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Utilization of Coal mines
overburden dumps for Harnessing
Solar Energy and Excogitate
Economic, Social and
Carbon Trade-off

Manoj Kumar!, Sangeeta’

ABSTRACT

This paper discusses the pros and cons of substituting solar power system as alternative land use
(ALU) vis a vis other land use (OLU) in post-mine closure scenario in one of the coalmines in Jharkhand
and its impact on the neighboring community and environment based on the triple bottom-line frame-
work.

The data under study area for its pre-mining and post-mining phase is collected and its land use is
assessed. Based on the assessment, a new land use for solar power system is included and subsequently
its effect on Economy, Society and Environment is analyzed and quantified. This paper proposes a new
land use over 20 ha on one of the external overburden dumps on non forest land of the study area. It
includes a mix of Solar Photo Voltaic System (10 MW) on the top, plantation over other reclaimed area
and other usage of land to reduce the net GHG emission of the system without compromising any of
the statutory provisions of the mine closure guidelines (2013). This system will generate approximately
6624 MWh/yr resulting in a revenue generation of Rs. 4.30 crores/yr with an estimated net reduction of
7114 tons of CO,_ / yr. The electricity so generated will benefit about 6049 households i.e. 9.33 % of
the present household in its vicinity, covering a population of approximately 30,000 persons. This study
will strengthen the energy plan of the coal company and will help achieve its long-term plan of energy
diversification.

Keyword: Solar, Coal, Closure, Carbon Trade-off, GHG
INTRODUCTION

Demand for energy and associated services, to
meet social and economic development and
improve human welfare and health is increasing.
The society requires energy to meet basic hu-
man needs (e.g., lighting, cooking, space comfort,
mobility and communication) and to serve pro-

ductive processes. Global use of fossil fuels (coal
oil and gas) has increased to dominate energy sup-
ply, leading to a rapid growth in carbon dioxide
(CO,) emissions. Greenhouse gas (GHG) emis-
sions  resulting from the provision of energy ser-
vices has contributed significantly to the historic
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increase in atmospheric GHG concentrations. Re-
cent data confirm that consumption of fossil fuels
accounts for the majority of global anthropogenic
GHG emissions. Implications of past emissions for
future warming were discussed by Group I of In-
tergovernmental Panel on Climate Change(IPCC)
in its 48th Session of the Intergovernmental Panel
on Climate Change at Incheon, Republic of Ko-
rea held on 1%— 6™ Oct” 2018. In subsection A2.2,
A3.3 countries like Australia, Germany, Chile,
Canada, UK, US Angola, Norway, Saudi Arabia
put forward the concept of reaching and sustain-
ing net-zero CO, emissions and declining net non-
CO, radiative forcing so that net anthropogenic
global emissions must equal zero to halt to global
warming.

Entire World is in search of pathways that
limit warming to 1.5°C. Harnessing solar energy
can be very useful in combating global warming.
Solar Radiation Management (SRM) measures are
being thought off as one of the alternatives. This
was also the burning issue at IPCC-48 (Group III).
Energy mix is required in the share of renewa-
bles particularly solar energy. It has an enormous
potential to mitigate climate change and can pro-
vide wide benefits. (IPCC-15) It will contribute
to social and economic development, energy ac-
cess and a secure energy supply, thereby, reducing
negative impacts on the environment and health.
It is imperative that coal mines must adopt system
transition especially with transition in regional
land use. The change in mine closure activity can
achieve this objective.

Coal Mining is a site-specific activity that dis-
turbs the land environment by changing natural
pattern of land by creating void and dumps of over-
burden. While granting Environmental Clearance
(EC) to a project, pre and post mining land use are
provided in the EC letter issued to a project. The
post mining land-use of mines is usually limited to
use of dump and backfilled area for plantation and
remaining void area as water reservoir.

For Coal and Lignite mine, a guideline was for-
mulated dated 07.01.2013 for preparation of Mine
Closure Plan by Ministry of Coal. The guideline
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promotes to create a self-sustained ecosystem.
This focuses mainly on the sustainable land man-
agement at the project site.

Sustainable land management in mine closure
process can be a helping tool in land-intensive
mitigation options on the Sustainable develop-
ment goals (SDGs). Involvement of scenarios
in Bio-energy with carbon capture and storage
(BECCS) and agriculture, forestry, and other land
use (AFOLU) levels in 1.5°C pathways are one of
the focused area , where only few studies are made
at present. Countries like Switzerland, EU, Nor-

way, China along with India are also of this opine.
(C3.2 of IPCC-438).

Over 120 researchers working with the Inter-
Governmental Panel on Climate Change (IPCC),
also indicate that the rising adoption of renewable
energies could lead to cumulative greenhouse gas
savings equivalent to 220 to 560 Giga-tons of car-
bon dioxide (GtC02eq) between 2010 and 2050.
Close to 80 percent of the world‘s energy sup-
ply could be met by renewables by mid-century
if backed by the right enabling public policies.
Draft National Energy Policy formulated by NITI
Aayog envisages that, while in 2012 coal power
stations has a share of 65 % and Solar CSP & PV
has a meager share of 0.002 % in Electricity Gen-
eration in India, by 2040 the share of Coal power
stations will fall to 41.5 % and share of Solar CSP
& PV will rise to 14.12 %.

INDIAN SCENARIO FOR MINE CLOSURE

The Central Government vide Notification No.
GSR 329 (E) dated 10.04.2003 and No. GSR 330
(E) dated 10.04.2003 amended the Mineral Con-
cession Rules, 1960 and Mineral Conservation
and Development Rules, 1988 respectively.

The view amendments specity that all the exist-
ing mining lessees are required to submit the "Pro-
gressive Mine Closure Plan" along with prescribed
financial sureties within 180 days from date of no-
tification. Further, the mining lessee is required to
submit "Final Mine Closure Plan" one year prior
to the proposed closure of the mine. In the notifi-
cation it has been enunciated that the "Progressive
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Closure Plan" and "Final Closure Plan" should be

as per the guidelines issued by the Indian Bureau
of Mines.

