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WADIA INSTITUTE OF HIMALAYAN GEOLOGY
33 General Mahadeo Singh Road, Dehradun (India) — 248001

This is to certify that

Ms ANGEL BHARDWAJ
Of

University Of Petroleum and Energy Studies
Bidholi, Dehradun.

Has successfully completed Summer Internship on the project titled

“EARTHQUAKE SOURCE STUDY OF KISHTWAR REGION THROUGH MOMENT TENSOR TECHNIQUE
USING ISOLA SOFTWARE”
From1® June to 1% August, 2019

Place: Dehradun Dr.Sushil Kumar
Scientist ,,F*
Date: 1% August 2019 (Supervisor)
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WADIA INSTITUTE OF HIMALAYAN GEOLOGY
33 General Mahadeo Singh Road, Dehradun (India) — 248001

This is to certify that

Mr AYUSH RAJ CHANDRA
Of

University Of Petroleum and Energy Studies
Bidholi, Dehradun.

Has successfully completed Summer Internship on the project titled

“SEISMOTECTONIC IMPLICATIONS IN KISHTWAR REGION THROUGH FAULT-PLANE SOLUTIONS BY
USING ISOLA SOFTWARE”
From1® June to 1% August, 2019

Place: Dehradun Dr.Sushil Kumar
Scientist ,,F*
Date: 1% August 2019 (Supervisor)
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This is to certify that

Abhishek Kumar

from University Of Petroleum And Energy Studies,
has successfully completed

FOSSEE SUMMER FELLOWSHIP 2019
from 27 May 2019 to 12 July 2019 under FOSSEE
(Free/Libre and Open Source Software in Education).

During this tenure, he/she had worked on
Development of equilibrium reactor for chemical process simulation in OpenModelica.
This work is available at https://fossee.in/fellowship/2019



https://fossee.in/fellowship/2019
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This is to certify that Mr. Akhand Pratap Singh, Third Ye
B.Tech. (Chemical Engg) from University of Petrolet
Studies, Dehradun, Uttarkhand has undergone
programme from June 10, 2019 to July 10, 2019 on th

assigned in QC Department at our Jainpur Plant, Kanpur

“Stability Analysis of Neromin Products”

= B ]

His performance during the Internship was'éxealﬁﬁl I_—"- ‘
R

For M/s Kansai Nerolac Paints Limited,

(N -

Prabhat Pav[dey
Head HR ER

Regd. Office

NEROLAC HOUSE

Ganpatrao Kadam Marg,

Lower Parel, Mumbai - 400013 India

www.nerolac.com
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This is to certify that

Deepanshu Kishnani

from University Of Petroleum And Energy Studies,
has successfully completed

FOSSEE SUMMER FELLOWSHIP 2019
from 27 May 2019 to 12 July 2019 under FOSSEE
(Free/Libre and Open Source Software in Education).

During this tenure, he/she had worked on
Development of Thermodynamic models for chemical process simulator in OpenModelica.
This work is available at https://fossee.in/fellowship/2019
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RP-Sanjlv Goenka
Group

Growing Legacles PHILLIPS CARBON BLACK LIMITED
rd
23" Nov,2018

Ms. Sakshi Jain
University of Petroleumand Energy Studies
Dehradun - 248007

Dear Sakshi,

We are pleased to engage you as a Summer Trainee for a period of two months i.e. from
1% June, 2019 to 31% July,2019.

You are requested to report to the HR Department at Palej, . The address is mentioned
below

Ms.Esha Nikam,

Phillips Carbon Black Limited,
N.H - 8, Palej,Dist- Bharuch,
Gujarat- 392222

Contact Number : 9096382281.

During the tenure of the training, you will be paid a consolidated stipend of Rs. 7,000/-
every month.

We will provide you the accommodation & food facility during the mentioned tenure of
your summer internship.

We wish you all the best for the assignment.
Please sign and return the duplicate copy of the letter as a token of your acceptance
Thanking You,

Your’s sincerely
FOR PHILLIPS CARBON BACK LIMITED

Divisional Head — Learning & Developmet

Phillips Carbon Black Limited, 31 i Subha Road, - ’
Tek 33 6625 1461-64 Fax: +91 33 2248 0140/2243-6681 Email; p-3g.in Web:
CIN: L2314 1960PLC024602
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Growing Legacies

23" Nov,2018

PHILLIPS CARBON BLACK LIMITED

Mr. Saman Fatma
University of Petroleumand Energy Studies
Dehradun - 248007

Dear Saman,

We are pleased to engage you as a Summer Trainee for a period of two months i.e. from
1%June, 2019 to 31% July,2019.

You are requested to report to the HR Department at Mundra, . The address is
mentioned below

Mr.Vikas Hathi,

Phillips Carbon Black Limited
Survey No. 47, SH - 46,
Mokha,

Mundra, Kutch,

Gujarat- 370 421

Contact Number : 8980011499

During the tenure of the training, you will be paid a consolidated stipend of Rs. 7,000/-
every month.

We will provide you the accommodation & food facility during the mentioned tenure of
your summer internship.

We wish you all the best for the assignment.
Please sign and return the duplicate copy of the letter as a token of your acceptance.
Thanking You,

Your’s sincerely
FOR PHILLIPS CARBON BACK LIMITED

Divisional Head — Learning & Development

Phillip Carbon ited, 31 Netaji Subha Road,
Telk +91 33 6625 1461-64 Fax: 33 2248 0140/2243-6681 Emait: p-8g.in Web: www.peblitd.com
CilN: L23105WB1960PLC024602
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23" Nov,2018
Mr. Ranish Mukherji

University of Petroleumand Energy Studies
Dehradun - 248007

Dear Ranish,

We are pleased.to engage you as a Summer Trainee for a period of two months i.e. from
1% June, 2019 to 31 July,2019.

You are requested to report to the HR Department at Palej, . The address is mentioned
below

Ms.Esha Nikam,
Phillips Carbon Black Limited, -
N.H - 8, Palej,Dist- Bharuch,

Gujarat- 392221
Contact Number : 9096382281.

During the tenure of the training, you will be paid a consolidated stipend of Rs. 7,000/-
every month.

We will provide you the accommodation & food facility during the mentioned tenure of
your summer internship.

We wish you all the best for the assignment.
Please sign and return the duplicate copy of the letter as a token of your acceptance
Thanking You,

Your’s sincerely
FOR PHILLIPS CARBON BACK LIMITED

Divisional Head — Learning & Development

Phillips Carbon Limited, 31 Netaji Subhas Road,
Tek 33 6625 1461-64 Fax: +91 33 2248 0140/2243-6681 Emaik: g.in Web:
CIN: L23109WB1960PLC024602
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23" Nov,2018

Mr. Amrit Apurva

University of Petroleumand Energy Studies
Dehradun - 248007

Dear Amrit,

We are pleased to engage you as a Summer Trainee for a period of two months i.e. from
1st June, 2019 to 31st July,2019.

You are requested to report to the HR Department at Palej, The address is mentioned
below

Ms.Esha Nikam,
Phillips Carbon Black Limited,
N.H - 8, Palej,Dist- Bharuch,

Gujarat- 392220
Contact Number : 9096382281.

During the tenure of the training, you will be paid a consolidated stipend of Rs. 7,000/-
every month. -

We will provide you the accommodation & food facility during the mentioned tenure of
your summer internship. '

We wish you all the best for the assignment.
Please sign and return the duplicate copy of the letter as a token of your acceptance.
Thanking You,

Your’s sincerely
FOR PHILLIPS CARBON BACK LIMITED

Divisional Head ~ Learning & Development

Phillips Carbon Limited, 31 i Subhas Road,

CIN: L2341 960PLC024602
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23" Nov,2018
Ms. Sonali Garg

University of Petroleumand Energy Studies
Dehradun - 248007

Dear Sonali,

We are pleased to engage you as a Summer Trainee for a period of two months i.e. from
1*June, 2019 to 31st July,20189.

You are requested to report to the HR Department at Mundra, . The address is
mentioned below

Mr.Vikas Hathi,

Phillips Carbon Black Limited
Survey No. 47, SH - 46,
Mokha,

Mundra, Kutch.

Gujarat- 370 421
Contact Number : 8980011499,

During the tenure of the training, you will be paid a consolidated stipend of Rs. 7,000/-
every month.

We will provide you the accommodation & food facility during the mentioned tenure of
your summer internship.

We wish you all the best for the assignment.
Please sign and return the duplicate copy of the letter as a token of your acceptance
Thanking You,

Your’s sincerely

Divisional Head ~ Learning & Development

Philtips Carbon Biack Limited, 31 i Subha Road, Kol -700 , India

CIN: L23109WB1960PLC024602
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23" Nov,2018
Mr. Ankit Akash

University of Petroleumand Energy Studies
Dehradun - 248007

Dear Ankit,

We are pleased to engage you as a Summer Trainee for a period of two months i.e. from
1% June, 2019 to 31 July,2019.

You are requested to report to the HR Department at Mundra, . The address is
mentioned below

Mr.Vikas Hathi,

Phillips Carbon Black Limited
Survey No. 47, SH - 46,
Mokha,

Mundra, Kutch,

Gujarat- 370 421
Contact Number : 8980011499,

During the tenure of the training, you will be paid a consolidated stipend of Rs. 7,000/-
every month.

We will provide you the accommodation & food facility during the mentioned tenure of
your summer internship.

We wish you all the best for the assignment.
Please sign and return the duplicate copy of the letter as a token of your acceptance.
Thanking You,

Your’s sincerely

Divisional Head ~ Learning & Development

Phillip Carbon Black Limited, 31 Netaji Su Road,

CIN: L23109WB1960P 24602



PHILLIPS CARBON BLACK LIMITED

Mr. Nipun Shah
University of Petroleumand Energy Studies
Dehradun ~ 248007

Dear Nipun,

We are pleased to engage you as a Summer Trainee for a period of two months i.e. from
1% June, 2019 to 31 July,2019.

You are requested to report to the HR Department at Kochi, . The address is mentioned
below

Mr.Nandagopal G,
Phillips Carbon Black Ltd,
Brahmapuram P.O, Karimugal,

Kochi - 682305
Contact Number : 9946699832.

During the tenure of the training, you will be paid a consolidated stipend of Rs. 7,000/-
every month.

We will provide you the accommodation & food facility during the mentioned tenure of
your summer internship.

We wish you all the best for the assignment.
Please sign and return the duplicate copy of the letter as a token of your acceptance.
Thanking You,

Your’s sincerely
FOR PHILLIPS CARBON BACK LIMITED

Divisional Head - Learning & Development

Phillips C rbon Black Limited, 3¢

CiN:  108WB1960PLC024602
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23" Nov,2018

Mr. Naman Dudeja

University of Petroleumand Energy Studies
Dehradun - 248007

Dear Naman,

We are pleased to engage you as a Summer Trainee for a period of two months i.e. from
1*'June, 2019 to 31%July,2019. :

You are requested to report to the HR Department at Kochi, . The address is mentioned
below

Mr.Nandagopal G,

Phillips Carbon Black Ltd,
Brahmapuram P.O, Karimugal,
Kochi - 682304

Contact Number : 9946699832.

During the tenure of the training, you will be paid a consolidated stipend of Rs. 7,000/-
every month,

We will provide you the accommodation & food facility during the mentioned tenure of
your summer internship.

We wish you all the best for the assignment.
Please sign and return the duplicate copy of the letter as a token of your acceptance.
Thanking You,

Your’s sincerely
FOR PHILLIPS CARBON BACK LIMITED

Reena Singh
Divisional Head — Learning & Development

Phillips Carbon Black Limited, 31 iSubha Road, kata- '

CiN: L231 960PL.C024602
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23" Nov,2018

Ms. Monamie Basu

University of Petroleumand Energy Studies

Dehradun - 248007

Dear Monamie,

We are pleased to engage you as a Summer Trainee for a period of two months i.e. from

1% June, 2019 to 31% July,2019.

You are requested to report to the HR Department at Kochi, . The address is mentioned
below ’

Mr.Nandagopal G,
Phillips Carbon Black Ltd,
Brahmapuram P.O, Karimugal,

Kochi - 682303
Contact Number : 9946699832.

During the tenure of the training, you will be paid a consolidated stipend of Rs. 7,000/-
every month.

We will provide you the accommodation & food facility during the mentioned tenure of
your summer internship.

We wish you all the best for the assignment.
Please sign and return the duplicate copy of the letter as a token of your acceptance
Thanking You,

Your’s sincerely
FOR PHILLIPS CARBON BACK LIMITED

Divisional Head - Learning & Development

Phillips Black Limited, 31 Subha Road, Kolkata - » India
Teok +99 33 6625 1461-64 Fax: 33 2248 0140/2243-6681 Emaik: g.in Web:
C  L23108WB1360PLC024602
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23" Nov,2018

Ms. Ishita Juneja

University of Petroleumand Energy Studies

Dehradun - 248007

Dear Ishita,

We are pleased to engage you as a Summer Trainee for a period of two months i.e. from
1st June, 2019 to 31% July,2019.

You are requested to report to the HR Department at Durgapur, . The address is
mentioned below

Mr.Mahender Pal Singh,

Phillips Carbon Black Limited, 27,

R.N Mukherjee Road, Durgapur - 713201,

Dist. Burdawan,

West Bengal
Contact Number : 9593109109,

During the tenure of the training, you will be paid a consolidated stipend of Rs. 7,000/-
every month.

We will provide you the accommodation & food facility during the mentioned tenure of
your summer internship.

We wish you all the best for the assignment.
Please sign and return the duplicate copy of the letter as a token of your acceptance.
Thanking You,

Your’s sincerely

Divisional Head — Learning & Development

Phillip Carbon Black Limited, 31 Subha Road, Koikata - '

C L23108WB1960P 24602
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23" Nov,2018

Mr. Arham Mirza
University of Petroleumand Energy Studies
Dehradun - 248007

Dear Arham,

We are pleased to engage you as a Summer Trainee for a period of two months i.e. from
1* June, 2019 to 31% July,2019.

