodology for regional 
air quality monitoring in coalfield area using 
satellite data and ground observations.
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VII. ACTION TAKEN/ FUTURE ACTION PLAN
The Centre has identified Big Ticket ideas & Focus Area 
for immediate Action in the field of R&D/Scientific 
studies/Business Development which 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. Sandstone is the 
rock formed by cementing of sands composed 
largely of quartz and silicate minerals. The 
cement that binds the clasts may be argillaceous, 
calcareous, siliceous, and ferruginous. 
Utilization of this OB material will add to our 
Environmental Protection & Green initiatives 
and also will be very useful for us to address 
space constraint for OB accommodation.

 NCL is having 10 numbers of highly mechanized 
opencast mines with average stripping ratio 1:4 
and is increasing every year with increasing 
depth. Approximately 325 MCum of OB was 
removed to produce 108.05MT of coal for 
the FY 2019-20. The rate of OB removal is 
continuously increasing. With an aim to become 
Aatma Nirbhar on Coal (vision of our Prime 
Minister), Ministry have set the target of 1BT 
Coal Production by the FY2023-24. Out of 
which NCL’s contribution in coal production will 
be 130 MT. In order to achieve the targeted coal 
production for NCL for FY 2023-24, 436 Mcum 
of OBR have to be removed. There is and will 
be the acute shortage of space to accommodate 
the huge quantity of OB removal in the mines. 
The height of internal dumps at present is 
continuously increasing.

 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. There is a 
possibility of use of Over Burden for various 
purposes like - sand, road filling & foundation 
material, bricks, ceramics etc. Ministry of Coal, 
MOEF and Ministry of Mines is also supporting 
such initiative in view of itspositive outcomes as 
a green initiative through various communication 
andguidelines.

 To properly understand the potential of OB for 
its application, physical and chemical analysis 
of OB samples collected at various benches is 
undertaken. The preliminary report indicates 
presence of about 60 (Silica) % construction 
grade sand. The consumption pattern of sand 
in five bordering states of Singrauli Coalfields 
indicates potential market of about 200 MT. It is 
envisaged to fulfil atleast 10% demand through 
conversion of OB to sand. This will result in 5 
fold benefits: 

a) Sustainable development through avoiding the 
exploitation of river bed for sand production.

b) To enhance safety through reducing the amount 
of OB in the dumps and addressing the shortage 
of space issue.

c) This initiative will pave a road as a succession 
plan for business coal to OB diversification.

d) By integrating the process of OB removal into 
sand and construction material production along-
with various byproducts will create additional 
avenues of revenue generation substantially

e) This process of OB to various biproducts is 
likely to generate additional employments of 
about 3000 to 4000 local youths.

2.  Solid Waste Management: Initiative in pipe 
line, it will be important for Swachh Bharat and 
green initiative. 

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.
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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.

9.  International Conferences on Opencast 
Mining and Sustainability (ICOMS): 
International Conference (ICOMS) was held 
from last 2 years i.e. ICOMS-2018 on 14-15 
Dec’18 (1st ICOMS) and ICOMS-2019 on 13-
14 Dec’19 at Singrauli in association with IIT 
(BHU) for ensuring the association of industrial 
experts, academicians and researchers with NCL 
on a single platform.

Fig. 4 Glimpse of ICOMS.

SARAS is a singular combination of the academy 
and business, being halfway between a university 
campus and an industry. SARAS is committed to grow 
continuously and support the industry for ensuring 
energy security to the nation.

VIII. WAY FORWARD
•	 STRENGTHENING: Strengthening of SARAS 

through collaboration with leading R&D 
Organizations and setting up new Centre (s) of 
Excellence as per plan. 

•	 IMPLEMENTATION : Implementing the 
approved R&D/S&T Projects as per the Standard 
Procedures.

•	 SCALING: Scaling up the innovations and 
R&D results from lab to field will enhance the 
production & Productivity.

•	 SUSTAINABILITY: Effective use of SARAS 
for suitable solutions to meet the challenges 
for long term sustainability like exploitation of 
resources from main basin.

IX. CONCLUSION
The sapling of SARAS is maturing into a plant and 
is expected to grow a huge tree in due course and 
will define the business domain and will be basis 
for sustenance in next millennium. The succession 
of business, diversification and overall sustainable 
development of eco-system in and around Singrauli 
coalfields will be based on the outcome of initiatives 
under SARAS.
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Abstract — 
Surface Miner was introduced for the first time in Indian 
Coal Mines in 1999 at Lakhanpur OCP of Mahanadi 
Coalfields Limited (MCL). Through its efficient and effective 
operation since then this equipment has now become 
disruptive mass production technology for coal winning in 
Indian coal mines.  The authors in this paper have quantified 
the benefits achieved from deploying surface miners at open 
cast coal mines of MCL in terms of unit cost reduction in 
coal production, revenue gain by maintaining coal quality 
and reduction in carbon foot print proving it economical and 
eco-friendly equipment. 

Keywords—Surface Miner, MCL, GHG emissions, Coal 
quality, revenue realization, Blast free

I. INTRODUCTION 
Adoption of modern technology in mining industry 
is a continuous process for business sustenance. Coal 
production with Surface Miner has become one of the 
evolutionary efforts of technology adoption at MCL.

Lexically, Surface Miner is a kind of equipment meant 
for mining operations above surface. Micronizing the 
technology, it has been in sighted that operations of 
surface miner is an integrated approach of continuous 
coal mining with a theme of mass production 
technology eliminating ancillary cyclic activities of 
convention drilling, blasting, loading and crushing 
operations. On the evolution front, surface miners were 
initially designed for rock sizing/chirping operations 
in road making processes. Later on the machines 
were introduced into lime stone mining in early 90s. 
Ambuja Cement Ltd. introduced the surface miner at 
its limestone mine in 1996 and later MCL introduced 

it for coal winning at Lakhanpur OCP in 1999 on 
contractual basis.

Extrapolating need of cutting interfaces, surface miners 
are designed either as front-end cutting machines 
or bottom end cutting machines or both admix on. 
Broadly on design front, a surface miner consists of 
cutting drum, push rams and power generating unit. 
Broadly speaking, use of surface miner is a simplified 
technological process with several advantages 
namely selective mining, improved productivity 
due to continuous operation, ability to work close 
to the habitations/agricultural fields, safe operation, 
environment friendly, reduced noise emissions, 
reduced fugitive dust emissions, elimination of ground 
vibration etc. which were eminent during conventional 
drilling and blasting mining operations. 

A. Reasons For Deploying Surface Miner At Mcl
i. Improvement of coal quality by selective mining 

(easy segregation of intermittent dirt bands 
and also to reduce washing and processing 
requirements)

ii. Need for economical and eco-friendly continuous 
mining of coal, eliminating the processes of 
drilling, blasting and crushing. 

iii. Proximity of villages.

iv. To meet the growing demand of coal in the 
country.

Mahanadi Coalfields Limited (MCL), a subsidiary of 
Coal India Limited had come into existence after its 
bifurcation from SECL in the year 1992. As an age-old 
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practice, the conventional mining operation by drilling, 
blasting with crushing was the only option of coal 
production in open cast mining in MCL. Coal Inventory 
of MCL on geological front consist of coal horizons 
intermittent with stone or dirt bands (thin to very thin 
layering forms). Such banded format of coalification 
resulted into poor coal quality with high ash content 
during conventional drilling and blasting operations. 
As a result, MCL started losing marketability of its 
coal leading to poor revenue realization. Practically 
there was no technological option for selective mining 
for such thin dirt bands with drilling blasting options. 
Sociologically, Open cast mining with drilling and 
blasting used to be governed with many statutory 
restrictions on the front of fragmentation, ground 
vibration, noise pollution, etc. 

Win to Overcome all such above disparities, MCL 
introduced surface miners in its coal mining operations 
in the year 1999 with an equipment hiring (on 
contractual) basis and procured its first surface miner 
in 2009.

In MCL mostly, the wide bench method of extraction 
with turn back system of surface miner operation is 
being followed with windrowing as shown in Fig.1. 
Subsequently the coal from faces were loaded by pay 
loaders and transported through tippers to pit head 
coal stocks/sidings.

Fig. 1. Surface Miner Operation at MCL

II. MAJOR BENEFITS OF DEPLOYMENT 
OF SURFACE MINERS AT MCL 

A. Growth in Coal Production
About 93% of total open cast production in MCL is 
from surface miners. The present working fleet of 
surface miners in MCL stands at 66 (contractual - 44 

and departmental - 22), highest in the world in any 
company. The departmental fleet trend of surface 
miners in MCL is shown in Fig. 2

Fig. 2. Departmental fleet size of surface miners at MCL

The contribution of surface miner in total open cast 
production of MCL is shown in Fig. 3 and can be seen 
that there has been a continuous increase in share 
of coal production from surface miner (91.88% to 
93.39%) in last 5 years.

Fig. 3. Coal production in MCL, Surface miner vis’-a-
vis’ Total open cast

B. Reduction in Unit Cost of Coal Production
Surface miner deployment eliminated the cyclic 
operations of drilling, blasting, loading and crushing 
as followed in conventional method of coal extraction 
and thereby reduced the unit cost of coal production. 
The unit cost of different operations as per schedule of 
rates of MCL in contractual mode is given in table 1.



Northern Coalfields Limited, Singrauli

16

TABLE I. UNIT COST OF DIFFERENT UNIT 
OPERATIONS

Description Unit Cost (Rs./
te) Gain (Rs./te)

Drilling @ Rs.100/m 3

Blasting 6.5

Loading of coal into hopper of 
mobile crusher by contractors 
excavator at face

15.76

Crushing to -100mm by 
contractors diesel crusher 19.70

Total Conventional Method 44.96

Surface Miner 19 25.96

A gain of 25.96 (Rs./te) is being realized at MCL by 
replacing conventional method with surface miner for 
coal winning. The present statistics of coal extraction 
by surface miner in whole CIL is shown in Fig.4 and it 
is about 50% of total open cast coal production of 572.1 
MT in 2019-20.

Fig. 4. Coal production in CIL, Surface miner vis’-a-vis’ 
Total open cast

Adopting surface miner for remaining 50% of open cast 
production of CIL i.e. 286.05 MT could help generate 
an additional revenue of Rs. 742 Crore per year at the 
present rate of production.

C. Safety
Present surface miners (2200 SM/3800, KSM-403, 
PMM-2205) have extended drum i.e. the cutting drum 
extends outside the crawlers on one side or two side 
depending on the machine model. This provision 
mitigated the risk of toppling while cutting at the edge 
of the face and hence enabled safe working. Surface 

Miners have inbuilt water-jet dust suppressing system 
i.e. they carry out wet cutting operation thereby 
minimizing generation of dust and also helped in 
cooling the cutting picks and increased their life.

Unlike conventional method, loose/breathable coal is 
not left behind (no cracks due to blasting) in coal seam 
leading to little/no chance of spontaneous combustion. 

Less manpower and less HEMM are required leading to 
better safety. As there was no blasting, hazard to health 
and safety of persons, machinery and structures due to 
ground vibrations, air over pressure, fly rocks, misfire, 
nitrous oxide fumes etc. were completely eliminated. 

Post cutting by surface miners created smooth and 
stable high wall resulting in much safer operation of 
men and machine. The in-pit roads have also become 
smooth after the cut and thus facilitated smooth 
movement of tippers and other HEMM. Smooth road 
helped in reducing tyre wear, faster transportation 
cycles, improved safety and productivity etc.

D. Improved Loading Quality
-100mm uniform sized coal from surface miner enabled 
higher truck fill factors and even load distribution.

E. Maximising Revenue Realization by Selective 
Mining of Coal

Majority of coal production in MCL comes from 
Lajkura seam and Ib seam in IB coalfields and from 
Seam-2 in Talcher Coalfields. The average ash content 
in IB coalfields during last 3 years was 44%.  There 
are many intermittent dirt bands of sandstone/shale 
of varying thickness in these seams and so to avoid 
dilution, prevent coal loss and maintain quality for 
maximizing revenue realization, selective mining of 
coal by surface miners is being followed at MCL.

Pre-determined cutting depth through an automatic 
levelling system allowed thinner seam/bands to be 
mined with minimal dilution and accuracy and thus an 
improved conversion of resource to reserve. 

Blending of different grades of coal to maximize revenue 
realization is also possible through selective mining.

Reduced the cost of transportation of reject/dirt bands 
and its washing and processing requirements through 
easy segregation of coal and reject directly at the mine 
site. 
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MCL has been successfully segregating the reject by 
selective mining as shown in Table 2.

TABLE II COAL PRODUCTION AND REJECT 
FROM SURFACE MINER

Year Coal Production 
from Surface 
Miner (MT)

Quantity of 
Reject by 
Surface Miner 
(MT)

% Reject

2015-16 125.68 3.20 2.55
2016-17 127.81 4.81 3.76
2017-18 130.89 4.24 3.24
2018-19 133.80 2.62 1.96
2019-20 129.10 3.43 2.66

The authors have quantified the gain in revenue 

realization achieved in few open cast mines of MCL 
on account of selective mining by surface miner. This 
analysis would be an eye opener to the skeptics who 
strongly disagreed with the application of surface 
miner for coal winning in India. 

Mine wise and year wise details of coal production, 
reject and average GCV (K.Cal/Kg) of coal has been 
shown in Table III, Mine wise and year wise details of 
coal production, average GCV of coal if would have 
done by conventional drilling, blasting were shown in 
Table V and the mine wise and year wise details of gain in 
revenue realization on account of quality improvement 
by selective mining were shown in Table VI.

TABLE III. MINE WISE COAL PRODUCTION, REJECT AND GCV OF COAL FROM SURFACE MINER

Coal Production from Surface 
Miner (MT)

Quantity of Reject from Surface 
Miner (MT)

Actual Avg. GCV (K.cal/kg) of Coal 
produced from Surface Miner

Name of the Project 2017-18 2018-19 2019-20 2017-18 2018-19 2019-20 2017-18 2018-19 2019-20

Samaleswari 12.12 9.93 4.38 0.84 0.29 0.23 3521 3254 3515

Belpahar 6.98 7.03 7.17 0.81 0.27 0.69 3343 3498 3330

Lakhanpur 20.72 21.00 20.47 1.51 1.24 0.71 3343 3498 3330

Basundhara (W) 2.92 2.11 1.77 0.42 0.17 0.14 3474 3505 3360

Kulda 9.65 12.74 13.10 0.52 0.39 1.12 3474 3505 3360

Garjanbahal 0.00 2.81 7.45 0.00 0.14 0.43 3474 3505 3360

 Had the surface miner not been deployed and entire 
coal winning was done by conventional method of 
drilling and blasting, the quantity of coal produced 
would have been equal to sum of coal production from 
surface miner and quantity of reject from surface miner 
(table 5) and the average grade/GCV would have been 

reduced due to dilution with the reject i.e. intermittent 
bands of sand stone/shaly coal etc.  The gain in revenue 
realization is calculated with the assumption that the 
reject has “Zero” GCV value and the entire coal is sold 
to power utilities with the following price shown in 
table 4. 

TABLE IV. SELLING PRICE OF COAL

Sl. No Coal Grade GCV Range (K.Cal/Kg) Selling Price for Power Utilities (Rs./te)

1 G-13 3400-3700 817
2 G-14 3100-3400 748
3 G-15 2800-3100 590

TABLE V. MINE WISE COAL PRODUCTION AND GCV OF COAL FROM CONVENTIONAL METHOD

Coal Production by Conventional Method (MT) Avg. GCV (K.cal/kg) of Coal produced by Conventional 
Method

Name of the Project 2017-18 2018-19 2019-20 2017-18 2018-19 2019-20
Samaleswari 12.96 10.22 4.61 3292 3160 3340
Belpahar 7.80 7.30 7.86 2994 3367 3036
Lakhanpur 22.23 22.24 21.17 3116 3303 3219
Basundhara (W) 3.34 2.28 1.90 3035 3237 3121
Kulda 10.17 13.13 14.22 3295 3401 3096
Garjanbahal 0.00 2.95 7.88 0 3336 3175
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However, the following limitations of conventional 
method of drilling and blasting has not been considered 
in calculating revenue realization.

1)  Since segregation is not possible in conventional 
method, the coal production from conventional 
method would have been limited by the EC 
capacity of the project (eg: Coal production from 
conventional method for Lakhanpur OCP comes 
to 22.23 MT (2017-18) as against its EC capacity 
of 21 MT). Had this figure of 21MT been 

considered for calculating revenue realization 
from conventional method, the overall gain 
would have increased further. The coal grade 
did not change even after dilution with the reject 
because the average GCV considered (3343) 
was on higher side of GCV range for G-14 coal 
(3100-3400). 

2)  Not certain of achieving the coal production 
target by conventional method since it is non 
continuous method and has many operational 
delays.

TABLE VI. GAIN IN REVENUE REALIZATION FROM SELECTIVE MINING OF COAL BY 
SURFACE MINER AT MCL

Revenue Realization from Coal 
Production by Surface Miner(in 
Millions)

Revenue Realization from Coal 
Production by Conventional Method 
(in Millions)

Gain/Loss in Revenue Realization from 
Coal Production by Surface Miner (in 
Millions)

Name of the 
Project 2017-18 2018-19 2019-20 2017-18 2018-19 2019-20 2017-18 2018-19 2019-20

Samaleswari 9898 7426 3580 9693 7646 3449 205 -220 130

Belpahar 5223 5743 5363 4599 5462 4640 624 281 723

Lakhanpur 15501 17157 15309 16629 16637 15838 -1128 520 -529

Basundhara (W) 2387 1722 1321 1973 1707 1423 414 15 -101

Kulda 7884 10410 9798 7610 10727 8388 274 -318 1411

Garjanbahal 0 2296 5570 0 2209 5895 0 88 -325

Total 40894 44754 40941 40505 44388 39633 389 366 1308

It can be seen that MCL gained about 39 Cr, 37 Cr and 
131 Cr in revenue realization for the years 2017-18, 
2018-19 and 2019-20 respectively through selective 
mining by surface miner.

F. Eco-friendly winning of coal
Since mining inherently involves operations that disturb 
the earth for obtaining minerals, eco-friendly mining 
has a relative sense rather than absolute meaning. The 
mining operations said to become eco-friendly when 
such new technology/equipment/process minimizes 
the adverse environmental impacts than that associated 
with the existing operations/method.  

  Dust and noise pollution events were reduced as 
surface miner eliminated drilling and blasting. Dust 
generation from surface miner is reduced further with 
wet cutting. 

The authors in this paper highlighted the reduction 
in Green House Gas (GHG) emissions achieved by 

deploying surface miner for coal winning in comparison 
with conventional method at MCL based on actual 
field data and schedule of rates for departmental and 
contractual variant respectively. The system boundary 
considered for this study is constrained only to 
production of -100mm sized coal, no overburden is 
considered.

The specific gravity of diesel has been considered as 
0.85 gm/cc and that of coal as 1.68 te/m3

Details of productivity and consumption of diesel, 
explosive, electricity in different unit operations of coal 
production were given in table VII. The GHG emission 
factors considered from diesel, explosive and electricity 
consumption were given in table VIII and the GHG 
emission rates (Kg CO2eq/te of coal production) from 
conventional method and surface miner for both 
departmental and contractual variants were given in 
table IX.
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TABLE VII. SPECIFIC FUEL CONSUMPTION IN DIFFERENT UNIT OPERATIONS

Description/Activity Productivity 
(te /hr)

Diesel 
Consumption 
(lit/hr)

Specific Diesel 
Consumption 
(Kg/te of coal 
production)

Specific 
Explosive 
consumption 
(kg/te of coal 
production)

Specific 
Electricity 
Consumption 
(Kwh/te of coal 
production)

Contractual Drill @ 7 holes/hr 
(B*S*H = 4*5*6)

1410 28 0.017 - -

Departmental Drill @ 6 holes/hr 
(B*S*H = 4*5*6)

1200 40 0.028 - -

Coal extraction by Surface Miner (Contractual) 820 108 0.112 - -

Coal extraction by Surface Miner (Departmental) 540 90 0.142 - -
Pay loader feeding directly to hopper of diesel crusher 236 31 0.112 - -
Contractual diesel Crusher @80% capacity of 300 TPH 240 35 0.124 - -
Blasting powder factor @ 4.27 te/kg - - - 0.234 -
Transport of explosive from plant to mines @ 
70km both sides and mileage @ 5km/lit by 
explosive van of 12te capacity

- - 0.000233 - -

Explosive Production @ 6.78 Kwh/te of explosive - - - - 0.0016

Departmental crushing of Coal (-100mm) by 
electrical crusher of 400 TPH operating @ 90% 
capacity (160 kw motor for primary crusher, 90 
kw for chain, 75kw for secondary crusher, 110 kw 
for conveyor)

360 - - - 1.21

TABLE VIII. GHG EMISSION FACTORS FROM DIFFERENT FUELS

Description GHG Emission factor Type of Emission

Diesel Combustion 3.423 (kg  CO2eq /kg) Direct 

Explosive Consumption 0.166 (kg  CO2eq /kg) Direct

Electricity Consumption 0.82 (kg  CO2eq /kwh) In Direct

The GHGs are quantified in terms of kg CO2eq. The GHG 
emission factor is defined as the amount of CO2eq (in 
kg) released into atmosphere when unit kg of fuel is 
consumed or kwh of electricity is generated (i.e. 1 kg of 
diesel combustion releases 3.423 kg CO2eq). Direct emissions 

are those which release GHGs at the point of use whereas indirect 
emissions are those which do not release GHGs at the point of use 
but release GHGs where they are produced. Thus emissions from 
electricity are considered as indirect as no GHGs are released at 
the point of use (mines) but GHGs are released during electricity 
generation from power plant. 

TABLE IX. GHG EMISSION RATES FROM COAL PRODUCTION BY CONVENTIONAL METHOD 
VS SURFACE MINER

Conventional 
method 
(Departmental)

Surface Miner 
(Departmental)

Conventional Method 
(Contractual)

Surface Miner 
(Contractual)

Specific Diesel Consumption (kg/te) 0.14 0.142 0.253 0.112
Specific Explosive Consumption (Kg/te) 0.234 0.234

Specific Electricity Consumption (Kwh/te) 1.2116 0.0016

GHG emission rate (Kg CO2eq/te of coal 
production)

=(0.14*3.423 + 
0.234 * 0.166 
+1.2116 * 0.82 )=
1.5116

=(0.142 * 3.423) 
=0.486

=(0.253 * 3.423 
+ 0.234 *0.166 + 
0.0016* 0.82)=
0.906

=(0.112 * 3.423)=

0.383

Reduction in GHG emission rate (Kg CO2eq/
te of coal production) 1.0256 0.522
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It has been revealed that the coal production (-100mm size) 
by surface miner consumed less energy and had less carbon 
foot print than conventional method for both departmental 
and contractual variant. Coal production by contractual 
surface miner had the least GHG emission rate of 0.383 
Kg CO2eq/te followed by departmental surface miner with a value of 
0.486 Kg CO2eq/te.  Switching from conventional method 
to surface miner in departmental and contractual mode 
would result in reduction of 1.0256 Kg CO2eq/te and 0.522 
Kg CO2eq/te of coal production respectively. Assuming 
100% open cast coal production of CIL (from existing 
50%) by departmental and contractual surface miner 
would result in an annual reduction of 2.93 lakh tonne 
of CO2eq and 1.49 lakh tonne of CO2eq respectively at 
present rate of coal production.

III. LIMITATIONS
Pick consumption and dust emission increased while 
cutting igneous intrusions/abrasive sandstone bands 
occurred between the coal seams. Minimum working 
area with a strike length of 400m and width of 200m is 
required for its efficient and effective operation. Surface 
miners are slow moving and hence takes longer time 
for relocating the equipment.

Although the GHG emission rate per tonne of coal 
production from surface miners are less, they are diesel 
powered. Selective mining is not possible where dirt 
band thickness is less than 5cm.

Surface miners deployment with draglines working 
in tandem and seam thickness greater than 20m 
is questionable and requires in depth analysis (eg: 
Mines of NCL). Since in such cases the performance 
of surface miner depends on type of dragline mining 
method (horizontal tandem, vertical tandem, extended 
bench etc.), strike length, seam thickness and pit width 
of dragline bench. 

IV. WAY FORWARD
GCV of rejects segregated from surface miner cut coal 
shall be determined and possibility to produce electricity 
from these rejects through Circulating Fluidized Bed 
Combustion (CFBC) technology shall be explored. 
CFBC technology is being used in India to generate 
electricity from washery coal rejects having ash content 
(55-60%) and GCV of about 2500 K.Cal/kg.

Possibility of direct loading by surface miner on to 
trucks/dumpers or shiftable conveyors shall be explored.

It has come to know that M/s ThyssenKrupp have 
developed a continuous surface mining equipment 
(BWE) named Barracuda to cut material up to 50MPa 
and is presently deployed in China and Thailand. Once 
it gets successful the possibility of deploying similar 
equipment for overburden removal can be thought of. 

The present study involved quantifying GHG emissions 
up to coal production of -100mm size by surface miner 
and conventional method and hence a study over 
entire mining value chain with different equipment 
configurations is required to better understand the 
impact of mining process on environment.

V. CONCLUSIONS
Surface Miners at MCL have increased revenue 
realization, reduced unit cost of coal production and 
reduced the GHG emissions from coal production in 
comparison with the conventional method of drilling, 
blasting, loading and crushing for producing -100mm 
sized coal. Thus Coal winning by surface miner can be 
said to be sustainable. To achieve 1 BT coal production 
target by CIL (2023-24), surface miners will have a 
crucial role to play. 
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Abstract: 
Achieving the target production and high productivity, is one of the biggest challenges for any mining project, in order to 
remain competitive in the global market. To meet these ends, the mining companies need to optimize the equipment operations 
by finding the conditions that gives the maximum equipment effectiveness. Configuration of appropriate conditions entails 
proper measurement techniques to establish these factors followed by comparing it with their benchmark values. The entire 
exercise evaluates the equipment performance vis-à-vis its standard (benchmark) performance. Eventually, this assists in 
perfect diagnosis of equipment performance and related issue in order to achieve commensurate targets. In this context, the 
current paper proposes a methodology based on statistical analysis of data to benchmark Overall Equipment Effectiveness 
(OEE) for mining equipment. To illustrate the efficacy of the devised model on real-time basis, a case study was undertaken 
on the biggest single-bucket equipment (the dragline) in one of the major surface coal mines. Further, the study presents the 
internal-benchmark values of OEE components for dragline operation, for which the necessary data was collected through 
on-site observation, field studies and existing records of 19 draglines operation in Northern Coalfield Limited (NCL).

Keywords: Performance measurement, Overall Equipment Effectiveness (OEE), benchmark, availability, utilization, mining 
equipment, dragline.

I. INTRODUCTION 
The ever increasing demand for minerals has forced 
the mining industry to consistently upgrade the 
mechanization, for extracting more minerals and 
removing overburden (OB), as well. As such, a large 
number of Bucket based Excavating, Loading and 
Transporting (BELT) equipment such as dragline, 
shovel-dumper, Side- Discharge-Loader (SDL), Load-
Haul-Dump (LHD) and Low-Profile-Dump-Truck 
(LPDT) are deployed to meet the demand of minerals. 
Besides, achieving the high production target and 
productivity is one of the biggest challenges for mining 
industry, in order to remain competitive in the global 
market. 

To meet these ends, it becomes imperative for the mining 
companies to optimize the equipment operations 
by finding the condition that gives the maximum 
equipment performance. Finding this condition can 
be achieved with proper measurement of equipment 
efficiency and comparing it with the benchmark value 
to understand where the equipment is, in relation to 

the particular standard (benchmarking). Essentially, 
benchmarking provides a snapshot of the performance 
of equipment. It helps to evaluate the equipment’s 
performance, diagnose and solve the problems. Such 
information affirms and supports decision-making 
by executives and strategic management to optimize 
performance through learning from past experiences, 
others’ practices, research and development [1-3].

Scrutiny of literature [4-17] shows that prevailing 
methods for performance evaluation of mining 
equipment are primarily based on the concepts 
of measurement of operational-availability and 
utilization. Unfortunately, the excavation and mining 
industry in general has lagged behind other industries 
to benchmark OEE for mining equipment. 

In this context, the present paper is carried out to 
benchmark Overall Equipment Effectiveness (OEE) as 
a good performance indicator for mining equipment. 
Further, the study presents a benchmark value of OEE 
for dragline operation, for which the necessary data 
was collected through on-site observation, field studies 
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and existing records of 19 draglines operation in one of 
the major opencast coal mine.

II.  METHODOLOGY TO BENCHMARK OEE 
FOR BELT EQUIPMENT  

To benchmark OEE for BELT equipment successfully, a 
suitable method has been proposed and discussed step 
by step as follows:

• Clear definition of benchmark, benchmarking 
and its advantages, 

• Review the literature of OEE approach in 
manufacturing industry, 

• Translate OEE concept (as used in manufacturing 
industry) for BELT equipment, 

• Collect the necessary data of dragline operation 
with the aim of computing OEE and its 
components,

• A comprehensive statistical analysis of computed 
data to obtain the descriptive statistics such as 
mean (d standard deviation and

• Propose a classification based on properties of 
data as given in table 1.

Table 1: Proposed classification of OEE score 

OEE values

Class/
Grade

Very 
Poor

Poor Average Good

The value of OEE component greater than µ+σ 
is considered as good grade. If the score of OEE 
component lies between µ and µ+σ, it is regarded as 
an average grade. Similarly, score between µ-σ and µ 
is indicated as poor grade. Finally, if the score of OEE 
component   is less than µ-σ, it is considered as very 
poor grade of performance. 

III. CLEAR DEFINITION OF BENCHMARK, 
BENCHMARKING AND ITS ADVANTAGEOUS

Benchmark is ‘something that can be measured and 
used as a standard that other things can be compared 
with’ [18]. In other words, benchmark is a reference 
point against which other things can be evaluated. 

Benchmarking is the process of comparing a 
specific indicator to a standard or best-practice that 

is widely considered to be a benchmark which leads 
to assess performance capabilities and identify gaps 
and opportunities, to improve performance [1-3]. 
Benchmarking can be internal or external as described 
below:  

•	 Internal benchmarking: Finding the status of 
performance for same equipment and tracking 
the progress over time (e.g. in different shifts/
months) and/or comparing the performance of 
similar in-house equipment i.e. between different 
groups within an organization is called internal 
benchmarking.

•	 External benchmarking: Comparing the 
performance of similar equipment in different 
managerial settings equipment, however 
assumed to work in the same environment and 
work process. This comparison provides the 
means of external benchmarking. It involves 
identifying the best performing companies so as 
to look at how they achieve their performance 
levels and scrutinize the practices they follow, 
with the aim of learning good ideas. 

A. Advantages of benchmarking
The benefits of benchmarking are establishing clarity 
and consistency around data definitions, providing a 
snapshot of the performance of equipment, uncovering 
strengths in one’s own organization, exchanging 
new ideas around measurement techniques, setting 
ambitious but realistic targets, prioritizing and allocating 
resources in a better manner,  helping in equipment 
selection and purchase decisions by understanding the 
capability of equipment in like applications, combining 
information so as to provide a common industry 
voice to communicate with equipment vendors, and 
Increasing production and productivity [1-3].

IV.  REVIEW THE LITERATURE OF OEE 
APPROACH IN MANUFACTURING 
INDUSTRY 

The concept of OEE was introduced by Nakajima [19] 
to measure the performance of machine/equipment in 
manufacturing industries which considers the various 
sources of production losses. He expressed OEE as a 
function of availability, performance and quality rates 
as given in equation 1. 

This concept accounted ‘Six big losses’ for computing 
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availability, performance and quality rates which is illustrated in figure 1.

Figure 1. OEE components based on Nakajima’s concept5 

From the figure 1, it is evident that the time component 
of any operating system suffers from three losses 
namely, downtime, speed and quality losses, which 
have been further divided on the basis of ascribing 
the reasons. A host of publications dealing with the 
various applications of OEE show its popularity in 
manufacturing industries [20-27].

 Nakajima [19], Dal et al.[20], Eswaramurthi and 
Mohanram[21], have pointed that OEE can be used 
as a ‘benchmark’ to identify the current status of 
manufacturing system, and it also can be used for 
benchmarking the manufacturing effectiveness with the 
world-class standard to transform any manufacturing 
industry as per with global standards. 

A. Benchmark value of OEE for manufacturing 
industries

For an idealized situation (producing qualified 
and perfect yield, as fast as possible and with no 
downtime), the OEE should be equal to 100 percent. 
The low range of OEE values is indicative of losses in 

OEE components. Nakajima [19] suggested that the 
availability rate in excess of 90 percent, performance 
rate more than 95 percent, and quality rate exceeding 99 
percent, is ideal for manufacturing industry. Ultimately 
such levels of OEE components would result in an OEE 
of approximately 85 percent as a good benchmark. 
For many industries, this score of OEE is a suitable 
long-term goal [22]. It is imperative to emphasize that 
these suggested values of OEE and its components are 
based on loading time. Loading-time-based approach 
provides higher OEE values than calendar-time-based 
approach.

V. TRANSLATE OEE CONCEPT FOR BELT 
EQUIPMENT

In line with Nakajima’s concept, the OEE of BELT 
equipment has been configured and defined as 
the product of availability, utilization, speed and 
bucket-utilization factors [28]. Figure 2 reveals OEE 
components and all the losses related to time, speed 
and bucket capacity utilization for BELT equipment 
deployed in mining industry. 

Figure 2. OEE components of BELT equipment 

Consequentially, a mathematical relationship is presented in equation 2 for OEE of BELT equipment 
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as given:

Where, A is Availability factor, U is Utilization factor, S 
is Speed factor, and B is Bucket-utilization factor. These 
factors are briefly described as:

A. Availability factor (A): 
Availability is associated with the operation of an 
equipment or system. It can be represented by the total 
number of hours ‘within a period’ that machinery is fit 
for work [29]. Mathematically, availability factor can be 
expressed as: 

B. Utilization factor (U)
Utilization signifies the productive use of available 
hours. A machine may be available but still may not be 
working during the available hours due to inordinate 
and idling conditions [29]. Utilization factor can be 
expressed as:

C. Speed factor (S)
Speed factor is the ratio of the planned cycle time to the 
actual cycle time of the equipment operation. Cycle time 
of dragline and other excavators can be distinctly split 
into four discrete segments namely: digging/scooping, 
swing-to, unloading and swing-back. Similarly, time 
segments in cyclic operation of trucks could be split 
as spotting time, loading time, travel-to (loaded), 
spotting at unloading site (if needed), unloading time 
and travel-back (empty). Mathematically, speed factor 
can be expressed as: 

Where, CTp is planned cycle time (s), and CTa is actual 
cycle time (s).

D. Bucket-utilization factor (B)
This factor expresses the ratio of actual quantity of 
material loaded by bucket (bucket payload) with 

respect to the planned output per cycle. Accordingly, it 
can be computed by equation 6.  

Where, Oac is the actual output per cycle, and Opc is the 
planned output per cycle. 

VI.  STATISTICAL ANALYSIS OF THE  
          COMPUTED DATA 
The necessary data was collected through on-site 
observation, field studies and existing records of 19 
draglines operation in one of the major opencast coal 
mine. The year-wise availability (A) and utilization (U) 
factors were computed based on operational time data 
of 19 draglines since commissioning. The speed factor 
(S) and bucket-utilization factor (B) for two draglines 
are computed for a period of 12 months. Subsequently, 
the computed data was analyzed to get their descriptive 
statistics, which will be used to develop a statistical 
model of benchmarking OEE. 

Proposed models are based on the assumptions that the 
data is Independent and Identically Distributed (IID). 
In other word, before modelling the data, it should be 
tested for the mutual independence by testing it for the 
presence of serial correlation, and also should be tested 
for identical distribution by testing it for the presence 
of trend.  

To test the data set for presence of serial correlation, 
the xi-1 of data (e.g. (i-1)th of A),  was plotted against the 
xi of data (e.g. ith of A). The plots are shown in figure 
3. The plotted points are randomly scattered without 
showing any pattern. It can be interpreted that the ‘A’ 
data is free from serial correlation. 

Figure 3: Results of serial correlation test for ‘A’ data (%)
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The data set was also analyzed for the presence of 
trend by plotting the cumulative value of ‘A’ against 
cumulative number of data. It was found, that there are 
no structures or trend as interpreted from the linearity 
of the curves obtained (figure 4). 

Figure 4: Results of trend test for ‘A’ data (%)

On similar lines, the assumption of the IID was 
tested for the data of U, S and B. The data sets were 
found to be free from the presence of trend and serial 
correlation, and hence the assumption of the IID is 
not contradicted. The next step is to choose the best 
theoretical distribution that can describe properties of 
the data. Over the years, a large number of probability 
distributions have been developed to perform various 
type of statistical analysis. Beta, Normal and Lognormal 
probability models were tried as suitable candidates 
to analysis of A, U, S and B data. The Kolmogorov-
Smirnov (K-S) test was applied for selecting the best-
fit distribution models. Data analysis was made using 
Math-Wave-Easy-Fit 5.5 Professional software. The 
result of statistical analysis for the data set summarized 
in tables 2 to 5. 

Table 2: Parameters of distributions for availability 
factor (A%).   

Distribution

Beta Normal Lognormal

Param-
eters

1.5E+4  1.8, a=-
1.2E+5  b=93.0

, , 

K-S test 
result

0.07 0.14 0.2

Best fit Beta

Table 3: Parameters of distributions for utilization 
factor (U%).   

Distribution

Beta Normal Lognormal

Parameters 7.1E+3  1.9, a= 
-3.0E+4,   b=97

, , 

K-S test re-
sult

0.09 0.18 0.2

Best fit Beta

Table 4A: Parameters of distributions for speed 
factor (S%).   

Distribution

Normal Lognormal Beta

Parameters , , 5.1  2.2, a= 
61,   b=1.0E+2

K-S test re-
sult

0.08 0.08 0.1

Best fit Normal

Table 4B: Parameters of distributions for bucket-
utilization factor (B%).   

Distribution

Normal Lognormal Beta

Parameters , , 1.1  0.57, a= 
58,   b=1.0E+2

K-S test re-
sult

0.18 0.21 0.22

Best fit Normal
Descriptive statistics of the data set with respect to best 
fit distribution were also computed and tabulated in 
tables 5. 

Table 5: Descriptive statistics of the data set (%)

Best fit dis-
tribution

Mean Standard 
deviation

A v a i l a b i l i t y 
factor (A)

Beta 79 11

Utilization fac-
tor (U)

Beta 89 5.8

Speed factor 
(S)

Normal 88 6.2

Bucket-utiliza-
tion factor (B)

Normal 88 10.5

Based on the methodology which is described in 
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preceding section, a classification system, namely 
‘good’, ‘average’, ‘poor’ and ‘very poor’ has been 
proposed for availability, utilization, speed and bucket-
utilization factors. In view of the statistical parameters, 
and proposed classification, figures 5 to 12 show 
the probability density function (PDF) of the best fit 
distribution for ‘A’, ‘U’ , ‘S’ and ‘B’ data set of draglines 
under study respectively. 

Figure 5:  Probability density function of ‘A’ data set for 
draglines under study

The value of availability factor greater than µ+σ is 
considered as good availability factor. An ‘A’ score 
between µ and µ+σ is proposed as average availability. 
Similarly, an ‘A’ score between µ-σ and µ indicates as 
poor availability. Finally if the value of ‘A’ is less than 
µ-σ, it will be regarded as very poor score. Hence, the 
proposed categorization for benchmark value of ‘A’ is 
presented in table 6. 

Table 6: Benchmark value of ‘A’ for draglines 
under study

Bench-
mark 

Value of 
‘A’ (%)

Grade Very 
poor

Poor Average Good

Similarly, the benchmark value of utilization (U), speed 
(S) and bucket-utilization (B) factors of draglines are 
classified and the results are summarized in tables 7 to 
9.

Figure 6: Probability density function of ‘U’ data set for 
draglines under study

Table 7: Benchmark value of ‘U’ for draglines 
under study

Bench-
mark 

Value of 
‘U’ (%)

Grade Very 
poor

Poor Average Good

Figure 7: Probability density function of ‘S’ data set for 
draglines under study
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Table 8:  Benchmark value of ‘S’ for draglines 
under study

Bench-
mark 

Value of ‘S’ 
(%)

Grade Very 
poor

Poor Average Good

 

Figure 8: Probability density function of ‘B’ data set 
for draglines under study

Table 9: Benchmark value of ‘B’ for draglines 
under study

Bench-
mark 

Value of 
‘B’ (%)

Grade Very 
poor

Poor Average Good

VII.  STANDARDIZATION OF BENCHMARK 
VALUE OF OEE 

In the context of benchmark value for ‘A’, ‘U’, ‘S’ and ‘B’ 
as described above, the proposed value of OEE for a 
4-tier grading system represents as a benchmark value? 
for dragline operation. The standardized benchmark 
values for different grades have been summarized in 

table 10 for all the four components of OEE. 

Table 10: Standardized benchmark value of OEE 

Bench-
mark 
Value 

Very 
poor

Poor Average Good

A%
U%
S%
B%

OEE%

In the case of an idealized situation when dragline is 
utilized with full bucket-capacity and operates as fast 
as possible, with no downtime and other losses; it 
represents an OEE score of 100%. In practical situation, 
it is impossible to reach 100% OEE, therefore the gap 
between the value of the OEE and 100% is an indication 
of the size of the losses as a whole.

Table 10 reveals that an OEE score of greater than 79.2% 
is realistic and approaches to an ideal situation. This 
range of OEE is more useful as an acceptable target for 
dragline operation. This OEE score (good category) is 
achieved with ‘A’, ‘U’, ‘S’ and ‘B’ exceeding 90, 94.8, 94.2 
and 98.5 percent respectively. 

Similarly, an OEE score between 54.4 - 79.2 % is 
categorized as average value which indicates there 
is substantial room for improvement. An OEE 
figure of 35.9 – 54.4% indicates poor performance 
of draglines and it is necessary to track and improve 
their performance. Finally, an OEE figure of less than 
35.9% is a very poor score and needs straightforward 
measures for improving it (e.g. by tracking down time 
losses and addressing the largest sources of down time- 
one at a time). 

VIII. CONCLUSIONS 
Following conclusions may be drawn from the present 
study:

•	 The study suggests that OEE for the BELT 
equipment is a function of its availability, 
utilization, speed and bucket- utilization factors.

•	 The value of OEE reflects the equipment’s 
performance vis-à-vis the problem areas for 
further improvements.
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•	 Round the clock monitoring of the status of OEE 
and its comparison with the benchmark value 
helps to maintain the acceptable performance 
level of the system. If the OEE is below the 
acceptable target value, then system should be 
re-evaluated for improvement.

•	 An OEE score of greater than 79.2% (good 
category), is realistic and approaches to an ideal 
situation. This range of OEE is more useful as 
an acceptable target for dragline operation. This 
OEE score is achieved with ‘A’, ‘U’, ‘S’ and 
‘B’ exceeding 90, 94.8, 94.2 and 98.5 percent 
respectively

•	 An average OEE score (54.4-79.2%) indicates 
there is substantial room for improvement. 

•	 A poor OEE level (35.9-54.4%) suggests that 
it is necessary to track the problem areas and 
improve performance. 

•	 An OEE figure of very poor score (less than 
35.9%) shows the need for immediate actions by 
tracking down reasons for various losses in the 
system. 
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Abstract —
The use of coal mining wastes (e.g., fly ash) in the construction materials are poor to effectively manage such high amounts 
of existing and ever-increasing wastes. Hence, there is an urgent need to search for alternate techniques or ways to reuse/
recycle and hence lessen the surface discharged amounts of coal wastes. In this study, cemented coal fly ash backfill (CCB) 
was utilized as a ground support element in a Turkish lignite coal mine. To reduce the cement-related costs, CCB samples 
were prepared by using a fly ash content of 75%, 77.5%, and 80% as a function of curing time (2, 7, 28, and 90 days). The 
fresh (e.g., slump and setting time) and hardened (e.g., compressive strength and mercury porosity) geotechnical properties 
of CCB samples were investigated in the laboratory. Results illustrate that, at a constant slump value (20 cm), the backfill 
containing a fly ash content of 75%, 77.5%, and 80% provided a water/cement (w/c) ratio of 0.99, 1.08, 1.19. The w/c ratio 
of CCB increases from 0.99 to 1.19 due to the decreased cement amount (25% to 20%) which led to the strength reduction of 
backfill formulated with high amounts of fly ash. Finally, understanding the geotechnical properties of CCB mix still remains 
critical for the ultimate design of an effective and efficient CCB material for underground mines.

Keywords—cemented coal fly ash backfill; setting times; slump; water/cement ratio; compressive strength; porosity

I. INTRODUCTION 
Coal resources are one of the largest main energy 
sources to generate electricity worldwide [1, 2]. The huge 
amounts of coal are produced every year by using both 
underground and opencast mining techniques to meet 
the needs of the industry [3]. Indeed, the most of the 
coals produced are mined out by underground mining 
methods, which cause a large volume of underground 
opening or voids [4]. Mining-induced voids can trigger 
ground stability problems which can cause destructive 
effects on the environment. Besides, they can build an 
unsafe work environment for miners [5]. It is a well-
known fact that coal is burned to generate electricity 
in thermal power plants after being extracted from 
underground or opencast mining [6]. After the burning 
process, some unwanted ashes like fly ash and bottom 
ash occur inevitably [7]. However, excessive quantities 
of these wastes are too much for the municipal and 

local authorities since they have an undesirable impact 
on the environment [8]. Fly ash particles vary from 
0.5 µm to 200 µm and constitutes a large part of these 
problematic wastes [9]. With the introduction of 
advanced technologies to the industry, these wastes can 
be ably utilized in different sectors (e.g., construction 
and building materials and agriculture) as raw material. 
This mainly prevents the use of a new resource from 
nature and helps to protect the environment [10, 11]. 
But, fly ashes are often stacked near coal mines due to 
the costs of shipping long spaces and the inconvenience 
of its pozzolanic properties [12]. Stacking these ashes 
can cause environmental disadvantages because of 
their sulfide mineral contents [13]. It is apparent that 
innovative techniques and approaches are needed to 
effectively dispose of these wastes [14]. Recently, fly 
ash has been filled into underground voids as backfill 
material (i.e., cemented coal fly ash backfill, CCB) to 
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overcome these problems [15]. This technique has 
recently been used in underground mines to ensure 
adequate ground stability and easy disposal of waste [3, 
16].

Basically, CCB is an engineered mixture of coal fly ash, 
Portland or other blended cement, and mixing water 
(Fig. 1). The backfill mixture is prepared in the surface 
fill plant and sent to underground cavities via pipes 
[17]. Some chemical additives such as plasticizer and 
accelerator are also used in the mixtures for ensuring 
proper workability, shorter setting time, and target 
compressive strengths [13, 18-20]. CCBs are mostly 
designed to have a certain mechanical strength value 
so that they can prevent subsidence and collapse events 
that might take place in underground mining sites [21, 
22]. These strength values vary openly based on coal 
production speed and the geometry of underground 
voids [23]. The quality of filling is meaningfully 
influenced by its physical, chemical, thermal, hydraulic 
and mechanical mechanisms [3, 24-27]. Examining 
these mechanisms that occur in CCB is crucial to 
evaluate the backfill performance and thus design 
a durable, profitable, and environmentally friendly 
backfill mass [28]. Some scholars have examined 
experimentally the influence of internal parameters 
(e.g., cement, coal fly ash and water) on backfill strength 
as a function of curing time [29-31].
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Fig. 1. Schematic of cemented coal fly ash backfill 
components.

Although CCB is mainly accepted as a kind of 
cemented backfills such as cemented paste fill, rock fill, 
and hydraulic fill, it fairly differs from others in terms 
of the application form, material content, and desired 
properties [3, 14, 22]. In this study, the geotechnical 
properties of CCB technique are assessed in detail 
and its application is tried to depict as a case study. 
In addition, the effect of the use of different ratios 

of coal fly ash used as waste material in CCB on the 
backfill properties was investigated in the laboratory. 
To investigate the effect of different fly ash content on 
properties of CCB, several laboratory testing such as 
slump consistency, uniaxial compressive strength, and 
Vicat tests were carried out. Also, the pore structure 
of CCB was assessed by using the mercury intrusive 
porosimetry (MIP) measurements.

II. UNDERGROUND COAL MINING: A  
CASE STUDY (CAYIRHAN, TURKEY)
In the Cayirhan basin, there are nearly 350 million 
tons of coal. Park Teknik AS extracts coal from 
underground and surface lignite coal mines, washes 
them and performs other enrichment operations [23]. 
Coal seams are separated by thin layers of interburden 
and positioned in two strata [24, 25].

While the thickness of the interburden between the two 
coal strata in the field’s west is 1.2-1.8 m, the thickness 
of the interburden in the field’s eastern part varies 
between 0.5-1 m. Therefore, while two coal strata in the 
west of the field are planned to be excavated separately, 
the east of the field is planned to be excavated with a 
single pass, and all machinery and equipment in the 
basin have been selected accordingly [3, 12, 15]. The 
coal production in the Cayirhan underground coal 
mine is carried out by a fully mechanized in the form 
of a longwall with a caving system (Fig. 2). Since the 
backfill is a part of the mining system, it is also possible 
to describe the system exactly as a fully mechanized 
longwall method with delayed backfill. In this coal 
mining system, to minimize the need for gate roadway, 
to ensure better use of reserves, and to reduce the risk 
of spontaneous combustion of coal, the lower gate 
roads of the panels in each field were planned as the 
upper gate road for the next panel. The backfill process 
applied on the main gate of these panels helps to be 
used in the next panel by supporting the existing 
support system in the gate roads [3, 28].

The backfill process in the Cayirhan coal mine is mainly 
implemented in three stages. In the first stage, coal fly 
ash and cement, which are the basic fill materials, are 
dry mixed in predetermined proportions in the surface 
filling plant [3, 9]. In the second stage, materials are 
transferred in dry form to the underground fill station 
with the help of compressed air and pipelines. In the 
last stage, mixing water is added to the dry mixture (fly 
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ash plus cement) until it provides enough consistency 
for transport, then all the backfill materials are filled 
into mined-out openings or voids through pipes [17]. 
In underground fully mechanized coal mining, the 
backfill is required to reach early strength since the 
production process is very fast when compared to 
the conventional coal mining methods. Nonetheless, 
experience in the Cayirhan coal mine indicates that the 
2-day strength value is generally important in this type 
of coal mining method due to the formation of newly 
mined-out openings after 2-day coal production. The 
expected and desired strengths for 2 days after the 
backfill is placed into opening should be greater than 5 
MPa to ensure underground stability [18, 19].

Fig. 2. A typical view of the backfill process implemented in 
the Cayirhan coal mine.

III. MATERIAL
In this study, cement (CEM I 42.5R), coal fly ash, and 
water were used for the preparation of CCB mixtures.

A. Fly ash and cement
The fly ash obtained from Cayirhan thermal power 
plant was used as a waste material. In the Cayirhan coal 
region, 5 million tons of the coal is produced annually 
by the fully mechanized underground technique and 
fed to the thermal power plant. The burning of the 
coal in the Cayirhan thermal power plant produces 
fly ash waste of approximately 750 thousand tons 
annually [12, 17]. The majority of the waste is sent to 
the cement factory to be used in cement production 
and the remaining part of it is sent to the backfill plant 
to use as backfill material in the underground [14, 
15]. In this study, Portland cement (CEM I 42.5R) was 
utilized as the leading binding agent. The particle size 
distribution (PSD) analyses of Portland cement and 
coal fly ash products were carried out by using the 

Malvern Mastersizer device. The obtained PSD graphs 
are presented in Fig. 3. The grains of different sizes 
should be homogeneously distributed in the backfill 
sample. Furthermore, the aggregate content of less 
than 20 µm in the backfill materials should be greater 
than 15% to satisfy the material properties within the 
pipelines [26]. Fig. 3 illustrate that, the rate of coal fly 
ash below 20 µm is 35%. This means that coal fly ash 
keeps adequate water to form a unique fill mixture. It 
is also seen from Fig. 3 that coal fly ash is coarser than 
cement and ranged from 1 mm to 1000 mm.
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Fig. 3. The PSD curves of Portland cement and coal fly 
ash products.

Some physical properties of Portland cement and coal 
fly ash are listed in Table I. Coal fly ash was found to 
have an average particle size of 41 µm. In addition, the 
coefficient of uniformity (Cu) and curvature (Cc) of fly 
ash was calculated as 19.1 and 1.2, respectively. Note 
that coal fly ashes have an average particle size (D50, 
the grain size corresponding to the 50% passing size 
from PSD curve) of 40 mm while its clay-size (< 2 µm) 
content is 7 wt.%. From the performed other physical 
test results, one can say that specific gravity (Gs) and 
specific surface area (Ss) values of coal fly ash and 
Portland cement products were found to be 2.15 and 
0.78 m2/g, and 3.10 and 4.7 m2/g, respectively.

Table I. Physical Properties Of Coal Fly Ash And 
Cement.

Parameter CC CU Gs (-) P20 (%) Ss (m
2/g)

Fly ash class F 1.18 19.14 2.15 35.09 0.784

CEM I 42.5R 1.15 7.62 3.1 63.39 4.692

The chemical compositions of coal fly ash and 
Portland cement are listed in Table II. It is important 
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to highlight that fly ashes are divided into two different 
classes according to ASTM C618 standards [27]. This 
classification is based on the sum of oxide composition 
(i.e., S+A+F: SiO2, Al2O3, and Fe2O3) in the structure of 
coal fly ash. If the S+A+F value of coal fly ash is greater 
than 70%, it is called ‘class F’ ash. If the composition is 
only 50% or more, then it is classified as ‘class C’ ash 
[28]. Considering the chemistry of Cayirhan fly ash, 
the material used in the study was determined as ‘class 
F’ ash according to the relevant ASTM standard.

Table II. Chemical Properties of Fly Ash And Cement.

Oxide compound Fly ash Class F CEM I 42.5R

SiO2 50.38 19.61
Al2O3 14.06   4.86
Fe2O3   9.90   3.10
CaO 13.25 61.35
MgO   1.20   2.92
SO3   3.16   3.03
K2O   1.97   0.65
Na2O   3.18   0.38
LOI   0.86   4.21

B. Mixing water
The mixing water added to the backfill is one of the 
most key ingredients which can greatly affect the 
mechanical and rheological properties of CCB samples. 
In this study, tap water was used as mixing water to 
homogeneously blend the coal fly ash and Portland 
cement.

C. Preparation of CCB samples
A mortar mixer having a capacity of 20 liters was used 
in the preparation of CCB samples. The mortar mixer 
with 1.5 HP motor power has 3 different rotation 
speeds (84/145/352 rpm). Backfill materials were 
first pre-mixed in the mixing bucket with the help 
of an iron rod and then placed in the machine. The 
coal fly ash, Portland cement and mixing water were 
thoroughly homogenized in the mixer for 6 minutes 
and then removed to be placed in the cubic molds. 
In this study, a constant slump value was chosen as 
20 cm, which enables delivering the prepared filling 
mixture to underground voids. The details of CCB’s 
mix design was listed in Table III. The CCB mixtures 
formed after the mixing process were placed into cubic 
molds (5×5×5 cm). The cubic molds filled were then 
stored in a chamber at 90% relative humidity and 22 °C 
± 1 to simulate underground curing conditions in the 

studied coal mine. The backfill samples were removed 
from molds after 1 day and then kept in the relevant 
conditions for curing times of 2, 7, 28 and 90 days.

Table III. Composition Of The Designed Backfıll 
Mixtures.

Designation Cement
 rate, %

Fly ash
rate, %

Water/cement 
ratio

Slump 
value

OPC20%-CFA80% 20 80 1.19 20

OPC22.5%-CFA77.5%    22.5    77.5 1.08 20

OPC25-CFA75 25 75 0.99 20

IV. METHODS

A. Slump consistency tests
Slump consistency is one of the experiments performed 
to find the consistency and fluidity of cementitious 
mixtures [29]. Slump test (Fig. 4a) was carried out by 
using a cone having height 30 cm, based on ASTM 
C143 standard [30], which determine the consistency of 
backfilling. The fresh fill mixture is filled into cylinder 
mold in three layers of equal thickness. The thickness 
of each layer in compressed state is approximately 1/3 
of the mold height. During the filling, each layer was 
compacted by rod with 16 mm at least 25 times. Then the 
mold was taken by holding the hand grips and pulling it 
vertically upwards in 2-4 seconds. The distance between 
the upper surface of the mold and the top surface of the 
deposited material was measured as the slump value. 
The amount of water was adjusted so that the slump 
consistency value of all the backfill samples was 20 cm.

B. Setting time tests
The initial and final setting time of backfill samples 
was carried out using the automatic Vicat instrument 
according to ASTM C191 standard [31]. This method 
provides a means of defining compliance with a 
specification limit for Vicat time of setting (Fig. 4b). 
Two methods are given; Method A is the reference 
way using the manually operated standard Vicat device 
while Method B allows the use of an automatic Vicat 
device. In this study, Method A was followed.

Setting times were measured by inserting the vicat 
needle into the backfill placed in Vicat chamber at 10 
min intervals. In the fresh mixture filled into 40 mm 
long Vicat chamber, the initial setting time was figured 
by this needle remaining 4 mm (±1) above, and the final 
setting time was calculated by entering up to 0.5 mm.
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C. Mechanical strength tests
The backfill samples prepared after the blending process 
were kept in the curing room for the specified times. At 
the end of these curing times (i.e., 2, 7, 28 and 90 days), 
uniaxial compressive strength test was performed on 
backfill samples. After the rectification of backfill cubic 
faces (i.e., end sides were corrected by a cutter), the 
length and weight of CCB samples were recorded and 
then were placed between the two plates of a mechanical 
press for compression testing. In this study, a computer-
controlled testing machine with a 300 N loading capacity 
and displacement speed of 2.400 N/s was used for 
strength testing (Fig. 4c). Three samples were tested from 
each backfill mix for the strength values in each curing 
time and the average strength value was calculated.

D. Pore structure measurements
Porosity is a key parameter to realize the microstructure of 
cemented backfill and greatly influences the permeability, 
strength, and density. In this study, the incremental and 
cumulative pore size distribution analysis of CCB is done by 
using the mercury intrusion porosimetry (MIP) tes (Fig. 
4d). The Micromeritics Auto Pore III 9420 MIP device 
was used for measuring the pore structure of backfilling. 
This device allows operator to measure a pore diameter 
range from 360 to 0.003 µm after applying a pressure 
of up to 414 MPa. For the MIP tests, small pieces were 
taken from the 90-day-old samples. After UCS tests, 
small cubic-shaped pieces were taken representatively 
and immersed in ethanol prior to the drying to stop 
hydration. The small samples were placed in the oven 
set at 50°C and kept for 4 days.

Fig. 4. Typical view of the CCB process in the underground fully 
mechanized coal mine

V. RESULTS AND DISCUSSION

A. Effect of fly ash content on w/c ratio of CCB
Fig. 5 indicates the effect of fly ash content in the 
backfill mix on its w/c ratio. One can observe from 
Fig. 5 that the w/c ratio decreases as fly ash content in 
the mixture decreases, which means cement content 
increases. It is known that the increase in the water-to-
cement ratio in the backfill mixtures causes a decrease 
in the corresponding strength gain.

1,19
1,08

0,99

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

80 77,5 75

Wa
ter

-to
-ce

me
nt 

(w/
c) 

rat
io

Fly ash content (wt.%)

Fig. 5. Effect of fly ash content on the w/c ratio 

CCB having a lower w/c ratio generates lower porosity 
as less water penetrates into pores. Thus, more porosity 
causes a decrease in the backfill strength. In fact, it 
is environmentally beneficial to deposit more waste 
material (e.g., fly ash) into underground voids as 
backfilling. However, the recipe of the backfill should 
be prepared in an optimum way for proper consistency 
and strength acquisition, which govern the fill’s transfer 
and stability, respectively.

B. Effect of fly ash content on setting time 
 of  CCB
In underground coal mining, the setting times of 
backfill are key factors in determining mining cycle 
which affects the production speed and hence the mine’s 
life. Fig. 6 shows the effect of the quantity of fly ash 
content on the setting times of CCB samples. One can 
comment that, as expected, the setting times increase 
with an increase in the amount of fly ash added in 
CCB samples. The prolongation of setting times can be 
explained in the two ways; i) lower cement content, ii) 
increasing w/c ratio. Since fly ash has lower pozzolanic 
properties compared to the cement, the increase in its 
amount prolongs the setting time. It is also known that 
lower hydration temperatures and hydration reaction 
rates of coal fly ash than Portland cement caused the 
setting times of cementitious mixtures to be added 
longer [32, 33].
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The CaO content of fly ash has a great influence on the 
setting time of the matrix. Generally, the CaO content 
of fly ash class F is lower than that of fly ash class C [34, 
35]. So, the setting times of the pastes formulated with 
fly ash class F are prolonged compared to sample with 
fly ash class C and without fly ash. Since the fly ash used 
is class F, the prolongation of setting times is seriously 
affected.
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Fig. 6. Effect of fly ash content on setting time (initial and final) of CCB.

Among the materials used in CCB samples, the cement 
constitutes a large part of the cost of backfilling and 
hence the mining economy is negatively affected [36]. 
Increased use of waste material in the backfill improves 
the economy of backfill. Thus, more sustainable, and 
economical mining is provided. However, use of more 
wastes (e.g., fly ash) means low cement content, which 
also enables low strength and prolonged setting times 
in the backfill. Low strength backfills offer unsafe 
working environments in underground coal mining, 
which is an adverse situation for underground miners. 
A longer setting time period caused by relatively low 
cement content provokes longer mining cycles, which 
enables economic losses of mining. Consequently, the 
ratio of waste material and binder should be designed 
optimally to provide the desired setting time and 
mechanical strength values in the backfill mixtures.

C. Effect of fly ash content on strength properties of CCB
Fig. 7 shows the influence of fly ash content on uniaxial 
compressive strength of CCB samples for curing times 
of 2, 7, 28 and 90 days. It can be concluded from Fig. 
7 that there is a decrease in the mechanical strength 
development of all CCB samples with the amount of fly 
ash decreasing over all curing time. The strength values 
of samples with the lowest amount of fly ash (75%) were 
found to be higher than others at all cure ages. In other 
words, the high amount of cement caused the strength 

value to increase. The main reason for this is the volume 
reduction in hydration products due to the increasing 
amount of coal fly ash over time. This reduction in 
hydration products minimized volumetrically the 
filling of pores in cement-fly ash matrix [37-39].

Table IV lists the strength gain of all CCB samples. 
The strength of the backfill mixtures having 75% fly 
ash at 2-day curing time was the highest (7.65 MPa). 
In the same way, the highest strengths for the backfill 
sample formulated with 75% fly ash content for a given 
curing time of 7, 28, and 90 were 14.4, 38.27, and 58.92 
MPa, respectively. The strength values in Table IV 
also indicate that, when the amount of fly ash in the 
backfill decreases from 25% to 20% during the short-
term curing time (2-7 days), the strength decreases 
by about 25%. Similarly, in the long-term curing time 
(28-90 days), there was a 24% reduction in the strength 
gaining.
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Fig. 7. Effect of fly ash content on compressive strength gain of CCB.

The C3S and C2S components of the cement are 
effective in the development of short- and long-
term strengths [40]. These components contribute to 
strength development as the amount of the cement 
increases. Coal fly ash is fairly less pozzolanic than the 
cement. So, the increase in the amount of fly ash caused 
a drop in the short- and long-term strength values. It 
is also known that as the w/c ratio increases or the 
corresponding cement content in the mix drops, the 
strength gaining of backfill decreases. From the data 
listed in Table III, one can see that the w/c ratio of the 
CCB increases from 0.99 to 1.19 due to the decreased 
cement amount (25% to 20%). This led to the strength 
reduction of backfill samples formulated with high 
amounts of fly ash.
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 Table IV. Unconfined Compressive Strength Of 
Backfıll Samples.

Name
Compressive strength (MPa)
2 days 7 days 28 days 90 days

OPC20%-CFA80% 5.74 10.85 31.55 44.99
OPC22.5%-CFA77.5% 6.51 12.54 34.88 51.64
OPC25%-CFA75% 7.65 14.42 38.27 58.92

D. Effect of fly ash content on porosity of 
CCB
The porous structure of cementitious materials has a key 
role in the mechanical properties of hardened cement paste 
[41, 42]. Fig. 8 shows the results of the MIP total porosity 
applied on 90-day cured CCB samples. One can observe that 
the total porosity of CCB samples was significantly affected 
by the change of fly ash amount. Besides, the lowest amount 
of porosity was measured as 28.4% in the sample with lower 
fly ash content. The porosity values of the backfill samples 
containing a fly ash content of 77.5% and 80% are measured 
to be 44.76% and 45.86%, respectively.

The experimental results also showed that decreasing the 
amount of cement in these types of backfill or using more 
waste material increases the porosity of backfill. In fact, it 
can be stated that the most important issue affecting the MIP 
total porosity here is the increase in the w/c ratio mainly due 
to the decrease in the quantity of the cement added in the 
backfill mixture. The porosity values increased further in the 
samples with a higher w/c ratio.
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Fig. 8. Effect of fly ash content on compressive strength gain of CCB.

This type of pores (also known as capillary) that ensue 
in concrete and cementitious materials, usually occur 
after the full hydration of the cement. These pores are 
usually filled by water, but they are also filled by the air 
and shrinkage in the concrete. If the w/c ratio in the 
backfill mix increases, the evaporation of water occurs 
easier, and the amount and size of pores increase. In 
addition, due to the further fly ash usage instead of the 
cement, there was a drop in hydration products. Hence, 

higher porosities were found in the sample with lower 
cement content due to fewer hydration products that 
allow the complete filling of pores in the matrix.

E. Effect of fly ash content on pore structure 
of CCB
The pore structure is a key microstructural property 
of a cementitious material since it greatly influences 
the physical and mechanical properties and governs 
the stability of CCB. The distribution of numerous 
pores in solid wastes seriously affects the behavior of 
a porous material [43]. The tailings particle size and 
packing affect pore size distribution (PSD), which 
is closely related to the permeability and pore water 
pressure within backfill samples [44]. Some pore 
structure factors such as total porosity, macro-pores, 
meso-pores, PSD, threshold diameter, and critical pore 
diameter strictly affect the structural integrity (i.e., the 
connectivity between pores) of backfilling. Among the 
many methods reported in the literature to portray the 
pore structure, mercury intrusion porosimetry (MIP) is 
one of the most commonly employed since it provides 
good repeatability and covers almost the whole range 
of pore sizes to be analyzed in the hydrated material 
[45-47].

The experimental results are affected not only by 
the pore structure of CCB samples, but also by the 
experimental parameters, such as pre-treatment 
technique, sample size, pressure build-up rate, pore 
structure alteration, surface tension of mercury and 
contact angle [48]. The influence of microstructural 
changes on the pore structure parameters of backfilling 
using the MIP technique have been investigated by 
researchers [49, 50]. Fig. 9 demonstrations the variation 
in cumulative and incremental PSD curves of 90-day 
cured CCB samples with a fly ash content of 80wt.%, 
77,5wt.%, and 75wt.%. From these MIP results, one can 
conclude that the pore structure of backfilling is affected 
by both the w/c ratio and cement content. The results 
indicated that as w/c ratio decreases, the total porosity 
is reduced (from 45.9% to 28.4%), primarily because 
of the reduction in the number of larger-sized pores. 
Indeed, these pores are filled by hydrate precipitates 
in originally water-filled spaces. The increased cement 
content (from 20% to 25%) also contributes to cut the 
porosity by increasing pore fineness.
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Fig. 9. Effect of fly ash content on pore size distribution 
of CCB samples: a) cumulative and b) incremental 

curves.

One can state that, in the PSD curves, total porosity 
ntot corresponds to the last recorded point (the highest 
intrusion pressure and the smallest equivalent pore 
throat size). As cement content increases, pore throat 
openings become finer due to the cementation effect 
by cement hydration products. The cumulative PSD 
curves shift toward smaller average pore diameters with 
increasing cement proportion. This shift is evident for 
the backfill samples with a cement content of 25%. This 
backfill consistently shows lower total porosity and 
hence higher bulk density than others. This is because 
of the w/c ratio of coal backfilling which decreases 
with the consumption of excess water through cement 
hydration mechanism. A reduction in the w/c ratio for 
filling samples is accompanied by a slight decline in 
total porosity [51, 52]. A drop in pore size distribution 
observed in the backfills with high cement amount 
as the pores in CCB are filled by hydrates and/or 
precipitates (i.e., C-S-H gel, gypsum).

VI. CONCLUSIONS
In this study, the influence of fly ash on the geotechnical 
characteristics (e.g., slump, setting time, strength, 

porosity, and pore structure) of different CCB samples 
were assessed. Several experiments were done to study 
fresh and hardened properties of the backfill containing 
fly ash, cement and mix water. According to the results 
obtained from these tests, the following conclusions 
can be made below:

•	 The w/c ratio reduces as fly ash content in the 
mixture drops, which means cement content 
increases. The rise in the w/c ratio in the backfill 
causes a decrease in the corresponding strength 
gain.

•	 Setting times increase with an increase in the 
amount of fly ash added to CCB samples. The 
prolongation of setting times is entirely as a 
result of lower cement and increasing w/c ratio.

•	 The highest strengths for CCB formulated with 
75% fly ash content for a given curing age of 
7, 28, and 90 were 14.4, 38.3, and 58.93 MPa, 
respectively.

•	 Higher porosities were found in the CCB with 
lower cement content due to fewer hydration 
products that allow the complete filling of pores 
in the matrix

As a result, this work offers coal mining operators with 
an effective technique to evaluate the development 
of CCB samples as a function of fly ash content and 
curing time. It also provides an efficient design the fill 
reticulation system and operating conditions for coal 
mines.
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Abstract
Coal is the primary source of energy in India. Profitable extraction of coal is possible by surface mining in Indian geo-
mining scenario. Thick seams of the Singrauli coalfields are exposed by dragline stripping. Of all the draglines operating in 
surface mines of India, 60 % are deployed only in the Singrauli coalfields establishing the importance of efficient dragline 
bench blasting for profitable coal winning. However, dragline bench blasting poses challenges, primarily, backbreak, poor 
fragmentation and high levels of ground vibrations. To address these issues, experiments were conducted in Dudhichua and 
Nigahi projects, to investigate the rockmass and measure the near-field ground vibrations. These experiments gave important 
insights into the governing mechanisms of backbreak and fragmentation. It was observed that the vertical cratering and 
release of load damage mechanisms were playing key role in damaging the highwall. The reflection breakage phenomena was 
understood using the near-field ground vibration signatures. Two contrasting scenarios viz. A and B with contrasting attributes 
were identified and their existence was established and validated with near-field ground vibration data. The identification of 
mechanisms and development of models led to modifications of maximum charge per delay and other blast design parameters. 
The suggested changes were implemented and resulted in superior blast performance leading to higher dragline productivity. 

I. INTRODUCTION 
India is heavily dependent on coal (both by import 
and indigenous production) to meet her energy 
requirements. The total energy produced in India from 
commercial sources increased from 14459 Petajoules in 

the fiscal year 2017-18 to 15305 Petajoules in the fiscal 
year 2018-19, showing an increase of 5.85 %. Out of the 
15305 Petajoules of energy produced in the year 2018-
19 in India, coal contributed to 72.04 % of the total 
commercial energy requirement (Energy Statistics, 
2020).

Fig. 1 Production of energy in India over the past decade 
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Fig.1 clearly shows that the contribution of coal to 
the commercial energy production in India is very 
significant. The statistics of coal production by opencast 
and underground mining in India over the past ten 
years is shown in Fig. 2. A consistently increasing 
significance of opencast mining in India for profitable 

extraction of coal can be seen from Figure 2. This 
implies that superior technical and scientific execution 
of optimized unit operations of surface mining is the 
need of the hour for maximization of coal productivity 
in India.  

Fig. 2 Relative contributions of surface and underground mining 

As surface mining requires stripping of overburden, 
the increasing importance of the same is shown by a 
consistently increasing trend of overburden removal 
(in million m3) as shown in Fig. 3. In the year  2018-19, 
1698 million m3 of overburden was handled by heavy 
earth moving machinery out of which 400 million m3 
(23.55 %) was handled in Singrauli coalfields area alone, 
where the investigations were carried out. Draglines are 
normally deployed for accelerated overburden removal 

in case of thick overburden because of their longer 
reach of the boom, deeper digging depth and larger 
bucket capacity as compared to shovel. Out of the 39 
draglines deployed across surface mines in India, 24 
are operating in the Singrauli coalfields area alone 
contributing to a sizeable coal production (119.503 
MT) through removal of overburden (Provisional Coal 
Statistics, 2019).

Fig. 3 Annual removal of overburden in India 
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Therefore, the role of surface mining with dragline 
stripping is vital in maintaining and enhancing the 
energy production of India through augmenting coal 
productivity. However, the method of surface mining 
with dragline as the excavator faces certain challenges. 
These challenges are discussed in the following sections. 

II.  DRAGLINE BENCH BLASTING – SOME 
 CHALLENGES
Draglines are the typical cost centers of an opencast 
mine and adequate preparation of overburden has a 
positive impact on their productivity. The fast removal 
of overburden requires large scale blasting of deep 
holes with large diameters. This implies large amounts 
of explosive usage. Large-scale dragline bench blast is 
a huge investment and therefore the results must be 
satisfactory, i.e. optimum fragmentation, low ground 
vibration levels and minimum blast induced bench 
damage. The following are identified as major issues in 
dragline bench blasting:

Backbreak causes highwall damage in the location of 
subsequent round of blasts. Explosive/energy seeps 
out of the backbreak cracks leading to wastage of the 
same and thus increases the specific charge (kg/m3) as 
well as causes poor fragmentation apart from safety 
concerns. Backbreak also leaves loose hanging rocks 
from the highwall that the dragline excavates causing 
more damage to the highwall and teeth of the dragline 
bucket. This poses difficulties in dragline operations 
reducing their average availability (≈70%) and 
utilization (≈55%), consequently reducing dragline 
productivity (Rai et al., 2018). 
High levels of ground vibrations are caused in 
large scale blasts due to greater bulk of explosives 
used, inaccurate delay assignment and very close 
delay intervals. These ground vibrations cause 
problems both in near-field and far-field. In near-
field, high levels of vibrations manifest in the form 
of backbreak. In the far-field, ground vibrations, if 
exceed the allowable limits, may pose problems in 
the form of cracks in a human dwelling, vibration of 
the building as long as the ground vibration persists 
and discomfort to the people living in the houses. 

Height of dragline benches commonly vary 
from 30 m to 50 m. Thus, drilling, charging 

and stemming 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 density profile i.e., the site 
mixed emulsion gets denser with depth. This 
situation when coupled with inhomogeneity, 
discontinuity and non-linearity rockmass, gives 
rise to almost unpredictable fragmentation. To 
maintain low levels of ground vibration reduction 
in amount of explosive is required but to achieve 
desired material preparation to enhance dragline 
productivity, a sufficient powder factor should be 
provided. Not providing sufficient energy to the 
overburden blast can increase the count of oversize 
boulders. 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 
reduced bucket fill factor. 
Thus the major issues in dragline bench blasting 
are backbreak, ground vibration and fragmentation 
which create hindrance to stripping of overburden and 
consequently affect the coal productivity.

III. FIELD EXPERIMENTATIONS
The field investigations were carried out in the opencast 
projects of Nigahi and Dudhichua of NCL. To address 
the above issues, in-situ investigations on the rockmass 
were carried out viz. dragline bench face mapping, 
seismic refraction tomography, in-hole continuous 
VOD measurement, measurement of backbreak and 
fragmentation and an experiment to measure the 
near-field ground vibrations.  The near-field vibration 
measurement scheme is shown in Fig. 4. 

 
Fig. 4 Near-field vibration measurement system

Free Face
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Using the near-field vibration signatures acquired 
from the experiment and the geotechnical data 
from the in-situ investigations of rockmass, 
important observations were made in this study. 

IV.  ANALYSIS OF NEAR-FIELD GROUND 
VIBRATIONS 

A Understanding backbreak mechanism

The behavior of backbreak was observed against the 
compressive strain components. The compressive 
strain components were calculated as follows,

        (1)

Where, = transverse compressive strain, mm/
mm; TPPV= transverse peak particle velocity, 
mm/s and Cp= in-situ P-wave velocity, m/s

Fig. 5 Backbreak against compressive strain in 

transverse, vertical and longitudinal directions

The behavior of backbreak is shown in Fig. 5. It is 
observed that a better relation exists with the vertical 
component of compressive strain. This can be 
attributed to the fact that the column charges being 
longer and wider (hole diameter 311 mm) lead to wide 
vertical cratering (Bhagade, Murthy and Budi, 2021). 
To appreciate the damage mechanism predominant 
in large opencast mines, the frequency content of the 
near-field ground vibration signatures were examined 
against velocity, strain, displacement and acceleration. 

Fig. 6 PPV versus frequency in transverse, vertical and 
longitudinal directions

As can be observed from the plots in Fig. 6, the data fit 
in the transverse direction is relatively better, indicating 
low frequency as the reason for long persistence of the 
backbreak cracks in this direction. Thus, the release of 
load damage mechanism is the most prevalent in large 
open cast mines (Bhagade, Murthy and Budi, 2021).  
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B. Understanding fragmentation mechanism
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. 7 and 
Table 1. 

Scenario A: Phenomenon earlier during a blast 

 
Scenario B: Phenomenon later during a blast

Fig. 7 Concept of the role of reflection breakage in fragmentation from PPV values
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Table 1 Contrasts between scenarios A and B

Scenario A Scenario B

Occurs earlier during a 
blast

Occurs later during a 
blast

Well-developed free 
face causing good re-
flection breakage giving 
rise to better fragmenta-
tion

Poorly developed free 
face causing sub-opti-
mal reflection breakage 
giving rise to coarser 
fragmentation

Low levels of vibration 
reach the sensor due to 
sufficient attenuation

Higher levels of vibra-
tion reach the sensor due 
to proximity of the deto-
nating holes

This is also validated with experimental evidence 
from a near-field vibration signature of the sensor 
that was placed at a distance of 30 m from the 
last row of hole as shown in Fig. 8. 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. 

                                                              (2)

Fig. 8 Vector sum of transverse, vertical and longitudinal components of 30 m sensor

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. 
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 Fig. 8. The decrease in 
RBI is caused due to absence of dynamic free face 
in the latter part of the blast (Bhagade, Murthy and 
Ali, 2021). Re-adjusting the delays, would ensure 
the creation of a better dynamic free face.  

The behavior of the mean fragment size against 
the peak vector sum was examined and found to 
be directly proportional as shown in Fig. 9. This 
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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 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 vibration (dominance of scenario A). 
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. 9.  

 

Fig. 9 Behavior of mean fragment size with peak vector 
sum and attenuation of PPV

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 Rzhevsky (1985) 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 (Bhagade, 
Murthy and Ali, 2021).  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. Blast design parameters such as burden, 
spacing, and charging scheme were optimized based 
on the rockmass investigations carried out. Thus, the 
modified blast design was formulated, 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. 

V. CONCLUSIONS
Problems of backbreak and fragmentation in dragline 
bench blasting were investigated using near-field 
ground vibrations. The behavior of backbreak 
measured with the compressive strain indicated that 
vertical cratering played a very important role. The 
plot of PPV with frequency for the three vibration 
components indicated a better fit in transverse 
direction, suggesting the predominance of release 
of load damage mechanism in dragline benches. The 
influence of free face and level of compressive stress 
in reflection breakage was understood using near-
field ground vibrations. A Reflection breakage Index 
(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. Using this relation and the 
attenuation behaviour of near-field ground vibrations 
the maximum charge per delay was determined to be 
1000 kg. The modifications of the blast design reduced 
the backbreak and ground vibrations and enhanced 
fragmentation aiding higher dragline productivity. 
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Abstract — 

Adopting a huge fleet of machinery, with massive capacities of shovels and dumpers became quite common in the Mining 
Industry. Despite the technologies and methods, the human element plays an important role in maintaining the whole system 
safely and efficiently. manner. As most of the mining accidents are caused due to the operator’s negligence / Heavy earthmoving 
machinery, there is a need to monitor the operator’s efficiency, and alertness while operating the machinery. Drowsiness 
or sleepiness, and the accompanying physical and mental state of employees is one of the major factors contributing to 
accidents in the mining industry worldwide. This paper presents some of the technologies (Artificial Intelligence and Machine 
learning) used to monitor and assess the fatigue levels of the work personnel working in various capacities as vehicle drivers, 
hauler/conveyor operators, pump operators, or any moving machinery operators etc both in underground as well as surface 
mining conditions in the Mining Industry. Although AI/ML algorithms can assist fatigue monitoring, true reasons can only be 
understood by using studies using technology like biomarkers.

I. Introduction 
Fatigue is a complex state characterized by a lack of 
alertness and reduced mental and physical performance, 
often accompanied by drowsiness (1999 U.S. DOT 
Operational Definition). Fatigue is increasingly 
recognized as a problem affecting the workforce. 
Research shows 13% of workplace injuries (National 
Safety Council) can be attributed to fatigue, a dangerous 
by-product of a society that operates 24 hours a day.

The majority of the accidents occurred due to Heavy 
Earth Moving Machinery, in which the human element 
is the main contributing factor. Round the clock 
working operations, monotonous and repetitive duties  
are directly influencing the worker fatigue levels. 
Fatigue is a serious symptom that is prevalent across 
a variety of occupations and industries (World Health 
Organization, 1990). The U.S. Centers for Disease 
Control and Prevention, (CDC, 2015) estimates that 
one in three adults does not get enough sleep, labelling 
fatigue as a public health problem. Quantifying and 
analysing the fatigue levels for each operation is 
essential for safely doing work.

Symptoms of “extreme tiredness” and “reduced 
functional capacity” are two of the main factors to 
be assessed for each worker. Fatigue can manifest 
physically, mentally, and/or emotionally. Monitoring 
operator fatigue and distraction are the key factors in 
minimizing the incidents at the workplace. Mining 
environment associated fatigue is commonly due to 
operating machinery during night time, improper 
lighting at the workplace, poor design of lighting 
systems, bad temperature settings at the workplace, 
noise, and highly repetitive tasks resulting in boredom.

A. Fatigue Costs
A study published in the American Journal of Health 
Promotion stated employees that “almost always” felt 
tired during the day missed an average of 2.7 times 
more days of work and had 4.4 times more productivity 
loss than those who reported “almost never” feeling 
tired. Fatigue of any kind poses a workplace hazard, as 
well as reduced productivity. According to the National 
Safety Council, the challenge costs employers $1,200 
to $3,100 per employee annually, due to absenteeism, 
health care, and other related costs.
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II. Smart Technologies For Fatigue Monitoring
Artificial Intelligence (AI) is the ability of computers 
and robots to sense, reason, and perform tasks that 
are usually done by humans. Machine Learning (ML) 
is a subset of AI that are algorithms that improve over 
time through exposure to more data. Deep Learning 
(DL) is a subset of Machine Learning that uses artificial 
neural networks, algorithms inspired by the human 
brain, learn from massive amounts of data. Natural 
Language Processing (NLP) is a branch of AI that helps 
computers understand, interpret, and manipulate 
human language. Advances in AI and ML have 
brought us many applications that were previously 
unimaginable.

Machine Learning has brought recommender engines 
that suggest the products we may be interested in 
buying, a movie we may want to watch, or a news 
article that we may want to read. Advances in Natural 
Language Processing have made it possible to 
translate between two languages in real-time enabling 
communication between two remote teams and 
pushing productivity higher. Deep Learning advances 
brought us autonomous and self-driving cars, identify 
a specific type of cancer, and even dancing robots[2].

Artificial Intelligence and Machine Learning are prime 
technologies that could help the mining industry, due 
to the remote mine sites, the hazardous nature of the 
work, and the high costs of labor and transport. Indeed, 
AI & ML have found uses in mineral exploration, smart 
sorting of minerals and ores, demand forecasting, 
autonomous machinery, etc. Applications of AI & ML 
are relatively new in mining, and the full potential 
of these advances need to be realized. Artificial 
Intelligence, especially computer vision and deep 
learning techniques, just started to appear in the realm 
of driver safety monitoring and fatigue management 
systems. For example, Dotnetix.ai’s Nexus employs 
an in-cabin camera and sensors suite monitoring 
distracted driving conditions, and streaming data to 
the control center. Hexagon mining uses a combination 
of visual analytics, collision avoidance system, and 
body clock models.

As explained in the introduction sections <insert 
section number here> fatigue is a result of many 
factors: work schedule, nutrition, sleep, personal habits, 
circadian cycles, long and monotonous work, tiredness, 
medical and psychological causes. To truly monitor 

the drivers and the operators for any fatigue, a holistic 
view of all the causes of fatigue needs to be adopted. 
However, a holistic view requires the ability to merge 
and understand data from personnel’s medical, social, 
behavioural, and physical records. Doing this manually 
is an impossible task. In addition, the data is typically 
in silos, and most likely in a non-automatable format. 
Moreover, a real-time monitoring system is needed 
to alert the driver of any possibilities of incidents and 
accidents. 

Artificial Intelligence has excelled at places where 
human capabilities have met their limits, especially 
when it comes to consuming streams of data and 
analysing for actionable insights. We now present a 
couple of approaches to monitoring fatigue, and driver 
safety using AI.

A. Technology 1: In-cabin camera to monitor 
the driver’s physical state.

Physical manifestations of fatigue include slow blinking 
of eyes, bobbing of the head, gaze drift, yawning, the 
slow movement of the steering wheel, and/or sudden 
jerks in the adjustments, etc. Using computer vision, 
and deep learning, a camera pointed at the driver can 
detect and track eye movements, eyelid closure times, 
head movement, hands, and understand if the driver 
is alert, or is drifting into a drowsy state. For example, 
Soukupova et al, have demonstrated how to do real-
time eye blink detection using facial landmarks, eye 
aspect ratio, and using Support Vector Machine (a type 
of Machine Learning algorithm) classifier to detect 
if there was a blink. Baek et al, developed the ideas 
proposed by Soukupova and created a driver drowsiness 
detection algorithm. Facial landmarks are also used 
to detect head movement. Once tracking of the head 
movement is done, a classifier algorithm is deployed to 
check if the driver is showing signs of drowsiness, or 
distraction, like looking at a cellphone or to one side 
for a long time. Combined with the historical data, 
and using machine learning, the insights derived from 
analyzing the video data can be used to predict when 
the driver may drift into drowsiness, and corresponding 
corrective actions can be taken. With the advances of 
edge computing (compute where data is generated, in 
this case, right next to the camera that is pointed at the 
driver), real-time monitoring of the camera feed and 
alerts are possible. Once a fatigue event is predicted, 
and detected, both the driver and the command center 
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are alerted in real-time. In addition, a camera feed can 
be used to monitor drivers’ distractions, like talking 
on the cell phone, texting, smoking cigarettes, eating, 
etc. Algorithms like object detection (ability to detect 
a phone, or a cigarette or a burger anywhere in the 
picture), and classification (tagging that the object was 
indeed a burger, phone, etc.), along with tracking of 
the objects will help understand the visual scene and 
translate into simple to understand events like ‘texting’, 
‘smoking, ‘eating’ etc. Some of the companies have 
started to employ these advanced techniques in their 
solutions.

Fig. 1. A typical driver safety monitoring system

B. Technology 2:  Road monitoring system, with 
optimal location predictor

Adding a camera that is looking ahead at the road 
increases the chances of detecting fatigue, and improves 
safety. The camera feed is continuously monitored 
to detect the road, the optimal position where the 
truck should be, and where it currently is. Any slow 
drift from the optimal position, and/or continuously 
and abrupt adjustments that swing the truck from 
the optimal position indicate the driver’s fatigue is 
creeping in, and the driver needs to be alerted. Deep 
Learning techniques, the kind of algorithms that are 
employed in self-driving cars, are employed to monitor 
the roads and the optimal position of the truck. 
Real-time processing at the edge (in the truck) gives 
immediate and reliable feedback to the driver. The 
process is enhanced to watch out for other machinery 
in the mining, and their distance from the truck, and 
to alert of any potential collisions with them. Hence, 
this approach has the added benefit of extra safety from 
potential collisions. To the best of our knowledge, these 
kinds of techniques have great potential and have not 
yet been deployed in the field.

Fig.2.  Road Monitoring using Deep Learning

C. Technology 3: Ambient sensing technologies
It is well studied that ambient conditions affect the way 
the human body functions. For example, Landstrom et 
al. [1] showed that maintaining cooler temperatures in 
the cabin reduces the chances of drowsiness. Sensing the 
ambient temperature, humidity, and oxygen levels add 
an extra layer of information from which predictions 
can be made. In general, the more the amount of data 
that can be used to solve, the better machine learning 
algorithms perform. These data can be obtained from 
the sensors attached to the camera, or the computing 
device (edge node). In some cases, the machinery itself 
might have sensors whose readings we can obtain. 
Insights from processing the ambient metrics can be 
used to continuously adjust the cabin temperature to 
reduce the chances of drowsiness. In addition, vehicle 
speed, acceleration, steering wheel turn, etc can be 
valuable inputs in knowing the driver’s physical state. 
In-vehicle sensors data can be leveraged along with the 
ambient sensors data to more accurately predict the 
onset of drowsiness or distraction.

D. Technology 4: Driver’s physical measurements 
Heart rate, blood pressure, and O2 levels in a human 
body change when one enters a drowsy state. The 
changes start when the body is about to enter a drowsy 
state or coming out of it. Monitoring these levels can 
give us more insights and early predictions into the 
onset of drowsiness. A health monitor band, like a Fitbit 
tracker, can be used to monitor heart rate, and be used 
to predict the drowsiness of the driver. Having a Fitbit-
like tracker also gives insights into a driver’s physical 
activity during non-shift hours, and can be extremely 
helpful to predict potential issues due to lack of sleep, 
exercise, etc. Many fitness trackers track the user’s 
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heart rate, exercise activity, and sleep activity. Sleep 
activity information could be vital in predicting the 
physical state of a person while operating machinery. 
Monitoring various aspects to predict drowsiness is 
a challenging problem. Machine Learning has been 
extremely effective to combine data from various 
sources and extract insights from them.

E. Technology 5: Combine operator’s medical 
records with the approaches above

An operator’s physical and mental conditions play 
a vital role in their exposure to fatigue. Combining 
medical records to further gain insights into potential 
incidents will be an added benefit. However, merging 
medical records is not only technically hard (due to lack 
of standardization of medical information), but also 
legally hard (due to privacy laws like HIIPA). Hence, 
this approach may or may not work for all parts of the 
world. However, where possible it would be wise to 
combine the medical records into the data being used 
to predict the potential for fatigue exposure. Due to the 
nature of medical records, machine learning and data 
processing will become essential in creating a solution. 
Many hospitals have leveraged the power of natural 
language processing (NLP) that converts unstructured 
free-form doctors’ notes into structured data that can 
be further analyzed with machine learning and to gain 
insights about patients’ conditions. 

Even though we presented the technologies that 
have the most advantages first, and as additives from 
the previous ones, it is possible to combine them in 
any order and gain insights. For example, mining 
operations may choose to not record the driver due to 
privacy concerns, and just go with the road monitoring 
system. Furthermore, a mining operation may want to 
just analyze how steering control happens over the shift 
period, and gain insights into the driver’s state.

No matter which approach is chosen, the data 
collected, and the incidents averted must be reviewed 
by the safety manager of the mining site, along with 
the operator(s) involved in the incident. To achieve 
this, videos and the data from the sensors are stored 
for later analysis and review. In addition, mine-wide 
analytics of the incidents, along with where and when 
they happened, and who were involved are extremely 
important to maintain the safety of the operations, and 
to make improvements on it.

III. Biomarkers For Understanding 
Underlying Reasons 
The official National Institute of Health (NIH) 
definition of a biomarker is: “a characteristic that is 
objectively measured and evaluated as an indicator of 
normal biologic processes, pathogenic processes, or 
pharmacologic responses to a therapeutic intervention.” 
(Biomarkers Definitions Working Group, 2001).  
Fatigue is a complex construct of symptoms that 
emerges from alteration and/or dysfunction in the 
nervous, endocrine, and immune systems. Identifying 
biomarkers of  Chronic fatigue (CF) is an important 
part of this effort. 

Chronic fatigue (CF) in combination with a minimum 
of 4 of 8 symptoms and the absence of diseases that 
could explain these symptoms, constitute the case 
definition for chronic fatigue syndrome/ myalgic 
encephalomyelitis (CFS/ME). Inflammation, immune 
system activation, autonomic dysfunction, impaired 
functioning in the hypothalamic-pituitary-adrenal 
axis, and neuroendocrine dysregulation have all been 
suggested as root causes of fatigue. Although AI/
ML algorithms can assist fatigue monitoring, true 
reasons can only be understood by using studies using 
technology like biomarkers.

IV. Action Plan  
Fatigue monitoring is a necessary step in maintaining 
the safety of the mining operation, to safeguard the 
operators, and maintain high levels of efficiency. 
Mining operators can readily start to gain an advantage 
by deploying fatigue monitoring systems. Gaussian 
Solutions LLC has worked with clients to custom design 
solutions for their needs. With the advances in mobile 
processing, it is possible to quickly start deploying 
solutions using mobile phones. However, this solution 
is not robust. Dedicated cameras, and edge computing 
devices that are ruggedized to work in the mines are 
needed to achieve the reliability and availability needed 
in the mining industry. Good connectivity and real-
time analytics are needed for the safety managers to 
monitor and take corrective actions when a driver’s 
lack of attentiveness is detected.

Mining operators should approach the problem with 
agility, and be able to quickly deploy solutions, test, and 
improve on the deployments. A rapid development, 
deployment, test, monitor, and redo mantra should 
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be adopted. All the data analyzed, and insights gained 
should be shared with the mining community to 
improve the overall state of the safety measures in a 
mine. Finding good analytics and machine learning 
partner will help a mining company progress faster and 
achieve greater results.

V. Conclusions
Fatigue affects all of us, regardless of our skills, training, 
and knowledge. It influences your physical and mental 
abilities needed for even the simplest of tasks. As there 
is myriad of factors that can contribute to fatigue, there 
is no one single way to eliminate fatigue. A holistic 
approach to reduce fatigue that encompasses physical, 
mental, situational and ambient factors is necessary. 
Integration of multiple systems that exist today to 
monitor each of the factors is necessary. Machine 
Learning and data analytics have been proven effective 
to collect data from different sources and find actionable 
insights from them. Although AI/ML algorithms can 
assist fatigue monitoring, true reasons can only be 
understood by using studies using technology like 
biomarkers.

Applying such techniques to fatigue monitoring 
can benefit the operator, mining operations, and 
overall productivity. Emphasize is made for urgent 
implementation of transdisciplinary translational 
industry-oriented research and academics with some 
of the technologies (Artificial Intelligence and Machine 
learning) used to monitor and assess the fatigue levels 
of the work personnel working in various capacities 
as vehicle drivers, hauler/conveyor operators, pump 
operators, or any moving machinery operators etc., 
both in underground as well as surface mining 
conditions in the Mining Industry. Benefits of Fatigue 
Monitoring results in increased operator productivity 
and reduction in incidents and accidents.
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Strategy for Coal Gasification in India
Peeyush Kumar
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Abstract
India has a huge reserve of coal and with the current rate of consumption; it is expected to last for more than 5 decades. 
About 80% coal is used in thermal power plants. With environment concerns and development of renewable energy, 
diversification of coal for its sustainable use is inevitable. Coal gasification is considered as cleaner option as compared 
to burning of coal and has diversified use of coal in other form of energy. Syn Gas produced from Coal gasification can be 
utilised for generation of power, producing Synthetic Natural Gas (SNG), energy fuel (methanol and ethanol), production 
of urea for fertilisers and production of Chemicals such as Acetic Acid, Methyl Acetate, Acetic Anhydride, DME, Ethylene 
and Propylene, Oxo chemicals and Poly Olefins. These products will help in import substitution and help the mission of 
Government of Atmanirbhar Bharat.

Entire value chain for this business consists of making coal available for gasification, setting up of coal gasification plants to 
produce Syn Gas, utilisation of Syn Gas for various industrial applications, financial modelling for making the product cost 
competitive and related policy changes which are in line with existing Government policies.

Coal Availability can be ensured utilising the coal production potential of Coal India Limited by supplying coal to its own 
proposed plants, devising suitable coal linkage policy for coal gasification and making policy provision on all future auctions 
of coal blocks for commercial mining.

Setting up of coal gasification plant is a capital intensive work and will require at least 48 months of time. With no 
indigenous gasification licensor and foreign licensors looking for investment opportunity, various models like LSTK, BOO, 
BOM etcshould to be tried utilising plant construction capabilities of Indian companies in association of foreign licensors 
for commercial gasification of coal. In order to implement various coal gasification projects, three phased strategy has 
been formulated wherein phase I will consist of existing and ongoing project implementation, Phase II on identification of 
gasification projects based on low ash coal and a pilot project on high ash coal and phase III will ensure achievement of at 
least 10% coal gasification by each coal producing company. 

The Scheme of import substitution will help in marketing of methanol, ethanol, urea, ammonium nitrate and Gas based DRI 
plants for steel making and the Atmanirbhar Bharat Scheme will boost the requirement of Gasification in pharmaceutical 
industry for production of APIs and methanol as solvent.  Considering 4 years’ time frame for construction of gasification 
plant, strategy aims at achieving100 MT of coal gasification by 2030.
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Abstract
The mining industry began to take global spread of COVID-19 seriously not immediately after its outbreak, but after observing 
the mineral resource supply chain to collapse. Global lockdown, economic depression, plunged mineral demand and resulting 
change in the global energy mix, one after another, led to concern focused on the sustainability of the mining.  The most 
frequently asked question was how the pandemic will reshape the mine of the future.  Everybody in the mining industry agree that 
mining needs new and efficient solutions to the current challenges. It is even more serious for the coal mining industry which has 
to cope with strict regulation and fierce competition with other types of low-carbon energy sources; more than ever, efforts are 
required for the climate change mitigation.  The author believe that like many other industries the answers lie in digital tools. 

This presentation will cover an IT-application case to establish the fundamental infrastructure for the future mining.  The 
solution developed in the study is basically composed of mobile linkage service, high-precision position monitoring system 
and real-time workplace safety/environmental monitoring system.  In order to secure the economics and utility of the system, 
low-cost and high-efficiency components are introduced: mobile sensing system to remove the so-called dark zone in the 
risky space and IoT-based blast vibration and tilt monitoring network to evaluate the slope and structure stability. The 
network connectivity with the site personnel and equipment carrying tags will enhance the safety dramatically.  This ICT 
and IoT-based solution expandable as the total ERP solution can enhance and also manage the productivity and safety, and 
subsequently build an infrastructure to ensure sustainability of the mining industry.   
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Abstract
Heavy machineries are being widely used in different industries with the advancement in industrial development. 
Occupational exposure to whole-body vibration (WBV) is accredited as one of the major risk factors for 
musculoskeletal disorders (MSDs) in the workplace. Mining operators of heavy earth moving machineries 
(HEMMs) such as dozer, dumper, shovel, and drill are exposed to WBV during the production processes of surface 
mining. This study focuses on a coal mine, an iron ore mine, and a chromite mine which are  located in eastern 
part of India to assess the WBV exposure of dumper operators. This work included the measurement of vibration 
parameters such as frequency weighted RMS acceleration, crest factor (CF) and vibration dose value (VDV) in 
x, y and z axes and the results were compared with the ISO 2631-1:1997 standards. The results revealed that 
the frequency-weighted RMS acceleration of dumper operators was highest in the z-axis (dominant axis) in all 
the three aforementioned mines. The mean frequency-weighted RMS acceleration values of dumper operators 
in the coal, iron ore, and chromite mine in z-axis (the dominant axis) were 0.63 m s-2, 0.47 m s-2, 0.87 m s-2 
respectively, which exceeded the lower limit of ISO-2631-1997, signifying the moderate health risk. Crest factor 
values in x, y, and z axes in all the three mines indicated that the dumper operators are exposed to multiple shocks. 
Based on the VDV(8) values, 81%, 90% and 50% of the operators in coal, iron ore and chromite mine respectively 
were found to be exceeding the ISO-2631-1997 lower limit, indicating a moderate health risk. In order to reduce 
the WBV exposure, ergonomic process assessment is needed. Ergonomic process assessment essentially requires 
the measurement of relevant body dimensions such as sitting height, knee height, and buttock popliteal length 
which may influence the WBV exposure as well as the occurrence of MSDs. These measurements allow us to 
judge the compatibility of the seat dimensions of dumpers with  operators’ body dimensions and to assess the 
comfort/discomfort to the operators while operating the dumpers. The results revealed that height of backrest 
of dumper’s seat for above  80% of the operators was shorter than sitting height of operators in all the three 
mines.. Similarly, there was a mismatch of length of seat with buttock popliteal length of operators, which often 
culminates to working in awkward posture and leads to MSDs in the long term. Based on the above pilot study, it is 
recommended that all machines in all mines must be tested for WBV exposure so that they do not exceed the lower 
limit of ISO 2631-1:1997; and seat design as well as other parameters that influence the WBV exposure should be 
explored through ergonomic process assessment to improve the health and safety of dumper operators in mines
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Safety Maturity of Indian Mining Industry -  
where are we?
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Abstract
Journey of safety is similar in every industry and in every country. Mining industry is also no exception. 
Safety maturity model is a simple way to express the pathway or the journey of safety management in that 
particular industry. Safety maturity model may be used to assess the level of effectiveness of the safety 
management system, to tell you, where you are and show the path where do you want go from here? Once  
the  level  of  maturity  is  established,  improvement  plans  may be developed  to  improve  the  maturity  of  
individual  standards  that  were  weaker  than  the  average  and/or  improve  the  maturity  as  a  whole.  
The  model  is analogous to   a  journey  as  there  is  a  strong  focus  on  continual  improvement  and  
effectiveness  of  the  standards,  rather  than  pure  compliance.  The  model  has  been  found  to  be  a  
practical  and  useful  tool  by  sites  as  a  means  of  identifying  strengths  and  weaknesses  within  their  
systems,  and  as  a  means  of  assurance  with the safety  system standards.  

The concept of safety maturity  model  has been developed recently within  the  discipline  of  safety  
management  and  has  been  applied  to  safety  culture  development  within  a  number  of  “high  hazard”  
industries such as the offshore, aviation, rail and petro-chemical industries. These models  originated  from  
both  quality  and  organizational  development  models  as  well  as  capability  maturity models that had 
been used in the software industry. Such models were developed to allow organizations  to  understand  
their  own  level  of  safety  culture  maturity  by  assessing  the  level  of  compliance  with  various  key  
elements  of  safety  culture  across  a  number  of  stages  (typically  5)   that  represent different levels of 
maturity.  