For Coal and Lignite mine, a guideline was for-
mulated dated 27.8.2009 for preparation of Mine
Closure Plan by Ministry of Coal, Govt. of India,
New Delhi. The same was amended on 11.1.2012,
25.4.2012. Finally on 07.01.2013, the amended
guideline came into focus that supersedes all the
previous guideline.

The Mine Closure Guideline incorporated sev-

eral important features such as incorporation/Ap-
proval of MCP in project Report/ Mining Plan for
new and existing mines and opening of Escrow
Account prior to obtaining permission for opening
a mine from Coal Controller (Fig -2).

STUDY AREA

The study of this paper has been limited to an
existing coal-mining project situated in East boka-
ro Coalfield , Dist. Bokaro, Jharkhand.(Fig.- 1)

As per census data 2011, 76 villages with ap-
proximately 64835 households falls within 10 km
radius of the mine lease area. (Table -1).

Table-1: Household Survey
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Fig.-1 : Location of the Study Area
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Although Power supply for domestic/agricul-
tural purposes is available in more than 95% vil-
lages, but, is not available for commercial purpose
in about 50 % of the villages. In addition, despite
the villages being connected with Electric lines,
power supply is intermittently as is the case with
all rural areas of the state particularly in summer
season.

OBJECTIVE

The main objective of the paper is to examine
the Economic, Social and Carbon Trade-off of
Solar photovoltaic system in the post-mining land
use. In addition, carving alternate land use plan for
post-mining scenario for a mining complex situ-
ated in East Bokaro Coalfield of Bokaro District,
Jharkhand.

Exploration

Prefeasibility Study
Feasibility Study with Planning & Design

Incorporation/Approval of MCP in project Re-
port/ Mining Plan

Other Statutory Approvals

Construction & Opening

Work & Mine Development

Introduction of Solar PV System

End of Mine Operation

Mine Closure

Activities after Mine Closure
Leaving the facility

Source- Mineral intelligence capacity analysis pp 3/12

MATERIAL & METHODOLOGY

The methodology of study includes develop-
ing of alternate land use scenario (ALU) over
the original land use (OLU) being practiced by
the mine managers while preparing mine closure
plan (MCP) based on MCP guideline issued my
Ministry of Coal (MoC), Government of India
(Gol). This implies of installation of Solar PV
power plant in the intermediate mining process af-
ter mine has developed and started producing coal
(Fig. 2). In this study, the solar PV power plant
is proposed to be introduced in 3 year and to be
constructed and installed over overburden dump
placed on non-forest land.

DATA COLLECTION

The land use data collected from public do-

Detailed Planning of Mine Closure

Transition to closure T

Fig.-2: Mine Closure Activity
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main. The pre and post-mining land use are given
at Table-2. The percentage share of different land
use is shown at Fig.-3.

The solar PV plant is proposed over the non
forest land and over one of the overburden dump
covers about 20 Ha. 11.5 Ha for solar plates and
rest for other activities. The landuse lay out is
shown at Fig.-4.

Apart from the land use, the mine closure ac-
tivities proposed and the %of the total mine cost
breakup of the activities are given in Table-3.

DESIGN & LOCATION OF SOLAR POWER
SYSTEM IN STUDY AREA

The facility data location for the study area
(Karo, Bokaro, elevation 323 m) is about 82 km
from the Climate data location (Ranchi, eleva-
tion 453m, heating design temp=11.9°C, cooling
design temperature=33.3°C, earth temperature
amplitude= 19°C). It falls in vey hot and humid
climate zone (Fig.- 5). The solar path at the facility
location is shown at Fig.- 6.

It requires 4 acre / MW. Introduction of 10
MW of solar photovoltaic system will require 49.4
acres. 40 acres for construction and instyallation

of PV system and 9.5 acres for road and mainte-
nance activity.

Assuming there is no shading effect and fixed
tilt plane. Collectors plane orientation with tilt =
23 degree and azimuth as 0 degree. The system
has only one array. For 10 MW photovoltaic sys-
tem, plant size is to be 10,000 kWp.

SELECTION OF PV MODULE

PV module selected for this model is Trina So-
lar make with module size : 275 W, Short ckt cur-
rent (Isc) = 9.26 A, maximum power point (Impp)
= 8.76 A, temperature coefficient of 4.6 mA/°C,
open ckt voltage(VoC) = 38.7°C and voltage at
maximum power point (Vmpp) =31.40 V. We get
lower value as per rated capacity.

SELECTION OF INVERTER

SMA, string inverter, 1000kw Sunny central
choosen for this design. A total of 8 inverter is
required with operating voltage of 596 — 900 V
and input maximum voltage of 1000 V each. This
combination will make 8000 kWac of gloval in-
verter poer against 10 MW of installed power with
a temperature coefficient of — 0.38%.

Table 2 : Land use of Study Area

During Mining Area (Ha) [ Post-mining Area (Ha)
oLu | ALU
Quarry 295.75 Plantation on backfilled 160.54 160.54
area
Void Filled with Water 135.21 135.21
External OB dump 95.24 Plantation on External 95.24 75.25
Dump
Solar PV Plant 0.00 20.00
Infrastructures 45.08 Public Use 45.08 45.08
Road/Vacant Land 85.25 Road in public use 4.40 4.40
Green belt 27.5 27.5
Undisturbed land 53.35 53.35
Residential colony 5.00 Residential Colony 5.00 5.00
Conveyer Belt 26.52 company use 26.52 26.52
552.84 552.84 552.82
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Fig.-3 : Land use
(Top left : During Mining, Bottom left : Post mining as per proposed MCP (OLU), Bottom Right :
Post mining — Alternative)(ALU)

Table-3: Mine Closure Activity

S No ACTIVITY % OF TOTAL MINE
CLOSURE COST
1 Dismantling of Structures 3.17
2 Permanent Fencing of mine void and other 1.5
dangerous area

3 Grading of highwall slopes 1.77

4 OB Dump Reclamation 89.06

5 Landscaping 0.3

6 Plantation 0.72

7 Monitoring of parameters for three years 0.42

8 Entrepreneurship Development 0.26

9 Miscellaneous and other mitigative measures 2

10 Manpower cost for supervision 0.8
TOTAL 100
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Fig.- 4 : Land use layout for ALU

DESIGN OF ARRAY

The array to formulate with 23 no. of module
in series and 1581 strings in parallel with a total
of 36363 number of module covering an area of
59519 m?. The plane irradiance comes out to 100
W/m?. Impp (STC) = 13908 A, Isx (STC)=14640
A at an operating condition of Vmpp(60°C) = 620
V, Vmpp(20°C)=737 V, VoC(-10°C) = 968V.
This array will work on maximum operating
power of 9024 kW at 1000 W/m? and 50°C. Array
nominal power at STC will be 10000 KWp.