You are requested to report to the HR Department at Durgapur, . The address is
mentioned below

Mr.Mahender Pal Singh,

Phillips Carbon Black Limited, 27,
R.N Mukherjee Road,

Durgapur - 713201,

Dist. Burdawan,

West Bengal

Contact Number : 9593109109.

During the tenure of the training, you will be paid a consolidated stipend of Rs. 7,000/-
every month.

We will provide you the accommodation & food facility during the mentioned tenure of
your summer internship.

We wish you all the best for the assignment.

Please sign and return the duplicate copy of the letter as a token of your acceptance.
Thanking You,

Your’s sincerely

PS CARBON BACK LIMITED

Reena Singh
Divisional Head — Learning & Development

Phillip Carbon Black Limited, 31 i Su

CIN: L23108WB1960PLC024602
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23" Nov,2018
Mr. Devraja Devnarayan

University of Petroleumand Energy Studies
Dehradun - 248007

Dear Devraja,

We are pleased to engage you as a Summer Trainee for a period of two months i.e. from
1% June, 2019 to 31st July,2019.

You are requested to report to the HR Department at Durgapur, . The address is
mentioned below

Mr.Mahender Pal Singh,

Phillips Carbon Black Limited, 27,

R.N Mukherjee Road, Durgapur - 713201,

Dist. Burdawan,

West Bengal
Contact Number : 9593109109.

During the tenure of the training, you will be paid a consolidated stipend of Rs. 7,000/-
every month,

We will provide you the accommodation & food facility during the mentioned tenure of
your summer internship.

We wish you all the best for the assignment.
Please sign and return the duplicate copy of the letter as a token of your acceptance

Thanking You,

Divisional Head — Learning & Development

Phillip Carbon Black Limited, 31

CIN: L23109WBY
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Prashikshan - 2019

SHAVAK NANAVATI TECHNICAL INSTITUTE
An ISO 9001:2008 Organization

CERTIFICATE

This is to certify that Ankit Kumar (Reg. No. VT20191656 )
student of UNIVERSITY OF PETROLEUM AND ENERGY STUDIES
has undergone Vacation Training Programme at TATA STEEL LTD., Jamshedpur from
04-June ,2019 fo 09-July ,2019 . The details of the programme are as under:

)

b

Department Covered CORPORATE ENGG.-UTILITIES,PIPING &LAYOUT

Project Title MODIFICATION OF HSM DCW CIRCUIT

He/She has successfully completed the Programme.

Place :  Jamshedpur Coordinator
Date T 02-09-2019 Vacation Training
Ref No. © VT20191656 TATA STEEL LTD.

SHAVAK NANAVATI TECHNICAL INSTITUTE, TATA STEEL Ltd, N-ROAD, BISTUPUR, JAMSHEDPUR -831001, INDIA
Telephone : 91-657-2320243, Fax : 91-657-2320243, E-mail-snti.office@tatasteel.com
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SHAVAK NANAVATI TECHNICAL INSTITUTE
An ISO 9001:2008 Organization

CERTIFICATE

This is to certify that Himanshu Raj (Reg. No. VT20191322 )
student of UNIVERSITY OF PETROLEUM AND ENERGY STUDIES
has undergone Vacation Training Programme at TATA STEEL LTD., Jamshedpur from
04-June ,2019 fo 23-July ,2019 . The details of the programme are as under:

)

b

Department Covered DESIGN & ENGINEERING-PROCESS

STUDY ON DIRECT FORMING TECHNOLOGY IN STRUCTURAL

Project Title TUBE MANUFACTURING

He/She has successfully completed the Programme.

Place :  Jamshedpur Coordinator
Date : 09-08-2019 Vacation Training
Ref No. T VT20191322 TATA STEEL LTD.

SHAVAK NANAVATI TECHNICAL INSTITUTE, TATA STEEL Ltd, N-ROAD, BISTUPUR, JAMSHEDPUR -831001, INDIA
Telephone : 91-657-2320243, Fax : 91-657-2320243, E-mail-snti.office@tatasteel.com
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SHAVAK NANAVATI TECHNICAL INSTITUTE
An ISO 9001:2008 Organization

CERTIFICATE

This is to certify that Manoj Kumar (Reg. No. VT20191605 )
student of UNIVERSITY OF PETROLEUM AND ENERGY STUDIES, DEHRADUN
has undergone Vacation Training Programme at TATA STEEL LTD., Jamshedpur from
04-June ,2019 fo 09-July ,2019 . The details of the programme are as under:

)

b

Department Covered IRON MAKING MECHANICAL MAINTENANCE

STUDY OF IMPROVING THE EFFCICNCY OF SINTER COOLER

Project Title OF SINTER PLANTS NO .3

He/She has successfully completed the Programme.

Place :  Jamshedpur Coordinator
Date T 02-09-2019 Vacation Training
Ref No. T VT20191605 TATA STEEL LTD.

SHAVAK NANAVATI TECHNICAL INSTITUTE, TATA STEEL Ltd, N-ROAD, BISTUPUR, JAMSHEDPUR -831001, INDIA
Telephone : 91-657-2320243, Fax : 91-657-2320243, E-mail-snti.office@tatasteel.com
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has undergone Vacation Training Programme at TATA STEEL LTD., Jamshedpur from
04-June ,2019 fo 09-July ,2019 . The details of the programme are as under:

)

b

Department Covered IRON MAKING MECHANICAL MAINTENANCE

STUDY OF IMPROVING THE EFFCICNCY OF SINTER COOLER

Project Title OF SINTER PLANTS NO .3

He/She has successfully completed the Programme.

Place :  Jamshedpur Coordinator
Date T 02-09-2019 Vacation Training
Ref No. T VT20191605 TATA STEEL LTD.

SHAVAK NANAVATI TECHNICAL INSTITUTE, TATA STEEL Ltd, N-ROAD, BISTUPUR, JAMSHEDPUR -831001, INDIA
Telephone : 91-657-2320243, Fax : 91-657-2320243, E-mail-snti.office@tatasteel.com
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WADIA INSTITUTE OF HIMALAYAN GEOLOGY
33 General Mahadeo Singh Road, Dehradun (India) — 248001

This is to certify that

Mr BALENDU BHUSHAN MISHRA
Of

University Of Petroleum and Energy Studies
Bidholi, Dehradun.

Has successfully completed Summer Internship on the project titled

“A REVIEW OF THE SEISMICITY AND SEISMOTECTONICS OF KISHTWAR REGION THROUGH
DELINEATING MOMENT TENSOR SOLUTION BY USING ISOLA”
From1® June to 1% August, 2019

Place: Dehradun Dr.Sushil Kumar
Scientist ,,F*
Date: 1% August 2019 (Supervisor)







Internship Report

On

Study on Evaluation of Coal Bed Methane(CBM) Resource
Potential Evaluation and its Production Techniques

(03-06-2019 to 05-08-2019)
Submitted by:
ANVESHIKA SHANKER
Geoscience Engineering(2016-2020)

University of Petroleum and Energy Studies, Dehradun

LU UPES

CSIR-CENTRAL INSTITUTE OF MINING AND FUEL RESEARCH
BARWA ROAD, DHANBAD-826015

AUGUST, 2019
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ABSTRACT

Energy resources and its best utilization decide the industrial growth and prosperity of a country.
Coal is a basic source of energy for industrial development in the world. The gas found in coal is
also a source of energy which is being utilized to a great extent these days and this gas is known
as coalbed methane because methane is the dominant constituent in all the gases present in it.
Methane is one of the potent greenhouse gases and a clean source of energy.

Coal Bed Methane (CBM) is a hydrocarbon gas found mainly adsorbed on the surface of
micropores of coal. It is also found in free-state in macropores and a very small amount is
dissolved in associated water. CBM generation and in-place-gas content are deciding factors for
CBM exploration. These are guided by various petrography and geological factors like
adsorption capacity, place-gas and gas generation are also controlled by permeability,
microspores, the action of micro-organism, reservoir pressure, hydrodynamics of the area, cleat
aperture, width and extension, fault, etc.

Continuous extraction of conventional sources and increased demand for clean energy has forced
India to hunt for alternatives to conventional energy sources. Intense importance has been given
to finding out more and more energy resources; mainly non-conventional sources like CBM,
shale gas & gas hydrates, as gas is less polluting compared to coal & oil. CBM is considered to
be one of the most viable alternatives to combat the situation. With growing demand and rising
oil prices, CBM is definitely a feasible alternative energy source.

Working in CSIR-CIMFR has been a great opportunity for me. I have been able to learn about
coal and various experiments done in the institute. I had the honour to visit the Rock Mechanics
Lab and see the core and also do borehole logging. I have gained vast information on CBM and
have performed Adsorption Isotherm Testing for the determination of in situ gas content. I have
also performed proximate analysis on the coal samples. All my readings are included in the
report.
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CHAPTER- 1

INTRODUCTION TO COAL

Coal is a heterogeneous meterial essentially comprised of fossilized carbon that has been
originated from organic mateials which got accumulated in low —lying areas or sedimentary
basins to form a soft, spongy sediment called peat. The parent organic material is typically
vegitative in origin. It consist of trees, plants, roots, branches, pollen and spores. As time passes
the organic materials undergoes a processes termed as humification, in which the organic
materials are transformed into organic residue through decomposition under suitable anaerobic
and acidic condition (N.Berkowitz, An Introduction to Coal Technology).

Vast deposits of coal originates in former wetlands called coal forests that covers much of the
Earth’s tropical areas during the late carboniferous (Pennsylvanian) and Permian times.

As a fossil fuel, coal supplies about a quarter of the world’s primary energy and two-fifths of its
electricity. Coal is used in most of the iron and steel industries also. On the dark side, coal
damages our environment. As it is the largest anthropogenic source of carbon dioxide it is also
responsible for climate changes. Due to these problems many countries has stopped or reduced
the use of coal. The largest consumer and importer of coal is China, China mines almost half the
world’s coal followed by India and Australia.

Fig. 1- Top 10 Coal Producing Countries(Source:google.com)
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INDIA'S COAL BASINS AND FIELDS fig. 1
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Fig. 2 : India’s Coal Basins and Fields(Source:Coal Atlas of India)

1.1 Origin of coal

1.1.1In-situ theory

According to this theory, the coal seams are observed where once forest grew. As the land was
sinking slowly, the accumulated vegetation matters went under water slowly and did not
decompose and destroyed. In the course of time, the rate of sinking of land was increased and
coal forest was submerged under water. Again, land along with the coal forest emerged out of
water after sufficient time and this cycle went on again and again, which is responsible for
formation of coal strata and seams. The evidence of this phenomenon is observed in the coal
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seam that the stem of fossil trees is found standing erect with their roots protruding into the
under clays. The uniformity in thickness and composition of coal seams over wide areas suggests
that the deposition of plant material took place in still water.

1.1.2 Drift theory

This theory tells that the plant material was transported with the stream of water from one place
to another, and finally get deposited in a place of swamp having suitable condition like
sediments. The coal seams of India are of drift origin. The evidence of drift theory that the rocks
associated with coal seams are of distinctly sedimentary. The coal seam itself behaves like
sedimentary bed and they are observed to branch out. It is assumed that, at least some of the
natural graphite are produced from anthracite by the effect of very high temperature.

Although samples of each rank of coal have distinct physical and chemical characteristics, the
border line between two consecutive ranks of coal is difficult to determine. The first four
samples in the series have a nearly continuous gradation of a given physical and chemical
properties, such as moisture content, carbon content, heat content etc. Peat is the result of
insufficient transformation. The composition and properties of peat vary greatly from one place
to another, depending on the nature and type of the original plant material and extent of decay. It
contains very large amount of water. Peat is not regarded as coal, but it is an important fuel in
those countries which have large deposits of peat. It is mainly used as domestic fuel. Moreover,
peat briquettes are largely used in steam boilers, power station and gas producers. It ignites
easily with a long flame.

Lignite may be termed as brown coal, is lowest in coal rank and readily identified by its colour
and texture. It is soft, has a woody and amorphous nature. Lignite breaks in slabs after long time
exposure to weather. It is characterised by a high percentage of moisture, ranging from 30-50%
wit high oxygen content.

1.2 Factors affecting Coal formation

There are several factors affecting coal formation

Nature and chemical composition of source plants.
Climate

Paleogeography

Depositional environment

Tectonic setting

Time

O O O O O O
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1.3 Coalification

Coal is a sedimentary rock which is progressively developed during biochemical decomposition
of plants substances and metamorphic transformation. In geologic past, the earth had dense
forests. Due to natural disasters like flooding, soil erosion tsunami etc these forests were buried
under the soil. More and more soil got deposited over them and they get compressed. The
temperature rose and they sank deeper and deeper. Therefore, they aren’t affected by
biodegradation, oxidation, mud, acidic, water and the carbon is trapped in the deeply buried
sediments under high temp and high pressure dead vegetation was slowly converted to coal and
this process is called Carbonization. When the coal is formed from biomass which is decayed,
compressed, hardened, because the heat and pressure over geologic time. This process is called
coalification. Coalification includes stage from the burial of plants to the formation of coal. The
early stage of coalification from peat to brown coal is mainly controlled by low temperature and
pressure. The later stage is from brown coal to bituminous and anthracite coal, which is mediated
by higher temperature and pressure, physical and chemical process. With increasing time,
temperature and pressure coal progress through various stages from peat to lignite, sub
bituminous and ultimately to anthracite. As thermogenic stage advances, the percentage of
oxygen is progressively decreased due to loss of water resulting in increased percentage of
carbon, hydrogen percentage remain almost constant until coal attains 92% of carbon. The
overburden pressure and temperature gradient are sufficient in transformation of plants materials
into coal. This is the evident from the fact that with depth the maturity of coal seams increase.