In mining industry this concept is also new. Learning from the Lardner and Fleming three stage model 
to Fleming’s 10 elements of safety culture and Hudson’s five levels of maturity, Mineral Industry Risk 
Management in Australia has developed the MIRM Maturity chart showing how level of maturity and 
the journey of safety management has been evolving in mining industry. This chart provides the cultural 
elements and the system elements in different stages of maturity in mining industry. In this Key Note 
address, an effort has been made to describe different safety cultural elements vis-à-vis the elements of 
safety management system in mineral industry. It is left upon the wisdom of the leaders of Indian mining 
industry to assess where we are by identifying evidences of maturity of safety culture and to decide the path 
forward, where do we want to go from here? An effort has also been made to help Indian mining industry 
to achieve the coveted goal of Zero Harm in mining industry adapting the philosophy of risk based safety 
management in place of rule based, compliance oriented and enforcement driven safety management. 
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Abstract--
The favourable mining and geological characteristics like substantial seam thickness at a comparative shallow depth, has resulted in opting for 
opencast mining as a technological option, but with the burgeoning coal demand there has been corresponding increase in the size and depth of 
the opencast mines in the country. The deeper coal deposits have necessitated the handling of large volume of Overburden, resulting in formation 
of huge overburden dumps. Accommodation of huge overburden dumps have become a matter of important concern for mines with higher 
stripping ratio. Restriction in availability of land area, for accommodating overburden in the external dumps, on account of socio-economic & 
environmental factors aggravates the issue. Planning for Coal extraction from a mine block area of given stripping ratio, necessarily requires 
to address the issue of overburden dump accommodation, while complying the extant stipulations regarding safety & environment.  This paper 
deals with an effort to find a solution for determining the optimum strike length of mine block area, for a given stripping ratio, while addressing 
the issue of overburden dump accommodation, within the proviso of extant conditions regarding safety and environment.

I. INTRODUCTION
Coal is the primary source on energy in India from last 
two-three decades. In 2017-18, around 93.8% of coal 
was produced from opencast mines. The coal vision 
2030 estimates that the domestic coal demand will go 
to 900-1,000 MTPA by 2020 and 1,300-1,900MTPA 
by 2030 [1]. On account of upcoming high demand of 
coal, it is incumbent upon the mine operators, to extract 
coal from deep lying seams which have higher stripping 
ratio. According to coal directory of India 2017-18, MCL 
reported the minimum stripping ratio of 0.97 whereas 
NEC reported the highest stripping ratio of 10.09. The 
overall stripping ratio of CIL was 2.19 [2], in the year 
2017-18. Higher stripping ratio means handling of huge 
amount of overburden for extraction of coal, which 
creates a problem of dump accommodation, on account 
of limited space within the mine precincts and the extant 
stipulations from the regulatory bodies.

It is always better to have proper planning & 
design, rather than performing remedial measures 
to compensate for design deficiencies, with due 
consideration to the stipulations given by regulatory 
affairs. The cost of the compliance may be reduced when 
taken into account in the design or planning process, in 
a proactive manner, rather than being addressed on an 
ad hoc basis as problems develop or enforced actions 
occurs [3].

II. PROBLEM STATEMENT
 The seams which were left unworkable due to high 
stripping ratio in the past are being extracted now 
profitably, on account of cost-effective technology 
available globally. However, limited space being 
provided for mining, in the current scenario of 
high environmental concern, the problem of over 
burden dump accommodation thereof, have posed 
another challenge, that need immediate attention 
[4]. Overburden generated at the start of excavation 
is required to be accommodated in external dumps 
(additional land area in the no-coal zone, until sufficient 
space is generated for internal dump (de-coaled area). 
In the light of above, it is felt necessary to determine 
an optimum strike length of a coal mining block area, 
for a given stripping ratio, while addressing the issue of 
overburden dump accommodation.

III. ASSUMPTIONS
 Coal seams are always found in undulated terrain, 
which means the ratio between thickness of coal 
seams and over laying over burden always varies. For 
calculating stripping ratio and depth of the mine, 
we consider coal block as rectangular block having 
average thickness of coal seams and over laying strata 
throughoutthe mine life. 
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Fig. 1. Vertical profile of virgin land area

IV. EVALUATION OF VOLUME OF 
EXTERNAL DUMP

For any green field project, i.estarting of 
mining in any virgin land area, we have to start 
excavation from no coal zone, so as to reach the in-
crop of the bottom most coal seam, upto its floor.
However, Formation of benches, for the purpose is 
exhibited in the mostsimplecross-section (dip 
direction)as shown in fig: 2.

Fig. 2. Cross-sectional view(Perpendicular to strike)
Assuming the height, width and angle of 

the benches asp, q and β respectively and the 
minimum distance between dump and lower most 
bench as “a”, minimum Cross-sectional area(Añ)of 
solidmaterial which need to be accommodated in the 
external dump, will be the sum of b1, b2, … bn (as 
shown is fig: 2)
Añ = ñ𝒑𝒑𝒑𝒑[𝒂𝒂𝒂𝒂 + ñ𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑 + (ñ − 𝟏𝟏𝟏𝟏)𝒒𝒒𝒒𝒒] ……(1)

Detail derivation:
b1 = {𝑎𝑎𝑎𝑎 + 𝑎𝑎𝑎𝑎 + 2𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝} 𝑝𝑝𝑝𝑝

2
= {𝑎𝑎𝑎𝑎 + 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝}𝑝𝑝𝑝𝑝

b2 = {𝑎𝑎𝑎𝑎 + 2𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 2𝑞𝑞𝑞𝑞 + 𝑎𝑎𝑎𝑎 + 4𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 2𝑞𝑞𝑞𝑞} 𝑝𝑝𝑝𝑝
2

= {𝑎𝑎𝑎𝑎 + 3𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 2𝑞𝑞𝑞𝑞}p
b3 = {𝑎𝑎𝑎𝑎 + 4𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 4𝑞𝑞𝑞𝑞 + 𝑎𝑎𝑎𝑎 + 6𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 4𝑞𝑞𝑞𝑞} 𝑝𝑝𝑝𝑝

2
= {𝑎𝑎𝑎𝑎 + 5𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 4𝑞𝑞𝑞𝑞}p

bñ = {𝑎𝑎𝑎𝑎 + (2ñ − 1) 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 2(ñ − 1)𝑞𝑞𝑞𝑞}𝑝𝑝𝑝𝑝
Añ = � {𝑎𝑎𝑎𝑎 + (2ñ − 1)𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 2(ñ − 1)𝑞𝑞𝑞𝑞}𝑝𝑝𝑝𝑝ñ

ñ=1

= [𝑎𝑎𝑎𝑎ñ + {2 ñ(ñ+1)
2

− 𝑛𝑛𝑛𝑛}𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 2{ñ(ñ+1)
2

− ñ}𝑞𝑞𝑞𝑞]𝑝𝑝𝑝𝑝
= [𝑎𝑎𝑎𝑎ñ + {ñ2 + ñ − ñ}𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + {ñ2 + ñ − 2ñ}𝑞𝑞𝑞𝑞]𝑝𝑝𝑝𝑝

Añ = ñ𝑝𝑝𝑝𝑝[𝑎𝑎𝑎𝑎 + ñ𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + (ñ − 1)𝑞𝑞𝑞𝑞] ……(1)

Where number of benches ñ = ℎ
𝑝𝑝𝑝𝑝

(Where h is avg. weighted depth of mine)
Putting value of “ñ” in equation (1) 
An = ℎ

𝑝𝑝𝑝𝑝
𝑝𝑝𝑝𝑝[𝑎𝑎𝑎𝑎 + ℎ

𝑝𝑝𝑝𝑝
𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + (ℎ

𝑝𝑝𝑝𝑝
− 1)𝑞𝑞𝑞𝑞]

An = ℎ[𝑎𝑎𝑎𝑎 + ℎ𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + (ℎ
𝑝𝑝𝑝𝑝
− 1)𝑞𝑞𝑞𝑞]

Solid Volume to be excavated for accommodation in 
external Dump=S x Añ
(Where S is strike length of mine, which will be 
evaluated at later stage of this model)
V =S𝒉𝒉𝒉𝒉[𝒂𝒂𝒂𝒂 + 𝒉𝒉𝒉𝒉𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑 + (𝒉𝒉𝒉𝒉

𝒑𝒑𝒑𝒑
− 𝟏𝟏𝟏𝟏)𝒒𝒒𝒒𝒒]

Although, the volume of external dump 
may vary depending on method of mining and 
equipment deployed, the above model is expressive 
of the approximate volume of solid over burden 
material that is required to be accommodated in 
external dump. 

V. EVALUATION OF SECTIONAL AREA OF 
INTERNAL OB DUMP

Considering deck height of individual OB dump 
benches formed by shovel-dumper system is “d” and 
slope of individual dump benches is “𝜃𝜃𝜃𝜃”. Width of 
the deck between two benches is “l” and base length 
of one dump is “A” as shown in fig-3. Considering 
maximum allowed number of decks is “n”.

Fig. 3. Sectional View of one Dump(Along strike)

Required Sectional area of one dump (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)
for creating “n” decks
𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 =  𝒏𝒏𝒏𝒏𝑺𝑺𝑺𝑺[𝑨𝑨𝑨𝑨 − (𝒏𝒏𝒏𝒏 − 𝟏𝟏𝟏𝟏)𝒍𝒍𝒍𝒍 − 𝒏𝒏𝒏𝒏𝑺𝑺𝑺𝑺 𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒄𝒄𝒄𝒄] …. (2)

Detail derivation:
Cross-sectional Area of first deck (B1):
B1=  (𝐴𝐴𝐴𝐴 + 𝐴𝐴𝐴𝐴 − 2 𝑆𝑆𝑆𝑆 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝜃𝜃𝜃𝜃) 𝑆𝑆𝑆𝑆

2
=(𝐴𝐴𝐴𝐴 − 𝑆𝑆𝑆𝑆 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝜃𝜃𝜃𝜃) 𝑆𝑆𝑆𝑆
Cross-sectional Area of second deck (B2): 𝐵𝐵𝐵𝐵2 =
 {𝐴𝐴𝐴𝐴 − 2(𝑙𝑙𝑙𝑙 + 𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝜃𝜃𝜃𝜃) +  𝐴𝐴𝐴𝐴 − 2(𝑙𝑙𝑙𝑙 + 𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝜃𝜃𝜃𝜃) −
2𝑆𝑆𝑆𝑆 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝜃𝜃𝜃𝜃} 𝑆𝑆𝑆𝑆

2
= {𝐴𝐴𝐴𝐴 − 2(𝑙𝑙𝑙𝑙 + 𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝜃𝜃𝜃𝜃) − 𝑆𝑆𝑆𝑆 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝜃𝜃𝜃𝜃}𝑆𝑆𝑆𝑆

Cross-sectional Area of third deck (B3):
𝐵𝐵𝐵𝐵3 = ( 𝐴𝐴𝐴𝐴 − 2𝑥𝑥𝑥𝑥2(𝑙𝑙𝑙𝑙 + 𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝜃𝜃𝜃𝜃) +  𝐴𝐴𝐴𝐴 − 2𝑥𝑥𝑥𝑥2(𝑙𝑙𝑙𝑙

+ 𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝜃𝜃𝜃𝜃) − 2𝑥𝑥𝑥𝑥2𝑆𝑆𝑆𝑆 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝜃𝜃𝜃𝜃}
𝑆𝑆𝑆𝑆
2

= {𝐴𝐴𝐴𝐴 − 2𝑥𝑥𝑥𝑥2(𝑙𝑙𝑙𝑙 + 𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝜃𝜃𝜃𝜃) −               𝑆𝑆𝑆𝑆 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝜃𝜃𝜃𝜃}𝑆𝑆𝑆𝑆

Cross-sectional Area of Nth deck (Bn):
𝐵𝐵𝐵𝐵𝑛𝑛𝑛𝑛 =  {𝐴𝐴𝐴𝐴 − 2(𝑛𝑛𝑛𝑛 − 1)(𝑙𝑙𝑙𝑙 + 𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝜃𝜃𝜃𝜃) − 𝑆𝑆𝑆𝑆 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝜃𝜃𝜃𝜃}𝑆𝑆𝑆𝑆

Total Sectional Area of n decks
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𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = ∑ 𝐵𝐵𝐵𝐵𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛
𝑛𝑛𝑛𝑛=1 =B1 + B2 + B3 + …… + Bn

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = � {𝐴𝐴𝐴𝐴 − 2(𝑛𝑛𝑛𝑛 − 1)(𝑙𝑙𝑙𝑙 + 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜃𝜃𝜃𝜃) −𝑛𝑛𝑛𝑛
𝑛𝑛𝑛𝑛=1

          𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜃𝜃𝜃𝜃}𝑆𝑆𝑆𝑆
= [𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴 − 2{𝑛𝑛𝑛𝑛(𝑛𝑛𝑛𝑛+1)

2
− 𝑛𝑛𝑛𝑛}(𝑙𝑙𝑙𝑙 + 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜃𝜃𝜃𝜃) −

           𝑛𝑛𝑛𝑛𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜃𝜃𝜃𝜃]𝑆𝑆𝑆𝑆
=

[𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴 − 2{𝑛𝑛𝑛𝑛(𝑛𝑛𝑛𝑛−1)
2

}(𝑙𝑙𝑙𝑙 + 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜃𝜃𝜃𝜃) −             𝑛𝑛𝑛𝑛𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜃𝜃𝜃𝜃]𝑆𝑆𝑆𝑆
= [𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴 − 𝑛𝑛𝑛𝑛{𝑛𝑛𝑛𝑛 − 1}(𝑙𝑙𝑙𝑙 + 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜃𝜃𝜃𝜃) −           𝑛𝑛𝑛𝑛𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜃𝜃𝜃𝜃]𝑆𝑆𝑆𝑆
= [𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴 − {𝑛𝑛𝑛𝑛2 − 𝑛𝑛𝑛𝑛}(𝑙𝑙𝑙𝑙 + 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜃𝜃𝜃𝜃) − 𝑛𝑛𝑛𝑛𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜃𝜃𝜃𝜃]𝑆𝑆𝑆𝑆
= [𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴 − 𝑛𝑛𝑛𝑛2𝑙𝑙𝑙𝑙 + 𝑛𝑛𝑛𝑛𝑙𝑙𝑙𝑙 − 𝑛𝑛𝑛𝑛2𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜃𝜃𝜃𝜃 + 𝑛𝑛𝑛𝑛𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜃𝜃𝜃𝜃 −
         𝑛𝑛𝑛𝑛𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜃𝜃𝜃𝜃]𝑆𝑆𝑆𝑆
= [𝐴𝐴𝐴𝐴 − 𝑛𝑛𝑛𝑛𝑙𝑙𝑙𝑙 + 𝑙𝑙𝑙𝑙 − 𝑛𝑛𝑛𝑛𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜃𝜃𝜃𝜃]𝑆𝑆𝑆𝑆𝑛𝑛𝑛𝑛
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =  𝑛𝑛𝑛𝑛𝑆𝑆𝑆𝑆[𝐴𝐴𝐴𝐴 − (𝑛𝑛𝑛𝑛 − 1)𝑙𝑙𝑙𝑙 − 𝑛𝑛𝑛𝑛𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜃𝜃𝜃𝜃] …. (2)

The maximum height of the dump for 
creating “n” numbers of deck, is “nd” and minimum 
length along the strike length, is “2𝑛𝑛𝑛𝑛(𝑙𝑙𝑙𝑙 + 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜃𝜃𝜃𝜃)”.

Minimum base length of one dump
𝑨𝑨𝑨𝑨 =  𝟐𝟐𝟐𝟐𝒏𝒏𝒏𝒏(𝒍𝒍𝒍𝒍 +  𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺)……… (3)
Putting the value of A in equation (2)
Sd =
𝑛𝑛𝑛𝑛𝑆𝑆𝑆𝑆[2𝑛𝑛𝑛𝑛(𝑙𝑙𝑙𝑙 + 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜃𝜃𝜃𝜃) − (𝑛𝑛𝑛𝑛 − 1)𝑙𝑙𝑙𝑙 −          𝑛𝑛𝑛𝑛𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜃𝜃𝜃𝜃]
=𝑛𝑛𝑛𝑛𝑆𝑆𝑆𝑆[2𝑛𝑛𝑛𝑛𝑙𝑙𝑙𝑙 + 2𝑛𝑛𝑛𝑛𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜃𝜃𝜃𝜃 − 𝑛𝑛𝑛𝑛𝑙𝑙𝑙𝑙 + 𝑙𝑙𝑙𝑙 −           𝑛𝑛𝑛𝑛𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜃𝜃𝜃𝜃]
𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 =  𝒏𝒏𝒏𝒏𝑺𝑺𝑺𝑺[𝒏𝒏𝒏𝒏𝒍𝒍𝒍𝒍 + 𝒏𝒏𝒏𝒏𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 + 𝒍𝒍𝒍𝒍]………. (4)

After reaching the maximum height, dump 
will expand along the strike length. Assuming that 
dump will expand ΔS after covering 2n(l+dcotθ) 
length along the strike.

Fig. 4. Section-view after ΔS expansion(Along 
strike)

Sectional area of dump which is created by 
expansion (ΔS) of dump 
SΔS= 𝑛𝑛𝑛𝑛𝑆𝑆𝑆𝑆𝛥𝛥𝛥𝛥𝑆𝑆𝑆𝑆
Total Sectional Area of one dump
Sn = Sd + SΔS
𝑺𝑺𝑺𝑺𝒏𝒏𝒏𝒏 = 𝒏𝒏𝒏𝒏𝑺𝑺𝑺𝑺[𝒏𝒏𝒏𝒏𝒍𝒍𝒍𝒍 + 𝒏𝒏𝒏𝒏𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 + 𝒍𝒍𝒍𝒍] + 𝒏𝒏𝒏𝒏𝑺𝑺𝑺𝑺𝜟𝜟𝜟𝜟𝑺𝑺𝑺𝑺... (5)

VI. EVALUATION OF RELATION BETWEEN 
STRIKE LENGTH AND SECTIONAL 

AREA OF INTERNAL OB DUMP
When considered as rectangular mine block area, 

strike length of the mine will be the sum of base
length of two dumps and width (W) of the haul 
roads.

Fig: 5 Showing total strike length. (Along the strike)

Strike length,  𝑺𝑺𝑺𝑺 =  𝑾𝑾𝑾𝑾 +  𝟐𝟐𝟐𝟐𝑨𝑨𝑨𝑨 +  𝟐𝟐𝟐𝟐𝜟𝜟𝜟𝜟𝑺𝑺𝑺𝑺(Where “W”
is width of central haul road)
Putting the value of A from equation (3)
S = 𝑊𝑊𝑊𝑊 +  2X2𝑛𝑛𝑛𝑛(𝐼𝐼𝐼𝐼 +  𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜃𝜃𝜃𝜃 ) +  2𝛥𝛥𝛥𝛥𝑆𝑆𝑆𝑆
ΔS = 𝟏𝟏𝟏𝟏/𝟐𝟐𝟐𝟐{𝑺𝑺𝑺𝑺 −𝑾𝑾𝑾𝑾 − 𝟒𝟒𝟒𝟒𝒏𝒏𝒏𝒏(𝒍𝒍𝒍𝒍 + 𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 )}…(6)
Putting value of ΔS from equation (6) in equation 
(5)
Sn = 𝑛𝑛𝑛𝑛𝑆𝑆𝑆𝑆[nl + ndcotθ + l] + 𝑛𝑛𝑛𝑛𝑆𝑆𝑆𝑆

2
{S −  W −

          4n(l +  dcotθ )} 

=
𝑛𝑛𝑛𝑛𝑆𝑆𝑆𝑆
2

[2nl + 2ndcotθ + 2l +  S −  W −            4nl
− 4ncotθ] 

Sn= 𝒏𝒏𝒏𝒏𝑺𝑺𝑺𝑺
𝟐𝟐𝟐𝟐

[𝑺𝑺𝑺𝑺 + 𝟐𝟐𝟐𝟐𝒍𝒍𝒍𝒍 −𝑾𝑾𝑾𝑾− 𝟐𝟐𝟐𝟐𝒏𝒏𝒏𝒏𝒍𝒍𝒍𝒍 − 𝟐𝟐𝟐𝟐𝒏𝒏𝒏𝒏𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 ] ..(7)
"Sn” is expressed as total sectional Area of one 
dump

VII. RELATION BETWEEN MINE 
MOVEMENT AND PRODUCTION

For smooth functioning of a mine, it is considered 
necessary that, apart from the OB accommodated in 
the external dump, whatever overburden removed
must be accommodated simultaneously in internal 
dump.  
Assuming that, for producing P tonnes of coal, mine 
will advance in the dip direction for distance = M
mtrs (refer fig. 6).

Fig-6 Section showing advancement of 
mine(Perpendicular to strike)

Total volume to be handled for M movement of 
mine = 𝑴𝑴𝑴𝑴𝒉𝒉𝒉𝒉𝑺𝑺𝑺𝑺….. (8)
(Where “h” is av. weighted depth of the mine)
Total volume handled for movement upto M 
distance in the mine is same as the sum of volume 
of coal produced and volume of OB removed for 
producing P tonnes of coal. 
Total volume handled = 𝑷𝑷𝑷𝑷

𝒈𝒈𝒈𝒈
+  𝒓𝒓𝒓𝒓𝒑𝒑𝒑𝒑  …….. (9)

(Where “g” is specific gravity of coal and r is 
stripping ratio of mine)
Hence, from equation (8) & (9)
𝑀𝑀𝑀𝑀ℎ𝑆𝑆𝑆𝑆= (𝑃𝑃𝑃𝑃/𝑔𝑔𝑔𝑔 + 𝑟𝑟𝑟𝑟𝑃𝑃𝑃𝑃)
𝑴𝑴𝑴𝑴 = 𝑷𝑷𝑷𝑷

𝒉𝒉𝒉𝒉𝒈𝒈𝒈𝒈𝑺𝑺𝑺𝑺
(𝟏𝟏𝟏𝟏 + 𝒈𝒈𝒈𝒈𝒓𝒓𝒓𝒓)………….….. (10)

Volume of Internal Dump
For producing P tonnes of coal, total OB required to 
be removed = rP cum
Swell volume of OB = µ𝑟𝑟𝑟𝑟𝑃𝑃𝑃𝑃 cum (Where µ is 
swelling factor of OB)
It is considered that OB dump will advance at the 
same pace as the advancement of mine benches.
Hence the maximum volume which can be 
accommodated in two internal OB dumps will be
equal to:Mx2Sn
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Since the OB removed for producing P Tonnes of 
coal must be accommodated within the two nos. 
internal OB dumps, with due consideration to its 
swell volume and the extant statutory provisions of 
dump profile:
Swell volume of OB removed = available space in 
two dumps 
µ𝒓𝒓𝒓𝒓𝑷𝑷𝑷𝑷= 𝑀𝑀𝑀𝑀x2 𝑥𝑥𝑥𝑥(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑝𝑝𝑝𝑝𝑟𝑟𝑟𝑟𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝 𝑝𝑝𝑝𝑝𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑠𝑠𝑠 𝑆𝑆𝑆𝑆𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑝𝑝𝑝𝑝)
i.e.µ𝒓𝒓𝒓𝒓𝑷𝑷𝑷𝑷=𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝟐𝟐𝟐𝟐𝑴𝑴𝑴𝑴𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 ……… (11)

VIII. EVALUATION OF RELATION 
BETWEEN STRIKE LENGTH AND 

STRIPPING RATIO

A. MODEL-1: One Central entry and two 
peripheral entry to the bottommost seam floor

Putting the value of Sn and M from equation 
(7) & (10) in equation (11), optimum strike 
length,Sma considering one central entry and two 
peripheral entry to the bottom most seam floor is 
determined as:
Sma =𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺(𝟏𝟏𝟏𝟏+𝒈𝒈𝒈𝒈𝒓𝒓𝒓𝒓)(𝑾𝑾𝑾𝑾+𝟐𝟐𝟐𝟐𝑺𝑺𝑺𝑺𝒏𝒏𝒏𝒏+𝟐𝟐𝟐𝟐𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏−𝟐𝟐𝟐𝟐𝒏𝒏𝒏𝒏)

𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺(𝟏𝟏𝟏𝟏+𝒈𝒈𝒈𝒈𝒓𝒓𝒓𝒓)− µ𝒓𝒓𝒓𝒓𝒉𝒉𝒉𝒉𝒈𝒈𝒈𝒈
                                            …... (12)
Detail derivation: 

 µ𝑟𝑟𝑟𝑟𝑃𝑃𝑃𝑃 = 𝑃𝑃𝑃𝑃
ℎ𝑔𝑔𝑔𝑔𝑆𝑆𝑆𝑆

(1 + 𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟)2 𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆
2

[𝑆𝑆𝑆𝑆 + 2𝑝𝑝𝑝𝑝 − 𝑊𝑊𝑊𝑊 −
               2𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 − 2𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 ]   

 µ𝑟𝑟𝑟𝑟ℎ𝑔𝑔𝑔𝑔𝑆𝑆𝑆𝑆 = 𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆(1 + 𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟)[𝑆𝑆𝑆𝑆 + 2𝑝𝑝𝑝𝑝 −𝑊𝑊𝑊𝑊 −
2𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 −                  2𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 ]

 µ𝑟𝑟𝑟𝑟ℎ𝑔𝑔𝑔𝑔𝑆𝑆𝑆𝑆 = 𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆(1 + 𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟)𝑆𝑆𝑆𝑆 + 𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆(1 + 𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟)(2𝑝𝑝𝑝𝑝 −
                 𝑊𝑊𝑊𝑊 − 2𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 − 2𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆) ]

 𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆(1 + 𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟)𝑆𝑆𝑆𝑆 −  µ𝑟𝑟𝑟𝑟ℎ𝑔𝑔𝑔𝑔𝑆𝑆𝑆𝑆 = 𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆(1 +
𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟)(𝑊𝑊𝑊𝑊 + 2𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 2𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 − 2𝑝𝑝𝑝𝑝)

 {𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆(1 + 𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟) −  µ𝑟𝑟𝑟𝑟ℎ𝑔𝑔𝑔𝑔}𝑆𝑆𝑆𝑆 = 𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆(1 +
𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟)(𝑊𝑊𝑊𝑊 + 2𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 2𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 − 2𝑝𝑝𝑝𝑝)

S =𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 (1+𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟 )(𝑊𝑊𝑊𝑊+2𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝+2𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 −2𝑝𝑝𝑝𝑝)
𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 (1+𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟 )− µ𝑟𝑟𝑟𝑟ℎ𝑔𝑔𝑔𝑔

…... (12)

B. MODEL-2: One Central entry to the bottommost 
seam floor and two peripheral entry to the 
middle seam floor or OB benches

Assuming that two flank roads of width W/2 is 
developed on outer side of both the internal dumps 
at the height of two decks (2d).

Fig. 7. Showing sectional area of one dump 
including flank road

Total cross-sectional area of the internal 
dumps including extra area developed by creation of 
flank road

Ŝn= 𝑺𝑺𝑺𝑺
𝟐𝟐𝟐𝟐

[𝐧𝐧𝐧𝐧𝑺𝑺𝑺𝑺 + 𝟔𝟔𝟔𝟔𝑺𝑺𝑺𝑺𝒏𝒏𝒏𝒏 − 𝟐𝟐𝟐𝟐𝑺𝑺𝑺𝑺𝑾𝑾𝑾𝑾− 𝟐𝟐𝟐𝟐𝑺𝑺𝑺𝑺𝟐𝟐𝟐𝟐𝒏𝒏𝒏𝒏 − 𝟐𝟐𝟐𝟐𝑺𝑺𝑺𝑺𝟐𝟐𝟐𝟐𝑺𝑺𝑺𝑺𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏 +
𝟒𝟒𝟒𝟒𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏 − 𝟔𝟔𝟔𝟔𝒏𝒏𝒏𝒏 − 𝟒𝟒𝟒𝟒𝑺𝑺𝑺𝑺𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏 + 𝟐𝟐𝟐𝟐𝑾𝑾𝑾𝑾 ]

……….13

Detail Calculation: 
Extra cross-sectional area created due to 

development of flank roads.
Sf = �2(𝑝𝑝𝑝𝑝 + 𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆) − 𝑊𝑊𝑊𝑊

2
� (𝑝𝑝𝑝𝑝 − 2)𝑆𝑆𝑆𝑆 + 1

2
𝑆𝑆𝑆𝑆2𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 +

(𝑝𝑝𝑝𝑝 + 𝑆𝑆𝑆𝑆 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 + 𝑝𝑝𝑝𝑝 + 𝑆𝑆𝑆𝑆 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 + 𝑆𝑆𝑆𝑆 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆) 𝑆𝑆𝑆𝑆
2

Sf = �2𝑝𝑝𝑝𝑝 + 2𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 − 𝑊𝑊𝑊𝑊
2
� (𝑝𝑝𝑝𝑝 − 2)𝑆𝑆𝑆𝑆 + 1

2
𝑆𝑆𝑆𝑆2𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 +

𝑆𝑆𝑆𝑆
2

(2𝑝𝑝𝑝𝑝 + 3𝑆𝑆𝑆𝑆 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆)

Sf = 𝑆𝑆𝑆𝑆
2

{(4𝑝𝑝𝑝𝑝 + 4𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 −𝑊𝑊𝑊𝑊)(𝑝𝑝𝑝𝑝 − 2) + 𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 + 2𝑝𝑝𝑝𝑝 +
3𝑆𝑆𝑆𝑆 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆}
Sf = 𝑆𝑆𝑆𝑆

2
{4𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 4𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 − 𝑝𝑝𝑝𝑝𝑊𝑊𝑊𝑊 − 8𝑝𝑝𝑝𝑝 − 8𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 +

2𝑊𝑊𝑊𝑊 + 4𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 + 2𝑝𝑝𝑝𝑝}
Sf = 𝑆𝑆𝑆𝑆

2
{4𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 4𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 − 𝑝𝑝𝑝𝑝𝑊𝑊𝑊𝑊 − 6𝑝𝑝𝑝𝑝 − 4𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 +

2𝑊𝑊𝑊𝑊}………. (i)
Now the total cross-sectional area will increase by 
Sf
New sectional area of one dump
Ŝn=Sn+ Sf
Putting value of Sn & Sf from eq(7) &eq(i)
Ŝn =𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆

2
[𝑆𝑆𝑆𝑆 + 2𝑝𝑝𝑝𝑝 −𝑊𝑊𝑊𝑊 − 2𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 − 2𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 ] +𝑆𝑆𝑆𝑆

2
{4𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 +

4𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 − 𝑝𝑝𝑝𝑝𝑊𝑊𝑊𝑊 − 6𝑝𝑝𝑝𝑝 − 4𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 + 2𝑊𝑊𝑊𝑊}
Ŝn = 𝑆𝑆𝑆𝑆

2
[n𝑆𝑆𝑆𝑆 + 2𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 − 𝑝𝑝𝑝𝑝𝑊𝑊𝑊𝑊 − 2𝑝𝑝𝑝𝑝2𝑝𝑝𝑝𝑝 − 2𝑝𝑝𝑝𝑝2𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆

+4𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 4𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 − 𝑝𝑝𝑝𝑝𝑊𝑊𝑊𝑊 − 6𝑝𝑝𝑝𝑝 − 4𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 + 2𝑊𝑊𝑊𝑊 ]
Ŝn= 𝑆𝑆𝑆𝑆

2
[n𝑆𝑆𝑆𝑆 + 6𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 − 2𝑝𝑝𝑝𝑝𝑊𝑊𝑊𝑊 − 2𝑝𝑝𝑝𝑝2𝑝𝑝𝑝𝑝 − 2𝑝𝑝𝑝𝑝2𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 +

4𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 − 6𝑝𝑝𝑝𝑝 − 4𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 + 2𝑊𝑊𝑊𝑊 ]……….…13

Putting the value of area (Ŝn) (derived 
above) from equation (13) in equation (11), Strike 
length “Smb” in case ofmodel 2 is determined as 
follows: 
Smb=
𝑺𝑺𝑺𝑺(𝟏𝟏𝟏𝟏+𝒈𝒈𝒈𝒈𝒓𝒓𝒓𝒓)𝟐𝟐𝟐𝟐𝑺𝑺𝑺𝑺𝑾𝑾𝑾𝑾−𝟔𝟔𝟔𝟔𝑺𝑺𝑺𝑺𝒏𝒏𝒏𝒏+𝟐𝟐𝟐𝟐𝑺𝑺𝑺𝑺𝟐𝟐𝟐𝟐𝒏𝒏𝒏𝒏+𝟐𝟐𝟐𝟐𝑺𝑺𝑺𝑺𝟐𝟐𝟐𝟐𝑺𝑺𝑺𝑺𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏−𝟒𝟒𝟒𝟒𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏+𝟔𝟔𝟔𝟔𝒏𝒏𝒏𝒏+𝟒𝟒𝟒𝟒𝑺𝑺𝑺𝑺𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏−𝟐𝟐𝟐𝟐𝑾𝑾𝑾𝑾

𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺(𝟏𝟏𝟏𝟏+𝒈𝒈𝒈𝒈𝒓𝒓𝒓𝒓)− µ𝒓𝒓𝒓𝒓𝒉𝒉𝒉𝒉𝒈𝒈𝒈𝒈
…….. (14)
Detail derivation:
Putting the value of cross section area in equation 
(11)
µ𝑟𝑟𝑟𝑟𝑃𝑃𝑃𝑃 = 𝑃𝑃𝑃𝑃

ℎ𝑔𝑔𝑔𝑔𝑆𝑆𝑆𝑆
(1 + 𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟)2 𝑆𝑆𝑆𝑆

2
[n𝑆𝑆𝑆𝑆 + 6𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 − 2𝑝𝑝𝑝𝑝𝑊𝑊𝑊𝑊 −

2𝑝𝑝𝑝𝑝2𝑝𝑝𝑝𝑝 − 2𝑝𝑝𝑝𝑝2𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 + 4𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 − 6𝑝𝑝𝑝𝑝 − 4𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 +
2𝑊𝑊𝑊𝑊 ]
S
=
𝑆𝑆𝑆𝑆(1+𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟 ){2𝑝𝑝𝑝𝑝𝑊𝑊𝑊𝑊−6𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝+2𝑝𝑝𝑝𝑝2𝑝𝑝𝑝𝑝+2𝑝𝑝𝑝𝑝2𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 −4𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 +6𝑝𝑝𝑝𝑝+4𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 −2𝑊𝑊𝑊𝑊}

𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆 (1+𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟 )− µ𝑟𝑟𝑟𝑟ℎ𝑔𝑔𝑔𝑔
                                                      …….. (14)

  



Northern Coalfields Limited, Singrauli

62

IX. RESULTS

Analysis of the calculation table, with varying 
parameters is expressed in the graphs as below:

Fig. 8. Variation of Strike length of the mining block 
w.r.t varied depth for a given stripping ratio of 2.99

Fig. 9. Variation of Strike length of the mining block 
w.r.t varied Stripping ratio for a given av. mine 
depth of 150m

X. EVALUATION OF MODEL FOR 
EXISTING OCP OF COAL INDIA LTD.

Actual parameters of Jayant OCP of NCL, was 
put up in the model derived above, to evaluate and 
verify the strike length of the mining block as 
below: 

Parameters Symbols Value
No of decks N 7
Deck height (m) d 30
Deck width (m) l 30
Avg. Weighted depth of mine (m) h 150
Specific gravity of Coal (te/Cum) g 1.5
Swelling factor µ 1.3
Central haul road width (m) W 120
Angle of repose 𝜃𝜃𝜃𝜃=37 deg 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝜃𝜃𝜃𝜃 1.327

Current Stripping Ratio r 2.99
Strike length evaluated from the 
derived model (mtrs) S 3518

XI. CONCLUSION

1. Average weighted depth of the mine, for a given 
stripping ratio, is an important parameter for 
determining the optimum strike length of a 
mining block, in the light of overburden dump 
accommodation.

2. For a given depth of mine, strike length of the 
mining block area is proportional to the stripping 
ratio of the mine block, in the light of 
overburden dump accommodation.

3. Increasing the no. of mine entries at the floor of 
bottom most seam restricts the overburden dump 
accommodation, which consequently, requires 
higher strike length, for a given stripping ratio of 
the mining block

4. Strike length of the mining block area can also 
be optimized by regulating the no. of deck or the 
deck height in the overburden dumps.

5. The model derived for determination of   strike 
length for a given stripping ratio appears to be 
conformity with the actual scenario of the 
existing OCPs lf CIL.

Hence it can be concluded that the 
above model can be used as an effective tool to 
find a solution for determining the optimum 
strike length of a mine block, for a given 
stripping ratio and average weighted depth of the 
mine. The model can successfully address the 
burning issue of overburden dump 
accommodation, within the provisions of extant 
stipulations regarding safety and environment. 
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Abstract: 
The favourable mining and geological characteristics like a substantial seam thickness at a comparatively shallow depth 
has resulted in opting for opencast mining as a technological option, but with the burgeoning coal demand there has been 
a corresponding increase in the number of equipment in mines. The deeper coal deposits have necessitated the handling of 
a large volume of Overburden, resulting in more traffic in the mine. High traffic density has become a matter of important 
concern for mines with a higher stripping ratio. Restriction in the availability of land area for developing more haul roads, 
on an account of socio-economic & environmental factors aggravates the issue. Determination of production capacity for 
existing mines necessarily requires addressing the issue of traffic density, while complying the extant stipulations regarding 
safety & environment.  

This paper aims to establish a relation between the maximum production capacity and optimal traffic density, within the 
proviso of extant conditions regarding safety and environment.

Keywords: Maximum Production Capacity, Optimal Traffic Density, Haul road traffic. 

Introduction: 
In the modern mining industry, with the increasingly 
competitive environment and unit costs, it is necessary 
to evaluate mineral resources optimally from the 
aspects of the economy, safety, and environment. On 
the other hand, production increase is another reality 
and obligation for today’s mining operations. The 
activities related to the extraction of coal consist of 
risky operations, which can make a great impact on 
mine profitability. Therefore, in terms of feasibility, it 
is very important to determine optimum production 
capacity with due consideration to safety. In open-
pit mine planning, many factors affect production 
capacity, such as traffic density, safety, and percentage 
of coal recovery, particularly when the mine goes 
deeper, geomechanical features of the coal seam and 
surrounding rocks, diggability and slope stability 
related to the overall slope angle. In this study, the 
emphasis has been given on all physical parameters 
with due care of factor of safety; it is targeted to 
determine the optimum production capacity of a mine.

Factors affecting Mine Production Capacity: 
Mining Methods
Environmental Factors
Material Transport

Problem statement: 
In this the study, the parameter under consideration 
is generally assessed employing previous experience. 
Such an approach to the problem may or may not 
furnish a rational outcome. But, taking into account the 
limited reserves of coal it is very essential to establish 
a mathematical model to optimize the production 
level. The model proposed can be regarded as the most 
proper for determination of the optimum production 
capacity in the pre-feasibility phase since it embraces 
all connected factors: traffic density, density factor, and 
percentage of recovery of coal with due consideration 
of all the obligations. In this study, for a  given 
reserve and stripping ratio the optimum production 
level (capacity) is determined analytically using a 
mathematical model. To illustrate the model utilized in 
this article, a numerical example is also made.

Methodology: 
To calculate the maximum production capacity of 
a mine, traffic density has been considered as the 
limiting factor while complying the extant stipulations 
regarding safety & environment. Density is also an 
important measure of the quality of traffic flow, as 
it is a measure of the proximity of other vehicles, a 
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factor which influences freedom to maneuver and the 
psychological comfort of drivers. For these reasons, 
we used the traffic density as the primary measure for 
calculating uninterrupted flow of material. 

Traffic Density is defined as the number of vehicles 
occupying a given length of roadway at a particular time. 
To determine the maximum material flow capacity of a 
haul road, it is assumed that the traffic density is fixed 
i.e. the gap between the dumpers/Tipping trucks (L) 
and speed (S) is fixed at a specific limit. 

Traffic density = 1000/L  (Numbers of Trucks/per Km)

Fig: 1

⇒	 Number of Dumpers/Trucks pass a specific point 
in one hour = 1000/(L/S) = 1000*S/L

⇒	 No. of Working Hours = N

⇒	 Number of Dumpers/Trucks pass a specific point 
in one DAY = 1000*S*N/L

⇒	 Assuming Traffic density Factor = F

⇒	 Volume carrying capacity of Dumpers/Trucks = 
C

Total Material pass through a road in one day = 
1000*S*N*C / (L*F)               

Fig: 2

Model: 
Considering a mine has two flank roads (peripheral) 
that is developed to transport overburden to dump and 
coal from upper seams to CHP/Coal yard. A central 
haul road (main entry) is developed at the mine floor 
level to transport coal from bottom most seam to 
CHP/Coal Yard. The mine has draglines and a Shovel-
dumper combination for transportation of Coal and 
OB. Assuming that some portion of OB (Top Layers) 
has been outsourced due to less departmental transport 
capacity. Separate haul roads have been developed for 
light vehicles, O/S trucks, and departmental dumpers. 

Fig: 3

Considering the Outsourcing agent has deployed the 
tipper truck of capacity C1. The departmental working 
is carried out by dumpers having capacity of C2 and 
four draglines (two in each section) having total 
digging capacity “D”. 

⇒	 Annual Material Cast by Dragline D*90%  (on 
90 % efficiency) 

⇒	 Daily Material Cast by Dragline D1= D*90%/365

⇒	 Average Daily Material Transport from 
Outsourcing Road P1= 2*1000*S1*N1*C1 / 
(L1*F1)

⇒	 Average Daily Material Transport from 
Departmental Road P2= 2*1000*S2*N2*C2 / 
(L2*F2)

Departmental peripheral road will be used for OB 
removal as well as for coal transportation. Assuming 
the current stripping ratio of the mine is “R” and the 
current ratio of bottom most seam thickness to upper 
seams thickness is J. The average specific gravity of coal 
is Sp. 
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⇒	 Average Daily Coal transportation from 
peripheral road (K)= (P1 + P2 + D1 )*Sp/
{Sp*R(1+J)+1}

⇒	 Average Daily Coal Production = (1+J)*K = 
(1+J) * (P1 + P2 + D1 ) *Sp/{Sp*R(1+J)+1}

⇒	 Average OB transport from Peripheral road = P2 
– K/Sp

Following parameters are considered based on general 
practices:

Table No: 1

Paramerters (Assumed)   Value  Units

Current Stripping Ratio R 5.4 Cum/
Te

Width of largest size light 
Vehicle

T1 4.3 m 

Width Of O/S Truck T2 4.3 m 

Width of Largest size Dumper T3 9.75 m 

Traffic Density Factor for O/S F1 2  

Traffic Density Factor for 
Deaprtmental dumpers

F2 10  

Maximun Allowed Speed of 
O/S trucks

S1 30 Km/Hr

Maximun Allowed Speed of 
Deaprtmental dumpers

S2 30 Km/hr

Strike Length of Mine St 4000 m 

Daily Average Working Hours 
O/S

N1 20 Hours

Daily Average Working Hours 
Departmental

N2 20 Hours

Volume capacity of O/S 
Trucks

C1 17 Cum

Volume Capacity of Depart-
mental Dumpers

C2 37 Cum

Minimum Distance Between 
consecutive trucks

L1 40 m

Minimum Distance Between 
consecutive Dumpers

L2 40 m

Total Capacity of Draghline 
(system factor =0.964)

D 15.8 Mcum

Daily Material Cast by Drag-
lines (at 90% capacity)

D1 38982 Cum

Specific Density Of Coal Sp 1.5 T/Cum

Ratio of Turra/Purewa Seam J 0.7  

Fig: 4 -Haul Road Traffic

Table No: 2

Traffic Density 
Factor for O/S

Avg Daily Material 
Transport from O/S 

Road (Cum)

Annual OBR 
from O/S 
(MCum)

1 510000 186.15

2 255000 93.075

3 170000 62.05

From the table No: 2, it can be seen that for Traffic density 
factor 1 (Gap between tippers = 40m), maximum OBR 
from O/S tippers can be 186.15 MCum per annum 
which is not possible in real mining situation, therefore 
for further calculation of departmental OBR, traffic 
density factor for outsourcing tippers is considered as 2 
(Gap between tippers = 80m).

For O/S OBR =2,55,000 Cum/Day
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Table No: 3

Traffic 
Density 
Factor for 
Depart. 
Dumpers

Total 
Depart. 
OBR 
(Cum)

Total OBR (O/
S+Depart.)

Annual 
Coal 
Prod 
(MTe)

1 385 478 88.47

2 196 289 53.50

3 133 226 41.84

4 101 194 36.01

5 83 176 32.51

6 70 163 30.18

7 61 154 28.52

8 54 147 27.27

9 49 142 26.30

10 45 138 25.52

11 41 134 24.88

12 38 132 24.35

13 36 129 23.91

14 34 127 23.52

15 32 125 23.19

16 31 124 22.90

17 29 122 22.64

 

0
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Depart. OBR Coal Production
Total OBR

Traffic density Factor

Figure 5 

As evident from table no: 3, for departmental traffic 
density factor 17 (Gap between dumpers = 680m), 
total OBR is 122 MCum and coal production is 
22.64MTe. 
  Hence, it can be easily seen that there is a scope to 
increase traffic on departmental haul roads only. 

  It can be argued that the outsourcing OBR can be 
increased by developing multiple haul roads. Yes, 
it can be, but it will reduce the percentage recovery 
of coal from the bottom most seam and increase the 
percentage of  rehandling, ultimately it will increase the 
cost of production and affect the economy of mine. 

Conclusion: 
From the above mathematical model, it can be inferred 
that the production enhancement is possible either by 
deploying higher capacity equipment in outsourcing 
working or adding transport equipment to the existing 
fleet in case of departmental workings. 
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Abstract — 
This paper aims to draw attention towards the challenges faced by the project while blasting for 21st Dragline cut. Two 
number of dragline namely Somnath dragline (33/74) capacity and Baidhynath dragline (15/90) capacity in horizontal 
tandem were to be deployed.

The biggest challenge was the cut was full of hindrance for dragline formation level preparation. Base workshop and diesel 
dispensing units of M/s IOCL were in the 21st cut pathway. It was mainly due non availability of land for shifting of base 
workshop from cut area to new site. The new site was not available due to non-shifting of KBJ railway line diversion executed 
by M/s RITES. The shifting of KBJ line was delayed by more than a decade due to land acquisition problems.

A total of 45 blasts were done for chainage upto nearly 2200 metres. The depth of hole for dragline bench blasting varied 
from 32 metres upto 52 metres.

This paper aims to highlight the challenges faced while drilling, charging and blasting of 52 metres hole.

Introduction of Blasting
Blasting is the principal method of rock breakage in 
mining throughout the world. This may be probably 
due to distinct advantages like economy, efficiency, 
convenience and ability to break the hardest rock. 
However, only a portion of the total energy of the 
explosive is consumed in breaking rocks while the rest 
is dissipated. With increasing mining activities in areas 
close to human settlements, ground vibrations has 
become a critical environmental and social impacts as 
it can cause human annoyance and structure damage.

The mining & explosives industries rapidly embracing 
new technology in order to improve overall 
performance, efficiency & cost effectiveness in various 
types of blasting & also to mitigate its adverse effect. 
Most recently technology that is developed to improve 
techno-economics & reduction of adverse effects in 
usage of explosives & blasting is “precise & accurate 
delay timing-Digital & electronic detonators system”. 
Accurate & flexible timing allows blasters to make 

small hole to hole & row to row changes to account for 
drilling in accuracies. The mining method at optimum 
is multi-seam mining, using dragline in successive 
parallel strips 70 m meters wide and upto 2200 m 
long. This method involves removing the top soil 
to a depth of approximately 190 meters, drilling and 
blasting the overlaying waste material and the removal 
of this overlaying burden by draglines. The timing/
delay element of blasting of blast hole firing is enabled 
through a delay element in the detonator.

The long awaited arrival of high accuracy electronic 
detonator provides new opportunities to the explosive 
end user. The blasting community can become better 
equipped and able to improve upon the current 
approaches and methodologies used in blast design. 
The last few years have seen dramatic progress in 
blasting technologies, the quality and performance of 
products. The high accuracy detonator brought with 
it new meaning to one of the fundamental aspects of 
blast design: accurate controlled sequence of blast hole 
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detonation is one of the most critical parameters that 
has a direct impact on overall blast performance in 
many ways.

LOCATION AND GEOLOGY OF PROJECT
Khadia project is located in Singrauli area of M/s 
Northern Coalfields Limited between latitude 24 deg 
7’ 26” &  24 deg 8’47” and between longitude 82 deg 
41’40” & 82 deg 44’47” has been named after Khadia 
village located in the south of the block. The Area is 
covered under the Topo Sheet No.63 L/12 &  special 
sheet no. .9 & 11 of Survey of India.   It is connected by 
Metalled road to NCL HQ, Singrauli and to Shaktinagar 
- Varanasi Highway as well as to Rewa Highway. Nearest 
Railway station being Shaktinagar, Eastern Railway. 

It is bordered in northern side by MP Forest Land, 
in south side by Shaktinagar Super Thermal Power 
Station of NTPC, Shaktinagar, in the western side 
by Dudhichua Project and in the eastern side by  
Krishnashila project.

The Rocks of Barakar formation belonging to Damuda 
Sub group are exposed in this project alongwith recent 
soil/alluvium cover at places. Predominated rock types 
of Barakar formation is sand stone followed by shales 
and occasional clay horizons. The sand stones where 
exposed on the top of the plateau are massive and 
weathered and escarpment, face is characterised by 
boulders of sand stone rolled from top of the plateau. 
The sand stone consists of quartz and feldspar.

The Khadia block stands out as a plateau above the 
plains on its south. The plateau is pronounced by steep 
escarpment facing south, rising from an elevation of 
290m at the base to 425m at the top of the plateau.. The 
area on the top of the plateau is gently undulating, except 
one hill in the north-east corner having an altitude of 
489m. The general elevation of the plateau varies from 
420 to 400m. 

Structure: The strike is NW – SE in the west which 
swing to ENE – WSW in the eastern part of the area. 
The strike is E –W in the central part of the area. The dip 
generally varies from 20 to 30 ( 1 in 20 to 1 in 25). There 
is no exposure of Coal within the Project. The coal 
seams occurs incrop in the property. Five Coal seams 
occur namely, Kota, Turra, Purewa bottom, Purewa 
Top & Khadia in ascending order. The Kota & Khadia 
seams are not considered for exploitation because of 

thinness, interbanded and inconsistent.The overview of 
the Khadia Project is presented in Fig. 1. Fig. 2 depicts 
the cross sectional view of the Khadia project.

PROBLEMS ENCOUNTERED IN THE 21ST 
CUT 
The patch of 21st dragline had base workshop, which 
was to shift in the area to be vacated by diversion of 
KBJ rail track. It can be seen from the following facts 
that it was delayed by more than a decade. So, the mid 
portion chainage from 1200 to 1500 metres of the cut 
could not be decapped out timely resulting in drilling 
patches for dragline of more than 50 metres.

THE REASONS FOR DELAY IN DIVERSION 
OF KBJ RAIL TRACK
Diversion of KBJ Railway Line, a passenger line of Eastern 
Railway (now Eastern Central Railway) in a stretch of 6.5 
Kms near Shaktinagar Railway Station: Construction 
of 10 Bridges including 4 major bridges, earthwork in 
high embankment and cutting, pile foundation with 
1.0m diameter bored cast in- situ piles requiring rock 
drilling, Permanent way works. The work was awarded 
to RITES by Northern Coalfields Ltd. on turnkey basis. 
This work was a left over work, earlier partly executed 
by IRCON. Work in formation was started and 
continued as per RDSO Guidelines. Work involved 
day to day supervision, quality control, adherence to 
specifications processing of claims and certification of 
contractor’s bills. This work was executed in the year 
2003-2004.

This contract was however, foreclosed midway due to 
land availability issues.

After clearing all the issues, NCL again approached 
RITES for completing the balance works. NCL re-
engaged RITES in September 2013 for providing PMC 
services for this. The field work was actually started in 
July 2014 and completed in October 2015. Since it was 
a passenger line, CRS clearance was obtained and line 
was opened to traffic 15.09.2018 on diverted route.
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Fig. 1. Overview of Khadia Project.

Fig. 2. Cross sectional view of Khadia Project.

Method of Working Adopted 
Khadia Opencast mine is having an overall stripping 
ratio of 4.29 t / cum and strike length of about 4.5 Km. 
A combined system of Mining deploying Draglines 
and Shovel-Dumpers combination has been adopted as 
suggested in Project report. The mine has been divided 
into two sector Western and Eastern Section. There 
are three coal seams as stated above and the top cover 
above Purewa top coal seam is about 77m, parting 
between Purewa Top and bottom coal seam is about 35 
m and the parting between Purewa bottom and Turra 
coal seam is about 55m. Thus the total overburden is 
about 167m. Overburden up to about 132m is taken 
by Shovel-Dumpers combination and draglines are 
deployed in the lower 35m for OB removal. The cut 
length of dragline varies from 70-80m which is worked 
by one no.33/74 and two nos. 20/90 Draglines operated 
with extended bench method. Coal is extracted after 
dewatering of coal face by Shovel–dumper combination 
through main entry. This entry is for extracting the 
Turra coal seam all along the cut of the Dragline in a 
safe manner by marinating proper haul road, drain, 
sump, and corridors etc.

CASE STUDY

Drilling challenges
Khadia project has one number of 311mm drill for its 
dragline patch. This DMH make 311 mm diameter had 
the capability to drill a blast hole of 52 metres. Earlier 
DMH drill was used for drilling upto 43 metres using 
three rods attachment (each drill rod of 15 metres in 
length). Fourth rod was in the drill machine but was 
not used for drilling. Service Engineer of equipment 
manufacturer of DMH was called, who was reluctant 
initially to allow use of 4th rod, citing compressor 
capacity limitations. The water column in bore hole 
was upto 18 metres. This made drilling even more 
difficult as after joining of third rod a lot of mud slush 
was encountered. Lot of care was taken to avoid of rods 
getting struck in the hole. It had to be cleaned after each 
rod drilling resulting in barely drilling 02 to 03 holes 
in a day due increased rod changing time. There was 
enormous pressure at the rotary head and feed systems. 
There were increased vibrations transmitted from drill 
strings to drill head, thus decreasing rod penetration 
rate.
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Table 1. Blast Design Parameters adopted 
Date of Blast 08.10.19
Name of Mine Khadia, NCL
Face location West Dragline bench
Strata Medium Hard Strata (OB)
Face condition Cut side free
Bench Height 48.00 to 50.00 mts
Depth of drilled holes 52.00 mts
Dia. Of drilled holes 311 mm
No. of rows 5
Pattern of holes Square pattern
No. of holes 26+3(Pilot holes)
Average spacing 10 mts
Average Burden 12 mts
Sub grade drilling(if any) 1 m
Name and type of explosive 
used

IOCL(IBP) –SME  - 106850 
kgs

Type of initiation used Electronic Detonator—Solar
Explosive charge per Hole 3684 kgs
Maximum charge per delay 3684 kgs
Percentage of booster 0.2%
No. of decks(if any) Two deck – 3 mts each
Stemming Material used Drill cuttings
Water column In hole(if any) 15-18 mts
Length of stemming (top) 6.0
Volume of rock blasted 180960 cu.m
Powder Factor 1.69 cu.m / kg
Blast results
i. Fragmentation Very Good
ii. Throw 10-12 mtrs from face on previ-

ous  blasted side
iii. Percentage of boulders 1 to 2 %
iv. Vibration 13.76 mm/sec at 0.5 km dis-

tance.
v. Noise Very low
vi. Muck Pile profile Power trough of 5 mts at back

B  Charging challenges and Difficulties faced 
and alterations adopted while charging blast 
holes of depth  52m to 58m at Dragline bench

Hose reel attached with pump truck was extended from 

40m to 60m for effective down the hole charging.

Due to extension of Hose reel, pressure exerted by flow 
of Bulk Explosives increased, which was monitored 
carefully.

Lubrication by water was increased and maintained in 
line with the flow of explosives.

Density of explosives throughout the charge column 
(especially at the extreme bottom of hole) was 
maintained in such a manner that it does not exceeds 
the critical density required for effective blasting

Length of Electronic Detonator was to be increased 
from 40 m to 60 m, as per the depth of blast hole.

Conclusions
Based on the study, the following conclusions are 
drawn:

i. Use of electronic detonator made the blasting of 
52 metres very effective with good fragmentation 
and low vibrations.

ii. Better blast efficiencies/fragmentation has been 
acknowledged by Dragline Section. While 
mucking, ease in digging and handling had been 
reported by dragline operational group. 

iii. It is being envisaged that there will be prominent 
increase in life of dragline bucket, its tooth 
points, adaptors and drag/ hoist rope used 
during operation on account of better blast 
fragmentation.

iv. No complaints have been received from local 
residents in the vicinity of the mine boundary.

v. Blast frequency records for blasting with E-det 
were good as far as damages in structures are 
concerned. 

The details of 52 metres of holes drilled, charged and blasted

S. No. Date of 
blast

Drilling 
depth 
(Mtrs)

Drill hole 
Dia (mm)

Spacing 
x Burden 
(Mtrs)

No.of rows      
X column of 
holes

No.of holes 
in the blast

SME 
used in 
(Kg)

SME Charge/
hole (Kg)

PF (CuM/
Kg)

1 08.10.19 52 311 12x10 2x7+3x4+3 29 106850 3684 1.69

2 13.10.19 52.5 311 12x10 3x5 15 57040 3803 1.65
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Details of blasts report of Dragline Bench of 21st cut

S. 
No.

Date of 
blast

Drilling 
depth 
(Mtrs)

Drill hole 
Dia (mm)

Spacing 
x Burden 

(Mtrs)

No.of rows      
X column of 

holes
No.of holes 
in the blast

SME 
used in 

(Kg)

SME 
Charge/hole 

(Kg)
PF (CuM/Kg)

1 06.10.18 33 311 12x10 6 x 10 59 127720 2165 1.86
2 16.10.18 33 311 12x10 6 x 4 24 49690 2070 1.91
3 01.11.18 33 311 12x10 4 x 11 44 99330 2258 1.75
4 18.11.18 37.5 311 12x10 4 x 8 32 82680 2584 1.74
5 05.12.18 35 311 12x10 3 x 8 25 67580 2703 1.49
6 25.12.18 33.5 to 38 311 12x10 6 x 7 41 108170 2638 1.63
7 21.01.19 34 to39 311 12x10 5x7 35 92300 2637 1.71
8 04.02.19 38 311 12x10 5x7+2 37 98970 2675 1.70
9 18.02.19 38 to 39 311 12x10 5x7+4 39 105990 2718 1.70
10 15.03.19 38 311 12x10 5x7+6 41 111070 2709 1.68
11 12.04.19 38 311 12x10 8x7+3 59 153432 2601 1.75
12 06.05.19 36 311 12x10 3x7 24 46284 1929 1.95
13 04.06.19 37 311 12x10 4X7 32 78652 2458 1.58
14 13.06.19 36 311 12x10 7x7 56 156362 2792 1.35
15 20.06.19 38 311 12x10 3x7 30 84924 2831 1.12
16 28.06.19 36 311 12x10 3x7 30 89114 2970 1.02
17 26.07.19 40 311 12x10 3x7+2 23 71182 3095 1.55
18 29.07.19 40 311 12x10 4x7+4 39 91593 2349 1.67
19 08.08.19 38 269 9X10 4x8+5 37 79659 2153 1.59
20 17.08.19 37 269 11x9 2x9+5 23 46704 2031 1.80
21 23.08.19 36 269 11x9 2x8 16 31240 1953 1.82
22 30.08.19 38 269 11x9 2x8+2 18 35978 1999 1.88
23 06.09.19 36 3,11,269 11x10 5x7+1 36 81290 2258 1.75

24 15.09.19 40 3,11,269 11x10 4x7+3 31 85831 2769 1.59

25 25.09.19 42 311 12x10 3x6 18 55592 3088 1.63

26 08.10.19 52 311 12x10 2x7+3x4+3 29 106850 3684 1.69

27 13.10.19 52.5 311 12x10 3x5 15 57040 3803 1.65

28 13.10.19 41 2,69,311 9x8 2x5+5 15 25694 1713 1.72
29 28.10.19 42 311 10x12 3x7 21 64974 3094 1.63
30 03.11.19 43 311 12x10 3x7+5 26 81668 3141 1.64
31 10.11.19 43 311 12x10 4x7+1 29 88642 3057 1.68
32 16.11.19 43 311 12x10 4x7+1 29 83422 2877 1.79
33 22.11.19 41 311 12x10 4x7+2 30 87040 2901 1.69
34 29.11.19 38.25 311 12x10 5x7+5 40 112318 2808 1.63
35 16.12.19 35 2,69,311 11x10 5x7 22 45516 2069 2.95
36 21.12.19 35 269 11x10 5x7 45 79492 1766 1.69
37 26.12.19 32 269 9x11 4x7 38 65056 1712 1.36
38 29.12.19 32 2,69,311 10x12, 9x11 4x7 21 41224 1963 2.38
39 02.01.2020 32 2,69,311 10x12, 9x11 4x7 51 108764 2133 0.90
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INTRODUCTION 
Coal is entrenched in a complex ecosystem. Coal has 
historically fuelled world’s rise, bringing energy to 
billions of households and generating useful economic 
activity. On the flip side, coal faces inevitable pressure 
from renewable energy, which is the cheapest option 
for new builds. The extraordinary circumstances in 
2020 impacted coal markets and lend uncertainty to 
how they will be tailored in a post-Covid-19 economic 
recovery. The future of coal remains an urgent 
question. Global trends mask different regional stories 
– while climate and air quality policies, the emergence 
of shale gas and the collapsing cost of renewables have 
all added to coal’s decline among many member states 
of the Organisation for Economic Cooperation and 
Development (OECD) and in China, Asia’s appetite 
for the black stuff continues to largely offset these falls.

PAST TWO YEARS SCENARIO: A 
DECLINING DEMAND TREND
An electricity-driven decline in coal demand in 2019

In 2019, global coal demand decreased 1.8% after two 
years of growth. Power generation from coal declined 
3%, and coal use in industry increased only slightly. 
Two trends affected coal-fired power generation in 
2019: weak electricity demand growth and low natural 
gas prices. Global electricity generation grew 1% in 
2019, the lowest rate since 2009 and almost one-third 
of the average annual increase since then. Electricity 
generated from renewables increased in 2019, 
squeezing coal and gas generation.

A pandemic-driven drop in coal demand in 2020

 In 2020, global coal demand experienced its largest 
drop since the Second World War, falling 5% from 
2019 levels. Coal’s decline is only slightly sharper 
in power generation than in industrial applications. 

Except for China, industrial output has been severely 
subdued by the Covid-19 crisis. In China, switching 
away from small coal boilers for air quality reasons 
continues. Both of these factors weighed on non-power 
coal demand in 2020.

COAL DEMAND PLUMMETS IN 2020 
FOLLOWING A DROP IN 2019, YET LOOKS 
TO REBOUND IN 2021
Clearly, 2020 is a very different year. The IMF estimates 
a global economic contraction of 4.4%, reflecting 
government measures to control the spread of the 
Covid-19 pandemic. 2021 forecast assumes global GDP 
growth of 5.2% based on the IMF World Economic 
Outlook, which will boost electricity demand and 
industrial production, the main drivers of coal demand. 
Coal consumption will rise 2.6% to 7 432 Mt (still less 
than in 2019) as a result of increased demand in China, 
India and Southeast Asia. The 2021 outlook includes 
strong GDP growth of 8.2% in China that will drive 
additional coal use, particularly in the electricity sector. 
Likewise, the rebound of electricity demand in Europe 
in 2021 will put a temporary brake on the structural 
decline of coal. Higher natural gas prices for power 
generation in the United States could make annual coal 
demand increase for the first time since 2013.

Fig. 1. Global consumption of Coal by region 2000-2021

METALLURGICAL COAL: RESILIENT 
DEMAND IN CHINA SUSTAINS 
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METALLURGICAL COAL CONSUMPTION
In 2019, global met coal consumption rose 3.2% to 1 
080 Mt. By far, China is the largest met coal consumer 
accounting for 64% (691 Mt) of the global total in 2019. 
Other significant met coal consumers were the Russian 
Federation (7%), European Union (5%) and India 
(6%). Global metallurgical coal consumption declined 
3.2% to 1045 Mt in 2020 as steel production (outside 
of China) decreased due to pandemic-related affects as 
well as emerging structural changes that were evident 
before the pandemic. Yet in China demand increased 
2.4% for 2020, reflecting its resilient steel industry 
which is underpinned by government stimulus 
measures. Production surpasses demand, delivering 
record levels of steel stock.

COAL USE PLATEAUS THROUGH TO 2025 
ON THE HEELS OF THE DROP IN 2020 AND 
A REBOUND IN 2021
Looking ahead to 2025, coal demand is expected to 
flatten even though three factors exert downward 
pressure on demand. 

First, coal-fired power plant retirements in developed 
countries accelerate. This reflects lower electricity 
demand related to the pandemic and economic 
slowdown and lower natural gas prices.

Second, low-carbon generation technologies, e.g. wind 
and solar, gain momentum as costs continue to fall and 
policy support is sustained. This dims the prospects for 
coal-fired generation.

Third, the perception that coal is the cheapest source 
of dispatchable electricity has been shaken by low gas 
prices. This mindset change is evident even in some 
Asian countries where coal’s primary position in power 
generation has been undisputed. For example, in 2020, 
VietNam, Bangladesh, the Philippines and Egypt 
downgraded their plans for coal reflecting lower cost 
renewables and cheaper natural gas, amid increasing 
concerns about CO2 emissions and building anti-coal 
pressure on many fronts. Korea and Japan continue to 
take steps to reduce reliance on coal.

Fig. 2. More coal use in Asia is offset by declines in the 
European Union and United States.

INDIA’S COAL DEMAND IS SET TO 
EXPAND DESPITE PLUMMETING IN 2020
Coal consumption in India amounted to 979 Mt in 2019, 
with the largest share being thermal coal (including 
lignite) for electricity generation (687 Mt), followed by 
thermal coal for non-power applications (226 Mt). The 
remainder was metallurgical coal used mainly for steel 
production. Compared with 2018, coal consumption 
fell 1.8%, or 18 Mt in 2019, almost exclusively due to 
lower thermal coal use for power generation. Declining 
coal demand reflects India’s slower economic growth 
and significant hydropower output with heavy 
monsoon rains in 2019. While India’s economy grew 
6.1% in 2018, GDP growth in 2019 was just 4.2%.

For 2021 the IMF expects a recovery of India’s economy, 
with annual GDP growth of 8.8%. With electricity 
demand as well as industrial production rebounding, 
coal use is anticipated to increase 3.8%, or by 35 Mt. 
In the medium term (to 2025), India has one of the 
highest potentials to increase coal consumption as 
electricity demand rises and more steel and cement 
are required for infrastructure projects. Additionally, 
the government aims to expand coal gasification 
considerably, targeting 100 Mt of coal gasification by 
2030.

Infrastructure and manufacturing is expected to 
contribute to large chunk of this growth which in turn 
will boost demand for steel and energy. Combined 
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with improving per capital income and living standard 
expected to further boost energy consumption.

India is the third largest producer and second largest 
consumer of electricity in the world with installed 
power generation capacity of 372.69GW (2020). The 
country also has the fifth largest installed capacity.

India has 5th largest coal reserves. By August 2020, 
the total installed coal based thermal power capacity 
in India stood at 199.5GW. By2022, it is expected to 
witness total installed capacity addition of 47.86GW. 
Thus, Power sector is driving and expected to further 
drive coal demand in the country.

Despite being second largest coal producer, India still 
rely on coal imports which is in the range of about 220-
240 Mn tonne annually.

While import of coal is favourable for coastal power 
plants, several hinterland plants are using imported 
coal for meeting shortfall and blending.

Fig. 3. Coal Scenario Comparison: Global & Domestic

SCENARIO OF COKING COAL AND 
THERMAL DEMAND IN FY 22 & BEYOND
Growth in steel production is expected to push up 
demand for metallurgical coking coal to 75 MT in FY 
23. However, domestic supply of metallurgical coking 
coal is estimated to remain low in spite of logging a 
CAGR of 7.2% to 17 MT in FY 23. Consequently, the 
share of imports is expected to remain 76-77% over FY 
22 & FY 23. In absolute terms, coking coal imports are 
expected to increase to 58 MT in FY 23 from 47 MT in 
FY 18. Though CIL is increasing domestic production 
however due to poor quality of coking coal, import of 
coking is inevitable.

Fig. 1. Coking Coal in MT

Fig. 2. Thermal Coal In MT

THE HYPE: HYDROGEN TO REPLACE 
COAL 
Hydrogen has long been the ‘fuel of the future’ but has to-
date never quite made it as a major player in the energy 
system. Today, a number of key developments suggest 
that the time for a substantial role for hydrogen in the 
energy system has come. First, concern about global 
climate change is increasing, and it is becoming clear 
that decarbonization of the energy system necessitates 
new low carbon fuels and chemical feedstocks. Second, 
technology innovation in electrolysers and electricity 
generation from zero-carbon renewables is making the 
prospect of abundant low carbon hydrogen realistic. 
However, it is important to put this hype in perspective. 
To be deployed at scale, hydrogen will need to compete 
with incumbent fossil fuels and emerging low carbon 
alternatives, such as battery electric vehicles. Although 
cheap and abundant, there will be competing demands 
for low carbon electricity and the production of 
hydrogen from electrolysis is an extremely electro-
intensive process. Moreover, the use of hydrogen in 
end-uses is not always the most efficient solution, 
with direct electrification being more efficient in 
many applications. Therefore, although not a complete 
elimination of coal is possible in the near future but it 
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would surely face a tough competition from Hydrogen 
and other Renewable Sources of energy.

CONCLUSIONS
Global coal production slumped 6.5% in 2020, 
primarily in response to falling demand. Coal 
production destined for domestic consumption largely 
depends on the extent to which respective consumers 
of the produced coal are affected. Export-oriented 
production is influenced by costs, quality and location 
in a market influenced by the pandemic and shifting 
landscapes in power generation. Coal demand in 
the United States and European Union is declining 
drastically, and both are major markets for US coal. 
Therefore, US coal production is projected to decline 
severely (-23%) for 2020. Other regions where coal 
production is expected to fall strongly are Indonesia 
(-14%) and the European Union (-21%). Underpinned 
by stable domestic demand, coal production in China 
is mostly flat in 2020, with post-Covid uptick offsetting 
production cuts in the first-quarter.

Coal production in India in 2020 took a decline of 
around 5% from the previous year, though stockpiles are 
increasing. To increase the offtake of domestic coal, the 
Central Government has mandated Coal India Limited 
to replace at least 100 Mt of imports by domestic coal 

in the 2020-21 fiscal year. Coal production is expected 
to increase in 2021 in line with Government targets for 
domestic demand and successful conduction of First 
round of Commercial Coal Mining.
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Abstract — 
A new code on Occupational Safety, Health and Working Conditions Code, 2020 was notified on 28th Sept., 2020 by GoI, 
subsuming 13 laws which includes; the Mines Act 1952, The Factories Act 1948, The Contract Labour (Regulation and 
Abolition) Act 1970 among the others. This new code will become applicable from the date it is notified by the GoI. The 
draft rules under this code have been published in public domain 19th Nov., 2020 and the suggestions and objections 
have been invited. This new rule amalgamates not only the Mines Rules 1955 but also The Mines rescue Rules 1985, The 
Mines VT Rules 1966, Mine Creche rules 1966 etc amongst a total of 13 Rules. In this paper an attempt has been made 
to understand the recent legislative changes in Occupational Health and Safety and the way forward of implementation.

Keywords — OHSWC Code 2020, The Mines Act 1952, The Mine Rules 1955, The Coal Mines Regulations 2017, ISO 
45001:2018

I. Introduction 
In recent years there has been change in plethora of 
laws governing Occupational health and safety. To 
start with, the Coal Mines Regulations, 1957 have 
been repealed after almost 60 years, new standards 
on Occupational health and safety has been framed 
- ISO 45001:2018, Thereafter the Mines Act, 1952 
has been repealed and a new code subsuming 13 
Acts has been notified on 28th September, 2020, 
called the Occupational Safety, Health and Working 
Conditions Code, 2020. This code is expected to 
come to force once the Rules are notified. At present 
the Draft OSHWC Rules, 2020 have been published 
and suggestions from all the stake holders have been 
invited. This draft rules also subsumes another 13 
(old) rules.

In light of the above legislative changes, an attempt 
has been made to examine each of them and frame a 
way forward for the mining industry.

II. The Legislative Changes Governing 
Occupational Health And Safety In A Mining  
Industry
The following legislative changes have been analysed 
based on chronological year of their notification or 
coming into force. 

A.  The Coal Mines Regulations, 2017

B. The Standard on Occupational Health and 

Safety management System – ISO 45001:2018

C. 12th National conference on safety in Mines

D. The Occupational Safety, Health and Working 
Conditions Code, 2020

E. Draft Occupational Safety, Health and Working 
Conditions Rules, 2020

 Let us analyze them one by one

A. The Coal Mines Regulations, 2017 
The Coal Mines Regulations, 2017 came into force 
from the date of publication in the official Gazette of 
India, i.e. on 27th November, 2017 and thus the CMR, 
1957 after almost six decades were repealed.

This new CMR, 2017 contains a total of 260 
regulations divided into 17 chapters. A new chapter 
on Extraction of Methane has been introduced. 

Under the changing scenario of work culture 
it incorporates provisions mentioning the 
responsibilities of a contractor, supplier, designer 
and an equipment manufacturer. Moreover, the 
duties and responsibilities of an Engineer have been 
enhanced.

An important concept of Safety Management plan/
system has been incorporated under Reg. 104, 
which is in line with the international standards, for 
providing a systemic approach to safety. At NCL, all 
the mines have prepared and submitted the SMP to 
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the regional office of the DGMS after approval within 
one year of the notification of the regulation.

 The concepts of Mechanized Opencast Mines (Reg. 
106) and working at heights (Reg. 131) have also 
been incorporated. It is required under the Reg. 
106 to conduct a scientific study on the design, 
method of working, ultimate pit slope, dump slope 
and monitoring of slope stability. The mines are 
to be worked as per the recommended method as 
required under this regulation. At NCL this task 
has been entrusted with CMPDIL, RI-VI which has 
completed the reports of 7 mines and has prepared 
draft reports of remaining 3 mines. Subsequently, the 
scope of this scientific study has been enhanced vide 
the DGMS circular 03/2020 for which an addendum 
has been incorporated in the report to be submitted 
by CMPDIL, RI-VI.

This regulation has done away with the monthly 
return, now it is required to submit the Annual 
return of the mines on 1st February of every year for 
the preceding calendar year.

As per the recent trend of increasing operation 
and production from opencast mines, a provision 
of granting Managers certificate of competency 
restricted to opencast mines has also been introduced. 

B. The Standard on Occupational Health 
and Safety Management System- ISO 
45001:2018

Based on HLS structure, ISO 45001:2018 has been 
made compatible with the other ISO standards like 
ISO 14001 & ISO 9001. The previous standard was 
called OHSAS 18001:2007 which was based on 
British standards.

Migration time to this new standard has been 
provided till March, 2021.

Basically this new standard intends to enable an 
organization to provide safe and healthy workplace 
and to prevent work related injuries and ill health. 
Thus the organization is responsible for the 
Occupational health and safety of workers. It is 
prudent to inform that, as per the standards, worker 
includes top management, managerial and non-
managerial persons.

The basic purpose of an OHS management system 
is to provide a framework for managing OHS risks 

with an intended outcome to prevent work related 
outcome to prevent work related injury and ill health 
to workers and to provide safe and healthy workplace.

The top management has been entrusted with the 
job of establishing, implementing and maintaining 
OHS policy which will provide the framework and 
commitment to fulfill the legal requirements and to 
establish and implement a process of consultation and 
participation of workers in development, planning, 
implementation, performance evaluation and action 
for improvement of the OHS management system.

In case of outsourced works, it is clarified that an 
external organization is outside the scope of the 
management system but the outsourced function or 
the process is within the scope.

This standard talks about determining the root cause 
of an incident or nonconformity and to identify the 
multiple contributory failures including failures 
related to communication, competency, fatigue, 
equipment or procedures, so as to prevent it from 
reoccurring by taking corrective actions to mitigate 
the hazards and provide an environment of continual 
improvement by incorporating:

−	 New Technologies

−	 Good practices

−	 Suggestions, recommendations from interested 
parties

−	 & with new knowledge, understanding & 
improved fit for purpose equipments.

The scope and context of the organization is to be set 
up with a cycle of Plan, Do, Check and Act concept 
(PDCA cycle) for the intended outcomes of OH&S 
management system.

C. 12th  National Conference on Safety in 
Mines

The National Conference on Safety in Mines was 
first started in the year 1958 after the disaster of 
Chinakuri colliery. It is a tripartite forum which 
reviews the state of safety in mining and adequacy of 
existing measures in improving working conditions 
in mines.

The 12th National Conference on Safety in Mines 
was held on 28th & 29th January, 2020 at New Delhi. 
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Basically this conference on safety has identified 
introduction of IT (digitization) in the mining 
industry. 

Right from the digitization of attendance system, 
keeping of records of medical examination, training, 
deployment of men and machine, fitness certificate 
of machineries, maintenance records with historical 
data of the machineries. It has also identified use 
of latest techniques in providing training to the 
employees through Simulators, Virtual reality and 
other modern gadgets.

The 12th Conference seems to gear up the mining 
sector for Fourth Industrial Revolution to make it 
more productive, safe & efficient. The introduction 
of IT in this sector is expected to create a safe work 
place and a safe environment (condition) in an 
organization.

D.  The Occupational Safety, Health and 
Working Conditions Code, 2020.

On 28th September, 2020 a new code on Occupational 
Safety, health and working conditions has been 
notified in the official Gazette of India which 
subsumes 13 nos. of Acts namely:

−	 The Mines Act, 1952

−	 The Factories Act, 1948

−	 The Contract Labour (R&A) Act, 1976

−	 The Plantation Labour Act, 1951

−	 The WJ&ONE(CS)MP Act, 1955

−	 The Motor Transport Workers Act, 1961

−	 The BCW(CE) Act, 1966

−	 The Sales promotion employees(CS) Act, 
1976

−	 Inter State Migrant worker Act, 1979

−	 The CWCTW(RE) Act, 1981

−	 The Dock Workers(SHW) Act, 1986

−	 The Building & Other Construction (RE&CS) 
Act, 1996.

Some of these Acts are more than 50years old, 
under ease of doing business 622 sections have 
been reduced to 143 clauses or sections.This code is 
applicable to all the establishments with 10 or more 

number of workers, except in case of mines, where 
it is applicable even if one worker is employed. An 
establishment includes a place where industry, 
business, manufacturing units, factories, mines, 
ports or any occupation where ten or more workers 
are employed. The code requires every establishment 
to be registered under a common platform of 
shramsuvidha portal and requires contractors to 
obtain license before commencement of the work.

In case of a mine an employer is a Owner, Agent or 
Manager of the mine, his duties includes:

−	 To provide a workplace that is free from 
hazards

−	 To provide annual health examination

−	 To inform relevant authorities in case of as 
accident/incident

−	 To make financial and other provisions

−	 To provide welfare facilities etc.

 Chapter 7 delibrates on hours of work and leave with 
wages. According to the provision, no worker is to be 
allowed or engaged for work more than:

i. 8 hours in a day

ii. 6 days in any one week

Worker shall be entitled for leave with wages, if he 
has worked for a minimum of 180 days, subject to 1 
day for every 20 days of work per calendar year.

Chapter 10 has been deliberated on employment 
of women & Chapter 11 is dedicated to contract 
labours, which is applicable to all the establishment 
deploying 50 or more contract labours. A contractor 
has been made responsible for payment of wages 
to his labour which is to be through bank transfer 
or other electronic mode & inform the principal 
employee electronically. The contract labour 
cannot be employed for the core activities of an 
establishment.

Chapter 14 details out the penalties for the offences 
which has been increased to about 10-20 times or 
even more.

E.  The Draft Occupational Safety, Health and 
Working Conditions Rules, 2020.

The draft Rules have been notified on 19th Nov., 2020 
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for submission of the comments by the stake holders. 
This draft rules amalgamated another 13 rules 
including, the Mines Rules, 1955, the Mines rescue 
Rules 1959, the Mines VT Rules, 1966, the Pit head 
bath Rules, 1959, the Mines crèche Rules, 1866, the 
contract labor (R&A) Rules, 1971 amongst others.

There are 12 chapters and 167 rules. The rules 
repeated some provisions already covered under 
the CMR, 2017 relating to the notice of accidents, 
duties of Safety Officer, appointment of Safety officer 
& Manager. These may be rectified in the final 
notification.

It has brought in the concept Annual health 
examination of all employees who have completed 45 
years of age & PME needs to be conducted annually. 
This will cause a huge burden on an organization 
especially on the medical staff.

The spread over of the working hours of 12 hours 
has been permitted, however it can be crossed in 
cases of urgent repair or in cases where the work is 
of intermittent nature and the non-working period 
of an employee is longer than normal rest periods. 
The overtime period of 125 hours has been allowed 
in a quarter. The draft rule does not provide any 
major changes in the rescue section or the vocational 
training section.

III. THE WAY FORWARD
Northern Coalfields Limited operates 10 nos. of 
highly mechanized large opencast mines at Singrauli. 
Over a period of last 10 years, the fatality rate at NCL 
has reduced from 0.184 to 0.018, which is a reduction 
of about 90%.

As required under the provisions of the ISO 
45001:2018; the CMR, 2017 & the OHSWC Code, 
2020; all the mines of NCL have prepared the Safety 
Management Plan/system, involving the standard 
procedure of hazard identification, risk assessment 
and incorporating mitigation plan based on the 
legislative requirements.

The control plans are required to be updated 
at frequent intervals to incorporate the latest 
recommendations / guidelines and the latest legal 
requirements.

An ideal work process for achieving safe production 
involves:

−	 Making Competent workmen

−	 Incorporating Safe work practices

−	 Deployment of only fit for purpose equipment 

−	 Providing a controlled environment.

At NCL the employees are made competent for a 
work by not only providing them training at VTC, 
but also enhance their skills through modern 
training gadgets like simulators, training through 
OEM. All the projects are provided with VT Centers 
equipped with modern class room facilities. The 
standard course material is followed which is a mix 
of theory and practical classes. Moreover, virtual and 
animated videos specially prepared on the standard 
operating procedures have been prepared for ease of 
understanding.

Fig.1.Nertney wheel: graphical illustration of safe & productive 
workplace

The Standard Operating Procedures / code of 
practices prepared at every mine is provided to 
each employee and a culture has been developed to 
sensitize them right at their workplace by conducting 
pit head safety talks at the starting of the shift.

There is a large fleet of equipment consisting of 
23 nos. of Draglines, 115 nos. of Shovels and 547 
nos. of Dumpers, apart from other HEMMs. And 
93 nos. of 190T Dumpers are under procurement, 
which have all the latest safety features there by 
making the equipment fleet, fit for purpose, as per 
the requirements of the DGMS circulars. Moreover, 
efforts are on for deployment of latest safety features 
available in the market in the old fleet of equipments.

The whole of the working environment is basically 
controlled and monitored by the statutory persons, 
supervisors and statutory competent personals 
who are assisted by fleet management system called 
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OITDS and CCTV cameras installed at strategic 
locations. 

Evaluation of safety performance in an organization 
can be done based on two internationally adopted 
indicators:

−	 Lead Indicators – like training, use of PPE, 
safety expenditure etc.

−	 Lag indicators – like no. of violations, no. of 
incidences, frequency rates etc.

IV. CONCLUSION
With the advent of new laws in Occupational 
Health and Safety it is imperative that we improve 
the working conditions by introduction of fit for 
purpose machinery and equipment and providing 
well designed haul roads, working faces & dumping 
conditions and proper tools and tackles to electrician 
& fitters. The unsafe act can be controlled by 
introduction of technologies (IT) like OITDS system, 

CCTV, speed governors, digitization of records etc.

As a closer study indicates that an accident/disaster 
are consequence of failure of not one person or one 
event, but it is a failure of chain of events called the 
organizational failures. Thus, inculcation of Safety 
management Plan/System, as per requirements of 
ISO 45001:2018 & the CMR, 2017 would go a long 
way in providing a Safe & Productive environment. 
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Abstract — 
As there are limited or no fresh areas available for introduction of OC patches, surfaces already quarried and partially backfilled are 
brought under operation in various subsidiaries of CIL. Mining of partially backfilled quarries involve huge amount of re-handling of loose 
OB and at times effective stripping ratio for proposed opencast patches shoots up to 20-25 m3/t, rendering projects economically unviable.        

This paper is an attempt to synthesize few elements of different system of opencast mining and to propose an innovative system to achieve 
reduce re-handling of OB, so that effective stripping ratio could be brought down and unviable projects could be pursued profitably.

Case studies of two quarries are presented in this paper. The case studies represent that when the quantity of mineable coal 
within a patch is on lower side, economy viability of the patch is adversely affected. Hence, for smaller patches the proposed 
method requires special consideration to extract coal profitably ensuring safety of men and materials.

Keywords— Bharatpur OCP (MCL), Effective Stripping Ratio, Safety Moat (Trench), Coal Rib

I. Introduction 
In BCCL, coal is generally extracted in small patches. 
The deviation from normal practices of opencast 
mining is due to various existing surface as well 
as endogenous constraints. Habitation, surface 
infrastructure (rail, road, power line, ropeway etc.), 
forest area, within the leasehold area reduces the 
availability of land in large swathes. There is an exigency 
to excavate infamous raging fire of Jharia coalfield, to 
arrest propagation of fire and to save coal from fire and 
at the same time meeting ever increasing demand of 
coal. Hence, extraction of coal in small patches remains 
the only feasible solution. Due to small size of patches, 
medium to long term economic viability of projects are 
compromised. For example, if Patch A is running in 
a mine leasehold and due to unavailability of land to 
dump excavated overburden (OB), it is dumped into 
old quarried Patch B (Fig. 1). But, when expansion of 
Patch B is proposed after removal of surface constraints 
which plagued Patch B before, huge amount of OB is 
required to be re-handled first. Re-handling of loose 
OB affects the economic viability of the expansion of 
Patch B. A new perspective to mine backfilled quarry 
Patch B is proposed in this paper to achieve reduced 
re-handling.

Fig. 1: OB Dump in Patch B

     After the accident in Bharatpur OCP, MCL the 
DGMS has prescribed a remedial measure to avoid 
danger of Pit and Dump Slope failures as “the backfilled 
area shall be kept benched and the distance of any active 
mine workings (faces) from the toe of the bottom most 
back filled face (bench) shall not be less than 100m or 
height of the OB dump whichever is higher without prior 
permission from DGMS based on scientific study”. 

     It may be said that, in case of proposed expansion 
of Patch B, if no internal dumping is proposed the 
above mentioned condition does not apply. There is 
some element of truth in the statement, but on further 
deliberation the statement does not stand to its ground.  
Firstly, it can be said that old OB dump is consolidated 
one, so it will be stable. But, as re-handling and 
blasting operations in close proximity is involved the 
dump comes under dynamic forces and may become 
unstable, hence the statement does not stand. Secondly, 
the safe distance which is required to be maintained 
will depend upon the gradient of the floor and the 
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dump height. If the dump height is in tune of 100 m 
or more and gradient of floor is on higher side then a 
minimum safe distance of 100m will be required. Even 
if, statement holds true, to create minimum working 
area to deploy excavation machines, it will require huge 
amount of re-handling. So, as per present practice re-
handling up to a minimum distance of 100m from the 
lowest bench of active face is proposed which involves 
huge amount of re handling affecting the economic 
viability of the project. In some of the proposed patches 
the effective stripping ratios shoots up to 25-30 m3/t, 
rendering the project economically unviable.

This paper is an attempt to synthesize few elements of 
different system of Opencast Mining, Shovel-Dumper 
system and Dragline system, to reduce re-handling of 
OB, so that the patches rendered economically unviable 
could be pursued safely and profitably.

II. PROPOSED METHOD OF MINING
     Shovel-Dumper system provides great flexibility in 
mine operations and production scheduling with high 
adaptability. The temporary rib left along the floor in 
dragline system helps to arrest slide of OB dump into 
the working face, ensuring safety as well as reduced re-
handling of OB. 

It is proposed to use shovel dumper combination for 
excavation exercise to maintain a level difference of 
about 10-30m, between the lowest working benches 
of OB re-handling side and coal/in-situ OB excavation 
side. The level difference between the lowest working 
benches of both side will create an artificial trap called 
as safety moat (trench) (Fig. 2A). This safety moat 
will help to arrest the slide of loose OB during mining 
operations, ensuring safety of men and material at 
working faces in the dip direction, at coal/in-situ 
excavation side.

Fig. 2: Proposed method of extraction

Fig. 2A: Enlarged view of Safety trench

 Finally, a coal rib along the floor to arrest the 
slide of loose OB during the extraction of last horizon 
of coal, so that even at the last stage there is no threat 
from loose OB dump to men and material.

III. SEQUENCE OF EXTRACTION
     In the proposed system of working OB re-handling 
as well as coal extraction will start simultaneously as 
shown in Fig. 3 to Fig. 8. A level difference of 10-30m 
depending upon the height of the loose OB dump and 
the gradient of the floor of the quarry, between the 
lowest working benches in both side will be maintained.

  Fig. 3 to 8: Sequence of extraction
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     The working line in the loose OB dump is deliberately 
proposed to be kept flatter to achieve two objectives. 
First, flatter working line will increase factor of safety 
of the active OB dump under re-handling. Secondly, 
earlier completion of the re-handling exercise of 
upper horizon will enable us to take up slope stability 
exercise, such as grass carpeting, plantation activities. 
It will enhance overall slope stability of OB dump. The 
vegetation of the ultimate slope in the loose OB dump 
side is proposed to be completed (Fig. 9) before the 
extraction of last horizon in the in-situ side.

 Fig. 9 & 10: Vegetation cover and temporary rib

     During extraction of the last horizon on in-situ side, 
a temporary rib (Fig. 10) will be left at the toe of the 
loose OB dump, so that the working side is protected 
in event of any movement in the OB dump. It is not a 
new concept, already being practiced in the dragline 
system of mining. 

There are certain risks associated with leaving a coal 
rib along the floor. It is prohibited to confine OB dump 
artificially. While extracting last horizon a temporary 
rib will be left, to protect the working face in event of 
any movement in OB dump. Accumulation of water in 
the rise side of the rib which could lead to abrupt failure 
of the rib, consequently unstabilising the OB dump. 

But, here the rib is not proposed to confine the OB 
dump artificially or to achieve steeper OB dump to have 
reduced rehandling. The profile of OB dump will be 
maintained as per slope stability study report. The rib 
will start from the toe of the dump. It is only proposed 
to arrest any inadvertent slide of OB. The temporary 
rib will be punctured at a distance of less than 100m, so 
that water could be drained efficiently. Finally, the rib 
will be judiciously extracted with controlled blasting or 
any modern technique which ensures minimal ground 
vibration. As majority of slope failure occurs during 
rainy season, it is preferable to extract the last horizon 
and the rib during non-rainy season.

The reduced amount of re-handling which will be 
achieved is represented as the shaded region in Fig. 11.

Fig. 11: Reduced Re-handling

IV. BENEFITS OF REDUCED RE-
HANDLING
i. Direct financial gains due to lesser un-productive 

work.

ii. It negates the requirement of extra land or 
availability of non-working patches to dump re 
handled OB.

iii. Environmental gains as there will be lesser dust 
generation, energy consumption etc.

V. CASE STUDY

Case I: Proposal for extraction of fire affected coal 
by    deploying Hired HEMM at a proposed 
Patch-I

Quantity of Mineable Coal 
(MT) 0.510

In situ OB (Mm3) 7.50

Existing 
Practice

New 
Proposal

Loose OB to be Re-
handled (Mm3) 9.46 1.61

Loose OB in terms of in-
situ OB (Swell Factor-1.3) 7.28 1.24

Total OB 14.78 8.74

Effective Stripping Ratio 28.98 17.14

SOR for 1 m3 Loose OB 
re-handling for 1-2 Km 
Lead distance

Rs. 73.82

Total savings on reduced 
re handling of loose OB 44.59 Cr.

Case II: Proposal for extraction of fire affected coal 
by deploying Hired HEMM at a Proposed 
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Patch-II

Quantity of Mineable 
Coal (MT) 5.40

In situ OB (Mm3) 12.75

Existing 
Practice

New 
Proposal

Loose OB to be Re-
handled (Mm3) 5.18 1.5

Loose OB in terms 
of in-situ OB (Swell 
Factor-1.3)

3.98 1.15

Total OB as In Situ OB 16.73 13.90

Effective Stripping Ratio 3.10 2.57

SOR for 1 m3 Loose OB 
re-handling for 1-2 Km 
Lead distance

Rs. 73.82

Total savings on reduced 
rehandling of loose OB 20.89 Cr.

 

VI. Conclusion 
There will be operational challenges such as to phase 
working in sequential way, maintaining horizon 
differences, working at the toe of a OB dump and 
keeping monsoon season in mind while operating. But 
with proper planning, production scheduling and OB 
dump slope monitoring desired goal could be achieved. 
As the case studies represent, when the quantity of 
mineable coal within a patch is small, the economic 
viability of a patch is greatly affected. Hence, for 
smaller patches the proposed method requires special 
consideration to extract coal profitably ensuring safety 
of men and materials.
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Abstract — 
Power transformers are integral and life line of mechanized   mines operating and supplying electric power to vast fleet of 
equipment, workshop, CHP and other installations on 24X7 hour basis.The main objective of this paper is to discuss various 
causes of power transformer failures, steps for checking of effectiveness of protective devices in a short shut down and 
interpretation and analysis of diagnostic test data to achieve zero power failure. This paper shall be also useful for power 
transformers of residential area and other service establishment of non-mining area in minimizing the failure of power 
transformer while in operation.

Keywords—power transformer, protection, failure. 

I. Introduction 
Transformer is an electrical machine which does the 
transfer of electrical energy from one circuit to other 
circuit without any involvement of moving part so the 
power transformer has highest efficiency among all 
electrical machines and requires least maintenance and 
supervision. “Power transformer are generally ignored 
of its repair & maintenance”, its importance is realized 
on power failure if the transformer fails. On analyzing 
the root cause of burnt transformer, it is observed 
practically that periodic checking of effectiveness of 
protective devices of transformer had not been done 
as per regulations; installations had not been done as 
per standard and proper analysis of diagnostic test 
data had not been done for plan repair/replacement 
of power transformer.It is imperative to give time for 
maintenance after proper planning of shut down, so as 
to maintain the transformer in healthy condition.

An attempt has been made in this paper to perform 
health check- up of the transformer in a very short 
period of shutdown for checking the protective devices. 
Further, the analysis of diagnostic test/data& corrective 
actions to be taken along with the salient points of the 
CEA Regulation (Measures related to safety and electric 
supply),2010 has been deliberated for reference.

II. Analyzing various causes of power 
transformer failures 
The various causes of power transformer failures are 

failure of its winding, bushing, on load tap changer, 
core, tank, cooling system, protective system and 
improper upkeep of transformer oil, poor upkeep of 
lightning protection system at switch yard and arching 
horns on the transformer.

i. The winding of transformer may fail due to 
generation of hot spots, loosening of windings, 
failure of insulation between turns and 
obstruction in oil flow.

ii. Bushing of transformer may fail due to poor 
mechanical contact at bushings, breakdown 
of insulating properties of bushings and seal 
breaking of bushings.

iii. On load tap changer may fail due to wearing of 
contact points and failure of its mechanical and 
electrical system. 

iv. Core of transformer may fail due to failure of 
lamination resulting increase of eddy currents 
and thermal effects.

v. Tank of transformer may fail due to development 
of cracks due to environmental stress and 
corrosion.

vi. Cooling system of transformer may fail due to 
development of leakage in pipe and failure of 
cooling fans and thermostats.

vii. Protective system of transformer may fail due to 
failure of protective devices and breakers.
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viii. Condition of transformer oil may deteriorate 
to dangerous level due to ingress of moisture, 
seepage from transformer body, improper 
maintenance of silica gel, not testing of 
transformer oil and its study of trends of test 
results year by year.

To summarize, power transformer fire or explosion 
may occur due to failure of insulating properties of 
the components of transformer due to various causes 
like continuous overloading of transformer or spark at 
loosened/ wear out mechanical contact of conductor. 
The failure of insulating properties results in of 
drawing of excessive current between the phases or 
between the phases to ground. This increased amount 
of current generates heat in conductor and this heat 
increases the temperature of transformer oil to reach 
its flash point.  The burning of oil generates gases and if 
protective devices fail to electrically isolate the charged 
transformer, then building excessive pressure of gases 
blows out the bushing and cover of tank of transformer 
resulting in a fireball and explosion, engulfing the 
transformer.

III. CEA Regulation (Measures to safety 
and Electric Supply), 2010 related to power 
transformer
The relevant regulations applicable to a power 
transformer are enumerated below:

i. Regulation 44(2)(vii)(a): Baffle walls of four 
hours fire ratings shall be provided between 
transformers having more than 2000 litres of oil 
if adequate clearance between the transformers 
is not available

ii. Regulation 44(2)(vii)(b): Provision shall be 
made for suitable oil soak pit and where use of 
more than 9000 litres of oil in any one tank of 
transformer

iii. Regulation 44(2)(vii)(d): All the transformers 
shall be maintained in accordance with 
maintenance schedule prepared in accordance 
with the relevant code of practice of Bureau of 
Indian Standards

iv. Regulation 44(2)(ix): Transformers of 
10MVA and above rating or in case of oil filled 
transformers with oil capacity of more than 2000 
litres are provided with fire-fighting system as 

per IS: 3034:1993 or with Nitrogen Injection 
Fire Protection System

v. Regulation 45(2)(i): Provision of Over Current 
Protection to disconnect the supply automatically 
if the rated current of transformer is exceeded 
for a time which the Transformer is not designed 
to withstand

vi. Regulation 45(2)(ii): Provision of Earth Fault 
or Earth Leakage Protection to disconnect the 
supply automatically if the earth fault current 
exceeds the limit of current for keeping the 
contact potential within the reasonable values

vii. Regulation 45(2)(iii): Provision of Gas 
Pressure Type and Winding and Oil Temperature 
Protection to give alarm and tripping on all 
transformers of ratings 1000KVA and above.

viii. Regulation 45(2)(iv): Transformers of capacity 
10MVA and above shall be protected against 
incipient faults by Differential Protection

ix. Regulation 46(6): Records of all tests, trippings, 
and maintenance work shall be duly kept in such 
a way that these records can be compared with 
earlier ones

x. Regulation 48(2)(i): In the case of star connected 
system with earthed neutrals, the neutral point of 
transformer shall be earthed by connecting it to 
the earthing system not less than two separate 
and distinct connection

xi. Regulation No. 100(1): Automatically 
disconnecting supply to any part of the system, 
where a fault, including an earth fault, occurs and 
fault current shall not be more than 50 ampere 
in installations of voltage exceeding 1100 V and 
upto 11 kV in open cast mines and the magnitude 
of the earth fault current shall be limited to these 
specified values by employing suitably designed, 
restricted neutral system of power supply

xii. Regulation No. 100(2): The operation of the 
switchgear and the relays shall be recorded 
daily at the sub-station in a register kept for the 
purpose.

xiii. Regulation No. 100(3): The effectiveness of 
the switchgear and the protective system shall 
always be kept and maintained in working order, 
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shall be checked once every three months and 
the result thereof shall be recorded in a separate 
register kept for the purpose

xiv. Regulation No. 109(1): All apparatus shall be 
maintained reasonably free from dust, dirt and 
moisture and shall be kept clear of obstruction

xv. Regulation No. 109(3): Inflammable material 
shall not be housed in a room, compartment or 
box containing transformer or in the vicinity 

IV. Steps for checking of effectiveness of 
protective devices in a short shut down 

A. Buchholtz Relay, Shut down required- 10 
minutes approximate

(First week)

Fig. 1. Buchholtz relay flow chart

B.  Oil Temperature Indicator (OTI) & Winding 
temperature Indicator (OTI), Shut down 
required- 10 minutes

(Second week)

Fig. 2. OTI and Winding Temperature indicator

C. Over current and Earth Fault Relay 
of primary and secondary side, Shut-down 
required- 15 minutes 
(Third week), Test report of secondary current injection 
is satisfactory

Fig. 3. Over current and earth fault relay
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D. Differential Relay, Shut-down required- 
10 minutes
 (Fourth week), Test report of secondary current 
injection is satisfactory 

Fig. 4. Differential Relay

E. NGR Relay, Shut-down required- 10 
minutes 
(Fifth week), Test report of secondary current injection 
is satisfactory

Fig. 5. NGR Relay

V. Diagnostic test 
Only diagnostic test data is being mentioned here 
for illustration purpose, assuming that the general 
transformer maintenance schedule is being followed.

A. Test data of characteristic of transformer oil 
of a power transformer

TABLE I. TEST DATA OF CHARACTERISTIC OF TRANSFORMER 
OIL OF A POWER TRANSFORMER

Test parameter Test Results

(Previous 
Year)

Test Results

(Current 
Year)

Permissible Value

Interfacial 
Tension 

28 mN/m 28 mN/m Maximum up to 
40mN/m

Flash Point 165 0C 165 0C Minimum up to 
140 0C

Electric Strength 
(BDV)

39.2 KV 38 KV Minimum 30 
KV for new 
unfiltered oil

Neutralization 
Value (Acidity)

0.059 
mgKOH/gm

0.060 
mgKOH/gm

Maximum up to 
0.03mg KOH/gm

Dielectric 
Dissipation 
Factor (Tan 
Delta) at 90 0C

0.0023 0.0023 Maximum up to 
0.02

Specific 
Resistance 
(Resistivity) at 
900 C

450 G ohm 
m

440 G ohm Minimum up to 
350G ohm

Water contents 10.9 mg/kg 15 mg/kg Maximum up to 
50 PPM

Sediments & 
Sludge content

NIL NIL Not desirable as 
it blocks the free 
movement of 
insulating of oil.

B. Test data of dissolved gases in transformer 
oil (same test sample as of (A))
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TABLE II. TEST DATA OF DISSOLVED GASES IN 
TRANSFORMER OIL (SAME TEST SAMPLE AS OF (A))

Dissolved 
Gas Analysis
(DGA)
Name of the 
gases

Test Results
(Previous 
Year)

Test 
Results
(Current 
Year)

Reasons of 
dissolved gases in 
transformer oil

Methane, 
ppm

Nil Nil Low oil 
temperature

Ethane, ppm Nil Nil Low oil 
temperature

Ethylene, 
ppm

Nil Nil High oil 
temperature

Acetylene, 
ppm

Nil Nil Arching (electric 
arcs)

Carbon 
dioxide, ppm

143 146 Paper insulation 
breakdown due 
to oxidation of oil

Carbon 
monoxide, 
ppm

3 6 Paper insulation 
breakdown due 
to oxidation of oil

Hydrogen, 
ppm

Nil Nil Corona, partial 
discharges

Oxygen, ppm 10695 10700 Water, rust, poor 
seals

Nitrogen, 
ppm

24045 24500 Water, rust, poor 
seals

C. Partial Discharge test of Power Transformer
Partial discharge test assesses the condition of solid 
insulation like inter turn insulation, HV to LV insulation 
and Bushing insulation. If the partial discharge value is 
increasing trend every year then this test helps in taking 
future corrective actions so that power transformer 
could not be failed all of sudden during operation.