Different lossess in this model includes PV Ar-
ray loss (Array soiling lossess, thermal loss, Ohm-
ic loss, Module Quality loss, module mismatch
loss,string mismatch loss) and Auxiliaries loss.

EFFECT ON ECONOMICS

The study area is an opencast coalmine. As
per provisions of guidelines of MCP 2013, an es-

amount of Rs. 3317 Lakhs @ of Rs. 6 lakhs/ha
and assuming no rise in wholesale price index.
Considering life of mine to be 20 years, an annual
corpus of 166 lakh and in total 5505 to be depos-
ited up to the end of life of mine (Fig.-8). There
is investment of Rs. 50.5 crores for the solar PV
plant in 3" — 5% yr (Fig -7).

Economic benefit from attaining the solar PV pro-
ject its payback period i.e. after 8" year up to end
of life is about 30 crores (@ Rs.4.3 crores/yr from
14" year to 20™ year (Table -4 & Fig. -7).

ALU will result into increased reimbursement
opportunity before 25th year, the year up to which
claim for reimbursement is to be made is to the
tune of Rs. 10 crores over Rs.5.9 crores in original
land use scenario (Table -3 and Fig.- 8).

EFFECT ON SOCIETY

From the assessment of societal benefit of the

crow fund provisioning to be made for a minimum  mine closure practice in ALU scenario it was
Table-4 : Economic benefit for ALU
Year 14" 15" 16* 17" 18® 190 20" Total
Amount| 430 430 430 430 430 430 430 3010
in Rs
Lakhs
Minetech, Volume 40 No 2, April-June, 2019 9




found that the society leaving in an around the
study area will be benefitted by Rs. 4.3 crores /
year after the end of activity of mine i.e. after 20th
year in the name of profit earned by the project
(Table-6). This is because the PV power plant,
which was installed by the mine management, will
be in control of the society and has 10 more years
of its life.

Considering the norms for an average house-
hold consumption/month as 90 unit, a total of 6049
house hold will be getting clean electricity from
the already installed by the mine management of
the study area (Table-7).

EFFECT ON ENVIRONMENT

Rehabilitation process in ALU Scenario of the
mine closure process after end of mining process
in 20th year will result into 7114.4 tons of CO,,
per annum ie 0.7 lakh tons of CO,, for the remain-
ing life of the PV system and 1.8 lakh tons for
whole life, which is 25 years (Fig.-9). This GHG
reduction is equivalent to 634 Ha (=654.3-20) ha
or 1567.5 Acre (1616.9-49.5) of plantation which

would have absorbed the GHG.
RESULTS & INTERPRETATION

On comparing OLU & ALU it may be observed
that ALU is a much better option and have effect
on environment, Social and economic tradeoff.
ALU scenario would restrict 0.18 Million tons
of CO,, @ 7114.4 tons of CO, per annum which
is equivalent to 634 Ha of forest absorbing CO,.
Rehabilitation process will further benefit about
thirty thousand population covering 9.33% of the
household in the nearby community by providing
clean energy to the tune of 6624.0537 MWh/year.
Economic benefit may include Rs. 4.3 crores of
revenue per year amounting to Rs. 30 crores for
the mine management and Rs. 43 crores towards
the communities after the closure of mine activi-
ties. This would facilitate the mine management
to fund the corpus for escrow fund from 12 year
itself amounting to Rs. 30 crores. ALU Scenario
will result in increased reimbursement opportunity
by Rs.10 crores over Rs.5.9 crores as of in OLU
Scenario.

ar
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L
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Fig-5: Site Reference Condition
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Solar paths at Karo Bokaro, (Lat. 23.80" N, long. 85,98 E, alt. 253 m) - Legal Time
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Fig.-6 : Solar path at facility data location
Table-S: Reimbursement Opportunity

Year Reimbursement Year Reimbursement Year | Reimbursement | Diff.
OLU ALU Diff. land use scenario | Diff. land use scenario
OLU | ALU OLU | ALU

Ist 0 0 0 8th 30 178 148 17th 31 33 2
2nd 0 0 0 9th 30 335 305 18th 31 33 2
3rd 0 0 0 10th 30 557 547 19th 29 31 2
4th 0 0 0 11th 30 32 2 20th 27 29 2
5th 0 0 0 12th 32 32 0 21st 25 27 2
5th 26 26 0 13th 34 34 0 22nd 26 28 2
7th 26 26 0 14th 34 34 0 23rd 26 28 2
15th 33 35 2 24th 27 29 2
16th 33 35 2 25th 31 33 2

Note:All figures in lakh, OLU Land use , ALU- Alternative Land use

Fig.7 : Yearwise Reimbusement & Investment for solar PV
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Fig-8: Reimbursement Opportunity

Table-6 : Benefits from solar PV Plant

Year 21t [22nd |23 |24t 25t |26t |27% 280 |20t |30% | Total
Amount in|430 |430 [430 |430 (430 430 (430 430 [430 |430 [4300
Rs. lakhs

Table -7 : Expected Societal benefits to the nearby population

SI. No. Description Quantity Unit
1 Avg Household Consumption/Month 90.00 KWh
2 Avg Household Consumption/Day 3.00 KWh
3 Electricity exported to grid/yr 6624.0537 MWh
4 Electricity Generation/day 18148 KWh
5 Total Household 64.835.00 Nos.

6 Total Household accommodated 6049

7 % Of accommodation 9.33%

8 No of Population benefitted 30246
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Fig.-9 : Annual GHG emission Reduction

IMPROVEMENT POSSIBILITY AND * Mismatch in string and module to be avoided.
CHALLENGES * Incident angle modifier to be used.

» Module output be ensured more than 80% at the
end of 25" year.

» Use different mode of tilt angle for different
seasons / different time of day for better result
keeping in mind the cost of operation part.