Fig. 3: Coalification Process(Source: Kentucky Geological Society)
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1.3.1 Biochemical process

Biochemical decomposition off plant material takes place due to atmospheric oxidation by fungi
and also by aerobic bacteria. The plant debris are converted into the precursors of the coal micro
constituents and the main controlling factors for such biochemical transformation are hydrogen
ion (pH) concentration and redox (Eh) potential of the medium. In anaerobic conditions the
protoplasm, protein, lignin cellulose etc. are decomposed and transformed.

(CeH1006)s—> CoHgO + 7 CH4+ 8 CO, + 3 CH,O
Cellulose Bituminous coal

(CeH1005)5s ——> Cy0H2,04+ 3CH4 + 6 CO, + CO + 10 H,O
Cellulose

(CeH100s5)s ——> CrH,003+ 5 CHy + 8 CO, + CO + 10 H,O
Cellulose Bituminous coal

From the above reactions it is clear that biogenic gas is produced by the decomposition of
organic matter by microorganism generated in peat and swamps. The breakdown of organic
matter leading to methanogenesis is performed in a complex series of processes by a diverse
population of microbes, each of which contributes to the partial oxidation of organic matter. The
major requirements for the generation of significant amount of biogenic gas are: anoxic
environment, low sulphate concentration, low temperature, abundant organic matters, high pH,
adequate pore space and sedimentation.

1.3.2 Thermogenic process

With increasing time, temperature and pressure, coal progresses through various stages from peat
to lignite, sub — bituminous and ultimately to anthracite. As thermogenic stage advances, the
percentage of oxygen is progressively decreased due to loss of water resulting in increased
percentage of carbon. Hydrogen percentage remains almost constant until coal attains carbon
percentage of 92%. The accumulated vegetable matters are accumulated are subsequently
transformed into coal by pressure and temperature. The overburden pressure and temperature
gradient are sufficient in transforming plant material into coal. This is evident from the fact that
with depth the maturity of coal seams increases.

Thermogenic coal bed gas generation results from devolatilisation of the coal beds. With
increasing coalification resulting from higher temperature and pressures, coal becomes enriched
in carbon as large amounts of volatile matter rich in hydrogen and oxygen are released.
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1.4 RANK OF COAL

Rank of coal is based on the degree to which the transformation of organic matter into
coal has occurred and can be seen as a rough indication of how old the coal is: generally older
the coal, higher the carbon content. The coal with the highest carbon content is the best and
cleanest coal to use.

1.4.1 Anthracite Coal

Anthracite coals are high rank coals. They are shiny (glassy) and break with a conchoidal
(glass-like) fracture. Most coals do not reach anthracite rank, which requires high heat from very
deep burial, tectonic metamorphism, or contact metamorphism with igneous intrusions. The
anthracite rank is divided into three parts; semi-anthracite, anthracite, and meta-anthracite.
Anthracite is coal with the highest carbon content, between 86 and 98 percent and with heat
value of nearly 15,000 BTUs-per-pound. Anthracite is most frequently associated with home
heating. Anthracite however covers only a very small segment of the world coal market. Highest
Grade Coal in U.S. with low sulfur content. Anthracite is very rare in the United States and make
up only 2% of overall production. The only anthracite mines in the United States are located in
north eastern Pennsylvania.

CARBON and HEATING VALUE HIGI>

<‘IIGH MOISTURE CONTENT |
| | I
i Low Rank Coal Hard Coal
g 47%, S3%
z |
2 T 1 T |
¥ Lignite  Subbituminous Bituminous Anthracite
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| |
E | |
= 1 ! Thermal Metallurgical !
& : I Steam coal Coking coal I
1 1
CH | | | :
1 1 1 1 |
& Langely power  Power generation Pamer generation Wanufacture Domestie ¢
i generdtion  Cement manufacture  Cement manufacture  of iron & steel industrial

Industrial uses Industrial uses

Fig.4:Rank of Coal and Energy
Variation(Source:Citizendium)(http://en.citizendium.org/wiki/Coal)

1.4.2 Bituminous Coal

Bituminous coals are black, shiny and generally hard. The Bituminous coal is the most
abundant form of coal in the world. Bituminous coal is primarily used to generate electricity and
make coke for the steel industry. Bituminous coal has a carbon content ranging from 45 to 86
percent carbon and a heat value of 10,500 to 15,500 BTUs-per-pound. It is also the most
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abundant rank of coal found in the United States, accounting nearly half of U.S. coal production.
However, Bituminous coal has a high sulfur content and is thus of a lower grade than Anthracite.
Example — Illinois Coal.

1.4.3 Sub-Bituminous Coal

Sub-bituminous coals are transitional between lignite and bituminous coal. They are gray
to black and shiny like bituminous coals. Sub-bituminous coals are sometimes referred to as
black lignite. Sub-bituminous coal ranks below the bituminous coal and has 35-45 percent
carbon content and heat value varying between 8,300 and 13,000 BTUs-per-pound. Although the
heat value is lower for the Sub-bituminous coal, the sulfur content is typically less than other
coal forms. The low sulfur content helps the coal to burn clean and makes it attractive to many
end users. Over 40 percent of the coal produced in the United States is Sub-bituminous. Sub-
Bituminous coal is mainly produced in the Western U.S.

1.4.4 Lignite Coal

Lignite is a geologically young coal with the lowest carbon content, 25-35 percent and
heat value ranging between 4,000 and 8,300 BTUs-per-pound. Lignite also called brown coal is
also used for electric power generation. Mainly found in Western U.S., Lignite is crumbly and
has high moisture content. About eight percent of the coal produced in the United States is
lignite.

1.4.5 Peat

Peat is a partial accumulation of decayed vegetation or organic matter. A mass of recently
accumulated to partially carbonized plant debris. Peat is organic sediment. Burial, compaction,
and coalification will transform it into coal. It has a fixed carbon content of less than 25 percent.

Fig. 5:Schematic showing biogenic and thermogenic gas generation in relation to coal rank and
the oil window. (Modified from Moore, 2012a).
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1.5 GRADE OF COAL

Grade of coal defines the process comprising a series of successive changes, stages or degrees of
coal. Different categories/qualities of coal are being produced by Coal India Limited (CIL). They
are mainly

e Non-coking coal
e Coking coal
e Semi coking coal and weakly coking coal

where grading is based on ash and moisture %.

1.6 PHYSICAL PROPERTIES OF COAL

Understanding the behaviour of coal, characterizing and understanding its physical properties is
of paramount importance. The bulk properties of coal, and in particular the mechanical and
thermal properties, have a significant impact on the various processes that are discussed in later
chapters. In addition, the microstructure and porosity of coal are intimately involved in the
complex heterogeneous reactivity of coal. In this chapter, the physical structures and properties
of various coal types are described in terms of the most commonly used physical characterization
techniques, including X-ray diffraction, X-ray scattering, surface area, and porosity measurement
techniques. Other physical properties of coal such as optical, electrical and magnetic properties
can also offer insight into the chemical structure and composition of coal. The physical
properties of coal, including the mechanical, electromagnetic, and optical properties, are related
to structural models of coal. The bulk thermodynamic properties of coal combustion are also
introduced.

1.6.1 Mechanical Strength

The mechanical strength of coal refers to its capacity to resist external forces and is related to
physical properties of coal such as shatter indices and grind ability index. The mechanical
strength of coal is related to factors such as the degree of coalification, lithotype, mineral
content, and weathering. The mechanical strengths of high-rank and low-rank coals are greater
than those of medium-rank fat coals and coking coal. In terms of the macroscopic lithotype of
coal, the mechanical strength of fusain is lowest, followed by vitrain, and that of durain is the
highest. The mechanical strengths of coals with high mineral contents are high, and are reduced
by weathering.

1.6.2 Density

Density is an important parameter, and it reflects the nature and structure of a material. The
density depends on the closeness of the molecular structure and the molecular arrangement and

18



there is also a relationship between density and degree of coalification. The density can also be
used for structural analysis of coal, using statistical methods. The coal density is the coal mass
per unit volume. Coal volume has different meanings in different situations, because of the
inhomogeneity of coal, so coal density has various definitions. The true relative density (TRD) of
coal refers to the coal mass per unit volume, excluding the pores in the coal. It is an important
indicator for calculating the average mass of a coal seam and in coal quality research. The TRD
can be determined in aqueous media using a pycnometer.

1.6.3 Hardness

Coal hardness reflects the coal’s ability to withstand external mechanical actions. The
representation and determination of coal hardness differ depending on the applied mechanical
force. The scratch hardness (Mohr’s hardness) is the relative hardness determined by scratching
the coal surface with 10 types of standard mineral. The scratch hardness of coal is usually
between 1 and 4. Coal hardness is related to coalification. Lignite, which has a low coalification
degree, and coking coal, with medium coalification, have the lowest scratch hardnesses of 2-2.5,
whereas anthracite has the highest scratch hardness that is close to 4. The micro Vickers hardness
is referred to as the microhardness (symbol MH or Hm). It is determined by pressing a diamond
indenter with a static load into the maceral under a microscope. The greater the indentation is,
the lower the microhardness of the coal. The value of the microhardness is expressed by the load
capacity per contact area between the indenter and the coal (in kilograms per square millimeter).
The microhardness determined by the indentation method is widely used in the study of coal
chemistry.

1.6.4 Porosity and Permeability of Coal

Porosity is difficult to describe in terms of case of coal, where it constitutes a more or less
integral part of the coal structures. This is not exactly measurable. Porosity is the colume of
fraction of coal that may be occupied by a particular fluid. This includes large fractures, visible
to unaided eye, down to intra molecular interstices beyond resolution of the most powerful
microscope. The pores are generally classified as micro pores (capillaries and cavities) and
macroporosity (cracks, clear, fissures, vacant cells etc.)

Coal pores can be further classified as

o Primary Porosity
o Secondary Porosity.

The primary pores are incorporated into the coal structure during deposition while secondary
porosity are formed during last stage of coalification. Porosity is the most important
characteristic of coal bed reservoir. The bulk of the natural gas recoverable from coal bed
reservoir is stored in the microscope system: and the macropores network of fracture porosity
provides the pathways through which reservoir fluids flow to the production well. A good
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coalbed reservoir must provide, both a well-developed, accessible micropore structure and well
developed and obstructed fracture porosity. Limitations of the former will reduce the gas storage
capacity of the reservoir, whereas limitation in the latter will inversely influence the gas flow and
production.

Permeability of the coal is also very important for commercial flow rate of methane.
Permeability is not direct measurable quantity. It is affected by parameters like frequency of
fractures, their interconnections, degree of fissure aperture opening, direction of butt cleatand
face cleat, water saturation etc.

1.6.5 Cleat System

o Exogenic Cleat : This is formed as a result of the external stresses acting on the
coal seam. These include tectonic stresses, fluid pressure changes, folding and

development of tensile stresses to which the coal seam is subjected during various
time periods.

o Endogenetic Cleat: This is formed during the process of physical changes in the
properties of the coal during the metamorphic process. Coal matter undergo
density changes and a decrease in its volume. These process are associated with
the changes in the internal stress system, compaction and desiccation, and the
formation of the cleat plane are normal to the bedding plane of coal and generally
occur in pairs. There are at lest two sets of near perpendicular fractures that
intersect the coal to form an interconnected network throughout a coal bed. These
two factors are but cleat and face cleats. The shorter butt cleat normally
terminates at a face cleat, which is the prominent type of cleat .

Face cleats

)("\
/\
—t
z
Butt cleats — /LZL /[—-—

|

(b)

T Aperture Matrix block
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Fig. 6- Cleat System (Source: Experimental study on physical structure properties and
anisotropic cleat permeability estimation on coal cores from China(Research Gate))

1.6.6 Coal reflectivity

The capacity of a polished coal surface to reflect vertically incident light is referred to as the
reflective capacity of the coal. The visual performance under a microscope is the brightness of
the polished surface. The reflective capacities of different coal types are different. Reflectivity is
an important property of opaque minerals, and is also an important indicator of the coalification
degree. The reflectivity is usually determined using a relative method: the reflected light
intensity of a standard sheet with a known reflectivity is measured under a certain intensity of
incident light (typically monochromatic polarized light) and compared with the intensity of
reflected light of the material under investigation. Materials such as optical glasses, quartz, and
diamond are commonly used as standards. As the resolution of coal in an oil medium is far better
than that in air, the reflectivity is generally measured under an oil-immersion objective (Ro ).

1.6.7 Wettability

When coal is in contact with a liquid, the wetting of the coal differs depending on the properties
of the liquid and the coal surface, and the liquid—solid surface properties. At the intersection of a
gas, liquid, and solid, the included angle between the liquid surface and the solid—liquid interface
is called the contact angle, 6. It is determined from the relative values of the interfacial tensions
at the coal, liquid, and solid—liquid interfaces.

1.7 COAL RESERVES

Coal reserves are available in almost every country worldwide, with recoverable reserves in
around 70 countries. The biggest reserves are in the USA, Russia, China and India. There are an
estimated 1.1 trillion tonnes of proven coal reserves worldwide. This means that there is enough
coal to last us around 150 years at current rates of production.(World Coal Association)

India has the fifth largest coal reserves in the world. As on 31 March 2018, India had 319.04
billion metric tons (351.68 billion short tons) of the resource. The known reserves of coal rose
1.23% over the previous year, with the discovery of an estimated 3.88 billion metric tons (4.28
billion short tons). The estimated total reserves of lignite coal as on 31 March 2018 was 45.66
billion metric tons (50.33 billion short tons), a decrease of 0.96% from the previous year.

Coal deposits are primarily found in eastern and south-central India. Jharkhand, Odisha,
Chhattisgarh, West Bengal, Madhya Pradesh, Telangana and Maharashtra accounted for 98.26%
of the total known coal reserves in India. As on 31 March 2018, Jharkhand and Odisha had the
largest coal deposits of 26.06% and 24.86% respectively.
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The energy derived from coal in India is about twice that of the energy derived from oil, whereas
worldwide, energy derived from coal is about 30% less than energy derived from oil. The
production of coal was 675.40 million metric tons (744.50 million short tons) in 2017-18, a
growth of 2.66% over the previous year. India is ranked 2nd in world coal production.