TABLE III. PARTIAL DISCHARGE TEST OF POWER 
TRANSFORMER

High Voltage 
side Bushing

Test Results
(Previous Year)

Test Results
(Current Year)

R Phase 5 pc 5 pc

Y Phase 6 pc 9 pc

B Phase 3 pc 3 pc

VI.  Interpretation and analysis of diagnostic 
test data
Looking at the above test results of characteristic 
of transformer oil for consecutive two years (Table 
I) that water content and acidity are increasing 
and electric strength (BDV) and specific resistance 
are decreasing. This trend indicates that moisture 

content in transformer oil is increasing due to lack 
of maintenance in respect of stoppage of seepage of 
transformer oil from its body and improper condition 
of silica gel. The reason of increase in acidity level is 
due to the increase of amount of water content in oil 
because it reacts with paper insulation of transformer to 
form acid. The reason of decrease in specific resistance 
value is due to increase of amount of water content 
in oil as the specific resistance decreases considerably 
due to presence of water content in transformer oil. 
The increased quantities of carbon dioxide, carbon 
monoxide, oxygen and nitrogen in Dissolved Gas 
Analysis Test (Table II), prove that there is increase of 
water content in transformer oil. 

So, the most desirable corrective step is to conduct 
filtration/treatment of transformer oil. If condition 
of transformer oil does not improve on filtration/
treatment then replacement of complete transformer 
oil should be done.

Analyzing the (Table III), it is clear that partial discharge 
of Y phase Bushing of High Voltage side is increasing, 
which may fail in future and become the main reason 
of surprise failure of power transformer. So, the most 
desirable corrective step is to plan to replace Bushing 
of Y phase.

VII. Conclusions
To maintain continuous production in a mine it is 
essential to provide power on 24X7 hour basis for 
operation of the plant and equipment. This entails an 
onus of effective operation and maintenance of power 
transformer in the supply system. It would be prudent to 
maintain a standby transformer to meet any eventuality, 
but it should be ensured that it is provided with proper 
separating distance between power transformers, 
or by providing proper fire separating wall, proper 
installation of lightning protection devices and there 
should be dedicated cable trench arrangement from 
this standby power transformer to its control panel for 
power and control cables of protective devices.  

The methodology formed of the various short time 
tests/checks and the, recommended preventive 
maintenance schedule along with the method of 
analyzing diagnostic test data will fulfill the aim of zero 
failure of power transformers.
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Abstract — 
This paper is about the extraction of barrier in between Ashok OCP and Piparwar Project, two adjacent Opencast mines 
in Piparwar Area of Central Coalfields Limited, to avoid the loss of about 8.15 MT coal blocked in it after the boundary 
adjustment by amalgamation of both the mines with the permission of Directorate General of Mines Safety (DGMS).  There 
lies an overburden (OB) dump resting on the barrier from Ashok OCP side. The OB dump is to be shifted by 100m before 
starting the extraction of barrier. The scope of study in this paper is- stability of slope of newly created dump after shifting, 
stability of existing slopes of barrier and proposed operating slopes during sequence of mining for extraction of barrier. There 
are three faults which have traversed through the barrier. Those faults have been taken into consideration while selecting the 
method for extraction. A scientific study has been done by CMPDIL for the same for the compliance of conditions as imposed 
by DGMS in the permission for barrier extraction.

Keywords— limit equilibrium method; bishop’s simplified method of slices; factor of safety; critical slip surface; phreatic 
surface; geophysical resistivity imaging.

I. Introduction 
Ashok and Piparwar OCP are two prestigious adjacent 
opencast mines in Piparwar Area of Central Coalfields 
Limited. There is a solid barrier in between them 
with length of about 1.2Km and average width of 150 
m, which separates their leasehold boundaries.  The 
property of Piparwar OCP has exhausted. To meet 
the production demand and to avoid the loss of about 
8.15 MT coal blocked in the barrier, it was decided to 
re-adjust the boundaries so that the barrier could be 
extracted. The two mines were amalgamated with the 
permission of Directorate General of Mines Safety 
(DGMS) under Regulation 122(1) of Coal Mines 
Regulations, 2017 (CMR 2017). The permission also 
stated that the extraction of the barrier could be started 
after conducting a proper scientific study taking into 
account the OB dump which is resting against the 
barrier from Ashok OCP side. To ensure compliance 
with Regulation 108 of Coal Mines Regulations 
2017, the OB dump is to be shifted by 100 m before 
commencing the operation of barrier extraction. 

The scope of study in this paper is stability of slope of 
newly created dump after shifting, stability of existing 
slopes of barrier and proposed operating slopes during 
sequence of mining for extraction of barrier. There are 
three faults which have traversed through the barrier. 
Those faults have been taken into consideration while 
selecting the method for extraction. 

The scientific study has been done by Central Mine 
Planning and Design Institute Limited (CMPDIL) 
which includes hydrogeology study using geophysical 
resistivity imaging to establish the phreatic surface and 
the slope stability analysis. Circular failures generally 
occur in the cases of high slope with loose materials, 
low frictional strength and no geological disturbances. 
For slope stability analysis, Bishop’ Simplified Method 
of Slices has been used for the determination of Factor 
of Safety (FOS) and the critical slip surface. The Bishop’ 
Simplified Method of Slices is one of the most used Limit 
Equilibrium techniques in case of circular failures, but 
it is an iterative process and requires a large number 
of failure surfaces to be investigated to determine the 
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critical slip surface. A similar study has been done in 
the field and the results have been compared with the 
scientific study. 

In the study, a range of FOS values have been obtained 
for different sections and varied conditions. As per 
the circular issued by DGMS dated 16.01.2020, the 
minimum FOS to be considered for design of bench 
and dump slope shall in any case not be less than 1.50 
for permanent or long-standing slopes and 1.30 for all 
other cases. 

The extraction of the barrier has been planned in 
accordance with the fault configuration so that the 
faces are aligned oblique or near perpendicular to the 
fault and the hanging wall formation is avoided or 
minimized.

II. Brief Geology & Lithology 
The Ashok Block and Piparwar Block are contiguous 
blocks and are located in the South-Central part of 
North Karanpura Coalfields. The Ashok Block is 
divided into two sections viz. Eastern and Western. 
The Ashok OCP which has been amalgamated with 
Piparwar Project is in the Eastern section of Ashok 
Block and has similar set of coal seams as the Piparwar 
Block. As per the Borehole Data, rocks of Barakar 
formation are exposed in both of the blocks. There are 
13 seams established in the blocks viz. Bachra, Lower 
Dakra, Upper Dakra, Bukbuka, Bukbuka Top, Lower 
Bisrampur, Upper Bisrampur, Karkata, K1, K2, K3, K4 
and K5. The strike of the formation in general is E-W 
which swigs to NNE-SSW and dip generally varies 
from 1° to 5° towards North. 

In the barrier, only five seams viz. Lower Dakra, 
Upper Dakra, Bukbuka Combined, Bukbuka Top and 
Bishrampur have been considered for mining. The 
details of coal seam and partings within barrier has 
been shown in Table 1.

Table I. Barrier Coal Seam And Parting Details

Sl. 
No. Coal Seam Seam Thickness 

(m)
Parting 
(m)

1 Lower Bisrampur 3.06 - 5.92 1.60 - 
16.40

2 Bukbuka Top 0.59 - 6.22 5.36 - 
16.05

3 Bukbuka Combined 9.14 - 14.18 5.82 - 
14.55

4 Upper Dakra 1.30 - 4.54 5.55 - 
27.07

5 Lower Dakra Combined 18.37 - 23.09 0.48 - 
10.19

Figure 1 shows the representative lithology of borehole 
section of Barrier Patch of Ashok OCP.

There are three faults viz. F-13, F-13A, F-7 which have 
traversed through the barrier patch. The details of these 
faults are in Table 2. Figure 2(a) and Figure 2(b) show 
the faults configuration in top view and isometric view 
respectively.

Table II. Details Of The Faults Which Have 
Traversed Through The Barrier.

Sl. 
No. Fault No. Trend Dip Direction Throw (m)

1 Fault-13 NW-SE North-Easterly 10 - 45

2 Fault- 13 A N-S Easterly 0 - 5

3 Fault- 7 NE-SW South-Easterly 8 - 20

Fig 1. Representative lithology barrier patch

Fig 2(a). Faults traversed through barrier (Top View)
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Fig 2(b). Faults traversed through barrier (Isometric 
View)

III. Coal and OB Estimation
The estimates of Coal and OB in the barrier between 
Ashok OCP and Piparwar Project has been shown in 
Table No. III.

TABLE III: COAL AND OB ESTIMATION IN 
THE BARRIER BETWEEN ASHOK OCP AND 

PIPARWAR PROJECT

Sl. No. Particulars Quantity

1 Coal 81.55 Lakh Tonne

2 Solid OB 45.69 Lakh cubic metres

A. Shifting of Overburden Dump
There is an OB dump resting against the barrier from 
Ashok OCP side. As per the Regulation 108 of Coal 
Mines Regulation, 2017, the toe of the spoil-bank shall 
not be extended to any point within 100m of a mine 
opening. The OB dump is to be shifted by 100m before 
starting the barrier extraction. About 78.65 Lakh cubic 
metres of OB needs to be re-handled to shift the OB 
dump. Figure 3(a) shows a section of the Barrier and 
Figure 3(b), 3(C) and 3(d) show the isometric view of 
the current barrier profile, OB to be re-handled and the 
proposed profile of the barrier and OB dump after re-
handling respectively.

Fig 3(a): Barrier Section

 

Fig 3(b): Current Barrier Profile (Isometric View)

 Fig 3(c): Overburden to be Re-handled (Isometric View)
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Fig 3(d): Proposed profile of the barrier after Re-handling (Isometric 

View)

IV. Method of Mining

Mining in the Barrier will be carried out for the seams 
– Bishrampur, Bukbuka Top, Bukbuka Combined, 
Upper Dakra and Lower Dakra in descending order. 
The maximum length, width and depth of the working 
would be 1200m, 300m and 88m respectively.

Before starting mining in the solid barrier, OB resting 
against the barrier from Ashok OCP side will be re-
handled to 100m from the existing bottom edge of 
barrier to comply with the provision of Regulation 
108 of CMR, 2017. In the scientific study it has been 
recommended that the re-handling of the OB shall 
be done from top to bottom in the descending order. 
During re-handling of OB, the operating OB bench 
width shall not be less than two times the height of 
corresponding bench or three times the width of 
largest vehicle plying on the bench whichever is higher. 
This will ensure better stability and higher safety of OB 
bench.

The work shall be carried out by shovel dumper 
combination. The mining will be done from rise to 
dip forming benches along the strike. Coal seams 
and parting will be excavated in a series of generally 
horizontal slices/ benches. While the mine advances 
in the dip direction, as per the recommendation of the 
scientific study, the overall slope of running benches 
should be kept flatter and maintained not more than 25 
degree for better stability and safe working. 

As shown in Figure 2(a), the barrier is traversed by one 
major fault F-13 almost whole throughout the length 

in North-South direction. Faces aligned oblique or 
near perpendicular to the faults tend to be more stable. 
Therefore, in the instant case it has been suggested 
accordingly so that formation of hanging wall could be 
avoided or minimized. 

As per the size of HEMMs to be deployed for extraction 
of barrier, it has been recommended that the height of 
working benches in coal and parting should not exceed 
10m and corresponding bench width shall not be less 
than 20m. However, it is suggested to maintain the 
working and non-working bench width of 40m and 
20m respectively during the course of mining.

V. Hydrogeological Study
Hydrogeological study has been conducted in the 
barrier by CMPDIL using the Geophysical Resistivity 
Imaging to determine the site-specific groundwater 
condition with respect to the existing highwall and 
opencast benches of the solid barrier. The phreatic 
surface in the barrier patch has been established so 
that it could be further used in the slope analysis. Due 
to the inaccessibility of the old overburden dump, the 
hydrogeology study could not be conducted over there.

In the study, it has found that from F-7 to F-13 fault 
(Figure 2(a)) upto 380 m south the subsurface formation 
up to 15m below ground level is highly saturated with 
water. Beyond that depth, higher resistivity has been 
observed which signifies very low saturation in the 
lithology.  

It has also been observed that due to the pump drainage 
channel on the top as shown in Figure 3(b), a very low 
resistive layer at the profile top existed and for proper 
delineation of ground water level mine discharge needs 
to be diverted.

VI. Slope Stability Analysis
Overburden dumps and highwall are the essential parts 
of the Opencast Mining system at different phases of 
mining operation. Slope stability is the stability of the 
benches of the working face or the overburden dump 
lying at certain angle with the horizontal. The stability 
of the slopes depends on different factors like cohesion, 
internal friction angle, presence of water, geological 
discontinuities, cracks etc. If the resisting forces 
exceeds the driving forces, then the slopes is said to be 
stable else unstable.
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Now a days, numerical method is widely used for slope 
stability analysis. Limit Equilibrium analysis is one of 
the most widely used technique used in geotechnical 
analysis, where force or/and moment conditions are 
examined on the basis of statics [1-15]. The output of 
limit equilibrium analysis is the ‘Factor of Safety’ which 
is the ratio of the resisting forces to the driving forces.

In case of weak materials like overburden dumps, a 
strongly defined structural pattern of failure doesn’t 
exist and the shear failure surface develops along the 
line of least resistance. These slip surface generally 
take a circular shape.  The Bishop’s Simplified Method 
of Slices is one of the most used Limit Equilibrium 
techniques in case of circular failures, but it is an 
iterative process and requires a large number of failure 
surfaces to be investigated to determine the critical slip 
surface.

A. Bishop’s Simplified Method of Slices
The Bishop’s Simplified Method of Slices is an extension 
of the method of slices. In this method, firstly a trial 
failure surface is assumed and the material above the 
trial failure surface is divided into several vertical 
slices and the force/ moment analysis is done on each 
slice. The effect of forces on the sides of each slice are 
accounted for to some degree. It assumes the effect of 
the vertical component of the inter-slice force is zero 
and forces on sides of each slice are horizontal. Forces 
acting on each slice is shown in Figure 4.

Fig. 4. Forces acting on each slice in the Bishop’s Simplified Method 
of Slices

Here, ‘W’ is the weight of slice, ‘c’ is the cohesion, ‘ ’ 
is the friction angle, ‘u’ is the pore water pressure, ‘
’ is the angle between base of slice and horizontal, ‘l’ is 
the length of slip surface segments measured along base 
of slice, is the assumed Factor of Safety and 

 is the calculated Factor of Safety. As FOS is 
in both the sides of equation, so, this method requires 
an iterative procedure to determine the Factor of Safety. 
In addition to this, a large number of failure surfaces 
need to be investigated to find the critical slip surface.

B. Field Level Analysis of Proposed Dump 
Slope
A field level analysis has been performed using the 
Bishop’s Simplified Method of Slices for the slope 
stability analysis of the proposed dump slope profile 
after re-handling. The strength properties for the 
materials in OB dump has been shown in Table 4.  The 
slope stability analysis for the dump slope has been 
done for the drained condition.

Table IV. Strength Properties of OB Dump 
Material

Sl. 
No. Material

Unit 
Weight 
(KN/m3)

Cohesion 
(kPa)

Angle of 
Friction 
(Degrees)

1 Top layer material of OB 
Dump 17 43 26

2 Mid layer material of OB 
Dump 20 65 37

3 Bottom layer material of OB 
Dump 21 68 38

4 Base material of OB Dump 21.88 62 30.22

Figure 5 shows the slope stability analysis for the 
section-870N of the proposed dump profile. The bold 
line in is the critical slip surface with FOS of 1.94 
in completely drained condition. The other circles 
displayed with different colour code are the fifty slip 
surfaces with the lowest FOS.
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Fig. 5. Slope stability analysis on the Section-870N of 
the proposed dump profile

The FOS for different sections varied from 1.78 to 2.64 
for completely drained condition.

C. Scientific Study- Slope Stability Analysis
In the scientific study done by CMPDIL, slope stability 
analysis for the highwall in both the sides, i.e. Eastern 
and Western side of the barrier, as well as the dump 
has been done using GALENA software, which is a 
leading software for analysing slope stability. Bishop’s 
Simplified Method of Slices was incorporated to 
determine the FOS and critical slip surface. 

D. OB Dump
The OB dump comprises of heterogeneous materials 
having the particle size of few microns to more than a 
metre. The permeability of these materials is very high.  
So, the slope stability analysis of the dump has been 
done for submerged condition. The strength properties 
for the OB dump material has been taken same as in 
Table 4.

In the scientific study, the FOS for the slope stability 
analysis for the OB dump varied from 1.36 to 1.75 for 
different sections under submerged condition. The 
FOS obtained in the scientific study is lower than the 
field study because in the scientific study submerged 
condition has been taken into consideration which has 
a significant impact on slope stability.

E. Recommendations for OB Dump in the 
Scientific Study
As the FOS of the OB dump varies from 1.36 to 1.75, 
the minimum factor of safety is 1.36. As per the circular 
issued by DGMS dated 16.01.2020, the minimum FOS 
to be considered for design of bench and dump slope 

shall in any case not be less than 1.50 for permanent or 
long-standing slopes and 1.30 for all other cases. So, 
the sections, where the FOS is less than 1.5, need to be 
modified so that the FOS of 1.5 is achieved. Further, 
the dump slope in the proposed dump slope profile 
is more than the stipulated limiting angle. In order to 
comply with the Regulation 108 of CMR 2017, it has 
been suggested to keep each dump tier height of 10m 
with corresponding berm of atleast 15m, so that the 
ultimate slope of final dump profile should not exceed 
1 vertical to 1.5 horizontal.

It has been further recommended that the shape of OB 
dump should be uniform and any curvature will lead 
to stress concentration which may reduce stability. Top 
of the OB dump should be graded in such a manner 
that no water should accumulate there. A proper 
drainage system needs to be maintained to bring down 
the rain water. A retaining wall or gabion wall should 
be made against OB dump along toe. A berm of 1-1.5 
m is to be provided all around the top of OB dump to 
avoid water spillage on inclined face of dump. Drain 
on inclined face and catch drains at each bench needs 
to be provided to bring down the water. Measure for 
proper vegetation should be taken on top of dump, on 
berm and slope. Grass seeding and plantation at the 
base of dump up to 50m width from toe of the dump 
to hold the soil together and prevent dust generation. 
Any depressed land near the toe of the dump should be 
filled up and dozed/ levelled so that no accumulation 
of water takes place. Garland drains should be 
constructed and measures for timely maintenance of 
these drains should be taken. No toe cutting should be 
allowed in any circumstances. If occurred, it must be 
filled up immediately. All gullies which appear on the 
face of dump due to running rain water must be filled 
up. Garland drain should be made on the surface along 
the periphery of dump and mine to prevent the surface 
run-off in mine.

F. Barrier Highwall
For the highwall at the barrier, the slope stability 
analysis has been done considering the phreatic surface 
at peak monsoon level with assumptions based on post 
and pre-monsoon hydrogeology data. The strength 
properties for the highwall material has been shown in 
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Table V.

In the scientific study, in case of highwall slope analysis, 
two scenarios have been taken into consideration. The 
first Scenario is considering that the drainage channel, 
which has been shown in Figure 3(b), has been diverted 
and subsurface formation of about 10-15m below the 
ground is saturated with water. The second scenario is 
considering that the drainage channel is not diverted 
and subsurface formation of 80m below the ground is 
saturated with water.

Table V. Strength Properties of The Highwall Material

Sl. 
No. Material

Unit 
Weight 
(KN/m3)

Cohesion 
(kPa)

Angle of 
Friction 
(Degrees)

1 Alluvium and 
Weathered Rock 15 25 20

2 Coal 14 46 30

3 Medium Coarse-
Grained Sandstone 21.48 85 32.41

4 Very Coarse-Grained 
Sandstone 21.88 62 30.22

5 Intercalation 22.46 65 57.62

6 Fault 10 8 6

The FOS for different sections of both the existing 
Eastern as well as Western highwall slopes of Barrier 
ranged from 1.02 to 2.03 in case of first scenario. 
Similarly, the FOS ranged from 0.48 to 1.62 in case of 
second scenario. So, hydrogeological condition plays a 
significant role in the slope stability.

Similar slope stability analysis was done on the 
suggested highwall slope of working barrier. The FOS 
ranged in between 1.32 to 4.73 in first scenario and 
0.71 to 3.49 in the second scenario.

G. Recommendations for Barrier Highwall 
slope in the Scientific Study
The barrier has been traversed by three faults and there 
is a pump drainage channel over it as shown in Figure 
2(a) and 3(b) respectively. It can be observed that the 
FOS in the first scenario, where the pump drainage 
channel has been diverted, is higher than the second 
scenario, where the pump drainage channel has not 
been diverted. This indicates that groundwater has 
remarkable role in slope stability. Hence, it has been 
suggested to divert the drainage channel before start 

of mining operation, so that the barrier area under the 
study should remain dry. It can be observed that the 
FOS of the existing highwall slopes of Barrier is lower 
than the suggested highwall slope. This is because the 
benching of the barrier highwall has not been properly 
maintained. A newer profile needs to be formed as 
shown in the Figure 3(a) where the proposed benching 
has been delineated in the section. Due to the presence 
of faults in the barrier, the mining of barrier has been 
proposed in dip direction forming benches along the 
strike. While mine working advances in dip direction, 
the overall slope of running benches should be kept 
flatter and maintained not more than 25 degrees for 
better stability and safe working. While working near 
faulted or geologically disturbed area, due attention 
and efforts are required to cross/ mine out the faulted 
area judiciously by making wider working benches 
with smaller bench height (preferably lesser than 
the digging height of deployed machine) along with 
regular monitoring of movement in benches in relation 
to hanging and foot wall of the encountered fault.

H. Monitoring
In addition to following the above recommendations, 
monitoring of the slopes is of utmost importance. Most 
important parameter to be monitored is the movement 
of dump mass. A monitoring team at the project 
level for the instant purpose needs to be created. The 
team should monitor entire mine on regular basis 
and record the observations. Special attention needs 
to be given at the stressed zones as well as the faulted 
zone. Tension cracks on the surface of dump need to 
examined and monitored precisely. Different geological 
discontinuities like minor faults, shear planes etc. may 
be encountered during the course of extraction which 
could not be detected during the exploration stage. 
These discontinuities may create weak zones which 
may affect stability. Such type of discontinuities are 
needed to be taken care of to carry out the extraction 
of the barrier safely.

VII. Conclusions
In the present scenario, with the increased demand of 
coal and the problem associated with the land available 
for mining, there is tremendous pressure on the existing 
mining projects. This approach of barrier extraction is 
a classic example of mining with due regards to the 
conservation and environment. About 8.15 MT of coal 
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would be extracted, which would else be lost forever. 
The main problem associated with this case was that 
of the stability of the new profile of dump slope after 
rehandling of OB and the stability of the highwalls of 
the barrier.  The slope stability analysis has been done 
both in the scientific study as well as the field level for 
different conditions. Based on this analysis, several 
recommendations have been made. The faults which 
have traversed through the barrier have been considered 
to plan a safe mining method for the extraction of the 
barrier. By following the suggested mining method, 
recommendations and proper monitoring, the barrier 
is expected to be extracted safely.
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Abstract — 
The World over, energy recourses are getting scarcer and increasingly exorbitant with time. 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 in maintenance and operation 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 ,Preventive/ Regular/ Breakdown Maintenance facilities 
,End use minimization & Use of Technology upgrades. The various implementable measures shall be used for reduction of 
power cost in Opencast Coal 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. The following steps are to be taken to economize power 
cost by using energy efficient Lighting, Power Factor Improvements, improving Power distribution System by proper loading 
of Power/Distribution transformers, avoiding idle running of Machines/HEMMs, 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 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. 

Keywords— Power Cost, Short-Term Measures, Medium-Term Measures, Long-Term Measures, Pay-back period, 
Comprehensive Action Plan, Mega Savings

I. INTRODUCTION
In a developing country like India striving for rapid 
industrialization for National development, Energy 
cost saving and its efficient utilization are of paramount 
importance deserving the greatest attention of the 
planners, power supply industry, industrialists and 
the common man. Electricity is the key to economic 
development and India’s current shortages of electricity 

have hampered industrial growth. The most important 
aspect is to adopt best 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 conservation 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 
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priority of the Government of India. Employee on 
COAL Industry became aware of the seriousness and 
did their best to conserve and 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. 

A. BEST PRACTICES ADOPTED IN 
MAINTENANCE AND OPERATION IN 
MINES

1. Nitrogen Injection Fire Prevention System 
(NIFPS)

Best practices adopted towards electrical safety of 
large power transformer above 10MVA capacity is by 
installing Nitrogen Injection Fire Prevention System 
(NIFPS) for quenching the fire hazards occurring at 
transformer installation. 

Fig.1: NIFPS in transformer 

2. LOTO - Lockout/Tagout
Best practices adopted towards electrical safety in 
various Control Relay Panel installed in control 
room of large power distribution system is achieved 
by installing Lockout-Tagout (LOTO) procedure to 
prevent accidental or unauthorized access to electrical 
power sources that are undergoing maintenance or 
other work. With this secured process, all individuals 

working on the same circuit or equipment have 
individual locks that they use to disconnect device 
before working on the system. The LOTO procedure 
also requires that each worker fills out a tag that is hung 
from their lock, including their name and a description 
of the work they are doing. 

Fig.2: Lockout arrangement  

Fig.3: Tagout arrangement 

3. Best Practices in Energy Saving in Electricity 
bill through TOD (Time of Day) Consumption

As per tariff applicable for HT Consumers, the Energy 
charges are 20 % less in off peak night hours from 
10pm to 6am as compared to basic energy charges 
applicable in day time & in peak time in MP group 
of mines. Best practices adopted for energy saving is 
that Possible Non important electrical loads are being 
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staggered from peak hours to off peak hours in UP & 
MP group of 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 MP group of Mines has been obtained in 
Monthly electricity bill.

TABLE I:  TOD for MP group of mines
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 

(-)20% of  Normal rate 
of energy charge

DAY HOUR 6AM TO 6PM=
12 Hrs. 

Normal rate of energy 
charge
=Rs.7.05/KWH 

TABLE II: TOD for UP group of mines
TIME OF 
DAY 

UP GROUP OF  MINES TARIFF APPLICABLE 

PEAK 
HOUR 

5 PM TO 11 PM
= 6Hrs

(+)15% of  Normal rate of 
Apparent Energy charge 

OFF PEAK 
HOUR 

Summer(April to Sept)
5 AM to 11AM = 6Hrs. 
Winter(Oct to March)
11PM TO 5AM=6Hrs

 
(-)15% of  Normal rate 
of Apparent Energy 
charge 

DAY 
HOUR 

Summer(April to Sept)
11 AM to 5PM=6Hrs
11PM  to 5 AM=6Hrs
Winter(Oct to March)
5AM to 5 PM =12Hrs

Normal rate of Ap-
parent Energy charge 
=Rs.6.80/KVAH 

4. Best Practices in Energy Saving in Electricity 
bill through Demand Management

Best practice 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 Engineers of Mines that Maximum Demand 
for the Month is determined by the maximum load 
used in any 5 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 90% of Contract 
Demand=Than, it shall be charged minimum 90% of 
CD at Normal rate. If MD between 90% to 115% of 
Contract Demand, it shall be charged on Normal Rate. 
If MD between 115% to 130% of Contract Demand, it 
shall be charged at 1.3 times the Normal rate. If MD  is 
above 130% of Contract Demand, it shall be charged 
at 2 times the Normal rate .Further in open cast coal 
mines of NCL, Centralized control of maximum 
demand is established by Purchasing Power at Single 
Point Metering at 132kv Nigahi substation connection 
point-  Feeding Industrial power to Jayant, Dudhichua, 
Amlohri, Nigahi & CWS Jayant & at 33 kv Bina 
substation connection point – Feeding power to mines 
& township of Khadia, Krishnashila, Bina & Kakri and 
further also at 33 kV DCH/ NGH township point- 
Feeding domestic power to DCH, NGH, AML,NSC 
office /colony ,CMPDIL office / colony, Central store, 
CMPF office  /Colony. NO PENALTY PAYMENT 
made against OVERDRAWAL OF POWER due to 
accurate prediction of demand by adopting of above 
best practices and using technique of Hourly recording 
and monitoring of Maximum Demand at various HT 
Sub stations. 

5. Best Practices in Energy Saving in Electricity 
bill through Power Factor Economy

As per latest tariff of MP Regulatory Commission, if 
Power factor of consumer is between 0.90 to 0.95 than 
no penalty be claimed and no incentive shall be payable 
to consumer. If Power factor is between 0.95 to 1.0 than 
Power factor Incentive shall be payable as follows:

TABLE III: Power Factor Incentive In Mp   
Group of Mines

Power Factor Percentage incentives 
payable on billed energy 
charges 

Above 95% and up to 96% 1%

Above 96% and up to 97% 2%

Above 97% and up to 98% 3%

Above 98% and up to 99% 5%

Above 99% 7%

By adopting best practices such as installing capacitor 
bank in various sub stations in mines and explaining the 
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power factor impact on electricity bill in tariff structure 
to concerned officers and electrical supervisors , Power 
factor  is improved and maintained above 0.95  in mines 
and  townships of NCL as a result good incentive has 
been received  in  monthly electricity bill.

6. Best Practices in Conservation of Energy in 
open cast coal mines

Best practices applied for Energy efficient lighting 
and power factor improvements, improving power 
distribution system by proper loading of power/
distribution transformers, avoiding idle running of 
machines/HEMMs for conservation of energy 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 M/S EESL 
and through GEM Portal for their use in Offices, Street 
lights, Mines lightings & Township Areas in various 
projects/units of NCL.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 year. 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 IV: % Of Power Consumption In Various 
Equipments/Areas Used In Opencast Mines

Equipment/Areas                     % of Total

Draglines 36 - 38

Electrical shovels 30 –34

Township Lighting 16 –18

Coal handling plant 7 – 8

Electrical Drills 6 – 7

Mines lighting 3 –4 

Water pumping 2 – 3

7. Best Practices applied in Coal Handling 
Plant
NCL has adopted its linked customer to evacuate 
coal through Belt Pipe Conveyor (BPC) system 
in Coal Handling Plant. 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 NCL 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. Further, sprinkler system is used to avoid dust 
generation during stacking, reclaiming & storage. 

Fig.4:  Mechanically Actuated dust suppression 
system on the conveyors of CHP

Automatic Mechanical Samplers (AMS) are installed 
in different Silos of opencast mines of NCL to fasten 
as well as to ensure precision in coal sample collection 
process. NCL has 5 numbers of NABL accredited labs 
having highly sophisticated laboratory equipment 
and other facilities related to coal sample collection, 
preparation, testing and analysis. 
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Fig.5:  AMS at CHP

8. Best Practices applied Dewatering operation in 
mines 

All the mines of NCL 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.6:  Pontoon Pumping of dewatering in mines

B. INNOVATIVE APPROACH ADOPTED 
FOR ECONOMIZING THE POWER COST

The innovative approaches applied for economizing 
the power cost are on each important equipments, 
processes and plants at all stages of Production in 
coal mines of NCL. 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 NCL 
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.

1. Short-Term Measure
Energy savings up to 10% or more are achieved through 
operational improvements and good housekeeping. 
Harmonic Filters and synchronous drive are provided 
in Dragline and Shovels 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 power factor 
incentive from DISCOM. HT Induction motors 
are operated at full load to achieve optimum motor 
efficiency resulting energy conservation. 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. In future we are planning 
to replace all other light fittings by LED light fittings 
only.
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Now, less than 5% 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 business models that can attract 
manufacturers to produce efficient technology at scale 
and bring it within the purchasing capacity. 
India needs a nationwide consumer awareness 
campaign on energy efficiency. Only a forth of Indian 
household are currently aware of these 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.

         Fig.7:  Power Distribution system

2. 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 improve 
s 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.

3. Long-Term Energy Conservation Measures  
Replacement/ Installation/ Modernisation 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 Managerial model, following 3 stages of 
implementation adopted in NCL.

C. DETAILED INNOVATIVE 
COMPREHENSIVE ACTION PLAN 
ADOPTED FOR MEGA SAVINGS IN NCL
The detailed 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. 

1. 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 
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 
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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 
(20cum/ 12.5cum/ 10cum), Regulated water supply by 
providing overhead tanks.
2. 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

3. 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. 
Recent Indigenous development Proposed to be 
adopted in advanced electrical equipment in NCL 
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

D. Conclusions
The efforts were continued to accrue the maximum 
benefits on account of economizing the power cost by 
implementing various measures and cost alternatives. 
This is possible only by active involvement and 
co-operation from all fronts of the organization. 
Continuous interaction/discussion among the mining 
personnel/managers (operation), other officers and 
staffs towards power cost reduction made realistic, 
practical and implementable. Energy management 
program (EMP) in NCL 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 NCL workforce 
accomplished the task of economizing the power cost 
in mining operation. The technology up-gradation 
and modification are taken up by the Engineers 
and Managers; the housekeeping measures and best 
practices in maintenance and operation are carried 
out by technicians and helpers. Suitable training on 
Energy awareness Programmes at mine/area level and 
introducing the Energy management Theme in the 
NCL assisted schools/colleges are organized to achieve 
the objective.  We need to improve the availability and 
affordability of energy efficient appliances.

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. 
Despite the projected escalation in production cost, 
Indian coal will continue to be the cheapest available 
source of energy in 21st century. With proper energy 
management power crises in coal industry can be 
solved and also fulfill the demand of power generation 
in global scenario. The Energy Industry must take lead 
in sustainable development.
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Abstract — 
There are 23 draglines working at different projects of Northern Coalfields Limited of various bucket capacities that is, 
10,15,20,24 and 33 cum. with boom length varying from 70 m to 96 m. Four numbers of Draglines are working in its five 
large opencast projects. The working of most of these mines are centrally divided into two sections with central road at 
Turra floor level and the Dragline cut commences from central part of the mine and terminates at the boundary of mine at 
the two sections. As two numbers of Draglines works in each section of mine so most of the period two draglines in each 
section works in Tandem. Normally both the Draglines work in Lowwall In-Pit bench method of working where advancing 
Dragline takes the key cut and creates a extended bench/Bridge at a lower elevation by sitting at lowwall (spoil side). This is 
a single pass two lifts lowwall operation employing a highwall chop method of digging in the first lift and a pullback digging 
operation in the remaining lifts. The dragline bench in the lowwall side is about 4 to 6 m below the pre blasted surface. The 
overburden is blasted so as to achieve maximum throw. The retreating dragline then sits at the In-pit /extended bench/bridge 
created by advancing Dragline and takes the box cut in pull back operation by further exposing the coal and dumping for 
further widening of the extended bench required for the final no coal/rehandling material removal from final sitting position. 
For final sitting the dragline moves backward and removes the remaining solid material and rehandling material and dumps 
into the final spoil room by swing in the opposite direction as from the swing direction for previous two sittings of advancing 
and retreating dragline.

In order to improve the productivity of both the draglines in tandem operation another variant Modified Dragline working 
in tandem operation can be practiced by deploying advancing dragline as per Standard Extension Bench method along 
Highwall and creation of extension bench for retreating dragline by creation of extended bench/In-pit bench/bridge adjacent 
to the block under excavation at a lesser swing angle. Here the productivity of advancing Dragline becomes very high not 
only with respect to Lowwall in-pit bench method but also higher than standard extension bench method. The retreating/
lagging dragline sits at lower level than the pre blast level and removes the box cut solid material and rehandling material. 
The reduction in rehandling volume is achieved by having the sitting level as low as possible while having space for sufficient 
spoil room. 

The working methodology for the most productive tandem operation of Draglines that is, Highwall and Lowwall Extended 
Bench tandem operation of Draglines working at different horizons is discussed in detail in this paper for all the sittings 
position of advancing and retreating dragline.

I.  Modified Tandem Operations Of Draglines
The Modified Tandem Operations of both advancing as 
well as Retreating Dragline is detailed for all the sitting 
positions of both the draglines.

1. Key Cut by Advancing/Leading Dragline – 
A. Dragline Sitting level and Position of Dragline 

for Key Cut by Advancing or Leading Dragline-  

(1)  Placement of Dragline-  

a.  Dragline sitting level – It will be same as the 
original pre-blast level (or the adjacent unblasted 
corridor level) of the dragline block.

b.  Position of Dragline - The Dragline sitting 
position is along the New Highwall that is, 
the intersection point of Dragline sitting level 
with the vertically upward projection from the 
midpoint of New highwall toe (to be formed) 
and Key cut Toe (at a distance of half the width 
of Bucket say, 3 m from new highwall toe or 12 
m from new highwall crest). The sitting position 
is same as standard Extension bench Method 
working.
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Fig.1. Key Cut Planes

c.  Key cut width at the bottom level or Coal 
Roof level – The width is same as the Dragline 
bucket width say, 6 m. Then Key Cut widening 
is done with bottom width of 22 m and top width 
of 60 m. The slope of cut at dump side is at 45°. 

(2) Working Methodology 
a.  Digging Method during Key Cut–                          

Digging method same as Standard extension 
Bench Method is followed. Here underhand 
digging method of dragline is followed for the 
Key cut material excavation. The dragline works 
along highwall and digs material below its tub 
level in different sub blocks layerwise.

Fig.2. Layer-wise Key cut Operation

 

Fig.3. Underhand Digging Operation by Dragline

This is the best digging method (under digging method) 
as productivity of dragline is highest compared to other 
two digging methods (chop down or pull back digging 
method). Bucket filling time is less whereas bucket fill 
factor is highest. Less operator skill is required. The 
bucket line breakdown is also minimum.

The Key cut excavation is accomplished with the 
formation of new highwall with the accomplishment of 
good highwall dressing and desired. 

Depending on the Dragline first sitting position from 
highwall the highwall material (a triangular patch) 
immediately 5 m (approx.) from dragline face crest 
is not excavated completely (from the current block 
under excavation) but this material is excavated as well 
as highwall is dressed from the next Key Cut sitting 
of dragline along highwall. In order to eliminate this 
problem the best sitting position for center of tub 
of dragline shall be at the crest line of Highwall. In 
order to achieve this sitting for Dragline the blasting 
of dragline formation level corridor (5 m depth only)  
upto a width of 20 m is required for providing the loose 
base material for the cushion of Dragline tub as well as 
its walking shoes. 

b. Dumping of excavated material and formation of 
Extended Bench/Bridge–

The key Cut material is dumped at an average swing 
angle of less than 60° at decoaled side for the formation 
of Extended bench adjacent to the block under 
excavation. 

Fig.4. Dragline Working at Key Cut Position
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There is difference in the place of dumping in this 
method of Dragline working as compared to standard 
extension bench method where the excavated material 
from the current block is dumped in the Next bridge 
formation adjacent to the block in which the dragline 
sits. So the average swing angle in case of bridge 
formation from Key cut material in standard extension 
bench method is much higher that is, 90° compared 
to 60° in this method. This reduction in average swing 
angle has tremendous impact on the productivity 
enhancement of the advancing dragline for Key Cut 
operation. 

Fig.5. Plan and section showing Dragline Working at 
Key Cut Position

      There is variation in the place of Dumping in this 
method compared to standard extension bench method 
(Single Dragline) because in standard Extension Bench 
Method the dragline which removes key cut material 
and creates extension bench adjacent to the block on 
which it is sitting and then the same dragline has to sit 
in the new bridge/extended bench for the removal of 
Box cut material and no coal/ rehandling material (so 
the average angle of swing is higher say, 90°). In this 
method there is no requirement of leading dragline to 
prepare extension bench for its own sitting so it creates 
extension bench adjacent to block it is excavating at a 
lesser swing angle say,60° for the box Cut and no Coal/
Rehandling sitting of lagging dragline (2nd Dragline).

While dumping during the formation of extended 
bench for further working of lagging dragline every 
care should be taken to keep the level of extended bench 
to 6 to 8 m below the sitting level of leading dragline so 
that minimum dozing is required for leading dragline 
while preparing the sitting level at 6- 8 m or below the 

leading dragline.

B. Extended Key Cut by Advancing/Leading Dragline– 

Requirement of second position/ sitting for Extended 
Key Cut/ Partial Box Cut Excavation by Leading/
Advancing Dragline –

a.  The material excavated during the key cut is not 
sufficient to create the required extended bench/ 
Bridge for the lagging dragline due to depth of 
overburden, which is not very high compared 
to coal seam thickness. In order to create the 
required width of extended bench for the box cut 
and no coal sitting of lagging/retreating dragline 
the extended key cut is excavated by advancing/
Leading dragline.

b.  With due consideration of the productivity of both 
the draglines in tandem operation the workload 
of leading and lagging dragline is balanced and 
width of extended key cut and volume of material 
to be handled for Extended Key cut/part of box 
cut by Leading Dragline is decided.

c.  To eliminate the unproductive inclined cutting 
by dragline from key cut position for taking the 
wider key cut.

(1) Placement of Dragline for Extended Key Cut 
Position

a.  Dragline sitting level – It will be same as the 
original pre-blast level (or the adjacent unblasted 
corridor level) of the dragline block.

b.  Position of Dragline - The Dragline sitting 
position is about 40 m from the New Highwall 
crest. The sitting position is same as Standard 
Extension bench Method working.

(2)  Working Methodology – 
a.  Digging Method during Extended Key Cut– 

Digging method same as Standard extension Bench 
Method is followed. Here underhand digging 
method of dragline is followed. The dragline 
works digs material below its tub level by sitting at 
a distance of 40 m from highwall crest.

b.  Dumping of Excavated material and widening 
of Extended Bench/Bridge– The Extended key 
Cut material is dumped at an average swing 
angle of less than 60° at decoaled side for the 
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widening of Extended bench already prepared 
by Key cut material. The material is dumped 
at an average swing angle of less than 60° at 
decoaled side for the formation of required 
width of Extended bench adjacent to the block 
under excavation for the sitting of retreating/ 
lagging Dragline. This is the most productive 
phase of leading dragline because here free face 
is available for excavation, no highwall dressing 
is required from this position and the dragline 
works at lesser swing angle (less than 60°). 

While dumping during for the widening of extended 
bench for further working of lagging dragline every 
care should be taken to keep the level of extended 
bench to 6 to 8 m below the sitting level of leading 
dragline due to three requirements. Firstly, the required 
width of extended bench/bridge/in pit bench for the 
working of lagging dragline for box cut excavation and 
final rehandling material excavation will be prepared. 
Secondly, minimum dozing will be required for lagging 
dragline while preparing the sitting level at 6- 8 m or 
below the leading dragline working level. Thirdly, as 
we know that the depth of the extended bench affects 
the amount of rehandling, so a significant reduction of 
rehandling can be achieved by keeping the extended 
bench level/bridge level as low as possible while still 
providing sufficient spoil room. Thus for achieving all 
the above requirements in-pit bench (extended bench/
bridge) in a lower elevation instead of normal bridge is 
formed. There is also less restriction on the level of the 
in-pit bench than in standard extension bench.

Fig.1. Plan and Section showing Dragline Working at 
Extended Key Cut position

C. Box Cut Material Removal by Retreating/
Lagging Dragline-
a.  Dragline sitting level – It will be 6-8 m below 

the the original preblast level (or the adjacent 
unblasted corridor level) of the dragline block.

b.  Position of Dragline - The Dragline sitting 
position is about 91 m from the New Highwall 
crest. The sitting position is same as Low wall In 
pit Bench Method working for Box cut position.

(1)  Working Methodology – 

a.  Digging Method Box Cut excavation-Lagging/
Retreating Dragline sits in the dump side at a 
distance of 91 m from highwall crest on the in-
pit bench (extended bench/bridge) in a lower 
elevation instead of a normal bridge created by 
Leading Dragline. The Dragline excavates the 
material by pull back operation from spoil side. 
The material is excavated by dragline upto the 
toe position of extended key cut. 

Fig.2. Dragline Balancing Diagram showing  all four 
sitting position of both the Draglines

b.  Dumping of Excavated material– For 
dumping the excavated material from Box 
cut sitting position the Dragline swings at a 
direction opposite to the swing direction of 
leading dragline at an angle varying from 100° 
to 120°. The productivity of dragline is very less 
compared to the productivity of leading dragline 
working for key cut and extended key cut sitting 
as the swing angle is almost doubled. 

B. Balance Box cut material and Rehandling 
material Removal by Retreating/Lagging 
Dragline-
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a.  Dragline sitting level – It will be 6-8 m below 
the original preblast level (or the adjacent 
unblasted corridor level) of the dragline block, 
as we know that the depth of the extended bench 
affects the amount of rehandling, so a significant 
reduction of rehandling can be achieved by 
keeping the extended bench level/bridge level/
In-pit bench level as low as possible while still 
providing sufficient spoil room.

b.  Position of Dragline - The Dragline sitting 
position is about 126 m from the New Highwall 
crest. The sitting position is same as Low wall 
In pit Bench Method working. This is the final 
sitting of Lagging Dragline. The position of final 
sitting is decided by the requirement of safe 
dump profile as determined by scientific study 
as the final sitting position will be in alignment 
to the crest line/edge of dragline sitting level 
corridor.

(1)   Working Methodology –
a.  Digging Method Box Cut excavation – The 

final dragline sitting position is in line with 
the crest or edge of the dragline sitting level 
corridor. Lagging/Retreating Dragline sits in 
the dump side at a distance of 126 m (say) from 
highwall crest on the in-pit bench (extended 
bench/bridge) in a lower elevation instead of a 
normal bridge created by the lagging Dragline 
. The Dragline excavates the remainder solid 
material which could not be excavated by 
dragline from previous sitting during box cut 
material excavation and the entire rehandling 
material is excavated. The excavation is done by 
underhand digging method.

b.  Creation of Safe Dump Profile: From Dragline 
Dump safety point of view the excavation by 
Dragline from this position is very critical as 
the required safe dump profile is to be achieved 
from this final sitting of Dragline. Extreme care 
should be taken during the excavation from this 
sitting as required corridor widths at Coal roof 
sitting level and dragline sitting level along 
with the required slope angle between the two 
corridors has to be achieved from this final 
sitting position of Dragline. Until and unless 
the safe dump profile is achieved no shifting of 

dragline from this position should be allowed.

c.  Dumping of Excavated material– For dumping 
the excavated material the Dragline swings in a 
direction opposite to the swing direction of the 
dragline in previous sitting position for box cut 
material excavation. The swing angle of the 
Dragline varies from 60° to 90° for excavating 
the material and accommodating in the final 
dump. The productivity of dragline is very high 
compared to the productivity of lagging dragline 
working for box cut in its previous sitting due to 
lesser swing angle. 

II. CONCLUSION
In the Modified Tandem Operation is preferable due to 
following advantages-  

1.  In this method the Productivity of Advancing 
Dragline    is very high for key cut and Extended 
Key cut excavations as detailed below: 

a) The advantages of Standard Extension bench 
method with highly productive underhand 
digging method instead of Pull back digging 
method (as in case of Low Wall In Pit Bench 
Method of Dragline Working) is utilized. 
The Underhand Digging Method is the most 
productive digging method due to less bucket 
filling time, less bucket line breakdown (higher 
reliability of Dragline) as well as requirement of 
less operational skill of Dragline operators. 

b) Advancing Dragline removes Key Cut and 
Extended Key cut at an average swing angle less 
than 60° which is very less compared to 90° in 
case of Low wall In Pit Dragline working as well 
as in case Normal Standard Extension Bench 
Method Working. 

2.  Less rehandling by Retreating dragline is 
also achieved by reducing the sitting level 
of retreating Dragline beyond 8 m below the 
preblast level.

 Thus we get the most productive tandem 
operation by the Draglines with very high rate of 
coal exposure and higher reliability of Dragline 
with minimum bucked line breakdown.
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 ABSTRACT
Mining is one of the most hazardous work environments in most of the countries around the globe. Mining no doubt is a 
hazardous profession and considered as war against the unpredictable forces of nature As a result, the mining industry 
continues to be associated with a high level of accidents, injuries, and illness .Accidents in mines are still continuing at some 
disturbing rate. The failure of people, equipment or surroundings to behave or react as expected, results in most of the accidents 
in spite of adopting stringent rules, regulations, Technical circulars, different guidelines and various recommendations. Even 
undesirable and unexpected accidents are occurring often. On analysing accidents, following general observations are being 
observed.

Non implementation of statutory rules, regulations, Act etc properly.

No proper system of work followed .

Overall System failure

To maintain the safety standards vis-à-vis safe productivity of mines, it has become utmost essential to look into every work 
with its potential hazards/risks associated with it not only from statutory part but also from all system implications involved 
in it. In order to eliminate such potential dangers/hazards/risks associated in system of work or at work places, concept for 
aiming “VISION ZERO HARM” is necessary.

INTRODUCTION
As SAFETY IS A TEAM EFFORT, so it is WE to 
give thought to overcome the total failure on our part 
to achieve overall ZERO HARM maintaining a risk 
based SHMS (Safety Health Management System) and 
achieving the same for our industry.

Main Objectives of vision ZERO HARM in Mining 
industry

 Fundamental Belief –

i) Every accident at work place is preventable.

ii) Prevention of workplace accident leads to 
sustainable mining.

iii) Thus, leading to safe productivity.

 Our moral responsibility is to ensure that RISK (Low, 
Medium or High) from work place activities be ALARA 
(AS LOW AS REASONABLY ACHIEVABLE)

 The objectives of risk based SHMS (Safety Health 
Management System) can be achieved by following 
ways.

i) Imposing safety and health obligations on 
persons who operate mines or who may affect 
safety and health of others at mines

ii) Providing adequate and effective  SHMS to 
manage risk effectively

iii) Making regulations and recognised standards 
or guide lines to require and promote risk 
management and control.

iv) Providing safety and health representatives to 
represent the interests of mine workers

v) Providing Inspectors to monitor effectiveness 
of risk management and control at mines, and 
take appropriate action to ensure adequate risk 
management.

vi) Providing methods for competencies of persons 
to be assessed and recognised.

vii) Providing a suitable management structure so 
that persons may competently supervise safe 
operation.
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viii) Providing for an appropriate mines rescue 
capability.

ix) Providing for satisfactory level of emergency 
preparedness.

x) Providing for health assessment of workers.

Basically VISION ZERO HARM concept is based 
on following to improve safety standards as well as 

productivity mainly on controlled work environment.

i) Basic Risk Management system

ii) Elements of Risk based Safety Health 
Management System

iii) Overall Risk Based Safety and Health 
Management System

Identify
Hazards

Analyse
Risks

Decide
to

Mitigate

Take
Action

Decide
to

Eliminate

Decide
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Change
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Hkeeping
Working at 
heights / near 
water-bodies
Gas
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Fig-2

Elements of Risk based Safety Health Management 
System- This system takes into account of specially 
work Environment. Generally, work environment is as 

shown in fig-2 covers with three aspects.

i) People working in the work system
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ii) Equipment’s in the work system.

iii) Safe methods/practices in the work system

People working in the work system includes all levels 
of management i.e Top level, Middle level and bottom 
level of management depending on their competency 
level. The whole process of people working in work 
environment gets affected if there exists lackadaisical 
approach in any levels of management. People of all 
levels of management apart from their competency 
shall be physically as well as mentally/psychologically 
fit to perform their work.

Similarly, equipment’s in the work system shall also 
be fit, safe and compatible as these are directly being 
operated by the people. 

Safe methods/practices adopted by people on 
equipment’s as well as safety features incorporated on 
equipment’s also plays a vital role on this system.  

Thus we can say that controlled working environment 
basically comes under Safety Management system 
which again consists of the following.

•	 A safety plan

•	 Policies, procedures and processes.

•	 Training and induction.

•	 Monitoring.

•	 Supervision.

•	 Reporting.
In order to have an effective safety management 
system we must actively implement the system in our 
workplace and ensure specially that at bottom level of 
management:

•	 Workers comply with procedures and 
instructions;

•	 Workers are appropriately trained; and

•	 Workers are subject to on-going supervision.
	 Safety plan

A maintained safety plan shall analyses the risks and 
decides how the risks will be eradicated and controlled 
over a calendar period .The safety plan must have a 
certain budget.

This plan will ensure that every worker clearly 

understands their safety obligations (and how 
to comply) and is accountable to carry out those 
obligations.

	 Policies, procedures and processes

Policies, procedures and processes include all 
safety paper infrastructures within our company. 
This paperwork will describe all safety behaviour, 
expectations, record-keeping, incident reporting, and 
incident notification documentation.

	 Training and induction

Depending on the nature of workplace (whether it 
is low-risk or high-risk), everyone who enters our 
workplace should receive training and induction on:

•	 The rules of  our company;

•	 The rules of the site; and

•	 The rules of the location they are working/
inspecting..

The training content will depend on the level of risk the 
person is exposed to.

	 Monitoring

Obligations to monitor our workplace depend on 
circumstances and need considering the level of risk. 
The higher the risk, the more frequent and detailed the 
monitoring needs to be.

Other times when monitoring will be necessary 
include:

•	 To ensure that all risk has been covered by 
a new risk assessment that has been carried 
out due to a change in process, e.g. the 
installation of new workstations; and

•	 When an investigation takes place following 
an incident.

	 Supervision

The only way to ensure that our workers are carrying out 
their safety obligations is to have adequate supervision.

The level of supervision required in our workplace 
will increase if the level of safety control put in place 
to reduce a risk is low, i.e. the less effective the control 
measure used, the higher the level of supervision 
necessary.
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	 Reporting

The safety reporting system at all levels is required. 
Workers need to know what safety looks like – what’s 
going right and what’s going wrong. This can only occur 
when they receive safety feedback from us, e.g. how 
many hazards identification , the risk levels associated 
with those hazards and what control measures were 
implemented.

Overall Risk Based Safety and Health Management 
System

                                                 Fig.3

Aiming for “VISION ZERO HARM” With the concept 
of overall Risk Based Safety and Health Management 
System, it can be said that a positive safety culture may 
be achieved empowering all employees to create 
data related to their work/operation and analysed 
periodically to evolve a new effective management 
technique to achieve not only total safety in all 
respects but also the concept of safe productivity  as 
a whole i.e. how best we utilise the resources in each 

and every field of operation safely and efficiently to 
get desired quality output. 

22

VISION

ZERO

Fig.4

Conclusion- Vision Zero needs to be focussed 
largely on safety issues at work for not only achieving 
high standards of safety but also increasing productivity. 
In health issues, insufficient emphasis has been placed 
on preventive action. This is not usually considered as 
a key area of most health organisations, such as health 
centres, hospitals, and most health professionals. There 
is an immediate need to emphasize elimination of not 
only factors leading to fatal and other injuries at work, 
but all harmful consequences caused by or aggravated 
by work. A paradigm change is necessary to have 
VISION ZERO HARM at work. Targets and objectives 
for future action include mapping of exposures 
is required. Such knowledge requires continuous 
updating and expansion and to cover all significant risk 
factors including physical and psychosocial risk factors 
by occupation and jobs i.e. (Job Exposure Matrices). 
This means a total comprehensive and systematic data 
collection concept is required to “AIM FOR VISION 
ZERO HARM”
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Abstract
Safe and efficient blasting is the prime objective of any blasting engineer. The blast round delay timing and stemming 
material affect the fragmentation, muckpile shape and subsequently the loading equipment performance in any blasting 
program. This study describes the use of stemming material and inter-row delay timing effect to improve the efficiency of the 
blast and its results. From the study, it was found that the use of aggregates (10-12mm) or screened drill cuttings having a 
size of 3-7mm helps in reducing the collar generated boulders as well as in increasing the looseness of the muckpile. Change 
in delay timing between rows also found that the mean fragment sizes are lower and uniform, muckpile parameters were 
improved when the delay between first and second row was 8-14ms/m of burden and the delay gap between last two rows was 
5ms/m of the burden. The statistical tool (PCA) was used to determine the relation in which muckpile shape had shown the 
negative relation with the back break and mean fragment sizes whereas, burden, spacing, no. of holes, total explosive and 
powder factor showed no relation with the MFS, end break and muckpile shape parameters .

Keywords- Blast, quarry, stemming material, delay timing, muckpile shape parameters, Principal component analysis (PCA)

INTRODUCTION
The Stemming of blasthole collars in surface mines with 
an inert material redirects blasting energy to the rock 
more efficiently. The stemming length is a function 
of many variables such as stemming material, plug, 
explosive, etc. Excessive stemming causes increase in 
stiffness accompanied by excessive confinement and 
resulting into the excessive boulders in the blasted 
muckpile, in the collar zone (Rai, 2002; Cevizci and 
Ozkahraman, 2012). Zhu et al. (2008) found that strong 
confinement can efficiently block explosion products 
(gases) escaping from the borehole, thus it can intensify 
the extent of rock damage, which enhances the blasting 
efficiency. Jimeno et al. (1995) and Konya (1995) found 
that the use of coarse angular material for stemming 
in comparison to the fine powdered drill cuttings 
offer increased resistance to the premature ejection of 
blast hole pressure due to the interlocking properties.  
According to Dobrilovi’c et al. (2005), stemming 
material consisting of broken limestone that the +16–
32 mm fraction is the best-suited material. Choudhary 
and Arora (2017) found that the use of aggregates (10-
12mm size) and screened drill cuttings (3-7mm sizes) 
as stemming material reduced the fragmentation sizes 
in collar region compared to the drill cuttings. Chung 
and Graham (2002) and Cevizci (2012) advocated the 

use of plaster stemming for better fragmentation.

Besides stemming material, the proper delay time is also 
an important parameter for improved fragmentation 
results. It exerts a great control on ground vibration, air 
blasts, fly rocks, back break, end break related problems 
(Lang 1979; Chiappetta 1998; Cunningham 2000; 
Choudhary 2013; Katsabanis et al. 2014). Selection of 
delay between rows is very important for the effective 
blast result in the large-scale blast (Katsabanis & 
Omidi; 2015). According to Chiapetta and Postupack 
(1995), a proper burden is very crucial to maintain the 
momentum for inter-row displacement. Yang & Rai 
(2011) advocated that the instances of short inter-row 
delay timing, the burden from front row remains in 
place before the charges from the second row are fired 
resulting in improper relief and excessive confinement 
to the consecutive rows. This causes upward cratering 
(vertical uplift) that results in poor fragmentation (with 
little heave) and tight muck piles close to the face. On 
the contrary, if the delay time between the rows is too 
large, the material of the first row fails to act as a screen 
and thus does not confine the remainder of the blasts, 
which results in unwarranted lateral scattering, poor 
fragmentation, fly rocks, etc.

Traditional delay timing design principles in blasting 
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suggest that the fragmentation sizes decreases as the 
delay time between holes decreases and it increases as 
the delay time between rows increases up to a certain 
limit Worsey (2015); Sjoberg (2012); Katsabanis et 
al. (1996, 2006, 2014); Johnson (2014); Rossmanith 
(2003); Yamamoto (1999); Rosenstock (2004) and 
McKinstry (2002). Hettinger (2015) found that the 
short hole-to hole delay times do not improve rock 
fragmentation. Inadequate delay interval across the 
burden in multi-row blasts causes the crowding of 
drill holes and the broken rock does not get enough 
space to heave which becomes the cause for poorer 
fragmentation results. The success of an entire multi-
row blast depends appreciably upon the ability of front 
row charges to heave their burden forward. If front row 
charges fail to displace their burden and the backrow 
burden also starts moving, then the progressive relief 
is not attained and the blast never fully recovers. The 
longer delay interval is generally recommended in such 
cases, which provides greater progressive relief of the 
burden. To this end, Hagan (1983) stated that if the 
number of firing rows is large, blast holes at or towards 
the rear may give quite unacceptable fragmentation, 
and may be incapable of displacing the rock which 
results into tight muckpile and poor collar breakages. 
Cox and Cotton (1995) reported from their studies 
in the Mt. Coot-Tha quarry that because of too short 
delays, the rock body moves as a single unit resulting 
in poor fragmentation.

The results of mean fragment size and the fragment 
size distribution reveal that these parameters are 
significantly affected by the delay interval between the 
rows. Katsabanis and Liu (1996) reported that inter-
row delay is dependent on the size of the burden and 

the nature of the rock. The high-speed observations 
made by Brinkmann (1987) and Stagg and Rholl (1987) 
suggested that the optimum delay interval in dolomite 
was close to 37 ms/m of effective burden.  Floyd (2013) 
stated that the typical timing ranges for optimum 
fragmentation depends on rock mass type such as 
an inter-hole delay of less than 1ms/m of spacing for 
blocky and massive rock with an inter-row delay of at 
least 2 to 3 times the inter-hole delay and an inter-row 
delay of 2 to 5 ms/m of burden for highly jointed or 
highly bedded rock. 

The aim of the study is to investigate the effect of 
stemming material and Inter-row delay timing on the 
blast results such as better fragmentation and minimum 
or no back break. 

2.0 Field study and Research methodology
To meet the stated objective number of blasts were 
conducted in the two limestone mines. Both are 
mechanized mines and producing limestone for 
their captive cement plant. Mine-A is of M/s Shree 
cement, Rajasthan and Mine-B of M/S wonder cement, 
Rajasthan. The height of benches is varied between 10-
13 m and width of benches varies from 30 to 50 m. 

Drilling and blasting practices: Down the hole 
hammer (DTH) drills of 165mm are being used to 
drill blast holes. The holes are made close to vertical. 
The drilling pattern was staggered. Blasting has been 
carried out using EMULSION BOOST, KELVEX-600 
and Ammonium nitrate fuel oil (ANFO) explosives. 
The explosive was detonated using shock tube based 
detonator and the different firing pattern used in mine 
are shown in Figure- 1(a, b & c).

250ms in hole delay

Stemming column
10.5m (3-3.5m)

Explosive column
Prime cartridge

 

(b)
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Fig. 1:  (a) Blast hole section, (b) Staggered drilling with diagonal firing pattern, (c) Rectangular drilling 
with Line firing pattern, (d) Staggered drilling with V-type firing pattern

Keeping in view the objectives of the study the following 
changes were made to generate the data. 

Stemming material: Different sizes of aggregates/ drill 

cuttings of 3-7mm & 10-12mm were used to investigate 
the influence of blast results. The variation of stemming 
material is shown in Figure- 2.

Fig. 2: Use of aggregates for stemming the blast holes

(a)(c)

(d)

(a)
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Delay timing in back rows: Different delay detonators 
having a delay of 42ms, 67ms, 92ms, 100ms, 117ms and 
125ms were implemented between rows to assess their 
effect on blast results.

Fragmentation assessment:  The images of the 
blasted material was captured in regular interval and 
analyzed using Fragalyst software for obtaining the 
fragmentation distribution curve as shown in Figure-3. 

 

 

 

Fig. 3: (a) Fragmented material after blasting (b) 
Processed images (edge detections) (c) Fragmentation 

distribution (Rosin Rammler) curve

Muckpile shape parameters: Throw, drop and lateral 
spreading of the muckpile are essential parameters 
for the excavation operation. Greater throw, drop 
and spreading may be considered to be favourable 
for digging of the muck by the payloaders while loose 
muck with less spreading is favourable for shovel and 
backhoe. During the fieldwork, throw, drop, spread and 
muckpile angle for each blast were measured (Figure- 
4) immediately after the blast using tape measurements 
on blasted muckpile.

Fig. 4: Muckpile shape parameters and actual measurement 
at the field

3.0 Result and Discussions
Total of 24 trial blasts was conducted in both the mines 
to investigate the stemming material and inter-row 
delay timing effect on blast results. Field observations 
and the blast results are tabulated in Table-1 and 2 for 
further analysis.

(b)

(c)
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Table 1: Field observations and blasts results for the delay between rows for quarry-A

Blast No. SD-1 SD-2 SD-3 SD-4 SD-5 SD-6 SD-7 SD-8 SD-9 SD-10

Burden (B), m 5 5 5 4.5 4.5 5 4.5 4.5 4.5 4.5

Spacing, m 6 6 6 6.5 6   6 6 6 5.5 5.5

Depth of holes, 
m 12.27 10.48 12.11 10.94 11.3 12.08 11.01 11.98 10.96 11.36

No. of holes 50 60 100 77 83 73 82 50 80 64

No. rows 5 4 4 5 5 5 5 5 5 5

Stemming 
length 3.25 3 3.5 3.5 3.25 3.25 3.5 3 4.25 3.5

Explosive per 
hole, kg 144.2 124.3 144.1 130.4 121.6 145.5 122.1 112.5 110.5 117.2

Total Explosive, 
kg 7209 7494 14413 10040 10090 10620 10015 5623 8840 7500

PF, kg/t 0.157 0.159 0.159 0.163 0.159 0.161 0.164 0.139 0.163 0.167

Total Broken 
rock, t 46013 47175 90844 61571 63332 66131 60953 40433 54249 44999

Firing pattern Diag. Diag. Diag. Diag. Diag. Diag. Diag. Diag. Diag. Diag.

Front row 
burden 3 2.5 3.25 2 2.5 3.5 2.25 1.75 3 2.5

Row to row 
delay

42,67,92,
117

67,92,
117

67,92,
117

42,67,
100,100

67,92,
100,125

25,42,67,
100,117

25,42,67,
100,100 42,67,117,117 42,42,75,75 67,67,100,100

Delay of B, ms 8.4/13.4/
18.4/23.4

13.4/18.4
/23.4

13.4/18.4
/23.4

9.3/14.8/ 
22.4/22.4

14.8/20.4/ 
22.2/27.7

5/8.4/13.4/20/ 
23.4

5.5/9.3/
14.8/22.4 9.3/14.8/20.4/20.4 9.3/9.3/ 

16.6/16.6 14.8/14.8/22.2/22.2

Throw, m 16 16 14 15 4.5 14 14.5 4 3 2.5

Drop, m 5.5 2.6 5.5 3 0.75 5.5 3.5 1.75 0.75 1.3

Spread, m 50.2 40 53 17.5 45.5 57 40.5 45 35.5 38

End break 
length, m 1.0 0.5 0.5 1.0 0.3 1.5 1.5 2.0 2.5 2.0

K20, m 0.18 0.13 0.13 0.09 0.15 0.35 0.25 0.25 0.15 0.2

K50, m 0.25 0.17 0.18 0.15 0.25 0.5 0.45 0.45 0.3 0.4

 K80, m 0.35 0.23 0.25 0.25 0.35 0.67 0.7 0.65 0.5 0.6

K95, m 0.55 0.33 0.37 0.45 0.65 1.0 1.3 1.2 1.1 1.2
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It is evident from Table 1, that the fragment sizes 
are influenced by delay interval. The delay interval 
between the successive rows of these blasts varied from 
5 ms/m to 23.4 ms/m of the geologic burden. This gap 
plays a very important role in inter collision of rock 

and congestion of blasted muck. Figure 5 (a, b) exhibits 
the congested Muckpile and boulders due to improper 
delay gap (less than 5 ms/m) and loose muck having 
uniform fragmentation when delay gap is more than 
5 ms/m.

Table 2: Field observations and blast data for stemming column adjustment (Aggregates) for 
Mine-B

Parameters WB-1 WB-2 WB-3 WB-4 WB-5 WB-6 WB-7 WB-8 WB-9 WB-10 WB-11 WB-12 WB-13 WB-14

Bench height 
(m) 10 9.5 10.25 11 10.5 10 9.75 10 10 9.5 10 10 9.75 10

Burden(m) 4.5 4.5 4.75 4.5 4 4.5 4.5 4.5 5 5 4.5 4.5 4.5 4
Spacing(m) 6.5 6.5 6.75 6.5 6 6.5 6.5 6.75 7 7 6.5 6.5 6.5 6
No. of holes 10 13 10 20 12 20 10 10 7 10 10 11 10 20
No. of rows 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Explosive per 
hole (kg) 55.25 42.3 55.25 62.3 53.9 60.25 57.75 55.25 57.4 50.3 57.8 59.3 55.3 62.5

Total Explo-
sive (kg) 552.5 742.3 552.5 872 1456 1205 577.5 552.5 401.8 502.5 577.5 652.8 552.5 1255.0

Throw(m) 8 7 8 5 5 10 15 10 12 10 15 10 12 15
Drop(m) 1 0.5 1 0.5 0 2.5 1.5 1.5 2.5 1.5 2.5 1 2 1.5
Spread(m) 15 15 10 12 19 30 20 20 25 20 30 20 20 25
End break 
length (m) 2 2 2 1.5 2 1 1.5 2 1 1 1 1.5 2 2

Total broken 
rock (t) 9393 10288 7309.5 9049 18782 15356 7312 8015 6125 8750 7496 8445 7312 12600

PF(kg/t) 0.059 0.072 0.076 0.096 0.078 0.078 0.079 0.069 0.066 0.057 0.077 0.077 0.076 0.100
Mean frag-
ment sizes 
(MFS), (m)

0.51 0.7 0.55 0.63 0.59 0.36 0.27 0.22 0.32 0.37 0.16 0.25 0.28 0.32

Fly rock distance

Fly rocks generated 
due to stemming 

ejection (30-50m)

No stemming 
ejection so no 
fly rock was 

generated 
(only 3-5m 
vertical lift)

The results shown in Table 2 are suggestive of the 
significant influence of the screened drill cuttings in 
stemming column on the fragment sizes, muckpile 
parameters and high wall stability. Five blasts (WB-
1 to WB-5) were monitored when only drill cuttings 
were used for stemming while 9 blasts (WB-6 to WB-
14) were monitored with 3-7mm size aggregates as 

the stemming materials. The use of screened drill 
cuttings made less effort to stem the hole. The boulder 
generation was less, therefore; the secondary breakage 
was almost 1% of the total broken material. There 
was increased throw, drop and spread of material 
that resulted in loose Muckpile. No dust, fly rock was 
observed during blasting as there was almost negligible 
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gas ejection from the stemming part. It was found that 
the use of angular aggregates appears to assist in the 
proper utilization of explosive energy and in providing 
adequate progressive relief for satisfactory fragment 
size, boulder count and throw results. Figure 6 shows 

boulder generation due to the escape of gases from the 
stemming part when drill cuttings are the stemming 
material while Figure 7 exhibit good fragmentation 
and muckpile shape parameters where no stemming 
ejection occurred due to use of screened drill cuttings. 

3.1 Results of Effect of Delay timing between rows at Mine-A

•	 Results of fragmentation size distribution

The results of the effect of delay timing between rows 
have been deduced from Tables 1. Curves for fragment 
size vs cumulative passing for each blast round is 
obtained after processing of field captured photographs 
using the Fragalyst™ software.  From the distribution 

curve, a fragment size of K20, K50, K80 and K95 are taken 
for analysis. These curves were manually plotted on 
one sheet (Figure. 8) in order to compare the fragment 
size distribution results.

Fig.8: Composite fragment size distribution curve for blast SD-1 to SD-10 in Mine-A.

A perusal of Figure 8 clearly appraises the improvement of blast performance. The relative improvement of blast 
performance SD-1 to SD-10 to this end it is observed that blast no. SD-1 to SD-5 are steep while blasting no. 
SD-6 to SD-10 are flatter. Flatness and spread of the curve indicate non-uniformity of fragmentation, whereas 
steep and less spread curves reveal uniformity in fragment size distribution. 

In table 3, the correlation between blasting parameters 
has computed in which the coefficient of determination 

of every parameter was less than 0.5 except the relation 
between the outputs.
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Table 3 Correlation matrix of blast design parameters

Correlation matrix (Pearson (n)):

Variables
Bench 
height 

(m)

Burden 
(m)

Spac-
ing (m)

No. of 
holes

Explosive 
per hole 

(kg)

Total 
Explosive 

(kg)

Throw 
(m)

Drop

(m)

Spread 
(m)

End 
break 
length 

(m)

Total 
broken 

rock 
(t)

PF(kg/t)

Mean 
fragment 

sizes 
(MFS), 

(m)

Bench height 
(m) 1 -0.309 -0.305 0.409 0.560 0.395 -0.487 -0.373 -0.284 0.100 0.262 0.538 0.343

Burden(m) -0.309 1 0.973 -0.502 -0.238 -0.787 0.037 0.394 -0.091 -0.545 -0.673 -0.627 -0.114

Spacing(m) -0.305 0.973 1 -0.527 -0.243 -0.809 0.033 0.394 -0.090 -0.475 -0.690 -0.650 -0.179

No. of holes 0.409 -0.502 -0.527 1 0.420 0.721 -0.155 -0.134 0.106 0.018 0.536 0.739 0.276

Explosive per 
hole (kg) 0.560 -0.238 -0.243 0.420 1 0.237 0.328 0.318 0.328 -0.237 0.020 0.587 -0.424

Total Explo-
sive (kg) 0.395 -0.787 -0.809 0.721 0.237 1 -0.251 -0.328 0.194 0.195 0.937 0.581 0.310

Throw(m) -0.487 0.037 0.033 -0.155 0.328 -0.251 1 0.739 0.663 -0.316 -0.377 0.109 -0.825

Drop(m) -0.373 0.394 0.394 -0.134 0.318 -0.328 0.739 1 0.768 -0.620 -0.353 -0.152 -0.748

Spread(m) -0.284 -0.091 -0.090 0.106 0.328 0.194 0.663 0.768 1 -0.594 0.180 0.047 -0.697

End break 
length (m) 0.100 -0.545 -0.475 0.018 -0.237 0.195 -0.316 -0.620 -0.594 1 0.165 0.182 0.395

Total broken 
rock (t) 0.262 -0.673 -0.690 0.536 0.020 0.937 -0.377 -0.353 0.180 0.165 1 0.265 0.363

PF(kg/t) 0.538 -0.627 -0.650 0.739 0.587 0.581 0.109 -0.152 0.047 0.182 0.265 1 0.067

Mean frag-
ment sizes 
(MFS), (m)

0.343 -0.114 -0.179 0.276 -0.424 0.310 -0.825 -0.748 -0.697 0.395 0.363 0.067 1

4.0 Conclusions
During the study, various changes were made in 
stemming material and delay sequencing and found 
that 

•	 The aggregate size of 3-7 mm/10-12 mm 
generated good fragmentation sizes in overall 
and especially in collar region with improved 
muckpile shape parameters.

•	 The delay of 8-14 ms/m of burden between 
the first and second row and the delay gap of 
5 ms/m of the burden between last two rows 
generated good fragmentation sizes in overall 
and especially in collar region with improved 
muckpile shape parameters. 

•	 The delay gap between first and second row is 

less than 5 ms/m and the delay gap between the 
last two rows is zero (same for both row) then 
the huge back break was observed.

•	 The PCA tool had shown the high output relation 
between mean fragment sizes and muckpile 
shape which are highly dependent upon the 
delay timing and stemming material.
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ABSTRACT

The nature and magnitude of impacts due to overburden disposal vary greatly with different geographical and climatic 
conditions. In general, the overburden is stacked in large dump formations. This on one hand generates slope stability issues 
also on the other hand causes problems of land degradation, air pollution during dry weather and water pollution during the 
rainy season. Scarce availability of land for creating overburden dumps is also adding to the problems of mine operators. 

The area of land affected in terms of hectares per million tonnes of production is greatest in respect of coal when compared 
with other minerals such as limestone, bauxite, iron and manganese ore. This is mainly due to the scattered nature of coal 
deposits and availability of coal in dipping strata, which necessitates the removal of huge quantities of overburden from the 
Earth’s crust in order to extract the coal. 

The quantity of overburden removed is increasing year by year due to increased demand of coal.  It has increased to 1599 
million m3 in the year 2018-19 from 1138 million m3 in the year 2013-14. The average stripping ratio has reached to 4.96 in 
the year 2018-19 from 3.46 in the year 2013-14 for private sector mines and 2.56 from 2.15 for public sector mines during 
the same time period. This is indicating towards the trend that for producing same quantity of coal, more overburden will be 
produced in future.

The overburden rock of coal mines mainly comprises of argillaceous sandstone and sand size grain can easily be separated 
from it. Hence, it represents a great potential for use as a source material for synthesis of sand and clay. The use of mining 
and industrial wastes and by-products as an aggregate or raw material is of great practical significance for developing 
building material components as substitutes for the traditional materials and providing an alternative or supplementary 
material to the housing industry in a cost-effective manner.

The paper presents an attempt to synthesize fine aggregate from coal mine overburden rock and assess its suitability for use 
in concrete, mortar and brick making. Several laboratory tests were conducted to judge to suitability. The study found that 
the clay and sand recovered from the coal mine overburden are suitable for brick making and concrete making respectively.

Keywords: Mine waste utilization, Coal mines overburden, Brick making, Concrete making

INTRODUCTION
In opencast coal mining, first overburden (soil and 
rock lying above the coal seam) is removed to access 
the coal seam. Once the coal seam is exposed, it is 
mined out and overburden is backfilled in the mined-
out area. The excess overburden is stacked near pit 
boundaries as external dumps. While doing so, there is 
no compaction of the stacked material with the result 
that stacks of overburden are seen all around, which 
causes ugly disfigurement of the landscape. Moreover, 
the stacked material remains at the site for a long 
duration until mining up to pre-set depth is over. This 
causes problems of land degradation, air pollution 
during dry weather and water pollution during the 
rainy season. Proper care to carefully deposit the waste 
material is not exercised while unloading and as a result 

huge volumes of waste material slide down the slopes 
causing extensive damage to the vegetation, rivers and 
streams. External dumps also demand precious land 
which is also creating trouble for the mine operators.

India produced about 730 million tons of coal in 
the 2018-19, more than 90% of which came from 
opencast mines. More than 1750 million cubic meters 
of overburden was removed with an average stripping 
ratio of 2.56 in the year 2018-19 (Coal Controller’s 
Organization, 2019). About 75-80 % of the overburden 
removed is backfilled in the de-coaled area in the mine 
and remaining 20-25 % is dumped outside the pit. 
With the present production rate of 730 million tons 
of coal, about 600-700 ha of land is required every year 
for construction of external dumps for the waste rock. 



Northern Coalfields Limited, Singrauli

124

The amount of waste rock (overburden) produced is 
increasing year by year due to increased demand of 
coal and increasing stripping ratio. Earlier, the deposits 
with stripping ratio of less than 2 were only mined by 
open cast method, now the open cast mines are being 
planned for a stripping ratio as high as up to 15 (Das & 
Choudhary, 2013).

The overburden waste rock consists of mainly sandstone 
and shale. Among these two, sandstone predominates. 
The percentage of sandstone may be as high as up 
to 85% of total volume of the waste rock generated 
(Verma & Deb, 2006). Sandstone is the rock formed 
by cementing of sands composed largely of quartz and 
silicate minerals. The cement that binds the clasts may 
be argillaceous, calcareous, siliceous or ferruginous 
(Singh, 1997). Sandstone found with coal seam is 
generally argillaceous and hence sand and cementing 
material can be easily segregated by simple crushing 
and washing. Sand can be used as fine aggregate in 
concrete and the cementing material obtained as clay 
has a potential to be used in making bricks. 

Many researchers have investigated the possibility 
of utilizing overburden waste rock form coal mines. 
Kumar et al. (2005) studied on replacement of fine 
aggregate with crushed sandstone as 0%, 20%, 40% and 
60% compressive strength on HPC (high performance 
concrete) using crushed sandstone sand has been 
observed under water curing. It was concluded that there 
is high potential for utilization of crushed sandstone 
sand in HPC production. Jamal & Siddartha (2008) 
used the waste rock of surface coalmine in making 
bricks and blocks. The study reported that the bricks 
made from coal mine overburden were better than the 
conventional burnt clay bricks in terms of compressive 
strength, efflorescence, weathering and water 
absorption. The specific gravity of the bricks was also 
found slightly higher than the conventional burnt clay 
bricks. Fontanini et al. (2013) used crushed sandstone 
as fine aggregate in the concrete and the results showed 
that it is a good replacement for fine aggregate. dos 
Santos et al. (2013) reported that the replacement of 
fine aggregate with coal mine overburden in concrete 
paving block showed the maximum strength at 50% 
and beyond that it reduces the strength of the paving 
block.  

In view of above, study was carried out to investigate 

the possibility of utilizing clay and sand obtained from 
overburden waste rock of a large coal mine located 
in Chhattisgarh state of India. This paper describes 
the study carried out to investigate the assessing 
the suitability of sand obtained from the coal mine 
overburden (CMOB sand) as an alternate to natural 
sand for use in cement concrete as replacement of fine 
aggregate and the suitability of utilizing clay obtained 
from coal mine overburden (CMOB clay) as an 
alternate to natural soil for making CSEBs.

Description of the mine
Coal mine overburden is recovered from the top sludge 
horizon of overburden of Parsa (East)-Kanta Basan 
opencast coal mine. The Parsa (East) - Kanta Basan coal 
block is in the north central part of the Hasdo-Arand 
Coalfield in Surguja district of Chhattisgarh. The block 
is spread over an area of 27.67 km2 and is bounded 
by latitude 22°47ʹ39ʺ and 22°50ʹ43ʺ and longitude 
82°46ʹ37ʺ and 82°50ʹ51ʺ. The area encompassing the 
block falls under Survey of India toposheet no. 64 J/13 
on RF 1: 50,000.

The block is rectangular in shape and extends about 6.6 
km along strike direction (NW-SE) and about 4.6 km 
along dip direction (SW). The gross geological reserve 
of the mine is 47.86 million tonnes and with a target 
production of 10 MTPA, the anticipated life of the 
mine is 50 years. There exist three workable coal seams 
namely seam VI, seam V and seam IV of usual thickness 
1.2-2.0m, 2.0-7.0m and 7.0-8.5 m, respectively. The 
seams are dipping 1 in 20 and ultimate depth of the 
mine will be 225 m.

The total estimated minable reserve of the block is 
452.46 MT and corresponding overburden removal 
has been envisaged as 2334.63 million cubic meters at 
an average stripping ratio of 5.16. Mining is done using 
shovel dumper combination for removal of overburden 
and surface miners for coal winning. The bench height 
of OB benches is 6.0 m.

The detailed exploration in Parsa East and Kanta 
Basan block proved the existence of Barkar and talchir 
formation under thick blanket of soil and alluvium 
of residual nature. The stratigraphic succession of the 
block is presented in table below.
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Group Age Formation Thick-
ness

Lithology

Recent Recent de-
posit

Soil, alluvium etc

Gondwana

Super 
Group

Lower 
Permain

Barakar

Formation

425.87

Medium to very 
coarse-grained 
light grey or 
white gritty fria-
ble arkosic sand-
stone with sub-
ordinate shale, 
c a r b o n a c e o u s 
shale and coal 
seams

Talchir

Formation 14.28

Very fine grained, 
well sorted light 
green to green 
sandstone and 
siltstone

The rock of Talchir formation lie over an uneven 
Pre-Cambrian metamorphic basement marked by a 
pronounced unconformity. The maximum thickness 
of this formation is 14.28 m. Lithologically, it is 
represented by fine grained well sorted but poorly 
matured light green to green sandstone and siltstone. 

The lithologs of some of the bore holes drilled in the 
block has been examined. Sandstone has been found the 
dominating coal measure rock in the block. It has been 
found that upto about 26 m depth, the rock formation 
consists of loosely cemented, poorly consolidated 
weathered fine to coarse grained sandstone, below 
which hard rock encounters. From 26 m to 56 m, the 
rock formation mainly consists of medium to coarse 
grained sandstone,

EXPERIMENTATION
Samples brought from the coal mine were thoroughly 
mixed and then crushed to break the clumps. 
Sedimentation and decantation method was used to 
separate sand particles from clay. Some overburden was 
placed in a plastic bucket and 3/4th filled with water 
and soaked for 15 min. Thereafter, the overburden 
water mixture in the bucket was vigorously stirred with 
the help of spatula to make a suspension of the clay in 
water and sediment of sand. After some time, the clay-
water suspension was slowly poured in a plastic drum 
cautiously without disturbing sand particles deposited 
at the bottom in the bucket. The bucket was again filled 
with water and stirred and the process was repeated till 
clear water is observed in the bucket.

The deposited sand in the bucket was emptied on flat 
surface covered with plastic sheet and kept for sundry. 
This sun-dried sand obtained from overburden of coal 
mine is termed as CMOB sand. The suspended clay 
in the drum was allowed to settle overnight and clear 
water was siphoned out from the drum. The settled clay 
in the drum in the form of slurry was also poured on 
plastic sheet spread on a hard floor for sun drying. This 
sun-dried clay obtained from overburden of coal mine 
is termed as CMOB clay.

Assessment of CMOB Sand
 Aggregates (fine and course) are important components 
for making concrete. They form the main matrix of the 
concrete. They influence the properties of concrete such 
as water requirement, cohesiveness and workability 
of the concrete in plastic stage and strength, density, 
durability, permeability, surface finish and colour in 
hardened stage. They account for 60 to 75 % of the total 
volume of the concrete and fine aggregate share 35 to 45 
% of the total aggregate content. Based on the particle 
size, aggregates are classified in two categories: fine and 
coarse aggregate. The particles that pass through 4.75 
mm sieve and retain on 0.075 mm sieve are termed 
as fine aggregate, whereas; particles that retain on 
4.75 mm sieve are termed as coarse aggregate. Coarse 
aggregate acts as inert filler material for concrete. The 
voids between the coarse aggregate are filled up by fine 
aggregate. River sand is the most popular choice for the 
fine aggregate component of concrete. 

Based on the available literature and IS: 383-2016, 
various tests such as, petrographic examination, 
sieve analysis, bulk density, specific gravity, water 
absorption, deleterious material, organic impurities, 
soundness by sodium sulphate, and alkali aggregate 
reactivity have been conducted on CMOB sand to 
evaluate its suitability for production of concrete. In 
addition to the above tests its chemical composition is 
also determined using XRF.

Assessment of CMOB Clay
Bricks are vital construction material available in 
rectangular shape and are used in construction of walls 
and pavement. In the past, only burnt bricks, which 
are made from soil, were used but today many types 
of bricks are available in the market that uses various 
types of raw material like concrete, lime, fly ash and 
other industrial and mining waste. 
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Soil is the main raw material for manufacturing of 
bricks. Among the various types of bricks manufactured 
in India, the solid burnt clay bricks hold the largest 
production share (Shakti Foundation, 2017). Most 
of the brick manufacturing units are in unorganized 
sectors in India; hence, no exact statistics is available 
regarding consumption of soil for manufacturing 
of bricks. It is estimated that more than 750 million 
tonnes of brick earth/year is consumed in producing 
bricks (Shakti Foundation 2017). Use of good quality 
agriculture soil in large quantities for brick making 
is a grave area of concern. The urbanization and the 
demand of brick manufacturing have resulted in change 
of the land used pattern from the good agricultural 
land turned into agriculturally unproductive lands 
around several growing cities of the developing world 
(Kathuria, 2007). It is estimated that with the present 
production rate of brick in India, about 18000 ha land 
is degraded every year due to brick earth mining.

Therefore, suitability of the CMOB clay was assessed 
for making solid burnt clay bricks and compressed 
stabilized earth blocks (CSEB). The main operations 
involve in production of CSEB are (1) preparation of 
soil, (2) mixing of a suitable stabilizer with soil, (3) 
compression to mold the mixture into brick shape 
and size, (4) curing of the bricks and (5) drying. The 
strength of the CSEB depends mainly upon the grain 
size distribution of the soil, degree of compaction and 
type and quantity of the stabilizer used. Based on the 
manufacturing process and literature, various tests 
such as specific gravity, grain size analysis (Texture), 
liquid and plastic limit, maximum dry density and 
optimum moisture content, linear shrinkage etc. 
have been conducted on the CMOB clay to assess its 
suitability for making burnt bricks and CSEB. Also, the 
chemical composition of the CMOB clay is determined 
using XRF analysis. 

RESULTS AND DISCUSSIONS
Suitability of CMOB cand for concrete making

The chief constituents in CMOB sand are SiO2 (90.06%), 
Al2O3 (4.09%), K2O (2.57%), Fe2O3 (1.56%), Na2O (0.19 
%). Other constituents in traces include MgO, CaO and 
SO3. The CMOB sand is found free from iron pyrite, 
gypsum and other sulphates which react with water 

and oxygen in the air resulting in the surface staining 
of concrete and pop-outs (Gambhir, 2004). The total 
alkali content (K2O+ Na2O) is found to 2.76 %.

The petrographic examination of the CMOB sand 
revealed that the particles of CMOB sand were angular in 
shape and the grain size was varying in wide range from 
163.64 micron to 1476.71 micron. Generally, the grains 
were having irregular surfaces and were transparent. 
However few grains were of dark brown, black and 
light grey in colour. Majority of the grains belong to 
quartz (80-90%), however few grains of feldspar (10-
15%), biotite (2-5%) and opaques (2-5%) were also 
present. Generally the feldspar grains are slightly 
altered to clay. In normal condition most of the grains 
were clay coated. Presence of mica in fine aggregate 
may affect the strength and workability of concrete 
due to flaky and laminated in structure. Petrographic 
examination of the CMOB sand discovered that mica 
is present in the sand in biotite variety only which is 
known to have about 10-15 % less detrimental effect 
on the strength of the concrete than muscovite variety 
(Sud V, 1995). Petrographic examination also shows 
presence of feldspar in the CMOB sand. Feldspars can 
release alkalis to the concrete with time.

The particle size distribution of an aggregate is termed 
as grading of the aggregates. It gives an idea about the 
void content, if the particles are of uniform size, the 
aggregate will contain more voids. The particle size 
distribution of aggregate should be such that the finer 
particles fill the voids between the coarser particles. 
Gradation of fine aggregate affects packing density, 
voids content, workability and strength of the concrete 
(Goltermann et al. 1997).  A well graded fine aggregate 
offers higher pack density and less permeability in 
concrete and thus require less paste, decrease bleeding, 
creep and shrinkage. A concrete prepared with too 
coarse fine aggregate produces bleeding, segregation 
and harshness, on the other hand, if the fine aggregate 
is too fine, the demand of water will increase (Galloway, 
1994). The particle size distribution curve of the CMOB 
sand is shown in Figure 1.
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Figure 1: Particle Size Distribution Curve of CMOB Sand
The fineness modulus of CMOB sand is calculated to 
be 2.24 indicating that it is fine sand. The IS:383 - 2016 
classify the fine aggregate into four zones, I, II, III and IV 
depending upon the percentage passing the various IS 
sieves designating from 10 mm to 150 m. From grading 
zone I to IV, the fine aggregate becomes progressively 
finer and the ratio of fine to coarse aggregate should be 
progressively reduced. The code further recommends 
that aggregate conforming grading zone IV should 
not be used in reinforced concrete unless tests have 
been made to ascertain the suitability of proposed mix 
proportions. The particle size distribution confirms 
that CMOB sand is of Zone III category and hence is 
suitable for production of reinforced cement concrete 
as per grading. The overburden samples were collected 
from the top sludge horizon which consists of fine to 
medium grained sandstone. The lithologs confirms that 
at greater depth medium to coarse grained sandstone is 
present which will yield coarser sand.

Saturated and surface dry loose and compacted bulk 
density of the CMOB sand was determined and found 
to be 1499.44 kg/m3 and 1696.67 kg/m3 respectively. 
The specific gravity of the CMOB sand was found to be 
2.60. The water absorption of CMOB sand was found 
to be 2.4%.

The test for deleterious material for CMOB sand 
revealed that both coal and clay lumps were not found 

in the CMOB sand. Mica is present in the form of biotite 
only in small percentage. The materials finer than 75 
μm IS sieve in the CMOB sand was found to be 2.08 %. 
The presence of the organic compound in the CMOB 
sand was approximated by IS:2386 (Part 2) - 1963, the 
colour of the liquid above the sand was found to be 
slightly lighter than the standard solution indicating 
that CMOB sand is free from organic impurities.

The soundness of the CMOB sand was determined 
using sodium sulphate and the weighted average 
(corrected percent loss) loss of mass was found to be 
6.84 % indicating that CMOB sand is durable. The 
CMOB sand was examined for potential of alkali 
reactivity. The dissolved Silica (Sc) and reduction in 
Alkalinity (Rc) was found to be 60.55 milli moles per 
litre and 64.56 milli moles per litre respectively. The 
data point when plotted on the standard dissolved 
silica vs reduction in alkalinity curve given in the code, 
fell to the left of the boundary line, though it was very 
close to the boundary line, indicating that CMOB sand 
does not have a potentially deleterious degree of alkali 
reactivity. Also, the petrographic examination also 
revealed that majority of the grains of CMOB sand 
belongs to quartz (80-90%), which is considered to be 
unreactive (Rathore et al, 2020).
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Suitability of CMOB clay for concrete making
The chemical compositions of the CMOB clay in terms 
of major oxides as determined by XRF. The constituents 
of CMOB clay are Alumina  28.72 %, Silica 
50.46%, Iron Oxide 6.29%, Lime in trace, Magnesia in 
trace, Potassium Oxide (K2O) 4.53%, Sodium Oxide 
Na2O 0.34%, Sulphur Trioxide in trace. The Loss on 
Ignition was 8.75%.

Specific gravity of the soil decides the mass of the brick 
made from it. It depends on the    mineral   composition, 
particle   size   distribution   of components, texture, 
resulting void ratio and moisture contents. The specific 

gravity of the CMOB clay is found to be 2.68. The 
investigation for determination of texture of the CMOB 
clay revealed its composition as sand size particle 
18.00%, silt size particle 60.00%, clay size particle 
22.00%. The CMOB clay contains a high percentage 
of silt and low percentage of sand. This is because 
the sand size particles have already been separated 
from the sandstone during washing of sandstone by 
sedimentation and decantation process and only the 
fine particles that remain suspended in the water were 
considered for analysis. Grain size distribution curve of 
CMOB clay is presented in Figure 2.

Figure 2: Grain Size Distribution Curve of CMOB Clay

The Liquid limit for CMOB clay was found to be 
30.00, Plastic limit for CMOB clay was found to be 
17.15 and Plasticity Index for CMOB clay was found 
to be 12.85. The Maximum Dry Density (MDD) and 
Optimum Moisture Content (OMC) of the CMOB 
clay as determined by Standard Protector Tests are 
found to be 17.05 kN/m3 and 18.50 % respectively. The 
linear shrinkage of the CMOB clay is found to be 4.8% 
(Rathore et al, 2020).

Conclusions
Based on the tests carried out on CMOB sand, it can 
be concluded that CMOB sand recovered from the top 
sludge horizon of overburden of Parsa (East)-Kanta 

Basan opencast coal mine is suitable to be used in 
concrete as fine aggregate. The particle size distribution 
confirms that CMOB sand is of Zone III category, 
having saturated and surface dry loose bulk density 
1499.44 kg/m3, compacted bulk density 1696.67 kg/
m3, specific gravity 2.6 and water absorption 2.4 %. 
The chief constituents in CMOB sand were SiO2 about 
90.06% and Al2O3 about 4.09%. No deleterious material 
was found beyond the limit prescribed in IS code. 
Sand can be recovered from the top sludge horizon of 
overburden simply by washing. The recovery of CMOB 
sand was about 82 % by weight. The overburden of the 
coal mines has a potential to meet the increased demand 
of the sand. Generally, the top layer of overburden 
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comprises of weathered sandstone and sand can be 
easily recovered from it simply by washing. At greater 
depth, when hard stone will be obtained, crushing may 
be needed. 

Chemically, the CMOB clay is found suitable for making 
both types of bricks but texture wise, this found less 
suitable for making both burnt bricks and CSEBs. The 
CMOB clay contains high proportion of silt and very 
less amount of sand, and because of this its plasticity 
index is also very low. If burnt bricks are made of using 
this CMOB clay, it will be difficult to mold them in 
bricks as the bricks may deform when taken out from 
the mold. CSEBs will pose less difficulty in molding as 
these are molded by high compression and use cement 
/ lime as stabilizer. Also, the bricks prepared may 
absorb more moisture and may have a low wet strength. 
Bricks are generally made by native soil. The values 
recommended by researchers for various properties 
of soil for making burnt clay brick are ideal values 
which rarely meet in the soil used in brick making. The 
texture of the CMOB clay can be improved to make 
burnt bricks and CSEBs by addition of sand particles 
which were separated from it, in suitable proportion to 
meet the requirement of recommended texture of the 
soil for burnt bricks and CSEBs and thus CMOB clay 
can be used in making bricks.
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Abstract — 
There have been a number of incidents in the past occurred across the mining industry which have been associated with 
drilling and blasting in hot strata condition. Higher strata temperature affect bulk, packaged and initiating products over 
time, expedite the rate of degradation and potential failure which may lead to a disaster. Safety is of prime consideration 
while blasting and the charging blast-holes in hot strata conditions, which are to be dealt with great safety and precautions. 
The most important factors are the type of explosives used, the practices and procedures followed while charging and blasting 
of hot holes. A rigorous and fully tested set of procedures are applied for each blast, aimed at limiting the risk of an accidental 
detonation. Paper discusses points which should be taken care of while framing safety codes to deal with blasting in hot strata 
condition, also the steps undertaken to carryout charging and blasting in hot strata blast-hole in opencast coal mines.

Keywords— Safe Blasting Technique; Hot Strata Condition; Efficient extraction of coal; UG Pillars

I. Introduction 
The increasing demand for coal everywhere for power 
production, has resulted in a number of old underground 
coal mines being re-worked by opencast coal mining 
methods, to mine the remaining coal reserve left in the 
old underground pillars and the lower-grade coal that 
often exists immediately above the pillars. When old 
coal workings are exposed to the atmosphere and water 
for prolonged time during the opencast mining phase, 
spontaneous combustion of the coal in the old workings 
occurs and spread into overburden rocks and strata as 
well. Spontaneous heating in underground coal mines 
involves the oxidation of coal deposits. All coals oxidize 
to some extent when exposed to the atmosphere. Since 
oxidation is an exothermic reaction between coal 
and the oxygen component of the atmosphere, heat 
is constantly being released. This reaction is directly 
related to temperature; if the heat released by the 
oxidation reaction is not dissipated, the temperature of 
the mass increases. In some reactive coals this oxidation 
can increase to the point that, if remedial control 
measures are not instituted, the heating can continue 
and the temperature will rise at an increasing rate until 
smoldering combustion occurs. Because of burning 
of coal due to spontaneous combustion, temperatures 
are intense in the surrounding overburden strata and 
in the coal seams. Under such elevated temperature 

condition, it becomes more difficult to drill and 
charge the overburden above the burning coal as 
well as in the coal benches. Basically, breaking rock 
by explosives blasting is a hazardous job. Safety is of 
prime consideration while blasting and the charging 
blast-holes in hot strata conditions, which are to be 
dealt with great safety and charging and Blasting in 
Hot Strata condition precautions. The most important 
factors are the type of explosives used, the practices and 
procedures followed while charging and blasting of hot 
holes. A rigorous and fully tested set of procedures are 
applied for each blast, aimed at limiting the risk of an 
accidental detonation.

II. Hazards Associated With Higher Ground 
Temperature
 There have been a number of incidents in the 
past occurred across the mining industry which have 
been associated with drilling and blasting in hot strata 
condition. The aim of the safety codes to provide 
enhanced safety while handling, charging and blasting 
of blast-holes in hot and elevated temperature strata 
condition (Refer to Fig.1). Higher strata temperature 
affect bulk, packaged and initiating products over time, 
expedite the rate of degradation and potential failure 

which may lead to a disaster. Some of the major hazards 
associated with higher ground temperature may be: (i) 
Exposure of operators to high temperatures, (ii) Ignition 
of vapours associated with emulsion and ANFO type 
products, (iii) Softening of plastic components of 
initiating products, (iv) Melting and decomposition 
of bulk, packaged and initiating products, (v) Pre-
mature detonation following decomposition. The 
main problem associate with opencast mining of fiery 
coal seam is drilling in hot strata, selection of suitable 
explosives and initiating system, charging or loading of 
blast holes and thereafter blasting. It is a known fact 
that the elements in a blast-hole that are most sensitive 
to temperatures above about 75 ˚C are the initiating 
devices, such as detonator and booster in the primer. 
As a general guide, the temperatures at which some 
common initiating explosives melt and start to be 
become unstable are given in Table I.

TABLE I. Melting Points of Explosives
Explosives Melting point

HMX 275 ˚C

HNS 318 ˚C

Pentolite 70 ˚C

PETN 141.3 ˚C

RDX 204 ˚C

TACOT 378 ˚C

TATB 350 ˚C

Fig.1. Hazard associated with higher ground 
temperature

III. Safety Management to deal with  
hot & elevated temperature blast-holes  
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III. Safety Management to deal with  
hot & elevated temperature blast-holes  

(Framing of Safety codes)
In order to make the entire blasting operation safer, 
following points should be taken care of while framing 
safety codes to deal with hot strata and burning coal:

a) The nature of condition of strata which is in 
elevated and hot temperature is to be studied 
before commencing of charging and blasting 
operation. An outline is to be drawn regarding 
nature of existing temperature higher than the 
ambient, and also to study the reactivity of the 
ground, if any, in elevated temperature condition.

b) Estimate the hazards and risk associated with the 
explosives charging and blasting in the elevated 
temperature strata condition and also of reactive 
strata. Continuous evaluation is to be done of 
the risk assessment methods adopted. Due to 
prevalence of the spontaneous combustion of 
overburden or waste rock/ore either in dumps or 
in the pit, especially as it is exposed to the air; 
there is high degree of risk of premature blast, 
necessitates frequent intermittent evaluation of 
temperature.

c) Guidelines for risk management operations are 
to be formulated to handle explosives in elevated 
temperature strata conditions. Operating 
procedures are to be framed for explosives 
handling in the areas where hot holes are to be 
charged and blasted.

d) As per the situation the risk management 
techniques are to be reviewed and updated 
regularly.

e) Framing of guidelines and safe procedures for 
handling any misfire or premature detonations 
arising out, while charging and blasting of hot 
blast-holes.

IV. Discussion On Charging And 
Blasting Of Hot Blast-Holes 

As discussed, for blasting in hot holes, conventional 
shock tube and detonators are not used down-the-
hole, as unexpected detonations would become a 
risk. Generally, the problem of higher blast-hole 
temperature is tackled by quenching with water. 
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Proper quenching methods are to be applied to keep 
the temperature within 80 ˚C (as per DGMS criteria). 
It has been observed that, flushing hot-holes with a 
mixture of water, bentonite, sodium silicate and gaur 
gum solution help retain water to seal microfractures 
and cracks and bring the temperature down relatively 
easier. Holes with higher temperature should be 
identified and quenching of those hot-holes should be 
initiated at least 12 hours prior to charging and blasting 
in order to lower down the temperature. Temperature 
of blast-holes is monitored and recorded soon after 
completion of drilling, after quenching with the help 
of water and just before charging of explosives (Refer 
to fig. 2). Digital temperature indicator based sensor 
should be used for temperature recording. Increase 
in temperature of charged holes, if any, also are 
recorded till final firing. Besides, thermal behaviour 
of the explosives and initiating devices to be used for 
hot hole blasting should be tested in a laboratory in 
field-simulated condition, prior to any such blast. 
It has been observed, slurry, emulsion composition 
including site-mixed bulk explosives and detonating 
fuse, generally used for mining purpose, withstand 
hot-hole condition up to 120 ˚C for about two hours 
without deterioration. Punctured holes are to be 
plugged at bottom before charging. Air-bags may be 
used for the purpose of plugging hole at the bottom. 
It is a good practice sufficient non-combustible 
stemming material such as sand, crushed stone chips 
or drill cutting should be available near the collar of 
each hole prior to commencing of charging operation, 
in order to fast accomplishing stemming and charging 
operation. In some of the mines in South Africa for 
fiery seam blasting, the blasting engineers apply Bulk-
Loading Emulsion explosives, Detonating fuse with 
‘Top-Priming’ of Booster. These primers are applied 
shortly before blasting time, at the top of the explosives 
charge, where the emulsion is relatively cooler. After 
primers are put, stemming, tie-up of detonating fuse 
and firing are done as quickly as possible, without 
wasting any time.