» While choosing technology and design of plant,
project cost and land requirement to be consid-
ered.

» Number of inverter to be kept minimum for re-
duction in cost on inverter. However, for large
inverter, its carrying to site and terrain of the
area where to be installed are to be considered
while designing the plant.

 As deposition of dust in India is more compared
to other country, i.e. soiling loss is greater at In-
dian condition, so this loss is to be considered.

* Collection loss and system loss are to be

The performance is directly proportional to dif-
ferent losses thereby reducing the losses; im-
provement in performance may be visible.
Length of wire from inverter to injection point
to be kept minimum.

Length of wire between inverter to injection
point ie from output of inverter to grid to be
minimum. If length is more than facility of
voltage step up is required.

Module to be procured from the reputed suppli-
er and must be readily available in the market
for quality assurance.

Transformer to be chosen for minimum trans-
former loss.

Not expose the module to sun for long as per-
formance degrade.
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considered.

* The availability of electricity grid near the solar
installation is an essential component, which
needs to be provided by the concerned agen-
cies.

» MOU/Agreements If required, need to be en-
tered into among the beneficiaries / DISCOMs/
Distribution Licensees and the other involved
parties.

CONCLUSION

Alternate land use plan for post-mining scenar-
io for a mining complex situated in East Bokaro
Coalfield of Bokaro District, Jharkhand has an
edge over the original landuse being considered in
the preparation of MCP. ALU is a much better
option and it has beneficial effect on environment,
Social and economic tradeoff. This study will help
the researchers in deriving the energy systems un-
der pathways limiting global warming to 1.5°C
with limited overshoot (C4.2 IPCC-48). Societal
and systems transitions and transformations in the
MCP will help in limiting global warming to 1.5°C
and provides a powerful tool to mine managers in
resolving problems being faced in reimbursement
of fund since targets to be achieved in progressive
mine closure is not explicitly provided. ALU op-
tion have a positive impact on job creation also
and can contribute to a more secure energy supply,
although with some specific challenges. Improve-
ment is possible in terms of technology & design
of plants.
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Single Lift Thick Seam PSLW
Operation in India and
Crossing a Fault in
Such Operation

M. P. Dikshit*

SYNOPSIS

After nationalization of Indian Coal Mining Industry, there was attempt to extract moderate seams
using powered support Longwall (PSLW) with heavy duty equipment to boost u/g production.

The first trial for such thick seam single lift (4.5m) extraction was at Kottadih Project (ECL) in July
1994 using 2x2340 KN (2x468Te.) Shield type French supports.

Subsequent extraction of thick single lift extraction with 2x11000KN (2x1100Te) Shield type Chi-
nese supports at Jhanjra Project was Commissioned in Aug’2016.

The unique operation of single lift (5.5m) extraction at R-VI seam, Jhanjra is continuing successfully
improving the mine economics. The PSLW equipment had to cross a down throw normal fault of 4.0m
during operation. With the experience of panel-1, where the equipment was to be shifted to new instal-
lation chamber, 2™ Panel operation continued without such shifting but scientifically planning the fault
crossing along with coal wining operation.

INTRODUCTION
A Coal seam is termed as thick when it is not

country where recovery was far below the ex-
pectations. As a result, problem of spontaneous
heating and incidence of early sealing of working
districts were frequently experienced while ex-
tracting thick seams.

it is usually 4.0m or so. In many cases thick seams
extracted in Slices in-conjunction with hydraulic
sand stowing in ascending order incurring addi-
tional expenditure towards stowing. The main dif-
ficulty is suitable support for single lift high seam

* Professor, Mining Engg Deptt, IIT Kharagpur (W.B.)



extraction.

Powered support longwall (PSLW) was first
commissioned in India at BCCL’s Moonidih Pro-
ject (1978) and subsequently in other Coalfields
where all workings were around 3.0m in thick-
ness. The single lift 4.5m Coal extraction was
first at Kottadih Project (ECL) from its 5.4m thick
R-III/IT (Samla) seam in 1994 and then at Jhan-
jra Project to extract R-VI seam for a thickness of
5.5m. in 2016. All the faces were with shield sup-
ports and befitting L/W equipment. At Kottadih
the immediate roof was massive sandstone and the
support suffered from its inadequacy in the Geo-
mining conditions prevailing there.

The Jhanjra Longwall (L/W) is working satisfac-

torily without much of strata control problems but
the 4.5m. down-throw faultat mid panel wasamajor
constraint and was dealt for its safe crossing with-
out stopping coal wining operation in L/W Panel 2

Such single lift high seam L/W extraction is
only possible for development of suitable high
capacity powered supports in the glove where
both safety and conservation are well attended

PSLW OPERATION IN THICK SEAM SIN-
GLE LIFT L/W EXTRACTION IN INDIA

There were only two thick seam single lift
L/W projects in our country. The salient features
of both Kottadih (4.5m) and Jhanjra (5.5m) high
seam L/W projects are mentioned in Table-1.

Table-1. Relevant Information on PSLW Operation in Thick Seam Single Lift L/W Extraction

SL.No | PSLW equipment

(Kottadih)

Single Lift 4.5 m. extraction

Single Lift 5.5 m. extraction
(Jhanjra)

1. Power Support

a. Model W.S.1.7-2.2/4.7 (Shield type), | 2Y11000/26/56 (Shield type),
France China

b.Operating Range 2.2-47m 2.6-5.6 m

c. Shield travel/stroke 800 mm 800 mm

d. Width of base frame 1.25m 1.65m

e.No.of Leg 2 (Double Telescope) 2 (Double Telescope)

f.Dist.Between shield 1.50 m 1.75 m

g.supportresistance
1.At.setting pressure

3941 KN (32 Mpa)

7916 KN (31.5 MPa)

ii. At yield pressure 4926 KN (40 Mpa) 11000 KN (43.8 Mpa)

h.Aprox. Support 82 Te/m? 148 Te./m?
Resistance(Te/m?)

Before cutting

After cutting 68 Te/m? 128 Te./m?