Fig. 7- Global Coal Reserves(Source: The U.S. Energy Information Administration)

Table 1: Estimated coal reserves in India by state as on 31 March 2018.(Source: Wikipedia)

STATE COAL RESERVES(in billion Type of Coalfield
metric tonnes)

JHARKHAND 83.15 Gondwana
ODISHA 79.30 Gondwana
CHHATTISGARH 57.21 Gondwana
WEST BENGAL 31.67 Gondwana
MADHYA PRADESH 27.99 Gondwana
TELANGANA 21.70 Gondwana
MAHARASHTRA 12.30 Gondwana
ANDHRA PRADESH 1.58 Gondwana
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BIHAR 1.37 Gondwana

UTTAR PRADESH 1.06 Gondwana
MEGHALAYA 0.58 Tertiary
ASSAM 0.53 Tertiary
NAGALAND 0.41 Tertiary
SIKKIM 0.10 Tertiary
ARUNACHAL PRADESH 0.09 Tertiary

INDIA 319.04
1.8 USES OF COAL

The coal industry has two principal markets, namely thermal coal or steam coal (i.e. for energy
use, including power generation and cement manufacturing sectors), and metallurgical coal or
coking coal (principally for steel making) but there are also other coal uses, including conversion
into gas or other energy and chemical products (Dave Osborne, The Coal Handbook: Towards
Clener Production).
Some other important uses of coal includes

e alumina refineries,

e paper manufacturers and

e the chemical and pharmaceutical industries.
Apart from this, several chemical products can be produced from the by-products of coal. For
example, refined coal tar is used in the manufacture of chemical, such as creosole oil,
napthalene, phenol and benzene. Ammonia gas recovered from coke ovens which are used to
produce ammonia salts, nitric acids and agricultural fertilizers. Thousands of different products
such as soap, aspirins, dyes, plastics and fibres (rayon & nylon) have coal or coal by-products as
a components.

e (oal is also an essential ingredient in the production of specialist products.

e Activated carbon is used in filtering water, air purification and also in kidney dialysis

machines.
e Carbon fibres- an extremely strong but light weight reinforcement material used in

construction, mountain bikes and tennis rackets. Silicon metal-used to produce silicones
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and silicate, which are in turn used to make lubricants, water repellents, resins, cosmetics

and toothpastes.

Fig8: Coal Sample ( Source: Google Images)
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CHAPTER-2

COALBED METHANE (CBM)

Coalbed Methane/Coal Bed Methane (CBM), Coalbed Gas (CBG), or Coal Mine Methane
(CMM) is a form of Natural Gas found in coal beds. CBM is natural gas that is produced during
coalification process. It is then stored on the many surfaces of the coal. The methane is usually
held in place by water pressure. CBM is generated by microbial (biogenic) or thermal
(thermogenic) processes shortly after burial, and throughout the digenetic cycle resulting from
further burial. The main constituent of this thermogenic gases is methane.

This is the product that evolves during the process of coalification generally more in quantity
than the coal can hold. Some of the gas escapes in the surroundings but some of it lie in the coal
under hydraulic pressure. Generally the gas content increases with rank. Although CBM is
primarily methane gas, it may also contain very small amounts of Ethane, Propane, Carbon
Dioxide or Nitrogen.

The methane trapped in coalbeds can be released before, during, or even after mining. “Coalbed
methane” technically refers only to methane gas located in coal seams that are not yet being
mined. Methane released from active mines is called “coalmine methane,” or CMM. Methane
extracted from mines that are no longer in use is known as “abandoned mine methane or AMM.
In practice, however, the term CBM often is used generically to refer to all types of methane gas

associated with coal seams.

2.1 Understanding Coalbed Methane

Coal forms through the bioconversion of ancient organic matter. During the process of

“coalification,” anaerobic organisms generate methane that becomes locked inside coal seams.
All coalfields contain coalbed methane, although the quantity can vary significantly. Because
methane attaches to coal at the molecular level through “micro porosity,” coal generally can
store more gas than petroleum sands. Methane is generated under high-temperature, high-

pressure conditions, as carbon containing material is buried beneath deeper layers.
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2.2 TYPES OF CBM

It is important to distinguish different categories of methane from coal as explained below:

2.2.1 Coal Mine Methane (CMM)

Methane released as a result of mining activity when a coal seam is mixed out and if not
controlled to prevent the accumulation of flammable mixtures of methane in air (5-15%) it
presents a serious hazard. Methane capture and its utilization from coal mines is generally not
practiced in India on commercial basis as present levels of coal production in gassy mines are
generally achievable using ventilation controls but even where there may be some safety benefit
there is some resistance to introducing gas drainage due to lack of technology, expertise and
experience. Additionally, there is a perception that CMM is not commercially viable.

2.2.2 Ventilation Air Methane (VAM)

Methane released from coal seams into the ventilation air of the active coal mine is called
ventilation air methane (VAM). Concentration of methane in the ventilation air generally, limited
by law, for safety reasons, at 0.5 to 2% in different parts of mine with variation depending on the
country. Concentrations can be controlled by the volume of ventilation air circulated (dilution)
or through special drainage (CMM). The concentration of methane in VAM is typically 0.8% or
less and is too low for conventional utilization purposes. However technologies are being
developed to remove methane , where additional gas is available to generate electricity using
thermal energy recovered.

2.2.3 Abandoned Mine Methane (AMM)

When an active coal mine is closed and abandoned, methane continues to be emitted from all the
coal seams distributed by mining, decaying gradually over time unless arrested by flooding due
to ground water recovery. Depending on the methane concentrations, local regulations and
geology it may be possible, or required for public safety reasons to continue draining or venting
this abandoned mine methane. AMM methane extraction and utilization schemes aim to recover
the gas left behind in unmined coal above and below the goaf areas formed by longwall mining
method.

2.2.4 Virgin Coalbed Methane (VCBM)

Coalbed methane and virgin coalbed methane are terms conventionally used for methane drained
and captured directly from coal seams. CBM is generally reserved to describe the gas produced
from the surface boreholes ahead of mining for coal mine safety and coal production reasons.
VCBM is produced by similar process but completely independent of mining activity. Methane
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concentration in VCBM is generally high (around 90%) and can be used as a replacement for
natural gas supplies.

2.3 TYPES OF MINES ON THE BASIS OF METHANE EMISSION

There are three types of mines based on the amount of methne (CH4) emission. They are:

e Degree 1 gas mines- Percentage of inflammable gas in general body is less than 0.1% and
rate of methane emission should be less than 1(cubic metre/tonne)/day.

e Degree 2 gas mines- Percentage of inflammable gas in general body is more than 0.1%
and rate of methane emission should be less than 1 to 10 (cubic metre/tonne)/day.

e Degree 3 gas mines- Only rate of methane emission is more than 10 (cubic
metre/tonne)/day.

2.4 POTENTIAL OF CBM AND FUTURE OF CBM

CBM is a remarkably clean fuel if utilized efficiently. Having fourth largest proven coal reserves
in the world, India holds significant prospects for exploration and exploitation of CBM even in
future.

Approximately 70 countries have coal-bearing regions, and more than 40 of these have initiated
CBM activity of some type. In about 20 countries, active drilling programs are either in progress
or have been in the past. Several innovative applications to help improve the economics of CBM
development around the world have been covered in this article, but there are more in
development.

Some examples include real-time fracture monitoring, new CBM fracture-delivery systems,
special cements and new perforating methods. Fracture monitoring allows operational changes to
be made in real time to optimize the rate and delivery of the fracture fluids.

The fracking technique, an extreme overbalanced stimulation using coiled tubing, was developed
specifically for CBM operations. It delivers nitrogen at high pressures and rates with low friction
losses. Using coiled tubing adds operational efficiencies to this method. Acid-soluble cements
offer the option of completing a well, dissolving the cement across zones of interest and
stimulating the well free of cement-induced flow restrictions. Fit-for purpose perforating charges
have been developed that perform better in coal seams than do shaped charges designed for
conventional reservoirs. These technologies are either currently being tested or already in use. In
the future the CBM industry may take an entirely new direction, becoming an essential player in
carbon storage.

A number of enhanced coalbed methane (ECBM) projects have investigated unminable coal
seams and depleted CBM fields as candidates for CO2 sequestration. The organic materials that
make up coals generally have a stronger affinity for CO2 than for methane. In a process similar
to that used for secondary oil recovery, CO2 is pumped into a coal seam and is adsorbed by the
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coal while displacing and liberating methane. ECBM projects offer the opportunity of removing
greenhouse gases from the atmosphere and simultaneously increasing natural gas supplies.

The studies have progressed from the data-gathering and analysis phase to implementation, and
the results have been encouraging. The USA led the way in the early days of CBM development.
Australia, China, India and other countries are quickly catching up. CBM is a global resource,
poised to become a major contributor of clean, abundant energy. New technologies and
techniques have not yet removed the “unconventional resource” label from CBM, but they have
created an atmosphere in which producing gas from coal is a global reality.

2.5 RESERVES AND RESOURCES OF CBM IN INDIA

In India CBM reserve of 9.12 Trillion Cubic Feet (TCF) has been established in 6 CBM blocks
in the states of West Bengal (2), Jharkhand (2) and Madhya Pradesh (2). India is believed to have
large bituminous coal reserves “within the CBM window.” These reserves, which date from the
Paleozoic and Tertiary ages, are located at depths ranging from 250 to 1,200 meters. India’s coal
resources are estimated to have gas content values that vary from 1 to 23 cubic meters (m3) per
tonne. The CBM associated with India’s coal reserves has not yet been exploited on a significant
scale. In large part, this is because information has not been available on key elements such as
gas content, producible CBM reserves, reservoir saturation, and permeability.

India’s Ministry of Coal and Directorate General of Hydrocarbons (Ministry of Petroleum
&Natural Gas) has directed studies aimed at identifying potential locations where coalbed
methane can be produced. The Central Mine Planning & Design Institute Limited (CMPDI) has
carried out studies and exploratory drilling to delineate blocks for CBM prospecting and
exploitation in several coalfield locations throughout India, including Jharia, Raniganj, East
Bokaro, West Bokaro, and South Karanpura.

Table-2 Coal Reserves and CBM Resources at Five Coalfields in India

Coal Reserves in Coal Reserves Predicted
] in Unmined Total Coal CBM
Unmined Areas, .
in Billion Seams Below Reserves Resources, in
Coalfields Tonnes(BT) Developed (BT) Billion
Areas (BT) Cubic Meters
Jharia 4.3 3.1 7.40 50
Raniganj * * 8.20 40
East Bokaro 2.1 0.9 3.00 30
West Bokaro 1.5 0.1 1.60 10
South Karanpura 1.0 2.68 3.68 20
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TOTAL 23.88 150

*Itemized figures not available.

Fig. 9: CBM Reserves(Source: Advanced Resources Institution)

In India, efforts to identify CBM prospects have focused primarily on areas that are known to
contain high-rank coal seams with large amounts of gases present. Many technical challenges
remain while extracting this CBM.

For example, ancient deposits of Gondwana coal are believed to have high CBM potential. But
producing this gas in usable form may prove difficult.

In India, efforts to identify CBM prospects have focused primarily on areas that are known to

contain high-rank coal seams with large amounts of gases present.
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Table-3 Predicted CBM Resources in West Bengal, Jharkhand, Madhya Pradesh, and Gujarat

West Bengal 110
Jharkhand 175
Madhya Pradesh 114
Gujarat 311*
TOTAL 710

*Lower-end estimate.

2.6 BEHAVIOUR OF GAS IN CBM WELL

Productivity of CBM wells depends primarily upon permeability within micro-fractures. Typical
values for cleat-permeability range from a few milli-Darcys to a few tens of milli-Darcy.
Generally, the cleats in coal-beds are initially saturated with water. This water must be produced
before gas can start desorbing from the matrix into these micro-fractures. This initial phase of
water production is known as "dewatering". In this phase, gas production starts to build-up and
reaches a maximum value. This stage requires disposal of huge amount of water, which has a
significant impact on environment. Unlike produced water from conventional oil and gas, much
of CBM produced water may be put to beneficial use, such as agricultural use (irrigation of
crops, hydroponic system), livestock watering, industrial use (dust control, equipment washing,
power generation) or some water flood projects (depending on the quality of produced water). In
other cases it requires to treat produced water using chemical methods.

2.7 STORAGE MECHANISMS

Gas can exist in a coal seam in two ways. It can be present as free gas within the natural porosity
of the coal (joints and fractures), and it can be present as an adsorbed layer on the internal
surfaces of the coal. The fine micro pore structure of coal has a very high storage capacity for
methane. Methane molecules adsorb to the micro pore walls. Because the bulk porosity of the
coal cleat system is small (less than five percent) and the initial gas saturation in the coal cleats is
typically low (less than ten percent), most of the gas-in-place in coals (greater than ninety
percent) is adsorbed in the coal matrix. The adsorbed gas volume is significant even in coals that
have gas saturated cleat systems at initial reservoir conditions.

For example, a water saturated coal containing 375 scf/ton of adsorbed gas has the same gas-in-
place as a conventional sandstone reservoir at 400 psi with 51 percent effective gas porosity, and
the same gas-in-place as a conventional sandstone reservoir at 1,600 psi with thirteen percent
effective gas porosity. For most coal seams, the quantity of gas held in the coal is primarily a
function of coal rank, ash content, moisture content, and the pressure of the coal seam. The

adsorbed capacity of a coal seam varies non-linearly as a function of pressure. This relationship
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is best described using a Langmuir isotherm. The following figure shows typical desorption
isotherms as a function of coal rank.

Water is stored in coals in two ways: as bound water in the coal matrix and as free water in the
coal cleat system. The bound water in coals is formed as a byproduct of the coalification process.
Matrix bound water is not mobile and has not been shown to significantly affect methane
recovery from coal. The free water contained in the cleat system is mobile at high water
saturations (greater than thirty percent). Many blanket coal deposits are active aquifer systems
and thus are 100 percent water saturated in the cleat system. Coals that are not aquifers may have
initial water saturations less than 100 percent. The minimum mobile water saturation of the coal
cleat system is determined by relative permeability testing of cleated coal samples.