Fig.2. Digital temperature indicator based sensor

V. DGMS (India) Criteria For Charging 
And Blasting In Hot Blast-Holes 
(Cir. Tech. 2/1985 & 2/1990) – It is recommended that 
while blasting in hot strata (either in OB or coal) the 
following precautionary measures should be adopted: 
1. (a) No explosive other than slurry and emulsion 
explosives shall be used. (b) Blasting shall be done with 
detonating fuse down-the-hole. 2. Temperature inside 
the blast holes shall be measured (before filling with 
water) and if the temperature exceeds 80 ˚C, in any 
hole, shall not be charged. Records of measurements 
of temperature in each hole shall be maintained. 3. All 
blast holes shall be kept filled with water. When any 
hole is traversed by cracks or fissures, such hole shall 
not be charged unless it is lined with an asbestos pipe 
and the hole filled with water. In addition, bentonite 
should be used for sealing any cracks at the bottom 
of holes. 4. Detonating fuse shall not be laid on hot 
ground without taking suitable precautions which will 
prevent it from coming in contact with hot strata. 5. 
The Charging and firing of the holes in any one round 
shall be completed expeditiously and in any case within 
2 hours. 6. Blasting operations shall be carried out 
under the direct supervision of an assistant manager.

VI. Summary of the procedures discussed 
above for blasting in hot hole
General guidelines of blasting in hot holes are 
summarized below: 

a) Select the number of holes properly so that the 
total blasting operation should not exceed 2 hour 
from charging of first hole. 

b) Measure the temperature of the holes almost 
constantly till the commencement of blasting 
operation.

c) Use water at least 12 hour before blasting to 
flush hot holes till the temperature comes down 
below 80C.

d) Record the temperature of holes at a regular 
interval of time.

e) Use a mixture of Bentonite, Sodium Silicate 
and Water in holes which do not retain water 
to seal micro-fractures and cracks. Guar gum 
up 5 percent may be also be used for the same 
purpose.

f) Only slurry or emulsion explosives, preferably 
bulk explosives to be used for hot-hole blasting 
purpose.

g) Detonating fuse as initiation system only should 
be used. Shock tube and detonators should not 
be used down-the-hole. 

h) Adequate non-combustible stemming material 
should be available near the collar of each hole 
prior to commencing of charging operation, for 
fast accomplishing charging operation. 

i) Punctured holes are to be plugged at bottom 
before charging. Air-bags may be used for the 
purpose 

j) Combination of Bulk-Loading Emulsion 
explosives, Detonating fuse with ‘Top Priming’ 
of Booster is preferred. These primers are 
applied shortly before blasting time, at the top 
of the explosives charge, where the emulsion is 
relatively cooler. After primers are put, stemming 
and blasting are done as quickly as possible, 
without wasting any time.
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VI. Summary of the procedures discussed 
above for blasting in hot hole
General guidelines of blasting in hot holes are 
summarized below: 

a) Select the number of holes properly so that the 
total blasting operation should not exceed 2 hour 
from charging of first hole. 

b) Measure the temperature of the holes almost 
constantly till the commencement of blasting 
operation.

c) Use water at least 12 hour before blasting to 
flush hot holes till the temperature comes down 
below 80C.

d) Record the temperature of holes at a regular 
interval of time.

e) Use a mixture of Bentonite, Sodium Silicate 
and Water in holes which do not retain water 
to seal micro-fractures and cracks. Guar gum 
up 5 percent may be also be used for the same 
purpose.

f) Only slurry or emulsion explosives, preferably 
bulk explosives to be used for hot-hole blasting 
purpose.

g) Detonating fuse as initiation system only should 
be used. Shock tube and detonators should not 
be used down-the-hole. 

h) Adequate non-combustible stemming material 
should be available near the collar of each hole 
prior to commencing of charging operation, for 
fast accomplishing charging operation. 

i) Punctured holes are to be plugged at bottom 
before charging. Air-bags may be used for the 
purpose 

j) Combination of Bulk-Loading Emulsion 
explosives, Detonating fuse with ‘Top Priming’ 
of Booster is preferred. These primers are 
applied shortly before blasting time, at the top 
of the explosives charge, where the emulsion is 
relatively cooler. After primers are put, stemming 
and blasting are done as quickly as possible, 
without wasting any time.

VII. Conclusions
  In Nut shell all steps shall be taken to avoid incident 
due to blasting of hot holes by proper planning, risk 
assessment and management, framing safe code of 
practices. Selection of suitable explosive and accessories, 
training of work personnel, carefully measurement 
of temperature of hot holes and proper recording, 
sequence of charging use of suitable type of stemming 
material proper quenching of hot holes, application of 
PBT (Blasting without explosives) we can minimize 
reduce premature detonation of explosive and danger 
while blasting in hot strata condition to achieve ZAP 
(Zero accident Potential).  
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Abstract --
The prime objective of any dragline operation is to efficiently expose planned volume of coal at an optimized rate which 
complies with annual production target of the mine. Selection of an appropriate dragline mining method significantly affects 
the end result of total exposed coal. Most suitable method would be the one which maximizes total coal to be exposed in every 
strip; and furthermore, also facilitate un-interrupted dragline production to ensure higher rate of coal exposure. This paper 
puts together a concept of dual entry coal excavation point for dragline operation, which aims to increase both volume and 
rate of coal exposure within a given strip geometry through bridge roll-over. It also compares traditional single entry method 
to the proposed concept and provides quantifiable parameters for selection of suitable method for a mining system .

Keywords—Dragline, Multiple Entry, Bridge Rollover, Dump-Bell, Extended Bench Method, Coal, Rate, Exposure 

I. Introduction
Selection of a dragline operating method for any 
deposit depends on multiple factors such as geology, 
strike length, annual production requirement, strip 
geometry, dragline geometry and choice of overall 
mining method. *Several operating methods are very 
well known and proven over time for dragline mining. 
They are:

1. Simple Side Casting

2. Advance benching

3. Extended Benching, and

4. Spoil-Side Benching

Routinely, during Life of Mine Strip Planning, 
engineers combine these operating methods with just 
one coal excavation point for each planned strip. We 
are referring to any such dragline operating method 
combined with only one coal excavation point as ‘Single 
Entry Coal Excavation Dragline Method’ or ‘Single 
Entry Method’. An example is displayed in Image 1. 

Non-quantified selection of any dragline operating 
method with single entry point could lead to severe 
coal loss and reduced mine performance during critical 

climatic conditions. A concept of dragline operating 
method combined with Dual entry coal excavation 
point and Bridge roll-over could be answer to the 
challenges mentioned. We are referring to this concept 
as ‘Dual Entry Coal Excavation Method’ or ‘Dual Entry 
Method’ with bridge roll-over.

Fig. 1. Dragline marching 

II. Traditional Single Entry Method
Single Entry method involves dragline strip operation 
in one particular direction from start to end. Stripping 
starts from the coal excavation entry point progressing 
in same direction till the end of working strip. At 
the end, dragline ramps up to either perform a Dead 
Heading to another strip in a different pit, or goes into 
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Scheduled Maintenance till entire volume of exposed 
coal is excavated from the working strip and next strip 
is blasted in the same pit. 

Basic schematics is displayed in Image 2, 3 & 4 to 
outline traditional working. Irrespective of the planned 
dragline movement once the strip is finished, a large 
volume of coal is left uncovered due to ramping-up 
requirement of dragline. 

Further, any delays in rate of coal excavation due to 
climatic conditions or unforeseen circumstances would 
lead to longer duration of Scheduled maintenance if the 
dragline is planned to operate in next strip of similar 
pit. This increases risk of failure to meet target annual 
coal volume. In other words, there is high probability 
that overall annual rate of coal exposure would be less.

  Single entry method is suitable for mines with 
flat dipping and low hydrology conditions for un-
interrupted operation of dragline. Merits and demerits 
are as below.

Advantages of single entry method are:

1. Bridge is left over buried coal leading to Life of Mine 
construction of haul road to backfill dumps.

2. A widely adapted method availing easy execution.

Major drawbacks of traditional method are:

1. Coal remaining buried at the end of each strip.

2. Critical dependency on De-watering if next strip is 
same pit.

3. Longer duration of dragline idling or marching 
(dead heading) after each strip.

4. Lower dragline production hour leading to lower 
rate of coal exposure.

III. Concept Of Dual Entry With Bridge Roll-Over

Basic principle is to develop a dragline pit with 
an engineering design which would facilitate un-
interrupted coal excavation irrespective of climatic 
conditions throughout the Life of Mine while 
maximizing volume of planned exposure with higher 
rate.

The concept involves dragline strip operation in 
two reverse directions along the entire length of a 
single working strip. Stripping starts from First coal 
excavation entry point progressing in One direction till 
half way through the length. After the half way point, 
the dragline marches to Second coal excavation entry 
point of the similar strip and starts stripping in reverse 
direction for the remaining length.

When the dragline is operating in reverse direction 
and progressing back towards the half way point, the 
entire volume of coal from 1st entry point is excavated. 
Drilling and charging of next strip’s half length is 
completed in same parallel time frame, which is then 
cast blasted as soon as the coal excavation is completed 
from the 1st entry point. 

The dragline does not need to march out of the working 
strip, and simply uses the concept of bridge roll-over to 
swiftly enter into Next strip through the blasted muck 
at half way point mark. The approach of bridge roll-
over has been explained through schematic pictured 
further. 

As soon the bridge roll-over is completed, a DumpBell 
can be established to allow movement of Haul Trucks 
if overall mine plan needs to reduce lead distance for 
Shovel – Dumper combination towards backfill dumps. 
Concept of bridge shifting however results in increased 
Re-handle because it needs movement of similar 
material to prepare dragline face until enough material 
start coming off from casted muck of New strip’s blast.
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Bridge shifting allows smooth transition of dragline 
into next strip. No need of Dead heading provides 
more operating hour for dragline in next strip; hence 
it can expose higher volume of coal in same time as 
compared to previously discussed traditional single 
entry method. This additional operating time can 
directly be translated into increased rate of coal 
exposure for any working strip. 

No coal is left buried at the end of each strip because 
there is no need of ramping up or marching required for 
the dragline to be deployed into next strip or another 
pit. This increases total planned volume of coal to be 
exposed in every strip, and also reduces Dead Heading 
marching required with loss of valuable production 
time. Dead heading and ramping up / down is not good 
for dragline. It increases safety risk for both machine 
& manpower in wet weather climate, and jeopardizing 
the machine health in long run resulting in frequent 
possible breakdowns.

Principle Schematics for Dual entry with bridge roll-
over is shown in Image 5 & 6 in sequence outlining 
basic methodology. 

There are multiple ways of designing and constructing 
dual entry points of a mine. Primarily geology and 
hydrology would guide selection if it needs to be a dual 
entry or more than two entries for a strip. Whatever the 
final choice of entry points, it needs consistent rigorous 

planning during Short and Medium term phases. 
Entry points are one of the most critical development 
necessities for a successful dragline mining operation 
and it must be maintained with sufficient real-state to 
ensure all weather supply of coal to customers. 

Un-interrupted coal excavation is possible through 
dual entry point because it provides flexibility of two 
access points instead of just one for same strip. Dragline 
operates consistently as well from either points, which 
also ensures there is always coal face available for 
excavation. De-watering setup could be established 
permanently at mouth of both points to keep the pit 
dry even in most critical weather conditions.

The concept of Dual entry with bridge roll-over 
drastically improves mine economics throughout the 
Life of Mine. It provides higher degree of flexibility 
for un-interrupted coal excavation with continuous 
dragline operation throughout Medium Term and 
Short Term Plans of the mine. 

Stage planning and execution of the proposed concept 
for a specific mine depends on multiple factors such as 

1. Geology
2. Area of mine lease
3. Hydrology
4. Overall Mine Plan, and
5. Projected capital and operating cost. 
Following engineering parameters must be critically 
observed and altered to achieve flaw-less applicability 
of the mentioned concept.

1. Selection of appropriate dragline mining method

2. Equipment and strip geometry

3. Mine design

4. Mining processes

Suitability of the proposed concept for a given mine 
could be determined through cost feasibility study and 
review of above mentioned parameters. It is mostly 
suitable for the deposits which require operation in 
under table conditions and is dipping in nature. The 
schematic concept of Bridge roll-over has been shown 
in Image 7 to 22.
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Once the bridge roll-over finishes and dragline starts 
stripping operation from one entry point then a 
dumpBell can be established. DumpBells act as a 
pathway for Haul trucks towards backfill dumps and 
hence lead distance reduces.

Applicability merits and demerits of the proposed 
concept are as below. 

Limitation of dual entry with bridge roll-over:

1.  Increased Re-handle compared to Single entry 
point method

2.  Requirement of precise engineering design, 
training and stakeholder consultation.

Advantages of the concept:
•	 Coal exposure: No coal bearing zone remaining 

buried or uncovered leading to higher revenue 
and coal recovery of the deposit.

•	 Flexibility: More than one face available at 
all times for coal excavation with continuous 
exposure. 

•	 Dewatering: Permanent setups could be 
installed at each points, and one setup could 
undertaken for preventative maintenance when 
other face is under coal excavation. This ensures 
higher reliability of pumps and ensures ability to 
continue coal dispatch during monsoon / below 
water table area. 

•	 Rate of coal exposure: Reduced marching and 
dead heading hours for dragline resulting into 
more production hours; hence higher rate of coal 
exposure.

Discussed concept is feasible for mine boundary as well 
where bench is required to be left as per mine plan. It 
prevents any additional coal loss under the dragline 
bench for ramping-up requirement. Hence, increasing 
overall predicted reserve for the mine as well if this 
method is adopted.

IV  Data Interpretation
Almost all strips so far at Sasan coal mine has been 
executed using the dual entry plan. This has lead 
to higher and consistent volume of coal exposure 
through dragline bench stripping. However, recently 
due to dumping requirements of Shovel-Dumper 
combination, the traditional Single entry method was 
followed for Strip9N and a section of coal was left 
buried at the end of strip.

Strip9N and previous Strip8N were similar in every 
planned dimension, except coal was not left buried 
throughout the length of Strip8N. This situation 
provided a great opportunity for cost comparison of the 
discussed dual entry method compared to traditional 
single entry method.

Raw data analysis of both Strips are shown in Table 1 
with remarks. It does not share cost comparison due to 
confidentiality clause; however, it shares comparison of 
volumetric data. Cost comparison and constant supply 
of coal volume favored dual entry point with bridge 
roll-over method for Sasan mine. 

V Concept  Suitability  Calculation  For  A  Mine
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A feasibility study must be done to ensure that selection 
of such dragline operating method would be beneficial 
for the specific mine though out its life. Feasibility 
study compares additional revenue to cost of incurred 
losses. Additional revenue derives from predicted extra 
volume of coal exposure via this method; and Cost of 
incurred loss comes from total operational expenditure 

due to increase in Re-handle volume. Cost saved due 
to less marching should also be considered in final 
calculation. Overall, the method of dual entry with 
bridge roll-over is suitable if:

Revenue from additional coal is greater than cost of 
predicted dragline re-handling and general saving 
though less marching. 

VI. Summary
Proposed dual entry concept should always be chosen 
for dragline stripping operation if favored by cost 
parameters. Flexibility, higher volume and higher 
rate of coal exposure insures consistent supply of coal 
in every climatic condition. DumpBell constructed 
after bridge roll-over also facilitates low hauling cost 
for dumpers across backfill dump. Both traditional 

and proposed method have their respective merit 
and demerits which must be studied carefully before 
choosing a Life of Mine plan.

Reference
1. *SME mining engineering handbook / edited by 
Peter Darling.--3rd edition
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Abstract — 
Bina Extn. project is opencast coal mining project of Northern Coalfields Limited with present production capacity of 
7.5 MTPA. The project report of Bina Kakri Amalgamtion Opencast has been approved by CIL Board on 25th August 
2020 for peak production of 17.5 MTPA. This paper discusses the various measures being taken up by the project for 
enhancing the coal production from 7.5 MTPA to 17.5 MTPA in environmentally sustainable manner. It include steps like  
reclamation work/ plantation activity, air pollution mitigation, water pollution mitigation, bio diversity conservation, and 
attaining zero liquid discharge of mine water by development  of an eco-park.    
Key Word: Sustainability, Open cast coal mining project, Zero liquid discharge, Eco-park

I. Introduction
Bina (Extn.) Opencast Project is running opencast 
mines in Northern Coalfields Limited. Since July-2006, 
Northern Coalfields Limited, a subsidiary of Coal 
India Limited is a prime producer of non-coking coal, 
mainly power grade, in the country. It operates coal 
mines in the states of M.P. and U.P. It is producing coal 
from different coal seams of Singrauli coalfield in the 
district of Singrauli in M.P and Sonebhadra in U.P. 

The present project is an extension of earlier Bina 
Project which is producing coal since 1974. The 
initial production of the project was 4.5 MTPA which 
underwent 1st extension of 6 MTPA in 2006. Further, 
2nd extension was carried out in the year 2014 to 
enhance the capacity to 7.5 MTPA. In further expansion 
the new project namely Bina Kakri Amalgamation 
OCP has been approved by CIL Board on 25th August 
2020 for normative capacity of 14.0 MTPA with peak 
capacity of 17.5 MTPA. 

The present paper focuses on various initiatives taken 
to develop the Bina-Kakri Amalgamtion OCP as one of 
the state of the art project as gradual moving towards 

peak capacity of 17.5 MTPA. It includes detailed 
description on various steps taken to improve on the 
environmental aspect (air, water, biodiversity etc.) to 
progress in more sustainable way while increasing the 
production capacity from 7.5 MTPA to 17.5 MTPA.

II.  Challenges for an Open Cast Coal Mining 
Project:  Environmental Point of view
The challenges faced by open cast coal mining project 
are immense from environmental point of view. With 
increase in production capacity, the environmental 
challenges will also enhance. The environmental 
challenges are as follows:

a) The increase in OB production leads to increase 
in blasting activities and thus increase in dust 
generation contributing to Suspended Particulate 
Matter (SPM) and Respirable Suspended 
Particulate Matter (RSPM).

b)   Transportation of overburden as well as coal will 
further increase the vehicular movement within 
mine premise and thus giving rise to vehicular 
emission like PM10, NOx and CO.
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c) HEMM operation and maintenance will increase 
the generation of solid and liquid hazardous 
waste (category 5.1 and 5.2).

d) With the increased in catchment area the make of 
water per day will also increase and thus effluent 
treatment facility need to be enhanced.

e) Land degradation will also increase.  

III. Air Pollution and its mitigation at Bina 
Extn. project
The major sources of air pollution in open cast 
coal mining projects are blasting, coal stock yards, 
transportation road, and fugitive emission from other 
sources. To overcome the above a proactive approach 
is required at planning stage. The enhanced coal 
production from 7.5 MTPA to 17.5 MTPA includes 
deployment of 1 no. of surface miner which reduces the 
blasting activity and thus reduces the dust generation. 
Further, a new CHP of 9.5 MTPA is proposed for Bina 
Kakri Amalgamation OCP which will cater to the 
requirement of additional capacity for coal loading and 
transportation. The location of ground bunkers are so 
proposed that the overall transportation of coal through 
haul road is minimized. At present, various steps are 
being taken to reduce the concentration of pollutants at 
source itself. Fixed water sprinkling system on major coal 
transportation road is under construction phase at Bina 
Project. The fixed sprinkling system is being installed 
all along the RCC road in total stretch of about 1.4 Km 
from main mine barrier entry to coal yard which is one 
of the busiest road in mine area. The water for sprinkling 
system is sourced from ETP treated mine water which 
is another step towards achieving zero liquid discharge.

There are 2 no. of truck mounted mist spray gun deployed 
at Bina Extn. project in the month of January and March 
2020 to reduce the fugitive emissions (Refer Fig.  1). 

Fig.1.  Mist Spray Gun at Bina Project

The machines generate small size mist particles for 

effectively supressing dust on haul roads as well as 
residential roads. The total capital cost of initiative is 
approximately 96.64 lakhs. 

Also along with this 1 no. of domestic road sweeping 
machine has been deployed in the month of March 
2020 (Refer Fig. 2) with total capital expenditure of 
about 53.71 lakhs. 

 Fig.2. Domestic Road Sweeping machine at Bina Extn. Project.

In addition to above measures, there are already 
existing 6 no. of departmental water tankers (28KL and 
70 KL) for suppression of dust at haul roads and other 
transportation road. 1 additional no. of water body is 
created near coal stock yard no.2 which is presently 
working as additional tanker filling point for water 
tankers and catering the need for water sprinkling 
in and around coal stock yard. The steps involve are 
shown in Fig. 3(a) to 3(d).

3(a)

3(d)

3(b)

3(c)

Fig.3(a) Creation of water body; 3(b) Gabion wall for 
silt control; 3(c) Installation of Pump; 3(d) Tanker 

filling system.

All the transfer points like crushers house, silos (rack 
loading) etc. are already installed with fixed water 
sprinklers which are in continuous operation.

Further, it is proposed to install two number of fixed 
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cannon guns at wharfwall and coal yards which will 
further help in curtaining dust generation during 
loading and unloading processes.  

IV. Water Pollution and its mitigation at Bina 
Extn. project
The major sources of water pollution in an open cast 
coal mining project are as follows: 

a) Mine Water: Containing only TSS.

b) Effluent from Workshop: Containing TSS, Oil 
and Grease and COD.

c) Effluent from CHP, ground bunkers: High TDS 
and small amount of oil and Grease.

d) Effluent from De-shaling plant:  High TDS.

e) Waste water from residential colony: Source of 
TDS, BOD, COD.

Bina (Extn.) project has its own effluent treatment 
plant of 31.2 MLD. (Refer to Fig. 4)

 

Fig.4. ETP of 31.2 MLD at Bina Extn. Project

The existing capacity of ETP is being enhanced to 31.56 
MLD to further meet the need of effluent generated 
from de-shaling plant. An approved scheme for further 
technological up-gradation of the existing ETP is 
under progress. The up-gradation of ETP will include 
all the modern technologies for effluent treatment 
including multi grade filters and activated carbon filter 
for tertiary treatment of water. It will also be equipped 
with filter press for better handling of sludge generated 
from ETP. The final treated water is reused in various 
activities like dust suppression, fire fighting etc. The 
total cost of the scheme is approximately 17.73 crore 
rupees.  

Bina Extn. Project has existing sewage treatment plant 

of 2.5 MLD for treatment of domestic sewage generated 
from residential colony. (Refer to Fig. 5)

Fig.5. STP of 2.5 MLD at Bina Extn. Project

The existing STP is based on activated sludge process 
(ASP) and commissioned on 31st December, 2000. The 
sewage treatment plant is also being technologically 
upgraded. As it is proposed, after completion of up-
gradation/ modification work, tertiary treatment will 
be provided using activated carbon filters and multi 
grade filters and the treated water will be 100%  utilized 
in various horti-culture works within the premise 
of residential colony, thus, achieving zero liquid 
discharge from Bina residential colony. Thus total cost 
of up-gradation of existing sewage treatment plant is 
approximately Rs 7.6 crore.      

V. COnSErVATIOn Of BIODIVErSITy AnD ACHIEVIng 
ZErO LIquID DISCHArgE THrOugH BInA ECO PArk

The foundation stone of Bina Eco-Park namely 
“Chandrashekhar Azad Eco Park” was laid by 
Honourable Home Minister, Government of India on 
23rd July 2020. The eco- park is being developed around 
the siltation pond near Office of Area General Manager, 
Bina Extn. Project, Sonebhadra, UP. Aerial view of the 
existing location of the park area is shown in Fig. 6. 
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Fig.6. Aerial view showing location of 
Chandrashekhar Azad Eco-Park.

      The siltation pond was developed since inception 
of Bina Project with a purpose to arrest the silt flowing 
into the reservoir during monsoon. This is also a step 
towards achieving zero liquid discharge for Bina Mine. 
The pond is spread over a total area of approximately 
70000 sqm having   an average depth of about 3 m, 
Therefore, approximate volume to carry water of 
210000 m3. The total area of the eco-park (including 
siltation pond) is approximately 14.00 ha over which 
development work is being carried out. The estimated 
cost of development along with five year maintenance 
of eco-park is approximately 8.56 crore rupees and the 
work will be completed by the end of financial year 
2022-23. The proposed amenities along with layout are 
shown in Fig.7.  

Fig.7. Layout plan of Chandrashekhar Azad Eco 
park

The source of water for this eco- park is treated mine 
water from ETP and thus serve as one of the examples 

of utilization of mine water and maintaining zero liquid 
discharge mine. Due to abundance of fruit bearing 
plants and water source it becomes habitat of aquatic 
species, mammals and birds species. One of the major 
sightings are the large size bats commonly known as 
flying foxes (scientific name as Pteropus medius).Thus, 
other than achieving zero liquid discharge for Bina 
Extn. Project, the development of  eco-park is also a 
step towards biodiversity conservation.

VI. Reclamation of Overburden Dumps and 
plantation activity
Overburden dumps generated during the mining 
process are technically and biologically reclaimed 
in Bina Extn. Project. The overburden are stabilised 
through benching and further retaining wall/gabion are 
constructed at the toe of each bench. After completing 
the process of technical reclamation, biological 
reclamation is carried out by massive plantation 
activity.  Fig.8 shows final dump after technical and 
biological reclamation. 

Fig.8. Plantation on overburden dumps at Bina Extn. 
Project. 

Total 32.26 lakhs no. of plants have been planted in Bina 
Project since inception. Out of which around 3.34 lakhs 
no. of saplings were planted in plain area including 
green belt development. The total area covered through 
plantation is about 418.28 Ha since inception. The 
details of plantation activity at Bina project on yearly 
basis for last five years are given in Table I.
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Table 1: Plantation in OB Dumps at Bina Extn. 
Project from 2016-17 to 2020-21.

S. No. Year
Plantation

No. of Plant Dump Area (in Ha.)

1 2016-17 25000 10

2 2017-18 17500 7

3 2018-19 30000 12

4 2019-20 25000 10

5 2020-21 17500 7

Total 115000 46

     As per the proposed scheme the biological reclamation 
and plantation activity will increase manifolds for Bina Kakri 
Amalgamation OCP as shown in Table II.

Table II: Proposed Plantation in OB Dumps at 
Bina Kakri Amalgamation OCP from 2030-31 to 

2035-36

Year

Overburden Dump 
Area to be techni-

cally & Biologically 
reclaimed (Ha.)

No. of Plants 
to be planted 
@ 2500 /ha. 
(Proposed)

2030-31 20 50000

2031-32 20 50000

2032-33 25 62500

2033-34 40 100000

2034-35 60 150000

2035-36 59.384 148460

Total 224.384 560960

VII. Conclusion
The coal production is to be enhanced to meet the 
growing energy needs of the country. As a part of the 
efforts to fulfil the energy demand, coal production 
of the Bina Extn. Project is being enhanced from 7.5 
MTPA to 17.5 MTPA gradually with onset of Bina 
Kakri Amalgamation project. 

At project level various activities like providing 
sufficient nos. of tanker filling points, use of advance 

mist spraying system and fixed sprinklers are already 
being executed to maintain the air quality standards. 
Use of surface miner and new CHP of 9.5 MTPA are 
proposed steps towards green coal mining. 

The proposed up-gradation of effluent treatment plant 
and sewage treatment plant for carrying out tertiary 
treatment will lead to complete utilization of treated 
mine water and domestic waste water within the mine 
area and thus make Bina Kakri Amalgamation OCP 
a zero liquid discharge mine.   Steps are being taken 
for conservation of biodiversity by development 
of Chandrashekhar Azad Eco-Park. Technical and 
biological reclamation of OB dumps are being carried 
out as part of mine closure activity, which is a step 
towards bringing back the degraded forest land in its 
original form. 

Thus, efforts are being made to enhance the coal 
production from 7.5 to 17.5 MTPA in environmentally 
sustainable manner. 

References
[1] Wastewater Engineering Treatment Disposal 

Reuse, Metcalf & Eddy, 2004

[2] Scheme for modification of effluent treatment 
plant (31.56 MLD) for Bina OCP along with 
operation and maintenance, CMPDIL, 2020.

[3] Scheme for modification of sewage treatment 
plant (2.5 MLD) for Bina OCP along with 
operation and maintenance, CMPDIL, December 
2020

[4] Project Report of Bina Kakri Amalgamation 
OCP for 14.0 MTPA.



145

International Conference on Opencast Mining Technology & Sustainability

Predictive and Preventive Maintenance of Induction Motors 
in Coal Handling Plants and other Industrial facilities

Sharad Kumar Verma 
E&M, Northern Coalfields Limited

Singrauli, India

Sabiya 
E&M, Northern Coalfields Limited

Singrauli, India
sab.ahmed100@gmail.com

 
 

Abstract — 

Induction Motors are the workhorse for majority of industrial processes due to their robustness, low cost and reliability. 
Failure of these machines lead to shut downs resulting in loss of production time and money as well. Reason being various 
operating conditions, which causes deterioration of the motors, resulting in faults and ultimately complete failure of the 
machine. This paper discusses various Predictive and Preventive techniques for improving the reliability of Induction motors 
in the demanding conditions. The paper presents best practices to be followed in maintaining the induction motors followed 
by a brief introduction of various predictive technologies.

Keywords— Induction Motors, Predictive and Preventive techniques 

I.  Introduction 
Induction Motors are the center of majority of Industrial 
production process. Almost 70% of the machines 
used in  industries  now a days are 3 phase induction 
motors. Slip ring Induction motors are mostly used 
in crushers of Coal Handling plants, whereas Squirrel 
cage induction motors are used in conveyor system 
applications, pumps and other parts of CHPs. These 
are robust, simple in construction, highly reliable 
and low cost. However ignorance and lack of proper 
maintenance of these machines leads to frequent 
electrical and mechanical fault and further negligence 
and poor monitoring may result in complete failure of 
the machine. And failure could result in lost capacity 
as well as excessive repair and maintenance costs. This 
paper provides information on establishing an effective 
maintenance to help prevent unexpected motor failures, 
costly downtime, and unnecessary maintenance costs. 
To initiate a cost-effective preventive maintenance 
program, we need to identify and analyze the motor 
components that are most likely to cause motor failure.

II. INDUSTRY SURVEYS
Industry operating assessments sponsored by the IEEE 
and EPRI show that most motor failures are related to 
a few major components. These components, and the 
approximate percentage of the total failures attributed 
to each, are tabulated in Table I.

TABLE I. PERCENT OF FAILURES BY MAJOR 
COMPONENTS 

Cause IEEE Survey EPRI Report

Bearing related 44 41

Stator related 26 36

Rotor related 8 9

Other 22 14

The IEEE survey and the EPRI report identified several 
failure mechanisms. The significant failure mechanisms 
from the IEEE survey are listed in Table II along with 
the approximate percentage of total failures attributed 
to each. 

TABLE II. MOTOR FAILURES BY 
SIGNIFICANT CAUSES (IEEE)

Cause of Failure
Percentage of Total Failures

Bearings Windings

Overheating 12 21

Insulation Break-
down 2 37

Mechanical Dam-
age 50 10

Electrical Fault 4 11

III.  CAUSES OF FAILURE
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Most conditions that cause electric motor failure will 
be manifested in the form of vibration or excessive 
temperature. Vibration can be caused by conditions, 
which are electrical as well as mechanical. When an 
open bar develops in the rotor winding or a short 
happens in the stator winding, the effect on motor 
operation may show up as a slightly higher vibration 
reading. More often than not, the cause of vibration 
can be contributed to misalignment or bearing wear/
defect. Some times motors can be damaged in handling 
or have a manufacturing defect which will appear as 
a vibration problem over a period of time because of 
residual stress. In some rare occasions, the foundation 
arrangement can be defective and contribute to a 
shaft or frame vibration problem. Failures seemingly 
not related to vibration can develop because of, or 
in conjunction with, vibration in an electric motor. 
Bearing damage, insulation abrasion, excessive brush 
wear, commutator or collector ring burning, and 
winding fatigue can all result from vibration.

Temperature is also a good indicator of problems with 
a motor. Again, high temperature can result from 
electrical or mechanical problems. As an example, 
often, the first indication of bearing trouble will be 
high bearing temperature. Temperature increase 
can be caused by such conditions as high ambient 
temperature, voltage imbalance, excessive load, dirty 
windings or blocked air intakes.

Protecting the motor winding from moisture is a major 
concern. When the motor is in use, condensation is 
usually not a problem. However when idle, the motor 
winding needs to be kept dry. If there is any moisture 
in the groundwall insulation of the winding, it should 
not be energized since this could cause gross failure 
of the winding. Often a wet winding can be dried out 
by applying external heat or by circulating low level 
DC current through the windings. Indication of a wet 
winding can often is found by insulation resistance 
testing. 

Additional causes of failures are as follows: 

Corrosion: Corrosion can cause serious damage to 
motor parts. Conduit boxes, motor feet, bearing fits, 
air deflectors, screens, and assembly bolts can be 
destroyed. Oil cooling coils can develop pitting and 
holes from corrosion. 

Excessive Moisture: Excessive moisture causes failures 

in motor winding insulation and in motor leads. It 
can also cause loss of lubrication capability in bearing 
oil systems and deterioration of motor parts, both 
electrical and mechanical. 

Excessive Starts: Large squirrel cage induction 
and synchronous motors have limited capability 
for repetitive starts, which is defined by the motor 
manufacturer. Exceeding these repetitive starting 
limitations can lead to failure of rotor bars, rotor short 
circuiting ring, or stator winding. 

High Ambient Temperature: Stator windings, 
armature windings, field windings, bearings and 
lubricants have limitations on maximum temperature. 
If these limitations are exceeded, the useful life of 
these components may be shortened. High ambient 
temperature, when added to the rated temperature rise 
of the component, can cause the temperature limit to 
be exceeded. 

Inadequate Lubrication: Reliable operation of bearings 
depends on adequate lubrication. Both oil-based and 
greased-based systems can fail from degradation, 
contamination, lack of lubricating medium, or over-
lubrication. 

Manufacturing Defect/Design: There have been 
winding failures attributable to design defects and 
manufacturing defects, particularly in the form wound 
stator coils of large motors. Occasionally, blowholes are 
found in die cast aluminum rotors. Motors have also 
been found with inadequate core or winding material. 

Misalignment: Shaft misalignment is one of the causes 
of shaft vibration and can cause in bearing failure. 

Misapplication: Motors need to be applied within 
their horsepower rating and designed load-carrying 
capabilities. Excessive loading results in high 
temperature and deterioration of electrical insulation. 
Bearings and shaft materials are carefully selected for 
the loading demands of the shaft system. Care should 
be taken to ensure that replacement bearings retain the 
original design load carrying characteristics.

Normal Deterioration with Age: Because of the special 
demands of the application, the design life of motors is 
the same as that of the insulated windings. Balance-of 
plant motors have windings that are typically designed 
for a life of 20 years or longer, if properly maintained. 
Anti-friction bearings generally have a 5- to 10-year 



147

International Conference on Opencast Mining Technology & Sustainability

life. The expected life of sleeve bearings is considered 
to be indefinite with correct application and care.

Oil and Dirt: Oil and dirt have a detrimental effect 
on insulated stator and rotor windings. Oil tends to 
dissolve insulation systems and makes them more 
susceptible to the deteriorating effects of moisture. 
Oil attracts dirt which reduces heat transfer from the 
winding surface and plugs ventilating passages causing 
overheating Dirt in lubrication systems will lead to 
eventual bearing failure. 

Persistent Overload: Persistent overload causes 
overheating of windings and bearings, which can lead 
to damage and eventual failure. 

Poor Ventilation: Ventilation can be adversely affected 
by foreign material including oil, dirt, paper, and rags. 
Also, structural columns, pipes, building walls, and low 
ceilings can restrict airflow to or from motors. Some 
motor ventilation designs allow recirculation of hot 
discharge air from the motor itself or adjacent motors. 

Repair Related: Motor failures can result from improper 
repair procedures and techniques. Defects can result 
from, but are not limited to, poor rewind techniques, 
stator core damage from burnout oven procedures, 
improper installation of new bearings, damage from 
dropping major components, and inadequate efforts to 
exclude foreign material. 

Repetitive Surge: Some circuit breaker designs have 
caused switching surges that adversely affect motor 
winding dielectric capability. 

Shaft Currents: Large motors have one or two insulated 
bearings to prevent the flow of current from motor 
frame to motor shaft through the bearing. These 
currents can damage bearings, if allowed to flow. The 
integrity of the insulation can usually be confirmed by 
checking the resistance path between the oil reservoir 
and the bearing housing.

IV. Preventive/Predictive Maintenance 
Techniques
The goal of a predictive maintenance program is to 
identify an unsatisfactory condition well before it 
results in motor failure. Unplanned, catastrophic 
motor failures result in costly downtime and are 
generally quite more expensive and difficult to repair. 
In addition, replacement motors are not always readily 

available from the manufacturers, and the storage of 
spare motors as replacements is costly and not always 
practical.

Many predictive techniques are applied to these motors 
to reduce the number of unplanned outage. The most 
common techniques applied to fault detection in 
induction motors are: 

Supply Voltage: Motor standards allow operation 
within a voltage range of ±10% of rated motor voltage. 
Operation on the low end of the range increases the 
temperature of the stator and rotor windings. Operation 
at the high end of the range reduces the temperature 
of most motors. An exception is low speed induction 
motors, which can experience a high increase in 
magnetizing current at the higher voltage. 

Running Current: Measured current values should 
be nameplate rated amperes or less, although motors 
with service factor ratings can operate to service factor 
levels. The three phase currents should be balanced 
to within a few percent. Current pulsations at slip 
frequency can be an indication of broken rotor bars. 
Baseline currents should be recorded at full unit load. 
Winding temperature is proportional to the square 
of running current. Thus, a five percent increase in 
running current results in a 25 percent increase in 
winding temperature. Excessive winding temperature 
causes electrical insulation degradation. 

Speed: For induction motors, motor speed reflects 
motor load. As motor load increases, its speed of 
rotation decreases slightly. Motor speed measurement, 
compared to rated motor speed or baseline motor 
speed, verifies that the motor is operating within its 
rating. 

Bearing Temperature: For high horsepower motors, 
bearing temperatures may be measured by RTD, 
thermocouple or bulb type thermometer. For motors 
not equipped with devices, a portable thermometer on 
the outside of the bearing housings measures bearing 
temperature. High bearing temperature, compared to 
baseline value, indicates deterioration of the bearing. 
High bearing temperature may be related to vibration, 
lube oil performance, grease deterioration or bearing 
deterioration. 

Winding Temperature: It is widely accepted that 
motor insulation life is reduced by 50 percent for each 
10°C that the insulation temperature exceeds rated 
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temperature. Thus, it is important that the motor 
operate within its rated temperature. Large critical 
motors are usually equipped with RTDs to measure 
insulation temperature. Random wound motors are 
rarely equipped with temperature measuring devices. 
For these motors, portable clamp-on ammeters are 
used to measure current or portable tachometers 
are used to measure speed to determine if the motor 
is operating within its rating. It is important that air 
discharge and inlet openings not be blocked. Blocking 
air flow would restrict cooling air flow to the motor. 
Also discharge air should not be allowed to recirculate 
air to the inlet. Ambient air should not be above rated 
ambient air for the motor design, normally 104°F. 
Winding temperature may be related to supply voltage, 
running current, speed, cooling air temperature, or 
lack of cooling air. 

Insulation resistance: This is the condition of 
insulation between conductor and ground. Low values 
indicate moisture, dirt or damaged insulation. Test 
voltage should be higher than rated voltage, e.g. 500 volt 
or 1000 volt DC test for a 480 volt motor, and 5 kV to 
10 kV DC for a 4000 volt motor. This test is applicable 
to both operating motors and motors in storage.

Polarization Index: This test provides additional 
information on condition of insulation between 
conductor and ground (for motors rated 4000 volts and 
higher). Polarization index is the ratio of the insulation 
resistance for a ten-minute test and that of a one-
minute test. A ratio of 2 or higher indicates suitability 
for service. This test is used to determine if a winding 
is wet. 

DC Spot: A more searching test on condition of 
insulation between conductor and ground. Effective 
for motors rated 4000 volts and higher. Is also 
recommended on motors rated 575 volts and less to 
determine if it is safe to apply the surge comparison 
test. IEEE step voltage method is recommended 
because it controls the charging current in a uniform 
manner to allow the test operator to stop the test if 
indication of impending failure develops during the 
test. It is recommended that a trained operator perform 
the test because of safety considerations and because of 
the possibility of causing a winding failure. 

Vibration: Monitoring of vibration levels of an 
operating motor over a period of time can provide 
valuable baseline information on motor condition. 

Changes in vibration indicate bearing deterioration, 
misalignment, damaged parts, electrical imbalance, 
and other conditions, which are associated with the 
rotation of the machine. 

Oil analysis: Analysis of bearing oil can provide 
evidence that oil has correct properties, or that 
deterioration of lubricating properties has taken place. 

Grease Analysis: Analysis of grease can provide 
evidence of deterioration of lubricating properties as 
shown by hardening, chemical breakdown or excessive 
amount of dirt. 

Winding Resistance: Using a Kelvin bridge, which is 
more accurate than a Wheatstone bridge, resistance 
measurement can detect high resistance connections 
before they develop into a connection or winding 
failure. This also will identify imbalances between 
phase windings. 

Ultrasound: Changes in ultrasonic frequency from 24 
KHz and 50 KHz in a bearing give warning of bearing 
deterioration long before such indicators as heat and 
vibration.

V. Motor Current & Voltage Signal Analysis 
CSA – Current Signature Analysis or VSA – Voltage 
Signature Analysis techniques are used to generate 
analyses and trend of electric machines dynamically. 
They aim to detect predictive problems in a rotating 
electric machine, such as: problems in the stator 
winding, rotor problems, problems on the engagement, 
problems in bound load, efficiency and system load; 
problems in the bearing, among others. It may initially 
cause a certain astonishment that the electrical signals 
contain information in addition to the electrical 
characteristics of the machine under supervision, 
but they work for mechanical defects as a transducer, 
allowing the electrical signals (voltage and/or current) 
can carry information of electrical and mechanical 
problems until the power panel of the machine.

The signs of current and/or voltage of one or three 
phases of the machine produce, after analyzed, the 
signature of machine, i.e., its operating pattern. This 
signature is composed of magnitudes of frequencies 
of each individual component extracted from their 
signals of current or voltage. This isolated fact itself is an 
advantage, as it allows the monitoring of the evolution 
of the magnitudes of the frequencies, which can denote 
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some sort of evolution of operating conditions of the 
machinery. The response that the user of such a system 
needs to know is whether your machine is “healthy” 
or not, and that part of the machine the failure might 
occur. This analysis (diagnosis) is not something easy 
to be done, because it involves a set of comparisons 
with previously stored patterns and own “history” of 
the machine under analysis. In this instant, normally 
a specialist is called to produce the final diagnosis, 
generating the command when stopping the machine.

VI.  Conclusions
The industries currently look for products and outside 
services for predictive maintenance. In many cases, the 
outside service company or even the industrial plant 
predictive group make mistakes that can compromise 
the whole condition monitoring and failure diagnosis 
process. In this increasing demand for prediction 
technology, techniques like Electrical Signature 
Analysis (ESA) are calling more and more attention of 
industries. By applying these techniques we can find 
out the Faults of the Induction Motors before it will 
be existed. Once we find out the Faults, we can rectify 
or can take precautions. So we can reduce the Motor 
failure and also increases the availability, reliability and 
performance of the Motor.
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Abstract — 
Changing market dynamics specially in the Coal Mining sector demand a greater financial awareness. Coal Companies need 
to have a strategic, objectified cost saving approach in their planning.  This paper illustrates the importance of identifying 
cost saving areas, addressing the problems in a sustainable manner. This paper highlights the innovative work done in 
critical crack repairing of dragline boom. The paper throws light on how reduction in downtime in dragline can have 
significant impact on cost, safety concerns etc.  

Keywords— Downtime Reduction, Opportunity Cost, Optimization. 

I. Introduction 
Bina Extension is the southern part of Chandela 
Geological Block, which is located in north-eastern 
part of Moher sub-basin of Singrauli Coalfields [1]. 
There are 04 draglines operational in Bina, namely 
Gaurav (24/96), Saurav (24/96), Ram (10/70) and 
Shyam (10/70). The dragline under observation in this 
paper is Gaurav Dragline. 

Figure 1: Gaurav Dragline

Two major cracks were seen on boom of Gaurav 
Dragline (CIL Plant no: EXCV-1454, Machine Sr 
no: 9820). The Dragline has already completed its 
34 years since its commissioning date 10/03/1986. 
Progressive Working Hours of machine is more than 

two lakhs. Survey off norms of 24/96 dragline is 30 
years and 150000 Progressive WHrs[2].  The dragline 
has completed survey off norms for 24/96 dragline. 

Figure 2: Crack developed on the boom of Gaurav Dragline

Due to heavy operational demand of dragline, under 
wear and tear phenomenon, two critical cracks were 
developed on boom. The Gaurav dragline, make 
Ransomes and Rapier, model W2000 is provided with 
boom ladder on one side of the boom in its design.  
Cracks were in main boom chord and 10 meters away 
from boom ladder and at 50-meter height from sitting 
level of dragline. There was no direct approach for crack 
welding work. Welding on inner side boom crack on 
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such height cannot be done by crane due to safety issues 
in positioning of crane between bracing pipes. Boom 
lowering, crack welding and boom repositioning was 
the only method used before in such circumstances, 
which is a very tedious job and time consuming in itself. 
Cost of any unscheduled downtime for Dragline is very 
significant due to its high productivity. To overcome 
the aforementioned challenges an innovative process 
had to be employed to reduce downtime of Draglines. 

II. Augmented repair Methodology 
The sequential steps of the methodology adopted for 
augmentation is as following:

1. Machine Marching
2. Crane Sitting and Positioning
3. Structure Creation
4. Transportation of Man and Tool 
5. Execution

Figure 3: Outer side crack repairing (left); Inner side crack repairing 
(right).

To reach out and positioning welder close to crack, 
first of all, dragline was marched to nearby high wall 
of haul road. Dragline was marched in such a way that 
crane boom could reach to boom level from haul road. 
Haul road was 15 meters above from Dragline sitting 
level and remaining 35 meters height was covered by 
available maximum 70-ton capacity Crane in the mine. 
Crane boom was positioned at extreme length and 
extreme angle. 

Crane reach was limited to outer side of chord, outside 
cracks were repaired with the help of crane. 

Crane positioning was restricted for inner side crack 
welding at such height due to boom bracing pipes. 
For inner side crack repairing separate structure was 
prepared at a height of nearly 50 meters from machine 

sitting level. For structure making channels pipes, 5 
mm thick mild steel plate and clamps were needed. 
To avoid unnecessary welding on boom, structure was 
supported with the help of nut bolt clamping system.  

Transporting of these materials and manpower at such 
height was done with the help of available crane and 
trolley for structure creation.  

 Further welding work was done with the help of 
prepared supporting structure. Safety belts and helmets 
used by working staffs at such height. 

III.  Advantages of the adopted methodology

A. Operational Convenience
In Draglines where boom lowering unit is not available, 
such critical type of crack has to be repaired by proper 
boom lowering. But lowering of boom is very risky and 
time taking, which is approximately 30 days project 
in itself.  In this new structure methodology, total 
time taken was six days including welding work. This 
new structure is helping in monitoring and repairing 
of cracks if occur in same position, thus it will help 
in reducing downtime of machine in future if cracks 
occurs. Also, this method is reducing risk associated 
with machine and manpower. 

B. Cost Saving
The opportunity cost incurred by Dragline due to its 
Idle hours in repair by new methodology is tabulated 
below. Considering the profitability per hour of 24/96 
dragline to be ₹1,65,302.00[4], the total opportunity cost 
incurred amounts to ₹ 2,38,03,488.00. 

Table 1: Opportunity cost of Dragline in repair by 
new methodology

Profitability of 24/96 dragline per hour Rs. 1, 65,302.00 

Idle time in face preparation and marching 
of dragline

24 hours

Idle time in structure creation on boom 24 hours

Time taken in boom crack welding 72 hours 

Total opportunity cost during repair of 
Dragline

Rs.  2,38,03,488.00

The opportunity cost would be incurred by Dragline 
due to its Idle hours in repair, if the repair work were 
done by lowering, welding and raising of boom is 
tabulated below.  The total cost incurred would amount 
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to ₹ 13,09,19,184.00.

Table 2: opportunity cost of Dragline in repair by 
lowering boom method

Profitability of 24/96 dragline per hour Rs. 1, 65,302.00 

Estimated Idle time in preparation for 
boom lowering, crack welding and raising 
boom etc.

720 hours

Time taken in same size of boom crack 
welding

72 hours

Total opportunity cost in lowering, 
welding and reposition of boom 

Rs.  13,09,19,184.00

Assuming the repair cost in both the scenarios to be 
same, the difference of cost between the two scenarios 
tabulated above is ₹ 10,71,15,696.00, which is a 
significant amount of savings.

IV. Conclusions
This paper demonstrates the process improvement 
of boom crack welding at such heights of draglines 
where boom lowering units not given. Globally, many 
draglines are being used without boom lowering units. 

This approach as deliberated above reduces the 
downtime of dragline enormously which in turn can 
lead to huge amount of cost saving. 

Reduction in downtime in a machine-like dragline also 
means greater ease in timely production and dispatch 
of coal.

This methodology to address the crack of boom of 
dragline has lesser safety concerns and thus it assists in 
obtaining the goal of zero harm. 

Identification of cost saving areas like above and 
addressing the same by process improvement or 
augmentation efficiently may have huge impact on the 
financial health of a company which is the need of the 
hour in the current market scenario. 
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Abstract
Coal, as a conventional source of energy, plays a very vital role in the overall economic development of a country. The energy 
requirement of country like India is increasing day by day. Coal and lignite contribute 55% of the total energy requirement 
of India. The importance of coal is not only confined in the energy sector it also plays significant role in the economy of 
the country. Development of an industrial unit or industrial agglomeration depends on the availability of the coal. Mining 
of coal is carried out by both Open Cast (OC) and Under Ground UG methods but due to less expenditure and wastage 
by OC mining technique, it dominates over UG method. In India, OC method contributes 93.26% and this figure will be 
increase in upcoming days. Huge amount of Over Burden (OB) is generated as by-product of coal mining. The amount of OB 
generated is directly proportional to coal production. OB consists of carbonaceous shale, low grade coal rejects, sandstone 
etc. Managing OB is a big problem for coal mining industry. The dumping of OB requires huge land and in the process 
precious fertile land (top-soil) are lost. OB is also a serious concern for environment and safety. Hence instead of storing 
and pilling OB, finding its alternate uses in different sectors is need of the hour. The geo-technical properties of OB shows 
that it can be utilized for construction of road as bulk fill materials in form of embankment, sub grade, sub base materials 
etc. Commercial sand can also be extracted from OB which can be utilized in building and other construction industry. This 
research paper encompasses the geo-technical properties of OB and scope of its utilization for construction of road.

Introduction:
Coal is a conventional source of energy which plays a 
critical role in the overall economic development of 
our country. As on 17/12/2020 in India, total energy 
generation from different sources is 374199MW 
whereas coal and lignite combinedly contributes 
205,585MW i.e 55% (Ministry of Power, 2020). Indian 
economy is facing massive energy demand due to 
the rising growth of population, industry and other 
infrastructures. In India, the major consumers of coal 
are thermal power sector, steel, cement, sponge-iron, 
aluminium, fly ash bricks, paper, textile, and other 
small industries. Demand for coal in power plants in 
India is increasing at a faster rate since 1970 and will 
be increased up to 2030 and maybe beyond that (Coal 
Vision, 2030). India ranks third in coal production with 
a total production of 729.1 million tonnes in 2019-20 
(Ministry of Coal, 2019- 20). Though India ranks third 
in coal production, In FY 2019-20, India imported 
51.83million tonnes of coking coal and 196.71 million 
tonnes of non-coking coal (Ministry of Coal, 2019-20).

In India, mining of coal is by both underground (UG) 
and open cast (OC) method. However, the majority of 
the coal extracted in India is through the OC method 

and it constitutes 95% of the total coal production 
in the country (Coal Directory of India, 2019-20). 
The share of the OC method of coal production has 
increased over the years. Less expenditure and wastage 
are the reasons behind the dominance of OC mining 
technique. During the time of nationalization of the 
coal mining industry in 1973, the total coal production 
was only 75 million tonnes per year, and the share of 
OC mining was only 20 % (Ghose & Majee, 2001a). 
In the FY 1998-99, the production of coal in India 
was 228.747 million tonnes (77.15%) from OC mines 
whereas, 67.761 million tonne (22.85%) from UG 
mines (Coal Directory of India, 1998-99c).

OC method of working facilitates to achieve the 
targeted coal production but on other hand artificial 
hills of OB dumps are created around the mines. OB 
not only affects the environment but its handling 
causes a great problem for mine operators. The geo-
technical characteristics of OB materials show that it 
can be utilized as bulk filling materials for construction 
of road, railway and water dam also. If the strength of 
OB is below the standard of requirement then strength 
of OB can be enhanced with stabilizer like fly ash, 
cement and lime etc (IRC SP-89, 2010).
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Generation of over burden by Open cast method

Open cast method of mining is the most economic 
option for a deeper deposit due to the advanced 
technology. The advantages of OC method over UG 
are: full visualization of exposed coal property and 
negligible coal loss, no coal reserve is blocked, greater 
concentration of operations, better grade control and 
blending, no need for artificial light in day shift, natural 
ventilation round the clock, greater safety, minimum 
mining hazards like gasification, roof and wall supports, 
easy draining of subsurface water, better mechanization 
due to no restriction of heavy and bulky machinery, 
lower capital and operating costs, minimum mine 
development work and higher output per man-shift 
(OMS) leading to early production and quick return 
of capital invested (payback period) (S.K.,Chaulya and 
G.M.Prasad etl al.,2016).

Keeping in view of the above advantages operators 
prefer to excavate the coal by OC method but as a result 
of surface mining operations coal is removed separately 
from associated waste rock named as overburden (OB) 
which needs to be stacked by scientific and systematic 
manner at safe location. This stacked OB is called OB 
dump which looks like artificial hills around the mines. 

OB generation of BCCL, Dhanbad during last 5 years is 
presented in following table.

Table-1: OB production of BCCL for last 5 years

S l . 
No.

Year Fig. in Lakh cubic meter 
(CUM).

1 2015-2016 1485.91
2 2016-17 1312.15
3 2017-18 1104.66
4 2018-19 1312.45
5 2019-20 832.73

Problems associated with dumping of OB

OB consists of carbonaceous shale, low grade coal 
rejects, sandstone etc. All the environmental parameters 
are badly affected by dumping of the OB. By following 
open cast mining methods coal producing companies 
meet the target coal production but on the other hand 
losing the precious land by dumping of OB.  From a 
statistics it shows that depending upon the stripping 

ratio, method of dumping and dumped morphology 
one million tonnes of coal production require 6-10 
hectares of land for its disposal (Maiti, 2003). The 
major problems associated with handling of OB are 
summarized below.

i- OB dump yard

Large area of mine is required for dumping of OB; the 
coal production target is directly proportional to the 
land requirement. It is a very serious problem for mines 
which are closed to cities and where availability of land 
is very scarce like BCCL, Dhanbad. Some time precious 
land is wasted for production of poor quality coal.

ii- Dump failure 
Due to insufficient space available for dumping, the 
height of dump increases.  As the slope of the OB 
dump becomes steep this leads to dump failure and 
ultimately causing mine accident. Various accidents 
related to dump failures are   Rajmahal Project ECL, 
2016, Kawadi Open Cast Project, WCL 2000 etc.

iii- OB re-handling
Due to non availability of sufficient land for dumping, 
internal dumping in coal bearing areas is allowed. So, 
re-handling of the OB causes extra financial burden to 
the mine operator.

iv- Pollution: 
The loose fine particles of OB become highly prone 
to blowing by wind which gets spread over the 
surrounding habitation and fertile land. The pyrites 
(FeS2) and other sulphide contents of minerals get 
leached in to the surrounding water reservoir creates 
the Acid Mine Drainage (AMD) problem for the 
people of the adjacent areas of mines (Baruah and 
Khare, 2010)

Geo-technical studies of OB
Some of the important geo-technical characteristics 
of OB like specific gravity, compaction test for 
determination of optimum moisture content 
(OMC) and maximum dry density (MDD), plastic 
limit, liquid limit: California bearing ratio (CBR), 
unconfined compressive strength of the materials 
which are required for construction of road are 
presented in table-2. 
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Table-2: geo-technical properties of OB 
materials (Sethi., 2004 and Behera  B. et al., 

2012)

Parameters Values 
Specific gravity 2.72
MDD 20.41kN/m3

OMC 9.0%
Plastic Limit 15.04%
Liquid Limit 25.4%
CBR 23.65%
UCS 523.13kN/m2

Road and its different components 
Connectivity has improved and road transportation 
has become a focus of rapid development. Roads 
are providing better access to services, ease of 
transportation and freedom of movement to 
people. India has the second largest road network 
in the world, spanning a total of 5.89 million kms. 
This road network transports 64.5% of all goods 
in the country and 90% of India’s total passenger 
traffic uses road network to commute (Connecting 
the country, 2016).

The Indian road network comprises of National 
Highways, Expressways, State Highways, Major 
District Roads, Other District Roads and Village 
Roads. Recognizing the significance of a reliable 
and swift road network for the economic 
development of the country, the Ministry of Road 
Transport and Highways (MORTH) has taken up 
the responsibility of building quality roads and 
highways across the country. Maintenance of road 
bears the same importance as that of construction. 
If it is suitably constructed by using standard 
materials it lasts long. The different components 
of road and standard of materials are presented 
below.
Huge quantity of sub grade materials and sub base 
materials are required for the construction of road 
under ministry of road transport and highways MORD 
and MORTH. These materials are either collected 

from locally available soil, gravel or suitable materials 
from distant places. The processing and transportation 
charges of the materials add extra cost for the 
construction of road.    

Different components of road:

The structure of road consists of mainly (a) 
embankment and (b) pavement. The specification for 
different components of road and is well elaborated 
in MORTH specification for roads and bridges and 
MORD specification for rural roads as well.

A-Embankment: 

It is the foundation of road, thus it’s the lowest and most 
important component of road structure. It is prepared 
by cutting down the natural surface if it is above 
formation level of road. It should be constructed at least 
1m high from (above the) highest flood level (HFL) 
of the area. Embankment comprises of (i) earthen 
embankment (EE) and (ii) sub grade level, depending 
upon the quality of sub grade material available.

Earthen embankment: The earthen filling materials 
used to fill the cut laid down for construction of road. 
It is trapezoidal in shape narrowed from bottom to top. 
So, the cross-sectional area is lesser than the natural 
surface. Therefore, the strength of the EE materials 
should be adequate to carry the load of the traffic. 

Sub-grade: Top 500 mm thick of embankment is called 
sub grade soil which is prepared with locally available 
selective soil. If proper suitable sub grade material 
available then there is no need of earthen embankment.

Materials: Material of sub grade should be strong 
enough to bear the loads, easily accessible, available 
in the vicinity and cheap. The materials either may be 
soil, morrum, gravel, fly ash, OB or mixing of the all.

Standard of materials (MORD Specification 
for rural road):

(i) Any organic soil, Liquid limit exceeding 70% 
and plasticity index exceeding 45% and free 
swelling index exceeding 50% are avoided.

(ii) For embankment Maximum dry density should 
be more than 14.4 kN/m3 and that of sub-grade 
soil it should be more than 16.5 kN/m3

(iii) Fairly good soil having low plasticity, and fairly 
good CBR is desirable requirement for sub grade 
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soil

(iv) The size of the coarse material in the soil shall 
not exceed 50mm

Minimum density requirements of embankment 
material when road not subject to flood- not less than 
14.4kN/m3 and when subject to flood –not less than 
15.2kN/m3.

The MDD of OB is 20.40kN/M3 and OMC is 
8.15 percent. Hence, OB is a suitable material for 
embankment construction. If required stabilisation of 
OB by lime can be done.

(b) Pavements

It consists of (i) Sub base level, (ii) base course and (iii) 
surface of road.

(i) Sub-base level
A layer of granular materials provided in between 
the sub grade and base course in a road pavement 
is called sub base. Its role is to spread the load evenly 
over the sub-grade. It is provided an additional 
layer when sub grade is of poor quality. It is also 
called Granular Sub Base (GSB). It is also called 
drainage layer as it drains out percolated water to 
slope line so that it does not percolate to sub grade 
soil. Otherwise embankment will get settle and the 
pavement will get damaged 

Function:
(i) To avoid the distortion of wearing course due to 

its sufficient density.

(ii)  Supports the wearing course

(iii) Prevent rise of water or capillary action

Materials:
The materials of sub base should be better than that 
of sub grade materials. Not needed if the sub grade is 
of very high strength. Thickness varies from 7.5 cm to 
15cm. Sub base materials is made up of cheaply available 
materials i-e rock and stone fragment. It can be mixed 
in place; water is added at OMC and compacted at 
proctor MDD. Compaction can be achieved by road 
rollers

Standard of materials

Liquid limit should be less than 40% and plasticity 
index should be less than 14. CBR should be more than 
20% but in exceptional case it should not be less than 
15%.

If the UCS, CBR are below the standard then OB 
materials can be stabilised with lime/cement treatment.

• For lime stabilisation pulverisation of OB 
should be done so that it can pass 100% from 
26.5 mm sieve

• OB can be treated with 3 to 5 % lime/Cement

• Mix design to be done for Lime/cement 
stabilisation to give at least 1.5  Mpa 
unconfined compressive strength after 7 days 
for sub base and 3.0 Mpa for Base Course

• OB treated by 2 to 3% cement is called 
Cement Modified Soil. Its CBR value will 
be more than 25%. Hence it may be suitable 
for sub base 

• OB treated by 7- 10 % cement can produce 
hard mass called Soil Cement. Its UCS after 
7 days may be more than 2 MPa

In case of flexible pavement upper and lower courses 
are separated having different materials.

In case of rigid pavement only upper base course is 
provided.

(ii)  Base course:
A layer of boulders and bricks provided over the sub 
base or immediately over the sub grade in the absence 
of sub base in a road pavement is called base course or 
soling or foundation course. The course is considered 
as the most important and major component of road 
structure because this course is to bear the impact 
of traffic transferred through the wearing course. It 
consists of stable materials like boulder, gravel, one 
or two layers of burnt bricks etc., In case of rocky sub 
grade this course is not provided.

• Base Course maybe water bound macadum 
(WBM) or weight mix macadum (WMM).

• WBM is laid in 2 or 3 layers. The bottom 
layer is called WBM Grade2 and top layer 
of the base is called WBM Grade 3.
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•  WBM Grade-2- coarse aggregate is of size 
63mm-45mm

•  WBM Grade-3- coarse aggregate is of size 
53mm-22.4mm.

• It is spread and dry rolled. After that, 
screening material is added and water is 
sprinkled and compacted by rollers so as to 
make solid mass.

• Size of screening material   
Type A- 13.2 mm  

 Type B-11.2 mm 

• Aggregate impact value is less than 40 and 
flakiness index is less than 25.

(iii) Surfacing:
The topmost layer of the road pavement directly 
exposed to traffic is called wearing course or surfacing. 
It may be consists of either one or more numbers layers 
in case of flexible pavements. A good wearing course 
should be impervious and weather resisting. It should 
be able to resist abrasive action of the traffic.

Function:
Constructed usually in 2 layers (i) Binder course and 
(ii) wearing course (It is the layer which comes direct 
in contact with the tyres of the vehicles. Prevents 
penetration of water in to the pavement. Binder course 
binds the wearing course with the road base and 
wearing course provides a smooth riding. Saves the 
lower layers from abrasion and weathering effects of 
the moving vehicles.
Structure of road :

Materials :
• Bituminous Surfacing maybe thick or thin. 

In general, thin surfacing (20mm) is used in 
rural roads and thick surfacing (50 to 75mm) 
for SH and NH by 2 layers.

• Bottom layer is called bituminous macadam/
dense bituminous macadam (DBM). It 
consists of stone aggregate of size 20mm 
and bitumen binder content 3.5% of total 
weight of mix. It is laid in 50mm to 75mm 
thick layer.

• Bituminous concrete consist of stone chips 
of 12mm size and down and bitumen 
percentage 5%.

• BM and BC are prepared in hot mix plant 
and laid by paver and compacted by roller. 

Utilization of OB materials for construction of road 
The only way to mitigate the problems associated 
with handling of OB is to utilize it. The geo-technical 
properties of OB materials shows that OB can be 
utilized in road construction sectors as bulk feed 
material, as road embankment and as granular sub base 
material (GSB). However, some more specific studies 
are required to be conducted to utilize the OB for other 
components of road like base course and surfacing 
materials.

Manner of using Low grade aggregate in Rural Roads 
(As per specification of rural roads published by IRC) 
is presented in following table.

Table no-3: Manner of using low grade aggregates for 
rural road

Sl. 
No.

State of 
occurrence of 
material

Manner 
Using in 
Pave-
ment 
Crust

Test/Quality Re-
quirement

1 In block or large 
discrete particle       
such as Kanker, 
Laterite etc

As WBM 
without 
screening 
/filler. 
After 
breaking 
the mate-
rial into 
required 
size

Wet Aggregate Impact 
Value(IS:5640) not 
to exceed 50,40,and 
30 when used in 
sub base, Base and 
Surfacing
For constructing 
lower base course 
carrying design traffic 
up to 60,000 standard 
axles(Traffic T1or T2 
Category). Wet AIV 
value can be increased 
up to 50% and flaki-
ness index up to 30%.
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2 Graded form 
without appre-
ciable amount of 
soil ( like OB) 
such as natu-
rally occurring 
gravels

Direct-
ly as 
granular 
layer for 
sub base/ 
base or 
surfacing 

Plasticity characteris-
tics to meet require-
ments as specified for 
GSB materials based 
on annual rainfall 
and traffic condition. 
Evaluated for strength 
by soaked CBR

3 As discrete 
particles mixed 
with apprecia-
ble amount of 
soil such as soil 
gravel mixture, 
quarry waste

Directly 
soil grav-
el for sub 
base, for 
base or 
surfacing

The material shall be 
well graded and the PI 
restriction as sl no 2. 
Evaluated for strength 
by soaked CBR

Calculation of OB utilization
The volume of OB which can be utilized for 
construction of road as sub grade and GSB materials 
can be calculated as 

Assume to construct a road of 2 lane of 1km length, 
width of each lane is 3.5m and 2.5m width of flank in 
each side of lane. 

The total width of the road will be (3.5+2.5)*2=12meter

Hence for a road of 12m width and 1km length, volume 
of OB required in cum will be:-

(a) As sub grade:- 
If it’s free from flood level, then height of 
embankment will be minimum 500mm so, the 
volume=12m*500mm*1km=6000cum                      (1),
If it is lying 2m below HFL, then total height of the 
embankment will be (2+1)m, (as height of embankment 
needs to be 1m above HFL)
Hence required volume of OB = 
(2+1)*12*1km=36000cum.  (2)

(b) As (GSB):-  

The height of GSB is different for different volume of 
road

The minimum height required for

-  High volume- 400 mm to 500mm
- Medium volume- 300mm
- Low volume- 200mm
More the height of GSB better the quality of road  

Assuming medium traffic road 

Volume will be 12*400mm*1km=4800cum

Total OB consumption will be 
(a)   if free from flood=6000cum+ 4800cum= 

10800cum per km for 2 lane medium traffic 
road.

(b)  And 2m below HFL then 36000+4800=40800cum 
per km for 2 lane medium traffic road.

Conclusions:
Ggeneration of OB from Open cast projects requires 
huge land for its disposal, causes mine accident due 
to slope failure, extra cost for its rehandling from 
coal bearing areas and it also greatly affects the 
environmental parameters.
Geo-technical properties of OB materials shows that 
it can be utilised as bulk fill materials in form of sub 
grade and GSB in road. If it does not fit to the standard 
of materials for road construction then by mixing with 
lime, cement and fly ash, required strength can be 
achieved.
It will not only save cost of processing and transportation 
of hired materials for construction of road but the 
waste OB dump materials can be also gainfully utilized.
Bulk of OB materials can possible be utilized for road 
construction in low lying areas. 
It is especially suited for Low Volume Roads i.e., less 
traffic intensity road.
Thus, the scope of utilization of crushed OB of different 
dimension for construction road is vast but it needs 
specific scientific study as per the requirement and 
consult the road construction division (RCD), rural 
works department (RWD) of different states and 
national highway authority of India (NHAI). 
The economy and environmental impact assessment 
(EIA) of the total involved processes like crushing of 
OB, transportation cost need to be studied. 

Suggestions further line of actions
• Is to conduct further study on geo-technical 

characteristics of OB for its viability utilization 
as road construction materials for base course 
and surfacing.

• Should consult to department of (i) Rural 
works deptt (RWD) or (ii) Road construction 
deptt.(RCD) how OB can be utilized as road 
construction materials. 

• To study the economic and environmental impact 
assessment (EIA) of utilization of OB. 
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ABSTRACT:
Coal production from the Open Cast Mining accounts for more than 90% of total coal production in India. Opencast Mine 
is technically feasible most of the time for certain geo-mining condition without any constraints, but economically favorable 
for shallow deposit with low stripping ratio. Sometimes, Opencast mining may not technically feasible due to some surface 
constraints, land constraints and deep deposition of mineral where it becomes difficult to reach the coal seam and dump 
initially removed overburden/spoil due to limited space.

In this paper the extraction of deep seated coal seam by opencast mining method has been discussed where there is no 
availability of land for initial dumping of overburden. A method has been proposed to open up an opencast mine with 
minimum loss of coal in barrier. In circumstances, wherethere is no extra lands available near-by/adjacent to the coal 
block  for opening up  of pit, use of initial dumping and other mining operations, then minimum requirement of a coal block 
dimensions for technical feasibility of opencast mining has been envisaged and discussed. It has been emphasized that 
criteria for demarcation of surface boundaries of any coal block should not be geological features only, but technical mining 
parameters must also be considered. A Prototype Mine Model with constrained surface coal block boundaries has been 
considered with flat topographical surface RL of 500m and 20m thick coal seam occurring at a depth of 150m to 280m with 
2-30 dip angle.

I.  INTRODUCTION
Economic development of any country depends 
mainly on availability of Energy. The global energy 
need is increasing continuously at average rate of 1.5% 
per year (BP, 2018). In 2018 world energy demand 
grew by 2.3%, which was fastest in the last decades 
(MoS&PI India, 2019).  Commercial primary energy 
consumption in India has grown by about 700% in 
the last four decades. By 2040, India’s share of global 
primary energy demand will increase from 6% today to 
11%. About 42% of India’s new energy demand will be 
meet by coal (IEA, 2019). Coal is the most important 
and abundant fossil fuel in India. Presently coal 
meet the 56% of the country’s energy need (MoS&PI 
India, 2019). Coal reserve in India as on 01.04.2019 is 
326.50Bt up to 1200m depth (MoC India, 2019). Indian 
coal industry is the world’s second largest in terms of 
production and fourth largest in terms of reserves. The 

power sector consumes about 80% of the total coal 
produced (MoS&PI India, 2019). India has produced 
729.10 Mt of coal in 2019-20 and imported 247 Mt of 
coal in the same year. So there is huge deficit in Indian 
coal production and demand. The target of main coal 
producer Coal India Ltd. (CIL) is 1 Btpa in 2024-25 
(MoC India, 2020). So in the near future, Indian energy 
demand is going to be full fill mainly by coal fossil fuel.

A total 326.50 Bt of Geological reserve has been 
estimated up to 1200m depth as on 01.04.2019. Out of 
0-300m depth coal share 57.64% (CMPDI India, 2020). 
These coal deposits may be techno-economically 
feasible to extract by Open cast mine if properly 
planned. During the period of coal nationalization in 
the year 1973, Indian coal production was 75 Mt and 
out of which only 20% produced by Opencast Mine 
(Ghose & Maj, 2001). In 1998-99 coal production 
in India increased to 228.75 Mt and share of Open 
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Cast coal production drastically increased to 77.15% 
(MoC India, 1999). In 2019-20, 729.10 Mt of coal has 
been produced and about 93% has been produced by 
Opencast mine.

The advantage of open strip mining are high production 
rate from beginning of mine, high recovery, better grade 
control economics, flexibility and safety in working 
environment (Bhattacharya, 2007). The deposits to 
be mined by Opencast mining depends mainly on 
size, shape, inclination and depth below the surface 
(Hustrulid, 1995). In Open cast Mining a lot of waste 
has been produced due to removal upper Over burden. 
So OB dumping space and dump management with 
safe operation is a major issue in an open cast mine. OB 
dump can be dumped in external dump and internal 
dump in de-coaled area. External dump requires 
additional land for dumping purpose. Also, due to cost 
economics and unavailability of forest land for dumping 
purpose, external dumping is not encouraged. In order 
to create mined out space for internal dumping of a 
defined volumes, OB in the initial period of mining is 
to be dumped in external dump, after which internal 
dumping is possible  (Rzhevsky, 1987). 

The doors of Commercial coal mining for private players 
has been opened in India. The auction of coal block for 
commercial was launched in June, 2020 with auction of 
38 coal blocks in 1st phase of auction and out of which 
19 coal blocks allotment completed in November, 
2020 with aggregated peak rated capacity of 51 Mtpa 
(MoC India, 2020). All surrounding Coal blocks may 
be allotted to different owners on the basis of bidding 
process. So, due to different ownership of different coal 
blocks, continuous operation of coal mining of dip side 
deep seated coal block is not be possible. Therefore, 
separate opening of deep seated dip side coal block 
and OB accommodation in specified allotted coal 
bearing area may create a lot of problem and may not 
be technically viable. In this paper technical viability 
of deep seated dip side coal block has been discussed.

II. OBJECTIVE OF THE STUDY 
Objective of the present study are:

• To identify problems in present demarcation of 
Coal Block boundaries.

• To suggest suitable Open Cast Mining Model for 
deep seated dip side coal blocks.

• To suggest suitable process for demarcation of 
coal Block boundaries considering Geo-mining 
factors.

III. PRESENT METHOD OF DEMARCATION 
OB COAL BLOCK
In India doors of commercial mining has been opened 
for private players after enactment of Commercial 
Mining Act for coal sector. Presently, Coal Block 
boundaries is being decided by Coal exploration team 
based on inputs provided by Regional exploration 
considering surface features. Prominent roads, railway 
lines, river and forest areas are main determining 
factors for demarcation of coal block boundaries.  Due 
to this most of the time block boundaries are irregular 
in shape and size, which may not suitable for opening 
mine. A typical presentation of coal blocks of a coal 
field is depicted picture given below:

III. MINE MODEL & DESIGN
A Prototype Mine Model with constrained surface 
coal block boundaries with flat topographical surface 
RL of 500m and 20m thick coal seam occurring at a 
depth of 150m to 280m with 2-30 dip angle has been 
considered for the study. In the study, only technical 
feasibility of opencast mining with land constraints 
has been considered and an Auto-CAD design for 
representation of Mining method and Minex Model for 
OB and dump volume calculation has been included in 
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the study. A hypothetical Geological Coal Block with 
20m thick coal seam, occurring at an initial depth of 
150m surrounded by other Blocks/Mines allotted to 
different owners in all the four sides of the property 
has been considered for working  out possible mine 
opening and method of extraction of coal by opencast 
mining.It has been assumed that the rise side incrop 
zone of the property(coal) up to 150m depth has been 
allotted to other mine owner and all the adjacent four 
sides of the property is coal bearing area allotted to 
different mine owners.Thus, the Coal Block considered 
for mining purpose in all the four sides is constrained 
with no extra land available for mining activities 
i.e.,box cut for mine entrance,external dumping and 
infrastructure.

Excavation of Overburden/spoil benches is proposed 
with deployment of Shovel-Dumper combination and 
coal extraction by Surface Miner with transportation 
of coal by dumpers. An initial Box Cut with haul road/
ramp type entrance in side Batter has been proposed to 
open up the opencast mine to minimize the coal loss 
in barriers. A road of 35m width has been proposed 
to transport the mined out coal and overburden. All 
haul roads have been proposed in side batters to open 
at surface for smooth transportation of material. The 
Box Cut with entrance haul roads/ramps is shown in 
Fig. No.1. 

Fig. No.1.

Thus from Fig. No.1 it can be visualized that the 
minimum dip to rise width of geological Coal Block 
required for opening up of mine box cut with straight 

haul road one side batter is about 2.2 Km. In addition 
to this a minimum length of about 800m would be 
required for bare minimum infrastructure facilities 
and other activities. Thus, minimum dip to rise width 
required to open up a coal seam with initial depth of 
150m would be about 3 Km. 
For internal dumping in de-coaled area, a minimum 
safety distance of 100m or height of the internal 
dump, whichever is high, is recommended as a safe 
distance between the toes of internal OB dump and the 
bottommost working bench (DGMS, 2019).
For opening up of mine, Box Cut with haul road/ramp 
about 125 Mm3 over-burden (OB) has been estimated 
which would be removed and needs to be dumped 
externally. As there is no extra land available for external 
dumping, it has been proposed to be accommodated 
in dip side of the property intermittently which would 
be re-handled in later stage of mining operations and 
finally dumped internally in the void created during 
mining. A minimum strike length of 2.5 Km of coal 
Block is required to accommodate this 125 Mm3 
generated OB in three tiers&90m above surface level as 
shown in Fig. No.1.
After advancement of workings on coal seam floor, 
considerable internal OB dumping space will be created 
and OB excavated thereafter may be dumped internally 
in de-coaled area.  To start internal dumping in the 
mine, a minimum excavation area of size 1000m x 500m 
at seam floor is to be excavated as depicted in Fig. No.2. 
At this stage about 400 Mm3 OB has to be removed and 
17 Mt coal will be extracted. To accommodate this OB 
at this stage of mining operation a minimum 4.5 Km 
strike is required in dip side of mine working to dump 
OB in three tiers & 90 m above surface level. A stage 
plan with 500m advancement of pit on coal seam floor 
is shown in Fig. No.2

Fig. No.2 (Box Cut Plan)
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After 500m advancement of pit on coal seam floor, 
considerable internal OB dumping space is created 
and thereafter further dump may be internally 
accommodated in internal de-coaled area. A Stage Plan 
with 500m advancement of pit on coal seam floor is 
shown in Fig. No.3. At this stage 70 Mt coal and 700 
Mm3 OB will be excavated. Out of 700 Mm3, 180 Mm3 
of OB will be dumped in de-coaled area and rest will be 
accommodated in dip side external dump.

Fig. No.3 (Stage Plan after 500m Advancement)
Final Stage Quarry Plan is shown in Fig. No. 4. Final 
Stage quarry Plan shows all the barrier and Final Pit 
formulation transportation route.

Fig. No. 4 (Final Stage Quarry Plan)
A final stage of dump Plan (Fig No.5) shows that all 
the generated OB has been accommodated finally in 
internal OB dump. Total OB dumped in de-coaled area 
in 2565 Mm3 and coal extracted 325Mt. the total OB 
dump space in three tiers & 90 m above surface level 
is 2700 Mm3.

Fig. No. 5 (Final Stage Dump Plan)

IV. RESULT AND DISCUSSION
The minimum dip to rise width of geological Coal Block 
required for opening up of mine box cut with straight 
haul road one side batter is about 2.2 Km. In addition to 
this a minimum  length of about 800m would required 
for bare minimum infrastructure facilities and other 
activities. Thus, minimum dip to rise width required 
to open up a coal seam with initial depth of 150m 
would be about 3 Km. In this study, for opening up of 
mine Box Cut with haul road/ramp about 138 Mm3 
over-burden (OB) has been estimated which would 
be removed and needs to be dumped externally. As 
there is no extra land available for external dumping, 
it has been proposed to be accommodated in dip side 
of the property intermittently which would be re-
handled in later stage of mining operations and finally 
dumped internally in the void created during mining. 
A minimum strike length of 2.5 Km of coal Block is 
required to accommodate this 125 Mm3 generated OB 
in three tiers & 90m above surface level as shown in 
Figure. No.1.

As estimated, after 500m advancement of workings 
on coal seam floor, considerable internal OB dumping 
space will be created and OB excavated thereafter 
may be dumped internally in de-coaled area. At this 
stage of Mine operation, about 400 Mm3 OB has to be 
removed, out of which 70 Mm3 can be accommodated 
internally in de-coaled area fulfilling all safety norms. 
Subsequently, OB generated in consecutive years may 
be accommodated in the internalvoid created in de-
coaled area. To accommodate this OB at this stage of 
mining operation a minimum 4.5 Km strike is required 
in dip side of mine working to dump OB in three tiers 
& 90 m above surface level. A stage plan with 500m 
advancement of pit on coal seam floor is shown in 
Fig. No.3. The OB dumped initially, on surface of the 
dip side of the property, is to be re-handled in later 
stage of mining operations and to be accommodated 
in the de-coaled area. A final stage of dump Plan 
(Fig. No.5) shows that all the generated OB has been 
accommodated finally in internal OB dump. 

Total coal reserve in the block was 395 Mt and vertical 
OB 2825 Mm3. Out of the above reserves 325 Mt coal 
will be extracted and 70 Mt coal will be lost in the 
barrier.
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V.  CONCLUSION
With the present study it has been established that a 
geological Coal Block with an opencast-able coal seam 
occurring at a depth of 150m to 280 m and flat surface 
topography would require a minimum strike length 
of about 4.5Km and dip to rise width of about 3 Km 
for technical viability of opencast mining operations. 
It is imperative to consider geo-mining factors during 
finalization of block boundaries for final demarcation 
of Coal Blocks. While deciding final Coal Block 
boundaries techno-mining parameters along with of 
geo-structural/topographical consideration must be 
taken into account. To decide maximum output of a 
mine from such coal block available strike length and 
dip-rise width of coal block andthe stages of mining 
operations to exploit coal needs to be considered.

To open up of a mine in deep seated coal seam in dip 
side of an any another block by opencast mining, where 
there is no availability of land for initial dumping 
of overburden, the proposed method is suitable 
which enables minimum loss of coal in barrier and 
accommodates total excavated overburden in available 
area. 

In circumstances, where there are no extra lands 
available near-by/adjacent to the coal block for opening 
up of pit, use of initial dumping and other mining 
operations, then minimum requirement of a coal block 
dimensions for technical feasibility of opencast mining 
has been suggested in this paper.
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Abstract — 
Strategic Mine Planning (SMP) is about solving complex problems with objectives like maximising value, increasing 
reserves, or other corporate objectives. Along with the fulfilment of economic goals, it also considers operational, safety, and 
environmental restrictions. The traditional way of managing the planning process consists of executing some optimisation 
cycles in silos that consider the given parameters and constraints.

Typical mine production planning and scheduling deal with deciding which mining blocks and when to extract, such that 
discounted cash flow or Net Present Value (NPV) of the project is maximised while adhering to the physical and production 
constraints.

Stratified deposits, such as coal, are generally associated with a large volume of waste removal, thereby a significant portion 
of the cost of mining is in removing the waste (Das, et al., 2019). Unless we know which dump locations the waste is directed 
to, depending on the availability of space in the dump (external or in-pit), the cost of haulage will largely differ at different 
points of time (Yu, et al., 2013). Thus ignoring the proper placement of waste into external and in-pit dumps in a schedule 
could lead to a significant extra cost and suboptimal schedule.

Conventional mine planning starts by finding ultimate pit limits, which is the combination of blocks that maximise the projects 
total cash flow and respects slope constraints. One of the vital optimisation problems in open-pit mining is to determine 
the optimal extraction sequences of material. The open pit mine-sequencing problem is defined as specifying the sequence 
in which material should be extracted from pits and then transferred to appropriate destinations. Generally, the material 
with no economic value is dumped while profitable material is processed at mills or stocked at stockpiles for future usage. 
(Mousavi, et al., 2016). There has been significant research work already done in this area and several papers available.

I. Pit Optimisation – Finding Pit Phases towards 
Ultimate Pit  

It is often a myth that Pit Optimisation is done to 
determine only the open pit mining limits, it has 
application beyond that to find the best phasing to 
reach the ultimate pit shape.

“Optimisation” is a process in which something is made 
as effective, or useful as possible. The term can be used 
in a general sense to mean a process where an outcome 
is “optimised” by the adjustment of inputs or methods. 

 “Optimisation” also has a mathematical definition: 
which means to find the optimal value of a function, 
often subject to constraints. “Optimal” in mathematical 
terms means one of the following: 

1. Minimal – The lowest possible value. If you were 
to optimise total cost, you would be seeking to 
minimise it. 

2. Maximal – The highest possible value. If you 

were to optimise total profit, you would be 
seeking to maximise it.

ore

waste

air

ore

waste

air

Fig. 1 : Example Ore Body

For an ore body model in Fig. 1 there are many feasible 
pit outlines. The number of technically feasible outlines 
is usually very large. In this context “feasible” means 
that it obeys safe slope requirements. 
In the current context, an optimum pit is a pit with the 
maximum dollar value where Dollar Value is defined 
as:
Dollar Value = Revenues - Costs 
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Revenues can be calculated from coal tonnages, energy, 
pit and wash plant recoveries or yields and product 
price. Price is often the main unknown factor but, in 
order to design at all, some price must be assumed. 
For simplicity, we assume that the costs of mining and 
processing are known. However, costs are often not 
known to a great level of accuracy. 

Any feasible outlines dollar value can be calculated by 
totaling revenues less costs for every cubic meter, or 
every block, within the outline. The optimal outline is 
the one with the highest dollar value. 

Nothing can be added to an optimal outline which 
will increase the value without breaking the slope 
constraints. Nothing can be removed from an optimal 
outline which will increase the value without breaking 
the slope constraints. In other words, we mine 
everything which is “worth mining”. 

The optimal value for a given orebody can be affected 
by: 

1. Prices and costs. In general, if the product 
price goes up, the optimal pit gets bigger, and 
conversely, if costs go up, the optimal pit gets 
smaller. 

2. Slopes In general if we use steeper slopes, the 
optimal pit gets deeper. 

So in summary the Pit optimiser generates a pit 
shape that is of maximum value. Beyond this limit 
underground mining can be evaluated.

A typical analysis methodology in pit optimisation is 
to vary sale price and study the effect on the pit. As 
sale price is increases the pit will grow because more 
material becomes economic. This growth of pits, often 
termed nested pits, helps us understand the pit limits 
and the best path or schedule to that limit.

II. A simple Demonstration of Pit Optimisation 
The example given here is simplistic but illustrates 
the main calculations involved in setting up the costs. 
The following premises or assumptions apply (Minex, 
2017): 

1. A set of 3D blocks can be superimposed on the 
geology 

2. These blocks can be filled with dollar value = 
(revenue – costs).

3. A mining cost of $3/block is used for coal and 
waste

4. Revenue of $20/block is used.
5. Blocks are for simplicity assumed to be coal 

or waste. This assumption is not correct but 
serves the purpose at this stage. A more detailed 
discussion on this point is given later in this 
document. 

6. Coal blocks thus have a value of $20 - $3 or $17/
block. 

7. For simplicity waste mining and coal mining 
costs are the same. 

Fig. 2 shows a simple cross section and discusses 
optimisation as a 2D section. This is simplistic as 
optimisation works in 3D, however 2D is adequate for 
this discussion. 

The first stage of optimisation is to determine the 
individual block values. In Figure 2 we assume blocks 
are 100% coal or 100% waste. The dollar values are thus 
$17 and -$3 for coal and waste, respectively.

$0 $0 $0 $0 $0 $0 $0 $0 $0
-$3 -$3 -$3 -$3 -$3 -$3 -$3 -$3 -$3
-$3 -$3 $17 -$3 -$3 -$3 -$3 -$3 -$3
-$3 -$3 -$3 $17 -$3 -$3 -$3 -$3 -$3
-$3 -$3 -$3 -$3 $17 -$3 -$3 -$3 -$3
-$3 -$3 -$3 -$3 -$3 $17 -$3 -$3 -$3
-$3 -$3 -$3 -$3 -$3 -$3 $17 -$3 -$3
-$3 -$3 -$3 -$3 -$3 -$3 -$3 $17 -$3
-$3 -$3 -$3 -$3 -$3 -$3 -$3 -$3 $17

Cost           $3/block
Revenue  $20/block

Geology Block costs

$0 $0 $0 $0 $0 $0 $0 $0 $0
-$3 -$3 -$3 -$3 -$3 -$3 -$3 -$3 -$3
-$3 -$3 $17 -$3 -$3 -$3 -$3 -$3 -$3
-$3 -$3 -$3 $17 -$3 -$3 -$3 -$3 -$3
-$3 -$3 -$3 -$3 $17 -$3 -$3 -$3 -$3
-$3 -$3 -$3 -$3 -$3 $17 -$3 -$3 -$3
-$3 -$3 -$3 -$3 -$3 -$3 $17 -$3 -$3
-$3 -$3 -$3 -$3 -$3 -$3 -$3 $17 -$3
-$3 -$3 -$3 -$3 -$3 -$3 -$3 -$3 $17

Cost           $3/block
Revenue  $20/block
Cost           $3/block
Revenue  $20/block

Geology Block costs

Fig. 2: Block values = Revenue – Cost
Following cost and revenue definition, for simplicity 
we can assume that the optimiser algorithm sums the 
block values vertically downwards. Mining a lower block 
implies the bocks above are removed.  Thus to mine a 
coal block all the blocks above must be mined Fig. 3. 

Fig. 3: Block values summed vertically
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An optimum pit shell:
1. Has the maximum value and 
2. Is break even at its limits. 
3. A larger or a smaller pit will have a smaller value 

compared to the optimum. 

Lerches and Grossman (CIM 1966) developed the 
optimum pit algorithm to determine the pit of 
maximum value. Popularly known as LG Algorithm, it 
is based on Graph theory, detail of their approach is 
not discussed here. The final result is a pit outline with 
maximum value for that set of costs and revenue. Fig. 4 
shows two pits where we assume 45o slopes. 

Fig. 4: Optimum pit for 45 degrees slopes

The LHS pit has a value of $13. This is the sum of the 
seven columns. From left to right the columns are 0, 
-3, 14, 11, -6, -3, 0 = $13.  The RHS pit has a value of 
$12.  This is the sum of its columns. From left to right 
the columns are 0, -3, 14, 11, 8, -9,-6,-3= $12. A smaller 
pit shown in Fig.  5 would have a value of $8 (-3,14,-3). 

Thus the $13 dollar pit is optimum as it has the 
maximum value for the cost and revenue assumptions. 
A smaller pit is sub optimum and a larger pit is sub 
optimum. 

Fig.  5: Smaller pit has a value of $8

The term nested pits is used frequently in pit 
optimisation. If the coal sale price increases the 
optimum pit will be larger. The extra revenue makes a 

deeper pit economic.  Using different sales prices will 
generate a set of optimum pits, one pit for each sale 
price. Thus as price increases we would get pits 1, 2, 3 
and 4 as shown in Fig. 6. 

1     2       3           41     2       3           4

Fig. 6:Nested Pits

This sequence of pits or outlines form a set of nested 
pits. Nested pits are important in strategic mine 
planning. Assume that the actual sale price equates to 
pit 4. Then mining in the sequence 1, 2, 3, 4 maximises 
cash flow and maximises NPV. This occurs because the 
smallest pit (pit 1) is optimum at the smallest sale price. 
Thus if the market price of $100/tonne equates to pit 4 
and pit 1 is profitable at say $40, then this pit makes $60 
profit per tonne. Mining pit 1 first maximises early cash 
flow and thus maximises NPV. 

In conclusion the optimum pit gives planners:
1. The final economic pit for a set of costs and 

revenues.
2. A sequence of nested pits, which show the best 

mining sequence.
1) The block model stores dollar value as an integer 

which is equal to:
2) Value = (Volume x revenue) – (Volume x costs)
3) The example used below assumes the following:
1. Waste mining costs is a constant of $1.47/bcm
2. Coal mining costs are $5/bcm
3. The coal sale price is $20/tonne.
4) Thus for a 100% waste block a 100 x 100 x 100 

blocks would be valued at negative $1,470,000. 
The value for a block is based on a scan through 
the centroid of each block. In section the block 
value is defined as illustrated in Figure 8.  Here 
block A is assigned a value based on:

1. A cost for the thickness of waste between 
topography and the seam W1 x $1.47

2. Revenue minus a cost for the coal. Thus C2 x 1.4 
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x 20 – C1 x 5.00
3. A cost for the waste below the seam W2 x 1.47
Using the thickness values in block A, the block value 
is:
{- (60 x 1.47) + (5x1.4x20-5*5) – (35 x 1.47))} x 
(100x100) = -$246,500.
Block B can be calculated as 
(-5x1.47+5x1.4x20-5x5-60x1.47+5x1.4x20-5x5-
25x1.47) x 100 x 100= +$977,000. 
Now consider the base block C. Assuming the 
stratigraphy stops at the lowest seam then this block is 
assigned a value of 
(-10 x 1.47 + 10 x 1.4 x 20 - 10 x 5) x 100 x100 =  
$2,153,000.  
The under-burden of 80 metres (W7) below the basal 
seam is not included in the block value as it will not 
be mined.  This cost is excluded as it is below the 
stratigraphy. 

Under-burden W2 and W5 is however used to 
determine the value of blocks A and B respectively as 
these blocks are above the basal seam. In some cases 
this extra under-burden cost can be misleading.  To 
minimise this error Z sub blocking is used.  Basically 
the Z block is subdivided by an integer value between 
1 and 8. So if the primary block size is 100x100x100 
and the Z blocking is 4 then the optimiser runs at 
100x100x25.

Sub-blocking gives advantages in: 
1. Accuracy and 

2. Slope definition. 

Dividing blocks A B or C into four 25m high blocks 
increases the resolution. These thinner blocks are more 
clearly either waste or coal, or more correctly are either 
economic or uneconomic.

W1 =60m

W2= 35m
A B

C1=5
W4=60

W5=25

W3=5

C2=5

C

C3=10

W6=10

W7=80

W1 =60m

W2= 35m
A B

C1=5
W4=60

W5=25

W3=5

C2=5

C

C3=10

W6=10

W7=80

Fig. 7: Example block value calculation

Sub-blocking is not always an exact division of the 
primary block size. For the optimiser to achieve the 
required side slope sufficient block detail must exist. In 
Figure 8 a 45o slope can be achieved with 40 x 40 x 10 
metres blocks. However a side slope of 30o can only be 
achieved with 23.09 metres of vertical rise.  

45o 30o45o 30o

Fig 8: As optimiser side slope falls, the Z sub block size 
falls to accommodate the flatter slope angle. 4 x 5.77 

metre blocks up and one 40m block across equates to a 
30o slope (RHS)

III. Sequencing in Mine Scheduling
A common method followed by mine planers world 
wide is use the Lerchs Grossman algorithm to find the 
most economic nested pit shells for varying price. The 
nested pit shells guide to finding the most economic 
sequencing or phasing of the mine. Mine Planning and 
scheduling or sequencing is an iterative process as seen 
in Figure 9    (Dagdelen, 2001).

The initial pit shells determined at lower sale price can 
make the highest margins, hence if they are mined first, 
they will create the highest cash flow. Having higher 
cash flow in the beginning of the mine can enhance the 
cumulative discounted cash flow or Net Present Value 
of the project.
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Fig. 9: Steps of traditional planning by Circular 
Analysis (Dagdelen, 2001)

This method has been implemented in many 
commercial mine planning software such as Minex. 

For the purpose of solving the pit scheduling problem, 
it is a common practice to create a three-dimensional 
block model of the ore body to describe the mineral 
resource. Based on the sample data collected from 
boreholes or otherwise, the geological and economic 
parameters of each block are estimated. Each block 
can be represented as a node of a direct graph. Arcs 
would correspond to precedence of these blocks 
in the model. The precedence is influenced by the 
physical and operational constraints keeping in view 
the geo-technical stability of the slopes. This discrete 
approach create scope of huge combinatorial problems 
whose mathematical formulations have been seen to 
be large-scale instances of Integer Programming (IP) 
optimisation problems (Alvarez, et al., 2010) (Caccetta 
& Hill, 2003)

The mine production sequencing problem may be 
solved for different levels of accuracy. For simplification 
reasons, some blocks are aggregated into bigger units 
to obtain extraction sequences of these units with less 
computational efforts (Askari-Nasab, et al., 2010). As 
a result of the aggregation, the distinct nature of these 
blocks are ignored. Therefore, to keep the solution’s 
resolution, the production sequencing problem is 
solved at the level of block, the smallest unit of material 
of which attributes are estimated.  The problem is 
called open-pit block sequencing (OPBS) problem 
(Cullenbine, et al., 2011). 

To solve the OPBS problem more efficiently, several 
authors developed heuristics (Gershon, 1987) proposed 
a heuristic approach for the OPBS. In this approach, 
blocks are ranked based on the value of blocks that are 
located beneath the given block. Blocks with higher 
rank have priority to be extracted. 

However, the above research works have focused on 
the sequence of mining the pit in isolation without 
considering the haulage and dumping requirements 
of waste rock. (Williams, et al., 2008) focused on 
minimising the haulage cost for each open pit block 
of waste rock to be placed in the waste dump, with 
some allowance for the selective placement of benign 
and reactive waste rock, based on an open pit block 

model that delineates ore, and benign and reactive 
waste rock (Yu, et al., 2013) took the work further in 
order to include trucking and minimise haulage costs. 
These works however did not simultaneously look 
into optimising pit schedule based on the dumping 
requirements. They were based on existing optimal 
mining schedules. Furthermore, these works have 
used existing haul roads for generating haulage costs. 
Finding the optimal haul road was not a part of the 
study.

A study considering the mining and dumping 
simultaneously has been conducted (Fu, et al., 2018) 
where consideration has been made for simultaneously 
optimising the mining and dumping using Mixed 
Integer Programming. This is a unique first attempt to 
bring together the two areas of mining and dumping 
that were so far being considered separately.  However, 
in-pit dumping has not been considered in these studies 
until recently (Das, et al., 2019). Stratified deposits are 
mined and progressively backfilled in order to minimise 
external land usage and create rehabilitated surfaces. 
Hence, back filling is an essential part of stratified 
deposit mining. Such pits have a greater lateral extent 
rather than vertical.  It will be unjust to apply the same 
algorithm to stratified and non-stratified cases.

Although several commercial mine planning packages 
can do sequencing or scheduling, there are not many 
who could perform an optimised sequencing for a coal 
mine considering the dumping ( internal and external) 
requirements, considering quality and blending 
constraints, so as to minimise cost. Although research 
in this area is catching up for stratified deposits.
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Abstract — 
Open Cast Mine produces more than 95% of Coal in the country. During monsoon, it is observed that coal production drops 
up to 20% due to improper design and maintenance of Haul Road. Coal Mines Regulation Act, 2017 also envisages various 
conditions under Section 101. In this paper, a case study of Nigahi OCP is being presented. In which, recommendations of 
expert committee were implemented. Vision of India’s 1st four lane haul road was successfully executed. 04 lane haul road 
has ensured more than 15% greater production during monsoon months.

Keywords— Haul Road, Open cast Mining, Monsoon Planning etc.

I. Introduction 
Singrauli Coalfield is spread over 2202 Sq.Km, 
comprising of two basins, viz. Moher Sub-basin (312 
Sq.Km.) and Singrauli Main basin (1890 Sq.Km.). NCL 
has total coal reserve of 10.06 BT (6.83 BT in Moher 
Sub-basin and 3.23 BT in Main Basin). Out of this 
reserve, the industry has extracted 1.7 BT of coal from 
Moher Sub-basin till March 2019. Major part of the 
Moher sub-basin lies in the Singrauli 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.

Nigahi Opencast Mine is situated in Singrauli district 
of Madhya Pradesh and forms a part of Singrauli 
Coalfields. Nigahi block is located to the west of Jayant 
Project and to the East of Amlohri Project. It stands 
out as a hilly plateau with elevations of about 400-450 
Mts. Above means sea level. The block has 473.24 Mill. 
Tonnes of mineable reserves in Turra, Purewa (Bottom, 
Top and Combined) seams at an average stripping ratio 
of 4.68 for 25 Mtpa, the life of the Project will be about 
21 years (As on 01-04-2020).

Mining haul roads are a critical component of surface 

mining infrastructure and the conditions of these haul 
roads has a direct impact on operational efficiency, costs 
and safety. A significant proportion of a mine’s cost is 
associated with material haulage and well-designed 
and managed roads contribute directly to reductions in 
cycle times, fuel burn, tyre costs and overall cost per 
tonne hauled and critically, underpin a safe transport 
system.

However, condition of Haul Road Design depends on 
various Geo-Technical parameters such as Drainage 
Pattern, Average Rainfall, physical properties of OB 
Material etc.

General Topography of the Singrauli Coalfields is 
provided:

•	 General topography of the coalfield shows plain 
country to the South

•	 East & West has a gentle slope towards the 
Rihand river in south of the coalfield forming 
main drainage of the area

•	 Kachni river, Ballia nala, Bijul nala and Tippa-
Jharia nala are the important streams for drainage 
of the coalfield

•	  Kachni river drains a major part of the area in 
the west, Ballia nala drains the eastern part, Bijul 
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nala drains the northern part and Tippa-Jharia 
nala drains the north-eastern part 

•	 Drainage Plan of the Singrauli Coalfield is 
attached in Fig. 1.

Fig.1. Drainage Plan of Singrauli Coalfields

Average rainfall of the Singrauli Coalfields is 
approximately 1300-1600mm. However, during 2016 
monsoon rainfall was more than 2000mm, created 
havoc resulting in huge financial loss. Major rainfall 
pattern of Singrauli Coalfields is given below:

Fig. 2. Rainfall records >400mm in Singrauli Coalfields

From the above graph it is evident that during 2016, 
rainfall passed 500mm benchmark in three consecutive 
months i.e. July, August & September. Haul Roads and 

other mining infrastructures were severely affected. 
An expert committee was established during 2016, to 
assess the situation and suggest a sustainable solution 
for this issue. 

Fig.3a. Haul Road Pictures Monsoon

Fig.3b. Haul Road during Monsoon

II. Methodology 
As per Coal Mines Regulation (101), all roads for trucks, 
tippers, dumpers or other mobile machinery shall be 
constructed to suit their load capacity and maintained 
in good condition. In addition, various designing 
parameters has been categorically prescribed in Coal 
Mines Regulation. However, as per CMR centralized 
planning is emphasized for Haul Road Design.

Haul Roads are essential component for an Open 
Cast Mine, also contributes to more than 60% of all 
the accidents occurring in mines. Expert Committee 
formed during 2016, has also made following 
observations regarding Nigahi OCP:
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i. OB consists of a mix of fragmented rocks and 
loose soil. The OB dumps of outsourcing patches 
have high proportion of loose soil. Moreover, 
these are fresh dump and are not compacted. 
Hence the OB dumps of outsourcing patches 
were more affected by the high intensity rainfall 

ii. The nature of soil in OB of mines in Singrauli 
Coalfield is mostly silty-sand type, which has 
very less cohesion between particles. This causes 
heavy erosion during rains. Further, infiltration 
of rain causes saturation of slopes, resulting in 
decrease in shear strength. This leads to sliding 
of large chunks/sheets, formation of large 
rain cuts, etc triggering flow of silt along with 
rainwater.

iii. Due to high rate of progress of OB removal in 
outsourcing patches, large water accumulation 
and catchment area is created ahead of coal 
working faces.  

iv. OB consists of a mix of fragmented rocks and 
loose soil. The OB dumps of outsourcing patches 
have high proportion of loose soil. Moreover, 
these are fresh dump and are not compacted. 
Hence the OB dumps of outsourcing patches 
were more affected by the high intensity rainfall 

v. The nature of soil in OB of mines in Singrauli 
Coalfield is mostly silty-sand type, which has 
very less cohesion between particles. This causes 
heavy erosion during rains. Further, infiltration 
of rain causes saturation of slopes, resulting in 
decrease in shear strength. This leads to sliding 
of large chunks/sheets, formation of large 
rain cuts, etc triggering flow of silt along with 
rainwater.

vi. Due to high rate of progress of OB removal in 
outsourcing patches, large water accumulation 
and catchment area is created ahead of coal 
working faces.  