2. Shearer

a.Drum dia 2.34m 2.80 m

b.Max.cutting ht. 4.5m 55m

c.Elec.Motor power (water | 540 KW/1100 V 1480 KW/3300 V,(2x650 KW
cooled FLP,1100 V cutting , 2x75 KW Haulage, 30
contrating KW pump)

d.Usual depth of web 800 mm 800 mm
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equipment. Each set — 1 R/H
(Alpine) + 1 LHD (3 Cu. m)
+1hyd. roof bolting m/c. Av.

drivage-8m. / Day / Set

3. Armored face conveyor (AFC)
a. Length 150 m 145 m
b. Capacity 1200 tph 1800 tph
c. Installed power 2x300KW/1100 V 2x400Kw/3300v
d. Chain Speed 0.95 m/s 1 m/s
e.Chain (2. in board )-hyd. [ 30 mm x108 mm 34 x 126 mm
tensioning
f.Fan (lengh x width x ht) [ 1500 mm x 880 mm x286 mm | 1750 mm x 900 mm x 308 mm
40 mm Deck plate
4. Stage Loader
a. Length 45 m 40 m.
b. Capacity 1200 tph 2000 tph
c.Chain Speed 0.75 m/sec 1.83 m/sec
d. Power rating 2x110KW/1100V 315 KW/1100V
5. Electrical
TSU (Trans Switch Unit) |3 nos, IMVA each (6.6 KV/1.1 |7 TSUs—5Nos. 6.6 KV/3.3 KV
KV) -2nos. 315 KVA
6. Gate Belt Conveyer
a. Capacity 1200 tph 1600tph
b. Belting (PVC) 1200 mm 1200mm
c. Power Rating 2x 110KW/1100V 2x 280KW, 6.6 KV/1.1 KV
7. Ancillaries
a.Power pack 3 nos. Hauhinco (Germany) 3 nos. Chinese 29 Mpa, 250
320bar/180lpm & 110 KW, | KW 290bar/flow-400 Lpm.
stroke 50 mm
b. Crusher I nos. on stage loader, 110|250KW/1.1 KV Inlet-900mm
KW, Inlet - 850 mm x 850 mm | x800 mm
c. Booster Pump Within 40 m of face Within 40 m of face, 315 lpm,
450 Ipm (400 lpm -spraying , |45 KW motor.
50 Ipm - motor cooling)
D.Misc. 115V — face lighting and com- [ 110 V - face lighting and com-
munication ckt. munication ckt.
8. L/W Panel Development | With 4 (Four) sets of drivage | With 2 sets of drivage equipment.

Each set — 1 R/H (Chinese)
160 KW/1.1 KV with bridge
conveyer+1Hyd. roof bolter
(MYT-150/1320) for roof bolt-
ing. Av. drivage-10m. / Day /
Set

18
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9. Man and material
haulages

a.Man riding - chair lift (2.5
m/s) side bye belt ckt. (Fig. 2)

b.Coal evacuation — series of
belt (PVC-1200 mm) convey-
ors - 6.5 km & steel cord belt
(1200 mm) at main incline.
2 — Strata bunkers One -500
Te another 1200 Te. capacity.
Surface handling by CHP till
wagon loading at Rly siding.

c.Material input by rope haul-
age ckt from surface to L/'W
face.

a)Man riding-Diesel vehicle in
u/g.
b)Coal evacuation - series of
belt (PVC-1200mm) convey-
ors-3.5 km & steel cord belt
(1200 mm) at main incline.
U/g bunker — One 800Te, an-
other 500Te presently in use.
Coal handling at surface by
truck loading from belt dis-
charge to Rly siding.
c)Material input earlier by rope
haulage ckt, now by Multi
Utility Vehicle (MUV) to L/'W
face.

10. Monitoring System

Continuous  monitoring  of
major surface and u/g instal-
lation by APEM (Automatic
Programmable Engine Moni-
tors). Installations covered
- Main mechanical ventila-
tor, main haulage and all belt
conveyor ckt, CHP, Main
Pumps, s.stns. (U/G + surface),
Man riding system, TSUs,
U/G H.P. Stn. (Power pack +
compressor),Long wall com-
plex.

Information collected by the
sensors fed to surface control
room which instantly displayed
on the screen & recorded for
future reference. Remote mon-
itoring for status of equipment
at any time and also the mine
environmental condition (CO,
CH,, air Quantity) Main
mechanical ventilator

No such Remote monitoring
system is operating for simi-
lar equipment & environmen-
tal assessment and recording.
All information are collected
though telephonic network and
CDS system also from surface
to all u/g working places/ major
installations/office. Mine work-
ing with Deg. -1 coal seams,
hence automatic environment
monitoring is yet to be commis-
sioned.
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Fig: 1 b. P/support 2x11000KN Shield (Canopy-5.5 m X 1.75 m) at Jhanjra
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Fig: 2. Section of belt level showing the conveyor and man rider at Kottadih

Table: 2. Panel-wise Operating Parameters and Performance

SL.No | Information L/W Panel-1 | L/W Panel-2 L/W Panel-3 | Remark
(a) Operating tenure 26.7.94 to 5.5.95t0 28.3.96  to| Size of panel subse-
6.2.95 31.1.96 3.4.97 quently increased.
(b) Active prodn. period |4.8.94 to 10.5.95 to 5.4.96 to Panel-3operation
14.2.95 (139 [15.1.96 (243 18.9.96, considered till
days) days) 20.1.97 8/9/96 and initial
t0 9.3.97, teething period,
25.3.97 to salvaging duration
3.4.97 is eliminated.
() Prodn. for the period | 4.42LT 6.78LT 5.05LT Total L/W prod.
(CLe6) during the period.
(d) Total coal in the 4.60LT 6.7LT 7.0LT
panel (extracted) (extracted) (5.5LT
extracted)
5.25LT
(e) Maxm. Prodn. in a 1,16,000 Te |1,05,100 Te 1,10,750 Te
month
) Maxm. prod. month | Dec’ 94/4300 [ Dec’  94/4100 | Aug’ 96/
TPD TPD TPD 3700 TPD
(2) Maxm. prod.in a day | 7,100 Te 10,120 6500 Te Panel-2 was operat-
(28.12.94) Te(14.12.95) (29.5.96) ed for 22 hrs. on the
day for production.
(h) Panel size 628mx120m | 790mx150m 880mx120m
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(1) L/W system 51% 43% 50% (upto | Production time

utilization sep.8, 96) availability in prod.
shift excluding 6
hrs. planned stop-
page in maintenance
shift.