2.7.1 Types Of Retention Mechanism

Methane can be retained as:
1. As ‘adsorbed’” molecules on internal surfaces or ‘adsorbed’ within the molecular
structure. (adsorbed on the surfaces of the coal).
2. As gas molecules held within the matrix porosity (macro- and micro-porosity).
3. As free gas within the fracture network. (Stored as free gas in the cleats.

4. As dissolved gas in groundwater and other solutions within the bed.

2.7.1.1 Adsorbed State: Maximum (98%) methane retention is in the form of adsorbed state.
The methane adsorption generally takes place at high pressure. Methane (adsorbate) is adsorbed
on the surface of the bed (adsorbent) and their molecules are held together by a weak force of
attraction i.e. Vander Waal’s force. It is totally different from absorption phenomenon.
Absorption takes place on the surface at low temperature. It is chemical phenomenon and there is
always a strong bond between the atoms. In contrast of it adsorption takes place at depth and
high temperature and pressure. It is physical phenomenon and there is no bond between the
molecules of methane and coal except a weak force of attraction.

The pores may be of three types:

a) Macro pores (>50nm)

b) Meso pores (2-50 nm)

¢) Micro pores (< 2 nm)

All these three pores are primary pores and it is very important for methane retention than

secondary pores like fractures and joints (cleat system).
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2.7.1.2 Free gas state

In this state methane molecules are present in the fractures and cleats of coal/shale samples. In
these state gases are easily movable from fractures and cleats to the borehole. All the three
primary pores (micro pores, meso pores and macro pores) is less important for methane retention
than secondary pores like fractures and joints (cleat system).

2.7.1.3 Gas dissolved in ground water

Some methane molecule is found dissolved in solutions present in the pore spaces. Its amount is

very less than the gases present in adsorbed state and free-state.

2.7.2 Flow mechanism in a reservoir

A coal/shale unit can be taken as a cube which is bounded by butt and face cleats as shown in
figure. Within the cube, a network of micro pores and interconnecting capillaries leads to the
bounding of cleats. According to literature, the movement of gas has three distinct stages. Within
the cube, a network of micro pores and interconnecting capillaries leads to the bounding of
cleats.

According to literature, the movement of gas has three distinct stages: Desorption of the gas
from surface due to decrease in the pressure. Diffusion through the matrix from a zone of higher
concentration to lower concentration. Flow of gas through the coal seam cleat network under

Darcy flow condition.

2.7.2.1 Desorption Phenomenon

In this phenomenon methane molecule detach from micro pores surface of the coal matrix and
enter the cleat system where methane molecule exists as a free gas. The desorption isotherm
defines the relationship between adsorbed gas concentration in the coal matrix and the free gas
present in coal system. In the desorption stage the desorption isotherm is the link between the
flow in the matrix system (where flow is controlled by concentration gradient) and flow in the
cleat system (where flow is controlled by pressure gradient). The relationship between gas
concentration and pressure is a non-linear fraction that is generally defined by the Langmuir

equation.
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2.7.2.2 Diffusion Mechanism

In this process, there is a random molecular motion from higher concentration to lower
concentration. Here methane molecule desorbs from the matrix into the coal cleat system in
response to methane concentration gradient. Diffusion of gas through the micro pores of coal is

described by Fick’s law.

2.7.2.3 Darcy’s Flow

After local diffusion of gas through the micro pores of the coal, the transport of gas occurs in
fracture and cleats. The fluid flow in the cleat system can be described by Darcy ‘s law. Darcy’s
law relates the flow rate in the reservoir, as features in a coal seam to the pressure drop across the

reservoir using proportionality constant i.e. permeability. The Darcy’s equation is given by;
(AP)
= —KA Eq. (1
Q VL g (1)

Where, Q= volume of fluid flow through a column in unit time.
K = permeability (a constant)
A= cross sectional area of the column
AP= pressure difference, (Pf-Pi), Pf> Pi
L=traveling length

V= viscosity

Here, negative sign indicates that the flow is in the direction of higher pressure to lowerpressure.

Diffusion through the Bulk flow in the
matrix and micropores fracture network

Adsorption on internal
coal surfaces

6/ &>
e =
.
Increasing sine Increasing sire
&

Fig. 10: Schematic of CH 4 flow dynamics in coal seams (Source: Sorption behaviour of coal for

implication in coal bed methane an overview(Research gate))
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2.8 ESTIMATION OF GAS IN PLACE IN A VIRGIN COAL BLOCK

Gas-in-Place determination is a complex process and requires the following data:-

* Area of coal beds

* Thickness of coal

* Average coal-bed interval density
* In-situ Gas content

The first three values are used to estimate coal mass in place and can be determined from well
log data and analysis of core or cuttings. The fourth parameter, in-situ gas content, varies widely
and is most accurate if measured directly on fresh core. The experimental method uses
adsorption isotherms to obtain gas content. It is very important that gas-in-place is corrected for
moisture and ash content. These non-coal components sorb negligible amount of gas. Higher
quantities of moisture and ash reduce the amount of gas present in coal.

GIP = M¢oaXGe

Meoal = A.hup,

G, = In-situGas content
Where, A = area of coal bolck
h = thickness of coal

p = density of coal

2.9 COAL BED METHANE PRODUCTION

o Demarcation of Basin/Block/Area — This is the first step towards the development of
Coal Bed Methane. We demarcate the largest fields for producing coal.

o Geological Information- Basic geological information like Structural, Lithology, strati
geological information . A geologist can get these information from regional offices from
Geological Survey of India.

o Site Selection and Suitability- After the demarcation of the area and getting basic
information geologist select few preferable sites for the test drilling based on earlier
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studies and research of the area. Generally, sites should be free from structural complexes
and intrusive. There should be enough water present near the drilling site because of its
requirement during water/mudbased drilling. Finally, Well drilling is started.

2.8.1 Drilling of Well

The first step in creating a drilling program for a CBM well involves gathering information about
existing wells in a given area. These data include:

o Reservoir depths and pressures
o Drilling histories
o Environmental considerations

Sources of this information include:

Regulatory agencies
Service companies
Coal-mine operators
Published literature

O O O O

After these data are gathered and analyzed, a preliminary drilling and completion prognosis can
be drafted with the input of field operations personnel. An important aspect in drilling frontier or
appraisal wells is to keep the drilling procedures relatively simple. For example, water-based
drilling fluids may be more damaging to the coals than air or gas drilling, but they are safer in the
event of a gas kick, and the damage can be mitigated by fracture stimulation.

CBM wells range in depth from a few hundred meters to more than 3000 m. As a result, several
rig types and sizes may be suitable for a given well plan. The most common rig type is the
conventional rotary drilling rig, although modified water-well rigs commonly are used to drill
shallow coal wells in locations such as the Powder River basin of Wyoming. Other rig types
include:

o Top-drive rigs
o Mining rigs
o Coiled-tubing drilling units

In some cases, a drilling rig is used to drill the well to the top of the target coal seams and
set/cement casing. A modified completion rig is used to drill the target coals and complete the
well while the drilling rig moves to the next well. The selection of a rig, associated equipment,
and drilling fluids is often guided by the completion method. For example, if a dynamic-cavity
completion is planned, the rig should be equipped with a power swivel for rotating,
reciprocating, and circulating during cleanouts. Auxiliary equipment for this completion will
include air compressors and boosters, blowout preventers, a rotating head, and specially designed
manifold and flowlines for production testing. In some instances, it is more efficient to select a
drilling rig by starting with the desired completion method and designing backwards.
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Fig. 11: Section of drill site (Source: Energy Justice Network

2.8.2 Coring

Coal cores can be obtained with several different techniques including conventional, wireline,
and pressure coring. Conventional coring equipment is drillpipe conveyed, which can result in
trip times of an hour or more. Because coal samples begin to desorb gas as they are lifted from
the bottom of the well, long trip times can result in large volumes of lost gas. Desorbed gas
volumes can be corrected for this effect, but the correction may not provide accurate gas content.
As an alternative, many operators use wireline-coring equipment, which can bring samples to the
surface in 15 to 20 minutes, significantly reducing lost-gas volumes.

A few operators use pressure coring, which traps the coal downhole in a sealed barrel, preventing
any gas loss. This technique requires specialized equipment, which can be difficult to operate,
and is approximately five times more expensive than conventional coring. The best applications
for pressure coring are those cases in which there are large discrepancies between existing gas
content data and well behavior. For example, pressure coring in some San Juan basin wells
showed that gas contents were twice as high as those values obtained from conventionally cored
wells.

2.8.3 Completion

To obtain representative gas content values, high core recoveries are imperative. Unfortunately,
recoveries are often low because higher-quality coals tend to be highly cleated and friable,
causing them to break up. In addition, many operators wait to core until they see a gas kick on
the mud log or a change in the rate of penetration. Waiting until this point means that the top few
feet of the coal seam will be missed, and if the coal seam is thin, it may be missed entirely.
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Several different types of CBM completions have been developed to link the wellbore to the
cleat system effectively. The most common completion type is to run casing, perforate,
and hydraulically fracture the coal seams. Frac jobs in low-permeability coals require long,
narrow, propped fractures, whereas short, wide, unpropped fractures are used in higher-
permeability coals. If the permeability is high enough and the coals are relatively undamaged by
drilling, a simple openhole completion may be sufficient. In a few areas, dynamic-cavity
completions are used, resulting in gas rates that are substantially greater than fracture-stimulated
wells. It is important to stress that optimizing completion methods in a coal reservoir is likely to
be a trial-and-error process. This process can be shortened by fully understanding the different
completion types available, where they are most applicable, and by collecting sufficient reservoir
data to select the best completion. Reviewing publications from the Gas Research Institute (now
the Gas Technology Institute), which has been involved in a wide range of CBM completion
studies for many years, is a good place to start.

2.8.4 Casing

Casing is large diameter pipe that is assembled and inserted into a recently drilled section of a
borehole and typically held in place with cement.
Purpose of Casing

1. It prevents the contamination of fresh water in well zones.

2. It prevents the formation from caving and differential sticking.

3. It helps in isolating the upper formation that may have different fluid or pressures.
4. It seals off high pressure zone from surface and prevent blowout.

5. It provides a smooth surface for installation of production equipment.
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Fig. 12: Types of Casings( Source: Rigzone)

There are three types of casing used —
1.  Conductor Casing

Surface Casing

Intermediate Casing (Optional)

Production Casing

Production Liner

nohAwD

2.8.5 Cementing

o Primary Cementing provides zonal isolation. Cementing is performed by circulating the
cement slurry through inside the casing and out of the annulus through the casing shoe at
the bottom of the string First the definite volume of slurry is pumped behind the bottom
plug and the top plug is behind the displacement fluid which gets bumped onto casing
shoe. Pressure is spiked at the cement pump which can be seen at surface. To prevent the
flow of cement backward float collar is used above the casing shoe as a check valve.

o Squeeze Cementing — It is a dehydrating process where cement slurry is pumped in
problem area through cement retainer. It is done to done to correct problem in primary
cementing job.
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2.9 STAGES OF PRODUCTION IN CBM WELLS

1.

Dewatering (Water Production)- After drilling and completion techniques reservoir is

ready for the production. Generally, in most of the CBM wells the water is the important
thing which keep the adsorbed methane in place. As the completion is over and reservoir
is set for production during production first the water comes to the wellbore from the

reservoir which is then pumped to the surface by using pumps.

Stable Gas Production-As the water production happens the sorbed methane starts

releasing from the reservoir and as the water production rate goes on decreasing the
methane gas emission starts and reaches a final stage.
Decline Stage— As the production starts the pressure in the reservoir declines and the

methane production rate starts declining.
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Dewatering prg%;gmn
stage "

—
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stage

Water production rates

— —

»
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Fig. 13: Production graph(Source:google.com)

2.9.1 Hydraulic Fracturing

Hydro fracturing is an age-old method of stimulating oil and gas formations but now-a-days this
is being used commonly in almost all CBM formations for improving the connectivity between

the cleat systems in coal bed thereby increasing the permeability to CBM gas.

The characteristics of coal, being different in many ways from sandstone or limestone
formations, the fracturing treatment, principally being same, differs to a large extent during
application in CBM formation. The complete geometry of fracture changes and also the selection
of fracturing fluid, proppant etc. needs careful analysis. The well then can be fractured in
multiple stages, with treatments optimized for a particular coal seam or group of seams. To
ensure the appropriate interval is treated, stages can be isolated with:

Bridge plugs
Frac baffles
Sand plugs
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= Ball sealers
2.9.2 Need for Frac Treatment
There are four primary reasons why fracture treatments are needed in cased hole completions:

e To by-pass wellbore damage: The natural fracture network that is essential for fluid
production in coals can be invaded and plugged by drilling fluid and cement.

e To accelerate dewatering and pressure drawn: Pressure drawdown must extend deep into
the seam to accelerate the release of gas from the micropores. A propped fracture will extend
the effective wellbore radius if high fracture conductivity contrast can be established. This is
especially important in lower permeability coals, where a relatively long propped fracture is
desirable.

e To distribute the pressure drawdown to reduce fines production: This is accomplished by
reducing the pressure in the near well-borne area, where the coal is often in a degraded
condition. Again, high fracture conductivity contrast is essential.

e To effectively connect the wellbore to the entire reservoir: Due to abrupt vertical
discontinuities previously mentioned, perforations may not connect with all the fracture
networks, even at high density.

2.10 Uses of CBM

A permit that gives a company, country etc. the right to emit a specified amount of carbon
compounds into atmosphere and may be purchased if emissions are expected to exceed a quota
or sold if the quota is not reached: companies can accumulate carbon credits by funding new
forest growth.

1. Power Generation: CBM can be ideal fuel for Power Plants to bring in higher
efficiency and is preferred fuel for new thermal power plant on count of lower capital
investment and higher operational efficiency.