Expert Committee submitted its report & following 
recommendations were made in respect of Haul Roads:

i. A distance of 150m from toe of the dump on 
one side of the entry to the other side should 
be maintained so that sufficient space for Haul 
Road, power lines, drains, retaining walls and 
sump/siltation pond is available.

ii. With cut height of Dragline reduced to 25-

27m, this much squeeze of dump is practically 
possible.

Fig.4. Sectional Layout of Haul Road

Ultimately, water management during monsoon was 
taken into prime consideration. Due heavy rainfall 
during 2016, mines was closed as slurry mud was 
all over the Central Entry, Haul Roads. Production 
Operations were disrupted for days.

Following steps were taken to ensure a proper 
designing, maintenance & preparation can be done:

1. Water coming from Drain cuts/ Dumps was 
diverted to ensure minimum impact over planned 
Central Entry.

2. A centralized plan was drafted including 
Dump Management Plan, Haul Road Design 
Parameters, Old Dump Plans etc.

3. A dedicated team was created to perform their 
duties for proper execution of the task.

4. Proper Drainage was constructed to evacuate 
water. In addition, to minimize the possibility of 
any disruption in planned area. It was planned in 
such a manner that in the dipping side a siltation 
pond has been prepared. For connection between 
either side of the Haul Road, Hume pipes and 
underground drainage was prepared.

Further, Siltation Pond at the toe of the OB Dump 
Bench was also envisaged to avoid possible water 
accumulation at Central Entry Haul Road. Siltation 
pond of different capacity at either side of the Central 
Entry was also constructed to ensure proper flow of 
water away from Central Entry.

150m
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TABLE I. PERSONNEL DEPLOYED FOR MONSOON PREPARATION

Designation/ Specifications Number of Person
In-charge (Executive) 02

Supervisor 02
Dozer Operators with dedicated Dozer 02

Grader Operator 02
Driver 02

Total Working Shifts 02

5. Drain cuts were then filled. A completely Dump 
Bench was created by readjusting the OB material 
accumulated from rain cuts by Dozing operations. 
Further Benching was done at 30m bench height.

Fig.5.  Central Entry

6.   Haul Roads were planned with cross fall sloping 
to ensure water percolation by its side.

Fig.6. Haul Road Properties

TABLE II. CROSS FALL SLOPING W.R.T. GRADIENT

Road Gradient Minimum cross fall 
– low rainfall or
smooth surface.

Maximum Cross 
fall – high rainfall 
or rough surface

0 – 3% 2% 5%
4 – 6% 2% 3%
6 - 10% 

(maximum 
grade)

1% 1.5%

7. Filling at the Central Entry up to 1km distance from 
404m RL to 409m RL was done. Approximately 
0.75MCuM material was used to fill the Central 
Entry to mitigate water management issue.

Fig.7. Nigahi Mine Plan

Fig. 8. Nigahi haul roads 
8. After filling & dozing operation were 

simultaneously conducted. A proper maintenance 
schedule was planned and trained operators were 
deployed to execute the work.

TABLE III. SCHEDULED HAUL ROAD MAINTENANCE PLAN

System Action Taken Frequency

Ad hoc blading

Reactionary maintenance 
management in response to poor 
haul road functionality. Typically 
managed by daily inspection of 
the road network and a subjective 
assessment of road segment 
functionality and maintenance 
priorities.

Twice a week

Scheduled blading

Road network is maintained 
according to a fixed schedule or 
frequency, irrespective of the 
actual functionality of the road 
segment being worked.

Every 02 days

Managed 
maintenance 
systems (MMS)

Road network is analysed to 
determine rate of functional 
deterioration of individual 
segments, based on roughness 
progression, traffic volumes, etc. 
and segment blading frequency 
determined to minimize segment 
and network total road-user costs.

Once in a 
fortnight
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Real-time road 
maintenance

Instrumented truck fleet to 
determine vehicle response to 
road functionality, both in terms 
of rolling resistance and individual 
(isolated) functional defects. 
Maintenance managed real-time 
through mine truck dispatch and 
data management systems.

Daily

III. rESuLTS & OBSErVATIOnS 
First ever four lane Central Entry Haul Road 
was successfully constructed in Nigahi OCP, 
NCL. In upcoming years with implementation of 
recommendations made by Expert Committee. NCL has 
been successful in reducing its accidents occurring at 
Haul Roads.

Fig. 9. Nigahi Mine Four lane central entry haul road

Statistics given below:

Fig. 10. Coal Production vs Fatal Accidents in Nigahi OCP

However, it is imperative that production performance 
of NCL has remained stable during monsoon months. 
NCL is one of the pillars of Monsoon action planning. 
Monsoon action plan is prepared at centralized 
level, thus a proper mechanism for monitoring & 
implementation scheduling is also developed.

Fig. 11. Comparison of monthly production of Nigahi 
OCP during Monsoon

Thus, it is imperative from above, that with proper 
planning and dedicated execution. Things can turn out 
to be benevolent. Here accidents were bought down, 
production during monsoon months is very little 
impacted, Overall layout of the mine is very helpful for 
block scheduling and production planning.
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Abstract — 
Land is the most critical and contentious resource required for opencast mining. Requirement of land for external dumping 
is detested alike by project proponents and statutory bodies. With no blame on their part, it really becomes difficult to make 
sense of the requirement of land for external dumping while huge void seems to be left un-utilised for the purpose of internal 
dumping. Hence, the need has constantly been felt that concept of internal dumping capacity assessment be put across in a 
simplistic way that could be easily understood. 

In this paper, a generalised condition of opencast mine is considered which could be represented in terms of simple geometry 
to show inter-relation of various governing parameters to get a fair idea of internal dump capacity. 

Keywords— Opencast mining, Overburden, External dump, Internal dump, Void

INTRODUCTION
Total coal production of India in the year 2019-20 was 
729.10 Million metric tonne (Mt) and target of Coal 
India Limited (CIL) for the year 2024-25 is 1 Billion 
metric tonne (Bt). Production of coal from opencast 
mine has shown an upward trend since last few decades 
and its share in the total coal production is projected to 
increase further in the coming years. 

Opencast mining involves removal of huge quantity 
of overburden (OB) to expose coal for extraction. 
The excavated OB is dumped externally as well as 
internally in the void created during the course of 
mining. While principles governing external dump 
capacity assessment is simple and well understood the 
same could not be said about internal dump capacity 
assessment. Internal dump capacity depends upon 
various parameters and is known to throw surprises 
even for the mining professionals. At times, even 
under favourable conditions for internal dumping not 
more than 60% of removed OB can be accommodated 
internally. Hence, large tracts of land is still required 
for external dumping. 

Land is a finite resource and put to many competing 
uses. It comprises soils, minerals, water and biota. 
In India, land is a source of livelihood for 60% of the 
population through agriculture and related activities. 

Population growth and the consequent demand for 
land, water and biological resources has put tremendous 
pressure on land. (GEF, 2001) So, project proponents 
and statutory bodies always recommend for keeping 
the land requirement at minimum especially land 
required for external dumping. With no blame on 
their part, it really becomes difficult to make sense of 
the requirement of land for external dumping while 
huge void seems to be left un-utilised for the purpose 
of internal dumping. Hence, the need has constantly 
been felt that the concept of internal dumping capacity 
assessment be put across in a simplistic way that could 
be easily understood. 

In this paper, a generalised condition of opencast mine 
is considered which could be represented in terms 
of simple geometry to show inter-relation of various 
governing parameters to get a fair idea of internal 
dump capacity.

FACTORS INFLUENCING INTERNAL 
DUMP CAPACITY

Advancement 
Advancement is one of the important factors affecting 
internal dump capacity. Until and unless mine advances 
sufficiently, internal dumping cannot be started due to 
safety concerns. Also, only after further advancement 
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additional tiers of internal dumping can be created. As 
the mine advances, working depth increases which in 
turn leads to progressive increase in stripping ratio. 

Dip of seam
In case of moderately to highly dipping deposit, as the 
excavation advances, the ratio of vertical dimension 
to horizontal dimension increases; consequently, 
effective space decreases as compared to a flat or near 
flat deposit excavation of similar quantity (Mishra and 
Bhar, 2019).  For seams having dip of more than 14o 
internal dumping is avoided. The limit value of the 
dip angle 14o is determined by the stable placement of 
the internal dump on seam floor without additional 
measures. (Kolesnikov Valery F, 2016)

Stripping Ratio
As mine advances towards dip direction stripping ratio 
tends to increase. Generation of internal dump capacity 
may fail to keep pace with increase in OB generation 
with increasing depth.

 

Fig. 1: Advance of working line vs Stripping Ratio

Working slope and internal OB dump slope 
Working slope angle and internal OB dump slope 
angle depends upon the properties of in-situ rock mass 
and dumped material respectively. Hydro-geological 
conditions and adopted mining system plays a significant 
role in the slope angle determination. The slope angles are 
maintained as per the slope stability report considering 
recommended factor of safety. Flatter the working slope 
angle and internal OB dump slope angle, higher is the 
OB generation at any stage and reduced is the internal 
OB dump space creation respectively. 

Safe distance to be maintained between toe of the 
bottommost working bench and toe of internal OB 
dump

A minimum safety distance of 100 m or height of the internal 
dump, whichever is higher, is prescribed as safe distance 
between the toes of internal OB dump and the bottommost 
working bench. The safe distance to be maintained has a 
bearing on internal dump capacity. Greater the distance 
lesser will be the internal dump capacity.

ESTABLISHMENT OF RELATIONSHIP OF 
GEOMETRICAL PARAMETRS

α = Slope of pit upto weathered mantle
β = Slope of pit below weathered mantle
γ = Dip of seam
θ = Overall slope angle of dump (rise side)
δ = Overall slope angle of dump (dip side)
L = Advance of the mine (horizontal) 
d = Distance to be maintained between the toes of 
internal 
OB dump and the bottommost working bench 
t = Total coal thickness
dw =Thickness of weathered mantle
w = Minimum required width at the top of dump
w’= Actual width at the top of dump depending upon
the advance of mine

Fig. 2 

l = (L - dw cotα + dw . cotα . tanγ . cotβ) / (1+ tanγ . cotβ)
l’ = l - dw cotα 
dc = l’. tanγ = (l - dw cotα) tanγ

Fig. 3
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t’ = t. cos γ . sin β / sin (β+ γ)
dc’ = dc - t’

Fig. 4

E = (dc- d tan γ). cot δ
h = (l-w-d-E-dw cotδ)/(cot θ + cot δ)

if h>90 then h’=90
   h<90 then h’= (l-w-d-E-dw cotδ)/(cot θ + cot δ)

w’ = l - h’ (cot θ + cot δ) –d – E- dw cotδ

OB above base of weathering
0.5 * dw . (L+ (L-2. dw . cotα)

OB below base of weathering
0.5 * dc’ * (l’ –t cotγ + dc cotβ) 

Fig. 5

OB dumping space
A = 0.5 *(2w’+h’(cot θ + cot δ))*h’
B = 0.5 *( w’+ h’(cot θ + cot δ)+ (l’-d-E))*dw
C = 0.5 * (l’-d-E)*(dc-d tan γ)
Internal dump space = A + B + C
Internal dump deficit (%) = 
(In- Situ OB *Swell Factor -Internal dump space) *100 / 
(In- Situ OB *Swell Factor)

ANALYSIS 
Internal Dump Capacity Deficit for Different Seam 
Gradient
A case has been considered with following parameters: 
Combined coal thickness of all the seams (core 
thickness) (t) = 12 m
Pit slope angle upto the base of weathered mantle (α) = 450

Running pit slope angle below the base of weathered 
mantle (β) = 17 0

Thickness of weathered mantle (dw) = 10 m
Minimum distance between toe of internal dump and 
toe of lower most working bench (d) = 100 m
Internal dump slope angle of rise side (θ) = 28 0

Internal dump slope angle on dip side (δ) = 28 0

Minimum width at the top of internal dump (w) = 100 
m

1000 2000 3000 4000 5000

-200

-170

-140

-110

-80

-50

-20

10

40

70

100

ADVANCEMENT VS INTERNAL DUMP DEFICIT (%)

ADVANCMENTIN
TE

R
N

A
L 

D
U

M
P 

D
EF

IC
IT

 (%
)

2 DEG

4 DEG

6 DEG

8 DEG

10 DEG

12 DEG

Fig. 6: Advance of working line vs percentage deficit of 
internal dump capacity

This graph depicts internal dump deficit in terms of 
percentage as the mine advances at different seam 
inclinations. General tends observed from the advance 
vs deficit (%) graph:

For initial period, there is always a deficit for any 
seam inclination because of minimum distance to be 
maintained between toe of internal dump and bottom 
most working bench.

For seam inclination upto 4 degrees, surplus internal 
dumping capacity is generated after commencement of 
internal dumping.

For seam inclination of 6 degrees deficit percentage 
initially decreases with advancement of working line 
upto 1000 m and increases thereafter to stabilise around 
30%. 

For seam inclinations 8 degrees and beyond, deficit 
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percentage stabilises at more than 50%.

Relationship between seam inclination, advancement 
of mine and deficit of internal dumping space (in 
percentage) is summarized in Table 1 

TABLE 1. PERCENTAGE DEFICIT AT 
DIFFERENT DIP AND ADVANCEMENT

Dip 
(in deg) 2 4 6 8 10 12

Advance
(in m)
200 79.55 82.11 89.29 94.66 98.08 100
400 -64.30 10.44 51.64 73.08 82.27 87.12
600 -195.82 -44.22 18.13 49.12 66.93 78.17
800 -237.13 -69.53 1.50 37.26 57.87 70.97
1000 -228.34 -66.45 -4.27 30.25 52.50 66.72
1200 -209.83 -58.94 -2.10 28.73 48.97 63.92
1400 -190.14 -50.87 1.23 29.74 48.32 61.94
1600 -171.83 -43.35 4.70 31.24 48.69 61.33
1800 -155.51 -36.63 7.98 32.85 49.35 61.39
2000 -141.19 -30.71 10.97 34.42 50.11 61.63

Internal Dump Capacity Deficit for Different Seam 
Thickness which in Turn Affects Stripping Ratio

A case has been considered with following parameters:

Advance (L) = 2000 m

Minimum distance between toe of internal dump and 
toe of lower most working bench (d) = 100 m

Minimum width at the top of internal dump (w) = 100 m

Thickness of weathered mantle (dw) = 10 m

Pit slope angle upto the base of weathered mantle (α) = 450

Running pit slope angle below the base of weathered 
mantle (β) = 17 0

Internal dump slope angle of rise side (θ) = 28 0

Internal dump slope angle on dip side (δ) = 28 0

Fig. 7: Stripping ratio vs percentage deficit of internal 

dump capacity

This graph depicts deficit in terms of percentage at 
different stripping ratios. General tends observed from 
the stripping ratio vs deficit (%) graph:

For higher stripping ratio, deficit percentage is higher.

Variation in deficit percentage with variation in 
stripping ratio is more prominent at flatter gradients.

LIMITATION
The derived geometrical relationship between various 
parameters can be applied to coal blocks having longer 
strike length. However, for shorter strike length the 
results cannot be applied straightforward due to the 
effect of side batter whereas for longer strike length the 
effect of side batters is meagre. 

CONCLUSION 
Internal dump design and its capacity could be 
captured as simple geometrical model where number 
of parameters are fixed and some are variable. It can 
be put to use in preparation of pre-feasibility report to 
estimate the quantity of OB than can be accommodated 
internally, consequently requirement of land for external 
dumping. 

A model/program could be developed with further 
refinement to provide a precise estimate of OB that 
could be accommodated internally in coal blocks with 
multiple seams scenario incorporating transport layout, 
batter effect and thus the amount of land required for 
external dumping. 
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Abstract-
Dump slope failure may occur in almost every conceivable manner, slowly or suddenly, and with or without any provocation. 
Many attempts have been made to solve this problem but due to the heterogeneous nature of the spoil dumps still, no concrete 
solution could be found. To stabilize the dump slopes, geo-synthetics is used. It not only provides the tensile reinforcement to 
the dump but also acts as a filter which prevents the migration of soil and prevents the formation of potential sliding zones 
or planes. All these properties of geo-synthetics increase the stability of the slope. In the present investigations, a laboratory 
setup is prepared to investigate the effect of geo-synthetics on dump stability. Simultaneously, a numerical model is also 
developed in FLAC/slope software to calculate the factor of safety which is correlated with slope failure angle calculated 
from laboratory model.

Key words: Dump Stability; Geo-synthetics; Laboratory model; Numerical model,

1. Introduction

As of now, coal production from open cast mining 
in India is increasing every year. As per the coal 
statistics released by Government of India, it is 
indicated that more than 90% of coal produced in 
India is coming from open cast mines [1]. Over the 
years the coal production from open cast mines in 
increasing as indicated in table 1.

Table 1- Percentage of coal produced in India from 
open cast mines [1]

Year 2009-
10

2010-
11

2011-
12

2012-
13

2013-
14

2014-
15

2015-
16

2016-
17

2017-
18

% 
share 

89.00 89.70 90.38 90.62 91.22 92.09 92.74 93.26 93.69

As the coal production from open cast mine is 
increasing, the stripping ratio is also increasing. The 
stripping ratio which was 2.67 in the year 2015-16, 
has been increased to 2.73 in the year 2017-18 [1]. The 
increase in stripping ratio results in increase volume of 
overburden removal from open cast mines. During the 
last three years the percentage of overburden removal 
has been increased by 9.7 %, as shown in table 2.

Table 2- Over burden removal in India from open 
cast coal mines [1]

Year 2015-16 2016-17 2017-18

Over burden removed 

(In Million cubic 
meter)

1570.99 1617.38 1723.96

The size of the surface mine ranges from small opencast 
to large and deep multi-seam open cast mines. As the 
size of the mine increases the spoil dump size also 
increases, this may be due to increasing coal and 
overburden ratio with depth or due to progressing 
technology which makes the mining of deep-seated 
coal seam feasible. This along with the large excavating 
machines results in the large size of spoil dumps [2, 3].

The stability of these spoil dumps is posing a great 
danger on the safety of manpower and machines used 
in the mines [4]. The stability of spoil dumps depends 
on its physico-mechanical properties and the presence 
of water which ingress with the dump body [5, 6]. The 
failure of dump slopes takes place due to the action of 
the gravitation forces, seepage forces within the dump, 
excavation or undercutting of its foot and due to the 
gradual disintegration of the dump material [7,8]. 

Dump slope failure may occur in almost every 
conceivable manner, slowly or suddenly, and with or 
without any provocation. Many attempts have been 
made to solve this problem but due to the heterogeneous 
nature of the spoil dumps still, no concrete solution 
could be found [9, 10, 11].
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In the recent years application of geo-synthetics has 
attracted, attention of researchers to stabilize the 
dump slopes [12, 13]. It not only provides the tensile 
reinforcement to the dump but also acts as a filter 
which prevents the migration of soil and prevents the 
formation of potential sliding zones or planes. All these 
properties of geo-synthetics increase the stability of the 
dump slope [14]. 

To study the stability behavior of slope, the laboratory 
models and numerical models, are widely used across 
the world. The numerical models require minimum 
computation time and give more authentic factor of 
safety calculations [15, 16]. 

In the present investigations, a laboratory model is 
prepared to calculate the slope failure angle in presence 
of different layers of geo- synthetics. This slope failure 
angle is correlated to factor of safety calculated from 
numerical analysis of slope using FLAC/slope software.  

2 Material and Methods
2.1 Geo-synthetics

Geo-synthetics are generally made of fibers. These 
fibrous materials may be natural or polymeric. The 
polymeric fibers are used where high levels of durability 
are required. Geo-synthetics which are primarily used 
as reinforcement for the dump, has five main functions, 
namely; Drainage Function, filtration, separation, 
stress distribution, and reinforcement [17]. To achieve 
the good reinforcement characteristics, it should be 
flexible and should be able to make good contacts with 
the dump material, so that stress concentration at any 
point in the geo-synthetics can be avoided. Some of the 
geo-synthetics properties such as weight, thickness, 
tensile strength and aperture size were determined in 
the laboratory and are tabulated in the Table-3 as given 
below:

Table 3 - Properties of geo-synthetics
Parameter Value

Weight 3.26 ( N/M2)

Thickness 1.6 mm

Tensile Strength 28 Kg/50 mm width

Aperture size 1.98 mm X 2.48 mm

2.2 Dump material

The dump material used in the present study was road 
material dust which in the local language known as 
‘Bajari’. It is mostly composed of small pieces of basalt 
rock which is a rock of igneous origin, with some fine 
sand particles also. This dump material was sun-dried 
before use and was characterized based on different 
properties tested in the laboratory. These properties 
of dump material are shown in Table 4. The chemical 
composition of the dump material was determined 
using the XRF (SHIMADZU, Japan) and is as indicated 
in Table 5. 

Table 4 - Properties of dump material
Parameter Value

Density  KN/m3 20.1

Cohesion (C) kPa 1

Angle of internal friction (φ) 48.1

Table 5 - Chemical composition of dump material

Constituent Percentage by weight

SiO2 64.723

Al2O3 12.208

Fe2O3 11.625

CaO 7.758

TiO2 1.655

K2O 1.309

SO3 0.373

MnO 0.168

V2O5 0.091

SrO 0.027

ZrO2 0.025

CuO 0.022

ZnO 0.015

2.2.1 Grain Size analysis 

The dump material consists of particles of various 
sizes and shapes. Though particle size distribution in 
dump material is not enough to predict its engineering 
behavior, however, it is used to classify the dump 
material. To determine the size distribution of various 
particles in the dump material, standard test as per IS 
code [18] is followed. This size distribution of dump 
material is as shown below in Table 6.

Table 6 - Particle size distribution of dump 
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material

Diameter   (mm) Soil  % by weight
< 4.75 96.1
< 2.36 78.9
< 1.18 62.9
< 0.85 54.5
< 0.43 30.5
< 0.15 10.9

< 0.075 6.9

The particle size distribution of dump material, when 
plotted on a semi-log graph paper, as shown in figure 1, 
reveals that this is a well-graded dump material. 

Fig. 1- Analysis of particle size distribution of dump 
material

2.3 Software used 
To carry out the numerical analysis of the dump slope 
stability, software namely FLAC/Slope 6.0, is used 
[19]. This software is a mini-version of FLAC which 
is designed to calculate the factor of safety for natural 
and manmade slopes. It simulates the dump/intact 
rock material which undergoes plastic flow when their 
yield limit is reached. The slope material is represented 
by two-dimensional grid elements which exhibit the 
linear/non-linear stress/strain law in response to the 
applied/induced forces. If these stresses are high, the 
grid elements deform and move with the material [20]. 

2.4 Experimental 

The method adopted in this study may be divided 
into two parts namely laboratory modeling and 
numerical modeling. The flow of work for the present 

investigations has been depicted in figure 2, as given 
below: 

Fig. 2 - Flow chart for the present investigations 
3   Result and Discussion

3.1 Analysis of dump slope by laboratory model

Laboratory modeling is a way of modeling and 
simulating a field object into real physical components 
in the laboratory. For preparing the laboratory model, 
the collected soil/rock material is loaded on a flat 
platform in a conical shape having a height of 20 cm 
with its base diameter as 50 cm. For this model the 
dump slope angle was calculated and found to be equal 
to 38.10. This platform is tilted until the failure of the 
dump heap does not take place. This slope failure angle 
‘α’ is noted. This procedure is repeated after placing 
geo-synthetics at a height of h/2, and with two sets 
of geo-synthetics placing each at a height of h/3 and 
2h/3 respectively as shown in figure 3(c) and 3(d) 
respectively. 
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a. Laboratory model without any geo-synthetics        b. Slope failure angle without any geo-synthetics 

 
 

 

 

 

 

 

 
c. Slope failure angle for geo-synthetics at h/2                     d. Slope failure angle for geo-synthetics at h/3 

Fig. 3 - Line diagram of laboratory model

In the laboratory modeling, the analysis was carried 
out using gravity loading conditions with the fixed 
geometric shape of the slope such as height, base 
diameter, and slope angle. Figure 3(a) represents the 
laboratory model of dump slope without any geo-
synthetics. When this slope base is tilted, it fails at an 
angle α which is known as slope failure angle and is 
represented by figure 3(b). For the present investigations, 
this angle was recorded as 13.50. Figure 3(c) and 3(d) 
represents the dump slope with one layer and two 
layers of geo-synthetics respectively. When these two 
models were tilted to cause slope failure, it was noted 
that slope failure angle ‘α’ of the dump which was 190 
with one layer of geo-synthetics has been increased to 
22.50 for two layers of geo-synthetics.  Therefore, it can 
be concluded that if only one layer of geo-synthetics 
is added, it may increase the slope failure angle ‘α’ by 
41 % which is a remarkable achievement. However, by 
adding two layers of geo-synthetics, the slope failure 
angle increases by 66.7%.  This phenomenon of dump 
slope failure can be explained as, if material shear 
strength on the sliding surface is insufficient to resist 
the actual shear stresses. However, with the application 
of geo-synthetics, the shearing resistance to the sliding 
surface increases which is evident from the increase 
in the slope failure angle ‘α’. These geo-synthetics also 
provide reinforcement for the dump material and hence 
increase the slope failure angle of the dump slope. 

3.2 Analysis of dump slope by numerical model 
using FLAC/slope 

For numerical analysis, FLAC/slope, numerical 
modeling software was used. It is a two-dimensional 
explicit finite difference program for engineering 
mechanics computation. It is user-friendly and 
calculates the factor of safety showing the failure surface 
in the dump. In modeling of dump slope benches using 
FLAC/slope software, it was analyzed in three parts: 

i. Modeling using simple one bench of dump 
height 20m 

ii. Modeling using simple one bench of dump 
height 20m with geo-synthetics placed at height 
h/2.

iii. Modeling using simple one bench of dump 
height 20m with two layers of geo-synthetics 
placed at a height h/3 and 2h/3.

Fig. 4 -  Analysis of slope without any geo-synthetics

Fig. 5 - Analysis of slope without any one layer of 
geo-synthetics
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Fig. 6 - Analysis of slope without any two layers of geo-
synthetics

Figure 4 represents the analysis of dump slope without 
any geo-synthetics. The analysis of the model depicts 
the factor of safety as 1.46. This factor of safety increases 
to 1.5, when one layer of geo-synthetics has been used 
as indicated in figure 5. This increase in the factor of 
safety is about 2.7%. 

However, when two layers of geo-synthetics are used as 
shown in figure 6, the factor of safety increases to 1.54. 
This increase in the factor of safety is about 5.5%. 

The various slope design parameters and data produced 
from the analysis of laboratory modeling and numerical 
modeling are tabulated in Table 7.

Table 7 - Effect of geo-synthetics on slope failure 
angle and Factor of safety

Condition Height 
of 

dump 
(h in 
cm)

Diam
eter of 

dum
p in cm

Angle 
of 

dump 
Slope

Failure angle 
(α) in deg

FOS 
using 
FLAC/
Slope

No geo-
synthetics 20 50 38.64 13.5 1.46

Geo-
synthetics at 

h/2
20 50 38.64 19.0 1.5

Geo-
synthetics at 
h/3 & 2h/3

20 50 38.64 22.5 1.54

This increase in factor of safety with the increase in 
the number of geo-synthetics layers can be explained 
as, if material shear strength on the sliding surface is 
insufficient to resist the actual shear stresses, the layer 

of geo-synthetics increases the shearing resistance and 
this shearing resistance is directly proportional to the 
number of geo-synthetics layers. These geo-synthetics 
also provide reinforcement for the dump material and 
hence increase the factor of safety of the dump slope.

The Table 7 clearly depicts that there is a positive 
correlation between slope failure angle generated from 
the study of laboratory modelling and the factor of 
safety calculated from numerical modelling. It is also 
depicted that there is a linear relationship between 
number of geo-synthetic layers and factor of safety of 
dump slope failure.  

4   Conclusion
Stability of large size spoil dump is very crucial for large 
open cast mines, due to non-availability of land as well 
as weak strata condition and heavy rain. To improve 
the stability of spoil dump, in the present investigations 
geo-synthetics was used. Using the laboratory model, 
it was concluded that the slope failure angle ‘α’ of spoil 
dump has been increased by 41% when only one layer 
of geo-synthetics was used. However, this slope failure 
angle has been increased by 66.67% when two layers 
of geo-synthetics were added in the spoil dump. These 
results were validated by numerical analysis using the 
FLAC/Slope software. It was also concluded that there 
is a strong correlation between the failure angle and 
factor of safety. 

References
[1]- Provisional Coal Statistics, 2017-18, 

Government of India, Ministry of Coal, Coal 
Controller’s Organisation, Kolkata, (2018)1-
40 

[2]- O.P. Upadhyay, D.K. Sharma, D.P. Singh, 
Factors affecting stability of waste dumps 
in mines: International Journal of Surface 
Mining and Reclamation. 4(1990) 95-99. 

[3]- L. Bradfield,  J. Simmons, S. Fityus,  Issues 
related to stability design of very high 
spoil dumps, Coal Operations Conference,  
University of Wollongong, (2013) 376-386. 

[4]- N. Tripathi, R.S. Singh, S. K. Chaulya, Dump 
stability and soil fertility of a coal mine spoil 
in Indian dry tropical environment: A long-
term study. Environ. Managmt, 50(4) (2012) 
695-706. 



Northern Coalfields Limited, Singrauli

184

Formulation of TARP In Opencast Coal Mines For Stable 
Slopes - A Case Study

Singam Jayanthu*, and Pritiranjan Singh**
 * Professor, and ** Executive PhD scholar from CMPDIL

Mining Engineering Department, National Institute of Technology, 
Rourkela -769 008, Odisha

ABSTRACT
This paper presents the application of recent guidelines of Directorate general of Mine safety in January 2020 
for a typical coal Opencast mine. TARP suggested for the opencast coal mine is demonstrated with reference to 
the typical geo-mining conditions and recent data during this typical COVID19 period from opencast coal mine 
on monitoring the movements and numerical model studies for design of stable dump slopes and high wall slopes 
along with sensitivity analysis on effect of ground water. Development of proper TARP suitable for the geo-mining 
conditions of any opencast mine with observational approaches and meticulous monitoring and online interpre-
tation and communication to the grass root level. Indian mining industry has recently witnessed the biggest slope 
stability disaster involving 23 persons under slope failure in the year 2017. Adopting a suitable TRAP will lead to 
self-reliant and sustainable practices with improved safety and stability of slopes. 

The analyses of factor of safety of slopes for existing slopes are found to be within prescribed safety limits. The 
monitoring results up to 20 June 2020, revealed the overall stability of dump slopes with practically considerable 
vertical displacement within 12 mm on the dump-A. However, these local movements observed from the Total 
Station reading is due to high moisture content of materials and deployment of HEMM near to the monitoring sta-
tions for the formation of benches in dump. The maximum horizontal movement at any station is within 14.5 mm 
across 19 days indicating a daily movement of 0.76 mm which is far below the critical limit proposed by various 
researchers, and hence the slope is considered stable. Further analysis may be carried out in future for the Mine 
A with a large scale monitoring data to obtain an insight of slope movements. 

1. INTRODUCTION

All geotechnical investigations aimed at collecting 
input design parameters, however complete, involve an 
inherent risk of inaccuracy. Hence, any attempt of slope 
stability analyses and evaluation need to be supported 
by a sound slope monitoring programme in order to 
ensure the safe and smooth mining operations.
The slope monitoring method allows failures to 
be predicted and safe working conditions. Slope 
monitoring can be used to confirm failure mechanisms. 
The review of monitoring results, visual inspection 
and regular briefing of field people help to detect the 
onset of failure. The slope monitoring is also advisable 
for three consecutive wet seasons to detect any failure 
well in advance for the dumps, which are more than 
60 m high. Initially, the monitoring can be done 
twice (before and after the monsoon) in a year till 
any movement is detected. Then the frequency can be 
increased to monthly basis. The interval between the 
monitoring stations should be decreased (5m to 10 

m) in the movement zone. The monitoring should be 
done weekly and then daily, in this situation, to predict 
the date of failure in advance for the safety of men and 
equipment.
The main objective of slope monitoring study is to 
detect any instability well in advance so that any damage 
to men and machineries can be avoided. If the failure is 
unavoidable then it can be brought down in a predictable 
manner. The early identification of movement zones 
allows steps to be taken to minimize the impact of 
mining on stability by the implementation of correct 
remedial measures and at the same time provides for 
optimum coal extraction. The system contrasts strongly 
with more common `passive’ systems that frequently 
only record the occurrence of an event for subsequent 
post-mortem examination. The active monitoring 
system permits early and confident decision making by 
management for safety purposes.
The first sign of instability is a tension crack. So, it is 
important to carry out regular inspection to detect 
the development of tension cracks on the crest of the 
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slope as well as on benches and to carry out prompt 
remedial measure. They may develop as a function of 
high stresses in the slopes. The opening of cracks will 
tell whether any deep - seated failure can occur or not. 
Tension cracks should be filled with sandstone and 
sealed with clay to prevent the entry of water, which 
may cause failure.
The rate and scale of movement in the form of velocity 
or what can also be termed as average velocity is 
another key parameter for the identification of pit slope 
instability. The average velocity is a derivative of the 

accumulated displacement based on a reference time 
and an assigned time window.
Prior to failure of slopes progressive, regressive 
and steady movement are observed. Zavodni and 
Broadbent (1980) have studied these movements 
based on empirical formula with data obtained from 
multiple opencast mines. Progressive stage refers 
to the accelerated movement till failure whereas in 
regressive stage means decelerating movement towards 
stabilization. Displacement with no acceleration or 
deceleration  is referred as Steady displacement (Fig 1).

(a)
(b)

Fig 1 Progressive Displacement, b-Regressive Displacement

(Zavodni, Z.M., and Broadbent, C.D. 1980)
Recently DGMS  vide its tech circular no 02 of Dt 
09.01.2020 has laid down comprehensive guidelines 
towards slope monitoring methodology. I

2. GEOMINING DETAILS
The study site(Mine A) is an opencast coalmine project 
situated in IB valley coalfields in Odisha. The method 
of mining adopted is shovel dumper combination. 
Drilling and blasting is done to extract the overburden 
material. Surface miner is engaged for extraction of 
coal. 

The top ten seams namely Parkhani, Lajkura Top 
III, Lajkura (I+II), Lajkura Middle, LajkuraBott II, 
LajkuraBott I, Rampur IIIB , Rampur IIIA, Rampur 
II & Rampur I seams are considered for quarrying 
considering Rampur I seam as base seam. The seams 
Rampur IAII &IAI are assessed separately without C: 
OB ratio lines. Locally these 2 seams are not developed, 
however in the area of their development they can be 
mined by deepening the quarry further and the parting 
between Rampur I and these 2 seams is around 5 to 
10m only.

Opencast mining method has been adopted due to 
incropping of the coal seams at a shallow depth, OB: 
Coal ratio is favourable (2.59: 1) for opencast mining, 
and the mining by opencast method will be economical 
against underground method.

For the above geomining conditions, CSM was 
recommended due to its precision cuttings, thereby 
improving the quality of mined coal especially in seams 
having dirt bands. There will be more than 25 benches 
in the mine having 255 m depth (max) in which 
these machines cannot be deployed exclusively due to 
limitation of mobility /flexibility. Hence only two seams 
in Rampur horizons were chosen for deployment. These 
machines also require wider benches which will require 
comparatively higher volumes of OB to be removed in 
the initial stages leading to higher cost of production 
and imbalance in equipment utilisation due to 
subsequently decreasing OB: coal ratio. Therefore only 
top benches requiring lesser volume of OB handling 
was chosen as the place of deployment of CSM. In view 
of 15 seams and equal nos. of inter burden layers to 
be tackled, an equipment system which is capable of 
dealing many layers at a time (flexibility) of operations 
with the help of smaller units was also recommended 
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as shovel dumper combination.

2.1 Overburden Dumps
The major constraint for this FY 2020-21 is OB dump 
as the temporary option of the internal dumping in 
the previous FY 2019-2020 shall remain the major 
dumping site. The actual OB dump is occupied by a 
nearby Village which was expected to shift. But as there 
is much delay in acquiring the land it  shall majorly 
effect the mine scheduling.

Hence, the OB quantity which is around 84.6 Lakh 
cum is proposed to be dumped internally as well as 
in the external OB dump area. The Internally dumped 
quantity shall be re-handled to the de-coaled area later. 

Upto 20 June 2020, the mine excavation has gone upto 
about 28 m depth with four OB benches including 
three benches of 6 m height, and about 2 m high Top 
soil bench. Coal bench of about 8 m thickness is being 
exploited by Surface miner while the OB is removed by 
Shovel dumper combination. The present status of OB 
dump is shown in figure 2.

Fig 2. Mine Plan showing three number of exisiting dump at mine A

3.NUMERICAL MODELLING
It is prudent to know the lithological units in which 
the slope is to be cut. Engineering properties of 
these litho units will influence the analysis for slope 
stability. The rock mass strength of lithology was 
appropriately reduced from laboratory test results 
of various samples and previous experiences of 
conducting simulation studies, along with data of 
geo-mechanical of  Mine A. Properties of Overburden 
(OB) and rehandled Overburden (ROB) were also 
considered in the model. Cohesion, Friction angle, 
and density of OB material are 36 kPa, 310, and 
1.80 gm/cc respectively. Cohesion, Friction angle, 
and density of coal are 300 kPa, 440, and 1.549 
gm/cc, respectively. Cohesion, Friction angle, and 

density of sandstone are 350 kPa, 420, and 2.25 gm/
cc, respectively. FLAC/SLOPE software is used for 
stability analysis for dump and quarry slopes. FLAC 
SLOPE determines the factor of safety of the slope by 
Shear Strength Reduction Technique. The “strength 
reduction technique” is typically applied in factor-of-
safety calculations by progressively reducing the shear 
strength of the material to bring the slope to a state 
of limiting equilibrium. FlAC/SLOPE performs the 
bracketing function between the stable and unstable 
solutions for a given set of material properties. For 
a user defined strength properties FLAC/SLOPE 
determines the stable and unstable solutions. Then 
it sequentially decreases the limit between the two 
performing iterations till a certain level of tolerance.
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3.1- Stability of Dump Slopes
The stability analysis was done considering typical 
vertical cross sections of the proposed pit and dump. 
The proposed external dump consists of two decks of 
30 m each with total height of 60 m. The condition of 
two benches with bench angle of 37º and 30 m height 
of individual decks was simulated. The factor of safety 
estimated for the above sections is 1.67 indicating 
stability of dumps

Internal dump with total height of the internal dump as 
290 m was simulated with 9 benches of 30 m height and 
one upper bench of 20 m height comprising of 50 m 
high crown dump. The factor of safety estimated for the 
above sections indicated stability of dumps. Resultant 
Factor of safety of 1.34 indicates stability of internal 
dump. FLAC/Slope models simulated for the external 
and internal dumps are illustrated in figure 3, and 4 , 
respectively. 

               

Figure 3. Simulation of External Dump                      Fig 4. Simulation of Internal Dump

3.2. Stability of Bench Slopes
As per the approved mining plan Mine A project 
quarry cross sections in 5th year, 10th year, 20 th year 
and final stage were analysed in FLAC/SLOPE software. 
The Factor of safety output in drained and undrained 
conditions are are tabulated in Table 1. At this stage the 
working pit will be encountering fault plane. The effect 
of fault plane was also considered for deriving factor 
of safety

Table 1: Details of stability analysis through 
simulation of slopes at various stages of mining at 

Mine A as per approved Mining Plan

Stage/
Year Depth FOS with Dry condition FOS with 

Undrained

(m) of slope
condition of 

slope

5 50 2.4

10 123 4.48 2.92

20 160 4.22 2.77

Final 
Stage

235 2.19 1.3

3.2.1 Sensitivity Analysis 

The sensitivity analysis was done with an aim to know 
the influence of water on the factor of safety. This 
study is highly beneficial to choose the best method of 
remedial measure for any critical slope. The influence 
of groundwater on factor of safety is remarkable. The 
stability analyses of highwall slope have been conducted 
in undrained geo-mining condition also. It is evident 
that the highwall slopes which may stable in drained 
condition with cut-off safety factor of 1.3 . The factor 
of safety is reduced to less than 1.3 when thes lopes are 
subjected to undrainedcondition . As mentioned in 
Table no.1 the varying factor of safety can be seen in 
drained and undrained condition. However, it may be 
recalled that the most likely condition of the slope was 
already adjudged to be drained condition. The slopes 
are likely to be stable with available shear strength of 
highwall slope material in this condition. In order to 
avoid undrained condition, attention must be paid 
to avoidentry of rain/ surface water in the slope by 
providing suitable drainage in and around thequarry, 
failing which the slope can become unstable. It should 
be taken up well beforethe onset of monsoon.

Numerical analysis was performed  with varying water 
level of 20m, 15m, 10m and 5m for a 235 deep pit. 
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This analysis shows the effect of change in factor of 
safety due to change in ground water level. Evidently 
lowest factor of safety was obtained with 5m water 
level from original ground level. Hence care must be 
taken to arrest accumulation of water inside high wall. 
Depressurization and dewatering methods may be 
adopted to achieve the same. Sensitivity Analysis for 
FoS of 235 m final stage pit with varying water level 
for 20 m indicated Fos as 1.42, for 15 m is 1.34, for 
10 m is 1.29 and for  5 m water it is 1.2. It is evident 
that with increase in water level there in decrease in 
factor of safety. Figure 5 shows a FLAC/SLOPE model 
with highest water level (i.e 5m from OGL) displaying 
lowest FOS of 1.23. Even if the factor of safety of 1.23 
considerably safe, with adoption of proper dewatering 
arrangement it will tend to increase. 

Fig 5. Simulation of 235m deep Pit with 5m Water Level 
from OGL (Original ground level).

4. FIELD MONIOTIRNG OF SLOPE 
MOVEMENTS

The main objective of slope monitoring study is to 
detect any instability well in advance so that any damage 
to men and machineries can be avoided. If the failure is 
unavoidable then it can be brought down in a predictable 
manner. The early identification of movement zones 
allows steps to be taken to minimize the impact of 
mining on stability by the implementation of correct 
remedial measures and at the same time provides for 
optimum coal extraction. The system contrasts strongly 
with more common `passive’ systems that frequently 
only record the occurrence of an event for subsequent 
post-mortem examination. The active monitoring 
system permits early and confident decision making by 
management for safety purposes.

The first sign of instability is a tension crack. So, it is 
important to carry out regular inspection to detect 
the development of tension cracks on the crest of the 
slope as well as on benches and to carry out prompt 
remedial measure. They may develop as a function of 
high stresses in the slopes. The opening of cracks will 
tell whether any deep - seated failure can occur or not. 
Tension cracks should be filled with sandstone and 
sealed with clay to prevent the entry of water, which 
may cause failure.

The rate and scale of movement in the form of velocity 
or what can also be termed as average velocity is 
another key parameter for the identification of pit 
slope instability. The average velocity is a derivative of 
the accumulated displacement based on a reference 
time and an assigned time window. On filed the 
most common form of monitoring is by continuous 
measurement of Reduced Level by Total stations. The 
change in RL w.r.t to a time window provides a broader 
idea about the velocity of slopes if any. 

 Another common method of monitoring is monitoring 
widening of cracks by crack meter. It is a localized form 
of monitoring which provide micro level observations 
to estimate any impending failure. One recent 
development in countries such as Australia and USA is 
the development of Slope Stability Radar (SSR). Radar 
technology, used widely in a variety of fields for several. 
SSR is now being widely used in several countries to 
provide real time monitoring and advance warning 
signals before any slope or dump failure in opencast 
mines. SSR system can detect and alert movements of a 
wall with sub-millimetre precision, with continuity, and 
broad area coverage. This monitoring occurs without the 
need of mounted reflectors on benches or walls and the 
radar wave adequately penetrate through rain, dust, or 
smoke continuously. The SSR system produces data for 
interpretation quickly. The radar is moved around the 
mine in a repeatable manner to compare movements 
at each site and determine problematic areas. Several 
case studies of SSR providing improved operational risk 
management of slope have been reported from different 
places of world during last about 20 years, and in case of 
any necessity with trigger levels as in Table 2, this system 
may be adopted. The experiences of this mine regarding 
suitability of the system considering the technical and 
financial aspects is yet to be seen with reference to 
regular monitoring results of slope movements.
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5. Observation of Slope Movements and  
TARP
Multi monitoring stations are installed on Dump A for 
recording the reduced level in continuous mode in a 
fixed interval. Observation of the monitoring stations 
was conducted with Total station on 16 March, 15 Apr, 
4 May, 18 May, and 10 June 2020. Maximum variation 
observed in the vertical movement was not perceptible 
and hovering about 1 to 6 mm in majority of the stations 
indicating stability of the slope. Maximum vertical 
movement observed was about 12 mm at the station 
SM-3, which may be practically attributed to settlement 
of the ground in the initial stages of the monitoring. 
Vertical movement at various monitoring stations on 
the OB dump. From March2020 to First week of May 
2020, accelerated movement was observed on almost 
all the stations; however the stability was indicated 
after May 2020 without any ostensible variation. 

5.1 TARP (Trigger Action Response Plan)

Pit slope failures generally pass through several stages 
of movement, such as (Sullivan, 2007): 1. Viscoelastic 
response 2. Primary Creep, which may eventually 
stabilise, or progress to 3. Secondary Creep 4. Tertiary 
Creep (cracking and dislocation) 5.Collapse 6. Post 
collapse deformation The first two stages or “initial 
response” include elastic rebound, relaxation and/or 
dilation of the rock mass (Zavodni, 2001). Secondary 
creep and pre-collapse deformation is associated with 
yielding, softening, strength loss, localised failure and 
slip on structures within the rock mass. The exact 
part of the curve in Figure.1 described by FOS = 1.0 
is controversial, although generally accepted to be 
somewhere between Secondary Creep and Collapse. 
Work conducted by Sullivan (2007) summarizes 
the development of pit slope movement phases and 
provides a holistic view of the possible stages of pit 
slope movement from the perspective of velocity. 
Sullivan (2007) proposed the classification of pit slope 
velocities for planning as well as for the determination 
of critical velocities when imminent failure is expected, 
as shown in Table 2.

Table 2: Classification of pit slope velocities for the 
detection of critical velocities (Sullivan 2007)

Author Velocity
(mm/day)

Period over which
velocity applies 

(days)

Ryan and Call (1992) 12 2

50 2

Zavodni (2001) 17 2

Zavodni (2001) 15

Martin (1993) 10-100

Zavodni and Broadbent 
(1982)

50 2

Zavodni (2001) Borax 
Mine

150

Call and Nicholas (from 
Zavodni 2001)

300

Savely (1993) 30-10000

Sullivan (1993)* 1000* <hours

Note: * Minimum instantaneous velocity 
immediately prior to collapse.
The author suggests adopting a monitoring protocol 
able to monitor the slope deformation in real time 
or near real time at mm level accuracy to better 
understand the slope behavior. Table 3 & 4 suggests 
the trigger level and monitoring plan to be adopted by 
mine management.

Table 3: Trigger level and monitoring plan for 
slopes

Average 
slope 

Move-
ments 
(mm/
day)

Suggested 
method of 
monitoring

Suggested 
Monitor-

ing period

Response and 
Control measure

< 0.1 Convent ional 
Total Station 
m o n i t o r i n g 
(CSTM)

Monthly Normal condition 
of slope -No ap-
preciable response 
required

> 0.1 Convent ional 
Total Station 
monitoring

Monthly Initial response 
should start

0.1 to 15 Convent ional 
Total Station 
monitoring

Fortnightly Indicates no failure 
expected within 48 
hours

15-50 CTSM + Crack 
meters/Exten-
someters

Weekly Indicates no failure 
expected within 24 
hours
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50-100 CTSM + Crack 
meters/Exten-
someters/Oth-
er instruments 

Once in 
two days

Indicates progres-
sive failure

>100 Slope Stability 
Radar or oth-
er systems of 
monitoring

Daily Clear the vicinity

>150 Slope Stability 
Radar or oth-
er systems of 
monitoring

Hourly Stop further work-
ing and Clear the 
Area

Table 4: Frequency of monitoring plan for dump 
movements

Average 
slope 
Move-
ments 
(mm/
day)

Suggested method 
of monitoring 

Suggest-
ed Mon-
itoring 
period

Condition of slope 
-Response and Con-
trol measure

<  2 Conventional Total 
Station monitoring

Month-
ly

Normal condition 
of slope - No appre-
ciable response re-
quired

2-5  Conventional Total 
Station monitoring

Weekly Initial response 
should start

5 to 10 Conventional Total 
Station monitoring 
(CTSM)

Once 
in two 
days

Indicates no failure 
expected within 48 
hours

10-50 CTSM + Crack me-
ters/Extensome-
ters/Other instru-
ments

Daily Indicates no failure 
expected within 24 
hours

>50 
mm 

Slope Stability Ra-
dar or other sys-
tems of monitoring

Contin-
uous 

obser-
vation

Indicates progres-
sive-failure Clear the 
vicinity

6. CONCLUSIONS
The analyses of factor of safety of slopes for existing 
slopes are found to be within prescribed safety limits. 
The monitoring results up to 20 June 2020, revealed 
the overall stability of dump slopes with practically 
considerable vertical displacement within 12 mm on 
the dump-A. However, these local movements observed 
from the Total Station reading is due to high moisture 
content of materials and deployment of HEMM near 
to the monitoring stations for the formation of benches 
in dump. The maximum horizontal movement at any 
station is within 14.5 mm across 19 days indicating 
a daily movement of 0.76 mm which is far below the 

critical limit proposed by various researchers, and 
hence the slope is considered stable. Further analysis 
may be carried out in future for the Mine A with a 
large scale monitoring data to obtain an insight of slope 
movements. Table 3 and 4 are suggested as Trigger level 
and monitoring plan for bench slopes; and Frequency 
of monitoring plan for dump movements, respectively.
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Abstract- 
The limestone mine has two working pits, is spread over a length of 2400 m, width in the range of 600 - 800 m and is 
attached to a cement plant in the state of Telangana (India). The slope rock mass at this mine mainly consists of shale, flaggy 
limestone, grey limestone and purple limestone. The rock mass at this mine is classified as fair to good with Bieniawski’s 
basic RMR varying mainly from 45 to 65. The uni-axial compressive strength of different types of limestone varies over a 
wide range of 53 - 149 MPa, which signifies strong rock types. The rock mass is jointed with the presence of a prominent 
bedding joint besides two near vertical joints. The kinematic analysis of joints orientation vis-a-via the slope orientation does 
not indicate the possibility of any significant slope instability defined by these joints at this mine. Detailed stability analysis 
is conducted to evaluate pit slope design and accordingly overall slope angles for the ultimate slope height of 40 m - 65 m 
are suggested. This paper presents the case study of a mechanised limestone mine, where geotechnical investigations are 
conducted to evaluate optimum pit slope design. 

Keywords: Pit slope design, Stability analysis, Structural mapping, Kinematic analysis, Rock mass rating

I. INTRODUCTION
Implementation of scientifically derived pit slope design 
is vitally important for achieving optimum mineral 
extraction from an opencast mine while maintaining 
pit slope stability. The main objective of this study is to 
assess the pit slope stability of mechanised limestone 
opencast mine situated in the state of Telangana and 
to evaluate appropriate ultimate pit slope design. The 
mine management is proposed to expand the pit to 
its full strike length and up to a depth of up to 65 m 
from surface and intends to ensure optimum mineral 
extraction while maintaining stable pit slopes. It is with 
this objective they sponsored a study to CSIR-CIMFR 
to evaluate & recommend an optimum pit slope 
design for the proposed ultimate pit depth. This paper 
briefly presents the details of investigation and the 
recommendations on pit slope design and remedial/
control measures to execute the slope design with 
safety. 

II.  DESCRIPTION OF MINE WORKINGS
The limestone mine has two working pits named as Part 
I & Part II, which are separated by a waterlogged pit. 
The mine is spread over a length of around 2400 m with 
its width varying in the range of 600 - 800 m. The slope 
rock mass at this mine mainly consists of shale, flaggy 
limestone, grey limestone and purple limestone. In this 
mine, the future mining is proposed predominantly in 
dip side only. However, workings at rise side in some 
sections also planned but given the deposit geometry 
the ultimate slope will be reasonably safe from the 
stability point of view.           The ultimate pit depth 
will vary mainly between 40 m and 65 m, whereas the 
current pit depth at the time of study varies from 10 
to 36 m. A surface cum geological plan, section & a 
typical view of the limestone mine are shown in Figs. 1, 
2 & 3 respectively. 
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Fig.1. A surface cum geological plan of the mine

                  Fig.2.  A working section at ML 42 S

                  Fig.3. A typical view of the mine

III. GEOTECHNICAL INVESTIGATION

A. Structural mapping
     The structural mapping was carried out on various 
benches at different locations in Part I and Part II of 
working pits. The limestone is very fine to fine grained, 
grey, flat and tabular in nature. The joints are mostly 
planar, pitted, persistent, unaltered with mild coating 
at some places. The Joint were observed relatively 
open (probably due to blasting) with minor filling 
material mostly of calcareous type and clayey filling in 
weathered zones. The orientation of major joints and 
slope face are shown in Table I.

Table: I - ORIENTATION OF DIFFERENT JOINT SETS

SITE NO.
Slope 
(Bench) J1 J2

Dip Dir Dip Dir Dip Dir

Flaggy Lime-
stone,

Bench  S1

71 240 06 261 82 263

Purple Lime-
stone

,Bench  S3

73 250 12 182 67 304

Purple Lime-
stone,

Bench  S4

69 235 22 278 70 266

Purple Lime-
stone,

Bench  S6

66 242 31 141 61 190

Purple Lime-
stone

,Bench  S7

70 209 05 209 72 259

Clay bands/filling in the joints were observed in the top 
bench. A total of three joint sets were identified during 
structural mapping, which include a bedding joint and 
two near vertical joints. Bedding joint was observed to 
be continuous in nature with spacing mainly in the range 
of    10 - 60 cm. The RQD of different rock formations was 
estimated on a joint count basis, which is moderate in blocky 
formation and low in highly fractured and jointed areas. 
Point load index tests indicated compressive strength in the 
range of 25 to 80 MPa obtained from lumps.

B. In-situ rock strength
The compressive strengths of limestone rocks were 
estimated at different locations in the mine using 
Schmidt hammer rebound tests. The compressive 
strength of different litho-units so obtained has varied 
between 65 and 100 MPa. Accordingly, the rock canbe 
described as a strong rock (ISRM, 1981a). The uni-axial 
compressive strength of different types of limestone at 
this mine as tested in the laboratory has varied in the 
range of 53 - 149 MPa.

C. Rock Mass Classification
      Rock mass quality in different areas of the mine has been 
assessed on the basis of a rock mass classification approach of 
Rock Mass Rating (RMR) as proposed by Bieniawaski,1989 
[2]. The rock mass at different locations at this mine was 
classified using Bieniawaski [2] approach. The basic RMR so 
determined has mainly varied from 45 to 65, which signifies 
fair to good rock mass conditions. The rock mass in upper 



193

International Conference on Opencast Mining Technology & Sustainability

benches has relatively lower RMR in the range of 38 - 50 
signifying poor to fair rock mass conditions (Table II), 
while in the case of lower benches Good rock was observed 
with RMR varying from 61 to 74. 

TABLE: II - RMR AT DIFFERENT LOCATIONS OF MINE

SL

No

Location Rock Mass Rating

( RMR)

1 Bench No.S1 FLST 45-60 Fair Rock

2 Bench No.S2 GLST 45-60 Fair Rock

3 Bench No.S3 PLST 45-60 Fair Rock

4 Bench No.S4 PLST 45-60 Fair Rock

5 Bench No.S5 PLST 61-74 Good rock

6 Bench No.S6 PLST 61-74 Good rock

7 Bench No.S7 PLST 61-74 Good rock

IV.  KINEMATIC STABILITY ANALYSIS
In the case of jointed rock mass, the influence of 
structural features/joints on the stability of slopes 
is evaluated by examining the orientation of these 
features vis-à-vis the slope at various locations of 
an opencast mine. The kinematic stability analysis 
aims at identifying whether any instability/failure is 
kinematically possible along any of the joints or along 
the intersection of two joint sets.

The rock mass in this mine is moderately jointed with 
the presence of predominantly three joint sets. The first 
one is nearly horizontal bedding joint. The other joints 
represent near vertical joints, which are not found to 
be persistent [5]. The orientation of these joint sets vis-
à-vis the overall slope orientation has been depicted on 
the stereo plots with respect to different locations in 
the mine. The kinematic analysis of joints orientation 
vis-a-via the slope orientation does not indicate the 
possibility of any significant slope instability defined 
by these joints in this mine. The stereo plots of joints 
vis-à-vis bench slopes are shown in Figs. 4 & 5. The 
orientation of bedding joint at the dip side of this mine 
is found to be favourable from the slope stability point 
of view as it dips away from the slope.

However, bench level toppling could occur due to 
the vertical joints at few locations. In view of the 

above, it is expected that in the event of any large-
scale instability involving the overall slope, the failure 
surface would either completely pass through the rock 
mass or through the combination of intact rock and the 
multiple joint planes. In view of the intact rock being 
strong and the given nature of joint characteristics, the 
large-scale failure appears unlikely given the overall 
slope angle planned at this mine.

Fig 4. Kinematic analysis of joints (Planar mode)

 V.  STABILITY ANALYSIS FOR SLOPE DESIGN

A. General Description 
Stability analysis was performed using the Slope Stability 
Analysis Software, GALENA (v 4.0) [3]. This software works 
on limit equilibrium method of analysis to determine the 
factor of safety (FOS). The FOS is defined as the ratio of 
resisting strength to the driving stress. The stability analysis 
has been performed considering non-circular and circular 
failure surfaces. The Sarma method of analysis was used for 
non-circular failure analysis. Bishop’s simplified method of 
multiple analyses was used for circular failure analysis.

The shear strength parameters viz. cohesion and angle of 
internal friction obtained from the laboratory testing of 
rock cores cannot be directly used for stability analysis. 
The reason being the rock mass constituting the slope is 
not homogeneous and consists of discontinuities in the 
form of joints. The presence of such features considerably 
reduces the strength, mainly cohesion as compared to the 
one determined from rock cores in the laboratory. The 
unit weight, cohesion and friction angles for limestone 
were considered at 27.0 KN//m3, 80 - 250 KPa and 25-350 
respectively. 

The stability analyses were conducted considering fully 
drained conditions and also considering a phreatic surface 
due to ground water. The ultimate pit depth will mainly vary 
from 40 to 65 m. The stability analysis is thus conducted 
considering different ultimate slope heights. Two typical 
results of stability analysis are shown in Figs. 6 and 7
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Fig. 5. Stability analysis with an overall slope height of 65 m.

Fig. 6 - Stability analysis with an ultimate slope height of 40 m

B. Slope Design 
Based on the stability analysis, the slope designs are 
suggested for ultimate pit depths of 40 m and 65 m. 
The mine working is proposed to move predominantly 
towards the dip side and also along the strike. The rise 
side working has reached the ultimate limits and no 
further significant development/movement is proposed 
in this side. The overall slope angles and bench widths 
for an ultimate pit depth of 40 - 65 m are suggested in 
the ranges of 62 - 70 degree and 2 - 3 m respectively. 
The bench height and bench slope angle are suggested 
at 8 m and up to 80 degree respectively. This angle 
may be achieved during final mining operations by 
the progressive reduction of bench widths. During 
normal operations, it is however suggested that the 
bench width to be maintained as per the statutory and 
operational requirements.

VI. CONCLUSIONS 

A. General 
The rock mass at this mine is classified as fair to good 
with Bieniawski’s basic RMR varying mainly from 45 to 
65. The uni-axial compressive strength of in-tact rock 
samples of different types of limestone varies over a wide 

range of 53 - 149 MPa, which mostly signifies strong 
rock types. The rock mass is jointed with the presence 
of a prominent bedding joint besides two near vertical 
joints. The kinematic analysis of joints orientation 
vis-a-via the slope orientation does not indicate the 
possibility of any significant slope instability defined 
by these joints in this mine. The orientation of bedding 
joint on the dip side slope of this mine is favourable 
from the slope stability point of view as it dips away 
from the slope. 

The overall slope angles for the ultimate slope heights/
pit depths of 40 m and 65 m towards the dip side  and 
along the strike  are suggested at a maximum of 700 
and 620 (from horizontal) respectively. Similarly, the 
corresponding final bench widths for these slopes are 
suggested at a 2 m and 3 m respectively. The bench 
height may be maintained as per the existing 8.0 m. 
The above ultimate pit slope may be achieved during 
final mining operations by the progressive reduction of 
bench widths as mentioned above. During the normal 
mining operations, it is however suggested that the 
bench width be maintained as per the statutory and the 
operational requirements.

C. Remedial and Control Measures 
In view of the rock mass being jointed, it is suggested 
that the slope faces in all benches be maintained in a 
very sound condition using good blasting practice & 
wherever loose rock blocks are observed in exposed 
benches, wire nets may be used to stabilize them.

A good drainage system is the key to maintaining 
stable slopes during the life of an open pit mine. 
A garland drain may be cut all around the mine to 
collect surface run-off of rain water before it goes into 
the mine slopes. The drain may be steeply graded to 
facilitate water movement and to minimize the chances 
of interruptions.

The slopes must be regularly inspected for the 
development of any tension cracks and any other signs 
of instability during the normal mining operations as 
the pit depth increases. In the course of final mining 
operations, it is suggested that systematic slope 
monitoring be undertaken to evaluate any possible slope 
displacement over time. This will help in ascertaining 
the stability of slopes as the pit depth reaches ultimate 
and in formulating appropriate preventive and control 
measures. 



195

International Conference on Opencast Mining Technology & Sustainability

Mine Waste Dump Instability and Monitoring Using 
Predictive Knowledge-Based Stability Rating and Hazard 

Classification System
 Prashant Kumar Nayak

 Research Scholar
Dept. of Mining Engineering

NIT, Raipur
prashnitrkl2007@gmail.com*

  Dr Ashish K. Dash
Assistant Professor   

 Dept. of Mining Engineering 
NIT, Raipur

 akdash.min@nitrr.ac.in 

Dr Pankaj Dewangan                           
Associate Professor

Dept. of Mining Engineering
NIT, Raipur

pdewangan.min@nitrr.ac.in

Abstract —
 Safety of mine has a close and inseparable relationship to production and productivity. Therefore, dump management is 
significant from the point of not only production but also for safety. As part of the design, planning, operation, and closure 
phases, the productivity can be achieved by adopting improved methods of operation, technological improvement by research 
and development, and with improved safety and environmental conditions. There is a constant search by management for the 
ways of improving productivity using new technology. This paper presents the updated waste dump and stockpile stability 
rating and hazard classification (WSRHC) system as described in Hawley and Cunning (2017), which includes a global and 
holistic approach to quantifying and classifying the stability hazard or predictive instability risk management. Understanding 
the WSRHC system may be used for investigating the foundation materials as well as the mine waste materials of stockpiles 
areas for future expansion designs. To keep up (actually, to get ahead), mine waste dump monitoring activities require 
similar increases in intensity, reliability, and rapid response to achieve risk mitigation objectives. This may help to establish 
recommendations around documenting the operational performance or risks may be identified before failure, which will 
allow mitigation and the geotechnical behaviour of the stockpiles at these mature mining operations.

Keywords — Waste Dump, Dump Stability, Slope Monitoring 

I. Introduction 
In general, productivity is defined as the rate of 
production in a specified time interval. As suggested 
by [1], productivity (OMS) of opencast coal mines, 
put to excavate the overburden into account is given 
as (P+1.4P)/ M(1+1.4R), where P is production in 
coal in tonnes, Q is the overburden removed (in m3), 
and R is the stripping ratio (in m3) of overburden per 
tonne of coal and 1.4 is the assumed average specific 
gravity of coal.  The extraction of minerals produces 
wastes in the form of waste rocks with management 
is essential. Waste dumps are one of the substantial 
structures, and their design should be based on sound 
geotechnical practice to produce cost-effective and 
stable landforms in the long term. Key aspects for 
consideration include construction method (bottom-
up or top-down), equipment used and dumping rates; 
material properties of the waste material; the height of 
the dumps, geometric shape, volume, and drainage; 
foundation conditions-rock strength and drainage 
and site conditions-topography, geology, seismicity, 

hydrology, hydrogeology, and climate. The fundamental 
question regarding waste disposal is whether it is in-pit 
or ex-pit. If it is ex-pit disposal, some key factors are: 
(1) The location of the mine in terms of topography, 
rainfall, and seismicity. Steep, high rainfall areas 
with low-strength foundation materials can present 
significant challenges; (2) If the available storage areas 
have low-strength foundations, this may also be a large 
constraint on operations; and (3) If the operation is 
large and/or available storage areas are limited, waste 
disposal could become an issue, particularly if dumps 
need to be placed near pit walls [2]. 

TABLE I. Estimates Of The Likelihood Of Major Problems 
With Mines (Based On The Statistical Observations) [2]

Mine 
Element

Description Probability 
(%)

Chance of 
occurrence

Waste 
dump

Major failure, either 
in-pit or ex-pit

10 1 in 10

Spoil 
dump

Ongoing failures led 
to redesign

5 1 in 10

Mine waste storages are very large structures, easily 
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visible from space, that have very long operating lives 
and have often not been properly planned or carefully 
operated. They are under construction for the whole of 
their operating lives and are operated by a succession 
of people, not all of whom are dedicated to carrying 
out their assigned tasks to the best of their abilities, not 
all of whom are properly trained and not all of whom 
understand why they must undertake certain tasks and 
what the consequences of negligence may be. Not all the 
workers can recognize that a dangerous situation may 
be developing, and not all of them know the correct 
course of action to be taken in an emergency. Most 
important of all, the operation of a mine’s waste storage is 
a net cost to the mine, a deduction from the bottom line 
and a deduction that may make the difference between a 
profitable and a loss-making operation i.e., productivity. 
A failure of the waste storage operation may negatively 
affect, severely impede, or cause a complete temporary 
cessation of mining operations and consequently cause 
a reduction, or completely wipe out the all-important 
profitable bottom line [3]. 

In mining, the safety of personnel is the highest 
operating criterion, taking priority over all risk 
(cost)/benefit analyses. The control of personnel 
and/or equipment exposure to hazards can partially 
or completely halt mining operations. The result 
is a life-of-mine working environment subject to 
unplanned instabilities largely, but not completely, 
mitigated by appropriate mine slope designs (due 
to inherent uncertainties). The consequences of this 
approach could include excessive mine area closures, 
lower productivity, and increased mining costs. This 
in turn possibly affects revenue, but not in terms of 
large costs. These cases provide safety risk mitigation 
and result in fewer production interruptions, better 
decision confidence and higher operating cash flow. 
Hence, Slope engineers need reliable, timely and high-
quality monitoring data to make good interpretations 
of stability conditions and correctly assess hazards 
and potential impacts, and thereby contribute to good 
mining business decisions [4].

Very conservative slope configurations would result if 
slopes were required to have factors of safety (FoS) of 1.0 
when conditions included maximum conceivable pore-
water pressures, conservative (low or residual) shear-
strength material properties, excavation at the toe of 
the slope, additional loading at the top of the slope, and 

seismic loading. Such a design would not be justifiable 
on economic grounds. Each of the many factors listed 
above involves conservative assumptions; thus, the 
resulting FoS is genuinely over-conservative. Besides, 
the care of individual assumptions must become 
increasingly conservative in cases where the conditions 
are poorly understood. This conservatism can result in 
the extreme situation in which a small, insignificant 
slope subjected to minimum field investigation can 
receive a higher FoS than a larger, more important slope 
subjected to extensive and expensive investigation. 
Finally, large increases in the FoS may be unachievable, 
either economically or physically, in the cases of large 
slopes. In such situations, acceptance of lower FoS values 
may be the only course of action. These considerations 
emphasize the importance of the careful selection 
of slope design parameters, which reflect: (1) Site-
specific environmental conditions potentially affecting 
slope stability, (2) Strength properties of the materials 
forming the slope, (3) Economic considerations, and 
(4) Other facility design constraints [5]. 

II. Back Analysis – An Essential [6,7] 
In assessing the stability of slopes, the FoS is used 
when the strength parameters; cohesion and the 
internal friction angle of the geomaterials, are 
required. Therefore, at the design stage of slopes, 
various experiments are carried out to obtain data 
on the strength parameters of the geomaterials. The 
monitoring is conducted during the construction 
stage, and the strength parameters used at the design 
stage are re-evaluated. 

The displacements are not considered at the design 
stage and we need to determine the strength parameters 
from the measured displacements. Many instruments 
for the measuring displacements; use to measure 
displacements in a short distance i.e., measure only 1-D 
displacements in the direction of a measurement line 
or perpendicular to it, suggest inadequate monitoring 
of the stability of slopes and/or ground movements.

 To overcome this shortcoming, total stations, electronic 
distance meters, levels etc. can be used for measuring 
three-dimensional displacements in an extensive area, 
while they require a lot of time, labour and financial 
resources. Besides, their accuracy is not good enough 
to perform precise measurements as a monitoring 
technique. Technologies of radar and laser-like 
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satellite, aircraft, InSAR and laser profiler are applied 
for measuring ground surface deformations and for 
measuring 1-D displacements between instruments 
and targets. The displacements measured by these 
technologies are not ‘vector’ but ‘scalar’ quantities. 

According to definition of ‘monitoring’, measurements 
must be continuously carried out. Besides, an ‘alarm’ 
should be issued based on measurement results. To 
issue the alarm for warning about the critical state 
of slopes before their failure, the measurement data 
should be properly interpreted. 

The conventional stability assessments of slopes from 
the measured displacements are based on an engineer’s 
judgement. According to the slope engineer’s 
judgement, the installation of support measures often 
becomes too late to stabilize the slopes, resulting in 
aggressive support measures being necessary. 

Measurement data must be quantitatively assessed 
during monitoring. For quantitative assessments of 
the stability of slopes, the factor of safety is determined 
by the back analysis of measured displacements 
and should be 3-D displacement vectors i.e., can be 
used as input data for back analyses determining the 
mechanical parameters of geomaterials.

If the measured displacements are in 1-D 
displacements (scalar quantities), the FoS cannot be 
calculated. To issue the alarm for the possible failure 
modes from measured displacements, 3-D measured 
displacements i.e., vector quantities are essential. If 
the 3-D displacement measurement data are available, 
the quantitative assessment of slope stability can be 
performed by back analyses, resulting in the alarm 
being issued. 

To measure the 3-D displacements points, e.g., GPS 
system-based monitoring instruments are a tool to 
perform continuous and automatic measurements 
to obtain the 3-D displacements with high accuracy. 
GPS monitoring results can be used as input data 
for back analyses to provide the factor of safety and 
quantitatively assess the stability of structures, resulting 
in GPS displacement measurements providing an 
alarm for warning about the possible failure. 

The displacements increase with the progress, often 
the displacement rates tend to become small with time. 
The displacements start accelerating, some support 
measures should be installed to stabilize the structures. 

If additional support measures are installed before the 
displacements start accelerating, which may stabilize 
the structure with a less aggressive support measure, as 
shown in Fig. 1. 

Fig. 1. The optimal timing of installation of support 
measures for stabilizing the structures [6] 

The WSRHC system provides a global and holistic 
approach to quantifying and classifying the stability 
hazard. WSRHC system provides the identified critical 
controls, that help better to recognize deformations 
that may be precursors to the possible instability modes 
that were identified during the investigation and design 
process and to manage mine waste dump facility and 
sites [8,9].

III. The Methodology Of The WSRHC [8,9]
Integrated design, planning, operation, and closure 
phases for waste dump must keep the documented 
understanding of the facility classification, which 
allows for the better facility management and assist 
in controls which may prevent unwanted events. Lack 
of detailed study and proper documentation lead to 
important consequences, including economic, social, 
and environmental, and in extreme cases this can even 
be life-threatening. As mines grow bigger and faster 
than ever before, the need to reflect and classify hazards 
becomes imperative.

 The WSRHC system evaluates 22 key factors that 
are known to affect the stability rating. These factors 
have been divided into seven key groups, where the 
numerical rating of each factor is used to calculate the 
engineering geology index (EGI) and the design and 
performance index (DPI), with the sum providing a 
waste dump and stockpile stability rating (WSR). The 
numerical values assigned to each factor and group 
been weighted to reflect their relative importance, as in 
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Table II and III, which indicates the maximum possible 
rating for each rating factor.

The WSR rating is on a scale of 0 to 100, with higher 
WSR indicating more stable conditions and a lower 
instability hazard and the details/summary of the 
pertinent documentation needed, as seen in Table 
IV and V. This system is a major update from the 
previous system developed by Piteau in 1991 for the 
BC Mine Waste Rock Pile Research Committee called 
the 1991 dump stability rating (DSR) system, which 
used just 11 factors and provided an instability rating, 
as higher values indicated a less stable configuration 
(BCMWRPRC, 1991) [10].

The WSRHC is more refined with double the 
contributing factors and with an increasing stability 
rating representing an increase in stability dimension. 
The scale has a maximum possible rating of 100 which 
facilitates relative comparison between stockpiles, as 
compared to the 1991 DSR method which had a range 
of 0 to a maximum rating of 1800 for the least stable 
configuration [10]. The rating is subdivided into five 
Waste Rock and Overburden Stockpile Hazard Classes 
that are organized by increments of 20 and associated 
with an Instability Hazard defined as Very Low, Low, 
Moderate, High, and Very High. 

The plot WSR results on the chart in Fig. 2. illustrates 
the relative weighting of the EGI and DPI indices 
and facilitates comparison of different waste dumps 
and stockpiles and possible alternative configurations 
or development phases for a given waste dump or 
stockpile. The WSRHC system can be used as a guide 
to the level of effort required to investigate, design 
and construct waste dump. Higher instability rating 
requires more investigative and design effort, with 
enhanced care and monitoring while construction, 
operations, and closure phases.

TABLE II. Waste Dump And Stockpile Stability 
Rating (WSR) Breakdown [8,9]

Engineering geology index
(EGI)

Design and performance 
index (DPI)

Regional setting
(max 10 pts.).
Seismicity (0-2),
Precipitation (0-8)

Geometry and mass
(max 10 pts.). 
Height (0-4), 
Slope (0-4), 
Volume and mass (0-2)

Foundation conditions
(max 20 pts).
Foundation slope (0 5),
Foundation shape (0-2),
Overburden type (0-4),
Overburden thickness (0-2),
Undrained failure potential 
(-20-0),
Foundation liquefaction 
potential (-20-0), 
Bedrock (0-4),
Groundwater (0-3)

Stability Analysis
(max 10 pts.).
Static stability (0-7),
Dynamic stability (0-3)
Construction
(max. 15 pts).
Construction method (0-8), 
Loading rate (0-7)

Material quality
(max 20 pts.).
Gradation (0-7),
Intact strength and durability
(0-8), 
Material liquefaction potential
(-20-0), 
Chemical stability (-5 to +5)

Performance
(max. 15 pts).
Stability performance
(-15 to +15)

TABLE III. Waste Dump And Stockpile Stability 
Rating [9]

Fig. 2.Waste dump and stockpile stability rating and 
hazard class chart [9]
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TABLE IV. WSRHC – Stockpile Stability Rating, Hazard 
Class And Instability Hazard [9]

TABLE V. WSRHC - Summary Of Pertinent Documentation [8]

Factors Required data/test

Seismicity Peak ground acceleration
Weather data 
- precipitation, 
snowfall

Historical annual precipitation totals, on-
site preferably

Foundation 
conditions

Ground LIDAR, boreholes, exploratory 
trenches, geologic reports, rock sample 
designation; piezometer, inclinometer 
and/or groundwater data

Material quality

Sieve analyses, Atterberg limits, 
permeability tests, SPT, CPT, shear 
strength tests, chemical acid-base 
accounting tests

Geometry and mass

Overall height, thickness, lift height, 
fill slope angle; survey data, as-built, 
and cross-sections; dry density, specific 
gravity, proctor tests

Construction
Average daily volume, annual volume, 
construction history plans, deposition 
plans, cross-sections

 The monitoring methods and requirements depend on 
the type and scale of the waste dumps and stockpiles, 
as well as the possible failure modes and overall hazard 
level of the facility. 

A flowchart outlining the basic steps involved in 
developing a waste dump or stockpile monitoring 
program by [9] is presented in Fig. 3.

The summary of suggested initial monitoring, 
inspection, and reporting guidelines for each waste 
dump hazard class developed by [9] is presented in 
Table VI.

The summary of the monitoring instrumentation 
guidance selection list by [4] is presented in Table VII. 

Fig. 3. Flowchart for the development of a waste dump 
or stockpile monitoring program [4,9]

TABLE VI. Suggested Initial Monitoring And Inspection Guidelines [4,9]
WHC WSR Monitoring methods Inspection requirements Frequency
I 80-100 Visual Operations Daily visual inspection

Geotechnical Monthly visual inspection
II 60-80 Visual 

Basic instrumentation: manual wireline 
extensometers, crack monitors, tell-tales, 
manually monitored prisms (monitoring 
frequency weekly-bimonthly)

Piezometers as required

Operations Visual inspection and 
monitoring at the start of each 
shift (every 12h)

Geotechnical Weekly visual inspection; 
monthly data review

Independent reviewer Every 12-24 months
III 40-60 Visual 

Basic instrumentation: manual wireline 
extensometers, crack monitors, tell-tales, 
manually monitored prisms (monitoring 
frequency daily-monthly)

Redundancy (more than one system and/or 
multiple instruments)

Piezometers as required

Operations Visual inspection and 
monitoring every 6h (twice 
per shift)

Geotechnical Daily visual inspection; weekly 
data review

Independent reviewer Annual
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IV 20-40 Visual 
Automatic, continuous (telemetered) 
wireline extensometers, LDM, RTS, radar 
Redundancy (multiple systems) Specialized 
instrumentation (tilt sensors, LDM, TDRs, 
inclinometers, acoustic emissions) as 
required 
Piezometers as required

Operations Visual inspection and 
monitoring every 4h

Geotechnical Visual inspections every 12h; 
continuous (24/7) remote 
surveillance; 
biweekly data review

Independent reviewer Semi-annual

V 0-20 Visual 
Automatic, continuous (telemetered) 
wireline extensometers, LDM, RTS, radar 
Redundancy (multiple systems) Specialized 
instrumentation (tilt sensors, LDM, TDRs, 
inclinometers, acoustic emissions) as 
required 
Piezometers as required

Operations Visual inspection and 
monitoring every 2h

Geotechnical Visual inspections every 8h; 
continuous (24/7) remote 
surveillance; daily data review

Independent reviewer Quarterly

TABLE VII. Monitoring Instrumentation Selection List [4]

Equipment types Frequency Coverage Data type

Manual crack meters Non-real-time Point Displacement across a crack

Wireline extensometers Real-time Linear Displacement across cracks

Robotic total station (RTS) Real-time Points Line-of-sight (LOS) displacement,
3D vector

Global positioning systems (GPS/GNSS) Real-time Points Displacement, 3D vector

Ground-based (GB) radar Real-time Broad surface area - front 
view LOS displacement

Satellite-based InSAR Non-real-time Broad surface area - top 
view LOS displacement, 2D vectors in some cases

Ground-based LiDAR/Photogrammetry Non-real-time Broad surface area - front 
view Change detection for 3D displacements

Drone-based LiDAR/Photogrammetry Non-real-time Broad surface area - top/
front view Change detection for 3D displacements

Time-domain reflectometry (TDR) Real-time Downhole line Location of damage to a cable

Manual inclinometers Non-real-time Downhole line Downhole displacements, 2D vectors

In-place inclinometers Real-time Downhole points Deformation at a point in the borehole

Shape accelerometer array (SAA) Real-time Downhole line 3D displacement along a line

Vibrating wire piezometers (VWP) Real-time Point Pore pressure

Microseismic Real-time Volume under surface Location and magnitude of microseismic events

Documented field inspections Non-real-time Area Written, photos, samples, and index tests

IV. Monitoring Of Waste Dumps & Stockpiles 
[4,9]
    Instability of waste dumps and stockpiles is preceded 
by warning signs, such as increased rates of deformation; 
cracking and/or settlement of the platform; bulging 
of the face; bulging of the toe; bulging or heaving of 
the foundation in front of the toe (i.e. toe spreading); 
seepage on the face; increased pore pressures in the 

foundation or embankment; and increases in the 
ambient noise level within the embankment. 

The purpose of the waste dump and stockpile 
monitoring is to: maintain safe operating conditions; 
provide warning of developing instability so that 
mitigative measures can be implemented to lessen the 
impact on operations; provide information about the 
mechanism of instability; quantify displacements and 
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movement rates, and establish and maintain a record 
of facility performance. 

Displacement monitoring systems
The monitoring by other than visual observation 
occurs where these structures are subject to one or 
more of the following conditions: high face height 
(>100 m); steep overall slope angles (>25°); steep, 
adverse foundation slopes (>15°); lack of topographical 
confinement; poor-quality foundation materials; 
poor-quality waste/stockpile materials; unfavourable 
construction methodology; unfavourable piezometric/
climatic conditions; high advancement/loading rates 
(>50 m2/d); and poor historical performance.

Most common types of monitoring systems in general 
order of practical utilization are listed: visual inspection; 
wireline extensometers - most common (manual and 
digital); prisms - especially for monitoring closed 
dumps; tell-tales - common to paint cracks; cross-crack 
monitoring; GB radar; satellite InSAR; inclinometers; 
GNSS; laser scanners; TDR; laser distance measuring 
(LDM) system; autonomous wirelessly networked 
(smart) sensors; and the acoustic emission monitoring.

Surface water and groundwater monitoring
The amount and type of hydrological monitoring data 
required for a waste dump or major stockpile depend 
on the site setting and the types of materials consigned 
to the facility. Monitoring is minimum where facilities 
are in arid climates and where the waste dump and 
stockpile materials are strong and not subject to 
degradation over time.
 An extensive array of instrumentation may be required for 
facilities located in wet or seasonally wet climates, where 
the waste dump materials and/or foundations are weak, 
or where the topography is steep. The variations in the 
seasonal monitoring should be dealt as shown in Fig. 4. 

(a) Summer Season

(b) Winter Season

Fig. 4. Seasonal changes in the groundwater flow 
direction [11]

The types of monitoring surface water and groundwater 
monitoring by data collection purpose[4,9] are as 
follows:

 a) Climatological monitoring – 1) To forms part of 
the site-wide monitoring plan and is not usually 
specific to the individual waste dump or stockpile 
locations; 2) In wet areas and/or regions of steep 
topography, to operate a rainfall station close to 
the location of a particular facility is required.

b) Monitoring of upgradient conditions – It is 
required throughout the operating life of the 
facility and beyond.

c) Monitoring within the facility – 1) Nature and 
distribution of the materials being placed; 
2) Water content of the placed materials; 3) 
Geochemical nature of the waste dump and 
stockpile materials; 4) To assess freeze-back in 
the base of the facility or the outer (downgradient) 
toes; 5) Regular visual inspection and monitoring 
of any seepage zones (flow and chemistry), and 
6) Regular visual inspection and monitoring of 
the surface water management system to identify 
any required maintenance or remediation.

d) Monitoring within the near-surface materials 
– 1) To allow porewater sampling of the near-
surface materials and/or cover layer; 2) Mapping 
of snowbanks, including measurements of 
the depth of accumulated snow and its water 
content; 3) To assess the surface freeze-thaw 
layer and freeze-back, and 4) Visual inspection 
of any vegetation programs for the cover.

e) Monitoring of the foundations – 1) To obtain 
pore pressure data before facility construction; 
2) To monitor changes in moisture content, and 



Northern Coalfields Limited, Singrauli

202

3) To monitor pore pressures to help confirm that 
foundation design criteria are being met.

f) Monitoring of downgradient conditions – 1) To 
obtain Groundwater levels and water quality 
monitoring in environmental wells installed 
within the underflow system in the toe area and 
downgradient of the facility; and 2) Surface water 
monitoring stations for regular or continuous 
flow monitoring, sediment monitoring and water 
quality sampling.

Pore pressure monitoring 
Based on the potential failure modes, pore pressures in 
the facility or its foundation are the most critical factors 
affecting stability. Where high pore pressures within the 
facility or its foundation pose a concern for stability, 
monitoring of pore pressure during construction and 
operations are important, like where the materials within 
the facility or its foundation are fine-grained and subject 
to pore pressure generation due to loading. 

(a) Instability of side slopes

(b) Instability of base due to unrelieved pore water pressures

Fig. 5. Groundwater-induced instability [12]

Where seepage emerges from the slope, there will 
be positive pore water pressures. Positive pore water 
pressures will reduce effective stress, the shear strength 
of the soil will reduce in turn, and the soil will not stand 
at slopes as steep as in dry soils[13] as shown in Fig. 
5(a) and Pore water pressures not controlled beneath 
thin very low-permeability layer-unstable condition as 
shown in Fig. 5(b). 

Specific considerations for waste dumps [4] are as 
follows:

a) Wireline extensometers - For waste dumps 
subjected to a moderate or higher hazard of 
instability [WHC] of III, IV or V, use of wireline 
extensometers, is common, however, with 
instrumentation, a record of total deformation is 
obtained. This includes periodic surveys of the 
facility using prisms or GNSS, satellite InSAR 
or laser scanning surveys (LiDAR).

b) GNSS - For monitoring waste dumps that are 
under construction, relocation and resetting 
as the crest and face advance. The amount of 
time between resets is dependent on the rate of 
advancement of the crest. 

c) GB radar - For active waste dumps, deformations 
measured by radar are masked by activities 
associated with construction, like end dumping 
or dozer pushing along the crest, or sliding and 
roll-out of material dumped or pushed over 
the crest. In some situations, in which radar 
monitoring of active waste dumps or stockpiles 
may be useful.

d) Laser scanning (LiDAR) - The utilisation of laser 
scanners for real-time monitoring of waste dumps 
is increasing due to improvements in accuracy, 
image quality repeatability and data reliability. 
Laser scanners are suited for monitoring inactive 
dumps and stockpiles.

e) Acoustic emission monitoring - The failures of 
waste dump composed of coarse rock are preceded 
by acoustic emissions. With instrumentation 
i.e., inclinometers or TDRs, acoustic emission 
monitoring helps to develop a better picture of 
a failure surface. The presence of noise (audible/
amplified instrumentation) helps in monitoring 
the early detection of impending failure.
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f) InSAR - This system is used in the long-term 
monitoring of settlement and stability of old 
waste dumps.

g) Unmanned aerial vehicle or drones -  With choice 
and the availability of the low-cost autonomous 
unmanned aerial vehicle (UAV) platforms, 
with technical advances in desktop processing 
software, the UAVs are used to detect ground 
deformations related to slope movements as 
they can fly much lower and hence can collect 
imagery at much higher resolution, often under 
10 cm, and even as detailed as 1 cm/pixel. UAVs 
provide comprehensive, feature-rich data using 
a normal RGB camera to cover the entire open 
pit area (including waste dumps, tailings dams, 
etc.). Utmost Care and design must be given 
regards to the weight of the drone, the height 
of the flight planned such as 150m, and flight 
path planning as per mandates and restriction by 
specific authorities. Software, like MathWorks 
UAV Toolbox etc. indigenous or commercially 
available, are used to simulate flight planning. 
UAV usage is 5% in worldwide to monitoring 
mining - based activities of topographic 
data (survey), slope monitoring for hazard 
identification and tracking, equipment selection/
fleet management, dump plantation/forestry 
surveillance, blast performance evaluation, and 
land resources management etc.

V. Formation And  Management of the 
Overburden Dumps [14]
1. The overall slope angle of the dumps is designed 

by the characteristics of the blasted rock mass to 
be stored in the dumps. This should be ≯30°, 
as with the steeper slopes the erosion potential 
increases and the dumps become difficult to 
rehabilitate with the plants. The dumps should 
have long-term stability with the possibilities of 
withstanding prolonged erosion.

2. The height and the shape of the dumps should 
be designed so that they merge to the extent 
possible in the original topography of the area.

3. The height of the benches of 20-25m or less 
depending upon the characteristics of the broken 
rock mass. The width of the benches could by 
about 50-60m.

4. Proper attention to the drainage from over and 
around the dump. Garland drains and drains at 
individual bench /terrace dumps provided to 
guide the rainwater from over the dump surface 
to the main drainage channel without eroding the 
dump surfaces. For this, drains of appropriate 
size duly lined with stable designed tiles should 
be made along the terraces and their slopes.

5. If the dumps are to stand for a longer duration it 
is desirable to develop greenery over them in a 
manner that most of the surface area is covered 
by the green cover provided by the grasses, 
herbs, shrubs, and trees.

6. If the overburden rock mass contains rocks 
which may cause acid-mine-drainage, rocks are 
selectively handled at the removal stage and 
placed in the lower middle part of the dumps. 
After placing such rocks in the dump about 1-2 
cm thick layer of lime powder be spread over to 
minimize their acid-mine-drainage potential.

7. The carbonaceous shales in overburden rock 
mass should be selectively handled and be 
placed in the lower middle part of the dumps. 
This will ensure that these rocks will not meet 
air and hence the chances of auto-oxidation will 
considerably reduce.

8. To protect against sliding of the dumped rock 
mass it is desirable to make retaining walls 
around the dumps along with garland drains.

VI. Management and Maintenance of the 
Overburden Dumps [14]  
1. Maintain drainage system from over and around 

the dumps. The drains over the benches and 
their slopes and the garland drains should be 
cleaned from the time to time so as not to allow 
stagnation of water.

2. Maintain green cover over the dump surface to 
minimize erosion by water and wind.

3. Gallery formation over the dumps should not 
be allowed and if any such activity starts steps 
should be taken immediately for plugging the 
galleys.

4. The run-off from the dump surface and the 
leachate from the waste dump material should 



Northern Coalfields Limited, Singrauli

204

be sampled and analyzed time to time to assess 
their characteristics and pollution potential.

Besides, an important point to be kept in mind, as 
suggested by [15] that, the overall stability in the 
foundation needs consideration for slippage across the 
foundation and stability in the foundation. Vertical 
loading causes an increase in the vertical stress in 
the foundation soil and a corresponding increase in 
horizontal stress. The lateral stress developed causes 
the foundation soil to get displaced laterally beneath 
the side slope.

To prevent the lateral spreading, horizontal stresses 
within the fill must be balanced by the shear reaction 
at the base. If the design parameters for material are (i) 
friction angle = Fd (ii) unit weight, height, and slope 
= ϒ, H, (1:n) and (iii) surcharge = q. For equilibrium, 
the shear resistance in the plane of slippage must be 
equal to the lateral thrust from the rock fill material 
(i.e., PFill) as shown in Fig. 6. 

Fig. 6. Overall Stability; slippage across the foundation [15]

In nutshell, as stated by [16] that, instability in spoil 
dumps commonly manifests itself in the form of circular 
failure or rotational slide. But planar shear failure along 
weak surfaces, non-circular and wedge failures are also 
observed. Besides, another common failure type is 
flow failure or liquefaction. However, predominantly 
the granular soils or loose dumping tumble down the 
slopes and come to rest at a slope inclination called the 
materials angle of repose. During additional dumping 
or as a result of undercutting, the materials on the slope 
may move as a thin sheet. These sheets like failures are 
surface failure.

VII. Conclusions
The WSRHC ratings represent the associated hazard at 
the time of analysis, the stability rating and hazard class 

help inform the suggested level of investigative and 
design effort. The mining teams can find the process 
to be a useful tool to help identify the more vulnerable 
stockpiles and monitor the waste rock and overburden 
stockpiles [8].

The purpose of processing and properly presenting 
data obtained from the monitoring system is to assess 
data rapidly and reliably and to detect changes that 
require action. Monitoring systems allow real-time data 
acquisition and processing of multiple instrumentation 
systems and include the ability to issue alerts and 
alarms. With appropriate action based on the changes 
in the readings from the monitoring method’s, may 
help to acknowledge the specific design exceedance, 
factor of safety, or probability of failure [4]. 

Hence, the associated key indicators for instability 
in the waste dump must be regularly monitored and 
decisiveness actions has to be undertaken at the right 
time to save lives, cost, and time and safety.   
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Abstract — 
It has been long recognized that slopes under vegetation are significantly more resistant to soil erosion process compared 
to bare soils and improves the slope stability. The present paper discusses the various methods for simulation of biological 
stabilization of the dump slopes. The roles of water on dump slope stability with and without vegetation have also been 
analyzed. Numerical modeling has been used for dump slope stability analysis. Results showed that the effect of water on 
dump stability was significant. Simulations indicated that the improvement in factor of safety due to vegetation on the higher 
dump was very small or in some cases, was negligible.

Keywords— Dump, Factor of safety, Slope stability, Vegetation

I. Introduction 
The stability of mine dumps is essentially important 
from an economical and safety point of views. Dump 
failure may lead to stoppage of the work temporarily and 
also results in accidents involving men and machinery 
or both. Therefore, selection of proper stabilization 
technique and stability analysis of the overburden 
dump slopes are crucial parts in successful operation 
of any opencast mine. Water plays an important role 
in dump stability. The rainwater reduces the cohesion 
to almost zero. It also reduces the friction and acts as a 
lubricant and reduces the normal stress (Chakravorty, 
et.al, 1996; Watters, 2005). 

The dump stabilization methods could broadly be 
included into two categories. One is mechanical (i.e, 
rock bolting, netting, geosynthetics, etc.) and the other 
one is biological stabilization (i.e, grass, shrubs, trees, 
etc.). Mechanical methods stabilizes slope immediately 
and becomes progressively weaker over time and 
reduces the strength of slopes. On the other hand, 
biological stabilization is generally considered less 
effective in the beginning but becomes progressively 
more effective with the passage of time (Menashe, 
1998). The root network of plants (grass, shrubs and 
tree) binds the loose dump materials and prevents the 
development of tensile cracks. It enhances cohesion, 

the normal stress and thereby, increases its shear 
strength. It also reduces the thrust of the falling rain 
particles and reduces their impact on the loose dump 
particles after the growth of grasses and smaller plants 
(Rai, 2007)  

The vegetation has mainly two roles that increase the 
slope stability of dump material. One is mechanical 
effect that includes: Root Reinforcement, Buttressing 
and arching, Surcharge, Restraint and Protecting 
against wind erosion or wind dynamic. The other 
effect is hydrological effect that includes soil moisture 
modifications, iinterception, reduced iinfiltration, 
ttranspiration and decreasing rainfall-flow.

The present paper discusses the simulation methods 
for plants on slope stability. The numerical modeling 
technique has been used to simulate the dump. The 
effect of water on dump stability has also been analyzed.  
The role of vegetation on higher height of dump has 
also been discussed.

II. Simulation of vegetation roots for slope 
stability 

Fig. 1 shows the influence of different types of vegetation 
on slope stability. The effect of root reinforcement on 
the stability of slopes can be evaluated directly in terms 
of the additional shear strength provided by roots in 
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root-reinforced soils. The researchers have proposed the 
following approaches to determine the increased shear 
strength of soil due to vegetation (Lin, et. al, 2010):

1.  Direct field and laboratory test such as shear box 
or tri-axial test.

2. Indirect computations using the data of root 
strength, root density, root distribution and root 
morphology.

3. Laboratory studies of individual strengths of 
roots.

The vegetation increases the strength of soil when 
it is grown into the soil. The increase in the strength 
also defines the biological reinforcement of soil by 
vegetation. The effect of reinforcement by vegetation 
can be determined by calculating the shear strength 
of soil before and after vegetation. Strength of a soil or 
resistance to failure can be described as a modification 
to Coulomb’s law:

                  SR = c’ + cR	+	(σ	-µ)	tan	φ’

where SR is the soil shear strength, c’ is the effective 
soil cohesion, cR is the apparent cohesion due to roots, 
σ is the effective normal stress due to the weight of the 
soil and water of the sliding mass, φ’ is the effective 
internal friction angle of the soil that is unaltered by 
the presence of roots (Ziemer, 1981 and Wu, 1995). 

Fig.1.  Mechanisms of root reinforcement of grasses and trees

A. Limit Equilibrium mehtod 
In limit Equilibrium method stability of a slope against 
failure is evaluated by the factor of safety (F). It could 
be defined as the ratio of the resistance of the soil mass 
to shear along a potential slip plane to the shear force 
acting on that plane. Using the effect stress analysis the 
factor of safety can be defined by:

Where c’ = effective soil cohesion (kN/m3); y=unit weight 
of soi (KN/m3) ;  z= vertical height of soil above the slip 
plane (m); β = slope angle (degree); yw=unit weight of 
water (KN/m3); hw= vertical height of groundwater 
table above the slip plane (m); and ∅’=effective angle of 
internal friction of the soil material (degree). 

B. Numerical Modeling 
The effect of vegetation on the stability of slopes can 
be investigated using Numerical modeling. There 
are various tools available to simulate the effect of 
vegetation on slope stability with some modifications 
in the modeling (e.g. ANSYS, ABAQUS, PLAXIS, 
FLAC, UDEC, PHASE2 etc). 

The effects of vegetation have been taken into account in the 
slope stability analysis by modifying the soil properties of 
the individual soil element that is affected by vegetation. For 
example, the soil elements in the top layer of the slope can have 
a higher cohesion value due to the additional apparent cohesion 
from root reinforcement. 

Use of the “equivalent layer” approach, in which the 
reinforced soil is replaced by an equivalent soil with 
strength properties obtained from laboratory shear 
tests has also been studied. The effects of large plant 
on soil reinforcement are not uniform and it generally 
decreases with the increasing distance from the collar 
of the plants. However, the effect of grasses and shrubs 
can be assumed uniform so as to bind the upper layer 
of the soil. The root systems of tree can be classified as 
heart-root, tap-root and plate-root systems. The typical 
discretization and modeling of vegetated slopes are 
shown in Fig. 2 and 3.

Fig.2. Discretized model for the simulation of  
slope with shrubs
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Fig. 3.  Discretized model for the simulation of slope with 
trees 

III. Simulation Of Mine Dump
Numerical modeling based on finite difference method 
has been used for the simulation of dump slopes. 
Figure 4 shows typical discretization of a dump slope 
of height 10 m with slope angle 45 degree. Mohr-
coulomb elastic-perfectly-plastic failure criterion (built 
in FLAC) has been used for the modeling of vegetated 
dump slope. Discretization of the model has been 
made in such a way that it forms four distinct layers as 
one goes from top layer to bottom layer. The physico 
mechanical properties of composite materials (dump 
and vegetation) vary with depth from the surface. The 
top layers of dump slope have higher cohesion values, 
as additional apparent cohesion is added due to root 
reinforcement. Table 1 shows input properties for 
simulation of dump. 

Fig. 4.  Discretization for simulation of mine dump slope

Table I: Input Parameter In The Transient 
Rainfall Infiltration Model

Parameter Value
Water unit weight (kN/m3) 9.8
Dump material cohesion (kPa) 9.4
Friction angle 33
Density of Dump material (kN/m3 ) 20
Max depth of regolith Zmax /m Varying

    
Fig.5.   Shear strain increment (without vegetation)

Fig. 5 shows the shear strain increment of dump slope 
without vegetation. The slip circle starts 1.5 m away 
from crest and passes above the toe of slope.  The factor 
of safety of dump slope without vegetation has been 
obtained as 1.25. This indicates that slope is stable in 
short term. However, it may fail if the conditions are 
unfavorable.

IV. Numerical Model Of Dump With Water 
The mine dumps are made up of blasted muck with 
rock pieces, fine rock and soil. They get compacted 
with time with an increase in load of dump materials 
over it. During the compaction of mine dump, some 
cracks of variable aperture are formed due to open 
spaces left between such pieces (Fig. 6a). These cracks 
are inherent, having variable lengths and are randomly 
oriented. Some of these cracks may get interconnected 
such that water may flow through it. The cracks get 
filled with water which subsequently gets drained out 
(Fig. 6b). However, during rainy season, the rate of 
input of water to these cracks is higher than the rate of 
discharge of water through cracks (Fig. 6c). It results in 
filling up of crack with water. Water filled up in the crack 
creates a water column of variable length (depending 
on amount of water flowing at the surface). The water 
column exerts hydraulic pressure depending upon the 
length of the water column. As the exact location of 

AB

C
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interconnected joints or cracks is not known, therefore, 
the whole upper part of slope is considered as jointed 
rock mass and the water pressure is applied from the 
top part of slope. The heavy rain condition has been 
simulated by considering a water column of full length 
from toe to crest of the slope. The input parameters 
used in the simulation have been tabulated in Table I.

Vegetation binds the upper layer of the slope. The 
thickness and extent of binding depends on the type of 
vegetation used. The grass bind 0.10 m – 0.30 m of top 
layer whereas the shrubs bind 0.5 m – 1.0 m thickness 
(Rai and Shrivastva 2010). The layers bound by trees are 
much greater and vary by the condition of individual tree. 
It varies tree to tree with age. However, one can safely 
consider that 2 m - 4 m of layer is bounded by a moderate 
size tree. Binding of the upper layer leads to the closing of 
the cracks in upper layer and, therefore, the probability of 
infiltration of water into these cracks is minimum. Hence, 
it could be safely considered that a good vegetated surface 
having grass, shrub and tree completely bind the upper 
surface and it does not allow the water infiltration into the 
cracks. However, intermediate stages are possible in cases 
where vegetation is not proper.

Similarly, by considering variable water column in these 
inter connected cracks for an ordinary or bad vegetated 
condition has also been simulated. Thus, water-head 
in the interconnected cracks cannot develop up to full 
length of water column. It does not exert water pressure 
as much as without vegetation. The intermediate stage of 
variable water column has been modeled by varying the 
length of water column. Seven cases have been simulated 
considering different levels of water pressure. The level 
of water column depends on the types of plants used. 
The first model considered full length of water column 
simulating heavy rain condition with no vegetation. It 
has been assumed that, as the vegetation increases, the 
length of the water column decreases. 

Fig.6. Conceptual figure of mine dump during rainy 
season

Binding of the upper layer by vegetation reduces the 
infiltration of water into the cracks. Factor of safety 
has been tabulated in Table II. It shows as the depth of 
water column increases factor of safety decreases. 
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Table II: Effect Of Water Column On The Factor 
Of Safety

Case 
No. Depth of water column Factor of Safety

a Full length of water column (100%) 0.63

b Four fifth of full length of water 
column (80%) 0.66

c Three fifth of full length of water 
column (60%) 0.74

d Two fifth of full length of water 
column (40%) 1.06

e One fifth of full length of water 
column (20%) 1.17

V. Stability Of Higher Dumps  
The simulation of dump slope has been carried out 
for lower dump height (10 m) only. However, it is of 
common knowledge that dump heights increase as 
opencast mining goes deeper. The effect of vegetation 
on higher dumps has become very important and 
also needs a careful examination. Three case studies 
of higher dumps have also been simulated. The input 
parameters have been taken from actual case studies. 
The heights of dump varied from 30 m to 100 m. 
Results in terms of overall factor of safety (with and 
without vegetation) have been determined. The details 
of these models are presented in Table III.

Table III: Simulation Parameters And Results 
(Factor Of Safety) Obtained For Three Case 

Studies, For Higher Dumps.