@) Maxm. down time of | 24% 20% 30% Trunk coal evacua-
particular equipment tion net-coal haul-
in the prod. system age.

k) Ht. of extraction 4.5m 4.5m 4.5m

Q) OMS
(i) L/W Dist. L/W dist. O.M.S

Max. 28.6 26.31 25.31 (Min) considerably
Minimum 8.33 7.48 7.25 low for the salvag-
ing preparation ten-
ure with wire net
laying and one cycle

of cutting per day
(i) O/All In Nov'95 L/W
panel-2 stopped for
Max. 4.60 4.30 3.50 21 days and panel-3
Minimum 1.80 1.84 1.61 stopped for 22 days

in Sep’ 96

(m) Cost parameters
(1) EEIM.S (Rs.) 257.12 294.97 351.11 Av. EMS of project
(i) Av. cost of prod. | 525.89 945.14 1005.57 personnel
(Rs.)

(iii)) Net sale value|678.78 764.03 967.15 Av. fig. in per Te.
(Rs.) basis complied for
(iv) Cost of store/ the operational pe-
spare Rs. 59.60 93.85 166.51.97 riod of L/W panel
(v) Profit/Loss Rs.  152.89(Rs. 181.11 (-) [Rs. 638.42

) ) (+)Jan’95 Jan’96 (+)Sep’96

LONGWALL PERFORMANCE
A) At Kottadih Project (4.5 m extraction)

The L/W equipment was first commissioned
for production in Panel — 1 in July’94 and sub-
sequently in 2nd & 3rd Panels in the same RIII/I
(Samla) seam. The panel-wise performance of the

L/W operation is given in Table-2.

B) At Jhanjra Project (5.5m extraction):

* PSLW was commissioned from Aug’16

22

* Delayed for forestry clearance.
* A unique L/W operation & 1st time in the
history of PSLW operation in the country.

* Total no. of support =83(2x1100Te each)

* Face Length — 145, Av. coal prod. 6000TPD
* Max. prod. on a day 8600Te.

* O.M.S (L/W) =21, O.M.S (mine) = 4.12

Av. CPT — Rs.2740/- (Approx)
Av. Sale Value (CPT) — Rs.2940/- (Approx)
Av. Profit/Loss (CPT) — Rs.200/-(Approx)
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The above figures relate to the 15'L/W Panel op-
erated at mine in R-VI seam.

Mine performance achieved in the F.Y 2017-18

of overlying roof rock rated the roof to be “cava-
ble with difficulty” for the existence of 40 to 60m
massive hard M.G. to C.G sandstone in the caving
height. The RQD of roof rock was around 93%

Technology Production (Million Tonne) and avg. length of core was 18.6 Cm, av. comp.
L/W -1.48 strength 310 kg/cm2 and modulus of elasticity
Cont. Miner -1.22 to the level of 5.94 x 103 to 6.14 x103 Kg/Cm.2
R/H —-0.16 where such sandstone was around 90% in the cav-
Others (SDL+LHD) —-0.30 ing height of the roof.
Total 3.16 Me. The operation of successive 3 (Three) L/W
Table: 3. Month wise L/W Performance in Panel — 2 (R-VI seam)

MONTH PRODUCTION (Te) AV. PRODUCTION(Te/Day)

Oct’17 (started on 12th Oct’17) | 63415 3523

Nov’2017 151880 5063

Dec’ 2017 194575 6486

Jan’ 2018 203455 6782

Feb’ 2018 205550 7341

Mar’ 2018 210230 7008

Apr’ 2018 72800*

* In April 2018, Fault crossing, so local production some extent affected

Production Projection for 2018-19 (Jhanjra
Project)

L/w+R/H - 1.70

CM -0.86

LHCM/LCCM -0.63

Others (SDL+LHD) - 0.31
Total -3.50 Mte.

The mine will have better performance subse-
quently with higher productivity, less cost/Te. &
higher profitability by achieving its annual built
up capacity of 3.50 Mte.

OVERLYING STRATA AND SUPPORT
BEHAVIOR

A) At Kottadih Project (4.5 m extraction)

PSLW operation greatly depends on character-
istics and cavability of overlying strata. At the par-
ticular locale the physico- mechanical properties

Minetech, Volume 40 No 2, April-June, 2019

panel in the mine helped to gain sufficient strata
control information’s for equipment operation un-
der similar geo-mining condition.

In fact there was inhibited caving and appar-
ent goaf filling seemed to be satisfactory. But
dynamic behavior of upper sandstone roof in the
caving height and severe weighting with conver-
gence beyond the characteristic values in all the
L/W panels could not be ruled out during opera-
tion. Though there was no major air blast till strata
control problem was met after a certain area of ex-
posure ranging from 80,000 to 90, 000 sq.m. The
strata behavior, weighting on supports, their pe-
riodicity, no. of supports attended, bleed pressure
etc. during operation of L/W panels are shown in
Figs.-3a, b & c. Figure inside the brackets gives
the number of supports attained bleed pressure
during weighting.
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The observation on strata and support behavior, surface subsidence etc.are tabulated below:

Table-4: Strata and Support Behaviour during Longwall Operation

SI.  Operational activi- Longwall panel Remarks
no. nes/information. LW panel | LW panel 2 LW panel 3

I. Commissioning of L/W 7194 . 5/95 3/96 L/W panel-2 commiing

panel delayed for failure of salvag-
ing chamber in panel-1. Fresh
chamber 10 be established.