2. Auto Fuel in form of Compressed Natural Gas (CNG): CNG is already an established
clean and environment friendly fuel. Depending upon the availability of CBM , this could
be a good end use. Utilization of recovered CBM as fuel in form of CNG for mine dump
truck is a good option.

3. _Feed stock for Fertilizer- Many of the fertilizer plants in the vicinity of coal mines
where coal bed methane is drained have started utilizing fuel oil as feedstock.

4. Use of CBM at Steel Plants- Blast furnace operations use metallurgical coke to produce
most of the energy required to melt the iron ore to iron. Since coke is becoming
increasingly expensive, in the countries where CBM is available, the steel industry is
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seeking low-capital options that reduce coke consumption, increase productivity and
reduce operating costs.

5. Fuel for Industrial Use- It may provide an economical fuel for a number of industries
like cement plant, refractory, steel rolling mills etc.

6. CBM use in Methanol Production — Methanol is a key component of many products.
Methanol and gasoline blends are common in many countries for use in road vehicles.
Formaldehyde resins and acetic acid are the major raw material in the chemical industry,
manufactured from methanol.

7. Other uses- Besides above, option for linkages of coal-bed methane produced by coal
mines, through cross country pipelines may be considered.

Environmental issues related to CBM drainage — The core environmental issues related to
CBM drainage are listed below:

e Groundwater table draw down due to pumping large quantities of groundwater;
e Disposal of large volumes of produced water;

e Methane contamination of shallow groundwater;

e Noise pollution from compressors and other sources

e Air pollution from compressor exhaust gases, methane leakage, and dust; and

e Surface disturbance from construction of roads, pipelines, and other facilities.
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CHAPTER-3

PROXIMATE ANALYSIS

Proximate analysis is a way to determine the distribution of products when the samples are
heated under specified conditions.

Fig. 14: Digital Weighing Balance Fig. 15: Desiccator

3.1 Moisture content

Water is considered to occur in four different states in coal, as described by Krumin, 1963.

o

Adherent moisture: It is mechanically retained on the surface of the coal or in cracks and

internal cavities. The synonymous terms of adherent moisture are “free moisture”, “bulk
superficial water”.

99 ¢

water”,

Inherent moisture: These are condensed or physically sorbed in the capillaries and
micropores of the coal substance, distinguished by subnormal vapour pressure.
Synonymous terms are “true bed moisture”, “natural bed moisture”, or ‘“capacity
moisture”.

Chemically combined water: It is bound into molecular structure of the coal and released

only by the breaking of molecular bonds. This can occur either naturally during
coalification or artificially during pyrolysis.

Moisture of Hydration: It is the moisture of hydration of inorganic constituents in the
coal, especially clay minerals.
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o Total moisture: The coal which has been exposed to contact with water in the seam or
coal and coke wetted by rain, may carry free or visible water. This water plus the
moisture within the material, is referred to as total moisture.

The moisture content of any given coal sample is variable, and may range from near zero up to a
maximum capacity moisture content, which is reflective of the rank of the coal and composition.

3.2 Sample Preparation for Proximate Analysis:

Before preparation of coal sample for analysis, one must clean the floor and equipment. If not
cleaned properly, the equipment would remain contaminated and not give proper or good result.

3.3 Procedure:

Step 1: CRUSHING TECHNIQUE

Take 300gm of drilled core sample of coal to be crushed by the use of hand Mortar up to suitable
size for Grinder machine. Used for crushing samples upto the size <8mm of the coal sample.

Fig. 16: Mortor and Grinder (Source: Google Images)

Step 2: GRINDING TECHNIQUE

Total crushed same (43approx.. 300gm) sample of coal is taken for next stage of preparation for
analysis. If the particle size of an inhomogeneous sample is too large, the analytical results may
show considerable standard deviations. For reducing the deviation in analysis, the grinder
machine is used to maintain coal sample size to -212um.

Step 3: SIEVE TECHNIQUE

Fine-grinded sample of same coal size is grounded to pass -212um IS sieve size. All 300gm coal
sample is grounded to pass from -212um IS sieve and the residual sieved sample that cannot pass
is again crushed by the use of Mortar to reduce the standard deviation for analysis. When the
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entire sample (44approx.. 300gm) passes through the sieve, the same sample of coal is sent to
laboratory for the analysis of coal to determine coal quality through Proximate Analysis.

3.4 Determination of Moisture Content

Loss in weight of the coal sample is caused by the heating of coal sample for one hour at
108+2°C in the moisture oven. A known amount of finely powdered coal sample is kept in a
silica crucible and heated in a moisture oven at 108+2°C for one hour. Thereafter, the crucible is
taken out, cooled in a desiccator and weighed.

Fig. 17:0ven Fig. 18:Crucible to calculate moisture content
The percentage of moisture is measured by the given formula —

% Moisture in coal = [weight of sample (After heating) + weight of sample (Before
heating)]*100

% Moisture in coal = [{M2-M3} + {M2-M1}]*100
Where, M1 = weight of crucible
M2 = weight of sample + crucible (Before heating)

M3 = weight of sample + crucible (After heating)
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3.5 Volatile Matter

Volatile matter in coal refers to the components of coal, except for moisture, which are
liberated at high temperature in the absence of air. This is usually a mixture of short and long
chain hydrocarbons, aromatic hydrocarbons and some sulfur. The volatile matter of coal is
determined under rigidly controlled standards. Any coal which has high volatile matter content:

Can ignite easily.

Burns with long smoky yellow flame.

Has low calorific value.

Needs large furnace volume for combustion.
High tendency of catching fire.

3.5.1 Determination of Volatile Matter

It is the loss in weight of moisture free powdered coal when heated in a crucible fitted with cover
in a muffle furnace at 900+10°C for 7 minutes. Thereafter, the crucible is taken out, cooled in a
desiccator and weighed.

Fig. 19:Muffle Furnace (or Volatile Matter furnace)Fig. 20Crucible to calculate Volatile matter
The percentage of Volatile Matter is measured by the given formula —

% Volatile Matter = [{M2-M3} + {M2-M1}]*100

Where,M1 = weight of crucible
M2 = weight of sample + crucible (Before heating)
M3 = weight of sample + crucible (After heating)
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3.6 Ash Content

Ash content of coal is the non-combustible residue left after coal is burnt. It represents the bulk
mineral matter after carbon, oxygen, sulfur and water (including from clays) has been driven off
during combustion. Analysis is fairly straightforward, with the coal thoroughly burnt and the ash
material expressed as a percentage of the original weight.

3.6.1 Determination of Ash Content

It is the weight of residue obtained after burning a weighed quantity of coal in an open crucible
(i.e. in presence of air) at 815+10°C in a muffle furnace till a constant weight is achieved.
Thereafter, the crucible is taken out and cooled in the desiccator.

Fig. 21Ash Furnace Fig. 22Crucible to calculate ash content

The percentage of Ash content is measured by the given formula —
% Ash in coal = [{M3-M4} ~ {M2-M1}] *100

Where, M1 = Mass of crucible (in gm)
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M2 = Mass of crucible and sample (in gm)
M3 = Mass of crucible and ash (in gm)

M4 = Mass of dish after brushing out the ash and on Reweighing (in gm)

3.7 Fixed Carbon

The fixed carbon content of the coal is the carbon found in the material which is left after
volatile materials are driven off. This differs from the ultimate carbon content of the coal because
some carbon is lost in hydrocarbons with the volatiles. Fixed carbon is used as an estimate of the
amount of coke that will be yielded from a sample of coal. Fixed carbon is determined by
removing the mass of volatiles, determined by the volatility test, from the original mass of the
coal sample.

The elemental constituents of coal are carbon, hydrogen, nitrogen, sulphur and oxygen and these
are determined by ultimate analysis.

3.7.1 Determination of Fixed Carbon

It is determined indirectly by deducting the sum total of moisture, volatile matter and ash
percentage from 100.

% Fixed Carbon in coal = 100 — (% moisture + % ash + % volatile matter)

3.8 Result:

Table 4: Proximate Analysis Results

Input Sample Details
Sample DST/95/174/-72M
Sample Location 0
Date 26.04.2016
Vessel Number 4
Temperature(°C) 30
Eq. Moist (%) 1.1
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Proximate Analysis (air dried basis)

Moist (%) 0.9 Ash (dry) 17.1
Ash (%) 17.0 VM (dry) 19.4
VM (%) 19.2 FC (dry) 63.5
FC (%) 62.9 VM (daf) 234

FC (daf) 76.6
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CHAPTER-4

PETROGRAPHIC ANALYSIS

4.1 Introduction to Petrography and its Importance

Petrography is a branch of petrology that focuses on detailed descriptions of rocks. The mineral
content and the textural relationships within the rock are described in detail. The classification of
rocks is based on the information acquired during the petrographic analysis. Petrographic
descriptions start with the field notes at the outcrop and include macroscopic description of hand
specimens. The detailed analysis of minerals by optical mineralogy in thin section and the micro-
texture and structure are critical to understand the origin of the rock. So, Petrography is the study
of rocks under microscope.

Rocks like coal are premeditated under reflected light microscope as coal is made up of macerals
and they do not allow light to pass through them. Coal petrography is an important technique to
determine the coal’s rank (Degree of Coalification) and type (amount of macerals).

The rank of the coal is determined by measuring the percentage reflectance of the maceral
virtrinite whereas type is determined using a point count procedure to obtain the volume percent
of the various coal macerals, or fossilized plant remains. It is also done determine the mineral
matter (inorganic constituents) present in the macerals which may help in revealing the
depositional environment. It also helps in knowing the methane content as vitrinite in coal
indicates more cleat system and hence more is the chance of methane adsorption in the
micropores. If, more liptinite is present then more methane will be generated.

4.2 Introduction of Macerals

A maceral is a component having organic origin. The term ‘maceral’ in reference to coal is
analogous to the use of the term ‘mineral’ in reference to igneous or metamorphic rocks.
Examples of macerals are inertinite, vitrinite, and liptinite. They have a heterogeneous chemical
composition and non-crystalline structure. The study of macerals is done under a reflected light
microscope and reflectance is in the increasing order of Inertinite, Virtinite and Liptinite.
Vitrinite reflectance indicates the maceral maturity along with carbon, hydrogen and nitrogen
composition of a coal. Under the reflectance light microscope liptinite is identified by a dark
band while vitrinite and inertinite with brighter bands. In determination of the rank of coal,
vitrinite reflectance is used an identification tool. The band colour changes from dark grey to
light grey indicating a shift from peat to anthracite. Vitrinite is used as a reflectance indicator due
to its compositional origin. Liptinite composition include plant oil, seed and petals which are
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difficult to analyse under a reflectance microscope also inertinite has a wide range of variation
and thus do not confirm particular composition.

4.3 Mineral Matter and Microlithotype

All the maceral group are divided, based on physical and optical characteristics, chiefly into
three groups vitrinite, inertinite and liptinite. Further subdivision of individual groups is done
based on similar characteristics except for liptinite group where precursors determine the
type of subdivision.

+ Maceral Group: Defined by level of reflectance
+ Maceral Subgroup: Defined by degree of destruction
+ Maceral : Defined by morphology and degree of gelification

4.3.1 Vitrinite

It is a coalification product of humic substance, which essentially originates from the
lignin and cellulose of cell walls of a plant. The two most significant processes of vitrinite
formation during peat and brown coal stage are humification and gelification. Humification
involves slow progressive oxidation, which may be accelerated by addition of oxygen. In
presence of oxygen, the lignin is first attached by wood and then by aerobic bacteria and is
converted into humic substance. These are characterized by relatively high oxygen content and
make more chances of presence of cleats in the coal. Virtrinite is derived from wood and
parenchymatous tissues of roots, stem, barks and leaves composed of cellulose and lignin.
Vitrinite fluorescence begins approximately at 0.5% random reflectance and attains a maximum
intensity between 1% to 1.2% Rr. And thereafter declines rapidly. Chemically vitrinite is rich in
aromatic substance.

Classification of Vitrinite

e Telovitrinite: It is a subgroup of the maceral group vitrinte, where botanical structures
are preserved, which may or may not be visible. Parenchymatous and woody tissues of
roots, stem barks and leaves composed of celluloseand lignin, which originates from
herbaceous and arborescent plants, give rise to the maceral of this subgroup.

e Telinite: It is a maceral of the vitrinite group, subgroup telovitrinite consisting clearly
recognizable cell walls of more or less intact plant tissues. The reflectance of telinite
often differs from that of the cell filling. It describes layers of vitrinite with distinct cell
structure. The term is restricted for coalified cell walls of recognizable plant tissue.
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e Collotelinite: It is a maceral under subgroup telovitrinite, with a homogenous ,more of
less structureless appreance. The term denotes vitrinite layers which may exhibit poorly
defined structure. It is widely used to determine the rank of coal and organic matter in
sediments. It is derived from the parenchymatous and woody tissues of stems, leaves, and
roots of cellulose and lignin.

4.3.2 Inertinite

Based on optical and technological properties, macerals like fuinite, semifusinite, sclerotinite
and micrinite were grouped inertinite. Subsequently four additional macerals- macrinite and
inertodetrinite, funginite and secretinite are included in this group, latter two replaces
sellerotinite. The term inertinite implies that the constituents are more inert than macerals of
vitrinite and liptinite, particularly in carbonization process in which they behave as dilutent.
It has highest reflectance and textural patters among all three maceral types.

Classification of Inertinite

Fusinite: Since the dehydrated, charred and commonly thinned cell walls of the
fusinite are composed of almost pure carbon, they are rather inert and resist any
post depositional alteration by aerobic bacteria that might less stable macerals.

Semifusinite: It is intermediate between virtinite and fusinite showing well
defined structure of wood and sclerenchyma. The cell cavities, round, oval and
elongated in cross section, vary in size but generally smaller and sometimes less
defined compared to that in fusnite. It is brighter than vitrinite but paler than
fusinite of the same coal.