Case 
No.

Dump 
Angle 
(0)

Height 
dump(m)

Coh.

(KPa)

Fric. 
angle 
(0)

FOS
FOS, 
with 
veg.

a 41 30 6.30 39 1.14 1.35

b. 45 60 38.0 40 1.29 1.32

c. 38 100 19.0 39 1.21 1.22

he factor of safety has been 1.14 for the dump height 
of 30 m. This slope was again simulated considering 
vegetation (grass, shrub and tree). The overall factor 
of safety of slope has increased to 1.35. Similarly The 
increment in the factor of safety was now considerably 
negligible for higher dump height. 

There are two types of failure that may occur in higher 
dump slope; local failure and overall (large failure). It is 
obvious from above discussion that the improvement 
in overall factor of safety of the slope was not very 
significant due to vegetation. However, analysis has to 
be done regarding local failure of top portion of the 
benches and effect of vegetation on it.

The main cause of slope failure may be attributed to 
water as it infiltrates into the slopes and creates pressure 
which results into slope failure. The lower part gets 
compacted by overburden load as the height increases. 
Therefore, the water column cannot go very deep due 
to compactness of dump material. Its effect is more 
relevant on upper portion of mine dump slope meaning 
that there are more chances of local failure in upper 
region of dumps. The strength reduction technique 
gives the global factor of safety, which indicates the 
condition of model (stable or unstable). It does not give 
the local factor of safety for small zones. Therefore, the 
limit equilibrium method (Bishop, 1995) has been used 
to calculate the local factor of safety. 

All three case studies, discussed above, have further 
been simulated for local failures. It has been assumed 
that the slip circles pass at depth up to 10 m or 20 m 
from the top of the dump slope. The circle having the 
least factor of safety could be considered as a most 
probable slip plane (Fig. 7).  

  

 

Case (a) dump height = 30 m

Case (b) dump height = 60 m
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Fig.7. Possible Slip Circles (upto 20 m) for various 
height of dump slope

Results of simulations in terms of local factor of safety 
in dry condition and in rainy condition, as well as with 
vegetation have been tabulated for 30.0 m, 60.0 m and 
100.0 m high dump slope in table 4. The local zones of 
failures have been computed for 10.0 m and 20.0 m. 
Three   scenarios has been discussed i.e. (a) dump slope 
without vegetation, (b) dump slope with water and 
(c) dump slope with complete vegetation. The local 
factor of safety of localized area of top 10 m of 30 m 
high dump slope has been 1.40. It drastically reduced 
to 0.56 in case of heavy rain. However, factor of safety 
of 1.80 has been obtained with full range of vegetation 
on dump slope. Similarly, top 20 m of localized area, 
having a factor of safety 1.13 reduced to 0.43.  The 
stability of this localized region could be improved to 
1.40 by the effect of vegetation.

Regarding the simulation for 60.0 m high slope, the 
factor of safety of top 10 m localized area has been 2.59. 
It has reduced to 1.60 in rainy condition, and improved 
to 2.84 with vegetation. A similar trend was obtained 
for top 20 m localized area (Table IV).

In the third case, the simulations for 100 m dump 
height also indicate a reduction in the factor of safety 
for rainy conditions, with further improvement in the 
scenario of full vegetation. This was observed for both, 
10 m and 20 m, localized zones (Table IV).

Table IV: Local Factor Of Safety At Different 
Dump Slope Height For Three Simulated 

Conditions: A) Dump Slope Without Vegetation; 

B) Dump Slope With Water And C) Dump Slope 
With Complete Vegetation.

Case 
No.

Model 
No.

Total 
height 
of 
dump

Depth 
of local 
failure 

Local 
factor 
of 
safety

Local 
factor               
of 
safety               
with 
water

Local 
factor of 
safety with 
vegetation

1 1 30 10 1.40 0.56 1.80

2 30 20 1.13 0.43 1.40

2 3 60 10 2.59 1.60 2.84

4 60 20 1.90 1.08 2.16

3 5 100 10 2.40 1.62 2.80

6 100 20 1.84 0.95 2.06

VI. Conclusions
From this work, the following items can be extracted in 
a summarized way:

a) Water plays a very important role in dump slope 
stability. It infiltrates into the joints and cracks 
and creates a water pressure. This results in the 
reduction of the factor of safety to very low 
values (up to 0.63). Good vegetation binds the 
upper layer and prevents the water infiltration 
into the cracks and joints, improving the factor 
of safety (around 1.60). 

b) The overall factors of safety of higher dump 
slope are not significantly affected by vegetation. 
Simulations indicated that the improvement in 
factor of safety due to vegetation on higher dump 
was very small or in some cases, was negligible. 

c) Regarding the analysis for local failure, it is 
possible to conclude that vegetation plays a very 
important role in the stability of higher dumps 
during rainy season. The localized zones near 
the crest are highly vulnerable to the effect of 
water; nevertheless, vegetation (grasses, shrubs 
and trees) binds the upper layer and improves 
the stability of higher dump in way to prevent 
the local failure.

Case (c) dump height = 100 m
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Abstract — 
Slope movement thresholds as derived from the scientific analysis of slope movement monitoring data can play a significant 
role in the risk management of slope stability in opencast mines. The threshold can be used as an indicator of an impending 
slope instability or to detect some unusual slope behaviour so that mine management can plan and implement appropriate 
remedial and control measures to thwart or to minimise the impact of slope failures, if any. This paper presents a scientific 
review of the various slope movement thresholds as reported or proposed by different authors/researchers based on the 
analyses of different types slope monitoring data in opencast mines across the world. The slope movement thresholds are 
observed to vary widely in coal and non-coal opencast mines in the ranges of 0.1 - 2.82 mm/day and 0.1 to 150 mm/day 
respectively. These are indicated to assume specific values for a particular geo mining settings and even becomes slope 
specific in a given mine. Velocity is found to be a better indicator of slope movement behaviour than displacement alone.

Keywords— opencast mine, slope movement, slope monitoring, movement threshold, slope failure, velocity

I. Introduction 
Slope monitoring constitutes an integral part of slope 
management in open-pit mines and is basically aimed 
at identifying potentially sensitive slope sections or 
impending slope instabilities and also to assess the 
slope performance against a particular slope design. 
Slope monitoring data of unstable slopes is studied and 
analysed to establish or evolve movement thresholds 
that can be used to alert the mine management 
or to trigger a response against the specified slope 
movement and to provide an early warning before the 
onset of impending slope failures. Appropriate use of 
movement threshold helps the mine management to 
ensure the safety of men and machineries in the mine 
area and also to minimize the impact of slope failures. 
Slope movement thresholds can thus play a significant 
role in the risk management of an open pit mine. 
Thresholds essentially serve as indicator for evaluating 
the probability of potential slope instability and assume 
different slope specific values for different notification 
periods preceding the likely slope failure. Slope 

movement behaviour is a complex phenomenon and is 
influenced by host of factors like, slope geometry, slope 
forming materials, effect of water, slope condition, type 
of excavation, etc. and therefore cannot be generalised. 
Slope movement threshold being an outcome of the 
slope movement characteristics of a particular slope 
is specific to a given geo-mining setup and is even 
slope specific in a particular mine. Slope movement 
thresholds have been derived and reported by different 
authors/researchers based on the analysis of slope 
movement monitoring data of various opencast coal 
and non-coal mines in different countries across the 
world. Different types of commonly derived movement 
thresholds are in terms of displacement, velocity, 
inverse velocity, etc. This paper reviews the slope 
movement thresholds as reported by different authors.

II. Review Of Slope Movement Thresholds 
In Opencast Coal Mines 
A. Case study of a lignite mine, India

The mine is a lignite opencast mine situated in the 
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Gujarat state of India. The slope mass at this mine 
mainly consists of lignite coal seam as rock mass 
overlain and interlaid by varying types of soil masses. 
The soil consists of clayey soil, sandy soil, ball clay, etc. 
The soil mass can be categorised as very weak to weak 
slope material whereas the lignite coal is categorised 
mostly as poor rock mass. A radar based monitoring 
system (Slope Stability Radar, SSR) is used to monitor 
the slope movement at this mine on real time basis. 
The SSR is located on the western/dip side towards the 
southern end of the mine workings and monitors the dip 
side pit slopes and rise side in-pit dumps placed along 
the strike. The different areas, which are monitored by 
SSR are named as Dump above the barrier, G-4 Dump 
& In-pit Dump, S-W Benches & South Barrier (Fig. 1).

Fig. 1. Different areas of mine under monitoring [2]

      The slope movements associated with three failures 
occurred in SW benches (Failure 1), South barrier 
(Failure 2) and Dump above the north barrier (Failure 3) 
were analysed. The movement parameters at the time of 
onset of movement, at transition point and at the point 
of actual failure vary over a wide range for these three 
failures. The slope movement characteristics in terms of 
displacement & velocity within 24 hours preceding the 
failure and at onset of movement, at transition point and 
at actual failure in respect of failure 2 (south barrier) is 
found to be significantly different (higher) as compared 
to those of failures 1 and 3 occurred in SW benches 
and Dump above the north barrier respectively. Based 
on the detailed analysis, slope movement velocity 
threshold of 1.06 mm/hour, 0.35 mm/hour, 0.18 mm/
hour are indicated with a notification period of 2 hour, 
6 hour and 12 hour respectively preceding the failure. 
Similarly, velocity thresholds of 0.02 mm/day and 0.07 
mm/day are indicated with notification periods of 12 
hour and 24 hour respectively preceding the failure. It 
is indicated that failure occurs after around 14-20 hours 

after the slope movement reaches the point of onset i.e. 
progressive stage [2]. The variations of slope velocity 
over 24 hours preceding the failure are depicted in Figs. 
2 and 3.

The threshold limits as indicated/derived above are 
totally based upon the slope movement/failure data 
of SSR as provided by the mine management. It is 
suggested that the realistic threshold be evolved on a 
continuous basis by calibration of indicated/existing 
thresholds through in-depth scientific study of general 
slope movement & slope movement leading to the 
actual failures on a sustained basis.   

Fig. 2.  The variation of velocity over 24 hrs preceding 
the failure [2]

Fig. 3. The variation of daily velocity over 24 hrs 
preceding the failure [2]

B. Case study of a coal mine, Australia 

Harries et al [8] reported the case of Mount Owen 
Coal Mine located in the Hunter Valley, Australia. The 
North Pit of the Mount Owen Complex of coal mines 
is the deepest open cut coal operation in Australia and 
has extreme geological conditions. The mine is situated 
between two regional thrust faults. The unstable 
low wall has been monitored using the conventional 
methods earlier, but when the movement rates 
exceeded, the mine started continuous monitoring of 
slopes in 2005 using SSR. The SSR is located to the left 
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side of the low wall (Fig. 4a & 4b).   

Fig. 4a. Different areas of mine as monitored by SSR [8]

Fig. 4b. Colour coded visuals of movement over the 
whole slump area [8]

The failure at this mine involved part of the waste 
dump and roads leading to the dump area with an 
estimated volume of 15,000,000 to 30,000,000 m3 and 
occurred at around 07.40 AM of 29/01/2005. A red 
alert (urgent alarm) of 70 mm movement threshold 
over a time period of 45 minutes was set up for the 
scanned, pixelled area of 1029 m2. The red alert was first 
triggered at 03:43 on 29/01/05, about 4 hours preceding 
the actual failure. The maximum deformation recorded 
at the time of failure was 1000 mm.

C. Case study of a coal mine, Canada
Cruden and Masoumzadeh [3] studied the slope 
movement of the north wall of 51-B-2 pit of the Luscar 
coal mine in Alberta, Canada. The study was based on 
the 45 deformation measurement data spread over 249 
days during 6 March to 10 November, 1979 (the day of 
actual failure) as obtained from the Electronic Distance 
Measurement and Theodolite based monitoring 
system. They observed that when accelerating creep 
is considered in 2 stages, the power and exponential 
laws underestimate displacement rates at times close 

to failure. They identified three accelerating creep 
stages using power (Fig. 5) and exponential laws 
for the prediction of the critical slide velocity, when 
evacuation of pit personnel and equipment should 
begin. The threshold velocities of 0.02 mm/min and 0.1 
mm/min marked the initiations of the second and third 
accelerating creep stages respectively approximately 34 
hours before failure. A critical slide velocity of 0.5 mm/
min was observed 8.5 hours before failure.

Fig.5. Power law fit to the displacements [3]

III. Review Of Slope Movement Thresholds 
In Metalliferous Mines 

A. Case study of a gold mine, Australia 
This is a gold mine located at Telfer, in the Great Sandy 
Desert of Western Australia, where Slope Stability 
Radar (SSR) is used as the main slope monitoring 
system to manage the risk of pit slope instability. Back 
analysis of the 15 slope failures occurred at this mine 
was conducted to test and validate the appropriateness 
of SSR alarm thresholds applied at the site. Alarm 
thresholds applied at the time of collapse were 
tested and the notification period prior to collapse 
documented by Saunders et al [10]. The results of back 
analysis is show in Table I.  

The velocities as measured prior to collapse were 
analysed considering movement rates in terms of mm/
hr and mm/day applying 60, 180, 720 and 1,440 minute 
velocity calculation periods (VCP). Based on the 
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analysis of inverse velocity at failure, it was observed 
that shorter velocity calculation periods produced more 
accurate failure forecasts. The 1,440 minute velocity 
calculation period produced forecast error in the range 
of 0 to 14 hours post failure whereas the forecast error 
with 60 minute calculation period ranged from two 
hours prior to three hours post failure. 

TABLE I. Results of the back analysis of failures 
[10]

Alarm type Generic 
threshold

Time before failure

Average 
(hr.) 

Maximum Minimum

Deformation 4mm/4 hr 6.33 10h 45 m 1h 24 m

8mm/4hr 3.22 9h 52m 0

Velocity 3 mm/hr 2.3 12h 15m 0

2mm/hr 2.71 8h 34m 0

Velocity 
ratio

2 2.03 7h 27m 13

2 2.42 7h 27m 0

Inverse 
velocity

0.66 hr/
mm

6.96 20h 39m 1h 24m

0.4 hr/
mm

2.77 7h 44m 0

0.3hr/mm 1.66 3h 53m 0

0.2 hr/
mm

0.82 2h 3m 0

Coherence 0.9 0.33 1h 14m 0

Tracking 6.85 mm/
scan

0.21 39m 0

They concluded that (i) a velocity threshold of 1.5 mm/
hr and equivalent inverse velocity of 0.66 hr/mm proved 
to be appropriate with an average notification period 
of 6.96 hours and an observed minimum notification 
period of 1 hour, 24 minutes, (ii) Deformation alarm 
thresholds of 4 mm/4 hrs and 6 mm/4 hrs were tested 
and proved appropriate with alarms triggering, on 
average, >5 hours prior to failure, and (iii) Inverse 
velocity alarms of 0.2 hr/mm or less, coherence and 
tracking alarms were determined to be inappropriate 
in terms of providing adequate notification periods for 
this mine providing an average notification period of 
<1 hour prior to failure.

B. Case study of open pit porphyry mines, 
Canada

The pit slope monitoring practices were surveyed in 
seven operating open pit copper-molybdenum (Cu-
Mo) mines situated in British Columbia (BC), Canada 
by Sullivan et al. [13]. The slopes monitoring systems at 
these mines mainly included Prism based monitoring 
except in two mines, where radar based slope monitoring 
was also used. Different mines used different movement 
thresholds to trigger different levels of operational 
responses as shown in Table II. The different movement 
thresholds used at these mines could possibly be due to the 
difference between these mines in terms of monitoring 
coverage and ability to increase monitoring in areas 
experiencing unexpected movements, production 
rates and size of the pit walls, and rock mass quality 
and influence of structural geology.

They opined that the movement thresholds that trigger 
a specific response are quite higher in radar based 
monitoring as compared to prism based monitoring. 
Radar systems provide more rapid, real-time monitoring 
and better knowledge of the area/volume of pit wall that 
is deforming as compared to prism based monitoring.   

Table II. PIT wALL MOVEMEnT THrESHOLDS uSED By 
DIffErEnT MInES [13]

Name of the 
mine

Movement 
velocity threshold

Response

HVC radar 4 mm/hr Caution
5 mm/hr Alert

HVC prism 0-15 mm/day Normal
15-25 mm/day Caution
25-50 mm/day Alert
50-100 mm/day stop
<50 mmm/day Resume mining

Gibraltar 0-25 mm/day Normal
25-64 mm/day Caution
64-102 mm/day Alert
>102 mmm/day Suspend production
<102 mmm/day Resume mining with 

restrictions
Endako 0-25 mm/day Normal

>25 mmm/day Monitor movement
Huckleberry 20 mm/hr on 

radar
Alarm triggers

Mount Polley 0-50 mm/day Normal
>50 mmm/day Pit shutdown
3 days of 
acceleration <50 
mm/day

Resume mining

Copper 
Mountain

0-15 mm/day Normal
>50 mmm/day Alert
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IV. SUMMARY OF SLOPE MOVEMENT  
THRESHOLDS
The slope movement thresholds as reported and derived 
by different authors/researchers based on their studies 
of slope monitoring by discontinuous/prism based and 
continuous/radar based methods in different opencast 
mines are shown in Tables III and IV respectively. 

Table iii.   movement threshold based ON 
DISCONTINUOUS monitoring

Source Mine Movement threshold 
suggested

Remarks

Martin, D. 
C. [5]
Creep 
Deformation 

Undisclosed 
Mine

10 - 100 
mm/day
(or more)

0.4 to 
4.1mm/h

Progressive stage

0.2 to 2 
mm/day

0.008 
to 0.08 
mm/h

Strain hardening

0.1mm/
day

0.004 
mm/h

Initial response

Cruden 
D. M. and 
Masoumzadeh  
S. [3] 
EDM & Prism

Coal Mine
0.02 mm/min (1.2 
mm/h)

Initiation of second 
acceleration stage

0.1 mm/min (6 
mm/h)

Initiation of third 
acceleration stage

Sullivan et al 
[13]  

Traditional 
methods

Coal/Non 
Coal Mine

0.05 - 0.1 mm/day Significant Creep

0.1 - 0.25 mm/day Definite movement 
of slope related to 
shear of displace-
ment on structures

0.25 - 0.5 mm/day Likely to 
fail sometime in 
future

1 mm/day High chance of 
failure

More than 1.0 mm/
day

Pre-failure collapse 
movements

Roux R. et al. 
[11] 

Total Station 

Gold Mine
0.1 mm/day for 3 
days; downward 
vertical movement

Red alert 

0.2 mm/day Evacuate

0.5 mm/day for 10 
days; horizontal 
movement

Orange alert

1.0 mm/day for 3 
days; horizontal 
movement

Red alert

Reaching 2.0 mm/
day horizontal move-
ment

Evacuate (if this 
rate develops from 
red alert condition.

Wessels S. & 
Naismith W. 
[14]

Prism based   

Copper Mine
2 mm/day Alert warning level 

- Natural “relax-
ation” of  the rock 
mass

Table IV.   MOVEMEnT THrESHOLDS BASED On 
COnTInuOuS MOnITOrIng

Source Mine Movement 
threshold 
suggested

Remarks

CIMFR 
Report [2]

Lignite mine
1-3 mm/h

Failure could occur 
within 2 hour

Mononen 
S. et al. 
[7] 

Apatite mine 1.8 mm/h Critical condition 
for entire radar map

0.9 mm/h Alert condition for 
entire radar map

2-3 mm/h Aggressive veloc-
ity threshold for 
ANGELA radar

4-5 mm/h Conservative veloc-
ity threshold of MIA 
radar

1-2 mm/h Alternative veloc-
ity threshold for 
ANGELA radar  

10 mm/h Alternative velocity 
threshold for MIA 
radar

Larsson et 
al. [4] 

Undisclosed 
open-pit 
mine

1 mm/h Alarm level 1, sent 
to a designated per-
son

1.5-1.9 mm/h Alarm level 2, 
Alarm sent to the 
mining centre and 
selected supervi-
sors. Competent 
person calculates 
"Inverse Velocity".

2.8 mm/h Alarm level 3, 
Evacuation of the 
area under alarm 
area

Carla T. et 
al. [1] 

Undisclosed 
open-pit 
mine

1-2 mm/h Threshold level 1 - 
the initial stage of 
emergency man-
agement
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>1-2 mm/h Threshold level 2- 
established when 
the movement ex-
ceeds threshold 
level 1, may be in-
creased after evalu-
ation of radar mech-
anism

20 - 30 mm/h Threshold level 
3- After this point 
movement has to 
be continuously 
monitored

Saunders 
et al. [10] 

Gold - 
Copper 
Mines

2 mm/h Insufficient notifica-
tion period

1.5 mm/h The most appropri-
ate notification peri-
od prior to failure

4 mm/ 4h Appropriate notifi-
cation period prior 
to collapse

1 mm/h Limited success due 
to frequent unwant-
ed alarms caused by 
noise in the data

Osasan et 
al. [9]

Copper Mine 0.5 - 1.4 mm/h Onset of Failure 

5 mm/h At Failure 

Coal Mine 1.4 mm/h Onset of failure

2- 4 mm/h At failure

Wessels & 
Naismith   
[14]   

Copper mine 10 mm/h Scram: Immediate 
evacuation from 
the area of concern 
(Advance warning 
of 2 hours)

5 mm/h Alarm: Increase 
frequency of rate 
calculations to ev-
ery 15 m (Inform 
control tower & 
Geotechnical en-
gineer) (Advance 
warning of 6 hours)

3.5 mm/h Alert: Increase fre-
quency of rate cal-
culations to every 
30 min. (Advance 
warning of 12 
hours)

Little M. 
J. [6] Platinum 

mine

10 mm/2h Red alarm 
(Evacuation of risky 
area)

Zavodni Z. 
M. [17]     

Undisclosed 
open-pit 
mine

6.25 mm/h Clear mining area 

4.2 mm/h Clear mining area 
(Progressive geom-
etry and progressive 
velocity)

2.1 mm/h Indicates progres-
sive failure (total 
collapse expected 
within 48 hours)

0.63 mm/h No failure expected 
within 48hrs

0.71 mm/h No failure expected 
within 24hrs

0.004 mm/h Initial response

V. COnCLuSIOnS 
Slope movement thresholds for a particular slope are 
mainly dependent upon slope forming material/rock 
mass quality, slope profile, influence of structural 
geology and hydrogeological characteristics. 

The movement thresholds can be used as an indicator 
of an impending slope instability or to detect some 
unusual slope behaviour in an opencast mine so 
that mine management can plan and implement 
appropriate remedial and control measures to thwart 
or to minimize the impact of slope failures, if any. Slope 
movement thresholds can therefore play a significant 
role in the slope management of a given opencast mine.

Thresholds are indicated to assume specific values for a 
particular geo-mining settings and even becomes slope 
specific in a given mine. However, some generalizations 
can be made in terms of movement thresholds to begin 
with. Velocity is found to be a better indicator of slope 
movement behaviour than displacement alone. 

The movement thresholds corresponding to a 
specific response assume higher values in radar based 
monitoring as compared to prism based monitoring.

It is suggested that opencast mines especially large 
scale capital intensive opencast mines & mines 
operating under the constraints of complex geo-mining 
conditions/sensitive slope conditions evolve different 
levels of slope movement thresholds to trigger various 
levels of alerts through implementation of appropriate 
slope monitoring and data interpretation plan to enable 
advance implementation of slope control and remedial 
measures for safe and smooth mining operations. 
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 Abstract — 
Opencast coal mining involves handling of large volume of overburden (OB), a portion of which can be back-filled in the 
de-coaled area of mine. The remaining OB has to be dumped outside the quarry in a convenient place considering safety, 
environment and economical aspects.  This waste material dumped outside the quarry is termed as external dump whereas 
back-filled dump is termed as internal dump. Due  to  ever  growing  population  of   India  and  non-availability  of  land  
for disposal of external  dump, the  need of the hour  is to  accommodate majority of  waste  dump within  de-coaled area.

Other  than above  problem,  flowing  water table  within internal  dump  poses  a tremendous  problem  to the  stability  of  
internal  dragline dump.  This water  table exerts  upward  thrust  of  water  and  also  seepage force  of water  towards  the  
toe  of dragline  dump. This  upward  thrust  of water  and  seepage force  of  water  has  major  influence on  stability  of  
internal  dump. A research  and development  study  has been  taken  up  by BIT  Mesra  for developing  a guideline  on  design  
of shovel-dumper dump above dragline dump and delineation of phreatic surface within dragline dump. The study is under 
progress on all the dragline mines of CIL and the part outcome of   this study on NCL mines  is presented here.  

I. Introduction 
Proposed outcome of on-going R&D study on NCL 
mines

It will give guidelines for the following

a) NCL mines received unprecedented rain in July - 
September 2016 in comparison to previous years 
and there is a variation of water table within 
dragline dump and also in a part of shovel-
dumper dump.

b) This study will  predict  the slope geometry of 
dragline and shovel-dumper dump (all the tiers) 
for all the variations of the water table throughout 
all seasons i.e. January - March, April - June, 
July - September, October - December and also 
for variation of rainfall during the study period 
i.e. three years from the start of the project.

c) BIT Mesra is monitoring the variation of water 
table during study period and accordingly, a 
guideline will  be  developed for design of both 
dragline and shovel-dumper dump (all the tiers) 
depending on variable water table within dump 
and other geo-engineering parameters.

d) This study will validate the research findings to 
Jayant opencast mine, NCL.

Work Plan of R&D on NCL mines

 Sequence of computation is envisaged  below :-
a) Following opencast mine of   NCL is being 

studied - Jayant, Bina, Khadia, Nigahi, 
Dudhichua & Amlohri.

b) Following geo-engineering parameters is being 
determined:-

i. Geo-technical parameters of dragline  and shovel 
–dumper dump material.

ii. Geo-technical parameters of interface material 
(i.e. the slushy layer at the base of dragline dump).

iii. Determination of phreatic surface within 
dragline dump for all the variations of water 
table throughout all the seasons i.e. January - 
March, April - June, July - September, October 
- December and also for variation of rainfall 
during the study period i.e. three years from the 
start of the project.
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iv. Upward thrust of water exerted on dump based 
on above varying phreatic surface.

v. Seepage force of water flowing through dump 
mass based on above varying phreatic surface.

vi. Seismic force on dump mass.

vii. Geo-technical parameters of shovel-dumper 
dump material.

viii. Dragline dump geometry and Shovel-dumper 
dump geometry for all the tiers is being 
considered for all the above mine.

ix. It helps in developing a guideline for each 
dragline operated mine to predict dragline and 
shovel dumper dump for all the tiers depending 
on geo-technical parameters of dump material, 
mine floor inclination, water table profile within 
dump mass for all the seasons, seismicity of 
the area, geometry of dragline dump and also 
geometry of shovel-dumper dump.

Methodology of Stability Analysis

Followings steps have been considered:-
·	 Step 1 - Geo-engineering parameters is being 

determined for both dragline  and Shovel-
dumper dump.

·	 Step 2 - Phreatic surface is being determined for 
all the seasons i.e.  January - March, April - June, 
July - September, October - December and also 
for variation of rainfall during the study period 
i.e. three years from the start of the project. 
[Methodology of delineation of the water table 
is explained below]

·	 Step 3 - Stipulated Factor of Safety for both 
Shovel-dumper dump (all the tiers) and dragline 
dump is selected as per international norms.

·	 Step 4 - Factor of Safety is being determined 
with the above geo-engineering parameters for 
both Shovel-dumper dump and dragline dump 
for all the above mentioned seasons.

·	 Step 5 - Slope geometry of dragline dump and 
shovel-dumper dump for all the tiers is being 
predicted considering stipulated  factor of safety 
for all the seasons and all the three years  of 
study period.

The geo-engineering parameters considered in the 
stability analysis are - geo-technical parameters, hydro-
geological parameters, seismicity of the area, surcharge 
load of shovel-dumper dump over dragline dump etc.

With the above geo-engineering parameters, Factor 
of Safety of both Shovel-dumper dump and dragline 
dump is determined in the following manner:-  

·	 Determination of Factor of Safety of 1st trial 
surface ABDC (Circular-cum-Planar failure 
surface) by Fellinius method [Fig 1].

·	 An iteration method to locate the most critical 
failure surface corresponding to an absolute 
minimum Factor of Safety by Fellinius method.

·	 Absolute minimum Factor of Safety 
corresponding to most critical failure surface by 
Fellinius method is further modified by Bishop’s 
simplified method.

·	 The factor of safety (FS) by Bishop’s simplified 
method of the shovel-dumper dump and dragline 
dump is compared with a stipulated value of 
Factor of Safety.

·	 The slope geometry of dragline and shovel-
dumper dump for all the tiers and for all seasons 
corresponding to stipulated FS is selected.

Due to difficulty in assessing the water table within 
dragline dump mass through piezometer, the height of 
water table (Hw) behind dump toe is determined by 
Casagrande’s equation.

Pa = Dp/CosL  - Sqrt[(Dp/ CosL)2 – (Hw/SinL)2]

Where,

L = Slope angle of dump with horizontal.  

Pa = Length of oozing near toe of dump which is 
measured once in a month in the field.

Dp = the distance between toe and the point of 
curvature on phreatic surface.

Phreatic surface (DPPY, DPPx) is also determined by 
the following equation:

DPPY (J) = Sqrt{(DPPX- Pa ×CosL/2) ×2Pa 
×SinL×TanL}
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Figure 1: Free body diagram for stability analysis

The water table within dragline dump is having 
following effects on the stability:-

·	 Upward thrust of water – It is determined by 
the product of unit weight of water × volume of 
dragline dump mass under water table falling 
within the failure mass of dump.

·	 Seepage force – It is determined by the product 
of unit weight of water × volume of dragline 
dump mass under water table falling within 
the failure mass of dump × Sin of gradient of 
phreatic surface with respect to horizontal.

 Groundwater Modeling:-   Ground  water  modeling   
was carried  out  by   MODFLOW , software    which is 
the U.S. Geological Survey modular finite-difference flow 
model. The program is used by  hydro-geologists  to 
simulate the flow of   groundwater  through  aquifers. 
Groundwater modeling calibration is accomplished 
through a trial and error approach by modifying the 
two key parameters i.e., hydraulic conductivity and 
recharge rates. Ground water modeling of  Jayant ocp 
has been presented below.

Groundwater modeling for Jayant ocp, NCL

Recommended profile of Jayant :

Conclusion 
BIT Mesra completed two R&D projects, one is from 
2010 - 13 (56.50 lakhs) & 2013 – 16 (26 lakhs).

Summary of 1st R&D  

The 1st R&D gives a guideline for  prediction of overall  
height  and slope  of  dragline dump  depending  
on range  of  various  important  geo-engineering 
parameters 

Summary of 2nd R&D 

The 2nd  R&D gives a guideline for optimization of  
distance between  toe  of dragline dump and  toe of 
nearest  shovel-dumper  dump.

On-going  R&D 

In succession of above two R& D projects, this R&D 
project is under progress which will predict overall 
recommendation of shovel-dumper dump above 
dragline dump considering stability of both shovel-
dumper dump and dragline dump.
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Abstract — 
The qualitative description of dump slope by means of existing rating system of mine dump and correlating it with the help of 
numerical modelling has become one of the most challenging topic for stability of dump slopes. Many rating system has been 
proposed by considering particular rock structure or for specific purposes. In the present study, a rating system has been used 
for determining the vulnerability of dump slope of the mine of Dhanbad area, Jharkhand, India. Further it has been validated 
using FLAC/Slope 8.1 version. The mine selected for the study is located in Dhanbad area, Jharkhand, India. The 1991 dump 
stability rating (DSR) characterizes the dump into eleven parameters and provides the vulnerability of the dump failure. 
The vulnerability of the dump lies in the low failure hazard by using 1991 DSR. Further the analysis of same dump slope 
was carried out using numerical modelling and it gave the factor of safety of 1.82 which also indicates the low possibility of 
failure of the dump slope. Thus, the rating assigned to the dump slope of mines validates with that of factor of safety obtained 
from the numerical modelling. DSR characterizes the dump in detail and helps to know the dump characteristics in a better 
way so that any further study can be carried out for more characterization of the dump.

Keywords—DSR, DSCs, Dump slope, Failure hazard 

I. Introduction 
The demand for raw materials and energy supply is 
directly correlated with the increase in the extraction 
of natural resources by opencast mining methods. 
Increase in the activity of open cast mining have led 
to the problem of generation of high volumes of 
dump (OB) material and its transportation from coal 
faces to the specified areas in the mine or outside the 
mining lease hold area. Considering the height and 
weight of the OB dumps, these are some of the largest 
structures made by human beings. The production of 
overburden waste material has been increased in recent 
year in mines and around the mining lease hold area 
ultimately leading to high vulnerability of dump. Large 
amount of land are used for dumping the overburden 
material which replace the existing eco-systems in 
form of dump spoils (Tripathi et al. 2012). Dumping 
of waste dump of mine require large amount of land 
leading to water and atmosphere pollution around the 
mine (Adibee et al. 2013).  

In present time, necessity of coal has significantly 
increased for industries as well as for domestic 

purposes. From last few years, increase in the demand 
of coal production can be seen on Coal India Limited 
Website (CIL, 2010 report), viz., 2017, 2018, 2019 and 
2020 were 554.14 Mt, 567.37 Mt, 606.89 Mt, 602.14 Mt 
respectively. Opencast mining holds the largest share 
in production of coal. Opencast mining generates large 
amount of waste dump which are dump in mining lease 
hold area. There are two types of dump in the mining 
are viz., internal dump and external dump.

The stability of dump slope is necessary for smooth 
functioning of the mine and, therefore, strict 
management of slope of dump is required for avoiding 
accidents due to failure of slope. Inefficient dump 
management is risky for the mining operations 
(Richards et al. 1981, Vishal et al. 2010, Kainthola et al. 
2011, Pradhan et al. 2011, Guptee et al. 2013, Poulsen et 
al. 2014). Slope failure causes large amount of damages 
to properties of mining, production and lives (Bowman 
and Gilchrist 1978, Speck et al. 1993, Kasmer et al. 
2006, Singh et al. 2007, Sharma et al. 2011, Pradhan 
et al. 2014, Singh et al. 2014). The overburden dumps 
which are not in use (abandoned) can experience slope 
losses and erosion at the surface of the slope (Blight 
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et al. 2004, Cho et al. 2014). Structural discontinuity 
in the dump slopes of the mine influences its stability 
and can lead to slope failure in the mine lease hold area 
(Arikan et al. 2010, Verma et al. 2013). 

The main focus is on designing the OB dumps in the 
vicinity of open pit within the allotted area and the 
maximum height which can be attained by geotechnical 
analyses to optimize the operational costs. 

The OB dump of coal mine generally consists of shale, 
sandstone, siltstone, natural soils and few coals. The 
materials of the dump may vary from clay particles to 
large boulders (less the 0.1 mm to greater than 1 m in 
diameter). The dumps in open cast mines are mostly 
build by using end tip dumping and excess materials 
are levelled on the edge and outer face of slope rests 
at the repose angle of the dump material. This type of 
dumping method forms relatively low density dumps 
when compared to embankment fills or any other 
filling method of dump (Linero et al. 2007). A very 
few importance is given for compaction parameters 
of the dump (Dewangan et al. 2016). The parameters 
of compaction provides the benefit of accommodation 
of large volume of materials of dump at steep angle 
of slopes by increasing the strength properties of the 
materials (Dewangan et al. 2016). 

In this paper, a detailed study of the dump of a mine in 
Dhanbad area of Jharkhand state is discussed and proper 
ratings are provided to the mine dump as mentioned 
in the Dump Stability Rating (DSR), 1991(Hawley and 
Cunning 2017) and then it is validated using FLAC/
SLOPE version 8.10. 

II. Study area and geology
The study area is situated in Dhanbad district, which 
is a major coal mining area in India from a very long 
time. Dhanbad is situated within latitude 23°37’30” N- 
24°56’ N and in longitude of 86°8’23”E-86°50’18” E. 
Dhanbad district contains eight major blocks of coal 
namely Dhanbad, Baghmara, Govindpur, Baliapur, 
Nirsa, Jharia, Tundi and Topchanchi. Dhanbad district 
is included in the toposheet number 73 I/1, 73 I/2, 73 
I/5, 73 I/6, 73 I/7, 73 I/9, 73 I/10, 73 I/13, and 73 I/14 
of survey of India (1:50,000 scale). In north, Dhanbad 
district is surrounded by river Barakar and in south it 
is surrounded by river Damodar, where two important 
reservoirs, Panchet and Maithon are located (Singh 
2009). There are other streams such as Katri, Jamunia 

and Pusai that originates from northern hills of Tundi 
and Parasnath areas, and flows from N-S to NNW-SSE 
and then meet to river Damodar.

Fig: Landuse/landcover of Dhanbad district (Singh et 
al. 2018)

Dhanbad district lies on eastern part of Chotanagpur 
plateau and also has undulating topography with three 
main geomorphic features varying from north to south, 
north western part consist of hill ranges, southern and 
eastern part consists of coal mines and undulating 
upland and alluvial fill lower the valleys with bare bridges 
in the north (Singh 2009). Dhanbad district consists of 
metamorphic terrain and is underlain by wide variety of 
geological formations that ranges in age from Archaean 
to Recent. Gondwana and Archaean constitutes the 
major part of the Dhanbad district. Alluvial deposits 
occur in thin layers in the topographic depressions 
along the Barakar and Damodar rivers (Srivastava et 
al. 2012). The landforms of dhanbad district consists of 
alluvial plains, pediplain, structural ridges, denudation 
hills and dissected pediplain. Pediplain develops over 
gneiss of granite and metasediments have higher 
frequency lineaments and are mostly found in blocks 
of Govindpur. Dissected pediplain develops over 
gondwana formations and are mostly found in blocks 
of Nirsa. Denudation hills develops over metamorphic 
rocks which can be found as moderate high hills and 
are situated in northwestern/northeastern parts of 
district. Dhanbad district experiences high amount of 
heat and rainfall which is the favorable condition for the 
formation of laterite soils from the rocks of Archaean 
metamorphic complex in most part of the district and 
it also forms from the lower Gondwana rock from the 
eastern central and western central part of the district 
(Singh 2009). 
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III. Methodology
The first comprehensive study of stability for rock dumps 
and classification of hazard system was introduced in 
Investigation and Design Manual- Interim Guidelines 
(Hawley 2000). Earlier classification systems such as 
Wahler 1979, USBM 1982, MESA 1975 and OSM 1989 
classified wasted dumps into few characteristics based 
on overall foundation and configuration of dump and 
different failure mechanisms and control of stability, 
but they did not try to assign hazard or stability ratings 
in terms of quantitative indices. Different point ratings 
are provided to each factor considered for the rating of 
waste dump and is weighted according to the overall 
importance of the rock dump. The sum of each rating 
has been defined as the dump stability rating (DSR). 
High value of DSR gives lower stability and vice versa. 
The maximum possible value of DSR is 1800. DSR 
is classified into four classes of stability (DSCs) and 
individual DSCs are assigned with relative failure or 
descriptor of instability hazard. 

The key factors which affects the DSR are given below

Key factors affecting stability Maximum Range
Dump height 0-200
Dump volume 0-100
Dump slope 0-100
Foundation slope 0-200
Degree of confinement 0-100
Foundation type 0-200
Dump material quality 0-200
Method of Dumping 0-200
Piezometric and climatic conditions 0-200
Dumping rate 0-200
Seismicity 0-100

 DSR is classified into four classes of stability (DSCs) 
and individual DSCs are assigned with relative failure 
or descriptor of instability hazard. 

Dump stability rating 
(DSR)

Dump stability class 
(DSC)

Failure 
Hazard

<300 I Negligible
300-600 II Low
600-1200 III Moderate
>1200 IV High

IV Result and Discussion
S.no. Dump stability rating, 1991 Mines
1 Dump height 90m; rating= 50
2 Dump volume <1*10^6; rating= 0

3 Dump slope 36°; rating= 100
4 Foundation slope <10°; rating= 0

5 Degree of confinement Moderately confined; rating= 
50

6 Foundation type Competent; 
rating= 0

7 Dump material quality Moderate; 
rating= 100

8 Method of construction Mixed; rating= 100

9 Piezometric and climatic 
conditions

Favorable; 
rating=0

10 Dumping rate Advancement rate <0.1m/d; 
rating= 0

11 Seismicity zone Zone 1 and 2; 
rating= 50

12 Total rating 450
13 Dump stability class II
14 Failure hazard Low

The study reported in this paper describes the dump 
stability rating of a mine situated in Dhanbad district 
of Jharkhand state. This study is based on the basis of 
dump stability rating, 1991 described by Mark Hawley 
and John Cunning. They provided the theory which 
aims to divide the waste dump into eleven parameters 
and then they assigned a rating system for each of the 
eleven parameters. These eleven parameters are studied 
separately for each mine with the help of literature 
review, field investigation and laboratory experiments. 
The eleven parameters are dump height, dump volume, 
dump slope, foundation slope, degree of confinement, 
foundation type, and dump material quality, method 
of construction, piezometric and climatic conditions, 
dumping rate and seismicity zone. 

Height of dump slope is 90m. Based on the dump 
height, the assigned rating to the mine is 50. This 
ratings suggests that the height of the dump lies in high 
to low ranges of conditions of the dump height. More 
dump height increases the chance of failure of dump 
and hence increases the risk of stability of dump. The 
volume of dump of mine is <1*106 BCM (bank cubic 
meters) and it have been assigned the rating of 0 as 
categorized by the dump stability rating, 1991. As the 
rating described above, the dump volume lies in low 
range of conditions. If the volume of the dump lies in 
the medium range then the chances of the formation of 
bigger dump is moderate and low if the volume of the 
dump lies in the range of low. Inclination of each dump 
slope of the mine is37°, and the rating provided it is 
100. This rating suggests that the slopes of the dump 
are steep. Steep slopes have more probability of failure 
and they need proper monitoring and its investigation 
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from time to time. Base or foundation of the slope are 
found to be moderate to flat. It is inclined at 10-25°of 
the mine. The ratings provided to the mine on the basis 
of dump stability rating, 1991 is 50. Slope foundation 
should be as flat as possible so that no undulation can 
be seen in the design of slope. Soil of all the mine is 
moderately confined and they are assigned with the 
rating of 50. Soils which are moderately confined 
form natural benches or terraces on slope, sometimes 
even slopes with limited natural topographic diversity, 
form sidehill and are heaped. The type of foundation 
for the mine is competent and is provided the rating 
of 0 in terms of their foundation material. The 
dumping material of the mine is moderately strong 
with the presence of sandstone blocks and 10-20% fine 
materials within it. They show variable durability and 
are affected by physical phenomenon depending on the 
local climate. They are assigned with the rating of 100. 
Since the mine is opencast mine, therefore, its method 
of construction is moderate and is provided with the 
rating of 100. Favorable method of construction are 
determined by thin lifts (<25 m thick), wide platform 
to perform the operations, dumping are done generally 
along contours. The method of construction is of mixed 
type if it have comparatively more thick lifts (25-50m). 
The dumping area of the mine is free of any piezometric 
pressure and it comes in the criteria of favorable dump 
and are provided with the rating of 0. Rate of dumping 
in the mine is slow with an advancement rate of <0.1 
m/d and it is provided with the rating of 0. The mine 
is assigned zone 1 and zone 2 in terms of its seismicity 
zone parameter provided in the dump stability rating, 
1991 and it is assigned with the rating of 50. 

After assigning the rating to the mine the sum total 
of the rating is calculated by adding all the individual 
rating. The rating of the mine came out to be 450. It 
falls in II dump stability class with low failure hazard. It 
require limited laboratory index testing, basic stability 
analysis can also be required, routine visual and 
instrument monitoring. 

This classification if dump is validated using FLAC/
SLOPE software version 8.10 and the same result can 
be seen in the analysis provided below. It gives the 
factor of safety of 1.82 which is considered as stable for 
the long run of the mine.

The result obtained from the 1991 DSR and analysis in 
the software depicts that the dump slope is stable but 
proper investigation is to be done from time to time 
basis.

V Conclusion
The stability of the dump in an open cast mines is of 
utmost importance as it can cause big accidents in 
the mine and it depends on various parameters of the 
material. It should be monitored at regular interval 
of time with proper investigation. The orientation of 
the dump should be kept as low as possible to avoid 
any instabilities due to discontinuities present in 
the dump. Although the dump is found stable as per 
the classification system of 1991, DSR and has also 
been validated using FLAC/SLOPE software version 
8.10. This software works on finite element method. 
Numerical modelling tools helps in validating the final 
result. 
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Abstract — 
Water is a significant factor affecting the stability of slopes. An appraised optimum design of overburden dumps, mill tailing 
embankments in opencast mines, is indispensable which allows water to drain out in an effective manner. This study discusses 
the role of phreatic line as far as stability of slopes is concerned. To understand the water flow behavior through soil slopes, 
design of a prototype was prepared and later the experimental set-up was fabricated in the laboratory. The set-up includes 
simulated conventional dump made up of soil type material. The design of experimental set-up resembles the actual scenario 
of overburden dumps constructed over the bases having inclination varying from 0º to 5º. The phreatic surfaces obtained in 
physical models are further validated by numerical models prepared using SEEP/W software. Results of both the models are 
in good agreement showing minor discrepancies

Keywords— Phreatic surface, slope stability, seepage analysis, SEEP/W, groundwater

I. Introduction
Water seepage through natural or man-made slopes 
have been a significant factor that plays a role in its 
stability. Design of the man-made slopes incorporates 
the calculation of seepage forces in order to avoid 
any hazards. Overburden, backfill dumps in opencast 
mines and mill tailing ponds which are constructed 
needs a meticulous approach for an optimal design of 
embankment slopes to avoid failures and minimize its 
environmental hazards.

Several mines that are operating below the 
groundwater level faces the issues of slope stability.  
The groundwater level in the opencast mines generally 
varies from 50 to 150 m from the surface. Presence 
of groundwater or surface water can be hazardous 
for any waterfront soil slopes and it can also cause 
an economic crisis in surface mines. Location of the 
groundwater table is a prerequisite to optimum dump 
slope design. Phreatic surface or groundwater table can 
be defined as the boundary between the saturated and 
unsaturated rock or soil where the pore pressure is zero 
relative to atmospheric pressure[1]. It is imperative 
to attain the configuration of phreatic surface for 

slope stability analysis. Stability of mine dumps and 
tailing embankments are governed by the seepage 
characteristics for instance, configuration and location 
of the phreatic surface, capillary fringe and unsaturated 
zone in a slope. Fluctuations of water level can impact 
pore pressure in soil slope and this change can be a key 
reason behind the slope failure.

II. Groundwater Flow In Opencast Mines
Backfill dumps in opencast mines are high-risk places 
where landslides might take place[2][3]. Among many 
factors responsible for the stability of the dump, the 
seepage of groundwater is a significant one. Fig.1[4] 
shows the opencast working where the groundwater is 
present. There are various sources of inflow in a surface 
mine that are described as follows

i) Inflow from atmospheric precipitation and 
percolation through backfill which forms its own 
water table.

ii) Inflow from mineral beds/underground aquifers. 

iii) Inflow via pit floor heave and piping

iv) Inflow via abandoned mine workings. 
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Fig. 1. Opencast working 

There is ample research that shows the influence of 
groundwater seepage in slope engineering[5][6][7]. 
Many researchers have discussed the relationship 
between groundwater seepage and landslides[8][9]
[10]. However, there are not enough studies that 
involve groundwater flow and its effects on the stability 
of backfill and overburden dumps.

Groundwater seepage is further divided into two 
categories: a) steady-state and b) unsteady. Steady-state 
seepage is when water flow and water pressure do not 
change with respect to time[11]. Whereas unsteady 
seepage can be defined as the condition when pore 
water pressure changes along with time. Groundwater 
recovery is an example of unsteady state seepage in 
backfill dumps. It initiates on the cessation of pumping 
in a surface mine. The water levels by whatever means 
of pumping have been depressed during the mining 
operation and are now allowed to percolate upwards 
through fill material to attain an equilibrium position.
[4]

However, this study solely focuses on the steady 
seepage and behavior of phreatic surface in unconfined 
domains. 

III. Fabrication Of Experimental Setup
There is minimal research with respect to phreatic 
surface in the mine dump slopes and in particular the 
slopes formed on inclined base. An experimental set-
up has been fabricated that simulates the overburden/
waste rock dumps formed in actual open cast mine 
scenarios, that is, the dumps formed over an inclined 
base and with a varying height of water table behind the 
dump slope. Before conducting the seepage tests, other 

characteristics of slope material, such as, coefficient of 
permeability and grain size distribution were obtained. 

A photograph of the experimental set-up used for 
physical modeling is shown in Fig.2. The overall 
dimensions of the set-up are 3.84 m in length, 0.84 m 
in height and 0.68 m in width. Two of the set-up walls 
of the tank are made up of steel, one being made up 
of acryl glass that allows to observe the flow of water 
in the slope. The glass has grids of 5×5 cm for taking 
measurements. The inclination of the base of the set-
up can be varied manually from 0 to 5°. The setup is 
separated into three sections. The first section contains 
mechanical arrangement to change the inclination of 
the setup floor. The middle section is used to fill water 
during the experiment. A water pipe connection has 
been provided to this section for the uninterrupted 
supply of water. This section also contains openings 
that serve the purpose of maintaining constant head 
in the chamber. The third section of the setup contains 
material to be simulated as a slope. The second and 
third sections of the setup are partitioned using a 
perforated steel plate having pores of 5 mm diameter. 
These pores allow the water to seep into the soil slope 
simulating the water table behind the slope. Rightmost 
end of the setup is left open in order to drain the water 
coming from the soil slope during an experiment.

 A homogeneous slope using soil type material was 
formed in the rightmost part of the setup. Material was 
placed in layers. This procedure was repeated until the 
required height of the slope was attained. The slope had 
a length of 1.10 m, height of 0.50 m, width of 0.30 m and 
an angle of 32°. A total of 6 numbers of experiments 
(Experiment A to Experiment F) were conducted.

Experiment A was conducted with horizontal base, 
whereas Experiment B, C, D, E, F were conducted with 
base inclination of 1, 2, 3, 4, and 5°, respectively. Once 
the slope had been prepared, the water supply was given 
to the middle chamber. The head was kept constant at 
0.20 m. level from the base. During the experiment, 
water was allowed to flow through the slope till the 
saturated section of the slope was completely visible 
and water started to seep from the toe of the slope. 
Photographs were taken before, during and after the 
experiments.
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Fig. 2. Experimental set-up in laboratory

IV. Results And Discussions
The experimental outcome of the slope exhibits the 
properties of the unconfined domain and had steady-
state flow. After all the seepage tests were performed 
for all the configurations, it has been observed that the 
uppermost line of the water flow displays the shape 
similar to a parabola. The photographs taken after the 
seepage tests are shown below in Fig. 3.

Figure 3 Photographs showing phreatic surfaces 
from physical model at (a) horizontal base – 0º, (b) 1º 
inclination, (c) 2º inclination, (d) 3º inclination, (e) 4º 

inclination and (f) 5º inclination

A. Numerical analysis
In order to validate the physical experiment carried 

out in the laboratory, a numerical simulation has 
been performed for all the six models. To carry out 
numerical simulation, software named SEEP/W has 
been deployed. It is a tool that helps to perform analysis 
on groundwater seepage problems, problems such as 
water pore pressure dissipation in porous media like 
rock and soil. It can mathematically simulate the actual 
process of water flowing through soil/rock media. 

Elements like coefficient of permeability, average 
nodal velocities, gradients and phreatic surface can 
be calculated using SEEP/W.  In this study, conditions 
are ideal, i.e. steady-state flow. Therefore, while using 
SEEP/W a steady-state analysis has been performed as 
the water flow and water pressure did not change with 
respect to time during these experiments. During the 
steady-state analysis, boundary conditions that have 
been taken into consideration are constant flux and 
constant head. Another boundary condition feature 
that has been included is a seepage face. The value 
for the constant head was taken as 20 m. Material 
properties that were required during the simulations 
have been obtained from the laboratory experiments. 
Defining of hydraulic conductivity functions required 
parameters - saturated water content, residual water 
content and compressibility. Standard values of these 
parameters have been taken as suggested by the 
SEEP/W software[12]. Inputs that were used during 
the numerical simulation of the model are mentioned 
below in Table 1.

TABLE I INPUT PARAMETERS USED IN 
NUMERICAL ANALYSES

Sl. No. Input parameters Value

1 Coefficient of permeability, 
(m/s)

9.93 × 10 -11

2 Compressibility, (kPa) 5 × 10 -4

3 Residual water content 5 × 10 -3

4 Saturated water content 0.5

Profiles of phreatic surfaces developed in numerical 
modeling using SEEP/W were further compared with 
physical models as shown in Fig.4.
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Fig. 4. Comparative analysis of phreatic surface obtained 
in physical and numerical model having (a) 0º inclination, 
(b) 1º inclination, (c) 2º inclination, (d) 3º inclination, (e) 4º 

inclination and (f) 5º inclination.

It has also been observed that the phreatic surfaces 
obtained in the numerical models are slightly higher 
than those found in physical models. However, the 
discrepancies in the heights of the phreatic surfaces 
between the physical and numerical models range 
between 5 to 14 percent. Therefore, physical and 
numerical models are in agreement with each other. 

V. Summary And Conclusion
An experimental setup was designed and fabricated 
with the purpose of studying the phreatic surface 
behavior in the physically simulated soil slope. Seepage 
tests were conducted in the fabricated set-up with 0º 
- 5º inclination from the base. The slope emulated the 
behavior of unconfined domain. The phreatic surface 
that has been obtained within the slope after seepage 
tests had the shape similar to parabola.

A model prepared in SEEP/W displays the phreatic 
line similar to that obtained in the physical model in 
the laboratory. Phreatic surfaces obtained from the 
numerical modeling shows a good agreement with 
the phreatic surfaces obtained in physical modeling 

and hence validating the physical models. It has also 
been observed that the phreatic surfaces of both the 
physical and numerical models get steeper with the 
increase in inclination of the slope floor. This study 
adds credence to many of the qualitative conclusions 
provided by other researchers. Physical models which 
have been prepared in laboratories provide quantitative 
verification to the Dupuit’s parabola.

The experimental set-up can be deployed to carry out 
various experiments with the slope made up of varying 
material. These studies will be quite important for 
predicting phreatic surface’s location in the different 
slopes, and thus providing better scope for the safe and 
optimum design of overburden/waste rock/mill tailing 
dumps in open cast mines.  
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Abstract — 
On recommendations of High Powered Committee constituted after the accident of Rajmahal OCP, Geo-technical Cell 
has been established in NCL. Further a Geo-technical Lab is envisaged to assist the Geo-technical Cell. This paper is an 
attempt to give a brief account of NCL initiative in Geo-technical Cell investigation. Keywords—hydraulic fracturing; wedge 
analysis; stereo plotting; isotropic stress theory 

I. Introduction 
In Open Cast mines, Slope stability is one of the most 
important safety aspects of its operations. Specifically, 
in NCL the mines have been planned up to depth of 
300 m and beyond. This deep Open Cast mining 
involves risks of slope failure and is associated with 
huge volume of OB to be handled as a result Dump 
of very large size are created which poses problem in 
safety of the mines. Similarly the benches faces also face 
the similar issues if there are certain unconformities or 
plane of weaknesses, faults which hinder the stability 
of the workings. On the 29th December 2016 a disaster 
happened in Rajmahal OCP, ECL. Subsequent to that, 
Geologists had been posted at Production subsidiaries 
of CIL and a Geo-technical Cell has been established 
at NCL HQ as well as Projects during August 2017 and 
May 2018 respectively, where Dragline is deployed, after 
recommendations of Rajmahal Accident High Powered 
Committee. Geo-technical Cell was constituted by 
the member of Mining, Geology and Survey headed 
by minimum Sr. Manager Level Mining Officer. Geo-
technical Cell at HQ level is under Safety & Rescue 
department while at projects are under Survey and 
Safety departments. 

Geo-technical Cell at HQ level carries monthly 
inspection of each mines of NCL and submits the 
report to GM (S&R), NCL followed by Director (T/O), 
Director (P&P) and TS to CMD.

II. Geological Features Of Singrauli Coalfield

Singrauli Coalfield is located in the northern most part 
of the Sone-Mahanadi master basin and covers an area 
of 2202 sq. km. in UP and MP. Length of Coalfield 
from East-West is 102 km and maximum width is 
45 km in the Central part. The Coalfield has been 
geologically sub-divided into two sub-basins, namely 
(i) Main Sub-basin, having an area of about 1890 sq. 
km and (ii) Moher Sub-basin having an area of about 
312 sq. km. Kachan River tentatively along a Basement 
high separates  both sub-basins as Main Sub-basin 
in west and Moher Sub-basin in the eastern part. All 
the coal mining operation of NCL is being carried out 
through 10 open cast mines within Moher Sub-basin. 
Total 6 series of Formations have been recognized 
as in ascending order as Talcher, Barakar, Barren 
Measures, Raniganj, Panchet and Mahadeva. Barakar 
and Raniganj are the only coal bearing formations of 
the area. A series of ridges, having the meta-sediments, 
demarcate the northern faulted boundary of the basin.
Total coal resources in Singrauli Coalfield are 13.77 
BT which constitute about 4.83% of the total coal 
resources of 285.86 BT of the country. 90.88% of the 
Proved reserves of  Singrauli Coalfields lie in the depth 
range of 0-300 m making this Coalfield suitable for  
opencast mining. 7.87 BT coal falls in Moher Sub-basin 
and remaining in Main Sub- basin. 
Coal seams of Main Sub-basin are affected by igneous intrusive, 
while Moher Sub-basin is free from igneous intrusive.
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Fig.1. Geological Map of Singrauli Coalfield

Coal seams of Main sub-basin are designated as seam 
R-1 to R-VI for Raniganj formation & Seam- I to seam-
VIII for Barakar formation.

III.  Geological Features Of Moher Sub-Basin
Out of total 312 sq.km area of Moher sub-basin, 232 sq. 
km falls within Singrauli district of MP, while 80 sq. km 
falls within Sonebhadra district in UP. The disposition 
of coal seams is entirely different in both sub-basins. 
Coal seams of Moher Sub-basin are thicker than seams 
of Main Sub-basin. The thickest coal seam of India viz. 
Jhingurda Top (up to 138 m) in Raniganj formation has 
been encountered in the Moher Sub-basin. The main 
coal bearing measures are Barakar Formation which 
is exposed over a vast area and name of coal seams are 
Purewa and Turra. Raniganj Formation contains only 
Jhingurda Top & Bottom seams which occupy the north-
eastern part of the basin, close to the boundary fault.  

In general, dips (2°-5°) are northerly in the center of the 
sub-basin. The dip swings from outer to center. Mines 
are advancing towards the center of the sub-basin, as 
a result the available strike length or working front is 
reducing progressively. This is the major constraint in 
production from Moher Sub-basin. 

The present mining operation has reached up to a 
depth of around 250 to 275 m. 

IV. Method of Working
In NCL removal of over burden is carried out by Shovel-
Dumpers combination and Draglines. Draglines are 
deployed at six projects. Coal extraction is carried 

out by Shovel-Dumpers after blasting and by Surface 
Miners without blasting.  Four numbers of Surface 
Miner is deployed in four mines of NCL

V. System of Study 
In NCL mines, Geo-technical Cell has found the 
various Geological features which are not mentioned 
in Geological Report. Suggestions have been given by 
Geo-technical Cell according to these features. These 
Geological features are described below:
1. New Faults
2. Drag Fold
3. Horst and Graben
4. Crack/Fracture
B. New Faults

Minor faults have been observed in Turra seam cut face 
in West section of Amlohri OCP with horst & graven 
structures and a fault in Turra seam in-crop region in Gorbi 
C patch of Block B OCP, trending NE-SW with throw  0 to 
5 m towards south with horst & graven structures. 

C. Drag Fold 
In Jayant OCP, according to Geological Report Fault 
F4-F4 is passing in East Section which trends NW-SE 
dipping westerly with throw of appx. 10 m. Coal seams 
(Purewa Bottom & Purewa Top) show the nature of 
Drag fold with thinning of seam as limb of fold that 
exists along fault plane. However, OB/parting shows 
faulted nature along fault plane.

D. Horst and Graben
This geological feature has been found in Turra seam 
cut face of West Section in mine of Amlohri OCP. 
Another Horst and Graben feature is found in B&C 
patch of mine of Block-B OCP.

Fig. 2. Fault F4-F4/Drag Fold in East Section of Jayant mine

Purewa Top

Purewa Top

Purewa Bottom

Purewa Top
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Fig. 3. Horst and Graben in B&C mine of Block-B OCP

Fig. 4. Horst and Graben  

E. Crack/Fracture
An oblique crack/fractured surface was observed in 
14th DL OB cut face which became convex in Turra 
seam cut face in East section (near east of Central 
sump) in Nigahi OCP along which fractured rock 
debris fell down. However, development of fractured 
surface was localized in nature and was due to blasting 
in Turra seam & OB above it.

 Another Crack/Fracture is found in OB cut face near 
eastern end of Central Entry extending to Vindhya-I 
part of the suspended mine of Block-B project.

VI. Recommendation by Geo-technical Cell 
and its Present Status
i. In Jhingurda OCP the working in northern 

part had developed a very high wall face of 
metamorphic hill and there are many faults 
sympathetic (parallel to sub-parallel) to 

metamorphic boundary fault with throws towards 
south and Coal benches developed for/during 
working are very much prone to slide towards 
working.  Geo-technical Cell had suggested to 
adopt safe procedure of mining and suggested to 
make proper benching towards the quarry (to the 
south) for safety during excavation of coal. 

ii. Lalit Mohan Dam is located on dip side of 
Krishnashila OCP. It creates problem to the 
OCP in monsoon due to overflow from the dam/
reservoir. Geo-technical Cell had suggested 
making a drain for flowing additional water 
out from Dam. However, Check dams have 
been made at different levels to check sudden 
inrush of water to the reservoir & OCP. A drain/ 
nalla has been developed to divert the overflow 
(excess rain water) from the reservoir to the nalla 
existing in Bina project. 

iii. In Khadia OCP the bench height of External OB 
dump was more than recommended height due 
to merging of two or more benches because there 
was lack of dumping space. Geo-technical Cell 
had suggested making proper benching not more 
30 m height. Presently, OB dumping in the area 
near External dump and Railway line has been 
begun to manage the height of OB benches.

iv. In Nigahi OCP bench height was more than 
recommended height due to merging of two or 
more benches. Geo-technical Cell had suggested 
making proper benching not more 30 m height. 
Presently, the problem of bench height (>30m) 
has been resolved by additional dumping of OB 
at the outer side of the external dump. 

v. In Kakri OCP high wall is more than 30 m, 
because benches have been merged due to lack 
of mineable area towards west.

VII. Conclusions
After establishment, the Geo-technical Cell, NCL is 
working continuously. It inspects the mines of NCL 
regularly and submits the report with suggestion for 
safety point of view. Geo-technical Cell will perform 
much better after the establishment of Geo-technical 
Lab.
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I. Introduction
Mine Planning can be defined as the process of 
optimizing the exploitation of mineral reserves for 
maximum added value aligned with the strategic goals 
and objectives of the business enterprise. The complex 
set of activities associated with this process aim to 
identify the best possible mine design and production 
scheduling considering, among others, capital 
investments, operational cost, revenue forecasting, and 
management of cash flows of a mining operation. It is 
a critical component to the financial aspects of mining 
ventures.

In operating mines, the scope of strategic mine planning 
is related to the continuous revisions of long and 
medium term plans, which is essential for maintaining 
an up-to date basis that defines the future of the 
operation. Tactical mine planning, on the other hand, 
encompasses the routine planning activities required 
for commissioning the operation and ramping it up.  
In operating mines, the scope includes the continuous 
reworking of short term production plans with the 
aim of incorporating the new information gathered 
from the operation into the actual plan. Tactical mine 
planning also deals with the preparation of budgets; 
equipment deployment and production scheduling, on 
a monthly, weekly, and daily basis; grade and quality 
control; and various other routines activities.

As mine planning progresses, initial planning 
assumptions are refined. This may trigger a review and 
potential revision of earlier analysis. Improvements in 
the quality and quantity of available data may help to 
reduce the uncertainty associated with the mine plan, 
but do not completely eliminate it. At all stages of the 
process, from early conceptual and pre-feasibility work 
through feasibility and detailed long and short range 
planning, the evaluation of multiple planning scenarios 

and the sensitivity analysis of input parameters is 
critical to successful mine planning. The end product 
should be a plan that is robust enough to remain 
economically attractive under a range of variations 
from initial planning assumptions.

Although a well-crafted mine plan is paramount 
for efficient mining operations, its implementation 
is what truly adds value for the mining enterprise. 
I would argue that management must have extra 
care in communicating effectively the mine plan and 
continuously evaluating its adherence. Moreover, by 
applying the concept of PDCA (plan–do–check–adjust) 
to mine planning, mining enterprises should capture 
enhanced added value associated with continuous 
improvement of processes and products.

II. JOurnEy Of AMLOHrI PrOJECT

Amlohri Block is located in the South - Western part of 
Moher Basin of Singrauli Coalfields. Moher Block lies 
on its West & Nigahi Block in East. Amlohri Project, is 
named after Amlohri Village located just outside the 
South - Western corner of the Block. Amlohri Block 
stands out as a high plateau over the Talchir plain in 
the South. The Plateau rises to a maximum height of 
440 m above MSL.

The original feasibility Report for Amlohri Opencast 
Project (4mt/a) was prepared by CMPDIL in April’82 
for a capital investment of Rs. 32.32 crores and 
sanctioned by Govt. of India in June’82. The RCE was 
prepared by CMPDIL in September 1989 for an amount 
of Rs. 527.11 crores and the same was sanctioned 
by Govt of India in Sept 1990. The project stared its 
operation in the year 1983-84. It achieved 3.45 MTs of 
coal production (86.25% of capacity during the year 
92-93). 
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Amlohri Project has covered a journey from  4 MT per 
annum in 1993-94 to 10 MT per annum in 2016-17 and 
14 MT per annum in 2020-21. 

Transition from 4 MTPA to 10 MTPA
There were three major milestones for the project 
implementation in the midway of transition of Amlohri 
Project from 4 MTPA to 10 MTPA-

a)  Erection of 3 Nos of Draglines 24/88m

b) Commissioning of Phase -II CHP for handling 
additional 6MTPA

c)  Railway siding for handling additional despatch, 
other than RhTPS.

The project faced difficulties due to delay in 
commissioning of draglines by M/S HEC. Even after 
commissioning the performance of HEC draglines 
have not been upto the mark.

a)  Erection of 3 Nos of Draglines 24/88m:
First dragline 1820 (Akshay) was commissioned on 
01/07/1993, Amlohri Project was then of 4 MT. HMB-13 
(Abhimanyu) and HMB-14 (Ajay) were commissioned 
on 09/05/14 and 25/01/2016 respectively.

The delay in commissioning has also hampered less 
production from Turra seam. Due to poor Turra 
evacuation there is a shortage of internal dump space.

ii) Commissioning of Phase -II CHP for 
handling additional 6MTPA:
A full-fledged Coal Handling Plant of 10MTPA 
Capacity is envisaged for Amlohri OCP.

Phase-I  : 4 MTPA Capacity (Existing and in operation 
since 1994

Phase-II : 6 MTPA Capacity (Additional)

c) Railway siding for handling additional despatch, 
other than RhTPS:

In the meantime, Railway siding work has started by 
M/S Rites. Meanwhile the project acquired EC for 
14 MTPA in Sept’15 from MOEFCC and Consent 
to Establish from MPPCB, Bhopal and the targets 
for 2015-16 has been revised to 10.5 MT.There was a 
slight delay in commissioning of CHP, but old crusher 
utilization was increased at dispatches were achieved 
during the production build up.

Transition from 10 MTPA to 14 MTPA

A 3 year comprehensive plan was prepared by RI-VI, 
CMPDIL (2017-18 to 2019-20) with Coal Targets 12 
MT, 13 MT and 14 MT respectively.

A pioneer project of winning boundary coal between 
Amlohri and Nigahi Boundary helped for the transition 
of Project from 10 MTPA to 14 MTPA. Also the task 
was to tackle with the problem of Actue dump space 
and better sales realization.

In transition from 10 MTPA to 14 MTPA, Till the 
deployment of second dragline, due to poor availability 
of 1820 (Akshay) dragline, Turra was not extracted in 
the proportion of Purewa. (ie. 8.20% Turra extraction 
in Year 2013-14 and 11.62% in Year 2014-15). 

Since 2013-14 to 2017-18, There was a huge backlog 
of 11.63 MT in extraction of bottom seam Turra, 
as compared to EPR and the same being made by 
advancement in upper benches by excavating additional 
12.17 MT Purewa.

In lieu of the problems of acute dump space and poor 
percentage of Turra extraction, Dragline bench was 
considered 27 Ms to expedite Turra extraction. 

Further against planned 45% extraction in PR, the 
same has been revised to more than 55% to make up 
the lag in the last couple of years due to delay in New 
Dragline erection and commissioning. In 2017-18, 
54.24% Portion of Annual Production was Turra. In 
2018-19, Till date the percentage of Turra is 55.00%

III. Two Unique Accomplishments

a) Winning Boundary Coal & Maximising 
Extraction of Coal Reserve:

Approx. 20 MT (13 MT in Turra Seam and 7 MT in 
Purewa Seam) of coal was locked up in intermine 
boundary between Amlohri and Nigahi mine.

The main reasons for locking up of coal reserve in 
intermine boundary have been:
a)  Maintaining Intermine boundary at the surface 

instead of Turra seam floor level.
b)  Constraint of dumping space in both the mines.
c)  Raising the level of boundary haul-road by 

dumping to reduce the weighted average lead 
and lift for external outsourcing dump in both 
the mines.
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d)  Abnormally higher advance of benches above 
Purewa seam in eastern section of Amlohri Mine 
(850 m of Purewa corridor has been created 
instead of maximum requirement of 220 m) 
coupled with relatively poor advance of these 
benches of Nigahi west section.

Extension of cut in 2017-18 was done after Nigahi project 
diverted then existing Haul Road which was at about 45 m 
above Purewa seam to Eastern side of Amlohri from the 
Nigahi dump. Firstly a zero Barrier in Purewa was achieved 
and the turra seam was extended 70 m and then 150 m in 
subsequent cuts.

The extraction of boundary coal has benefited in-
• Maximizing coal extraction from geological 

block.

• In financial Year 2016-17, 1.5 MT of additional 
coal at Amlohri  has been mined out, benefiting 
around 1000 Rs./Te; a total of 150 crores of 
rupees.

• Purewa seam barrier at both the mines are totally 
mined out.

• The bottommost seam workings of Amlohri 
got extended by 200m and in future it has the 
potentiality to extend by another 100m.

• In 2018-19 both project is working on second 
phase of boundary coal extraction by diversion  
of approach haulroads in Nigahi by about 170m, 
Purewa barrier will be made zero by winning 
1MT coal byAmlohri upto March 2019.

• Amlohri Project upgraded its production level 
from 10 MT to 12 MT and by FY 2018-19, it will 
be producing 13 MT and in 2019-20 for 14 MT, 
a part of program of 1BT of Coal India Limited. 
Without the contribution of boundary coal this 
wouldn’t be possible.

• Creation of Dumping Space between Mine 
boundaries for Nigahi and Amlohri and at places 
will provide avenue for amalgamation of dump

• This is being looked as the Pilot Project for 
other mines to win coal locked in the Inter-mine 
boundaries in the same way and bigger avenues 
are open for other mines. Corporate Planning, 
NCL HQ is in the process of planning for other 
Inter-mine boundaries.

b) Development of Central Road at Amlohri Project
•	 Haul road was to be carved from 355 RL i.e Purewa 

floor to 307 RL on Turra floor. This was to be done 
without the deployment of shovel. This was one 
completely by Blasting and Dozing and the work was 
completed in 45 days (Oct./Nov.) in 45 days in 2013-
14.

•	 Further in FY 2019-20, to extend the haul road and 
to win coal block beneath the haul road, a new haul 
road was contructed parallely and the old one was 
replaced.

•	 This was ensured the continuity of central road 
to serve the coal hauling from Purewa and other 
departmental workings as well.

•	 This is unique planning as it eliminates the boundary 
haul roads for hauling.

•	 Inspite of 14 MT, Amlohri Project has never created 
Coal depot in eastern or western section and coal 
handling upto CHP is completely departmental.

Coal Outflow Thru Central 
haul road

Thru Periph-
ery Haul 
Road

Purewa west Coal 2.57 Km 3.44Km

Purewa East Coal 2.94Km 4.94Km
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IV. Conclusion 

Meeting Deadlines of Project Schedules was one of the 
most challenging tasks in the Project Implementation. 
Very often, equipment purchases are delayed, 
construction of infrastructure is delayed, but the 
demand of Coal needs to be met. In Amlohri case 
also, with 4 MT capacity Coal Handling Plant, it was 
a challenging job to dispatch Coal upto 6.5 MTs till 
the new CHP was constructed. Till the new draglines 
were commissioned, Coal had to be produced from 
upper seams. This in turn, posed another challenge of 
acute shortage of dumping space. Commissioning of 
the draglines helped to increase the production from 
lower seam with many changes in Mine Plan. As per 
the project report, Coal was to be brought from upper 
seam through eastern and western flank roads. To 
ease the operations, a central road was planned and 
implemented. This also helped to reduce the lead from 
3.5 km to 2 km with fuel saving and deployment of less 

number of dumpers per shift.

The transition from 4 MT to 14 MT has helped NTPC 
RhTPS to expand and energize its plant from 1500 MW 
to 4000 MW capacity which caters electricity for Uttar 
Pradesh, Uttaranchal, Haryana, Punjab, Rajasthan, 
Jammu & Kashmir, Himachal Pradesh, Delhi and 
Chandigarh.
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Abstract — 
Digitization of Mining in India is at its infancy – It is talked about but true implementation and business value realization 
is missing.  This paper talks about a couple of case studies in coal mining where a digital platform for drill and blast was 
implemented. Drilling and Blasting are core and repetitive operations in a mine. Digital technologies have existing for 
optimizing both drilling and blasting for many years. However, these technologies have largely been non-integrated and 
non-real time. Drill and Blast consumes explosives and accessories, drill consumables and manpower. Apart from this, there 
is a significant safety aspect to drill and blast activities. In this paper, we explain how a digital platform was implemented 
in two large coal mining companies. The key aspects of these two implementations are the realization that drill and blast 
improvements is a combination of process improvement, skills upgradation, systems implementation and data analysis. It 
one case study a significant skills upgradation program was conducted (in a post COVID environment) apart and the details 
of that have been described.  In another case study a significant data program was implemented (via a digital system) - The 
benefits of such data analysis are described as to how it can result in significant commercial savings on an annual recurring 
basis and how such central systems will be the basis of analysis in the absence of skilled personnel on the ground. 

I. Introduction 
Mining differs from other industries in many ways. 
It is highly variable, starting with uncertainty about 
the nature of the resource being mined. Strains 
and stresses placed upon mining equipment by 
rocks of unpredictable geotechnical and geological 
characteristics result in frequent breakdowns. Also 
COVID had a huge impact on mining productivity and 
hence incurred huge financial losses due to changed 
demand and operating environment. So it is very 
essential to optimize the mining operations. We will 
discuss some solutions in this paper through which 
the optimization of these operations if possible and can 
become a part of day to day mining schedule.

Drilling-blasting are primary operations which impact 
on efficiency of entire downstream operations. The may 
also result in poor image due to potential environmental 
impacts. Bad blast design will create problems with 
blasting results, such as rock fragmentation with a lot 
of boulders, flyrock, high ground vibrations, high air 
blasts, long digging time and high powder factor values. 

Most often smaller blasts are carried out because 
without the use of appropriate tools and techniques, 
larger blasts cannot be controlled. These small drilling 
and blasting operations lead to huge loss of productivity 

and social issues. Efficient large blasting with 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. Optimization in drill and blast requires ability 
to measure every aspect of the process. 

II. Integrated Platform for Drilling & 
Blasting 
Software technology usage in blasting has been 
prevalent for many years (the use of blast designers and 
blast records in paper or excel format 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 
are hardly using blasting software. Even the tier-1 
mining companies in these geographies are not using 
any software for blasting optimization. The software 
products that are available are sometimes too detailed 
for an average blaster. Key functions and capabilities of 
the system are described to better explain the system 
and how it was used by the company. It is a web-based 
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system for blast data collection. It also has a web 
based blast designer and predictors for key aspects 
encountered in blasting – fly rock , air and ground 
vibration. It also includes a drilling system which 
enables data capture on drill logs, plod reports etc. 
Web and mobile nature makes it accessible by a lot of 
people. Designs can be shared, reviewed and approved 
by multiple people - This was the case with case study 
presented in this paper i.e. a large number of people 
used it.  In the section below some key characteristics 
of the system are described and then subsequently a 
case study is presented.

III. Case Study 1 – Drill & Blast Improvements 
with four-fold steps
This case study is from one of the largest coal providers 
in South Africa. Mine Excellence drill & blast platform 
was implemented at one of its sites in COVID time.  

An extensive training program was conducted in online 
mode. The implementation was made successful 
via four fold process - Process, Education, 
System & Analysis. The below diagram shows 
how the mining operations can be improved 
continuously over a period of time.

i. Process – Process defines the work flow of doing 
a particular operation. It is very important to 
define the optimized and well-defined process 
for doing any operation. Processes should be 
consistent across multi mine sites. Training 
should be given to get people educated about the 
processes internally.

ii. Education – The people should be very clear and 
have detailed knowledge about the operations 
that they perform. They should know the 
impact of making changes in those operations 
and also should be able to propose the scope of 
improvements in those operations. They should 
be well trained in the advanced technologies that 
can help to optimize the operations.

iii. Analysis – The detailed analysis of the past 
operations should be done to get to know the 
scope of improvements and form new processes 
and strategies for optimizing those operations. It 
will also help to prevent the accidents by doing 
proper analysis of previous accidents and their 
causes and hence a safer and more optimized 

blast is planned.

iv. System – Mining operations are very huge and 
involved large amounts of data and information 
which if properly recorded and analyzed, it can 
help to optimize the operations. It is not possible 
to keep all this data in mind and hence a digital 
system is required to record and analyse all this 
data in a proper way.

Fig. 1. Four-fold process for continuous improvement of 
Mine operation.

IV. Case Study 2 – Cost Benefits with the 
small change
The following case study shows benefits that can be 
achieved by simplistic changes in drill and blast process.

A. Summary –
i. Mine: Large Coal Mine in India
ii. Production: Coal 1.5 MT with O/B 9.77 MM*3
iii. Mining method: Dragline and Shovel-Dumper
iv. Drilling: For coal 150 mm and O/B 250 mm
v. Explosive: Using SME, OBLD, Coal LD & 

Booster   
vi. Initiation: NONEL, Electric and Detonating 

cord



Northern Coalfields Limited, Singrauli

238

vii. Stemming with drill cuttings
viii. Used cross a number of mines and also centrally 

for analysis
B. Experiments done
i. Different Parts of the mine: The first three blasts 

were on a 13-meter bench. The other blasts were 
done in other parts of the mine in which bench 
height was 6.5m.

ii. Different Blast Design Parameters: The burden 
and spacing were progressively increased 
cross the different blasts within the current 
fragmentation. These blast designs were different 
from the conventional practice at this mine.

iii. Different Charge: Increased charging in a few 
holes with the aim reduced decking in holes 
accordingly.

C. Key Benefits possible from the software include
i. Cost Benefits - A cost benefit analysis was done 

which revealed a cost savings in blasting is 
possible cross the various blasts ranging from 
12-26% over conventional practice. 

ii. Reduced Explosive Costs: A series of blasts 
were conducted by designing blasts with 
improved parameters as per Blast Designer 
and changes in burden x spacing of 5mX6m, 
5mX7m, 5.5mX7.5m and 6mX8 m, powder 
factor improved from 1.3 cum/kg, to 1.55 cum/
kg, 1.79 cum/kg and 2.05 cum/kg respectively.

iii. These blasts give confidence that by further 
blast designs with the assistance of software, 
explosive consumption per cum. & overall costs 
can be reduced significantly.

iv. Lower Cost Blast Design: With increased 
burden and spacing there would be reduction in 
accessories such as Nonel/detonating cord and 
initiators.

v. Reduced Drilling Costs:  Drill factor also 
improved from 75.15m/cum, to 88.21m/cu, 
100.40cu. mand 120.20 cum respectively. These 
significant changes have been carried with 
regards to burden and spacing parameters with 
the help of blast design software (BLADES) and 
historical data based on data available for each 
face from BIMS.

D. Cost Analysis Summary
TABLE I. COST ANALYSIS SUMMARY

V. Blast Data Base  
A data base for blasting 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 (Bhandari and Bhandari 2006, Bhandari, 
2011). 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 like post-blast images, videos, accidents. 
misfires, fragmentation, displacement etc. can also be 
captured. It helps user maintain good records required 
for statutory purposes in an efficient manner as well. 
Key features of the data include ability to import from 
any blast design package, tools, significant analytics 
and reporting
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TABLE II. - PRE-BLAST, DURING BLAST AND POST BLAST 
DATA STORED IN DATA BASE

VI. Surface Blast Design Software  
In this study a multi-tenanted blast designer is used 
for the purpose of design, optimization and control 
of blast design. Being web based , the advantage exist 
of ability to integrate with a number of upstream and 
downstream systems. There is a unique possibility to 
implement different types of blasting scenarios such as 
production blasting, overburden removal, secondary 
blasting etc. The ability to plot irregular face profiles 
is helpful in correlating with the reality observed on-
site. Blast location mapping is possible to be done using 
digital image, Google map and high definition drone 
imagery. Considering a few geological and geotechnical 
parameters, selecting the pattern details and targeted 
fragmentation size distribution outputs are provided in 
5 different ways. They are mainly categorized as

A. Primary Design Parameters 
Burden, Spacing,  Depth, Charging Distribution, 
Powder Factor, Initiation

Fig. 2. Primary Design.

B. Fragmentation prediction based on Kuz-Ram 
Model/KCO Model

C. Ground Vibration prediction/ Air blast 
Prediction and Blast clearance prediction

Fig. 3. Ground Vibration Predicted Contours

Uploading/ importing coordinates is also possible to be 
done in BLADES (handling complex patterns). There 
is an alerts/notifications tool to inform the user about 
deviation of expected results from the statutory/user 
defined limits (Figure 5).  

The entire blast details including pattern and results 
can be synced directly with blast database where 
actual blast data is kept. Presence of both designs and 
actuals enable subsequent comparison between actual 
and predicted blast results including blast design 
parameters. 

D. Design comparison for optimized blast 
 A blast is designed based on the required outcome. One 
of the key characteristics of the system enable changing 
the parameters like burden, spacing, explosive quantity, 
initiation sequence and timing. etc. and comparing the 
results like fragmentation, flyrock, vibrations, costs etc. 
and then choosing the most optimized blast design 
to get optimum results. Table III is an example of 
comparison.
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TABLE III. DESIGN COMPARISON FOR OPTIMIZED BLAST

 E. Drilling Platform

 Extensive information is now days available from 
the newer drill rigs. This includes detailed information 
about the functions of the drill rig operations or 
various aspects of productivity. However, a typical 
drilling activity is not operating in isolation. Things do 
not go as planned in the field, the information captured 
by the driller is required by downstream operations 
like for blast design. Drill design from blast designer 
is available in drilling platform via an automated feed 
in the field. The drilling platform is used for multiple 
aspects of the drilling eco-system. Key functions 
include plod reports, pre-starts, drill logs, drill status, 
safety checklists, etc. Basically, the driller can capture 
the drill logs on a tablet. Drillers uses the design and 
performs the drilling and collect data during drilling 
like actual drill depth, images, videos etc. which is 
again fed to blast designer to check that is based on 
actual drilling parameters, is the blast still in the safer 
limit and will produce desired outcome, if not then 
explosive quantity, initiation sequence and timing etc. 
can be changed to control the blast results and QA/QC 
operations are performed. The drilling platform also 
generates various useful analytics & reports like plod 
reports etc.

Fig. 4. - Drill Plod

F. On site Data Collection Using Mobile /Tablet
The use of mobile devices makes it easier to collect 
data on-site and it is main stream in many places 
where a mobile workforce is present. Use of these 
devices would be ideal in the field for drill and blast 
personnel. Though mobile devices are not allowed in 
some blasting operations, appropriate rugged devices 
can be used 30 m/50 m (98.45 ft/164.04 ft) away from a 
blast site during charging and blasting operations, thus 
they would get the required capability of collecting 
on-site blasting details. App can be used to collect 
information on site and send the same to central server.  
It helps in collecting data and/or QA /QC in the field 
and then transferring it to server or desktop computer. 
In addition to data collection; the App also includes 
environmental predictors and can capture photos and 
videos. This tablet also provided the ability to do the 
entire blast design on the tablet itself. Traditionally 
blast design and subsequent fine tuning is seen as an 
office activity. It does not have to remain that way. Also, 
this allows digitization of a number of other blasting 
activity like approvals and checklists etc. When mining 
personnel are in internet zone, they can sync this data 
to the web version of the application.

Fig. 5. Blasting Data Collection on-site using Mobile App
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G. QA/QC Analsis
 Blasting patterns as designed are difficult to 
drill because of collaring errors, variable rock and 
operational difficulties. Deviation of holes can take 
place, collaring error, blockage of holes, under drilling 
or over drilling may occur. It is necessary to dip the 
holes for depth and inclination  otherwise the overall 
outcome may be impacted. Therefore, after drilling 
the pattern, hole dipping operations takes place and 
designer is again given the actual hole depth and 
inclination details. Decision regarding redrilling of 
under drilled holes or filling of over drilled holes can be 
taken. A comparison between designed drilling pattern 
and actuals drilled pattern helps in deciding charging 
and ignition sequence and timing.

Figure 6 - QA/QC analysis

VII. Case Study: Platform Usage At A Group Of 
Mines

A case study is presented of the platform usage at a 
group of mines belonging to one of the largest coal 
manufacturers in India. This company has been using 
the platform simultaneously across multiple of their 
coal mines in India for over a period of more than 
2 years. They are continuing to use data collection, 
designer and predictors. Apart from collecting data for 
blasting pattern, explosive charging details, initiation 
sequence and timing, vibration records, photographs, 
videos etc. are all recorded for each blast. The simple 
act of making it easily accessible via cloud and mobile 
makes it a mass usage system. The software usage 
statistics are given in Table IV.

TABLE IV - BLAST RECORDS IN SOFTWARE OF COAL MINES

The analytical graphs generated from the system can 
be used for comparison and performance assessment /
benchmarking of each of the mine sites as well can be 
viewed by other authorised officials of the group. They 
are compiled to highlight the benefits of ongoing fine 
tuning of blasting activities to the user. Several types 
of analytical graphs can be obtained at click of button-
-blasting cost per ton, total explosive consumption, 
powder factor, vibration performance, burden & spacing 
and other parameters, production per meter/total 
meterage blasted, production per hole/total number 
hole blasted and many others as per desire of the user. 
User is able to get reports in pdf format or as excel for 
transmission to other mining software according to 
management requirement or according to regulatory 
requirements. Data can be imported from different 
equipment on the downstream side, mine planning 
software or from other analytical software or tools. 
Data can also be exported to other software. 
Mines are using 150mm for coal and 250 mm for over 
burden. Bench heights are 6m (19.68 ft) to 10 m (32.81 
ft). Mines are using SME, OBLD, Coal LD & Booster as 
explosives. The mines have reduced costs by change of 
parameters and have also improved rock per meter. The 
improvement has been obtained because of suggestions 
taken by the blasting professionals from the software. 
Some examples for a specific mine are as follows.

A. Blasting cost per tonne reduced over a 
period of 2 years

Fig. 7. Cost per ton comparisons
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A comparison of cost per ton and analyzing the general 
trends give a tool of monitoring can help determine the 
effect of changing blast parameters on cost.

B. Powder factor
Powder factor is a key performance indicator for any mine. 
Hence any graph showing its variation over a specific 
time period can help the mine in figuring out their overall 
performance of blasts. For example, the above mine was 
able to increase their powder factor gradually over time as 
depicted from the corresponding trend line.

Fig. 8. Powder Factor Variation

C. Blasting Parameter Variations
Three mines have changed blasting parameters during two-
year over period and have reduced blasting and drilling costs 
by increasing spacing and not changing burden parameter.

This type of 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. Further based on historical data of each 
face gives possibility of improved blast design.

Figure 9 - Burden and Spacing variation Variations

D. Production Data Variations
This graph is helpful in determining the variation of 
another important KPI w.r.t 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 or stones per ft of material drilled has 
increased. Production per hole determines the tonnage 

that can be obtained from each hole that is being blasted. 
This can help in determining whether to increase or 
decrease the total number of holes to be blasted per blast 
(size of the blast) considering that blast parameters have 
been fixed as per geological/geotechnical parameters 
(from previous benchmarking analysis).

Drill Factor (Production/ Meter)

Fig. 10. - Drill Factor Comparisons

VIII. Conclusions
 COVID has triggered new training methods. 
Blasting operations needs to use innovative technology. 
Blast engineers are ideally trying to predict three 
outcomes in blast design: fragmentation (the size 
distribution of the blasted material), movement (where 
the grade and waste will end up), and environmental 
consequences. Use of digital technology for storing 
data, design, analysis and prediction of results helps in 
better control and optimization of mining operations. 
Data base helps to quickly respond to information and 
remain successful in today’s competitive market place. 
By use of digital technology many projects can reduce 
complaints and can improve efficiency. It is worthwhile 
to look at some technologies which are being adopted 
in mining industry to make blasting operations efficient 
and reduce environmental impact. Mines using digital 
technology throughout mining life cycle in various 
mine operations are able to overcome this variability. 

Development of Cloud Technology and Mobile 
Solutions has increased possibility of greater digital 
application in mining. Client server technology is not 
so user friendly and does not provide an integrated 
solution for the complete blasting lifecycle. A number 
of future extensions of the platform at the site have been 
discussed including automatic capture of drill logs, 
close interlinkage between drilling and blasting in real 
time, use of machine learning / artificial intelligence 
in blasting and digitization of adjoining process to 
blasting.
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Abstract — 
This paper identifies the need of mass utilization of fly ash in mine, and demonstrates the results of laboratory investigation 
through numerical analysis understanding the stability of overburden dump formed by mixing with 25% fly ash in opencast 
coal mine at Raigarh, India. Fly ash generated from the coal based thermal power plant is of great concern due to its disposal. 
Therefore, proper utilization of the fly ash is highly demanded. It is observed that two types of dumps with alternative layer 
of only fly ash and overburden material, and overburden mixed with fly ash (25%) are found to be stable with safety factor 
more than 1.2. Geometry of the stable dump has total height of 120 m, 4 number of decks, individual deck height of 30 m, and 
slope of each deck as 32°. The dump formed with alternate layer of overburden and mixture of fly ash is found stable with a 
safety factor of 1.78 for the above geometry. Therefore, the above geometry of the back filling material was recommended for 
the above mine. As a part of reclamation with plantation, top soil of nearly 2 m thick was spread over the dump material in 
the field. Displacement pattern of the monitoring stations for about nine years till December 2019 indicated no significant 
displacement in the Overburden dumps with fly ash ensuring stability of the dump. Meticulous monitoring and Assessment 
of Environmental parameters through application of various Information and Communication Technologies (ICT) using 
Energy efficient LoRa, WSN, AI, ML, IoT etc  to the mining industries is also emphasized  for sustainable mining vis-à-vis  
transdisciplinary industry oriented research and academics.

I. Introduction
Fly ash generation and utilisation scenario indicates 
urgent need of efforts from concerned agencies for 
reducing the gap  of about 110 Million tones of Fly 
ash (FA) during 2011-12, and conducting need based 
research for innovative measures in proper utilisation 
of the Fly ash. Although meticulous attempts are being 
made by CFARM-New Delhi under the Dept of Science 
and Technology, many more studies are required for 
eco-friendly application in mass utilisation of FA. 
Meticulous studies on conception, modeling, laboratory 
and filed investigations on fly ash  admixtured with OB 
were conducted by the first author about a decade in 
Jindal Power Open Cast Coal Mine - a captive mine 
of Jindal’s 1000 MW (4 x 250 MW) thermal power 
plant during 2006-2014 [1,2]. Presently these mines 
are operated by M/s SECL, a subsidiary of Coal India 
limited. The block is located between Longitudes - 
83°29’40” to 83°32’32” (E) and Latitude - 22°09’15” 
to 22°05’44” (N) falling in the topo sheet number 64 
N/12 (Survey of India). Administratively, the block is 
under Tamnar Tahsil of Raigarh District, Chhattisgarh. 
The block is well connected by Road. It is about 60 km 
from Raigarh town, which is district head quarter and 

nearest railway station on Mumbai - Howrah Main 
Line. Management of Jindal power opencast coal 
Mine-Tamnar, Raigarh, proposed to conduct scientific 
studies for the assessment of overburden dump slope 
stability using fly ash. However, its utilization is nearly 
50% of the production (2009-10), which is very less in 
comparison to the major fly ash producing countries 
like China, U.S.A. and Germany [3]. 

Table I: Generation and Utilisation of Fly Ash in 
India

Year FA Generation (Million 
Tonne)

FA Utilization (Million 
Tonne)

1994 40 1

2008 160 80

2011-
2012 220 110

2031-
2032 1000 --

As part of the studies, NIT-Rourkela conducted field 
investigations, and laboratory studies were carried 
out at Geotechnical Laboratory of NIT-Rourkela. 
National Thermal Power Corporation used about 
60,000 tons of ash for backfilling underground mines 
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of Singareni Colliery Company Limited, Southern 
India during 1999–2000 [4]. There is also a report of 
mine back filling using fly ash at Singrauli and Damoda 
opencast mines in India [5], [6]. Based on the various 
physico-mechanical properties and the field studies, 
empirical models and numerical modeling studies 
were conducted for the stability of dump slope. The 
main objective of the study was to determine stability 
of overburden dump formed by the utilization of fly 
ash.  During 2012, low percentage of the Fly ash was 
used for mine fill purpose , and mass utilisation can be 
expected by proper use as back fill in open cast mines, 
such as the case study at JPL mine, conducted for the 
first time in India (Fig. 1) [7]. 

6
12%

5
7%

4
10%

7
5% 8

1%
1

47%

2
9%

3
9%

1 cement manufacturing 

2 Cement substitution

3 Road embankments

4 Low lying area filling

5 Ash bund raising 

6 Mine fill

7 Brick manufacturing

8 Agriculture & others

Fig. 1. Utilisation of Fly Ash in various sectors during 
2012 in India

II. Geomining Condition of Experiemtnal Site
In general, area of the coal block - Jindal Power Open 
Cast Coal Mine is almost flat with small undulations 
from surface. The lithological section comprises about 
3-4 m unconsolidated loose soil/alluvium. Below 
the top soil there is weathered shale/sandstone up to 
6–8 m depth. The weathered shale and sandstone are 
comparatively loose in nature and can be excavated 
without blasting. Below weathered zone (which varies 
from 3 – 10 m), the rock is hard, compact and massive 
in nature and can be excavated only after blasting. Thus 
the average depth of the excavation of these excavations, 
which can be removed, is about 16 m. In the sub-block 
IV/2 & IV/3 only lower groups of Gondwana sediments 
have been deposited. Strata are gently dipping by 2 to 
5° southwesterly. The general strike of the sediments is 
in NW-SE, and almost uniform throughout the block. 
Two normal faults of small magnitude have been 
deciphered based on the level difference of the floor of 
the seams, though the presence of some minor faults of 
less than 5 m throw cannot be overruled.  

The Mand Raigarh basin is a part of IB River - Mand - 
Korba master basin lying within the Mahanadi graben. 

The sub-block IV/2 & IV/3 of Gare-Pelma area is 
structurally undisturbed except one small fault (throw 
0-15 m) trending NE-SW with westerly throws. The 
strike of the bed is NW-SE in general with dip varies 
from 2° to 6° southwesterly. The strata shows rolling 
dip. In the sub block IV/2 & IV/3 total 10 number of 
persistent coal seams have been established. They are 
seam X to I in descending order. Seam I is impersistent 
due to metamorphism in the central and eastern part of 
the block. Depth of mine working is about 36 m with 
six benches of 6 m height. Ultimate depth of the mine 
would be about 120 m from RL of 271 to 151 m. Back 
hoe in combination of dumper with 6 m bench height is 
adopted for excavation in the mine. It is also proposed 
to have 6 m height benches at the time of formation of 
ultimate pit slope.

Bench parameters being followed at present are:

Bench height      = 6 m 

Numbers of working benches = 6

Width of the bench    = 20 m 

Gradient of the ramp    = 1 in 16

III. Laboratory Investigations
Physio-mechanical properties (Uniaxial Compressive 
Strength and Density), of the Bore hole # 32 and 44 
indicating that the strata overlying seam IX consists of 
Alternative bands of fine grained sandstone and shale 
with compressive strength of about 14 MPa.  Density of 
the coal in the seams IX, VIII, VII are in the range of 
1.340-1.43, I.41 -1.63, and 1.57-1.67 g/cc respectively. 
Shear Strength Parameters; Cohesion, C t/m2, and 
Angle of internal friction Ф are in the range of 0.2 to 
0.7 and 35 to 38 degrees , respectively. 

IV. Methodology For Dumping Of  Fly Ash
It was proposed earlier to have internal overburden 
dumps of maximum height of 30 m in each individual 
deck with four decks  up to 120 m overall dump 
height. Presently overburden dump height is about 72 
m   with a maximum deck height up to 25 m in this 
mine.  Stability analyses for the proposed dumps were 
undertaken using various techniques for the maximum 
dump height of 120 m, which is the ultimate depth of 
the mine. Ground Water level conditions are below the 
13 m from the surface and benches are generally dry
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Jindal Power Limited, Tamnar has already have captive 
thermal power plants of 1000 MW and generating fly 
ash, a solid coal combustion residue form due to the 
burning of coal, of nearly 16000 tons per day. Therefore, 
quantity of fly ash generated requires large area for its 
dumping. In last two decade it was realized that fly 
ash is no more a waste. Its utilization has increased by 
several folds, and particularly in mining industries. 
Fly ash is being used at JPL along with overburden 
material for backfilling in the mine as per the DGMS 
guide line. Mixing overburden with fly ash improves 
the mechanical strength of dump as fly ash absorbs the 
moisture from clay as well as substantially increases the 
strength of the resultant mixture due to the pozzolanic 
properties of ash [8]. A view for the dumping of fly 
ash at Jindal Power Open Cast Coal Mine, Tamnar is 
shown in Fig. 2. 
Initially a row of overburden was dumped forming an 
embankment with a width of greater than 15 m and height 
up to 5 m all around the proposed area for fly ash dump. 
A number of such areas were formed in a layer wherein 
the fly ash was dumped so that each dump of fly ash was 
separated by another overburden dump of 15 m wide in 
order to control the airborne quality of the fly ash. Fly ash 
was dumped within this area surrounded by overburden in 
alternate layers of height not exceeding 5 m in each layer. 
Therefore, each layer of overburden was followed by a layer 
of mixture of fly ash and overburden (fly ash 25%) and so on 
up to the height of 30 m. Fig. 3, 4 and 5 shows photograph of 
fly ash and OB in the overburden dump.

The side of the overburden dump is benched and the 
angle of slope is about 32°. Dump is compacted; width 
of the dump is about 40 m and the overall slope is 
about 27° from the horizontal. The toe of the dump is 
protected by putting the compact rocks (Overburden 
material) in order to restrict the possibility of any 
failure in future.

Fig.2. Cross section of the dumping of fly ash as per the 
guideline of DGMS

Fig.3. Dumping of fly ash and OB in the dump

Fig.4. Close view of fly ash and over

Fig.5. Dumping of fly ash within overburden at dump 
site

V. Experimental Investigation
Various samples of overburden, soil and fly ash 
from the dump site were supplied by the Jindal 
Power Limited for finding out various geotechnical 
properties through the laboratory study. Different 
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geotechnical tests were conducted for the overburden 
and the fly ash samples collected from the site. 
Laboratory geotechnical investigation was carried 
out for determination of grain size distribution, 
specific gravity, compaction characteristics (optimum 
moisture content and maximum dry density), and 
shear strength characteristics following Bureau of 
Indian standard (BIS) methods. The parameters like 
density, and shear parameters cohesion (C) and angle 
of internal friction (ϒ) (angle of repose) are determined 
for both overburden and fly ash to analyze stability 
of dumped slope. The typical grain size distribution 
of the overburden and fly ash is shown in Fig. 6. The 
particle size of the overburden ranges between gravel, 
sand and silt. However, the grain size distribution of fly 
ash and most of the fly ash corresponds to the silt size. 
The specific gravity of the fly ash found to be very low 
(average value of 2.15) in comparison to specific gravity 
of over burden as 2.79. This low specific gravity of fly 
ash reduces the total weight of the dumped slope and 
may help in increasing the stability of the dumped slope.
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Fig.6. Grain size distribution of typical overburden 
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The laboratory compaction characteristics of the fly 
ash are shown in Fig. 7, and it was observed that the 
optimum moisture content (OMC) was found to be 
22.9% and maximum dry density (MDD) as 1.27 gm/
cc. The MDD of the overburden is 1.87 gm/cc and 
OMC is 11.4%. It was observed that the OMC is 12.85% 
and MDD found to 1.74 gm/cc for the mixture. This 
reduction in MDD is due to low MDD of fly ash. One-

way this also helps in reducing the self-weight (driving 
force) of the slope. 
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Fig.7. Compaction characteristics of mixture of 
overburden and fly ash (25%)

The shear strength characteristics of the overburden 
and mixture of fly ash with overburden are shown in 
Table II. These properties are used for the stability 
analysis of dumped slope.

TABLE II: Shear Parameters For The 
Overburden, Soil And Mixture Of Fly Ash And OB

Sample type Cohesion 
(kN/m2)

Angle of internal fric-
tion(Φ), Degree

Overburden 41.8 28.5

Fly ash + OB 89.6 22.9

Soil 78.2 20.5

VI. Slope Stability Analysis
The stability of dumped slope is analyzed by PLAXIS 
software, Version 9 using the above geotechnical 
parameters. PLAXIS is a finite element program for 
geotechnical applications in which Mohr- Coloumb 
models are used to simulate the behavior of dump 
material. It’s implementation consists of three stages, 
known as input stage, calculation stage and post 
processing (curves) stage. Input stage contains model 
design, assigning the material parameters, boundary 
conditions, loading and meshing. In the present analysis 
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15-node triangular element is considered for meshing 
which contains 12 stress points. In PLAXIS, stresses and 
strains are calculated at individual Gaussian integration 
points rather than at nodes. In the calculation stage, 
analysis type is chosen such as Plastic, dynamic, 
consolidation and phi-c reduction. The assigned loads 
are activated in this stage and analyzed. In the post 
processing stage, curves are plotted between various 
calculated parameters such as load Vs displacement. 
In PLAXIS Phi-c reduction method is used to compute 
factor of safety (FOS) for dump slope stability. The total 
multiplier ΣMsf  (Eqn. 1)  is used to define the value of 
the dump material strength parameters at a given stage 
in the analysis.

                                    
(1)                                    

The safety factor is then defined as the value of ∑Msf  at 
failure, provided that at failure more or less constant 
value is obtained for a number of successive load 
steps. Different trials were made with overburden and 
mixture of overburden and fly ash with overall slope 
angle of 270.  Here two trials are presented.