2. Total no.of PS &(Av 82(35) 100(47) Bl(41)

No.of PS reached bleed
pressure during weighting)

3. Yield & setting 380 380 400 Support capacily was
pressure of PS (setting (setting (setting enhanced around 5%

(bars) at 84%) al B4%) at BU%) in consultation with
manufacturer in Panel-3

4. Load density at the face.

(a) At nominal setting load 69 te/sq m 69 t1e/sq m 69 te/sq m
(b) At nominal yield load
(i) Before shearing 82 te/sq m 82 te/sq m 86 te/sq m :
X (ii) After shearing 68 te/sq m 68 te/sq m 72 1e/sq m
Span at |st weighting 104 m Blm 1Sm Total retreal from barrier.
Caving periodicity.
(a) Av.caving interval 295 m 13.45m 2387m
(b) Std deviation 16.73 6.32 11.87

7. Abnormality in Sudden excessive convergence and separation of roof rock ot the face Severe weightings even huge
strata behaviour ! separation of immediate roofl
(a) Mlm_convemnce ISm 1.5m 18m and sometimes bi‘ boulders DI'I’

on supports AFC In Panel-| on two
during weighting occasions,

(b) Face retreat 590m & 608m 610 m 688 m at 590 m retreat (shield 40 10

(c) Zone of influence 30m & 15m 70 m RO m 59 = 30 m) & at 608 m retreat

(midface) (midface) (from main gaie) (shield 20 10 30 = |5 m).

(d) Maximum convergence Smm 4mm Smm Suppond effected in Panel - 2
al gate (20m from (20m from (15m from & 3 were from shield 24 1073
road (M/gate) face) face) face) (70 m) and from shield-

I to 60 (B0 m) respectively.

8. MLD developed 65 te/sq m 77 te/sq m 82 te/sq m Severe weighting with
during severe excessive convergence
weightling on zone subsequently increased
supports from panl-1 to 2&3.

9  Barriers between 60 m 60 m 30 m Centre 1o centre with roadway
the panels of about 5Sm width and

excessive spalling in barrier
noted in Panel-3 for its
inadequate thickness.
10, +ve set valve - operative operative
operation
11. Defective legckt 5% % 6% Leakage of suppon
hyd.leakage at any legs maintained
time. below 10% in all
the Panels.
12. Retreat caysed 590 m 350 m 380 m Total retreat from barrier.
surface effect
13, Av.depth of 200 m 190 m 170 m Depth of panels
extraction subsequently decreased
for existence of synclinal
fold in the coal seam
14 Subsidence :

(a) Angle of draw 15deg. 15" I5deg/24deg IBdeg 257 Subsidence measurement
(Dip/rise - max./min.) 21deg.30" 24deg till Sept’96"and further

(b) Maximum subsidence 1.50 m 1.644 m 1 40 m increase is likely.in Pancl-3

(¢) Subsidence factor (s/in) 0.34 0.37 035
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B) At Jhanjra Project (5.5 m. extraction)

The first such PSLW operation was executed
in Aug’16 at Jhanjra Project to extract 5.5m thick
coal from R-VI seam using heavy duty Chinese
equipment with shield support and continuing now
satisfactorily. Overlying strata consisting immedi-
ate roof of the seam is shelly sandstone, mostly
C.G to F.G and rated as “cavable with difficulty”
but striations in the formation is helping usual cav-
ing of roof during long walling. The RQD of the
roof rock is 80%, Av. length of core is 15 Cm, Av.
compressive strength — 300Kg/ cm? and weighted
tensile strength around 48kg / cm?.

Initially to avoid overhanging of roof and main
weighting without difficulty a notch was created
behind the power support at the installation cham-
ber by blasting 100 holes, 10m in depth (charge
8/9 Kg/hole). The blasting of the above holes for
the said notch was carried out after initial advance
of 4m of the L/W face which subsequently helped
caving.

During PLSW operation the following strata
behavior noted at Jhanjra with 5.5m extraction in
R-VI seam.

* Av. load developed during operation
=90Te. /m?
* After crossing a fault, Mean load density
= 80-85Te. /m?.
* No leakage in leg Ckt.
All the above relates to the L/W panel 1 opera-
tion in R-VI seam at Jhanjra Project.
* No such strata control problem was met during
L/W extraction in Panel-1 and also in the pres-
ently operating Panel-2 at the mine.

The 5.5m single lift extraction, first time in the
country with highest capacity shield type powered
support (2x1100Te) where support resistance was
148 Te./Sq.m-ever used in India.

Only one L/W panel has been completed and
2" one is continuing hence, after completion of
2/3 panels more information will lead to better un-
derstating of the strata and support interaction at
the particular mining condition at Jhanjra Mine.

SAFETY PERFORMANCE OF SINGLE
LIFT HIGH SEAM PSLW AT JHANJRA
PROJECT

After introduction of PSLW for 5.5m. single
lift extraction at the mine, the safety statistics got

* Main weightin =79m. . . .
1 WeIghting _ . .. significantly improved also. Though the fatality
» Weighting intervals = 15-20m. (Periodic . i C
weighting) rate remained O (zero) but the serious injuries per
' 1 Lac manshifts worked reduced to 0.3821 in 2016
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Fig.-4: Longwall Panel-2 and the Position of F0-F0 Fault
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Fig.- 5: Gate Road (Section A-A of Fig.4) and Stone
Excavation during Development (-13L. main gate)
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Fig.-6: Gate Road Section (Section B-B of Fig.4) and Stone
Excavation during Development (-17L tail gate)

from 0.5257 in 2015 and that for million tonne coal
output had significant reduction and came to 1.455
in 2016 from 2.712 in 2015. The severity Index
reduced to 0.3821 in 2016 from 0.5256 in 2015.

The serious injuries per 1 Lac man-shifts
worked and that for Mte. of coal output was 0
(Zero) where the severity Index was 0 (Zero) too
as there was no serious and fatal accident in the
year 2017 at the mine. L/W is safe and success-
ful in India if right capacity/type Power Support is
selected suiting to the particular Geo-mining con-
ditions.

Crossing of Fault

The L/W Panel-2 at Jhanjra is operated adja-
cent to the first L/W panel (Panel-1) already ex-
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tracted and located on the immediate rise side of
Panel-1, in a dip-rise face orientation and retreat
towards strike. The average dip of the coal seam is
1in 16, S48°E direction. The fault (F -F,) was first
encountered at one gate and subsequently in the
other gate (gate road shown in Fig.-4) of the panel.
While negotiating the fault, effective supporting at
the gate roads and also at operating longwall was
ensured to avoid roof degradation while crossing
the disturbed area in the fault zone. The develop-
ment sections of both main and tail gates at fault
sites are shown in Fig.-5 and Fig.-6 respectively.