Funginite: High reflecting single or multi celled fungal spores, sclerotia, hyphae
and mecelia and other fungal remains are included in this class. It occurs as round
or oval bodies of varing size having light grey to white colour. It may occur as an
irregular cellular structure which is referred to as the ‘plactenchyme’ type of
selerotinite. It has strong relied and hardness.

Secretinite: Round to oblong vesicle to non-vesicle, non-cellular forms with high
reflectance are considered as secretinite. It has higher relief than macrinite. It is
pale grey to yellowish white and non-fluorescing. It does not fuse during coking
but may contribute to coke strength when dispersed in fused matrix.
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4.3.3 Liptinite

They originate from relatively rich plant material as spropollenin, resin cutin, suberin, wax
balsam, latex, fat and oil and as well as from bacterial degradation products of protein,
cellulose, and other carbohydrates. Although the proportion of liptinite is small in most of the
them, Gondwana coals rarely cross the 20% mark, high hydrogen content of liptininte
influences the technological and suberinite have considerable palaco-environment
significance. Presence of alginate, particularly telalginite, invariably signifies lacustrine
condition. During coalification, petrographic changes of liptinite differ for the different
liptinite macerals. In sporinite a first jump occurs at a vitrinite reflectance of 0.5% Rr when
petroleum like substance begin to form. Liptinite macerals tend to retain their original plant
form. These are hydrogen rich and have the highest calorific value of all coals macerals and
also contributes maximum in making of methane gas.

4.4 SAMPLE PREPERATION

To make a sample (pellet) of coal for petrography in case of studying macerals, following
procedure is followed:

o Coal blocks were taken from different coal seams to cover all representative sample
which are crushed and broken in the laboratory. It is allowed to pass through -60 and +25
mesh size.

o A representative coal block sample is used to prepare a pellet of 2.5 cm in diameter. The
coal particles were mounted on Montana wax or resin epoxy at a low temperature. It is
heated and mixed with nigrosine powder and was put in a mount which applies a pressure
of 17 MPa pressure to remove bubbles.

o Carborundum powder (120,300, 600, 1200 ASTM mesh size), Alumina (0.05
micrometer), magnesia powder, glass plate.

o The sample is rubbed having carborundum powder of 120 mesh size on glass plate using
little amount of water and then in series we use 300,600 mesh size carborundum and was
rubbed on the pellet. Carboxyl carbide paper was taken and 600 mesh carborundum

powder was rubbed on it.

o Pellet is again rubbed by magnesium, gamma-alumina powder simultaneously.
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4.5 REFLECTED LIGHT MICROSCOPE AND ITS WORKING

Reflected light microscopy is often referred to as incident light, epi-illumination, or
metallurgical microscopy, and is the method of choice for fluorescence and for imaging
specimens that remain opaque even when ground to a thickness of 30 micrometers. Much like
the fluorescence microscope, in reflected bright field microscopy the sample is illuminated
from above through the objective. The Kohler illumination principle applies in cases where the
objective with its pupil plane is also utilized as the condenser.

Standard equipment eyepieces are usually of 10x magnification, and most microscopes are
equipped with a nosepiece capable of holding four to six objectives. The stage is mechanically
controlled with a specimen holder that can be translated in the x- and y- directions and the
entire stage unit is capable of precise up and down movement with a coarse and fine focusing
mechanism. Built-in light sources range from 20 and 100 watt tungsten-halogen bulbs to higher
energy mercury vapor or xenon lamps that are used in fluorescence microscopy. Light passes
from the lamphouse through a vertical illuminator interposed above the nosepiece but below
the underside of the viewing tube head. The specimen’s top surface is upright (usually without
a coverslip) on the stage facing the objective, which has been rotated into the microscope’s
optical axis. The vertical illuminator is horizontally oriented at a 90-degree angle to the optical
axis of the microscope and parallel to the table top, with the lamp housing attached to the back
of the illuminator. The coarse and fine adjustment knobs raise or lower the stage in large or
small increments to bring the specimen into sharp focus.

Fig 23: Setup for Petrographic Analysis( Source: google.com)
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Fig 24: Reflectance Microscope (Source: Zeiss Official Site)

The coal petrography is performed by examining polished specimen of -60 mesh and +25 mesh

size.
4.6 Result:
%Vit |%Vit |%Int | %Int | % Lip | %Lip %MM | %Rr
mmf mmf mmf
Jharia | B-1 63.2 67.6 21.2 22.7 9.1 9.7 6.5 0.76
B-2 42.6 47 39.6 43.7 8.4 9.3 9.4 1.18
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CHAPTER-5

ESTIMATION OF IN-SITU GAS CONTENT OF COAL

Coal gas reservoir deliverability is a function of the amount of gas-in-place and the gas storage
capacity and movement characteristics. To reliably estimate these values, one must know in-situ
— gas content and desorption gas behaviour. Desorption describes the physical mechanisms by
which gas is released as reservoir pressure is reduced. Many accepted procedures for correcting
and interpreting gas content data from coals are now found inadequate. Using these procedures
without understanding their limitation can result in inaccurate simulation input data and reserve
estimate.

5.1 Gas Content

It is the amount of gas present in the coal. Gas content usually increases with depth due to
increase in the adsorptive capacity of coal with increasing hydrostatic pressure. The amount of
gas present in the coal not only depends upon depth but also upon ash content, rank of coal, its
burial history, chemical makeup of coal, temperature and the amount of gas lost over the
geological time. Gas adsorbed on the coal cannot be detected on geophysical logs as in
conventional reservoirs but is determined by volumetric calculations based on coring data.

Gas content can be determined by “Direct” or “Indirect” methods. While the Direct Method is
globally accepted, data generated by indirect methods are not always reliable.

5.1.1 In-Situ Gas Content Determination by Direct Method:

The Direct method is being followed wherein the gas content of coal is determined by measuring
the gas released from a sample of the coal core taken from the seam. A recovered coal sample is
placed in sealed desorption canister. The reduction in pressure from a reservoir pressure to
atmospheric pressure (at surface) causes the sample to release gas inside the canister. By
measuring the amount of gas released and weight of the sample, the gas content is determined.

Direct Method for in-Situ Gas Content:

The Direct Method of determination of in-situ gas content of coal core samples. Coal core
samples are collected during drilling of exploratory boreholes.

There are mainly three steps involved in measurement of in-situ gas content of coal core samples
retrieved from an exploratory borehole.

= Sampling of coal cores

= Estimation of Lost Gas (Q)),

= Measurement of Desorbed Gas (Q,) and
= Evaluation of Residual Gas (Q3)
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= Total Gas Volume(Q)

5.1.1.1Lost Gas (Qq):

Lost gas denoted by Q; is the amount of gas lost by core sample since its extraction from the
undisturbed coal seams to its confinement in the desorption canister. The amount of lost gas
depends primarily on the drilling medium and the time required for sealing the sample in the
canister. Since water was used as the drilling medium for cooling, the lost time is calculated by
the usual procedure as the time elapsed between initial desorption time when the core is half way
out of the hole and the time of sealing the core in the canister. The amount of lost gas was
estimated by fitting the least squares straight line for first few desorption data based on the
relationship that the initial values of gas desorbed is proportional to the square root of desorption
time.

A plot of the cumulative emission after each reading against the square root of the time that the
sample has been desorbing ideally would produce a straight line. A sample of experimental data
and supplementary information used to construct a lost gas graph follows

e Drilling Medium

e Time coalbed encountered (A)

e Time core started out of hole (B)
e Time core reached surface (C)

e Time core sealed in canister (D)
e Lost gas time calculation

Lost Time:

Lost Time = D — A (if air or mist is used)
. . . C-B
Lost Time (if water or mud is used) =D — C + (T)

5.1.1.2 Desorbed Gas (Q,):

Desorbed gas volumes were measured at atmospheric pressure and ambient temperature in a
graduated glass burette by displacement of water.

First few desorption data were collected at intervals of every 5 minutes and later at intervals
of every 10 to 15 minutes for the first few hours. Measurement of desorbed gas volumes were
then continued once or twice every day till the released gas volume was 0.05 ml/g/day for
several consecutive days.
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The changes in temperature and pressure were recorded at the time of taking each reading for
correction of gas volumes to standard temperature and pressure.

Cumulative value obtained by desorbed gas volume measurement gave desorbed gas (Q;) for
the coal samples.

In addition to the data listed for lost gas volume, care must be taken that the data listed below
are also noted and recorded.

*  Volume measured at each desorption point.

* Head space volume.

*  Canister temperature, ambient pressure and ambient temperature at each measure point.

*  Periods of excessive positive pressure (greater than 10 psig) in the desorption canister(s).
*  Desorbed gas sample collection intervals.

*  Desorbed gas composition as a function of time.

*  Length of desorption test.

*  Sorption time.

*  Sample weight

Valve

Pressure

gauge ——= (37

250-to 500- mi
inverted graduated
cylinder

Desorption
canister Clamp

stand

Dl by

Pan of water

Fig. 25: Desorption Canister at CSIR-CIMFR

S.1.1.3Residual Gas (Q3):

Subsequent to the determination of Q,, the coal core sample was weighed and known weight of
the sample was transferred into an airtight steel vessel, which contained several brass rods to
grind the coal samples. The steel vessel was initially purged off air prior to crushing and filled
with nitrogen to avoid absorption of oxygen of the air initially present in the vessel by the
crushed coal.

The crushing arrangement is similar in design as that used by Diamond and Levine and has been
found to crush the coal samples to fine powders below 200 mesh BSS size in about 40 minutes.

The volume of residual gas released on crushing was measured by water displacement method.
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From the measured volume of gas obtained after crushing a portion of the samples, the residual
gas (Qs) was calculated for the total weight of the samples.

5.1.1.4 Total Gas Volume (O):

The total volume of gas obtained by the addition of Q1, Q2 and Q3 gave the in-situ methane
content of the sample when divided by the total weight of the sample.

Gas content Q = (Q1+Q2+Q3)/W
Where,
Q=Gas content

QI=Lost gas
Q2=Desorbed gas
Q3=Residual gas
W=Weight of sample

5.1.1.5 Result:

e Name of Coalfield-Jharia Coalfield

e Borehole No.- JSJ

e Sponsor Company-ONGC

e Drilling Company- MECL

e State-Jharkhand

¢ Drilling Medium-Mud

e Core Size-NQ

e Ambient Temperature-30 degrees

e Type of core retrieval-wire line

e Core Interval- 713.00-716.00

e Desorbed Interval-714.65-715.15

e Core No.-5

e Date and Time Coring Started- 20/06/19 (15:00)

e Date and Time Coring Completed- 20/06/19 (17:10)

e Date and Time Pulling out started- 20/06/19 (17:32)

e Date and Time core reached surface(C)-20/06/19(17:45)
e Date and Time core sealed in canister(D)- 20/06/19(17:55)
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e Total weight of Coal-1480 gm
e Wt of crushed coal- 300 gm

e Residual gas volume-90 cc

e Temperature-30.5 degrees celsius

e Pressure-738 mm of Hg

Now,

Lost Time = (D-C)+((C-B)/2)

Lost Time= 16.5 minutes

Therefore,
0=6.178 cc/gm
Table 5: Direct Method For In Situ Gas Content Calculation
DATE  [Temp. |Atm. Press. Can. Dessor Total des. |Cum. Des. Gas
(dd/mm/yy |(in °C) |(in Hg) Temp. b. Gas Vol. (ml)
yy) (in C) [ml)

20/06/2019 | 28 73.8 30.4 0 0 4.06
28 73.8 30.4 80 80 4.64
28 73.8 32.1 100 180 5.147
28 73.8 36.8 120 300 5061
28 73.8 40.1 150 450 6.04
28 73.8 45.4 220 670 6.44
28 73.8 49.1 270 940 6.82
28 73.8 51.2 290 1230 7.17
28 73.8 49.8 270 1500 7.52
28 73.8 51.3 300 1800 7.84
28 73.8 52.1 310 2110 8.15
28 73.8 51.6 300 2410 8.45
28 73.8 50.4 280 2690 8.75
28 73.8 51.6 230 2920 9.027
28 73.8 51.8 200 3120 9.3005
28 73.8 49.1 170 3290 9.565
28 73.8 51.2 200 3490 10.075
28 73.8 49 .4 140 3630 10.559
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28 73.8 49.6 300 3930 11.895
28 73.8 48.9 250 4180 13.0958
28 73.8 48.9 1200 4380 14.195
28 73.8 49.3 310 14690 16.17
28 738 49.4 200 [ 4890 17.93
21/06/2019 | 28 73.8 49.6 600 | 5490 23.695
29 73.7 50.1 560 | 6050 28.31
31 73.7 49.1 300 | 6350 30.356
33 73.8 50.1 150 16500 32.27
33 73.8 49.4 90 6590 34.08
30 73.8 49.6 110 16700 37.43
28 73.8 50.7 120 | 6820 40.515
22/06/2019 | 28 73.8 51.1 100 16920 42.679
27 73.7 504 70 6990 45.403
27 73.7 50.6 60 7050 46.7
32 73.7 504 50 7100 49.208
33 73.7 50.3 0 7100 51.0049
35 73.6 50.3 0 7100 52.739
29 73.5 50.2 0 7100 54.69
29 73.5 50.6 0 7100 56.049
23/06/2019 | 29 73.6 50.1 0 7100 60.179

Lost Gas

10

15

20

25

30

® Lost Gas
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5.1.2 In-Situ Gas Content Determination by Indirect Method

Conventional indirect methods for estimating gas content require sorption isotherm testing and
analysis as well as knowledge of reservoir pressure and temperature. Isotherm testing is a
laboratory measurement of the gas that can be adsorbed as a function of pressure. Isotherm
testing indicates storage capacity, whereas canister desorption testing indicates actual gas
content.

Sorption isotherm analyses are typically performed with laboratory grade methane (or gas
mixture) up to and above the measured reservoir pressure.

1. Using Isotherms
2. Kim Method
3. Bulk density logs method

5.1.2.1 Using Isotherm

Sorption analysis of bituminous coal typically incorporates Langmuir’s theoretical relationship.
Langmuir hypothesized that the volume of gas sorbed at a constant temperature (thus the term
isotherm) is proportional to the concentration of the gas in free gas phase. In other words, the
concentration of gas sorbed depends on the pressure.