This trial-1 was made with the overburden and mixture 
of over burden with 25% fly ash. The results are shown 
in Fig. 8. The Factor of Safety obtained was 1.75, and as 
it is much higher than 1.2. This overburden does satisfy 
the minimum requirement and can be used along with 
the fly ash.

Fig.8.  Failure surface with factor of safety 1.75 as per 
PLAXIS analysis for Trial 1 

This trial- 2 was made for the dump prepared 
by alternate layer of overburden and mixture 
of overburden and 25% fly ash along with the 
incorporation of top soil of nearly 2 meter thickness 
at the top of the dump for the reclamation purpose. 
The Factor of Safety obtained was 1.78, and as it 
is more than 1.2. This indicates that at the end the 
dump after dozing of top soil, the dump satisfies the 
minimum requirement and can be used. However, 
top soil should be protected against rainfall by 
taking measures like plantation, geosynthetics, or 
jute/coir reinforcement. The compaction control 
may be periodically checked for proper compaction 
of overburden and fly ash mixture.Slope stability 
of the overburden dump after mixing of fly ash, it 
was observed that on the application of 25% fly ash 
mixture safety factor has increased to 1.78, which was 
only 1.32 with 8% fly ash mixture with overburden. 
This increase may be attributed to the increase in 
cohesion of the mixture due to self-cementing 
properties of fly ash generated from the combustion 
of sub-bituminous coal. In presence of water, the fly 
ash will harden and get strength over time. Fig.9 to 
12c show a view of the overburden dump form by 
utilizing fly ash at Jindal Power Limited, Tamnar, 
along with the top soil and the plantation over the 
admixture of OB and fly ash.
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Fig.9. A view of the top soil on the fly ash+OB dump at 
Jindal Power Limited, Tamnar

VII. Slope Stability Monitoring 
As per the DGMS permission for fly ash filling in 
opencast working along with overburden, height of 
dump was limited to 30 m.  The height of dump at  
study site was about 25 m. Stability of Dump slopes was 
monitored with total station and monitoring stations 
fixed at an interval of   20 to 30  m on the dumps at a 
distance of about 5 m from the crest of the dump slope 
( Fig. 10) [8]. 47 monitoring stations were installed 
with 1.0 m long pipes and masonry pillars; 23 stations  
in the Pit 1 and 24 stations in Pit 2 . Final stage dump 
consist of 2 m top soil above the layers of OB and OB 
mixed fly ash material.  

Fig.10. Monitoring stations at an interval of   30 m on 
the dumps at a distance of about 5 m from the crest of 

the dump slope

Maximum Vertical deformation of -0.018 m was noticed in 
Pit 1, while the  Vertical deformation was limited to -0.01 
m in Pit 2.  Negative deformation may be considered as 
settlement of the material over time.  The analysis of the RLs 

of the monitoring stations in Pit-1 and Pit-2, respectively 
during November 2012 to Nov’2013 indicated stability of 
the dumps. As the dump was formed a year back, it was also 
observed  that settlement of the dump material at some places 
may take about a year. Plantation on the same dump is under 
progress with successful survival rate of the species such as 
banana, Teak, mango etc. Fig. 11 illustrates the preparation 
for the plantation, while a well grown banana trees on the 
dump are shown in Fig. 12.

Fig.11. A view of the plantation over OB+FA dump at 
Jindal Power Limited, Tamnar

Fig.12.  A view of the plantation over OB+FA dump at 
Jindal Power Limited, Tamnar

VIII.      Conclusions
Fly ash generation and utilisation scenario indicates 
urgent need of efforts from concerned agencies for 
reducing the gap of about 110 Million tons of Fly ash 
(FA) during 2011-12. Although meticulous attempts 
are being made by CFARM-New Delhi under the 
Dept. of Science and Technology, many more studies 
are required for eco-friendly application in mass 
utilisation of FA. Considering the importance of mass 
utilisation of Fly ash in the coal mining area, and 
limitations of available technology for its utilization 
it is recommended to undertake experimental studies 
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for mass utilisation of the ever increasing Fly Ash 
production in India. One such experimental  trial 
conducted for the first time in India at M/s JPL mines 
proved stability of the dumps with 25% Fly ash as 
admixture in the OB dumps. Dumps  with alternative 
layer of overburden and overburden mixed with fly 
ash (only 25%) are found to be stable with safety factor 
more than 1.2.

Beside the dump form with alternate layer of 
overburden and mixture of fly ash and overburden 
after dozing the top soil of nearly 2 m thick at the top, 
the slope also found stable with safety factor 1.78 for 
the above geometry. For the long term stability of the 
slope Top soil should be protected against rainfall by 
taking measures like plantation, geosynthetics, or jute/
coir reinforcement. The compaction control should 
be periodically checked for proper compaction of 
overburden and fly ash mixture. As it was observed 
rainfall intensity is high during monsoon/cyclone, so 
gully drains may be provided along the slope at regular 
intervals. Toe walls and peripherals drains may be 
required after observation of the dump slope during 
heavy rainfall. 

In view of impetus on the application of innovative 
technologies for utilization of fly ash at the earliest 
in India, there is an urgent need to formulate expert 
committees in various disciplines including academia, 
research, regulatory and field personal besides 
CFARM-DST for formulating reliable guidelines in 
near future. Displacement pattern of the monitoring 
stations during November 2012 to the end of 
November 2013, and also including monitoring of 
slope movements in COVID19 period for about nine 
years till December 2019,  indicated no significant 
displacement in the Overburden dumps with fly ash 
ensuring stability of the dump. In this regard, there is an 
urgent need of meticulous monitoring and Assessment 
of Environmental parameters through application of 
various Information and Communication Technologies 
(ICT) using Energy efficient LoRa, WSN, AI, ML, IoT 
etc  to the mining industries for sustainable mining vis-
à-vis  trans-disciplinary industry oriented research and 
academics.
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Abstract — 
The vast majority of open cast mining involves working below the water table, which demands a comprehensive and flexible 
dewatering plan, particularly as mine workings go deeper to reach diminishing stocks of ore. For the effective operation in 
the mining process and for its safety the programmable Logic Controller (PLC) plays a key role of central controlling unit, 
when programmed accordingly can meet the required objectives of automation in dewatering system. The present technical 
paper briefly distinguishes the automation systems to identify and explore the capabilities of PLCs for dewatering techniques 
used in the mining industry. The relay logic and contactor logics (RLC) were practiced in the olden days which include the 
human intervention and errors. The application of microprocessors, microcontrollers and new specific tools such as PLCs, 
Supervisory control and data acquisition (SCADA) and Distributed control systems (DCS) have increased productivity, 
accuracy, precision and efficiency in mining activities. These systems reduced human intervention and increased the flexibility 
in the process control. Flexibility in the latest dewatering system is achievable through the latest instrumentation, control and 
automation (ICA) technologies, increasing responsiveness to unexpected changes in operating conditions which allows fully 
remote and automated control systems to be utilised, reducing the need for personnel to be physically present at remote and 
sometimes inaccessible sites.Sophisticated PLCs can control the pump operating speed to adapt to changing conditions in the 
water levels, start up or shut down of equipment in response to other external factors.Also mechatronics engineering systems 
are developing rapidly, enabling monitoring and maintenance to be carried out remotely. These latest ‘smart’ products can 
be connected via cloud services to provide a live status for water pumping equipment, which safely increases productivity and 
efficiency. Fast moving data acquisition, storage and analysis all play a vital part in the continual process of improving the 
operating performance of mines pumping equipment, and ultimately can help restrict environmental impact at the same time 
as lowering the total cost of ownership. The PLC based automation works will surely turn the production activities into profit. 
The complex operations and reduction in set up time can be greatly reduced by making use of PLC based automation. The 
DCS, SCADA and communication systems integrate protection, control and monitoring together to maximize the benefits. 
Truly, automation and system monitoring are the logical choice to improve system performance and to achieve customers 
and shareholder’s satisfactions. 

Keywords—Automation, Programmable logic controller, Realy logic and contactor logics, SCADA, Distributed control 
systems, instrumentation, control and automation, mechatronics, cloud services

I. INTRODUCTION
The meaning of the word Automation is self-
dedicated derived from Greek literature. Automation 
helps to improve productivity by modernizing and 
increasing the work efficiency. It is the process of 
having machines follows a predetermined sequence 
of operation with or without human intervention 
in a manufacturing process. The main objectives 
of automation are integration of manufacturing 
processes, increased safety level of operator as well as 
work piece to increase productivity, improve quality, 
efficiency and reduce labor cost as well as the human 

errors. For the automation of a process the basic 
requirements are namely, power source, suitable input 
and out puts, proper feedback and commands. The 
present automation has taken series of transformation 
from Relay and contactor logic, Programmable 
logic controller (PLC), Supervisory control and data 
acquisition (SCADA) and Distributed control system 
(DCS). The primary objective of mine dewatering is to 
allow safe and efficient mining to be done. Dewatering 
may impact the groundwater table which is shared 
with the local communities and environment. This 
paper outlines the important parameters to consider 
when designing an efficient open cast mine dewatering 
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system. An optimal system involves high operational 
efficiency, low maintenance and low overall costs. 
Excess water entry into an underground mine can 
cause costly issues for the operating company. Mines 
cannot operate without a robust and flexible dewatering 
strategy. As no two mines are the same, each site’s 
dewatering requirements will vary, with environmental 
and geological considerations as well as local climatic 
variations likely to present unique challenges.

Variations in weather conditions can have a significant 
effect on open-pit mining in particular, and even 
mines operating above the water table can be subject to 
significant influxes of water caused by environmental 
changes such as heavy rainfall or, in colder climates, 
melting snow in the springtime. It is essential, therefore, 
that the dewatering systems in place have the capacity 
to handle the maximum potential volume of water 
inflow to avoid downtime and prevent any risks to safe 
operation.

A variety of factors dictate the type of required for a 
specific mine. The permeability and porosity of the 
ground, the amount of surface water, geological features 
such as underground rivers and seasonal rainfall must 
all be assessed and factored into a detailed dewatering 
system before work can begin.The composition of 
the water being moved has a significant effect on 
the equipment and materials used. The pH range, 
temperature, corrosive and abrasive content as well as 
specific gravity of any present solids, all affect what 
equipment provides the optimum solution to transport 
the water effectively. The presence of solids in the 
water, the specific gravity, size distribution and content 
percentage will determine the type of pumps required. It 
may be that slurry pumps are needed to handle a higher 
content of solids, as traditional dewatering equipment 
is designed for lower solids contents. Equally, the 
pipework and valves are also subject to corrosion 
and abrasion from the products handled and must be 
designed accordingly. Burst pipes create a major safety 
hazard as well as interruption to production.

There is an increasing emphasis on turning waste 
into energy as global resources are depleted, and the 
dewatering process is no different. Technology is 
allowing manufacturers to produce equipment which 
not only dewaters mines to allow safe extraction of 
ore, but which can then be recycled and re-used either 

within the mining process or if necessary, by the wider 
community after necessary processing for commercial 
or domestic use. This helps to reduce the negative 
impact on the environment.

The quality of surface and groundwater from a mine is 
monitored and treatment processes utilised to ensure 
it meets the correct standards before being discharged 
either for disposal to waterways or for use by the 
wider community.  in weather conditions can have a 
significant effect on open-pit mining in particular, 
and even mines operating above the water table can 
be subject to significant influxes of water caused by 
environmental changes such as heavy rainfall. It is 
therefore essential that dewatering systems in place 
have the capacity to handle the maximum potential 
volume of water inflow to avoid downtime and prevent 
any risks to safe operation. Further to this, and perhaps 
more importantly, consideration must be given on site 
to the permeability and porosity of the ground, the 
amount of surface water, geological features such as 
underground rivers, seasonal rainfall , solid contents 
within the water, varying pH levels and associated 
chemical composition and water temperature.

II. Comparative Study of Different Techniques in 
Automated Dewatering System

A.  Relay and Contactor Logic
Relay and contactor logic use relay which is an 
electromagnetic switch which opens and closes the 
contacts to control electrical circuit like as shown in 
Figure 1. The energized coil with a suitable supply 
controls the circuit. A  simple RC circuit is usually 
installed across the coil to dissipate and absorb the 
spikes of voltages which may damage the coil winding. 
Similar to this a contactor is an electrically controlled 
switch used for switching a power circuit activated by 
a control input. 

Contactors unlike a circuit breaker are not intended to 
interrupt a short circuit current. A contactor generally 
consists of Power Contacts, Auxiliary Contacts and 
Contact Springs etc. The electromagnet is the main 
driving element which closes the contacts. Generally, 
it is enclosed in a housing made up of insulating 
materials. The major drawback of relay and contactor 
logic is it needs immediate rectification on failure and 
it does not possess any redundant system. 
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Figure 1: Sample Star Delta starter circuit

B. Supervisory Control and Data Acquisition 
(SCADA)

SCADA is an acronym for Supervisory Control and 
Data Acquisition system. It is software with necessary 
hardware to accomplish the task assigned. SCADA is a 
computer system gathers and analyzes the data on real 
time. SCADA is used to monitor and control a plant or 
equipment in industries such as energy system, sugar, 
ceramic, cement, power, telecommunications, water and 
waste control, oil and gas refining and transportation 
etc. SCADA intern need PLC, necessary control 
mechanism, communication systems to fetch the data or 
information from the field and control effectively. The 
role of operator in SCADA system is very important and 
crucial. A well-organized SCADA maximizes the system 
benefits. The present generation SCADA systems are 
very highly motivated by the strategic skills and control 
sets to optimize and maximize the operational benefits 
of its installation. The Figure 2 shows a typical SCADA 
with associated components for its proper functioning. 
The details of individual sub blocks are presented in the 
following paragraph.

1. Remote Terminal Unit (RTU) 
RTU is a device installed in the field or a remote 
location from where it collects data, codes and 
transmits to the central station or master. The RTU may 
be a PLC gathering the required field data and status 
of all installed devices. The other role RTU collects 
information from the master device and implements 
and processes at the field for the requirements. The 
mode of communication involve wired and wireless as 
per the scope. 

2. Master Terminal Unit (MTU) 
MTU is the infrastructure installed at the Master 
Station for communicating with the RTUs and PLCs, 
etc, through human machine / man machine interface 
(HMI/MMI) with suitable software running on 
computer terminals in the control room. This unit 
preprocess the data receive and stores it into the data 
base. Main program written to control the entire 
process scans and use this data and updates it. The 
MTU communicate with field via RTUs. 

3. Field Instrumentation 
The SCADA needs a lot of instrumentation like, 
the sensors, switches, actuators, valves and other 
feedback devices that are connected to the equipment 
or machines being controlled and monitored by the 
SCADA system. The SCADA RTU is a PLC or small 
industrial computer which allows the central SCADA 
to communicate with the field devices.

Figure 2: SCADA with Field Instrumentation

C.  Distributed Control System (DCS)
Distributed control system (DCS) is a control system 
in which the controller elements are not central in 
location but are distributed throughout the system for 
the ease of control and management. In this system, 
each component or sub system is controlled by one 
or more controllers. The entire system of controllers 
is connected by a network for communication and 
monitoring. General examples are like large processing 
units or manufacturing systems, processes or any kind 
of dynamic system. A typical DCS system is shown in 
Figure 3 and its sub components are described as below. 

i) Engineering Workstation 

The Engineering Workstation (EWS) is used to set 
up project development, configuration of graphics, 
logic, alarms, security etc. for the system wide use and 
operation. 
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ii) Process Historical Archives 
The Process Historical Archives (PHA) stores and 
retrieves historical data collected by the FCU, micro 
FCU, or any other intelligent device in the system.

iii) Controllers to monitor field devices 
The monitoring of the field devices is very necessary 
on real time basis Field Control Unit (FCU) is used. 
It is typically a PLC/industrial computer. The FCU 
executes sequential and regulatory logic and directly 
scans I/O of the field devices depending on the FCU’s 
configuration. 

iv) Networking and Communications 
For the good control and operation, a wide spread 
communication networks consisting of Fiber optic and 
Ethernet local using the TCP/IP networking protocol 
with necessary firewalls need to be installed and used 
for the security of the data and safety of the operation. 

Figure 3: Architecture of Distributed Control Systems 

III. Programmable Logic Controllers (PLC)
Programmable Logic Controller (PLC) is globally 
known as the ‘work horse’ of industrial automation. 
Its invention was to replace the large sequential relay 
circuits for machine control. PLCs were first introduced 
in the late 1960’s. Bedford associates (Bedford, MA) 
proposed a Modular Digital Controller (MODICON) 
to a major US car manufacturer. The MODICON 084 is 
the world’s first PLC commercial production by Bedford 
associates. Earlier to this Sequencer state-machines 
were found in the mid1970’s. The standardization of 

communications among different PLCs was initiated 
in 1980’s and finalized in 1990. 

Considerations in the choice of suitable PLC with 
the large choice of options are now available from 
several original equipment manufacturers (OEM). For 
a specific requirement or certain function or input/
output, it is possible that one system from a single 
manufacturer standing out as more superior or cost 
effective than the other. To determine the most suitable 
PLC to be used in the automation task need several 
basic considerations to be made namely, number of 
input/outputs, digital/analog I/O, memory capacity 
needed, speed and required power for the CPU and 
coding instructions, manufacturer’s service support 
etc. All these parameters are interdependent and 
choice need to be judicial. The PLC mainly consists 
of a central processing unit (CPU), memory and I/O 
modules to handle input/output data. PLCs have the 
basic structure as shown in Figure 4. PLC has four 
main units and discussed below:

Figure 4: Block diagram of PLC with I/O

A. The Program Memory 
It is the memory space where the program instructions 
for the logical control sequence is stored. 

B. The Data Memory 
The status of inputs/outputs like, switches, interlocks, 
previous values of data and other working data is 
stored.
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C. The Input Devices 
These are the hardware/software inputs from the field 
from the industrial process. The signals may be from 
sensors, switches, proximity detectors and interlock 
settings etc. These inputs trigger the sequences in user 
program for the required output or a process. For 
example, Emergency stop input is always monitored 
by the PLC program and as when this switch is hit 
by incident or accident the whole PLC process is 
suspended to a halt situation.

D. The Output Devices
The solenoid valves and pneumatic actuators, motors, 
heaters, cooling fan motors, alarm indicator and buzzers 
are the typical output devices. These devices drive the 
industrial processes. The alarm indicator output mostly 
with audio visual warn the operator of the process for 
the unexpected happening in the sequential process 
currently running for the proper attention. In order to 
program the PLC a programming unit is necessary which 
may be a personal computer with suitable software to 
interface the PLC. The programming unit helps to build, 
test and edit the logical sequences that the PLC will 
execute repeatedly in the real process. The IEC 61131-3 
standard explains the different programming methods 
for PLCs namely, Sequential Function Chart, Function 
Block Diagrams and Ladder logic. Standards are needed 
for the exchange of information or data among the PLCs 
of different manufactures. PLC contains both Random 
access memory (RAM) and Read only memory (ROM) 
in varying capacities depending upon the application 
and design. The PLC work by scanning its inputs and 
depending on their state, turns ON/OFF relevant 
outputs. PLC continuously scans the user program 
which is presented in Figure 5. 

Figure 5: Scanning sequences in PLC

1. Input scan
During the input scan, the current status of every 
input module is stored in the input image table for the 
proper update. This is done by monitoring every input 
device connected to the input modules and updating 
its current state into the input memory table. PLC 
program on its run checks the conditions of inputs and 
executes its controls via output. The much-updated 
status of the input image is very necessary for the PLC. 

2. Program scan 
Upon the completion of input scan CPU enters into 
its user program execution or simply program scan. 
The execution involves step by step processing up of 
instructions starting at the program’s first instruction 
to the last instruction. During the user-program 
execution the CPU continually update its output image 
table up-to-date so that desired activities are performed 
as when initiated by a suitable condition. 

3. Output scan 
During program scan, the output modules themselves 
are not kept continually up to date. Instead, the entire 
output image table is transferred to the output modules 
during the output scan which comes after the program 
execution. Thus, the output devices are activated 
accordingly during the output scan. Finally, a PLC 
checks each of its input with intention to see which one 
has status on or off and the action might be activation 
of certain outputs. Changes are performed based on 
the input status that has been read during the first step 
and based on the result of the program execution in 
step two following execution of step three PLC returns 
a beginning of the cycle and continually repeats these 
steps as shown in Figure 6

Scanning time = Time for performing (step 1)+ Time 
for performing(step 2) + Time for performing (step 3)

Programmable Logic Control is very much useful in the 
production processes which undergo a fixed repetitive 
sequence of operations that involve logical steps and 
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decisions. A PLC is used to control, time and regulate 
the sequence. Small PLCs are able to control a medium 
scale automatic machining station or chemical process. 
Large PLC systems are capable of running entire 
factory automation. Industrial production processes 
follow a fixed sequence of actions that are determined 
by the identified steps in the production assembly line, 
processing of raw materials, the formation of chemical 
or pharmaceutical products in a chemical process etc.

Table 1: Typical comparison of different control methods

IV. ROLE OF TECHNOLOGY
There was a higher level of uncertainty in the design 
of dewatering systems in the past due to the available 
technology at the time, and equipment was often 
oversized to deal with a “worst case” scenario. 
Modern geological surveying methods have allowed 
dewatering systems to be designed with a much higher 
level of accuracy and the advances in sophisticated 
instrumentation and control equipment means that 
systems can be optimised with much better control. 
The obvious pitfalls of over or undersized equipment 
include excessive energy use, high cost of investment 
and maintenance and also risk to equipment and 
personnel as well as lost production in the case of 
insufficient capacity. Today, accurate feasibility 
studies can map out a dewatering plan over several 
years, or even the entire lifetime of the project, with 
pumps located strategically and designed to handle the 
maximum site requirements, including factoring in 
unexpected changes to underground water systems and 
weather conditions.

Flexible technologies allow the use of several types 
of pumping equipment such as from self-primed diesel 

driven, submersibles and multistage pumps to high-wall 
designs for sites that have limited access due to high 
sided mine pits. Development of sophisticated pontoon 
designs also allow equipment to be floated out over 
water bodies for easier access. The designs are either 
fixed to banks with access walkways or standalone 
installations. All designs are rigorously tested and 
include optimum safety features to help prevent risk 
to operators. The pontoons can be constructed from 
a variety of materials from heavy-duty steel to low-
density polyethylene with steel frames, for lighter 
applications. Each pontoon is designed with a fully 
tested anchoring system and can also be customised 
for extreme weather conditions. Flexibility in the 
latest dewatering systems is achievable through the 
latest instrumentation, control and automation (ICA) 
technologies, increasing responsiveness to unexpected 
changes in operating conditions. Technology 
advancements in instrumentation and equipment 
controllers allow fully remote and automated control 
systems to be utilised, reducing the need for personnel 
to be physically present at remote and sometimes 
inaccessible sites.

Sophisticated programmable logic controllers (PLCs), 
for instance, can control the pump operating speed to 
adapt to changing conditions in the water levels, start 
up or shut down of equipment in response to other 
external factors. In addition, mechatronics engineering 
systems are developing rapidly, enabling monitoring and 
maintenance to be carried out remotely. Monitoring of 
equipment and prediction of performance is also being 
developed to allow better planning for maintenance. 
These latest ‘smart’ products can be connected via 
cloud services to provide a live status for any piece of 
equipment, which safely increases productivity and 
efficiency. Fast moving data acquisition, storage and 
analysis all play a vital part in the continual process of 
improving the operating performance of equipment, 
and ultimately can help restrict environmental impact 
at the same time as lowering the total cost of ownership 
of a particular product. Weir Minerals invests heavily 
in a Research and Development programme through 
its internal resource and is actively involved with a 
network of academic research partners in universities 
around the world, working on technologies. The 
company should also incorporate condition monitoring 
technology into its stable through the introduction 
of real-time sensors which provide customers with 
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operational insight into the performance and reliability 
of critical equipment while enabling Weir experts to 
provide remote monitoring, preventative maintenance 
and process optimisation services – all ultimately aimed 
at extending equipment lifespans and avoid unplanned 
breakdowns. This technology is ideally suited to the full 
Weir Minerals dewatering product range.

V. CONCLUSION
The good automation and process control is very 
necessary in the competitive world. Rapid production 
changes and attainment of good production with 
minimal waste is really challenging. The PLC based 
automation works will surely turn the production 
activities into profit. The complex operations and 
reduction in set up time can be greatly reduced by 
making use of PLC based automation. The works 
in ceramic, cement, chemical, a food processing, 
packaging industry and so on strongly requires the use 
of PLC systems for the great profit and performance. The 
comparative study of historical growth in automation 
evidenced the current world and its challenges with 
PLC. The innovative developments and opportunities 
to invest in such automation is the hurdle right now 
with the related economy. Present work explored the 
control schemes for industrial automation and system 
monitoring to improve system operation, system 
reliability etc. Various types of automation systems 
such as relays, contactor logic, PLCs, SCADA and DCS 
have been discussed also, Pros and cons associated with 
each control methods have been summarized in Table 
2. The DCS, SCADA and communication systems 
integrate protection, control and monitoring together 
to maximize the benefits. Truly, automation and 
system monitoring are the logical choice to improve 
system performance and to achieve customers and 
shareholder’s satisfactions. 

This technology will prevent catastrophic failures and 
demonstrates the company’s evolution as a business to 
incorporate fourth generation digital technologies that 
the industrial world is quickly embracing. These latest 
‘smart’ products can be connected via cloud services 
to provide a live status for any piece of equipment, 
which safely increases productivity and efficiency. 
Technology is helping both in the planning stage, to 
draw up comprehensive and reliable dewatering plans, 
and to optimise the use of the equipment during the 
process itself. 

Table 2: Pros and cons associated with each control methods
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Abstract — 
The internet-based approach is the mines can remotely monitor the communications links and other systems within the mine. A 
profitable open-pit mine operation depends on effective communication efficiency and safety. A high capacity wireless broadband 
network is the key to achieving this objective. An advanced wireless technology enables online planning and real-time monitoring 
of the geological and production activities throughout the operation. The fast increase in the production of various minerals may 
largely be attributed to a fast rise in opencast mining activities and intensified mechanization, which is resulting in a rapid increase 
in the depth of the opencast mines day by day. As an obvious and direct consequence, the production of waste materials and their 
dumping have also commensurately become very high, thereby the risks of failure of the slope as well as a dump, have increased 
massively. This paper aims to create awareness and introduce reliable and efficient solutions to monitor various parameters 
and it will satisfy the need of mine operators to identify the undesired events. An Internet of Things (IoT) enabled systems will 
be presented for continuous monitoring of Slope or Dump Movements, Air Pollution, and Blast induced Ground Vibrations for 
providing early warning. The widely available conventional monitoring systems have required the Technicians in the field to 
monitor these parameters. This paper focused on the application of IoT works dealing with the elimination of manual monitoring in 
the mining industry with the help of smart sensors. The IoT based systems can measure and record the different factors in mine, not 
only automatically making available the data but also alerting mine workers via email, telephone, text message, alarm, or pager. 

Keywords: Slope Monitoring, Internet of Things, Ground Vibrations, Opencast mines.

I. Introduction 
Surface mining is one of the most common and 
ancient ways of removing minerals from the Earth. It 
is the other way of underground mining, in which the 
overlying rock is left behind, and the required mineral 
deposits are removed through shafts or tunnels. 
Surface mining is basically employed when deposits of 
commercially viable minerals or rock are found closer 
to the surface; that is, where overstrain is relatively very 
less or the material of interest is structurally unsuitable 
for heavy handling or tunneling. Surface mines are 
naturally extended until either the valuable deposit 
is exhausted, or the cost of de-cresting larger volumes 
of overburden makes further mining an uneconomic 
option to shoulder. The fast increase in the production 
of various minerals may largely be attributed to a fast 
raise in opencast mining activities and intensified 
mechanization, which is resulting in a rapid increase 
in the depth of the opencast mines day by day. As an 
obvious and direct consequence, the production of waste 
materials and their dumping have also commensurately 
become very high, thereby the risks of failure of the 
slope as well as dump, have increased massively[1,2].
With more and more severe environmental damage 

control regimes and nonavailability of alternative lands 
for afforestation purposes, these risks have assumed very 
complex proportions. Under such situations with most 
production areas concentrated close to the excavation 
floor, there is a potential threat to cause catastrophic loss 
of human life and property. In order to overcome this, 
efficient and economically feasible measurement systems 
are needed. This paper is focused on the application of 
electronics and communication to eliminate the manual 
monitoring, and with the help of Wireless Network 
Infrastructure to replace the need for physical cables 
(Figure.1) 

Figure.1. Geometry of opencast mine
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II. TDR Based wireless system for Slope 
Monitoring 
Time Domain Reflectometry is a technology that has 
its roots back in the 1930s with the development of 
radar and later in the 1950s to locate cable faults in the 
telecommunication industry. In the 1970s, TDR began 
to be applied to the fields of geotechnical engineering 
and geology to detect earth and rock movement and 
locate where this movement was occurring .This is 
a technique used in the electrical power industry, 
by computer networks and the telecommunications 
industry for locating faults in inaccessible cables. The 
basic principal is to inject an electrical pulse into a 
cable and observe the reflected echo. Knowing the pulse 
velocity and by measuring the time for the reflected 
signal to return it is possible to calculate the position 
of the reflecting surface (fault).Figure 2 shows the basic 
components and principle of TDR . The shape of the 
reflected pulse can also give information as to the type 
of fault, for example, short or open circuit. Similarly, 
light pulses can be used for the same purpose using an 
optical transmission system and optical fibers. The basic 
principle of TDR is similar to that of radar. In TDR, 
a cable tester sends a pulse voltage waveform down a 
cable grouted in a borehole. If the pulse encounters a 
change in the characteristic impedance of the cable, it 
is reflected[3,4]. This can be caused by a crimp, a kink, 
the presence of water, or a break in the cable. The cable 
tester compares the returned pulse with the emitted 
pulse and determines the RC of the cable at that point. 

 

Figure. 2. Basic components and principle of TDR

TDR100 is connected to master node which is 
integrated in ground control laboratory. The generated 
real-time data of TDR100 is directly sent to mine office 

through RF module (master node). Three Locations for 
the monitoring system were selected, and coaxial cables 
were installed at that location. All the electronics were 
placed in a room which is specially constructed near to 
the cable locations, and power is also available at that 
location. The power backup was provided for the TDR 
using Universal Power Supply (UPS). Initially, TDR 
setup and wireless communication were established, 
and data were tested using laptop. Finally, laptop was 
removed with master node for continuous monitoring. 
Measurements were taken continuously and three 
no. of TDR monitoring cables that were grouted into 
drill holes to monitor precursor movement within the 
rock mass. The TDR measuring system was installed 
at the footwall benches of Mine, and started operation 
in August 2017. The permanent indication points for 
slope stability monitoring using conventional method 
are constructed at the site at different points(Figure.3). 
This will provide the slope stability monitoring data for 
the comparative analysis of the developed system and 
the conventional system.

Figure.3. The method for the installation of the cables

III. IoT based blast-induced ground vibration 
monitoring system
The ground vibration induced by blasting is an inevitable 
outcome and severely damages surrounding structures. 
Hence, it is essential to monitor the ground vibration 
to evaluate and control the adverse consequences of 
blasting. Several conventional instruments were widely 
adopted to measure vibration in terms of Peak Particle 
Velocity (PPV). The major limitation of the conventional 
system is wire-based, expensive, and cannot transfer 
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real-time seamless information. To mitigate, proposed 
a novel real-time, low-cost wireless vibration system. 
In this context, design and implement an economical 
wireless system to monitor PPV effectively. Further, 
discuss the overall architecture, integrating of 
hardware, and implementation of software protocols in 
the process of making the wireless system (Figure.4). 
Developed prototype having an accelerometer, Radio 
Frequency (RF) module, and microcontroller unit. The 
system was installed at different locations in Mine-A, 
India and obtained results[5].

Figure 4. System architecture

IV. IOT BASED AIR QUALITY 
MONITORING SYSTEM 
Air pollution is the most important element for the 
opencast mines. The divesting news we observe in 
electronic media and newspaper which is increasing 
day by day in our atmosphere is a climatic change. 
Due to this the mine employees are becoming sick 
and also the climate is changing in such a way that it 
is very hard to live for all the living beings[6, 7]. We 
provided a solution by which digitally monitor the 
percentage or the concentration of each gas in the air 
using sensors. In this project, we are going to present 
a solution to monitor CO2 and other harmful gases 
emission produced by vehicles within the campus by 
placing sensor nodes and buzzers using IoT technology 
from anywhere across the globe. A separate GUI can be 
developed for accessing the sensor data from anywhere 
across the globe. Based on the experimental analysis, 
some recommendations will be framed to reduce 
the environmental pollution. Figure .5 Shows the 
Laboratory setup.

Figure.5. Experimental setup in laboratory

V. IoT Based Real Time Application Of Tilt Sensor
A slope failure is an occurrence in which a slope 
collapses suddenly due to internal damaged self-
retainability because of geological disturbance in earth 
crust. Because of this, the people who are working 
on the slopes are failing to escape before identifying 
failure. Though it is not achievable to stop the slope 
failures by this integrated design, this design can give 
the pre-warning for slope failures[8]. The project 
aims to capture the slope movements through the 
accelerometer sensor (Figure.6). The captured readings 
from the sensor are transferred to server through 
the integrated system which consists of Sensors, 
microcontroller (Arduino) and Wi-Fi module (ESP-
01 module) which works as communication medium, 
and it was used to integrate the device to internet. The 
Received data from the installed integrated system are 
continuously plotted in an open-source Internet of 
Things (IoT) service provider displayed through the 
Thing Speak software. Real time monitoring of terrain 
surface is one of the challenging research areas. Hence, 
the paper discusses the development of system that 
the readings and the system plot about the elevation 
of the particular objects which is useful for landslide 
detection. This system uses the accelerometer sensor 
that senses the movement of the object, an ESP01 which 
is a Wi-Fi module used to send the recorded data to the 
cloud, and the ThingSpeak software which is used to 
visualize the data in the form of graphs and values[9, 
10]. The integrated system is useful for the landslide 
detection and monitoring. The further up-gradation of 
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system can be done by installing the integrated system 
in two or three landslide prone areas. 

Figure.6. Hardware connections of integrated system

VI. CONCLUSION
The integrated systems are useful for the monitoring 
of various parameters of Opencast mine. Real time 
monitoring of terrain surface is one of the challenging 
research areas. The laboratory test was conducted in 
communication system laboratory by giving manual 
inputs to the sensors. The output graphs are observed 
and were developed GUI. a system was developed 
for monitoring the peak particle velocity induced by 
blasting. Three-axis ADXL 335 accelerometer sensor 
was employed as a sensing device and GSM 800 RF 
module for establishing communication between test 
setup source to the authorized mobile user. The field 
experimental trial was conducted successfully with 
integrated TDR system in three locations of a typical 
opencast metal mine for the period of five months 
during 1st August 2017 to 27th December 2017. The 
conventional system of slope behavior monitoring 
during the above period using total station did not 
show any significant surface movements. Similarly, the 
TDR time series also indicated no significant change 
in initial RC values (0.25 to 0.28) during experimental 
trial indicating stability of slope and supporting the 
conventional system of slope behavior monitoring. 
However, the change in the RC value exceeding 0.332 
(as established through laboratory model) can be 
considered as deformation of about 6 mm in the cable.
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Abstract —
With the development of network and intelligent technology, artificial intelligence methods are applied in fault diagnosis of 
power distribution in coal mines. The paper presents the basic architecture of a computer knowledge based expert system 
(KBES) for fault diagnostics and  detailed monitoring of distribution substations used in mines. The fault detection is based 
on a comparison algorithm polling for specific measurement values, comparing them to the corresponding estimated values, 
according to the system current inputs, and subsequent checking for possible conflicts. Expert System (ES) has been chosen 
to define a computer software using knowledge and inference procedures to find a solution for the problems usually solved 
through human expertise. The main components proposed for an ES are inference engine, database, and user interface 
ES incorporating rule-based programming. Intelligent SCADA and offline training systems for non-expert operators. The 
operation of every circuit breaker and switch is recorded in the Digital Fault Recorder (DFR) of the mines substation. All 
electrical, mechanical and kinetics parameters are measured by the installed sensors. These signals are acquired by the 
presented computational system and subsequently used to evaluate the condition of the substation. The estimated conditions 
are compared to the measured ones in order to detect any conflict that could induce an abnormal situation. An intelligent 
algorithm is executed during a program scan cycle incorporating the stored knowledge of the expert operator. This paper 
presents also the results of industrial testing and monitoring of electrical equipment used in power substations feeding 
power to HEMMs ie, Draglines, Shovels, drills, coal handling plants, mines lighting and mine pumping. Effectiveness and 
credibility of the KBES depends considerably on practical experienced operators reasoning. It can report and analyze faults, 
even if it receives partly erroneous input data, something very difficult in real time for a human operator under emergency 
situation. The knowledge base can be continuously updated with rules, making the system capable to “learn” the most recent 
experience. Based on some more advanced rules the system can provide fault scenario inference through performing multiple 
input calculations, with strictly restrictive  complexity for the human operator real time processing. Application of AI in 
power distribution systems makes it possible to monitor closely equipment conditions and thus to prevent expensive failures 
and damages.

Keywords—Knowledge based expert system, SCADA, Digital Fault Recorder, HEMMs.

   I. INTRODUCTION 
 An unhandled fault can have a significant impact on 
continuity and volume of coal production. Some such 
faults reported in the past have even led to human 
casualties. Besides, possible damages inflicted on 
drive motors may have severe financial consequences. 
In such conditions control systems should meet the 
following requirements: flexible configuration of 

control modules, high speed of data acquisition and 
transmission, simplicity of design and reliable work in 
difficult mining conditions. These requirements can 
be met using a modern control system equipped with 
microprocessor industrial controllers working with 
modern, intelligent sensors. Due to a high amount of 
coal to be handled and in order to meet production 
targets, high reliability and effectiveness of individual 



Northern Coalfields Limited, Singrauli

262

pieces of equipment and of whole systems are crucial. 
This paper describes the modern diagnostic system for 
mine haulage and hoisting equipment equipped with 
intelligent sensors and transducers, and controlled by 
means of an industrial computer. Expert System (ES) 
has been chosen to diagnose the above mentioned 
equipment. These systems are one of the Artificial 
Intelligence (AI) techniques commonly used in the 
industry. They are defined as computer software using 
knowledge and inference procedures to find a solution 
for the problems usually solved through human 
expertise. All these offline applications however are not 
critical for the power system robustness and stability. 
The system is designed to instantly recognize and 
report abnormalities related to a mechanical, electrical, 
or electronic equipment malfunction, or even to an 
erroneous human operator control command. The basic 
architecture of a computer knowledge based expert 
system (KBES) implemented for the fault diagnosis 
of power plants are given. The Digital Fault Recorder 
(DFR) of the mine  records the operation of every 
circuit breaker and switch. All electrical, mechanical, 
and kinetics parameters are measured by respective 
sensors and transformers. The signals acquired by the 
computational system are subsequently used to evaluate 
the conditions of the generator and the substation. The 
estimated conditions are compared to the measured 
ones in order to detect any conflict that could indicate 
an abnormal situation. An intelligent algorithm is 
executed during a program scan cycle using the stored 
knowledge of an experimented operator. Some results 
of computer simulations and industrial testing are 
presented in the paper.

II. MINE MACHINERY DIAGNOSTICS
Present stage of diagnostics technology with regard 
to mining equipment condition must take into 
consideration basic operational parameters of the 
equipment and its state, quality control requirements, 
basics of respective sciences and accumulated practical 
experience. Monitoring employs special physical, 
mechanical and magnetic techniques as well as high 
accuracy instruments destined to measure particularly 
important parameters of the given machine. These 
instruments comprise sensors and/or gauges to 
measure temperature, power consumption, current 
density, an oil level as well as the elements detecting 
revolution and vibrations pick-ups. They transmit the 

monitored signals to a logger and indicate symptoms 
preceding the occurrence of functional failures. Such 
symptoms include changes in temperature and electric 
resistance, vibration characteristics, acoustic effects, 
increase of impurities in lubricants, change of chemical 
composition of machine materials. These changes are 
compared with boundary and critical values determined 
on the grounds of experiments, analyses or calculations. 
Exceeding these values may cause a functional failure of 
the machine. Systems’ “off– line” monitoring also covers 
machinery crucial for the safety of miners (ventilation 
fans, dewatering pumps, etc.). In order to assure the 
required output (production), monitoring is sometimes 
extended onto principal coal winning and handling 
equipment such as: shearers, chain and belt conveyors, 
hoists, etc. Intelligent equipment (electric motor, inverter 
supply system and microprocessor control system) with 
computer hardware and software to control them and 
incorporated in the whole machine system finds more 
and more applications in the mining industry. 

Local monitoring devices are hooked to the master 
computer at the surface via communication system. 
The acquired information and/or data are also used to 
plan proactive maintenance of the equipment (check-
ups, parts replacements, machine overhauls, etc.) Such 
monitoring however offers only a partial image of the 
technical condition of the given piece of equipment. 
It is not sufficient to perform process analyses or test 
and simulate real operating conditions of machines. In 
order to make it more complete it would be necessary 
to increase a number of sensors. Such testing can be 
performed based on the results obtained through 
high accuracy diagnostic procedures, using adequate 
instruments and scientific methods. When selecting 
diagnostic equipment, it is necessary to consider 
working conditions in the underground environment. 
Block scheme of the control system is presented in fig 1. 

Fig. 1. Block scheme of the diagnostic control system
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 III.DIAGNOSTIC EXPERT SYSTEM
Distribution substations are often at the origin of        
failures affecting an electrical or mechanical part of 
mine   transportation machinery. The condition of all 
substation components is monitored and recorded in 
Digital Fault Recorders or “DFR”, while the electrical 
values of every circuit breaker, bus, belt and equipment 
drive system terminal are measured by ad hoc installed 
current and voltage transformers. Mechanical and 
kinetics values (speed, temperature, stress) are 
measured by intelligent sensors and transducers. From 
the operator perspective an alarming situation occurs 
when a monitored value exceeds a predefined upper or 
lower limit, activating a sound or visual alert on the 
control panel. An experienced operator would handle 
this situation by checking the control panel indications 
and then trying to locate the faulty area, according to 
the theoretical condition of the switching equipment 
and the current values of the measurement points.  
Working conditions of circuit breakers, switches, 
protection relays etc., are considered to be known. Based 
on the above values the system provides estimation of 
conditions regarding the voltage and current flow at all 
measurement points. Another module estimates these 
conditions based on the performed measurements at the 
same points. The estimated and measured conditions 
are constantly compared until a conflict between 
the estimated and measured values at the certain 
measurement point is detected. Then the fault-locating 
module locates the affected area and the fault scenario 
module inferences the fault hypothesis. Subsequently, 
the system activates the restoration module in order to 
propose the restoration sequence bringing the process 
back to its normal operation.

IV. Computational Model

A. Fault Analysis
Electric power faults in a distribution system occur 
randomly and their severity varies in intensity. There 
are four major types of faults: namely, three-phase 
fault, single line-to-ground fault (LG), line-to-line fault 
(LL), and double line-to-ground fault (LLG). Amongst 
these, the three-phase fault is the most severe when it 
occurs in a power grid, while the line-to-ground fault 
arises most commonly. LG, LL, and LLG faults cause 
unbalanced currents to flow through the network and 
sequence diagrams are employed in the analysis of 

unbalanced fault incidents in electric networks. The 
fault currents due to three-phase LG, LL, and LLG 
faults are given by (1) to (4), respectively. represents the 
fault impedance, represents the impedance at bus , are 
the zero, positive, and negative sequence fault currents 
in Phase A, respectively, and is the per unit voltage at 
the fault point:

B. Fuzzy Inference System
Fuzzy logic involves reasoning algorithms that mimic 
human thinking in a manner describable as a kind of 
gray logic, as opposed to binary logic that uses only 
two values. Therefore, fuzzy logic associates input data 
with a range of values between 0 and 1. The data is thus 
processed by a fuzzy controller in three stages: namely, 
fuzzification, fuzzy processing, and defuzzification. 
Fuzzification translates input data into a fuzzy form 
with the aid of input membership functions. Common 
membership functions include the triangular-shaped, 
bell-shaped, S-shaped, and Z -shaped functions. Fuzzy 
processing associates the fuzzified inputs via a set of IF…
THEN rules to determine how the input membership 
functions will associate. Finally, defuzzification 
converts the value from the processing stage into an 
output using methods such as the centre of gravity 
method and the maximum value method. There are 
two common fuzzy inference systems (FIS): namely, 
Sugeno-type FIS and Madami-type FIS. The Sugeno 
FIS is efficient and works well with mathematical, 
linear, optimization, and adaptive techniques. On the 
other hand, the Mamdani FIS is intuitive and suitable 
for human input.

  C. Adaptive Neurofuzzy Inference System
The difference between the adaptive neuro fuzzy 
inference system (ANFIS) and the FIS is that, with the 
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FIS, only fixed membership functions that are chosen 
arbitrarily are used. However, ANFIS membership 
functions are adapted to a historical data set. FIS 
modeling relies heavily on the user’s interpretation of 
the relationship between the input and output data. 
On the other hand, ANFIS improves the process by 
adapting the input and output membership functions 
to the relationship of a sample set of input/output data. 
This adaptation for bespoke membership functions is 
attained through neuro-adaptive learning. The learning 
process works similarly to that of neural networks 
and calculates membership function parameters that 
optimally permit the fuzzy inference system to track 
the input/output data according to the following 
steps:(1)Postulate a model structure that relates inputs 
to outputs through membership functions and fuzzy 
rules using the Sugeno-type FIS.(2)Collect input/
output data for training by ANFIS.(3)Train the initial 
model with the data provided constrained by an error 
criterion.

          One-line diagram distribution network.

V. SYSTEM ARCHITECTURE
The proposed knowledge based expert system runs 
on a dedicated PC workstation. No additional data 
acquisition and digitization hardware is required as the 
data acquired from the DFR are transferred to the host 
computer via a standard RS-485 connection supplied 
directly from the DFR. The core of the system is the 
software running on the PC. It consists of three main 
sub modules running simultaneously in real time that 
perform data acquisition, check sensor condition, 
evaluate technical condition and detect possible 

faults. This software takes charge of data acquisition 
and interfacing the external acquisition software. 
It passes all acquired information to the inference 
engine and displays some defined data to the system 
monitor. It also displays some data (according to the 
operator’s selection), thus implementing the system 
input and output. Selected data are sent to the system 
database that consists essentially of two modules: the 
knowledge database as well as recording and logging 
one. The former stores entire knowledge acquired at 
the system design phase, via exhaustive interviews with 
the station’s most experienced operators. Its concept 
allows modifications and updates of its content, which 
makes the system flexible and upgradeable. The second 
database (history recording and logging) is used to 
store selected values that can be used by the inference 
engine in real time, or even be recalled by the user 
offline for further processing and evaluation.

 VI. SOFTWARE IMPLEMENTATION
The various system modules presented above are 
implemented in independent software units in Visual 
C++. Each module runs in a dedicated thread on a 
Win2000 based workstation platform. Three main 
threads (graphical user interface, inference engine and 
data acquisition) are active and run simultaneously. 
There is also another possibility. At the development 
stage or soon afterward laboratory tests provide 
measurements’ results obtained before and after the 
failure. These results may be subsequently fed into 
the master computer memory. This procedure is very 
useful when there is no physical system available 
or when some specific scenarios must be tested. The 
system initially used mostly a rule-based style of 
programming. All advanced checks and operations 
were performed from the inference engine restoring 
the acquired knowledge (stored in the knowledge base) 
in combination with measurements acquired by the 
DFR. A conventional expert system built this way has 
proven to be inconvenient in describing an extended 
and complex industrial process and due to conflicts 
arising between the rules and the real objects properties. 
Another problem that can occur is a possible disparity 
between the predictions based on test results and those 
based on the experience of industrial expert people. 
The gap between the two approaches closes when the 
knowledge engineer translates the object with a set 
of rules that is not always easy to produce and check. 
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Translating an object’s properties into rules increases 
the complexity of the system and slows down the 
development process significantly, especially when the 
same objects are used by the system many times. On 
the other hand, rule based kind of programming can 
give a very good representation of human reasoning. 
The reasons mentioned above helped realize that a 
hybrid programming style should be incorporated in 
order to accelerate the development and to increase 
the efficiency of the system. At the same time it offers a 
simple and easily expandable architecture. Instructions 
and configurations developed using Object Oriented 
Programming (OOP) make also part of the software 
destined to test and investigate mining machinery.

VII. RESULTS OF COMPUTER SIMULATION
The mathematical model of the belt conveyor used for 
simulation comprises the drive composed of two induction 
motors supplied with a voltage inverter system and coupled 
directly to drive drums and a conveyor belt. Control 
algorithms and energy-saving procedures are presented 
by Working Group D10 (1994). Examples of computer 
simulation results are presented in fig. 2 - 7. Fig. 2 gives the 
spectrum harmonics of vibration speed for the case of the 
damaged drive system. Fig. 3 shows spectrum acceleration 
and envelope curve of the mine machine affected by a 
bearing damage. Fig. 4 presents the spectrum harmonics 
of the sensor signal for the case of the conveyor after a 
mechanical failure. Fig. 5 presents transient and spectrum 
harmonics of inverter fed mine machine supply voltage. 
Spectrum of supply system parameters is presented in fig. 
6. Working conditions are characterized by a methane 
hazard, water intrusions, presence of dust in the air, 
formation of slimes, hazards related to spilling coal lumps, 
and difficulties to install measuring devices on highly 
powerful operating mining machines. The equipment used 
to perform diagnostics of mining machines is composed of 
the following elements: sensors, the measuring and logging 
system, communication systems (amplifier, transformer, 
A/D and D/A converter, RS registers), computer systems 
with analyzing software. For global diagnostics analysis 
of mine transportation machinery industrial computers 
Simatic S7 or Simadyn are applied. These controllers 
perform different diagnostics, control and transmission 
functions, and work with different analogue and digital 
hardware. Results of computer simulations were validated 
by laboratory experiments. Experimentation results 
enable validation of diagnostics algorithms and control 
procedures.

Fig. 2. Spectrum harmonics of vibration speed for the case of the 
damaged drive system

 

 Fig. 3. Spectrum acceleration and envelope curve for 
the case of a bearing damage

 

Fig. 4. Spectrum harmonics of a sensor signal for the case of the 
conveyor after a mechanical failure.
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Fig. 5. Transient and spectrum harmonics of inverter fed mine 
machine supply voltage

 

 Fig. 6. Changes in parameters of the inverter supply system

VIII. CONCLUSIONS
This work introduces a knowledge based expert system 
(KBES) for substation monitoring and fault diagnosis 
in a coal mine. The fault detection is based on a 
comparison algorithm polling for specific measurement 
values, comparing them to the corresponding 
estimated values, according to the system current 
inputs, and subsequent checking for possible conflicts. 
Whenever a conflict arises, the system employs rule-
based reasoning to inference the fault scenario and 
the optimal restoration sequence, which is fed back 
to the operator in the control room for further action. 
Effectiveness and credibility of the KBES discussed 

here depends considerably on practical experience 
(experienced operators reasoning). It can report and 
analyze faults, even if it receives partly erroneous 
input data, something very difficult or impossible 
in real time for a human operator, especially under 
emergency situation stress. The knowledge base can be 
continuously updated with rules, making the system 
capable to “learn” the most recent experience. Based on 
some more advanced rules the system can provide fault 
scenario inference through performing multiple input 
calculations, with strictly restrictive complexity for the 
human operator real time processing. This enables a 
detailed diagnosis of faults, even if the cause is indirect. 
For example, a failure of power semiconductor elements 
of the generator field excitation rectifiers that consist 
of power electronics can be recognized and classified 
indirectly, according to their combined impact onto 
the measured and estimated parameters. Application 
of industrial computers and microprocessor controllers 
in mining equipment control systems makes it possible 
to monitor closely equipment conditions and thus to 
prevent expensive failures and damages.
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Abstract: 
In this paper the author has discuss the need of automation in mining industry for productivity improvement and advantages 
of autonomous haulage systems used in open cast mines across the globe. Autonomous technology refers to self-driving 
vehicles in particular mine haul trucks. It is an important topic because the global demand for minerals is increasing and 
mining is becoming more challenging. Mining companies seek to reduce costs and make operations safer. Autonomous 
haulage trucks have recently been developed for open pit mines. To predict the benefits of an Autonomous Haulage System 
(AHS), a theoretical model for medium scale open pit mining operation mine with 10 numbers of converted autonomous 
trucks is discussed and compared with manual system for productivity, safety, and labor costs.

Key Words: Autonomous Haulage System (AHS), GNSS, LiDAR, Millimeter wave Radar

I. INTRODUCTION
In the open-pit mining industry, trucks and shovels are 
the mining technology of choice; however, it is widely 
recognized that the operation of these trucks and shovels 
contributes significantly to the overall operation cost. 
Fortunately, there exist many opportunities to reduce 
the cost of the truck and shovel operation. 

Operationally, the main challenges have been to 
effectively deploy truck resource and to maintain a 
steady, reliable supply of ore material at the highest 
possible efficiency. Most mining companies develop 
and implement the truck dispatching system as an 
integrated multi-stage system. The first stage involves 
an allocation of truck resource given a production 
requirement. These truck solutions are then 
implemented using a real-time dispatching system, 
with or without the interaction of the truck dispatcher

Background on autonomous technology comes 
from research on the state of personal autonomous 
vehicles. A comparison between the requirements and 
conditions of automating personal automobiles versus 
mine haul 

trucks explain why autonomous haul trucks are 
performing better. Mining operations are continually 
searching for means to improve efficiency and reduce 
costs via the usage of new technology. Autonomous 

Haulage Systems (AHS) or colloquially ‘Self-Driving 
Trucks’ is one such set of technologies that has 
demonstrated success in this area and is expected to 
further improve in the future.

Autonomous vehicles enable productivity 
improvements and cost benefits; figures used for cost 
and efficiency metrics such as labor, maintenance 
costs, utilization rates and G&A costs are in line 
with those published by the major miners currently 
utilizing AHS. In addition to the proven effects above, 
the study provides a conceptual analysis to evaluate 
the potential benefits of mine design and mine 
planning optimizations enabled by AHS. The potential 
improvements include haul road narrowing and catch 
bench restriction

The Autonomous Haulage Systems (AHS) have evolved 
with the improvement in networking technology and 
has reached the optimum level of maturity, although 
it is still evolving and its penetration across industry 
is still in its infancy. AHS is being in use in large 
opencast mines for more than 10 years and has shown 
great benefits both in term of economics and in safety 
standards. 

II. REQUIRMENT OF AUTOMATION IN 
MINING
Present environment is requiring mining companies 
to improve efficiency and be rigorous about cutting 
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production costs, including improvements to efficiency 
made by optimizing all aspects of their mine operations, 
not excluding improvements to mine safety, and 
further reductions in operating costs achieved through 
innovation. Employee safety is also a challenge given 
that mines are inherently dangerous workplaces. 
Autonomous haulage systems (AHSs) for the 
autonomous operation of dump trucks have attracted 
attention as one way to achieve these rationalizations. 
Dump trucks are the largest use of labor at opencast 
mines. An AHS eliminates the need for a driver in 
these dump trucks, which are used for the hauling 
and dumping of ore and earth under the supervisory 
control of a central control system. Driverless dump 
trucks not only reduce labor costs, they also have the 
potential to provide economic benefits in the form of 
longer operating time (by eliminating the time spent 
on work breaks and shift changeover), and lower 
fuel consumption and longer machine life (by using 
machine control to drive the trucks in an efficient 
and appropriate manner). There is also the potential 
to make overall mine operation more efficient by 
coordinating management of the hauling process with 
the production management system. 

Key drivers for automation:
Generally automation is thought to perform more 
efficiently, reliably and accurately than a human 
operator. Also, there is an expectation that the 
automated control system can perform a function at 
lower cost than the operator can.

In general, while developed mainly for safety or 
efficiency reasons, automated and new technologies 
have been summarized into the following broad 
categories:  

•	 Removal of operators from hazardous situations;
•	 Lower costs of production; requirements for 

enhanced
•	 Precision (as with automated blast hole drilling); 
•	 Less environmental impact;
•	 Ability to mine previously inaccessible areas; 
•	 More data and information available and reduced 

manning of equipment

III. AUTONOMOUS HAULAGE SYSTEMS 
(AHS) 
Dump trucks are the largest use of labor at opencast 

mines. An AHS eliminates the need for a driver in 
these dump trucks, which are used for the hauling 
and dumping of ore and earth under the supervisory 
control of a central control system. Driverless dump 
trucks not only reduce labor costs, they also have the 
potential to provide economic benefits in the form of 
longer operating time (by eliminating the time spent 
on work breaks and shift changeover), and lower 
fuel consumption and longer machine life (by using 
machine control to drive the trucks in an efficient and 
appropriate manner). Use of machine control should 
also improve safety by reducing human error in the 
driving of dump trucks. There is also the potential 
to make overall mine operation more efficient by 
coordinating management of the hauling process with 
the production management system.

How AHS works: 
The mine site is segmented into autonomous and non-
autonomous zones. All vehicles, including non-AHS 
vehicles in the autonomous zone, are fitted with GPS 
transponders so they may be tracked and avoided by 
AHS trucks. 

Components Installed In Autonomous Dumper

While the trucks maintain a minimum safety distance 
from other tracked vehicles, they also utilize object 
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detection systems (RADAR and LiDAR) to detect 
potential collisions with any object which will efficiently 
stop the truck. The AHS trucks are capable of automatic 
positioning beneath digger buckets and automatic 
tipping at material destinations, including both 
crusher stations and stockpiles. All vehicles entering 
the autonomous zone are fitted with GPS transponders 
that ensure tracking and a safety perimeter or exclusion 
zone. The trucks receive commands from the control 
room (located remotely) over the communications 
network to navigate using waypoints.
 

Object Detection And Collision Avoidance

Digging units have a location sensor for the trucks to 
park underneath the bucket appropriately. The trucks 
can tip into a crushing station, run-of-mine (ROM) 
pad or waste dump. Staff in the control room can issue 
commands to trucks that are transmitted over wireless 
(wi-fi or LTE/4G) networks. Object detection systems 
(RADAR and LiDAR) are programmed to stop the 
truck should anything get in its way.

IV. Autonomous Haulage System Costs
Study has been conducted in Australia regarding 
implementation cost of AHS by converting 10 nos 
of 180 te existing dumpers fleet into Autonomous 
dumpers.

The analysis explains the benefit of an AHS 
implementation in a single context: converting 
an existing mining fleet from manned trucks to 
autonomous (ie retrofitting existing equipment at an 
operating mine).

The implementation of an AHS includes a number of 
fixed and variable costs. Fixed costs apply to the site 
for installation, while variable costs apply according to 
the workforce and number of vehicles installed with 

the system.

The total cost to install an AHS is therefore determined 
by the scale of implementation. The costs in below 
table represent actual installation costs for a modern 
medium-scale mine site in an easily accessible area.

ITEM COST (In AUD)   COST TYPE

Project Planning 1 Million FIXED

AHS Truck Cost 1 Million PER TRUCK

AHS Ancillary Vehicle 0.15 Million PER VEHICLE

AHS Software 1 Million FIXED

AHS Configuration 0.5 Million FIXED

Control Room 0.4 Million FIXED

Communication 
Upgrade

1 Million FIXED

Physical Infrastruc-
ture

0.5 Million FIXED

Implementation 
Service

1 Million FIXED

Misc 1 Million POTENTIAL

1 Australian Dollar (AUD) = 50 Indian Rupee (INR)

Assuming that the mine site has ten trucks and 14 
ancillary/support vehicles engaged in the AHS, the total 
estimated cost to undertake the exercise of converting 
the haulage fleet for this example is approximately 18.5 
million AUD or 92.5 crores INR.

Autonomous haulage system benefits
The implementation of an AHS is principally a 
capital cost to operating cost trade-off analysis, with 
incremental additional benefits in safety, productivity, 
tyre life, maintenance, personnel management and 
environmental stewardship.

Production benefit
The benefits have been modeled based on operational 
experience at AHS sites. The principal benefit is 
increased production due to increased equipment 
utilization. Typically, haul trucks in an open pit mine 
are scheduled for approximately 5500 to 6000 engine 
hours per year. AHS sites achieve significantly higher 
utilizations, resulting in higher annual engine hours. 
AHS sites are known to schedule up to 7000 hours 
per year, an increase of around 16-18 per cent. It is 
therefore a conservative assumption to model an annual 
increased utilization metric of 1000 hours. A simplified 
benefit of an increase in operating hours of 1000 hours 
per year for a single haul truck is outlined and it is 
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noted that this increase in operating hours modeled 
is congruent with actual annual hour increases from 
mine sites that are currently operating an AHS (Rio 
Tinto, 2015; Fortescue Metals Group, 2015). 

Additional incremental production of upto 9 lac tons 
of ore/coal will result in additional revenue of 30-35 
million AUD or 150-170 crores INR.

Wage impact benefit
Adopting autonomous haulage will impact the 
production workforce wage bill. The modeled net wage 
reduction in the adoption of an AHS is A $2.73 million 
AUD or 13.65 crore INR per annum.

Tyre life benefit
Mine sites that utilize an AHS typically achieve 
significantly longer tyre life. Tyres typically last 
approximately 5000 hours at manned fleet mining 
operations, while autonomous mining operations can 
budget on a 7500-hour tyre life. The tyre life benefit 
is derived from several critical changes at sites that 
utilize an AHS, including that the truck operates only 
on a programmed basis and incidents such as vehicle 
collision, direct impacts, tyre sidewall punctures and 
improper use of the truck occur less frequently and 
with less associated impact. The modeled annual 
benefit is $1.2 million AUD or 6 crore INR.

Non-quantified benefits (Safety)
The quest for zero harm in the workplace is never-
ending, and autonomous vehicles are expected to play 
a significant role in improving occupational health and 
safety in the future. Trucks that operate autonomously 
can make mines safer by removing people from 
repetitive front-line tasking.

It is anticipated that autonomous trucks will have 
significant maintenance benefits. The trucks typically 
experience higher costs in brakes, due to the service 
brake being utilized in every event of obstacle detection, 
these benefits will crystallize over the years once AHS 
trucks complete a full life cycle. At present, AHS trucks 
have been in continuous operations for around nine 
years, which is not yet a full life cycle of an off-highway 
heavy haul truck.

Utility of increased production
A number of key issues exist that impact cost-benefit 

analysis work undertaken by mine operators on the 
potential implementation of automation. A critical 
question to answer is whether the mine operator will 
make use of the additional tonnes or instead retire 
underutilized equipment. In the example modeled in 
this article, the trucks produce an extra 15 per cent in 
tonnage. The job of 9 manual trucks can be done by 
7 AHS trucks hence reducing cost of production and 
capital savings.

Haul road maintenance
The site will require an increased focus on haul road 
maintenance. This increased focus does not necessarily 
relate to increased cost, but haul roads are more 
important at an AHS operation than a manned one 
because the AHS safety system will detect oversize 
rocks as stationary objects and stop the truck if the 
roads are not graded to a high standard.

Operator training
An AHS utilizes modern technology and requires 
an increased reliance on communication networks 
and higher-skilled staff members. Although the 
technologies that deploy an AHS are well known, the 
technical skills to operate and maintain it are usually of 
a different background to truck operators. Therefore, 
there is the potential for increased operational issues 
during the transition phase, but the benefits appear to 
outweigh the risks and potential negative impacts.

V. USAGE OF AHS
There are two original equipment manufacturer (OEM) 
AHS operating in the Pilbara – Caterpillar Command 
for Hauling and the Komatsu Front Runner – and 
the three major iron ore miners (Rio Tinto, BHP and 
Fortescue Metals Group (FMG)) were leaders when it 
comes to using autonomous trucks. FMG is the largest 
operator of autonomous trucks in the Pilbara – making 
it effectively the largest in the world – with 128. Rio, 
meanwhile, had 96 up and running, with BHP having a 
total of 50, as per publicly released data. FMG has plans 
to automate all of their trucks, including the first non-
OEM trucks on an alternate OEM system.

Since beginning trial operations in 2008, there 
have been zero injuries attributed to haul trucks 
equipped with autonomous haulage system (AHS), 
which highlights the technology’s significant safety 
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advantages, in the Pilbara region of Rio Tinto. Ten years 
after Rio Tinto began a trial of its autonomous trucks, 
they have reached a one-billion-tonne milestone. 
Driverless trucks have also proven to be more efficient 
than their manned counterparts, the company said, 
with autonomous vehicles operating 700 hours longer 
last year and with 15% lower unit costs. Rio says more 
than 80 autonomous Komatsu trucks are currently 
operating and the miner plans increasing the number 
to more than 140 by the end of 2019.

VI. CONCLUSIONS
The current operators of autonomous vehicles achieve a 
lower unit cost due to increased productivity and lower 
maintenance costs and enjoy a better tyre-wear profile. 
Simplified analysis of the cost and benefits associated with 
operating an AHS. It demonstrates that the benefit from 
an increase in production is 85 per cent of the annual 
benefit, while the wage reduction is ten per cent of the 
benefit and tyre life increases by less than five per cent. 
These calculations validate that the economic rationale 
for automating trucks is primarily related to increasing 
production, which lowers the delivered cost per tonne, 
and is not solely related to the removal of truck operators.

The adoption of autonomous trucks is expected 
to reduce fuel consumption by more than 10%. 
Maintenance costs, in turn, should fall by another 
10% and off-road truck tyres, are expected to have 
25% lower wear. The overall gains translate into a 15% 
increase in equipment life, reducing investments in new 
acquisitions and reducing carbon dioxide emissions at 
the same time

At present, an AHS requires cut-off thresholds that 
limit its application to large open pit mines. At present, 
the apparent complexity, capital constraint (due to 
market forces) and a lack of general awareness serves 
to limit the uptake of the technology.
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Abstract — 
Remote Sensing has proved to be very useful to monitor earth surfaces in the recent years. The phase information present in 
the Synthetic Aperture Radar (SAR) image plays a significant role in analysis of ground deformation. This technique called 
the Interferometric Synthetic Aperture Radar (InSAR) has gained popularity due to its precision to monitor surfaces. In this 
paper, the processing of the Northern Coalfield Limited, Singrauli has been carried out using the InSAR techniques. The 
results thus obtained are evaluated as a tool to calculate the displacement of the land. Sentinel-1 satellite was used to acquire 
the datasets over a period of time. Important factors for the improvement of the accuracy of InSAR image co-registration 
process are reviewed for the measurement for the quality of an interferogram. InSAR, allows accurate measurements of the 
radiation travel path because it is coherent. Measurements of travel path variations as a function of the satellite position and 
time of acquisition allows measurement of accurate land deformations.

Keywords—Remote Sensing; SAR; InSAR; Sentinel-1; image co-registration 

I. Introduction 
Synthetic aperture radar is an active microwave radar 
having ability to achieve high-resolution images 
independent of daylight. SAR imaging is an important 
earth observation technique in remote sensing 
field used in a wide range of applications. Radar is a 
form of active remote sensing in which the system 
produces its own electromagnetic signal, beams it 
at the target object measuring the reflected energy. 
Spatial resolution of radar systems is dependent on 
the size of the antenna which is the aperture used to 
generate the signal. Synthetic-aperture radar refers 
to synthetically increasing the size of the aperture by 
combining a sequence of acquisitions. There are two 
values of importance for SAR imagery. The first is 
amplitude, which is a measure of the strength of the 
reflected signal and is related to how much energy 
was absorbed or reflected. The second is phase, which 
is related to the distance between the antenna and 
the object. Interferometric SAR (InSAR) refers to 
the method of combining SAR images of the same 
region taken at slightly different angles with the goal 

of extracting terrain information by determining the 
phase difference between the two images. The resulting 
data can be used to interferograms which have a wide 
variety of applications including monitoring natural 
hazards like earthquakes[1]-[3]. Figure 1 demonstrates 
the SAR Geometry for SENTINEL -1 in detail.

Figure 1: SENTINEL-1 Acquisition Modes.[1]

Currently, operational satellite SAR systems work in 
one of the following microwave bands:

•  C band – 5.3 GHz (ESA’s ERS and Envisat, the 
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Canadian Radarsat and the US shuttle missions)

•  L band – 1.2 GHz (the Japanese J-ERS and 
ALOS)

• X band – 10 GHz (the German-Italian X-SAR 
on the shuttle missions)

Digital SAR image can be seen as a mosaic (i.e., 
a two-dimensional array formed by columns and 
rows) of small picture elements (pixels). Each pixel 
is associated with a small area of the Earth’s surface 
(called a resolution cell). Each pixel gives a complex 
number that carries amplitude and phase information 
about the microwave field backscattered by all the 
scatterers (rocks, vegetation, buildings etc.) within the 
corresponding resolution cell projected on the ground. 
Different rows of the image are associated with different 
azimuth locations, whereas different columns indicate 
different slant range locations.

Sentinel-1 Satellite operates in the C-band of the 
electromagnetic spectrum. This band can penetrate 
clouds allowing data to be collected in all weather 
conditions. Since SAR imaging does not rely on 
sunlight, data can be collected day and night, allowing 
for continuous collection. In this paper we use image 
processing software SNAP (Sentinel Applications 
Platform) to create an interferogram. The interferogram 
is used to visually represent deformation due to coal 
mine land surface displacement.

The main specifications of this Sentinel-1 C SAR 
instrument are presented in Table No.1.

TABLE I. SAR-C SPECIFICATIONS

Sl. 
No. Parameters Specifications

1 Centre Frequency 5.405 GHz (corresponding to 
a wavelength of~5.5465763 
cm)

2 Bandwidth 0 – 100 MHz (Programmable)
3 Polarization HH + HV, VV + VH, VV, HH
4 Incidence Angle Range 200 - 460

5 Look Direction Right
6 Antenna Type Slotted Waveguide Radiators
7 Antenna Size 12.3 m X 0.821 m
8 Antenna Mass 880 Kg (Representing 40 % of 

the total launch mass)
9 Azimuth Beam width 0.230

10 Azimuth Beam Steering 
Range

-0.90 to 0.90

11 Elevation Beam width 3.430

12 Elevation beam steering 
range

-13.0 0 to 12.30

13 RF Peak Power -4.368 kW, -4.705 kW (IW, 
Dual polarizations)

14 Pulse Width 5 – 100 µsec (programmable)
15 Transmit Duty Cycle Max 12 %, SM 8.5 %, IW 9 %, 

EW 5 %, WV 0.8 % 
16 Receiver Noise Figure at 

module input
3 dB

17 Maximum range 
bandwidth

100 MHz

18 PRF (Pulse Repetition 
Frequency)

1000 – 3000 Hz 
(programmable)

The paper is organized as follows. section II will include 
basics of SAR Interferometry. Section III will briefly 
summarize the process of overall steps undertaken to 
process the Interferometric data in SNAP toolbox of 
ESA (European Space Agency). Section IV, introduces 
the workflow of the Sentinel-1 SNAP tool for data 
processing and interferogram generation is also 
presented. Section V will show the obtained results 
obtained by data processing Section VI will provide the 
conclusion derived from the obtained results.

II.  SAR Interferometry
The SAR Interferometry technique SAR Interferometry 
(InSAR) is a SAR data processing technique that allows 
the reconstruction of the altimetric trend of the earth’s 
surface by exploiting the phase difference between 
two complex SAR observations, taken from slightly 
different sensor positions, to extract information about 
the earth’s surface. A SAR signal contains amplitude 
and phase information. The amplitude is the strength of 
the radar response and the phase is the fraction of one 
complete sine wave cycle (a single SAR wavelength). 
The phase of the SAR image is determined primarily 
by the distance between the satellite antenna and the 
ground targets. By combining the phase of two different 
images, under certain conditions and after image co-
registration, an interferogram can be generated whose 
phase is highly correlated to the terrain topography. 

 In order to generate the interferograms two or more 
Single Look Complex images, acquired on the same 
geographical area and preserving the phase with a 
sufficient baseline, are needed. Those images are usually 
acquired with a single radar, set on the satellite platform, 
that goes through the same orbit at different times.[1]-
[4] The distance between the two orbits on the plane 
perpendicular to the orbit is called interferometric 
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baseline and its projection perpendicular to the line of 
sight is called perpendicular baseline. The interferogram 
is generated by cross multiplying, pixel by pixel, the first 
SAR image with the conjugate complex of the second 
one. The interferogram amplitude is the product of both 
the amplitudes while the interferometric phase is the 
difference between the two phases. The interferometric 
image represents the phase difference of each pixel. 
From the phase difference it is possible to calculate the 
displacements suffered over time by the single pixel, 
which corresponds to each point composing the area 
of interest. [8,9]

Fixed a reference point, the path difference variation 
r from a resolution cell to another is expressed by the 

equation:

                               (1)

with Bn the perpendicular baseline, R the target radar 
distance and qs the displacement between the resolution 
cells, along the perpendicular to the slant range.[10]

The interferometric phase variation is 
proportional to r and inversely proportional to the 
wavelength, in accordance with the following equation:         

                         (2)

The variation of the interferometric phase can be 
divided into two contributions:

1. Phase variation proportional to the difference q 
in height between the targets;

2. Phase variation proportional to the displacement 
along the slant range. This is illustrated in equation.

          (3)

with  the incident angle of the wave. The 
perpendicular baseline is calculated from the 
satellite orbit, while the other term can be easily 
calculated through the formula and subtracted from 
the interferometric phase. This operation is called 
interferogram flattering and it generates a map that is 

proportional to the ground height. [11-14]    

III.     Processing Of Sentinel-1 Data
First step is to acquire SAR Interferometric images for 
this purpose we use Sentinel-1 data from European 
Space Agency (ESA). 

A. Level-1 SLC Processing Algorithms
Single Look Complex (SLC) processing focuses the 
data in azimuth and range to form an image. The 
SLC processing takes as input, the signal data and the 
pre-processing output including orbit information 
and Doppler centroid estimation polynomials. The 
processing then applies range processing, azimuth 
pre-processing, azimuth processing and azimuth post-
processing, as shown in the figure 2.

All the images used are collected from ESA. Sentinel-1 
data have been processed through the open-source 
Toolbox SNAP, a collection of processing tools, display 
and analysis applications able to calibration, filtration, 
co-registration, orthorectification processes are 
incorporated to generate the interferograms from the 
SAR images. [5,6]

B. Interferogram Formation
Sentinel-1 data products from the Copernicus 
Open Access Hub are acquired in SM (Stripmap), 
IW (InterferometricWide swath) and EW (Extra-
Wide swath) mode and distributed at three levels 
of processing: Level-0 (compressed and unfocused 
data), Level-1 (focused data, Single Look Complex or 
Ground Range Detected) and Level-2 (processed data, 
like Ocean Wind field, Ocean Swell spectra, Surface 
Radial Velocity).[7]
A Single Look Complex (SLC) image is a focused 
SAR image, geo-referenced using orbit and attitude 
data from the satellite, and provided in a slant-range 
geometry.
In order to perform the interferometric processing, 
two or more Single Look Complex (SLC) products 
of the same area is acquired from slightly different 
satellite position, are necessary. In Sentinel-1 IW 
(Interferometric Wide Swath) SLC products, three 
subswaths can be found which includes IW1, IW2 
and IW3.   IW and EW SLC products are the most 
commonly used swaths for interferometry. IW products 
are generally employed for all land applications, while 
EW are typically used only
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Fig. 2. Raw to SLC data formation process for 
Sentinel-1 datasets.[15]

for wide area coastal monitoring. In our paper Level-1 
SLC (Single Look Complex) images acquired through 
the IW (Interferometric Wide swath) mode have 
been used. For the data processing and the creation 
of interferograms, the Sentinel-1 Toolbox, based on 
SNAP (Sentinel Application Platform) has been used.  
Each acquired subswath will correspond to an adjacent 
acquisition through the TOPS (Terrain Observation 
by Progressive Scans) mode. Within a subswath, 
TOPS data are acquired in nine bursts separated by 
demarcation zones. Before co-registration the two 
images, it is necessary to use the Split as well as Apply 
Orbit operator, which allows to select the polarization 
and one of the three subswaths and same operator can 
be applied for the orbit correction. For interferometric 
processing, two or more images must be co-registered 
into a stack. The pixels in slave images will be moved to 
be aligned with the master image.

C. Image Co-registration
Co-registration will assure that each ground target 
contributes to the same pixel in both the master as 
well as the slave image. To perform the co-registration, 
it is necessary to use the Back-Geocoding operator. 
The interferogram is formed by cross multiplying the 
master image with the complex conjugate of the slave, 
so the amplitude of both images is multiplied and the 
phase is obtained by subtracting the phase between 
the two images. The operator who generates the 
interferogram is the Interferogram Formation. In order 
to remove the demarcation zones, it is necessary to use 
the operator TOPSAR-de-burst. Moreover, to decrease 
the computational effort it is possible to create a subset 
around the area of interest.

Co-registration performs the alignment of the SAR 
images so that they could be compared pixelwise for 
differences. The standard Sentinel-1 TOPS acquisition 
mode requires a co-registration of 0.001 pixel in order 
to avoid introducing nonnegligible phase error into the 
interferogram. The suggested Sentinel-1 co-registration 
processing workflow performs a first step based on back 
geocoding, followed by a further registration method 
called Enhanced Spectral Diversity (ESD). The back 
geo-coding approach could be seen as a mapping from 
SAR coordinates to Cartesian coordinates with the help 
of very precise orbits and DEM. The co-registration 
accuracy for this approach mainly depends on the 
accuracy of orbital state vectors. With the availability 
of precise orbital state vectors for Sentinel-1 with an 
accuracy of 5 cm, this approach is suitable as initial 
co-registration method. After that, the ESD method 
is applied to correct the residual co-registration error 
and achieve the co-registration requirement for TOPS. 
ESD compares the phase differences of two images and 
the azimuth mis-co-registration is derived from this 
differential phase.

IV. Methodology Implemented
The processing steps mainly include interferometric 
pair selection, interferometry processing, removing 
flat-Earth and topography phases, and multi-look 
filtering. Thus, the interferometric pairs with higher 
coherence are obtained by processing. Then, we 
generate the interferograms by complex conjugate 
calculation in the interferometry processing for all the 
interferometric pairs.[8]
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The following flowchart is implemented in our data 
analysis.

Fig.3. Flowchart of the algorithm implemented to obtain 
interferogram and coherence map.

The processing steps mainly include interferometric 
pair selection, interferometry processing, removing 
flat-Earth and topography phases, and multilook 
filtering. Thus, the interferometric pairs with higher 
coherence are obtained by processing. Then, we 
generate the interferograms by complex conjugate 
calculation in the interferometry processing for all the 
interferometric pairs.[8]

In this part, the processing steps mainly include image 
co-registration and mosaicking. Unlike other SAR 
images, Sentinel-1 SLC (single look complex) data in 
IW mode use the Terrain Observation with Progressive 
Scans (TOPS) to achieve wide-swath coverage. A TOPS-
mode SAR image consists of three individual subswath 

files (IW1, IW2, and IW3), where each subswath 
contains a series of burst files (at least nine). There 
are overlapping areas between the consecutive bursts 
and subswaths, and there are invalid data in the black 
regions of burst images.  Considering N Sentinel-1 SAR 
images of the same scene acquired at times t1, t2, …, 
tN, these SLC images are first unpacked from the raw 
zip files and subjected to data format conversion. Then, 
the precise orbit files are applied to update the orbit 
parameters, which are then used in the geometric co-
registration. Through TOPS split processing, all burst 
images are extracted from each subswath image file 
and stored into separate burst image files. Sentinel-1 
image co-registration is then performed on these burst 
images. Due to the azimuth antenna steering, the de-
ramping phase must be removed from the burst data 
prior to image resampling operation, while after image 
co-registration, the co-registered burst images are 
compensated for the de-ramping phase. SAR image co-
registration transforms all the slave images to the master 
reference geometry, and the good co-registration is 
vital to generating correct interferograms, especially 
for Sentinel-1 images. To achieve high co-registration 
accuracy, a two-step method, the initial co-registration 
and fine co-registration, is widely used in Sentinel-1 
image processing.

Geometric co-registration is used as the first-order co-
registration by the use of precise orbit state vectors and 
an external DEM. This method transforms the pixel from 
SAR coordinates to Cartesian reference coordinates 
based on the range-Doppler (RD) equations, and the 
range and azimuth offsets between the master and slave 
images can be estimated. Then, slave image resampling 
and interpolation are performed by using the sinc 
kernel. 

Geometric co-registration does not rely on SAR image 
coherence, and its accuracy greatly benefits from the 
precise orbit file of Sentinel-1. The processing step is 
performed on all the burst data for each master–slave 
image pair at full spatial resolution; thus, the process 
requires intensive memory and I/O access, and is one 
of the most time-consuming steps during Sentinel-1 
image TOPS-mode processing.
After the initial co-registration, the enhanced spectral 
diversity (ESD) method is applied to further correct 
the residual azimuth co-registration errors. 
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The entire workflow can be divided into three main 
Sections. The first main section is the pre-unwrapping 
step, where starting from a pair of (master and slave) 
images, downloaded from the ESA site and imported 
into the SNAP environment, a series of substeps is 
performed. TOPSAR co-registration step is useful 
to split out the different subswaths, with the relative 
selected bursts, in separate products and to select the 
type of polarization.

Co-registration is a necessary step to match the same 
points on the earth surface in different images and a 
very stringent accuracy is needed in this case. Usually, 
a split operation on both master and slave image is 
required together with an orbit correction, where the 
split operation consists into the selection of single 
subswaths from the whole initial burst in each image, 
accomplished inside the TOPSAR co-registration 
step, through the TOPSAR-split sub-step. After the 
TOPSAR co-registration, the Interferogram Formation 
step is carried on, where it may be useful the flat-earth 
phase elimination to improve the further steps. The 
flat-earth phase is included in the interferometric signal 
and is due to earth curvature. If the two orbits needed 
for interferometry are known, the flat-earth phase is 
estimated using the available orbital information and 
metadata, and is then subtracted from the complex 
interferogram. The Deburst step is necessary to merge 
the burst related to the area of interest. Usually, to reduce 
the subsequent processing time, the Subset operator is 
also used to extract a portion of the image. Among all 
these steps, the application to the interferogram of the 
multilooking and the phase filtering operations is very 
important to obtain optimal results in the subsequent 
phase unwrapping step.

Multilooking is used to reduce Speckle noise and phase 
filtering performed through a Goldstein filter to then 
improve accuracy during unwrapping step. The pre-
unwrapping step ends with the topographic phase 
removal.

V. RESULTS

The data acquired is of the National Coalfields Limited, 
Singrauli as shown in the Google Map below.

Fig. 4. Google Map of the area analyzed

Fig. 5. Optical Image of the mapped National Coalfields 
Limited area

The data has been generated over a period of one year 
as seen in Table II.

TABLE II. INPUT SLC DATA FILES
Sl. No. Date of Acquisition Type Track Orbit
1 26 March 2020 SLC 92 31839
2 13 May 2020 SLC 92 32539
3 29 August 2020 SLC 92 34114
4 03 December 2020 SLC 92 35514
5 08 January 2021 SLC 92 36039

From Figure 5, we can see the optical image of the 
National Coalfields Limited in Singrauli. Figure 6 
shows the zoomed optical image from which the 
mining pattern is clearly visible.

From figure 7, we can observe the subswath, polarisation 
and bursts selected. Here, we have selected subswath 
IW1, VV Polarisation and 9 bursts. The bursts are 
selected as per the area of interest to be covered. More 
the number of bursts more time the dat takes to process.

From Figure 8 we see that the interferogram for the 
open coal mines area. The interferograms mapped 
in Google Earth can be seen in Figure 9. Here, we 
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observe that the phase difference on the left hand side 
has a maximum and minimum value of 2.62 and -2.57 
respectively. This change in value indicates a shift in 
ground due to mining activities.

Fig. 6. Zoomed Optical image showing the mining.

Fig. 7. Subswath, Polarisation and burst selection.

Figure 10 depicts the Coherence map for dataset 1. 
The coherence map is an indicator of the matching 
levels between the master and the slave data. Brighter 
coherence map indicates clear interferograms. 

Here, we obtain 0.69 coherence value for the coal 
mines data. A similar analysis for the same master and 
different slave is seen in figure 11 and12 respectively.

Fig. 8. Goldstein Filtered Image of the coal mine dataset 1

Fig. 9. Filtered Interferogram mapped in Google Earth 
for dataset 1

VI. CONCLUSION
From the above paper, we can conclude that the greater 
the coherence value, the brighter the image and we 
will be able to observe better interferograms. Also, the 
Interferograms as well as the coherence map can be 
plotted on Google Earth to obtain a comparison with 
the optical image. The resolution of the image can be 
improved by zooming into the mine area but in that 
case, we tend to lose the coverage of the entire scene. 
From the results, we can clearly see the mining activity. 
The interferogram for dataset 1 are more prominent 
as compared to dataset 2. This is due to the fact that 
the acquisition time between master and slave was less 
in dataset 1 as compared to dataset 2. So, lesser the 
difference in acquisition of master and slave better will 
be the coherence. It is also an indicator that the mining 
activities are taking place continuously and hence a 
gradual shift in the interferogram and the coherence 
map is observed.
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Abstract —
 In the present world, social sustainability is a fundamental part of most organizations. Social sustainability encompasses 
the impact of organizations on its employees and their social life. Among its numerous goals, social sustainability integrates 
the concepts of health and community resilience and strives to maintain social wellbeing. However, in the mining sector, 
the workers are exposed to various psychosocial challenges and occupational hazards which threaten their mental health 
and wellbeing. Mental health goes beyond the mere absence of mental illness. The prevalence of alcohol and substance 
dependence, hypertension, absenteeism, and lost productivity is indicative of poor mental health of mine workers. Therefore, 
managing the psychosocial hazards becomes crucial in enhancing workplace mental health and in turn, productivity and 
profits. While the challenges faced by mine workers and their mitigation has been discussed in research, their implementation 
at workplace remains a far-reached goal. The welfare programs primarily focus on physical health risks, accidents and 
diseases but ignore the psycho-social wellbeing. Based on the review of research in this area, the present paper aims to present 
a few guidelines for incorporating interventions for improving social and mental health related outcomes. Mental health 
interventions should be aimed at reducing work-related risk factors, developing the strengths of the employees and addressing 
mental health concerns regardless of cause. We also shed light on the importance of prevention, early identification, support 
and rehabilitation. Although there are no immediate solutions, it is expected that by adopting an interdisciplinary approach 
of healthcare-community collaborations, the working capacity and social sustainability of mine workers may be improved.

Keywords— mental health, mining, psychosocial issues, social sustainability

I. Introduction
 Ever since the adoption of Sustainable 
Development Goals by the United Nations in 2015, 
social sustainability has become a fundamental part of 
most organizations. Social sustainability is a relatively 
new concept and is a rather overlooked aspect of 
sustainability as most sustainable development 
discussions revolve around economic or environmental 
sustainability. From an organizational perspective, 
social sustainability encompasses the impact of 
organizations on its employees, their social life, and 
the local communities. Organizations that realize the 
importance of social sustainability understand the 
significance of their activities on people, communities 
and society. A socially sustainable business will 

not, for instance, compromise its workers’ safety by 
forcing them to work in a physically dangerous work 
environment. Thus, a socially sustainable organization 
also takes into account the human aspects of work 
while trying to maximize productivity. 

The Sustainable Development Goals agenda was 
laid down with 17 goals and 169 targets that aimed 
at eradicating hunger and poverty, while promoting 
inclusion, human dignity, equality, peace and justice. 
Among its numerous goals, social sustainability 
integrates the concepts of health and community 
resilience and strives to maintain mental health and 
wellbeing. At present, mental health problems form a 
huge burden on economies, societies and individuals. 
As mental health problems are rising in their 
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contribution to non-permanent disability worldwide, 
it becomes essential to make the promotion of positive 
mental health and psychological well being at workplace 
a global research priority [1]. Despite decades of 
researches, there often lacks a consensus about the 
definition of mental health, especially at workplace. 
Therefore, we start this discussion by defining the 
meaning of good mental health. Good mental health is 
not merely the absence of distress or mental illnesses, 
but rather possessing positive attributes such as mastery, 
autonomy, positive interpersonal relationships, sense of 
purpose and meaning in life, and feelings of continued 
growth and development [2]. Well-being is understood 
as a sense of self-described happiness, satisfaction 
enjoyed by the individual associated with life, job, 
and general health, and the dominance of positive 
affect over negative affect [3].  In the organizational 
realm, well-being encompasses experiences such as job 
satisfaction, job involvement, job attachment and the 
like. The maintenance of mental health and well-being 
is crucial for its practical implications for individual 
health, happiness and productivity [4].

With the development of organizational behavior 
studies, recent years have seen a growing research 
interest in the psychological experiences of workers 
in the mining industry. Mining is an old profession 
that has long been regarded as ardent and responsible 
for accident or sickness. The Indian mining industry 
is over 6000 years old and forms a significant source 
of jobs for local communities. Mining has always 
been considered as one of the most hazardous 
sectors because of the prevailing dangers in its work 
environment [5]. In all levels of mining, exposure to 
dust, loud noises, heavy machinery pose as health 
risks. The most studied health impacts of mining are 
respiratory impacts, cardiovascular problems and 
musculoskeletal disorders. While physical injuries 
have declined in importance, they still continue to be 
an important safety issue in mines. Long-term impacts 
include cancers, mental health problems and there are 
some evidences of genetic disorders. 

Studies in the mining sector have mostly focused 
on occupational accidents, diseases, physical and 
environmental risks with comparatively lesser studies 
that identify the psychosocial hazards in this industry 
and its effect on the mental health of the mine 
workers. Thus, the purpose of the present paper is to 

briefly discuss the psychosocial hazards and mental 
health problems prevailing among mine workers 
and provide some guidelines regarding planning and 
implementation of interventions. 

II. Identifying the Psychosocial Risks in the 
mining Industry
It has been identified that a rapidly changing work 
environment owing to globalization, global competition 
and increased productivity needs have introduced 
newer challenges to workers in the form of flexible 
contracts, increased job insecurity, high work demands, 
irregular working hours, poor rewards, etc. Along with 
this, poor leadership, poor communication, dangerous 
working conditions, and work-family imbalances have 
become potential sources of psychosocial risks for 
employees. Psychosocial risks refer to those aspects 
of work design and management that along with 
the socio-organizational context and person-related 
factors may reduce physical or psychological health 
of the workers. While every industry is characterized 
by certain common risk factors, the mining industry 
presents some unique psychosocial issues.

Mental health and well-being are influenced by several 
antecedent factors. An individual’s experience at 
work may be physical, emotional, mental or social, 
but they all affect the person during (productivity, 
efficiency, fatigue) and after work hours (in the form of 
family relationships and general personal well-being). 
When work-related stress is carried over to non-work 
domains, it has detrimental effects on body and mind 
[6]. Workplace characteristics such as the nature of 
working relationships between management and 
subordinates, work design, health and safety practices, 
workplace aggression, workplace violence, and sexual 
harassment have major impact on the workers [7-
12]. For instance, while loud noise in the mines can 
impair hearing by physically damaging the middle 
and inner ear canals [13], the same loud noise can 
have psychological reactions in the form of irritability, 
anxiety, and stress, in turn increasing worker’s fatigue 
and reduction in efficiency [14].

The next crucial factor is social support that links 
the work characteristics to one’s life away from work. 
Social support has a major influence on health as it 
acts as a buffer to reduce stress. If the mine provides 
a community culture at work, social support is again 
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gained through companionship. In isolated mine 
settings, relationships with superiors, colleagues, and 
subordinates are important. This experience of social 
isolation contributes to job-related stress and weakens 
the coping mechanisms [15]. While envy and jealousy 
may be present among colleagues leading to harassment 
and violent outcomes [16], supportive and attachment 
relationships, and onsite support from administration 
trusted friends and colleagues were found to facilitate 
mental health. [17]. A recurrent theme emerging from 
studies on mine workers was the concept of emotional 
labor. Workers reported having blurred the line between 
personal and professional relationships. They face an 
emotional burden while maintaining personal and 
social relationships while working on the field. The cost 
of emotional labor is often hidden due to cultural and 
professional norms [18]. With social support getting 
compromised, workers reported to have undergone 
feelings of emotional depletion, reduced ability to deal 
with stressors [19] and strained relationships with 
colleagues resulting in workplace conflict [18]. Drug 
and alcohol use is a challenging issue in the mining 
industry. Further, personal characteristics such as 
lower social networks, history of depression, anxiety 
or drug problems, recent alcohol use contributed to 
higher psychological distress in a coal mining industry 
population [20].

Gender is emerging as an important source of 
psychosocial hazards in the workplace especially 
in a male-dominated sector like mining. Female 
underrepresentation violates the principle of gender 
equity and puts women in minority status. In the 
context of the present discussion, this minority status 
in the industry puts women at the risk of greater 
mental health problems, poor job satisfaction and 
discrimination due to poorer social status [21]. 
Qualitative interviews with women workers in mines 
have found that women miners have an inferior status 
in the mines as they have fewer opportunities for 
promotion, training, less job security, poorer work-life 
balance, child-care responsibilities, exposure to sexist 
comments, harassment, less support from colleagues, 
lack of a sense of belonging to the workplace, and fear 
of judged about being less competent to their male 
colleagues [22-30]. An association between sexism and 
mental health (depression, anxiety, and stress) and job 
satisfaction has been found [31]. Along with gender, 
age of the worker has been found to mediate the 

relationship between the work environment and risk of 
injury. Increasing age leads to a decrease in alertness, 
agility, and physical and mental abilities. Thus, workers 
above the age of 45 years are more prone to occupational 
injuries [32]. On the other hand, younger workers 
have lesser experience and knowledge, and more risk-
taking behaviours putting them at a risk for injuries 
[33]. While investigating the extent to which women 
miner’s gender-based workplace issues impacted job 
satisfaction and mental health, it was found that older 
women reported lower levels of interpersonal and 
organizational sexism as compared to younger women. 
They also reported higher job satisfaction and better 
mental health [34]. 

The influence of culture on mental health has been 
studied from different perspectives, on different 
populations. Cultural influences have also been 
reported by women working at Australian mine sites 
who reported significantly less organizational and 
interpersonal sexism and fewer mental health problems 
than women working in African, South American, 
and Southeast Asian mines. This indicates Australia’s 
western culture prescribing less sexism and better 
mental health practices at the workplace [31]. Low levels 
of sexism positively correlated with higher levels of 
sense of belonging, mental health, and job satisfaction. 
An inference may be made from these results is that 
the presence of progressive workplace strategies (e.g., 
flexible working arrangements, encouraging the 
diversity of workforce), as well as less stigma towards 
mental illness put by the mining company, improved 
mental health and job satisfaction.

The psychosocial hazards lead to various mental as well 
as physical health problems. For instance, prolonged 
stress and strain reflect on physical health in the 
form of cardiovascular diseases, weight changes, poor 
functioning of the immune system, musculoskeletal 
diseases, and mental health as anxiety, insomnia, 
headaches, panic attacks, depression, and personality 
disorders. The most overt signs of occupational stress 
include greater substance abuse, accident proneness, 
family problems, aggression, and violence. Additionally, 
accidents or injuries to oneself, or witnessing the 
accident or death of a co-worker also lead to Post 
Traumatic Stress Disorder (PTSD).



283

International Conference on Opencast Mining Technology & Sustainability

III. Recommendations 
In an organizational setting, there are three general 
areas that influence mental health of the employees. 
Based on the brief review of psychosocial hazards in the 
previous section, it emerges that factors related to the 
organization, community and the individual combine 
to affect an individual’s mental health. Organizational 
or structural conditions involve safe working 
conditions job security, absence of discrimination or 
harassment at workplace. In addition to this, individual 
and community factors that include the ability to deal 
with thoughts, work-life balance, physical fitness, a 
sense of belonging to the community, availability of 
social support and a sense of inclusion are important 
contributors to good mental health. Therefore, while 
planning interventions for mine workers, it is necessary 
to consider a comprehensive view about the factors that 
may prevent psychosocial hazards and foster mental 
health and wellbeing. The aim of the organizations 
should be at both reducing the risk factors as well as 
promoting recovery. 

Broadly, reducing psychosocial risks may be divided 
into reducing the individual risk factors, redcuing the 
work-related risk factors and finally supporting good 
mental health at workplace. Good mental health the 
organization may be promoted by adopting healthy 
workplace guidelines. As a person-job mismatch is 
one of the prime sources of psychosocial risks, it is 
important to ensure a good fit between the job and the 
person assigned. The organization should prepare the 
workers both physically and mentally for the work if it 
involves working in potentially hazardous conditions. 
As organizations aim toward maximizing producitivity, 
there are high expectations set up on the workers. 
While unrealistic performance expectations is a 
potential source of stress, creating a culture where high 
expectations exist along with corporate support may 
keep the workers motivated for increasing prodcutivity. 
Along with support, the organizations should also 
maintain a culture of equality and equity. Discrimination 
based on age, gender or cultural background go a long 
way in hampering mental health and wellbeing [21]. By 
acknowledging the contributions of the workers and 
maintaining fairness at workplace, the organization 
may contribute to good mental health of the workers. 
To reduce the impact of gender and sexism, it should 
become the management’s responsibility to reduce 
the actual and perceived disadvantage of women in 

the mines by providing more opportunities for career 
progression and equal rewards. Thus, the management 
should take it into consideration to reduce or manage 
these occupational risks as practicable. 

As organizations are working towards promoting social 
sustainability at workplace, to ensure their workers’ 
physical, mental, social and occupational wellbeing, 
they have undertaken preventive and curative 
healthcare approach. The preventive and community 
healthcare is covered through various welfare prgrams 
and campaigns such as immunization programme, 
hypertension and diabetes check-up, HIV and other 
diseases detection camps, blindness control program, 
and so on. However, it is observed that more emphasis 
is placed on physical health problems and there are 
still fewer programs to ensure mental wellbeing of 
the workers. Therefore, an important step would be 
to promote mental health literacy among the workers. 
Drug and alcohol contribute to a number of accidents 
and hazards in the mining sector where there are pre-
exisitng dangers with respect to working conditions 
[20]. Being in proximity to tools and machineries 
under the influence of substance is a potential life risk. 
Therefore, it is crucial to conduct programs to enlighten 
the workers about the harmful effects of substance 
on their health and prodcutivity. Undertaking stress 
management programs during the leisure hours might 
curb the frequency of drug and alcohol abuse as well as 
promote healthy coping skills among the workers.

As the mine workers live for prolonged periods away 
from their family, lack of family support becomes a 
key to their mental health. Families, workplaces and 
communities are potential resources to support health. 
In the absence of family, multi-sector and community-
based mental healthcare approaches may be useful 
in addressing the mental health of the workers [17]. 
Workplaces must foster social connection and 
opportunities for peer-support. Flexible working 
arrangements and roster schedules that allow workers 
to get an adequate amount of rest and also give them 
time for the family should be encouraged.

As discussed in the previous section, fatigue, boredom, 
excessive stress, harassment, discrimination, inequality 
and the threat of accidents are occupational risks that 
contribute to anxiety among the workers. Physical 
injury, low-back pain, and musculoskeletal problems 
are common health problems among the mine workers. 
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In addition to this, being victims to life-threatening 
accidents or watching a peer are potential sources of 
trauma. The management should provide support and 
flexibility to staff who have been exposed to traumatic 
events. Efforts should be made in the workplace to 
manage both physical (posture, working surface) 
as well as psychosocial factors (reduction in effort, 
increasing rewards, improving work shifts) to improve 
performance and mental health. They may, in addition, 
be helped through counseling services to cope with the 
trauma of the accident or other diffcult life events.

However, in addition to undertaking precautionary 
meausres, it is also the responsibility of an organization 
to promote the recovery of the employees who may 
be unable to cope efficiently with the work. As a step 
towards recovery, the organziaitons need to identify and 
repsond early to the symptoms of poor mental health, 
make provisions for adequate support for mental health 
problems and finally, support the individual through 
the process of recovery. 

In addition to physical health campaigns, the 
organizations must promote awareness about mental 
illness, their signs and symptoms and how to identify 
the symptoms in self or others. Early self-identification, 
peer-identification as well as identification of problems 
in the workers by supervisors or managers may go a 
long way in preventing a major crisis. Most workers 
don’t report feeling mentally unwell because of the 
prevailing stigma around psychological disorders as 
well as the fear of losing job. By promoting a culture 
of acceptance of mental health problems, help-
seeking behaviors and a culture which offers support 
to colleagues, the organizations may promote the 
wellbeing of their employees. 

In a dangerous workplace setting where there are 
numerous sources of physical hazards, the presence 
of psycholigcal first aid is of utmost importance. 
Providing immediate first aid for a mental health crisis, 
reassurance for support from peers and supervisors 
and quick referrals to mental healthcare professionals 
may encourage workers to seek help. 

The final step is to provide support to those workers 
who are recovering from an illness. The organization 
must take a posiitve optimist approach and address 
any workplace factors that might be contributing to the 
illness of the worker. Upon recovery and return to work, 
the workers must be allowed to make adjustments to 

the work environment. Support from family and peers 
plays a crucial role in this stage.

IV. Conclusion
The present paper summarizes the various psychosocial 
hazards prevailing in the mining industry that impact 
both the physical and mental health of the workers 
along with their productivity at workplace. Cultural 
background of the workers, age and pre-existing 
gender roles have a definite impact on mental health. 
Workplace factors of leadership, management, work 
design, excessive workload, and long working hours 
also contribute to the mental strain. On the basis of the 
factors identified which deteriorate mental health of 
workers, the present paper prescribed certain guidelines 
for the organizations. Through a combination of 
educational and organizational activities, such as 
health education, regular health screening of the 
workers as well as their families, teaching yoga 
and stress management, the lifestyle and health of 
workers may be improved. Community events may 
be conducted to increase the sense of belonging of the 
workers. Further, through the provision of counseling 
services at work, mental health problems of the 
workers may be handled where workers are reluctant 
to share their problems with their colleagues due to the 
fear of stigma and job loss. The most critical step to 
promote and maintain mental health and psycholigical 
wellbeing is to address the stigma attahced to mental 
health issues at workplace. The management should 
aim to achieve a balance between work demands and 
worker’s personal control and safety while increasing 
productivity. Such programs serve a greater purpose to 
the organization by lowering accidents, absenteeism, 
and medical costs while improving morale and 
production. Since a mentally healthy worksite is 
crucial for improving performance, productivity, and 
corporate image, health policies and interventions may 
take into consideration the psychosocial hazards and 
their effect on the physiological, psychological, and 
interpersonal consequences amongst the mine workers 
for improving their mental health as well as effective 
participation in mining activities. Although there are 
no immediate solutions, it is expected that by adopting 
an interdisciplinary approach of healthcare-community 
collaborations, the workplace may be improved in a 
way that will not only meet the needs of the present 
workers but also make the future generations able to 
maintain a healthy community. 
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An Odyssey into Lighting the Lanes of Knowledge: DAV in CIL
B Jayapradha

Teacher, DAV Amlohri  
S P Srivastava. 