5.1.2.2 Using Kim’s Method

In 1977, Kim proposed another indirect method for estimating the gas content of bituminous
coalbeds (Kim, A.G. 1977). Kim combined relationship form various isotherm experiments to
formulate one equation to describe the gas storage capacity as a function of temperature pressure,
coal rank, and moisture content. The method was intended to approximate the dry, ash- free
storage capacity of bituminous coal bed at any depth, when only proximate analysis data are
available. Proximate analysis data includes moisture, ash, volatile matter, and fixed carbon
contents present in coal sample. The Kim relationship is shown below.

Gaar= (0.75)(1-a-w) X[ko(0.095d)"’- 0.14 {(1.8d/100) +11}]
Where, ko and n° are constant determined as
ko =0.8*(X5e/Xym )+5.6
np =0.315-0.01*(Xge/Xym)
where, Gy = adsorbed gas (daf) basis, cm’,
a= Ash content, wt.%,
w¢ = Moisture content, wt.%,
d = depth of sample, m’

xg= Fixed carbon, wt. %, and
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Xym= Volatile matter content, wt.%

Because Kim’s representation was derived empirically using regression analysis on specific
sample proximate analysis result, some precautions are required. In Kim’s equation gas content
increases systematically with increasing rank and depth, and that it is not affected by the
composition of the maceral (vitrinite, intertinite and exinite maceral groups) Further, the
equations that describe the rank-dependent constants, k, and n, may be based on statistically
inadequate data sets that are not applicable to other reservoirs.

5.1.2.3 Using Bulk Density Logs

Another indirect method involves estimating gas content from calibrated bulk density well logs
(Olszewski, A.J. et.al., 1993). Relationship between core-determined gas content and ash content
allow such calculations. Because gas sorbed only on the coal fraction, an inverse correlation
exists between coal gas and ash content data. Core ash content can be mathematically related to
high resolution bulk density well log data because ash content usually has the greatest influence
on coal bed reservoir density. Thus when you have representative in- situ gas content data
available, you can estimate gas content from bulk density well log data. These indirect
procedures can only be extrapolated to other wells or same as when you have adequate control
information.
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CHAPTER-6

ADSORPTION ISOTHERM

In 1938, Brunauerl categorized the adsorption of a gas on a solid into five types of isotherms.
"Isotherm" refers to the volume of gas adsorbed on a solid surface as a function of pressure for a
specific temperature, gas, and solid material. According to Brunauer’s classification, a Type I
isotherm, applies to the adsorption of gases in microporous solids. At high pressures, the amount
adsorbed becomes asymptotic with pressure. At higher temperatures, the amount adsorbed
decreases. At low pressures, large volumes of gas adsorb or desorb with small changes of
pressure.

Consequently, that at abandonment of a coalbed methane (CBM) well at a low reservoir
pressure, the recovery factor will be highly dependent on how far the drawdown in the reservoir
proceeds. Type I isotherms closely describe the adsorption/desorption behavior of methane on
coals, and the model has been applicable without exception. The Langmuir equation fits the
adsorption data of methane on coal and is used exclusively in the CBM process to describe the
Type I curves. The model is such a close fit of the adsorption data of all coals that use of the
Langmuir equation is universal in the industry. Further, its simplicity is appealing.

The relation between the adsorbed gas volume and pressure due to overburden is fixed by
Langmuir equation and adsorption isotherm (Langmuir curve). The adsorption isotherm assumes
that the gas molecules attach on the surface of the coal and cover the coal surface as a single
layer (mono layer). Nearly all the gas stored by adsorption exist in a condensed and near liquid
state.

The typical formulation of Langmuir Isotherm is:

VP
e

Where,
P = pressure (psia)
V (P) = amount of gas at P, also known as gas content (scf/ton)
V. = Langmuir volume parameter (scf/ton)
P = Langmuir pressure parameter (psia)

V(P)=
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6.1 Langmuir Isotherm:

The most commonly used equation to describe the adsorption of gases on a solid is that of
Langmuir, who developed the theory in 1918 The major assumptions in deriving the equation are
as follows:

* One gas molecule is adsorbed at a single adsorption site.

* An adsorbed molecule does not affect the molecule on the neighbouring site.

* Sites are indistinguishable by the gas molecules.

* Adsorption is on an open surface, and there is no resistance to gas access to adsorption sites.

The assumption of an open surface is a troublesome one in the Langmuir theory because
micropore throats leading to cavities in the coal may be thousands of molecular diameters long
and only several molecular diameters wide.

Therefore, the adsorbate does not have unrestricted access to the adsorption sites, which are far
from comprising an open surface.

The development of the Langmuir equation reveals how the faulty assumption still serves the
true phenomenon.

At equilibrium for a given temperature, the rate of molecules of adsorbed gas leaving adsorption
sites will equal the rate of those attaching to adsorption sites, somewhat similar to evaporation
from the surface of liquid water.

This state of equilibrium can be described if we let » = rate of adsorption and desorption from
complete monolayer coverage at constant temperature
The Langmuir isotherm equation has 2 parameters:

6.1.1 Langmuir Volume (Vy):

This is the maximum amount of gas that can be adsorbed on a piece of coal at infinite pressure.
The following image is of a typical isotherm and shows its relationship with V.

Typically, the units for the Langmuir volume parameter (V) are scf/ton (volume gas per mass of
unit coal). The volume parameter can be converted to a sct/ft3 (volume gas per volume unit coal)
by multiplying it by the coal bulk density.
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6.1.2 Langmuir Pressure (Py):

This parameter affects the shape of the isotherm. The Langmuir pressure is the pressure at which

The Impact of Langmuir Volume and Pressure Constant on the Isotherm

Fig 26: The impact of Langmuir Volume and Pressure Constant on the Isotherm

7> the gas is desorbed from the coal.

6.2 Methods carried out for Adsorption Isotherm:

6.2.1 Sample preparation:
It involves three steps which are following:

a) Sample Selection:

Sample for Isotherm can be collected from exploratory borehole or from underground mines
and sample is selected on the basis of depth and ash content. For experiment, ash free coal is
suitable to avoid the influence of mineral matter on adsorption capacity. For this purpose,
before performing experiment, proximate analysis of the sample is carried out. The purpose
of proximate analysis is to quantify the mass of coal present in the isotherm samples.

b) Sample Crushing:

The sample is then crushed and passed to a sieve of size -0.630 mm + 0.400 mm. The small
sizeof coal sample is used for adsorption and desorption of methane in a shorter time period.
A larger particle size results in longer waiting periods for reaching sorption equilibrium.
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c) Equilibration of moisture:

Moisture content is an important influencing parameter of adsorption isotherm. Equilibration
of moisture affords a means of estimating the bed moisture of either coal that is wet and
shows visible surface moisture, or coal that may have lost some moisture. When samples are
collected, the equilibrium moisture is considered to be equal to bed moisture with the
exception of some low rank coals that yield equilibrium moisture values below bed moisture.

Fig. 27: Desiccator containing K2SO4 at the bottom

For samples preparation, coal samples are weighted and at 50°C and deionized or distil water is
added to increase the moisture content greater than the equilibrium moisture content. A known
weight of the sample is placed in an evacuated desiccator containing water vapor in equilibrium
with saturated solution of K,SO4 and desiccator is placed in an air incubator that maintains
reservoir temperature.

Fig. 28: Air incubator to maintain the temperature
during sample preparation
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This saturated solution of K,SOy, is used to maintain the relative humidity up to 96%. Samples
are periodically reweighed and placed in the evacuated desiccator until a change in weight does
not exceed 0.001 gm. Thus, the coal sample obtained in equilibrium moisture condition is ready
for methane adsorption isotherm studies.

6.3 Adsorption Isotherm Determination:

The adsorption isotherm determination experiment involves 2 stages:

1. Measurement of void space (dead volume) in the samples.
2. Determination of adsorption capacity.

In this experiment adsorbate (pure methane) is supplied to adsorbent (coal sample) to adsorb
methane molecule at reservoir temperature and pressure and the adsorbed gas volume is
calculated by drop in pressure transducer.

Fig 29: High Pressure adsorption Isotherm Construction at CSIR-CIMFR

6.3.1 Measurement of dead volume:

The volume which is not occupied by the sample is known as dead volume. It is determined by
non-adsorbing gas usually helium, which is an inert gas and has the smallest molecule that can
enter easily into the micro-pores of the samples. For determination of dead volume, equilibrated
moisture coal
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sample is put into the sample cell. Dead volume is determined by evacuating and then filling the
reference cell with helium and allowing it to equilibrate at reservoir temperature. Helium is then
admitted to sample cell from reference cell and a drop in pressure is recorded. Dead volume is
calculated by measured drop in pressure.

Procedure of determination of dead volume:

* The equilibrated moisture coal sample was into the sample cell.

*  Now vacuum pump is switched on, to evacuate the air present in the sample cell as well as
reference cell.

* As reference cell and sample cells were kept in water bath, the water bath should be at the
desired temperature for the isotherm determination.

* Valves to the vacuum pump and sample cell were then closed and valves to reference cells
were opened.

* Then helium gas was injected into the reference cell at known pressure.

* Now valves to reference cell were closed and the temperature is allowed to equilibrate
with the water bath for one hour.

* Now valves to reference cells were opened and then helium was slowly admitted to the
sample cells.

* The setup was left for one hour for temperature equilibrium in the sample cells.

*  Drop in pressure was recorded which determines the dead volume.

6.3.2 Measurement of adsorption capacity:

After determination of dead volume, the apparatus is again evacuated for determination of the
adsorption isotherm. Methane is added to reference cell, allowed to equilibrate at reservoir
temperature and then admitted into the sample cell. The amount of gas adsorbed is calculated by
drop in pressure. The drop in pressure is recorded to determine the adsorption isotherm. The
procedure is repeated at increasing pressure steps until the highest pressure is reached.
Computation of Langmuir pressure and volume and adsorption isotherm is performed on Excel
spreadsheet.

Procedure for measurement of adsorption isotherm:

* After determination of dead volume, valves to reference cells, sample cells and vacuum
lines were opened.

* The whole system was evacuated.

* Valves to vacuum pump and sample cells were then closed and valves to reference cells
were opened.

* The methane gas was introduced into the sample cells at a known lowest at 500 kPa.
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* Valves to reference cells were closed and temperature was allowed to equilibrate with

water bath for one hour.
*  Now valves to sample cells were opened and methane gas was slowly admitted to sample

cells.
* The whole setup was left, for at least one hour for temperature equilibrium in the sample

cell.
* Drop in pressure was recorded.

* Pressure was increased in the reference cell to the next pressure step by adjusting the

regulator on the gas cylinder.
* The steps were repeated at increasing pressures up to 8000 kPa.
* The above procedure was repeated by decreasing pressures up to 500 kPa.

e e

Fig. 30:Methane Adsorption Curve

6.4 Application of Adsorption Isotherm:

Adsorption isotherm is used-

1) Determination of the saturation level of coal.
2) Determination of the critical desorption pressure.
3) Determination of the abundant reservoir pressure.

4) Determination of the recovery factor.
5) Future prediction of recovery of gas by reducing hydrostatic pressure of the reservoir.

6) Determination of total recoverable gas from the well.

7) Analysis of the age of the well.
8) Investigation of the economic viability of the well.
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6.5 Significance of adsorption isotherm:

1) Determination of degree of saturation of coal seam

By preparing an isotherm we can calculate the maximum volume of gas (VL) and Langmuir
pressure. We can also calculate total gas content of coal (VA) by direct method.

If VA = VL, coal is said to be saturated.

If VA < VL, coal is said to be under saturated. Higher the degree of saturation higher is the gas
production.

2) Assessment of rate of gas production —

In order for the gas to be produced it has to defuse methane from the coal matrix to the cleat
system. We have to reduce the overlying pressure by hydro-fracturing & dewatering. If the
pressure is known, we can calculate the corresponding volume of gas desorbed by reducing
pressure.

3) Determination of percentage recovery of gas during production -

To start the diffusion, we have to reduce the pressure of coal seam. After a certain limit we
cannot the reservoir pressure. This limit is called abandoned pressure and the corresponding
volume of gas is called the abandoned gas volume which is unrecoverable i.e., we cannot exploit
the 100% of the contained in the seam. In actual practice we can exploit only 30-45 % of
adsorbed gas volume due to technical problem.

6.6 Result:

Table6: Adsorption Isotherm Method For In Situ Gas Calculation

Input Sample Details

Sample DST/95/174/-72M
Sample Location 0

Date 26.04.2016

Vessel Number 4
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Temperature(°C)

30

Eq. Moist (%)

1.1

Table 6:Adsorption Isotherm Method For In Situ Gas Calculation

Output Adsorbed Gas
Input CH4 Pressures Content
Pressur
Pressure e Moisture Equilibrated daf
cc/g (at std.
(KPa, abs) (atm) cc/g (at std. Reporting) Reporting)
221 2.18 5.3 6.5
703 6.94 8.0 9.8
1250 12.34 9.7 11.8
1752 17.29 11.0 13.4
2264 22.34 11.6 14.2
2761 27.25 12.8 15.6
3273 32.30 13.5 16.4
3780 37.31 14.1 17.2
4282 42.26 14.6 17.9
4804 47.41 14.9 18.2
5291 52.22 15.4 18.8
5793 57.17 16.0 19.5
6300 62.18 16.0 19.5
6802 67.13 16.3 19.9
7294 71.99 16.7 20.4
7801 76.99 16.9 20.6
8293 81.85 16.9 20.7
8780 86.65 17.6 21.5
9302 91.80 17.6 21.5
9794 96.66 18.4 22.5
Output results As analysed daf
Langmuir Volume (Vi)
(cc/g) 19.9 24.3
135
Langmuir Pressure (Py) (kPa) 1357 7
Langmuir Pressure (Py) (atm) 13.4 13.4
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