Principal, DAV Amlohri
Mr. S.K. Sinha
Regional Officer

DAV Schools (MP zone)
It was 38 years ago, that in 1982, a one line sentence 
of Late Vikram Mahajan, the then Union Minister for 
Energy “Now DAV should go to the Coal Fields marked 
the glorious journey of the DAV Public Schools in Coal 
India. Leading the march was the simple looking but 
a visionary an inventine educationist Mr. N D Grover 
who strived through in establishing the chain of DAVs 
in the heartland of black diamond.”
Initially opening four school at Ara, Rajrappa and Bina 
in CCL and Alkusa in BCCL, the culmination of DAV 
CMC and Coal India brought in a new Era of a strong 
early learning eco system with expertise even in the 
remote areas of the coalfields. 
This synergy channelled into illuminating the houses, 
not only meeting the increased energy demand but 
also illuminating the lives of generations; committed to 
empower and enrich through comprehensive program 
on education thriving in and around the periphery of 
Coal India Projects.
Even much before the existence or induction of CSR 
as a global concern, Coal India was aware of initiating, 
imparting, developing and expanding education 
training and social awareness for the community at 
large, including employees and their families, so as to 
ensure that the maximum benefit goes to the much 
needed sections of the society. 
The mines of Coal India and its subsidiaries are located 
in different parts of the country spread in 8 states and 
relatively in isolated areas with little exposures to the 
bigger opportunities outside.However this farsighted 
approach and dedication has been yielding in the form 
of quality education at the threshold of coal India, And 
the rest is History.
 At present each and every CIL subsidiaries- CCL; 
BCCL; NCL; MCL; ECL; SECL; WCL; and CMPDIL 
has 59 schools with a whopping number of 67213 
students and 2714 regular teachers across these seven 
subsidiaries and CMPDIL, with maximum number of 
schools located in CCL area. Though DAV Bina was the 
earliest established in 1982 DAV Cent Public school, 
Amlohri was the first DAV in Madhya Pradesh with its 
inception in 1986 and thus the odyssey began.
Under the astute acumen and leadership of the Asst. 
Regional Officer Mr. S.K. Sinha, all the ten schools in 
this NCL region are scaling new heights. DAV Amlori 
DAV Dudhichua, DAV Jhingurdah, DAV Nigahi DAV 
CWS Jayant, DAV Waidhan DAV Krishna Vihar DAV 

Surya Vihar DAV Block -B & DAV Singrauli.
while the earliest of all DAVs in MP, DAV Amlori is 
spearheaded by Mr. S.P. Srivastava a veteran in this field 
who kindles the passion for learning as a team member 
of the visionary mentor Mr. S.K. Sinha.
When it comes to DAV in NCL it stands second with 
10 schools under its aegis creating a path for children’s 
future. These schools are given financial grants both 
recurring/non-recurring and needed infrastructural 
assistance. Number of school buses are also provided 
for transporting Students from their residence to 
respective schools and back. Similarly well maintained 
accommodation is also provided to the teachers and 
staff. As a part of the initiative Scholarship to the 
meritorious wards  is provided every year by CIL as an 
impetus to the budding achievers.
Co-Curricular activities are an integral part of any 
curriculum and Coal India recognizes this quite well; 
many inter school  competitions are initiated and 
sponsored by the CIL to tap the right talent and bring 
out the young talent and thus acknowledge their mettle. 
And the same is authenticated when we see the loop 
complete; When the proud alumni of these  DAVs  
standing tall and bringing laurels, carving a niche 
for themselves in diverse fields; May it be in the 
administrative cadre  as a  Deputy collector or  Doctors 
and engineers serving in NCL or CIL itself in different 
prestigious positions.
Thus DAV and CIL set a perfect example of collaboration 
Coordination, Cooperation, mutual partners and a 
symbiosis in achieving the objective of 
“Work and Education illuminating homes and igniting 
minds”
In the words of Swami Vivekananda 

“If you are planning for a year, sow rice”
If you are planning for a decade, plant a tree,

If you are planning for a lifetime, educate people.”
And the obvious impact of such a cognitive drive 
in This, shaping the child’s future through literacy, 
imparting education under a common umbrella of 
DAV that imparts quality CBSE education to the wards 
of CIL employees even in the remotest areas is all 
evident.
After all, Coming together is a beginning; Keeping 
together is Progress; Working together is success.
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Abstract — 
Capital cost of an open cast mines is determined based on many irreversible geological factors e.g. topography, ore grade, 
degree of mechanization, etc. Many equipment are procured by the mines during project initiation. However midway into the 
life of the mines, half from the original list may remain untouched. Why are capital equipment’s needed in mining operations? 
Mining industry is constantly in search of rapid capacity expansion, increased productivity, digital technology adoption and 
reduced costs. Besides the economics the new dimension of development focuses on automation and cleaner mining system.

For faster rate of production, mechanization at high degree is imperative. Mine optimization deals with conventional tools of 
production planning ignoring the drain on capital and related GHG implications.

Increase in idle times of machineries leads to increase in production cost. In order to reduce the idle time or waiting time 
the number of machineries may be increased. Due to large number of machines greater capital investments are needed that 
contributes to higher total GHG. The limitation is JIT (Just in Time) model of procurement of spares, does not exist in mining 
towns. 

Keywords—carbon foot print, trade off, operating costs, equipment’s, carbon gearing ratio 

I. Introduction 
In the short term plan period for 6 months a higher 
target rate of production will increase the number of 
machines. Mining operations cannot mimic a perfectly 
automated process industry. Capital planning is not 
a reversible action. Since, mining operations are 
non sequential and follow product lay out, capital 
equipment’s can be shared across disjoint operations. 
However, the degree of sharing is not 100%. Therefore, 
higher the number of equipment, higher is the 
total capital costs.  Long-term production planning 
for a horizon is generally 25-30 years, where as in 
the medium-term is it is 1-5 years, The long term 
production planning aims to maximize the net present 
value of the total profits from the mining operations 
against given pit slope design, such as mining slope, 
grade blending, winning ratio, replacement of the 
stock, etc. The medium-term mine plan in the range of 
5-10 years aims to maintain enhance the operating life 
of the fleet.  The short range mine planning is for 1-6 
months that aims to achieve zero down time of the fleet. 

Commercial mining is aimed at maximizing expected 
profits of the firm (Michail B. Kahle). However, mining 
is also aimed to minimize carbon foot print (Fred J. 

Scheaffer). In pure commercial projects, the capital 
cost is critical to decide whether projects will proceed, 
or be abandoned and hence the accuracy in their 
determination is critical (Shafiee & Topal, 2012). The 
lack of literature or publicly available data on capital 
costs in many countries has been highlighted (Hall, 
2013). Harper (2008) estimated the capital costs for 
coal mines in Australia. Dipu (2011) conducted capital 
costs determination for India. In many countries the 
infrastructure of railway lines, roads and townships 
are developed which escalates the total mining costs 
(Rudenno, 2009). The possibility of reducing off-mine 
infrastructure has been mentioned (Jourdan, 2008). 
However specifically for open cast mines, the capital 
costs attributed to pure mining is limited in Indian 
setting.  

The geological properties of the reserves such as 
seam thickness, metalliferous veins or sedimentary 
beds would create the bounds of pit design. However, 
the parameters of that are taken into selecting size 
of machines include purchase and operating costs, 
replacement of tires, spares and routine maintenance, 
workshop, etc. Equipments are chosen when they 
provide maneuverability, flexibility in deployment 
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and involve minimum labour hours to displace or 
dissemble. At first, for a given production rate, number 
of loaders are determined and the number of haulers 
are obtained to match the dimensions of the loader. 
The fleet mix deployment schedule is a simultaneous 
consideration of the hourly production rate, hauling 
time and distance, loader cycle time, etc. The capacity 
rate of each of equipment are chosen subject to the 
dimensions available with the OEM against the fact 
that the ratio of operating cost / purchase cost would 
vary across OEMs.

A. Objectives
The principal objectives include;

•	 to explore the trade- off between optimal capital 
costs and optimal GHG emissions for open cast 
mines. 

•	 To arrive at the fleet mix and ownership mix (self 
or lease) of scheduled equipment that minimizes 
the total capital costs. 

•	 To reduce the total GHGs emitted from face 
operations and mining activities.

•	 To implement digitalized solutions of network 
monitoring of mining sub-systems to reduce 
their downtime.

II. Conclusions
Based on the study, the following conclusions are 
drawn:
•	 the mines can avail of leasing service of heavy 

machineries instead of spending OPEX & 
CAPEX.

•	 The mines will incur lower rental service expense 
of equipment rather than owning them.

•	 Carbon foot print is lower.
•	 The trade- off between GHG emissions and cost 

of borrowing are explained
•	 There are no third party liability by the mines 

because the equipment’s are non owned by the 
mines.

There are few limitations of this study;
•	 This does not cover the sample data necessary 

to conduct the analysis of field trials and 
experimental response results.

•	 This does not cover a specific sponsoring 
authority or mining company to bear the costs of 
experiments.

•	 This intends to use secondary data available 
in cross country studies which could mix the 
empirical information compiled for metal and 
coal mines together.

Therefore, future research must include extensive 
collection of longitudinal test data from variety of 
field conditions to demonstrate the robustness of 
optimization results. Open cast Mining must attempt 
to minimize the large burden of capital costs which 
cannot be recovered from pricing of the production or 
charging to its future generations of customers.
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Abstract — 
Coal Mines not only acts as one of the major contributors to Indian economy but also acts as a major participator in 
deteriorating the environmental conditions of the area in and around it. This not only hampers the sustainable development 
of any area but also plays an important role in ruining the water quality of the area under study, thereby making the quality of 
water as a matter of vital apprehension globally. To evaluate the suitability of surface water of Rihand Reservoir for potable, 
industrial, domestic purposes around the coal mines of Singrauli district, the indices of water Quality (WQI) utilizing eleven 
parameters, correlation matrix, box-plot diagram and Dendrogram was computed. In this study, Eight Sampling sites were 
taken into consideration consisting of eight samples of surface water within a time span of one hydrological year (2017-
2018). The results showed that the major elements were within the guidelines as specified by World Health Organization 
(WHO) and Bureau of Indian Standards (BIS) for drinking water quality while elements like Na+, Ca2+ etc. exceed the limit 
in some locations. Cluster analysis which was performed for delineation and grouping of water quality causing sites exhibits 
that a major group of sampling sites falls under poor category of Water Quality Index thereby implying a deteriorating 
condition for the quality of water in area under study. 

 Keywords— hydraulic fracturing; wedge analysis; stereo plotting; isotropic stress theory 

I. Introduction 
Water is essential for life; however, its quality and 
availability may vary with time and space. The stress 
on water resources is from multiple sources and the 
impact can take diverse forms [1]. The importance 
of rivers reservoirs and surface water resources for 
society has been recognized by several authors [2].
Continental waters vary greatly in their composition 
due to variability in lithology, minerals, climate, 
vegetation and anthropogenic factors [3].Though it 
has been generally found that the effects of non-points 
source pollution such as agriculture is more on surface 
water reservoir than the point source pollution such as 
industrial or domestic waste but here in our study, the 
effect of point source was more pronounced than that 
of non-point source pollutants due to presence of coal 

mines & TPP around the reservoir. Water pollution 
not only affects the quality of water but it also threats 
human health, economic development and social 
prosperity [4]. Multivariate statistical approaches, 
such as correlation analysis, etc are powerful tools 
for environmental studies[5]. They offer a better 
understanding of water quality and possible sources 
that affect the studied system by identifying hidden 
relations between variables and reducing huge and 
complex chemical datasets to a small number of factors 
without much information loss [6]. Horton [7] in 1965 
developed WQI for the first time by selecting and 
weighting water quality parameters and introducing 
an aggregation function. In order to rapidly and easy 
obtainance the information of freshwater quality 
with a global vision, a water quality index (WQI) has 
been popularly applied in monitoring water quality of 
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freshwater in recent years [8].Therefore, the present 
study mainly focuses on the estimation of the water 
quality Index (WQI) which has been calculated on the 
basis of 11 physico-chemical parameters at selected 
sampling locations to assess the quality of water for its 
multifaceted utilization along with Correlation analysis 
of physico-chemical and WQI, box plot & HCA from 
various sites of Rihand Reservoir.   

II. Study Area
The area under study lies in Singrauli region which is 
situated at the border of Uttar Pradesh (Sonebhadra 
District) & Madhya Pradesh (Sidhi and Surguja 
District) as shown in Fig.1. This area is known as the 
energy capital of India with rich reserves of coal in it. 
The area lies between 23°50’ and 24°30’ N latitude and 
longitude 82°30’ and 83°10’ E. The regional geology 
comprises of Quartzite, Phyllite and Schist as a part 
of Precambrian metamorphic formation whereas the 
part representing Gondwana Formation comprises 
of Shale & sandstone. About 7500 MW of electricity 
is being generated by the five Thermal Power Plant 
present around it. The area falls under 8 topographical 
sheets of Survey of India on 1:50,000 scale i.e., 63L/11, 
63L/12, 63L/15, 63L/16, 64I/09, 64I/13, 64P/03 and 
64P/04 [9]. The climate of the study area is typically 
dominated by tropical monsoon where temperature 
reaches to an extend of 480C during summer and falls 
upto 60C during winters. The area is characterized by 
high rainfall & humidity followed by low temperature 
fluctuation. The average annual maximum & minimum 
temperature are about 37°C and 20°C respectively. 
The junctional region of East-West trending Koel-
Damodar and northwest southeast aligned Son-
Mahanadi valleys marks the presence of the study area. 
In this, the northern limit of coalfield is characterized 
by East-West trending boundary fault, which is often 
referred to as an offshoot of Son-Narmada lineament. 
In the eastern part of the coalfield, the Talchir sediment 
rest unconformably on the Precambrian basement 
whereas in the northern part, the younger lower 
Gondwana sediments are next against the Precambrian 
rocks along an east-west running fault [10]. The area 
is characterized by presence of open cast coal mines 
currently being operated by NCL [11]. The total area 
under the coalfield in this region is approximate 2201 
km square [12]. The coal found in Singrauli coalfield is 
characterized by low volatile bituminous variety.

Figure 1. Location map of study area

III. Materials and Methods

A. Water sampling and analysis

Samples were collected from eight sampling locations 
that reasonably reflected the water quality during 
the hydrological year of 2017-18. At each site 3 water 
samples were collected and stored in a pre-cleaned 
125ml high density polyethylene (HDPE) plastic bottles. 
To avoid contamination, the bottles were first rinsed 
with ultrapure milli-Q water of 18.2 MΩ.cm followed 
by river water before sample collection. The samples 
were then acidified to pH ≤ 2 using nitric acid. All the 
samples were then stored at approximately 40C before 
the analysis of major cations and anions in the laboratory 
while the parameters such as temperature, pH, Total 
Dissolved solids (TDS), Electrical Conductivity (EC) 
and Dissolved Oxygen (DO) were determined in situ 
by using Hanna Hi 9868 multi-parameter instruments 
at the sampling location. The other parameters 
like Total Suspended Solids (TSS), Na+, K+, Ca2+, 
Mg2+, HCO3-, and SO42- were analyzed in institute 
laboratory as per the standard procedures laid down 
by APHA in ‘Standard Methods for the Examination 
of Water and Wastewater 22nd edition [13] using both 
conventional and Ion chromatography techniques. 
After this, the WQI for the various sampling sites were 
evaluated by using weighted Arithmetic water quality 
index formula designed by [14] to know alert the water 
quality of the area under study. All the mathematical 
and statistical computations were resolved using 
Microsoft Office Excel 2010, Statistical Package for 
Social Sciences (SPSS) version 25 and Origin 8 software 
packages. However, the standardization of data was 
done by using standard statistical procedures. The data 
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was then subjected to Correlation Analysis to explain 
the relationship amongst the variables used in the 
study followed by Box Plot analysis for comparing the 
physico-chemical parameters of the samples and finally 
Hierarchical Cluster Analysis was executed to identify 
the similarity among all the samples.

B. Calculation of Water quality index (WQI)
Being considered as a powerful tool for representation 
of quality of the water body, water quality index (WQI) 
of the study area was calculated by integrating the 
above water quality variables to obtain a single value 
by using Weighted Arithmetic Water Quality Index 
method [14]. It was called as follows:-
WQI =∑QiWi/ ∑Wi (Weighted Arithmetic Water 
Quality Index formula)
Qi = 100 [(Vi – V0 / Si – S0)] (Quality Rating for each 
parameter)
Wi=K/Si (Relative Weight for each parameter)
K = proportionality constant
K = 1/ ∑(1/Si)
Si = recommended standard value of ith parameter.
V0 = ideal value of parameter in pure water V0 = 0 
(except pH = 7.0 & D.O. = 14.6 mg/lt.)
Vi = estimated concentration of ith parameter in the 
analyzed water.
According to it 5 classifications were presented based 
on calculated WQI values as shown in Table 1.

Table 1. Water Quality Rating as per Weighted 
Arithmetic Water Quality Index Method [20].

WQI VALUE RATING GRADING

0-25 Excellent A

25-50 Good B

51-75 Poor C

76-100 Very Poor D

Above 100 Unsuitable for drinking 
purpose E

C. Correlation analysis
Correlations among the various physico-chemical 
parameters and WQI used in the study area may 
represent the similar origin and transformation of 
these parameters alongwith the relationship with WQI. 

Parameters showing strong and positive relationship 
may have common origin while those showing no 
relationship with each other may have different 
behaviour and source of origin.

D. Box-plot diagram
For identifying significant differences between the 
various physico-chemical parameters by evaluating 
the medians for these parameters box plot analysis 
is being performed. The test result obtained by this 
method confirms the presence of high and significant 
amount of a particular parameter present in the sample 
collected for the study.

E. Hierarchical cluster analysis (HCA)
Hierarchical Cluster analysis (HCA) group 
observations into clusters according to their 
similarities or dissimilarities so that the result 
shows high homogeneity within a group and high 
heterogeneity between the groups [15]. The result 
of HCA of the samples for two years were illustrated 
using dendrograms by using Ward’s method of 
linkage with Squared Euclidean distance as a measure 
of similarity.

IV. Results and Discussion

A. Water quality index (WQI)
The WQI can be described as the quality of water 
in terms of index number, providing an overall 
representation of the water quality intended for public 
or industrial uses. The WQI have been widely used 
due to its cost effective & comparatively high accuracy 
in estimating the quality of water present in an area. 
To address the issue of the quality of the reservoir 
taken into consideration a combined study of WQI 
along with other stastical analysis has been taken into 
account. It was calculated by incorporating various 
important physicochemical parameters to obtain a 
single numerical value representing the status of the 
reservoir for two consecutive years. The present study 
shows the calculation of WQI on the basis of drinking 
water standards as recommended by WHO [21] & 
BIS [22]. The results of it along with physico-chemical 
characterization have been represented in Table 2, 5 
and 6. It can be computed from Table 2 that during 
pre-monsoon season of 2017 the status of the samples 
collected ranged between 48.84 to 75.12 in which it was 
highest for sampling site SW-5 and lowest for SW-3 as 
shown in Fig.2 while the majority of the samples falls 
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under poor water quality category. During the pre-
monsoon season of 2018 the samples again showed 
the same trend with SW-6 showing highest and SW-3 
exhibiting lowest water quality as shown in Fig.3 while 
ranging from 47.20 to 60.97 whereas the majority of 
samples falls again under poor water quality category. 
Hence, from the above observation it can be seen 
that can be used as a useful tool for WQI, showing 
an overall assessment of the reservoir water quality & 
necessitating important measures for controlling the 
degradation of the reservoir water.

Table 2. Sample location alongwith WQI for the 
two consecutive years (2017 & 2018)

SAMPLE 
NO.

LATITUDE

(North)

LONGITUDE

(East)
WQI 
(2017)

WQI 
(2018)

SW-1 24°12′27" 83°00′10" 60.82 56.76

SW-2 24°12′32" 83°00′16" 49.88 48.39

SW-3 24°12′35" 83°00′12" 48.84 47.20

SW-4 24°11′57" 82°58′55" 68.55 55.36

SW-5 24°11′12" 83°55′35" 75.12 59.26

SW-6 24°10′35" 82°52′15" 53.67 60.97

SW-7 24°09′43" 82°47′31" 60.23 58.13

SW-8 24°07′41" 83°47′40" 49.59 49.75

Figure 2. Graphical representation of WQI during 2017

Figure 3. Graphical representation of WQI during 2018

B. Spearman’s Correlation Analysis
A correlation matrix is useful for investigating 
associations between variables by presenting the 
overall coherence of the dataset [16]. In this study, 
the correlation matrix is use to identify relationship 
between the WQI and the 11 physico-chemical 
parameters. This indicates the participation of various 
parameters and its coherence and influence on each 
other. In this study, firstly in 2017, a high positive 
relationship was obtained between parameters such 
as EC and TDS (0.99) followed by WQI and pH (0.97) 
while a strong negative relationship was found between 
Na and DO (-0.9), SO4

2- and DO (-0.8), WQI and DO 
(-0.800) as given in Table.3.

Table 3. Correlation Analysis of the Physico-
chemical parameters and WQI for 2017.

WQI pH EC DO TDS TSS Na K Ca Mg HCO3
- SO4

2-

WQI 1
pH 0.936746 1
EC -0.048004 -0.154613 1
DO -0.800037 -0.695576 -0.121265 1
TDS -0.051715 -0.156932 0.999957 -0.117105 1
TSS 0.041142 0.196032 0.333179 -0.060108 0.33523 1
Na 0.737966 0.617215 0.239953 -0.957173 0.23525 0.229357 1
K 0.684549 0.530348 -0.271598 -0.418125 -0.272272 -0.218977 0.310436 1
Ca 0.497659 0.435601 0.231989 -0.499462 0.224195 -0.087752 0.551901 -0.126384 1
Mg 0.696656 0.448639 0.194276 -0.445469 0.190883 -0.189279 0.476399 0.712039 0.347888 1
HCO3

- -0.190916 -0.108975 0.17461 0.017093 0.170544 -0.217467 -0.028828 -0.70099 0.650586 -0.382382 1
SO4

2- 0.646574 0.589114 0.280937 -0.881272 0.279952 0.113826 0.842031 0.218436 0.355038 0.34758 0.005306 1
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Table 4. Correlation Analysis of the Physico-
chemical parameters and WQI for 2018.
WQI pH EC DO TDS TSS Na K Ca Mg HCO3

- SO4
2-

WQI 1
pH 0.784509 1
EC 0.436529 0.277362 1
DO -0.710666 -0.310899 -0.546985 1
TDS -0.094577 -0.009514 0.659993 0.046607 1
TSS 0.062795 0.140767 0.120037 -0.193232 -0.028105 1
Na 0.438872 0.103332 0.277524 -0.252737 -0.121052 0.335986 1
K 0.316348 -0.144669 -0.065377 -0.28891 -0.020344 -0.430789 0.114656 1
Ca 0.570404 0.687385 0.398703 -0.191047 -0.099731 0.19653 0.536731 -0.468686 1
Mg 0.778208 0.327104 0.047653 -0.57979 -0.399625 -0.079677 0.521028 0.711794 0.163393 1
HCO3

- 0.174593 0.45282 0.728257 0.02713 0.619632 0.132333 0.098116 -0.562731 0.633775 -0.378725 1
SO4

2- 0.257819 -0.131516 0.279985 -0.357611 -0.119164 0.212275 0.856841 0.027798 0.424177 0.329348 0.00586 1

However, in 2018, a high positive correlation was 
obtained between WQI and pH (0.78) and WQI 
and Mg (0.77) while a high negative correlation was 
obtained between WQI and EC (-0.71) followed by DO 
and EC (-0.54) as given in Table.4. Considering the 
high correlation ship between the various attributes 
in our study, one of the factors which has led to this 
could be due to an anthropogenic contribution from 
industrial wastes, coal combustion, and vehicular 
exhaust [17]. Coal Mines and coal-fired power plants, 
which are located around the reservoir, could have 
contributed to these pollutant contaminations in our 
study. It also exhibits that pH, Mg & EC have the 
highest contribution in estimating the quality of the 
reservoir water in the two years of study.

Table 5. Basic statistics of the physicochemical 
parameters of Rihand Reservoir water samples 

(2017)

Parameters Min. Max. AM SD

pH 7.12 7.98 7.433 0.326

EC 134 272 218.75 49.311

DO 5.12 5.98 5.7575 0.289

TDS 67 136 109.25 24.615

TSS 74 95 84.125 8.184

Sodium 9.817 119.45 38.450 36.388

Potassium 0.324 6.713 2.894 2.192

Calcium 17.547 93.856 44.175 29.054

Magnesium 6.423 23.423 15.197 6.493

Bicarbonate 128 198 166.625 25.173

Sulphate 7.256 47.563 23.924 14.004

Table 6. Basic statistics of the physicochemical 
parameters of Rihand Reservoir water samples (2018)

Parameters Min. Max. AM SD

pH 7.12 7.54 7.292 0.154
EC 112 257 210.375 57.333
DO 5.14 5.96 5.65 0.323
TDS 56 271 123.375 65.637
TSS 72 97 84.375 9.3798
Sodium 7.367 98.158 31.093 31.007
Potassium 0.274 4.235 1.91212 1.327
Calcium 16.252 85.152 39.420 25.391
Magnesium 5.462 19.452 12.438 5.137
Bicarbonate 112 197 161.5 31.937
Sulphate 5.214 45.471 21.887 13.85

C. Box plot diagram
The Arithmetic mean, maximum, minimum range and 
standard deviation of water quality parameters for the 
hydrological year 2017-2018 for 8 sampling sites with 
11 physico-chemical parameters is shown in Table 7 
Box plot of these parameters depicting the variations 
existing in their concentrations are shown in Fig 3 & 
4.The highest mean value was shown by  Electrical 
Conductivity (EC) 218.79 and 210.375 in the years 2017 
and 2018 respectively which may be due to discharge of 
coal mines and thermal power plant effluents directly 
into the reservoir.

Figure 3. Box Plot of the varoius physicochemical parameters 
of Rihand Reservoi water samples   during 2017.

Figure 4. Box Plot of the varoius physicochemical 
parameters of Rihand Reservoi water samples during 2018.
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D. Hierarchical cluster analysis 
Cluster analysis is a group of multivariate techniques 
whose primary purpose is to assemble objects based on 
their characteristics [18] . The main objective of cluster 
analysis is to congregate various entities on the basis 
of a selected criterion having a high within the cluster 
uniformity with a high amongst the clusters diversity. 
Hierarchical Cluster Analysis is a most common 
approach for providing relationship between samples 
and data set [19]. Here, in this study, the present dataset 
was managed by the Ward’s method of linkage with 
Squared Euclidean distance as a measure of similarity. 
The Dendrograms obtained for the hydrological year 
2017-2018 has been shown in Fig 5 and Fig 6 .For 
the year 2017, the sampling sites were grouped into 2 
clusters on the basis of similar sampling sites. Cluster 
1 represented by (SW-1, SW-4, SW-5, SW-6 and SW-
7) and Cluster 2 by (SW-2, SW-3 and SW-8). Cluster 
2 corresponds to good water quality whereas the 
poor quality has been depicted by Cluster 1. These 
differences in the water quality of the clusters may be 
due to anthropogenic activities such as mining, thermal 
power plants, etc or due to morphology or geology of 
the study area.For the year 2018, the sampling sites have 
been classified into 3 clusters on the basis of similarity 
in water quality of the study area. Cluster 1 consisting 
of (SW-2, SW-3 and SW-8), Cluster 2 (SW-1, SW-
4, SW-6 and SW-7) and Cluster 3 (SW-8). Cluster 1, 
Cluster 2 and Cluster 3 corresponds to Good, Poor and 
Very Poor water quality respectively. The deterioration 
in water quality of the reservoir is because of inlet of 
signified severe pollutants directly into the reservoir 
such as domestic wastewater, industrial effluents or 
agricultural runoff from the area surrounding the 
reservoir. This assessment of water quality of the 
reservoir not only helps in curbing the cost of the 
analysis but it also reduces the consumption of time for 
the analysis of the sampling location. 

Figure 5. Dendrogram of the HCA based on WQI of the 
monitoring sites during 2017.

Figure 6. Dendrogram of the HCA based on WQI of the 
monitoring sites during 2018.

V. Conclusions
The present study reveals the efficacy of multivariate 
statistical methods such as Hierarchical Cluster 
Analysis, Correlation Analysis, and Box Plot Diagram 
along with the computation of Water Quality Index for 
the interpretation of various samples collected from 
around the reservoir and its dataset over a time span 
of two years. With Water Quality Index analysis, it 
was found that there was no significant change in the 
quality of the water collected during both the years. 
The same condition was also observed with Box Plot 
and Correlation Analysis for the two consecutive years. 
However, Hierarchical Cluster Analysis for the year 
2017 was divided into 2 clusters while that for 2018 was 
represented by 3 clustering groups thereby indicating 
a little varied difference between the quality of water 
for the two years. All the samples exhibit spatial and 
temporal similarities of water quality which could 
be used for computation of cost-effective treatment 
of reservoir water of the study area. Apart from this, 
multivariate analysis of data also interprets about 
the physico-chemical analysis of the water quality 
of reservoir as well as the influence of industrial and 
anthropogenic pollutants in deteriorating the quality of 
reservoir. The outcome of the current study may also 
help in providing a comprehensive management plan 
for recovery of the depreciated quality of water.
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Abstract — 
Renewable Energy Resources are considered important in improving the security of energy supplies by decreasing the 
dependency on fossil fuels and in reducing the emissions of Green House Gases (GHG).Present total Contract Demand 
of NCL is 94 MVA with annual power consumption of 460Million Units having hues power cost of Rs.432 Crore. NCL has 
committed itself to have Renewable investment and set a target for installation of solar power plant of total 280MW by 
2023-24 to become NET ZERO Green Energy company. We are considering DC/AC ratio for proposed installation of Solar 
Power Plant in NCL is 1.2 (20% 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 NCL. The present Electricity Tariff that NCL is paying to power supply agency for its 6 nos mines 
in MP command area and 4 nos in UP command area is very high i.e. at 132kv supply voltage for Mines in MP Average rate 
Rs.10.50/kWh , at 33kv supply voltage for Mines in MP Average rate Rs.11.50/kWh, at 33kv  supply voltage for Township  in 
MP Average rate Rs.7.50/kWh & also in UP at 33kv supply voltage in Mines/Township Average rate Rs.9.15/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.2.84 to Rs.4.21 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 energy expenditure for success ENERGY story of Northern 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 1100 Crore by the 
use of Proposed 78.17 MW Solar Power Plant in entire solar life of 25 years .The payback period shall be only 3 to 4 years 
of total solar capital investment of Rs.270 Crore.

Keywords— Green House Gases, Levelized Cost of Energy, Optimization, Net Zero Green Energy, Grid emission factor

I. Introduction 
Energy is one of the key elements for the growth of 
economy and India requires huge amount of energy 
to maintain the steady growth. Our present per capita 
energy consumption is little above 1150 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 
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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 100GW by 2022. 

II. 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. 

Fig. 1. Projected Transition of Solar PV and Wind energy from 2015 to 2050

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. 

Fig. 2. Energy Storage through the transition from2015 
to 2050 for Electricity demand

Fig. 3. Projected Energy Storage through the transition 
from2015 to 2050 for Heat demand

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.
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Fig. 4. Projected global PV power generation heading to 
Terawatt from 2015 to 2050

2. Solar scenario in India
India is the world’s  third largest producer  and  third 
largest consumer  of electricity.  The  National Electric 
Grid in India has an installed capacity of 374.2 GW as 
of 31 November 2020.  Renewable power plants, which 
also include large hydroelectric plants, constitute 36% 
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 231321 62%

Nuclear 6780 2%

Hydro 45700 12%

RES 90400 24%

Total 374201 (374.20GW)  

Fig. 5.  % of installed capacity in India
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). 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 38433 43%

Solar 36911 41%

Small Hydro 4740 5%

Biomass 10146 11%

Total 90230 (90.23GW)  

Fig. 6.  % of Renewable energy installed in India

3. Solar scenario in Coal India Limited
Coal India Ltd has planned  to set up 14 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)- for 1000MW

•	 M/s Solar Energy Corporation of India (SECI) - 
for 1000MW

•	 M/s Neyveli Lignite Corporation of India Ltd. 
(NLCIL) - for 1000MW

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 
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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 Northern Coalfields Limited
The first multifarious step NCL had taken towards 
integration of Renewable Energy with Conventional 
Energy is by installation of 78.17 MW Solar Power as 
follows. It will be a noble step toward fulfilling NCL’s 
commitment to promote Green E nergy.

A. Ground Mounted 50 MW Solar Power Plant 
This plant shall be installed in the two patches of land 
of total 130 Ha at Nigahi colony area of NCL under 
CAPEX Model. This green energy shall be used for 
captive use of NCL  in its 4 Mega projects by its existing 
two connections namely 
•	 40 MW industrial power  connection  at Supply 

voltage of 132kV feeding power to  Amlohri ,Nigahi, 
Dudhichua, Jayant  project  at 33kV

•	 10 MW Township power connection at supply voltage 
of 33k V feeding power to Township of Amlohri, 
Nigahi, Dudhichua project at 33k V.

The cost of Solar Generation shall be of Rs. 2.84 /KWh as per 
Norms of CERC (Debt: Equity -70:30)  and considering 
various assumptions like Capacity Utilization Factor 
(CUF)=21.46%, Return on Equity(ROE)=14%.The 
solar tariff may touch up to Rs.4.21/kWh if 100% 
Equity and ROE 12% is considered. 
The present Average power cost at 132kv supply voltage 
for Mines in MP is Rs.10.50/kWh and at 33kv supply 
voltage for Township in MP is Rs.7.50/kWh.

B. Direct procurement of 25 MW Solar Power 
from NTPC 
Solar Energy procurement rate shall be Rs.2.75/kWh 
plus open access & other charges (Rs. 4.11/kWh) 
to cater the industrial and township load of 4 mines 
namely BINA, Khadia, Kakri, Krishnashila project and 
IWSS Khadia. The present Long Term Open Access 
Transmission Charges at 132kV is Rs.0.18/kWh, Long 
Term Open Access Transmission Charges at 33kV is 
Rs.0.57/kWh and Wheeling Charges is Rs.0.61/kWh as 
applicable in UP.
The present Average power cost in UP at 33kv supply 
voltage in Mines/Township is Rs.9.15/kWh.

c. Grid connected 3.17 MW  Roof Top Solar Power Plant
Installation of 3.17 MW Grid connected Roof top solar 
power plant shall be made in various Non- Residential 
buildings of NCL under CAPEX and RESCO model- 
Under MOU between CIL and SECI.  

TABLE III.  Installation of 3.17 MW Grid 
connected Roof top solar power plant

Sl. No. SPP 
Capacity 
(KW)

Site Mode

1 900 NCL HQ. RESCO@ Rs.3.30/
Kwh 

2 1000 Jhingurdah CAPEX @2.95 Cr / 
MW 

3 470 Jayant TS CAPEX @2.95 Cr / 
MW

4 800 S i n g r a u l i 
TS 

RESCO@ Rs.3.25/
Kwh 

Total= 3170

Considering  Grid  emission factor in tCO2/MWh  = 
0.83, the Annual CO2 reduction to be achieved by 
installing 78.17 MW Solar power  in NCL shall be 
1,21,976  Tons CO2 per year (146.95 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 NCL 
boasts of optimum PLF(Plant Load Factor) values  
about 21.46% of  AC Capacity .
Further proposed program for installation of Solar 
Power Plant to achieve Net Zero target of NCL is 
depicted below;

TABLE IV.   Program for  installation of  SPP  to 
achieve Net Zero target of NCL

Sl. 
No 

Financial 
Year 

Proposed Capacity 
addition in MW 

Project Location 

1 2021-22 25 MW (Ground 
mounted) 

Power will be procured 
from NTPC under CPSE 
scheme 

50 MW (Ground 
mounted) 

130 Ha of land is ear-
marked in two patches 
at Nigahi 

2 2022-23 100MW Availability of NCL land/
land on Pan India basis is 
also to be explored 

3 2023-24 105 MW Availability of NCL land/
land on Pan India basis is 
also to be explored 

The Solar project shall be set up on EPC basis using open 
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category modules (without restriction of Outsourcing 
Cell and/or Module Domestically) with Five years of 
Operation and Maintenance (O&M) contract of solar 
plant. 

III. 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 
Northern 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.

TABLE V.  Net Cost Saving in Electricity Bill 
through present SOLAR PROGRAMS in  NCL

Sl.No. Description Net Saving

01 Ground Mounted 40 MW Solar Power 
Plant

Rs.712.00 cr.

02 Ground Mounted 10 MW Solar Power 
Plant

Rs.150.00 cr

03 Direct procurement of 25 MW Solar 
Power from NTPC

Rs.250.00 cr

04 Direct procurement of Roof Top 1.70 
MW Solar Power from M/s SECI 
impaneled power developer 

Rs.20.00 cr

05 Roof Top Captive Power  installation 
of 1.47 MW Solar Power by M/s SECI 
impaneled power developer

Rs.18.00 cr

                                                   
Total

1150 Crore

 The Standardization /Diversification of entire power 
system in coalmines 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.1150 Crore by the 
use of 78.17 MW Solar Power Plant in entire solar 
life of 25 years with payback period of 3 to 4 years of 
capital investment .The approximate Net Cost Saving 
in Electricity Bill anticipated from various Ground 
Mounted and Roof Top Solar installation shall be 
depicted as below:-

IV.  Conclusions
The urgency of rapid de-carbonization of our economies 
is recognized worldwide. PV costs have dramatically 
come down and have become the lowest cost way to 
produce electricity in many countries. Drivers are 
the combination of innovation, cost effectiveness and 
climate concerns. n Si-wafer based PV technology 
accounted for more than 95% of the total PV production 
in 2017. 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. Global 
Photo voltaics is a fast growing market: for 2030. We 
expect to move from the current 500 Gigawatt installed 
globally to 3000-5000 GW of PV, 3-5 Terawatt.  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.
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Abstract — 
with technological advancements in the mining industry, job characteristics have changed resulting in both physical and 
psychological changes in the miners, in turn, affecting their productivity. However, researches in this area have mostly 
focused on occupational accidents, diseases, safety measures and environmental impacts. Therefore, the present study was 
conducted to assess the impact of occupational stress (OS) and job satisfaction (JS) on mental health (MH) of NCL employees.

133 Non – Executives, 33 Supervisors and 39 Executives from Amlori and Jayant Project volunteered for the study. JS, OS 
and MH were assessed using standardized psychological tests. Descriptive statistics, ANOVA, Chi-square and correlation 
were used to analyze the data. 

The results obtained indicated that NCL employees had high JS (M = 77.32; SD=10.63), average levels of OS (M=129.40; 
SD=16.06) and MH (M=173.96; SD=17.33). Correlation analysis indicated that JS is negatively correlated with OS (r = 
-0.276, p<.01). JS(r=.027) is positively and OS (r=-.128) is negatively correlated with MH; however, these correlations were 
very weak and non-significant, but the direction of the correlation are as expected. However, JS, OS and interaction between 
JS & OS do not influence the mental health of NCL employees. There were significant differences in some aspects of JS, OS 
and MH of executives and non-executives. Furthermore, Age (r=.18, p<.05) and number of years in service (r=.19, p<.01) 
were positively associated with JS, whereas number of years in service (r=-0.1, p<.01) was negatively associated with MH. 
In addition, both age (r=-.06) and number of years in service(r=-.03) were negatively associated with OS however, these 
associations were non-significant. 

The findings showed that NCL employees had higher JS and average levels of OS and MH. Although the number of years in 
service improved JS, it diminished their MH. Thus, efforts can be made to reduce the OS and enhance the MH of the NCL 
employees.

Keywords— Job Satisfaction, Occupational Stress, Mental Health, Northern Coalfields Limited

I. Introduction 

With the emergence of the concept of social 
sustainability, present day organizations focus not only 
on the acquisition of employees but also on helping the 
employees to develop adaptive skills, organizational 
citizenship behavior, sustained motivation, work-life 
balance, human relations and civic virtues that may 
equip employees to grow toward social, intellectual 
and emotional maturity. This in turn keeps employees 
motivated, committed and determined to achieve the 
organizational goals with greater efficiency. Socially 
sustainable development considers the impact of the 
organizations on their employees, their social life and 
the community. It aims to create a work environment 
that not only meets the needs of the present generation, 

but also creates a healthy environment for the future 
generations. However, the male-dominated industries 
such as construction, manufacturing, mining, 
transport, or utilities, which often involve working 
in hazardous environments, pay less attention to 
such holistic goals. Consequently, elevated levels of 
depression [1] and suicide [2] have been reported in 
mining and construction industries, especially among 
less-skilled workers.

II. Method

A. Participants-
For the study, 267 employees of Jayant Project and 
Amlori Project of Northern Coalfields Limited 
Singrauli, Madhya Pradesh were contacted. After the 
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collection of data, only 205 samples were found to be 
complete and the remaining incomplete data were 
discarded. In the final sample, out of 205 individuals, 39 
were Executives, 33 were Supervisors, and remaining 
133 were Non- Executives. The participants were in 
the age group of 20 -60 years (M=39.26; SD = 11.67) 
having work experience of less than one year to 37 
years (M=14.16; SD=12.36). The overall demographic 
profile of participants is presented in Table I.

Table I: Demographic Profile of the Participants
S.No. Demographic 

Aspect
Category Numbers

1. 

2. 

3. 

Employee Des-
ignation

Executives 39

Supervisors 33

Non-Executive 133

4. 

5. 

Marital Status Married 163

Unmarried 42

6. 

7. 

8. 

9. 

10. 

11. 

Education Level

Not At all 01

PG 39

UG 62

Intermediate 68

High School 26

Profess iona l 
Course

09

12. 

13. 

Family Struc-
ture

Joint 98

Nuclear 107

B. Measures-
The following three self-report measures were used 
to assess the job satisfaction, occupational stress and 
mental health of the NCL employees. Standardized 
Hindi and English versions of the 3 measures were 
used in the research.

1. Job Satisfaction Scale (JSS, Singh & Sharma, 
1986)

The scale consists of 30 items and measures the level 
of job satisfaction of employees in two areas: - Job 
Intrinsic and Job – Extrinsic. Job Intrinsic area is 
further divided in Job Concrete including excursion, 
working conditions etc. and Job Abstract including 
cooperating, democratic functioning etc. Job –Extrinsic 
area is further divided into three sub factors namely; 
psychosocial factor, financial factor, and community/

national growth factor. The scale has high test-retest 
reliability (r=.978).

2. Occupational Stress Index (OSI, Srivastava 
& Singh, 1984)

The scale consists of 46 items relating to 12 most 
important factors that can cause stress among 
employees such as role over-load, role conflict, 
intrinsic impoverishment, low status, unreasonable 
group and political pressure, responsibility for persons, 
under participation, powerlessness, etc. The scale has 
high reliability as ascertained by split half method and 
Cronbach’s alpha coefficient were found to be 0.935 
and 0.90 respectively.
3. Mental Health Inventory (MHI, Jagdish & 

Srivastava, 1995)
The inventory consists 56 items assessing the mental 
health of the individual across 6 positive health 
dimensions; viz; 1) Positive Self-Evaluation (PSE- self-
confidence, self-acceptance, self-identity, realization 
of one’s capabilities.), (2) Perception of Reality (PR-
related to absence of excessive fantasy, ability to 
face and accept realities of life.), (3) Integration of 
Personality (IP – indicates balance of psychological 
forces in the individual, includes emotional maturity, 
ability to concentrate at work and interest in several 
activities.), (4) Autonomy (AUT – the actions of people 
are independent rather than dependent on other 
persons.), (5) Group Oriented Attitudes (GOA – ability 
to work with others and ability to find recreation.) and 
(6) Environment Mastery (EM – Efficiency in meeting 
situational demands). The split half reliability was 
found high (r=.73).
C. Procedure-
Participants were debriefed on the purpose of the 
study and were assured about the maintenance 
of confidentiality of responses. After obtaining 
consent, the participants were given the research 
questionnaire containing demographic data sheet 
and above mentioned measures in either language 
(English/Hindi) depending upon their preference and 
convenience with either language. There was no time 
limit for completing the questionnaires but on an 
average participant took 35-40 minutes to complete 
the questionnaires. Whenever they felt any difficulty in 
understanding any item, the researcher tried his best 
to help them in making them understand, so that they 
could give the correct response.

D. Data analysis-
The scoring of all the three psychological measures 
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was done as per the scoring given in their respective 
manual. The data were treated to three types of analyses 
using SPSS (Version 20)- descriptive analysis, bivariate 
analysis using correlation and analysis of variance 
and univariate analysis including cross-tabulation 
and chi-squared. The results are reported if they are 
significant at the minimum of the 5% level. In addition, 
tests compared various subgroups in the sample (i.e. 
education level, job hierarchy, family structure, marital 
status of the NCL employees).

III. Results

A. Descriptive Statistics-
Table II presents the mean and standard deviation of 
all domains of job satisfaction, occupational stress and 
mental health as reported by the NCL employees. Based 
on the standard norms of the psychological measures, 
NCL employees are moderately satisfied with Job 
Concrete aspects, Job Abstract aspects, psychosocial 
abilities, economic factors and highly satisfied with 
Community/National Growth aspect of their job.  In 
addition, the overall job satisfaction score of the NCL 
employees shows that they are extremely satisfied 
with their job. Similarly, The NCL employees reported 
that they have moderate levels of stress in all factors 
of occupational stress except in under participation 
and Intrinsic Impoverishment dimensions where they 
have high stress. The overall occupational stress was 
also found to be of moderate level. On the other hand, 
in all mental health dimensions NCL employees are 
having good Positive Self-Evaluation, average levels 
of perception of reality, Integration of Personality, 
Autonomy, group-oriented attitude and environmental 
mastery. The overall mental health index indicates 
NCL employees have average mental health.

Table II: Mean Scores for dimensions of Job 
satisfaction, Occupational stress and mental health 

among NCL employees

S.No. Dimensions Mean 
Standard 
Devia-
tion

Job Satisfaction
1. Job Concreteness 14.68 3.49

2. Job Abstractness 16.27 3.41

3. Psycho-social Abilities 19.27 3.35

4. Economic Factor 9.85 2.47

5. C o m m u n i t y / N a t i o n a l 
Growth 14.77 2.14

6. Overall Job Satisfaction 77.32 10.63

Occupational Stress
1. Role Overload 17.35 4.11 

2. Role Ambiguity 10.05 2.39

3. Role Conflict 14.20 3.18

4. Unreasonable Group and 
Political Pressure 11.44 2.50

5. Responsibility for Person 8.79 2.26

6. Under participation 13.62 4.04

7. Powerlessness 9.46 2.60

8. Poor Peer Relation 11.48 2.18

9. Intrinsic Impoverishment 9.70 2.59

10. Low Status 7.05 2.25

11. Strenuous Work Conditions 10.42 2.54

12. Unprofitability 5.83 1.64

13. Occupational Stress Index 129.40 16.06

Mental Health
1. Positive Self-Evaluation 33.18 3.90

2. Perception of Reality 25.16 3.24

3. Integration of Personality 36.77 5.76

4. Autonomy 18.33 2.68 

5. Group - Oriented Attitudes 31.09 4.80

6. Environmental Mastery 29.43 3.47

7. Mental Health Index 173.96 17.33

B. Correlation-
Pearson’s product moment correlation was calculated 
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between age of employee, number of years in service, 
Job satisfaction, occupational stress and mental health 
index. The results showed that both age (r =.176, p<.01) 
and number of years in service (r =.191, p< .01) were 
positively associated with the job satisfaction, whereas, 
occupational stress (r = -.276, p< .01) was negatively 
associated with Job satisfaction.  Furthermore, age 
(r = -.068), number of years in service (r = -096), 
occupational stress (r = -.128) were negatively 
correlated with mental health and job satisfaction (r = 
.027) was positively correlated with mental health but 
these correlations were statistically non-significant.

C. Subgroup differences in terms of job 
satisfaction, occupational stress and Mental 
health-

1. Comparison between Executives, supervisors 
and Non-executives

One way ANOVA was calculated to compare the levels 
of job satisfaction, occupational stress and mental 
health of the NCL employees based on their job 
hierarchy. The results are summarized in Table IV. The 
results showed that there was no significant difference 
between overall job satisfaction, occupational stress 
and mental health of the NCL employees based on 
their job hierarchy. However, statistically significant 
differences were observed in specific 

 Years in service JS OS MH

Age .954** .176* -.058 -.068
Years in 
Service

.191** -.029 -.096

JSS -.276** .027

OSI -.128

*Significant at 0.05 level of significance 

** Significant at 0.01 level of significance 

Note: JS = Job satisfaction; OS = Occupational Stress; 
MH= Mental health

Table III: Correlation between Age, Years in service, 
Job Satisfaction, Occupational Stress and Mental 
Health dimension of the job satisfaction, occupational 
stress and mental health. In case of Job satisfaction, 
significant difference was observed in economic 
factor (F(2,202) = 4.828; p<.01) between executives, 
supervisors and non-executives. The post-hoc analysis 
revealed that executives (M=10.64, SD=1.81) were more 

satisfied with the economic benefits compared to Non-
executives (M=9.59, SD=2.48).  In case of Occupational 
stress significant differences were observed in role 
overload (F(2,202) = 4.558; p<.01), responsibility for 
person (F(2,202) = 5.541; p<.01), under participation 
(F(2,202) = 7.209; p<.01), powerlessness (F(2,202) 
= 7.779; p<.01) between executives, supervisors and 
non-executives. The post-hoc analysis revealed that 
executives have higher role overload and responsibility 
for person compared to non-executives, whereas non-
executives felt higher levels of under participation and 
powerlessness compared to executives. With respect 
to mental health, significant differences were observed 
in positive self evaluation (F(2,202) = 6.158; p<.01) 
and integration of personality dimensions (F(2,202) = 
3.980; p<.05). The post –hoc analysis revealed that both 
supervisors and non-executives had better positive 
self evaluation compared to executives, however 
non-executives had better integration of personality 
compared to executives and no difference was observed 
between non-executives and supervisors in integration 
of personality dimension.

2. Comparison of Job satisfaction, occupational 
stress and mental of NCL employees based on 
their family structure

Employees were compared for their job satisfaction, 
occupational stress and mental health based on their 
family structure i.e. does staying with nuclear family 
or joint family have any impact on job satisfaction, 
occupational stress and mental health of NCL 
employees. Results are tabulated in Table V. Similar 
to the results of job hierarchy, with regard to family 
structure as well, only some dimensions of these 
psychological constructs were significantly influenced 
by family structure. In case of job satisfaction, 
economic factor (F(1,204) = 12.706; p<.01) and 
overall job satisfaction(F(1,204) = 7.109; p<.01)  were 
significantly different for individuals staying with 
nuclear and joint family as the individuals staying with 
nuclear family were more satisfied with the income and 
overall job conditions. With respect to occupational 
stress, the significant difference was only observed in 
powerlessness dimension (F(1,204) = 5.635; p<.05) as 
the employees from nuclear family (M=9.06; SD=2.49) 
reported lower feelings of powerlessness compared 
to employees staying in a joint family (M=9.91; 
SD=2.65). Whereas, in case of mental health, positive 
self-evaluation (F(1,204) = 4.916; p<.05), autonomy 
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(F(1,204) = 4.546; p<.05) factors and overall mental 
health (F(1,204) = 4.263; p<.05)  were significantly 
different for employees staying with nuclear and 
joint families as the employees staying in joint family 
reported 
higher positive self-evaluation, autonomy and overall 
mental health.
*Significant at 0.05 level of significance 
** Significant at 0.01 level of significance 
Common superscript refer to non significantmean 
difference and different superscript refer to significant 
mean difference 

Table V: Effect of family structure on Job 
satisfaction, occupational stress and mental health 

of NCL employees
Nuclear Family Joint Family F

M SD M SD

EF 10.33 2.16 9.16 2.51 12.706**

JS 76.88 8.65 72.85 12.81 7.109**

PL 9.06 2.49 9.91 2.65 5.635*

PSE 32.61 4.06 33.81 3.64 4.916*

ATN 17.95 2.48 18.74 2.84 4.546*

MHI 171.59 16.03 176.55 18.37 4.263*

*Significant at 0.05 level of significance 

** Significant at 0.01 level of significance 

Note: EF= Economic factor; JS= Job Satisfaction; PL= 
Powerlessness; PSE= Positive Self-Evaluation; PoR= 
Perception of Reality; IP= Integration of Personality; 
AUT= Autonomy; MH=Mental Health Index

3. Effect of Job Satisfaction and Occupational 
Stress on mental health

Two-way ANOVA was calculated keeping mental 
health as criterion variable and Job Satisfaction and 
Occupational Stress as predictor variable. The results 
showed that neither job satisfaction (F(4,191) = .622, 
p>.05) nor occupational stress (F(7,191) = .494 p>.05) 
significantly affects the mental health of the NCL 
employees. Even the interaction (F(7,191) = 1.104, 
p>.05) between job satisfaction and occupational stress 
did not significantly influence the mental health of the 
NCL employees.

Table VI: Effect of Job satisfaction, occupational 
stress on mental health of NCL employees

Source df

Mean 

Square F p

partial 

η2 

JS 4 184.21 .622 .647 .013

OS 2 146.37 .494 .611 .005

OS * JS 7 326.92 1.104 .362 .039

Error 191 296.16

Note: JS = Job Satisfaction; OS = Occupational stress

D. Effect of Marital Status and Education on job 
satisfaction, occupational stress and mental 
health-

To assess the effect of marital status again ANOVA was 
computed, but the results showed that there was no 
significant difference in job satisfaction, occupational 
stress and mental health of the NCL employees. 
Furthermore, to see the effect of education levels chi-
square statistics was computed. The results obtained 
showed that education level only influences the 
autonomy (Χ2

(20,205)=69.415; p<.01) dimension of the 
mental health as higher levels of education was related 
to greater of autonomy. 

IV. Conclusions
Although social sustainability is gaining importance as 
one of the important goals of sustainable development 
goals, empirical researches exploring the mental 
health and wellbeing of coal mine employees is rather 
limited. The present study was conducted to explore 
the interlinkages among job satisfaction, occupational 
stress and mental health of NCL employees. Although 
the findings of the study do not reflect statistical 
significance, there are still important indications 
obtained from the direction of the associations. Better 
job satisfaction has been found to be linked to greater 
mental health while occupational stress contributes 
to mental health problems. Demographic variables 
of age, education and family structure has also been 
found to affect mental health of NCL employees. 
Therefore, the present study may serve as a guide for 
future researches exploring mental health as well as in 
planning interventions for employees working in the 
Indian coal industry.
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Abstract - 
In the changing business landscape environmental sustainability is becoming very important. It is more so for activities having direct impact on 
air, water and land e.g. Coal mining, power generation etc. The regulations pertaining to environment protection are becoming more stringent 
and the legal system is becoming more proactive in enforcing measures to protect people from harmful effects of industrial activities even if it 
means closing down the companies/ industry. Globally there is a renewed consciousness towards protecting the environment & aligning human 
activities to reduce negative impacts on environment which is more visible in mining and energy related activities. Be it political or legal systems 
the focus is increasingly towards sustainability as far as environment is concerned. In the context of India this paper analyses development of 
environmental jurisprudence over the years, from Stockholm Declaration of 1972 to emergence of National Green Tribunal Act 2010, and details 
few landmark case laws and their financial & non-financial impact on various industries causing air, water etc pollution. It also brings out 
few recommendations which Coal industry including power plants must follow in order to remain sustainable and mitigate various regulatory 
problems.

Keywords - Environmental law, National Green Tribunal, Supreme Court, M C Mehta, Taj Trapezium, Ashwani Kumar Dubey, Northern 
Coalfields Limited, Coal Dispatch, Singrauli, Sonebhadra, Power Plant, Coal mining

I. Introduction
Environment has wider definitions and is defined in 
different contexts. In popular usage ‘environment’ 
means ‘nature’ and includes the natural landscape with 
non-human components. In the changing business 
landscape environmental sustainability is becoming 
very important. It is more so for activities having direct 
impact on air, water and land e.g. Coal mining, power 
generation etc. Due to very limited resources of crude 
there are very limited less polluting resources which 
can be used to generate power. Also among them, 
given the financial condition of India and the large 
population, there are even fewer economical sources 
of power generation. In this context Coal becomes a 
very important fossil fuel for power generation. But 
due to the negative environmental impact of Coal 
mining there is lot of hue and cry from international 
organisations as well as civil society groups. It has 
also been scientifically shown that the harmful impact 
of coal mining is not limited to the land and also 
dramatically affects the people living in the vicinity of 
such coal mines. Along with the policy initiatives the 
judicial system is also becoming more vigilant and 
asserting rights of people for cleaner environment. 

II. ENVIRONMENTAL LAW DEVELOPMENT 
IN INDIA
Due to increased civil society consciousness as well as 
evolving jurisprudence environmental law in India is 
evolving fast. The development of Environmental law can be 
divided into following stages:

Stage 1: Pre Stockholm Conference 1972
Protection and respect of environment has been 
part of the Indian life though it was more associated 
with the religious practices. It helped in increasing 
environmental consciousness to a great extent though 
disrespect of environment was only looked down by 
people and was without any civil or criminal liability. 
During the British period few acts e.g. Shore Nuisance 
(Bombay and Kolaba) Act 1853, The Fisheries Act 
1897, Wild Birds and Animals Protection Act 1912, 
Bombay Smoke Nuisance Act 1912 etc were enacted 
but the purpose was more for long term exploitation of 
natural resources rather than protection. 

Stage 2: Stockholm Conference 1972 to Environmental 
Tribunal Act 1995

At the time of independence there were no specific provisions 
for protection of environment. It dramatically changed after 
United Nations Conference on the Human Environment 
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which was held in Stockholm (Sweden) in the year 1972, also 
known as Stockholm Conference.

Following events happened during this period:
a) National Council for Environmental Policy and 

Planning (NCEPP) was set up in 1972 which later 
evolved into Ministry of Environment and Forests 
(MoEF) in 1985

b) Wildlife (Protection) Act, 1972 was enacted to protect 
the wildlife

c) Water (Prevention and Control of Pollution) Act, 
1974 was enacted which had provisions for Pollution 
Control Boards (PCBs), both at the state level as well 
as the central level, for monitoring of industries as 
well as implementation of various civil as well as 
penal provisions

d) During the 42nd amendment (1976) of the Indian 
Constitution Article 48-A & 51-A(g) were inserted to 
specifically protect environment 

e) Forest (Conservation) Act, 1980 was enacted with an 
aim to check deforestation, diversion of forest land 
for non-forestry purposes, and to promote social 
forestry

f) Air (Prevention and Control of Pollution) Act,1981, 
was enacted and was aimed at checking air pollution 
via pollution control boards

During this period the unfortunate event of Bhopal Gas 
Tragedy (1984) as well as M C Mehta Vs Union of India 
(1986), popularly known as Shriram Industries Case, led the 
government to enact the umbrella act of The Environment 
(Protection) Act 1986. Also Public Liability Insurance Act 
1991 was enacted to provide for mandatory insurance for 
providing immediate relief to person affected by accidents 
occurring while handling any hazardous substance.

During this period the Supreme Court also developed few 
principles to fix the liability of polluters. The most notable 
was Absolute Liability Principle which was brought out in the 
case of Shriram Industries Case (1986). As per this principle 
the liability of polluters towards affected people from any 
event arising out of the operation of the organization was 
held to be absolute and expanded the scope of strict liability 
principle developed in Rylands Vs Fletcher case of English 
courts. In this case Polluter Pays Principle, which fixes 
liability for compensation on the polluting organisation, was 
implicitly used to compensate affected people. Many notable 
cases vix. Ganga Tanneries case, Taj Trapezium case etc also 
came before the Supreme Court for adjudication. 

Involvement with Earth Summit (1992) in Rio de Janerio, 

Brazil also expanded the environment consciousness of 
policy makers which led to formulation of better policies 
to adjudicate matters related to environment. During this 
summit Precautionary principle, which relates to decision 
making process to avoid possible problems, received wide 
attention at a global platform.

Stage 3: Environmental Tribunal Act 1995 & beyond
In the aftermath of Earth Summit (1992) the participating 
nations resolved to provide for appropriate judicial measures 
for enforcement of environment protection measures & 
redressal of various issues related to environment and the 
Indian Government established the National Environment 
Tribunal (through the National Environment Tribunal Act 
1995), in 1995, to provide for strict liability for damage arising 
out of accidents caused from the handling of hazardous 
substances. The tribunal was free from strict technicalities of 
regular courts and was supposed to provide a speedier mode 
of resolution for various matters. Subsequently National 
Environment Appellate Authority Act, 1997 was enacted 
and National Environment Appellate Authority (NEAA) was 
constituted,  a quasi-judicial body, which was empowered to 
hear appeals against the environmental approvals granted 
(or not) to projects.

Despite being enacted with good intentions the Environment 
Tribunal (under the 1995 act) & NEAA (under the 1997 
Act) were inadequate in addressing complex issues arising 
out of various environment related activities. Also its ambit 
was quite limited as far as adjudicating various matters were 
concerned. Along with this the composition of the Tribunal 
had very few experts in environment related matters and 
was staffed with bureaucrats resulting in less effectiveness of 
the mechanism. Observing the limitations of the Tribunal, 
Government of India enacted National Green Tribunal 
Act, 2010 which provided for adjudicating authorities with 
original as well as appellate jurisdiction through a single act. 
The 1995 as well as the 1997 act both were repealed. There 
is greater emphasis in giving representations to individuals, 
termed as expert members, with sound environmental 
related knowledge. Also Section 20 of National Green 
Tribunal Act 2010 mentions the following principles to be 
followed by the Tribunal in adjudicating matters

- Principles of sustainable development,

- Precautionary principle and 

- Polluter pays principle
Hence various principles developed by Supreme Court 
were also given statutory recognition through this act. The 
Tribunal was given Civil as well as Criminal jurisdiction 
and Schedule I of the Act brought comprehensive list of 
Acts under the purview of the Tribunal e.g. The Water 
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(Prevention and Control of Pollution) Act 1974, The 
Water (Prevention and Control of Pollution) Cess Act 
1977, The Forest (Conservation) Act 1980 etc. The Act 
also provides for power to Central govt in amending 
Schedule I which can increase the Tribunal’s ambit to 
various other Acts in future.
Hence it can be observed that the environmental 
jurisprudence has been evolving at a rapid pace in the 
last few decades and the policy makers as well as the 
judiciary has been becoming more conscious about 
protecting environment.
III. LEADING CASE LAWS
In the course of development of environmental 
jurisprudence there have been several landmark 
cases where public spirited people approached court 
and helped in development of various principles for 
environment protection.  These cases also highlight 
the need for proactive measures by companies in 
protecting environment else the whole operation of 
an organization can be dramatically affected including 
closure in extreme cases. 
Few of the landmark cases are detailed below:
MC Mehta Vs Union of India (22nd September 1987, 
Supreme Court of India)
This is a landmark case in protecting environment and 
specifically water bodies. In 1985, M.C. Mehta, a noted 
environmentalist & lawyer, filed a writ petition in the 
nature of mandamus requesting the Supreme Court 
to direct the leather tanneries, primarily operating in 
Kanpur, to stop disposal of domestic and industrial 
waste and effluents in the river Ganga. This writ petition 
was decided by the Supreme Court in two parts – in 
one case the judgement was passed in the year 1987 
and in the second case subsequently in the year 1988.
a) The writ petition was admitted as a Public 

Interest Litigation (PIL).
b) In the first case i.e. in the judgement delivered 

in the year 1987 the Supreme Court directed the 
tanneries to establish primary treatment plant for 
carrying out operation.

c) Supreme Court expanded principles of Public 
nuisance as well and incorporated resultant 
orders in the judgement as well

d) The financial capabilities of the tanneries was 
not given consideration which subsequently 
resulted in closure of many tanneries

e) In the second case i.e. in the judgement delivered 
in the year 1988 all municipal bodies, through 
which river Ganga passed, were made party for 
implementation for preservation of Ganga and 
were tasked with monitoring all the measures for 
reduction of pollution.

f) Hence the Supreme Court widened the purview 
of the petition to several states which contributed 
significantly in protection of the river Ganga.

MC Mehta Vs Union of India (30th December 1996, 
Supreme Court of India)
It was a very important case where there were 
comprehensive measures directed by Supreme Court 
to protect the monument Taj Mahal. Taj Mahal was 
declared UNESCO heritage site in the year 1983 as it 
symbolized great heritage value. The first petition was 
filed by M C Mehta in the year 1984 after which in 
the year 1996, after 12 years, Supreme Court directed 
several measures to protect the monument. There were 
various other steps ordered during the course of the 
judgement by the Supreme Court out of which few are 
mentioned below:
a) Supreme Court identified source of pollution 

as iron foundries, ferro-alloyed industries, 
rubber processing, lime processing, engineering, 
chemical industry, brick refractory and vehicles 
based on a report by Central Pollution Control 
Board (CPCB)

b) Supreme Court directed UP Pollution Control 
Board (PCB) to assess industries causing 
pollution in the region

c) 511 industries were issued notice for response 
regarding measures of preventing pollution in 
the region

d) National Environmental Engineering Research 
Institute (NEERI) also submitted its report 
regarding the Sulphur dioxide emission control 
measures at Mathura Refinery.

e) Alternate fuel usage, less polluting, by the 
industries was also explored at the instance of 
the Supreme Court

f) Various industries were relocated from the Taj 
zone at the order of Supreme Court

g) The court relied on the “Precautionary Principle” 
as well as the “Polluter Pays” principle while 
passing orders and judgment
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Hence it can be observed that the highest court in the 
country has been quite patient and detailed oriented in 
enforcing measures to protect environment even when 
the executive machinery failed to perform. 
Ashwini Kumar Dubey Vs Union of India (28th August 
2018, National Green Tribunal)
This is a very important case as far as assessing the 
environment impact in Singrauli (Madhya Pradesh, 
MP) – Sonebhadra (Uttar Pradesh, UP) region is 
concerned. It was decided in more than four years and 
several orders, subsequent to the first order of Tribunal 
on 25th August 2014, were passed. Several cases referred 
to observations of National Green Tribunal (NGT) in 
this case for subsequent litigation. Following are few 
salient points in this case:
a) The petition was submitted by Ashwani Kumar 

Dubey, a Supreme Court lawyer and noted 
environmentalist 

b) First order of Tribunal was delivered on 25th 
August 2014 directing constitution of a Core 
committee and four sub-committees to monitor 
industrial hazards of industrial development in 
Singrauli region

c) The Core committee had representation from 
Central Pollution Control Board (CPCB), State 
Pollution Control Boards (SPCBs) & various 
other renowned institutions. 

d) First sub-committee was constituted to assess 
impact of pollution on water resources, second 
sub-committee was constituted to assess impact 
on land resources, third sub-committee was 
constituted to assess impact on air quality & 
fourth sub-committee was constituted to assess 
impact on health

e) The committee report was accepted by the 
Tribunal wide order dated 6th December 2017 and 
subsequently two supervisory committees were 
constituted to implement the recommendations 
of the Core committee.

f) Polluter Pays principle was specifically 
mentioned by the Tribunal for assessment of 
negative environment impact and subsequent 
penalty on the erring companies.

g) Various measures were mentioned in the 
judgement itself including measures to arrest air 
& water pollution and companies were asked to 

comply
h) To observe compliance with the directions of the 

Tribunal an oversight committee was constituted 
wide judgement dated 28th August 2018 under the 
Chairmanship of Justice (Retd.) Rajesh Kumar, 
Allahabad High Court and District Magistrates 
of Singrauli district & Sonebhadra district were 
also made members of that committee along 
with representations from CPCB & SPCBs. 

i) The Tribunal also directed that in case of non-
compliance companies can be closed down.

j) Even after giving several opportunities to 
companies operating in the area satisfactory 
steps were not taken up by the companies to 
comply with the order of the Hon’ble NGT.

k) In the 3rd quarter of 2019 Coal transportation was 
completely stopped by the Oversight Committee

l) On petition to Supreme Court temporary relief 
was granted to power companies as well as the 
Coal producer i.e. Northern Coalfields Limited 
(NCL)

In this case it can be seen that judicial bodies, despite 
taking time, have not shied away from imposing severe 
measures to address the cause of healthy environment. 
In this case it can also be observed that how ill planned 
measures of companies regarding environment 
protection can cause severe social & financial issues for 
companies itself. 
Anjani Jaiswal Vs Union of India (11th October 2019, 
National Green Tribunal)
This is a landmark case highlighting severity of direct 
penalty companies can face for non compliance 
of environmental regulations. This case pertains 
to Singrauli (Madhya Pradesh, MP) – Sonebhadra 
(Uttar Pradesh, UP) region. In this case the Hon’ble 
National Green Tribunal (NGT) directed Central 
Pollution Control Board (CPCB) as well as State 
Pollution Control Boards (PCBs) of MP & UP to make 
an assessment of damage caused to environment and 
ascertain compensation amount to be charged from the 
companies. The Tribunal made serious observations 
about negative environmental impact caused by the 
operations of Northern Coalfields Limited (NCL), 
National Thermal Power Corporation (NTPC) & 
other power plants. Based on assessment of CPCB & 
SPCBs maximum daily penalty rate was imposed on 
organisations. Few salient points in this case are:
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a) Brought to the notice of Hon’ble NGT by a 
public spirited person Anjani Jaiswal

b) The Tribunal made observations about negative 
impact on water bodies as well as severe air 
pollution by the operation of the companies

c) The Tribunal referred to Ashwani Kumar Dubey 
Vs Union of India & Ors also in this case to 
highlight negative environmental impact in the 
region

d) Polluter Pays principle was specifically invoked 
by the Tribunal to assess impact & impose 
penalty

e) Fine was imposed on three power plants as well 
as eight projects of Northern Coalfields Limited

f) More than INR 56 crore fine was imposed and 
companies were instructed to comply with 
regulations  

IV. RECOMMENDATIONS

Based on the perusal of above mentioned case laws 
following measures by companies could go a long 
way in reducing the negative environmental impact as 
well as financial & regulatory hardships for companies 
involved in Coal mining as well as power generation:

1. Proactive compliance of Environment regulations 
Industries are yet to proactively take measures to 
comply with environmental regulations and the 
compliance, prior to starting operations, is mainly for 
major activities e.g. in case of starting mining forest 
clearance & environment impact assessment. There is 
little effort in proactively studying all the measures to be 
taken when the activities actually start and the different 
steps to be taken while plants or mines are running. 
Companies need to specifically develop environmental 
measures to mitigate negative impacts while the 
operations are starting e.g. proactive assessment of 
air & water pollution and establishment of advance 
continuous monitoring mechanism etc.

2. Environmentally sustainable processes
It should be noted that in all the above judgements it 
was observed by the Courts as well as Tribunals that the 
organizations lacked resolve to make their processes 
environmentally sustainable. Due to this in many cases 
the penalty imposed was to the maximum extent e.g. 
more than 56 crore in case of the three power plants 

& 8 projects of Northern Coalfields Limited. Hence 
following measures during operations can go a long 
way in mitigating negative impact on environment and 
hence trouble of power plants & Coal miners:

a) Slope stability for Over Burden (OB) during 
Coal mining to reduce any impact on the people 
living in the vicinity.

b) Stringent control of ash content during mining 
of Coal to minimize subsequent release in 
atmosphere e.g. installation of washeries

c) Improved road infrastructure to reduce noise 
pollution due to regular vehicle movement 
around habitations

d) Improved road infrastructure to reduce shaking 
of trucks and dust discharge during transportation 
of Coal

e) Stringent implementation of logistic safeguards 
e.g. covering of trucks etc in order to minimize 
release of dust in atmosphere near habitable 
areas

f) Reduce frequency of vehicle movement by 
utilizing high carrying capacity transportation 
systems e.g. rail, conveyor belts etc

g) Continuous monitoring of heavy metals in 
atmosphere as well as in water e.g. Mercury 
(Hg) etc

h) Ensuring proper operation of Effluent (ETP) & 
Sewage treatment plant (STP) 

i) Proactive report submission to various authorities

j) Installing systems to arrest ash during power 
production in power plants e.g. Electro Static 
Precipitators (ESPs)

k) Innovations support at various renowned 
academic institutions regarding support to new 
technologies reducing environment impact

3. By-products treatment
Companies should take proactive measures to reuse by-
products, to the maximum extent possible, obtained during 
mining as well as power generation process in order to reduce 
its release to the atmosphere & mitigate negative impact on 
the environment. Some of the activities which can be taken 
up by companies can be as follows:

a) Reuse of by-products of power generation process i.e. 
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bricks from fly ash etc

b) Treatment of by-products e.g. AWRS (ash water 
recirculation system) 

c) ETPs & STPs to meet discharge parameters 

4. Helping people in the vicinity
As the Coal miners and power generating companies 
are very much dependent on the people living in the 
vicinity of such plants/ mines, for manpower to land etc 
resource requirement, it is imperative for companies 
to engage with such populace on a continuous basis. 
Few of the measures which can be taken up by the 
companies can be:

a) Continuous health monitoring of the people, 
free of cost, can help companies in assessing the 
impact on the populace and in turn guide them to 
improve their existing operations.

b) Providing healthy environment e.g. clean water, 
free health camps etc which can help companies 
build good social equity and it can go a long way 
in reducing unnecessary litigation for companies

c) Increase Corporate Social Responsibility (CSR) 
expenditure towards education, employment 
opportunities etc. may also help companies 
sensitize the people about the positive role 
companies play in their lives and reduce negative 
perception of being just resource exploiters

5. Increasing environment awareness
It must be appreciated by the companies that 
environment is not just the job of the government and 
various stakeholders including employees of companies 
also need to be involved in the process. Continuous 
awareness about protecting the environment could also 
lead to various innovative activities by employees itself 
and it could be tremendously beneficial to respective 
companies. Following programs could also be pursued 
by companies to increase environmental awareness 
and in turn benefit various stakeholders:

a) Schools programs could help in sensitization of 
kids and could help in building social equity

b) Participation from employees including senior 
officials in environmental workshops could 
also result in innovative processes for existing 

operations resulting in reduced negative impacts 
on environment

c) Introductory sessions about various environment 
laws to employees could help in streamlining 
day to day activities of employees and in turn 
help in making processes more environmentally 
sustainable

d) Proactive assessment of carrying capacity 
of Singrauli – Sonebhadra region regarding 
pollutants should also be carried out regularly 

V. Conclusions
With the Changing legal landscape and increasing 
consciousness it is imperative that organisations should 
become more proactive in protecting environment as 
well as in improving their internal processes else their 
businesses are likely to be unsustainable and in extreme 
cases can we close down. The existing jurisprudence 
as well as legislative measures are evolving to be very 
strict and companies need to appreciate that bypassing 
their environmental sustainability commitments are 
not going to take them far.
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Abstract — 
The aim of this study is to derive an empirical relation for estimating carbon content (ERECC) stored in corporate offices and 
administrating the derived equation over at a corporate office of a coal producing company of Jharkhand situated at Ranchi. 
The ERECC so derived uses 6 numbers of variables and is the result of 14 numbers of intermediate empirical relation. 
Methodology of this study includes selection of study area, ECC, development of equation, administration of equation, result 
and conclusion as primary section with various sub section like data collection, segregation of species, option selection, 
compilation, interpretation etc.

On applying the derived equation, it was revealed that the study area is the store house of about 13.7 t-CO2e(CCS) in different 
parks and have extracted greenhouse gas (GHG) from the atmosphere. The CCS so stored were in the ratio of 7 : 9 : 45 : 20 
: 19 in terms of trees related to wood, fruits, ornamental, medicinal and others. 

This equation so developed will prove to be a useful tool for the researchers and managers to estimate and regulate stored 
carbon content (CCS) in their premises.

Key Word : Keywords— ERECC, CCS, GHG, Empirical Relation

I. Introduction  
Biomass, soil and dead organic matter (DOM) 
represent some of the principle carbon sinks for most 
nations.It is generally held that, on average, biomass 
growth follows a sigmoidal curve with respect to its 
volume/mass, and hence, carbon sequestered (Botkin, 
1993).  Initially, growth follows an exponential curve, 
but slows as time progresses.  The slowing of biomass 
growth in forests as they mature is due to competition 
with other species for limited access to solar radiation 
at / through the tree canopy and the annual loss of litter 
from limbs and branches. In essence, this implies that 
at an equilibrium point, solar radiation utilized by a 
tree will simply maintain a balance between biomass 
growth and losses, and any gains in carbon storage will 
come from increases in soil and DOM stocks. Carbon 
sinks are identified as natural or artificial a reservoir 
that gathers and stores carbon compounds from the 
atmosphere for an indefinite period of time. These may 
occur from managed and unmanaged lands. Managed 
lands are lands where human influence has been 
dominant which may include but not limited to tillage 

practices (farming), social functions (settlements) 
and ecological activities (IPCC, 2006). Here the study 
is restricted to biomass on managed land. Biomass 
is divided into above and below plant biomass. 
Large amounts of CO2 are transferred between the 
atmosphere and terrestrial ecosystems which happens 
through photosynthesis and respiration (IPCC, 2006).

III. Objective
The aim of this study is to 
(i) Derive Empirical relation for Estimating Carbon 

Content (ERECC) stored in corporate offices.  
(ii) Administrating of equation developed at (i) over a 

corporate office selected as study area and making an 
Estimate of Carbon Content (ECC) stored.

IV. Methodology
The methodology of this study is based on the biennial 
reports released by Forest Survey of India in different 
years and various report released by IPCC. The 
methodology (fig. 2) include selection of study area, ECC, 
development of equation, administration of equation, 
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result and conclusion as primary section with various sub 
section like data collection, segregation of species, option 
selection, compilation, interpretation etc.

V. SELECTION OF STUDY AREA
For developing ER for ECC, one of the corporate office 
of a coal producing company of Jharkhand situated at 
Ranchi (Fig 3) was selected as study area. It is the first 
step in this study. 

VI. Estimation of Carbon content (ECC)

This part of the study methodology are virtually 
divided into data collection, segregation of species, 
calculation option selection, derivation of equation 
and compilation of equation. 

VII. Data Collection (DC)
In this part the diameter at breast height (dbh), 
approximate height of the tree(H) are measured, 
counting & labeling of the tree, collection of local name 
along with botanical name/scientific name  is made. 

IX. Segregation of Species (SS) :
After DC each set of data is arranged and segregated 
based on species of tree for further ECC. These trees 
are further segregated depending on dbh ≥ 10 cm or 
< 10 cm.

X. Calculation:
For calculating Carbon (CO2e) for above ground 
biomass (AGB) of the tree three number of Option 
arises.

Option 1: Calculation of biomass using Biomass 
equation 

Option 2: Calculation of biomass using Volume 
equation

Option 3: Calculation of biomass where neither 
Biomass equation or Volume equation is available

XII. Combined Equation
Thus, for an area having ‘n’ number of trees, weight of 
CO2e is given as the sum of all the weights of CO2efor 
three different Option. The weight of CO2e is given as:
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……………...(xiv)
From Eqn (iv), (ix), (xiii)& (xiv) we get,
……………………..…… (xv)
Where,
Weight Carbon (CO2e) in Kg
BE = Biomass of tree as per biomass equation
BEi= Biomass of tree for ith Equation  i=1 to 4;
i=1 : For Small wood of tree having DBH 10 cm or more
i=2 : For foliage of tree having DBH 10 cm or more
i=3 : For Small wood of tree having DBH less than 10 
cm
i=4: For foliage of tree having DBH less than 10 cm
V= Volume of tree as per Volume equation
D= Diameter at breast height (dbh) (in m)
H = Height of tree
=Multiplying factor for jth alternative j=1 to 2;
j1= Density
j2= Form Factor

XIII. Administration of Equation
The equation developed has been applied to one of 
the office premises of corporate house engaged in coal 
business situated at Ranchi, Jharkhand. 198 numbers 
of tree grouped into 21 species were included in 
estimating carbon stock in the premises.  All the three 
Option were included in the study. Biomass equation 
(Option 1), volume equation (Option 2) and other 
(Option 3) have been used respectively for 9, 4 and 
8 species. These trees are spread over 5 numbers of 
green zones, namely In front of Damodar building (38 
nos.), in front of Kaveri building (45 nos.), in front of 
convention Centre (31 nos.), in front of Darbhanga 
house (11 nos.) and Near Petrol pump (73 nos.).  
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XIV. Result
Eqn (iv), (ix), (xiii) & (xv) as applied over 5 parks of the study 
area andit were found that 4815 Kg, 7235 kg, 6967 kg, 3284 kg, 
5037 kg of biomass are stored in different parks represented 
at Table 1, Table 2, Table 3, Table 4 & Table 5 respectively. Fig 
5, Fig 6, Fig 7, Fig 8, Fig 9 represents Species wise percentage 
Biomass Stored(SBS) at different parks in the study area at 
Park 1, Park 2, Park 3, Park 4 & Park 5 respectively.

Park 1 is dominated by Teak (36%) and Ashok (28%) in terms 
of SBS (Table 1, Fig 5).  Park 2 is dominated by Bargad (44%) 
and Eucalyptus (19%) in terms of SBS (Table 2, Fig 6). Park 3 
is dominated by Palm (75%) and Eucalyptus (16%) in terms 
of SBS (Table 3, Fig 7).Park 4 is dominated by Palm (71%) 
and Fushsia (19%) in terms of SBS (Table 4, Fig 8). Park 5 is 
dominated by Teak (36%) and Ashok (28%) in terms of SBS 
(Table 5, Fig 9). 

Eqn(iv) as used for option 1, Eqn (ix) as used for option 2 and 
Eqn (xiii) as used for option 3 reveals that about 13.7 t-CO2eis 
stored (CCS) in different parks of the study area which have 
been developed recently (Table 6).  

Table 7 reveals that these CCS are stored in species of 
tree related to woody, fruity, ornamental, medicinal and 
others in the ratio of   7 : 9 : 45 : 20 : 19, with ornamental 
species getting lead and contributing about 45 % of the 
total CCS.

XV. Conclusion 
For estimating CCS,a holistic effort was made to 
derive empirical expression in form of equation 
ERECC in terms of 6 variables and using 14 numbers 
of intermediate empirical relation. This equation 
so developed will prove to be a useful tool for the 
researchers and managers to estimate and regulate CCS 
in their premises. These equation were administered 
over a corporate office of the coal producing company 
of Jharkhand and were found that CCS are stored in 
trees related to wood, fruits, ornamental, medicinal and 
others in the ratio of   7 : 9 : 45 : 20 : 19, with ornamental 
species getting lead and contributing about 45 % of the 
total CCS. About 13.7 t-CO2eis stored (CCS) in different 
parks of the study area.
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Abstract — 
Coal India fuelling the prime energy producers to the nation, the ethics of energy conservation in the coal sector is imperative 
and saving energy aims at the five pronged benefits including saving of energy by reducing power bills, prospects of coal 
conservation, energy conservation, saving the environment and 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. Energy is universally recognized as the edifice of modern life and one of the most significant inputs for 
economic growth and human development. The need for conservation of coal as an energy resource has assumed tremendous 
proportions in the present world, especially in the backdrop of the global economic meltdown, triggered by the depletion of 
economically vital but finite energy resources (like coal, oil & natural gas), environmental degradation (like global warming 
& emission of greenhouse gases) and dependence on imported energy. These include the economic impact of crude oil prices 
and the inability to ensure energy security in times of emergency. 

In spite of coal being the predominant fuel of India’s energy matrix at around 55% of total energy mix, 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. 

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 
this paper addresses the mitigation of climate transition risk by using optimum blend of Energy Management and Risk 
Management strategies, also exploring green coal technologies like generation of Coal Bed Methane, underground and 
surface coal gasification, IGCC (Integrated Gasification Combined Cycle) and methanol economy to substitute for 10% of 
crude. 

I. Introduction 

2.1   Climate Transition Risk In The Backdrop Of 
India’s Coal And Power Trajectories 

2.1.1 The climate transition risk that the coal industry 
in India is facing is as unprecedented as the present 
pandemic that we are living in our lifetimes. This global 

disruption is for real; the virus is surreal; the pandemic 
has shaken and changed the world forever and the 
VUCA world has arrived! VUCA is a managerial 
acronym that stands for “Volatility, Uncertainty, 
Complexity and Ambiguity” and today best describes 
the present situation in the global context, be it the 
crumbling economy, the falling markets, the undefined 
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workspaces in the virtual world, the social distancing 
norms to be followed in a tightly knit social fabric or 
the mask and sanitizer combo, the new normal.

Considering the limited reserve potential of petroleum 
& natural gas, eco-conservation restriction on hydel 
projects and geo-political perceptions of nuclear power, 
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 62% 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), registering a negative 
growth of around 0.78% 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 
2020-21 so far may be projected at around 1.25% The 
power sector, registering around 0.95% growth rate in 
2019-20, which forms the backbone of the economic 
development of our country and is heavily dependent 
on coal as the predominant fuel of the present and the 
future 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 
short-
age 

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

2 0 2 0 - 2 1 
(upto Jan 7th 
2021)

831.94 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%

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 

2.1.2 The power landscape of the country has 
undergone a paradigm change with the country’s 
installed capacity leaping to 374,199 MW with 231,321 
MW (61.8%) from the thermal sector and coal alone 
contributing around 199,595 MW (53.3%) and 
renewables including solar, wind, tidal and geothermal 
contributing around 90,399 MW (24.2%), as reported 
by the CEA (Central Electricity Authority) in the MOP 
(Ministry of Power) release, 17.12.2020. In spite of all-
out efforts in the right direction, the country is still 
facing an energy shortage of around 0.3% and a peak 
power demand shortage of around 0.3% that desires a 
lot to be done. Now that the coal to power scenario is 
under transition to renewables, Energy Management 
for thermal and renewable power and Risk Management 
gain centre-stage to mitigate the climate change and 
energy transition risk. Coal India (and the Government 
of India) should not only acknowledge this risk but 
also explore avenues for reducing the risk, potentially 
diversifying Coal India into more climate friendly 
activities, such as mining other minerals of value or 
investing in renewable projects above and beyond what 
is currently planned. This presages a potential future 
transition away from coal towards renewables in the 
Indian power sector and practical applications of green 
coal or clean coal technologies. In the longer-term the 
future of coal in India will also depend on the success 
of the transition to variable renewables and clean coal 
technologies, as discussed in this paper

2.1.3 Diversification Initiatives Taken By Coal 
India To Make Itself Future Ready

• CIL board has also approved the formation 
of SPVs for a solar power value chain (ingot-
wafer-cell-module) business vertical and new 
and renewable energy business vertical

• Central Coalfields Ltd (CCL), a wholly-owned 
subsidiary of Coal India Ltd, will develop an 
integrated aluminium complex
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The Board of Directors at Coal India Ltd (CIL) has 
approved a plan that marks one of the most expansive 
and decisive diversification initiatives taken by the 
state-run coal miner in its history, that of venturing 
into the solar power value chain and aluminium value 
chain. At a meeting held on Thursday, December 24th, 
2020, the Board of Directors at CIL, accorded its ‘in-
principle’ approval to venture into aluminium value 
chain (Mining-Refining-smelting) and solar power 
value chain, Coal India Ltd said in a regulatory filing to 
the stock exchanges. Coal India Ltd already has plans 
to set up 14 rooftop and ground-mounted solar power 
projects of 3,000 megawatt (MW) capacity by financial 
year 2023-24 (FY24) at an investment of about Rs 5,650 
crore, the Maharatna coal PSU had said in November. 
This has set the ball rolling for the Indian coal giant 
to extend its clout beyond the conventional fuel sector 
into a segment that will ensure its survival after coal is 
phased out or used for clean coal options by the turn 
of 2040.

I. ENERGY MANAGEMENT 
AND ENERGY BENCHMARKING 
COUPLED WITH RISK MANAGEMENT: 
STRATEGISING MITIGATION OF 
CLIMATE TRANSITION RISK 

3.1 Energy Benchmarking 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. 

3.2  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, 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.         
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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, 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 will 
result in five-fold benefits as described above.

3.3 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

3.4 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.

3.5 Case study of an opencast Mine/Project of CIL
3.5.1 Summarised data showing results on 

Benchmarking of Energy consumption 
(Electrical) of the Opencast Project of CIL under 
study, conducted in 2019

S l . 
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



Northern Coalfields Limited, Singrauli

318

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

6.5 Pumping System 9.701 lakh kWh/annum

7.0 Electricity Consumption as per 
Benchmark

32.21 M kWh

8.0 Benchmarked Specific Energy 
Consumption

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 

3.4.1 Benchmarking in the opencast Mine/Project of CIL 

For the purpose of target setting and benchmarking, 
avenues for energy conservation by proper monitoring 
and application of energy efficient devices has been also 
considered. Total saving in energy comes to the tune 
of 1.077MkWh/annum. By reducing saving potential 
from the fixed energy, target for fixed consumption for 
benchmarking is considered to be 32.21 (33.287-1.077) 
MkWh/year. Considering the composite production 
(13.767 McuM), specific energy consumption is 
benchmarked as 2.36 kWh/CuM of composite 
production. Considering the coal production of 
2017-18 i.e 8.785 MT, specific energy consumption is 
benchmarked as 3.67 kWh/Te

Different service buildings of the opencast Mine/
Project of CIL under study is having potential of roof 
top solar power plant with a total installed capacity of 
around 950 – 1000 kWp say 1 MWp. With a combined 
utilization factor of around 17%, projected energy 
generation from these plants will be around 14.8 lakhs 
kWh/year with an investment of around Rs. 550 lakhs.

Typical representative figures during trend analysis
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II. Other clean coal technology options for 
coal utilization transition  
India is a signatory to Paris Agreement, 2015 (ratified 
by India on 2.10.2016) for NDC targets -

1.  Reduce emissions intensity of its GDP by 33-
35% by 2030 from 2005 level. 

2. Achieve about 40% cumulative electric power 
installed capacity from non-fossil fuel based 
energy resources by 2030 with the help of transfer 
of technology & low cost international finance 
including from Green Climate Fund (GCF). 

3. To create an additional carbon sink of 2.5 - 
3 billion tonnes of CO2 equivalent through 
additional forest and tree cover by 2030. 

4. Based on India’s NDC, CIL is taking steps to 
contribute towards these target.

4.1 Need for Clean Coal Technology (CCT)
1.  Coal is liable to contribute GHG emissions & 

Particulate Matter in Fly Ash.
2.  These emissions, including Particulate Matter, 

contribute to global warming & are potential 
hazard to environment. 

3.  CCT includes measures for:
4.  conversion technologies to provide the coal 

consumers with technical tools for better 
environmental controls.

5.  To reduce harmful environmental effects by 
using multiple technologies to clean coal and 
contain its emissions.

6.  To meet Paris climate agreement goals.
7.  Coalbed Methane (CBM) and its sub-sets like 

Coal Mine Methane (CMM) and Abandoned 

Mine Methane (AMM) and Underground 
Coal Gasification (UCG) are emerging non-
conventional, clean energy resource which are 
being pursued by CIL/CMPDI.

4.2 Surface Coal Gasification
1.  In utilizing coal feedstock for chemicals, the first 

stage would be gasification of coal to Syn gas. 
2.  Surface Coal Gasification is a flexible, reliable 

and commercial clean coal technology that can 
turn variety of low value feed stocks into high 
value products.

3.  Helps in reducing countries’ dependence on 
imported oil, natural gas and various chemicals. 

4.  Can provide alternative source for ammonia/
fertilizer, fuels, Synthetic Natural Gas (SNG) 
and many other chemicals. 

5.  Methanol has great potential as it can be directly 
used as fuel or blended with:

6.  Gasoline pool & relatively easily converted to 
Di-methyl Ether which may be substitute for 
LPG. 

7.  Methanol can also be converted into light olefins, 
ethylene and propylene (feed stocks for petro-
chemicals). 

8.  Recognizing the potential of coal as game 
changer in the Indian energy sector, SCG would 
be suitable CCT for future and may be proved in 
the interest of India’s energy security, import and 
macro economy.

4.3 Coal Bed Methane
1.  CBM Policy put in place in July 1997; 

2.  MoPNG Nodal Ministry and DGH nodal agency 
for CBM;

3.  MoU signed between MoC and MoPNG in Sept. 
1997;

4.  Coal companies will have the right of CBM 
exploitation in their working mines including 
pre and post mining operations; 

5.  Production is coming from eight CBM blocks 
with reportedly current production of around 2.0 
million standard cubic meter per day. 

6.  Out of these allotted blocks, 2 blocks i.e: 
Raniganj and Jharia CBM blocks have been 
allotted to the consortium of CIL and ONGC by 
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the Govt. of India. 
7.  These blocks have entered into development 

stage as the development plan for these blocks 
has been approved by the Government.

4.4 Development of Underground Coal 
Gasification (UCG)

1. UCG is one of the priority areas of development. 
To expedite development of UCG following 
initiatives have been taken. 

2. MoC issued Gazette notification dated 13th 
July, 2007 which specifies production of syn gas 
obtained through coal gasification (underground 
and surface) and coal liquefaction to be end uses 
for the purposes of Coal Mines (Nationalization) 
Act, 1973.      

3. Gazette notification dated 20th Feb. 2014 
specifies  production of cement, syn-gas 
obtained through coal gasification (underground 
and surface) and coal liquefaction to be end uses 
for the purposes of MMDR Act,1957.

4. MoC constituted Inter Ministerial Committee 
(IMC) for identification of areas for UCG on 
the line broadly similar to the existing policy of 
CBM development. 

5. 14 nos. of potential blocks in coal & lignite 
(7 in coal & 7 in lignite) identified & under 
consideration of the IMC for commercial 
development.

6. A Model Contract Document & Bid Documents 
prepared through a consultant (M/s CRISIL) 
which is under consideration of IMC.

CMM Project – Moonidih, BCCL/CIL

III. EPILOGUE
“We have not only inherited the earth from our 
forefathers; we have also borrowed it from our 
children.” This is the mantra for sustainable 

development. This cosmos is too precious a legacy to 
be destroyed by environmental threats. The vision for 
unlimited development is futile with finite resources. 
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 by energy 
benchmarking, setting energy targets as against coal 
production targets, going into renewable trajectories 
and establishing practical use of green coal or clean 
coal options for a sustainable future.
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Abstract — 
This paper deals with the energy associated with the methane hydrates. Energy is shrinking all over the world day by day. 
This creates a haphazard situation for developed countries as well as developing countries. So countries like USA, Japan, 
Canada and India came up with alternative called future fuel – “Methane Hydrates” or sometimes called Fire in the ice.
[6] Gas hydrates – ice like crystalline cage of host molecules(water) in which the guest molecules (predominantly methane) 
gets trapped inside the cavities[10]. According to estimates, the total methane reserves stored in these hydrates all over the 
world is of the order of 1016 m3[3], almost double of the magnitude of total hydrocarbon reserves obtained from all of the 
discovered hydrocarbon deposits. Thus, methane hydrates are very important source. Usually found under low temperature 
and high pressure, these are found in deep sea beds and under arctic permafrost. Furthermore, the problem of global 
warming erupted by release of methane from these hydrates (under different situations) can be eradicated by extracting these 
resources. Another advantage from these hydrates (or clathrates) is control of harmful carbon di oxide by replacing CO2 
with CH4 in these hydrates.

Keywords— methane hydrates, energy, global warming, clathrates

I. Introduction 
In the modern scenario, the entire world is in dilemma 
of finding an alternative of non-  renewable sources 
of energy –coal, oil and gas which will not last long. 
Scientists from late 1960s and 70s came up with an 
answer of “Frozen ice” or Methane hydrates. The 
crystalline cage like structure of water in which methane 
gets trapped inside the cavities , its chemical formula is 
CH4.5.75H2O [7] i.e. 1 mol of methane for every 5.75 
mole of water. However ,these can vary depending upon 
how many methane molecules can ‘fit’ inside the holes . 
These hydrates are stable in low temperature and high 
pressure and are found in sediments beneath in deep 
sea oceans and arctic permafrost  (soil at temperature 
below freezing point of water i.e. 00C).[1]

Methane hydrates because of its structure are stable 
under low temperature (usually between 0 to 4 Celsius) 
and high pressure(about 35 bars)[2],thus deep sea 
ocean beds are ideal conditions for their formation. 
The question arises how does this methane hydrate 
form?? In conventional manner micro-organisms 
present in water bodies decomposes the organic matter 
in anaerobic manner producing methane which gets 

pressurized and condensed to form hydrates. However 
density of  these hydrates is 0.9g/cm3,thus they float in 
water ,but they are restored as are bounded under deep 
sea sediments. Such type of hydrates are also found in 
arctic regions beneath the permafrost regions.

Another study proposes that not only anaerobic 
oxidation yield methane to these hydrates but also 
leakage of methane from oil wells through faults 
and cracks in water column along with rising of hot 
methane gases from earth’s interior. Thus, the depth 
range in which these hydrates are stable lies between 
300 to 5000 meters because at larger depth it dissociates 
into free gas because of increase of temperature at 
earth’s interior. Similarly at lower depths pressure is 
not adequate and temperature is also at higher side. 
Furthermore, at the base of expansive oceans ,where 
pressure is adequate enough hydrates are scarcely 
formed because there is insufficient organic matter 
since the nutrient content is quite poor in open sea 
sediments. Thus, methane hydrates are usually formed 
in continental margins. In India, it is found near the 
off-shores of Bay of Bengal and has been inferred in 
continental margins of Arabian Sea.



Northern Coalfields Limited, Singrauli

322

Fig. 1. Location of sampled and inferred gas hydrate 
occurrences worldwide. (Map courtesy of Timothy S. 

Collett, USGS)

II. Importance of Methane Hydrates
The importance of methane hydrates is highlighted 
in way that it represents one of the world’s largest 
untapped reservoirs of energy and, according to some 
estimates, has the potential to meet global energy 
needs for the next thousand years. According to the 
U.S. Geological Survey estimates, that there’s more 
carbon trapped inside gas hydrates than is contained 
in all known reserves of fossil fuels. There are main 
two reasons that make methane hydrate so attractive 
and predominant over other alternatives. First, such 
an enormous amount of methane is trapped (more 
than 50% of all carbonaceous fuel reserves) in these 
hydrates present within 5000 meters from earth’s 
surface. Second, immense geographical distribution of 
gas hydrates all over the world.[5]

Fig. 2. 
Distribution of organic carbon in Earth (excluding dispersed carbon in rocks 
and sediments, which equals nearly 1,000 times this total amount). Numbers 
in gigatons (109 tons) of carbon.

According to Will Pearson, Director for global energy 
& natural resources at Eurasia Group in London, 

“Methane hydrates are everywhere, including in some 
of the fastest-growing economies, if the technology is 
developed, it’ll alter the gas market. What is already the 
golden age of gas will last much longer.” Japan’s deposits 
of frozen gas may be large enough to supply its needs 
for about 100 years, according to Japan Oil, Gas & 
Minerals, a government-affiliate known as JOGMEC. 
India is also showing interest in drilling these resources 
as according to website of the Directorate General 
of Hydrocarbons, the oil and gas exploration and 
production regulator, there is estimation of reserves as 
large as 1,894 trillion cubic meters in the off-shores.

III. Linkage Of Methane Hydrate With 
Global 
We all know that methane is a greenhouse gas. In 
fact, it is much more effective gas than CO2. When 
warmed or depressurized, hydrate decomposes into 
water releasing methane which enhances the problem 
of global warming. Furthermore, released methane in 
open seas undergo aerobic oxidation in presence of 
micro-organisms produces harmful additional carbon 
di-oxide, the chief contributor of global warming.[10]

CH4+2O2 = CO2+ 2H2O

                         1.00g           2.75g

Donner and Ramanathan calculated that the presence 
of methane at current levels causes the globally-
averaged surface temperature to be about 1.3 K higher 
than it would be without methane. Moreover, the 
oceanic methane hydrate provides a huge biochemical 
fuel source to generate heat internal to world oceans. 
This may explain the observed ocean warming at the 
intermediate depth during last several decades.

Fig. 3. Contribution of each gas to the Greenhouse 
Effect.
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IV. Recovery Techniques 

A. Thermal stimulation
It refers to warming the formation through the injection 
of heated fluid or potentially direct heating of the 
formation, Thermal stimulation is energy intensive 
and will lead to relatively slow, conduction limited 
dissociation of gas hydrates unless warmer pore 
fluids become mobilized and increase the volume of 
the formation exposed to higher temperatures. The 
endothermic nature of gas hydrate dissociation also 
presents a challenge to thermal stimulation; the cooling 
associated with dissociation (and, in some cases, gas 
expansion) will partially offset artificial warming of the 
formation, meaning that more heat must be introduced 
to drive continued dissociation and prevent formation of 
new gas hydrate.[7]

Fig. 4. Thermal Stimulation

B. Depressurization
It has emerged as the preferred and more economical 
means of producing gas from methane hydrates during 
most of a well’s life. Depressurization does not require 
large energy expenditure and can be used to drive 
dissociation of a significant volume of gas hydrate 
relatively rapidly.[7]

Fig. 5. Depressurization

C.  Chemical inhibition
It exploits the fact that gas hydrate stability is inhibited in the 
presence of certain organic (e.g., glycol) or ionic (seawater 
or brine) compounds. Seawater or other inhibitors might 
be needed during some stages of production of gas from 
methane hydrate deposits, but would not be the primary 
means of dissociating gas hydrate nor used for an extended 
period or on a large scale.[7]

Fig. 6. Inhibitor Injection

D.  Carbon sequestration
The major problem of global warming can be recovered 
by replacing CH4 with CO2 i.e. converting methane 
hydrates into carbon di-oxide hydrates in deep sea 
sediments. Such technique can solve 2 problems 
simultaneously, harness the precious CH4 reserve 
and sequester harmful CO2 in hydrates. However, 
conversion of methane hydrates into carbon di-oxide 
hydrates is a tedious process. It depends upon various 
parameters   such as equilibrium conditions beneath 
oceans are function temperature, pressure and mole 
fraction of CH4 and CO2.[4]

Fig. 7. Carbon Sequestration
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V. Environmental Hazards Associated With 
Extraction Of Methane Hydrates 

A.   Discharged water
The large amount of water that will result from the 
recovery of methane gas from methane hydrate will 
have low salinity. If this water is discharged to the 
sea surface, it would affect the growth and primary 
production of phytoplankton.

B.   Leaked methane gas
Sometimes during extraction of oil, gas or even 
methane hydrates some amount of methane leaks 
out. If this gas reaches to the water column, and it will 
disperse around the production area, it would affect the 
benthos at the sea bottom.

C.   Methane gas leakage to the atmosphere
The total amount of methane hydrate is so huge in 
these hydrates and the “global warming potential” of 
methane is thirty times greater than that of CO2, any 
leakage of methane gas from the sea bed that reaches 
the atmosphere would promote global warming.

D.   Seafloor deformation
During dissociation of methane hydrate in the sea bed, 
tensile strength around the dissociated area would 
become weaker due to a decrease in the effective stress 
and shear stress.

Fig. 8. Potential environmental hazards associated with 
MH production

VI. Conclusions

Despite of certain hurdles, the importance of these 

resources can ‘t be neglected. Its exploitation is 
its initial stage all over the world, Japan has taken 
its first step has reported success in producing gas 
last year in month of May by extracting methane 
from methane hydrate. Japan, which imports 
nearly all of its energy sources, has been aiming 
to launch private sector commercial production of 
methane hydrates by between 2023 to 2027, but 
METI (Ministry of economy, trade and industry) 
officials have said the goal will still be a challenge 
as many obstacles remain to be solved. Huge initial 
investment vest can be compensated by extracting 
this precious resource. The phase of oil market is 
going to end soon and we have to discover our 
new pathways and “methane hydrate” is right step 
to move on.
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