The Fault

The normal fault having an average down throw
of 4.0m was towards out-bye of the panel. The
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/W face was to cross the fault while 1 operation
with stone intrusions and downward displacement
of the coal seam at the fault site/area.

As such the working height of coal seam was
much reduced in the zone, either ends of the fault
as shown in Figs.-5 and 6. The purpose now was|
for reduction in stone cutting to the minimum for
maneuvering thickness of operation of powered
supports.

The working thickness of 3.0m at the time of]
negotiating the fault with PSLW equipment dur-
ing its operation was possible to cross the faulf]
zone. The height and width of gate roads were]
around 3.8m and 5.3m.

Negotiating the fault with PSLW operation

The horizon maintained for operation is clearly
mentioned in Fig. 7 & 8. The thickness of coal
was 4 to 5.5m and that at either side of the fault
plane was at 5.0m with a displacement of 4.0m|
where the fault plane is with an angle of around|
58°, thus the zone including the fault plane will
cover around 15 to 20m. The cutting of root/floo]
stone was for a maximum of around 1.2m thick-
ness which may decrease to 0.10m in the zone by

operating the powered supports at its minimum|

working range with required minimum hydraulic
travel to maintain operational safety.

The stone cutting by shearer at different sub-
zones and its exact thickness of cutting in the
above quoted fault zone (15 to 20m) was decided
at the time of operation at the fault site with due
consideration on operational convenience while
crossing the fault. However it was convenient to
cross the fault continuing coal production with
PSLW equipment by proper planning.

The steps taken at Gate Roads while
crossing the fault

The following advance actions were taken up at
the site before crossing the fault.

(A) Main Gate/Bottom Gate (-13L)

There was cutting of floor stone ranging from
2.5m to 0.3m during development of the gate road.
However, longwall extraction was conducted with
minimum stone cutting by shearer during long
walling and maneuvering of the PSLW equipment
in the fault area while negotiating the FO-FO fault.

1. At the fault plane where it crosses the roof,
height of extraction was restricted to as mini-
mum as possible considering respective work-
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Fig.- 7: Negotiating the fault by roof heightening/floor
filling in bottom (main) gate (-13L)
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Fig.-8: Negotiating the fault by roof heightening/floor filling in top (tail) gate (-17L)

ability of the support system and preferably
not exceeding 3.0m.

.The fault zone at main gate (Fig.-9) at a dis-
tance of 600m marking, floor lifting/concret-
ing to a thickness of 1.5m was done leaving
around 3.0m remaining room height for venti-
lation etc.(Fig.-5).

. No further roof coal cutting in the panel was
done at the 600m marking (from 7R/13L)
mentioned in Fig.-9, i.e. at the fault plane.

. Immediately after crossing the fault while re-
treating, i.e. on the out-bye side of 600m mark-
ing in the gate road, as mentioned in Points 2
and 3 above, the thickness of coal extraction
was increased gradually to full seam thickness
available to resume normal operation (Fig.-7).

. The downward gradient of 1 in 6 was main-
tained out-bye from the point of 600m marking
(Fig. 9) so that PSLW equipment can be placed
in the floor of the coal for normal operation
while extracting maximum possible roof coal
therefrom. The floor lifting/concreting from
600m marking towards out-bye for a distance
around 12m was made accordingly with 1 in 6
downward gradient for equipment movement.
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6. From the fault plane at above 600m marking
as shown in the roadway section (main gate)
to a distance around 620m in-bye floor lifting/
concreting was done with 1.2m lifting the floor
(leaving a free room height of minimum 2.0m)

7. Gradually the AFC was lifted upward at least
from15m in-bye of 620m marking by placing
packings like hard wood sleepers etc. below it
so that the entire PSLW equipment coursed ac-
cordingly for the purpose.

8. During longwall retreating from 635m mark-
ing, roof coal cutting was continued till 602m
marking to maintain at least 3.0m working
thickness (Fig.-7).

9. The foregoing exercise was for crossing the
fault area along main gate side just to avoid
unnecessary stone cutting along floor/roof and
maneuvering the equipment without any such
operational inconvenience.

(B) Tail Gate/Top Gate (-17L)

The development thickness in the fault area
varies from 3.7m to 3.3m. However, at the fault
plane where it was at the roof, the development
height was 3.5m. The stone cutting was from 3.5m
to 0.2m along the gate road in that area.
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Fig.-9: Roadway section of main gate/bottom gate (-13L) in the fault zone
1. There was a need for filling/concreting along floor filling/concreting from 605m marking at
floor in the tail gate (-17L) where the thickness the gate road to around 593m marking at out-
of filling/concreting was varying from 1.5m to bye of the fault plane.

1.0m so as to keep sufficient free room height
(min-2m) in the gate road for ventilation etc.
after the concreting.

5. To bring the entire equipment (PSLW) on the
filled/concrete floor, the gradient from 605m
marking to 630m marking was so carried out

2. The thickness of filling/concreting was 1.5m that the same (concrete) was 1.0m thickness
at the vicinity of fault plane where it contacts at 630m. It helped possibility of least floor
the roof at 605m marking (Fig.-10) as per the stone cutting by shearer during face retreat in
development section. The thickness of extrac- the zone. Also adequate free room height was
tion during longwall retreating was maintained maintained for ventilation etc. During long-
at the site of 605m marking (Fig.-10 ) as mini- walling, roof coal was cut by shearer to suffi-
mum as possible preferably not exceeding cient thickess for easy movement of the equip-
3.0m where the fault plane touches the roof. ment at the face in the zone where necessary.

3.From above 605m marking along roadway a 6. The AFC was lifted upward direction gradually
dipping gradient of 1 in 6 or as convenient was by placing packings like hard wood sleepers
ensured for the equipment’s safe downward below it so that the support system, AFC with
/ maneuvering out-bye the fault plane and to shearer takes suitable rising tendency well
place equipment at the original seam floor for in time at least from 10m in-bye from 630m
usual coal winning by shearer with available marking.

full working thickness of the coal there, 7. Roof coal cutting by shearer was encouraged

4. Such downward dipping floor was prepared by from 635m marking along the gate road (-17L)
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so that the filled/concreted portion at floor is
possible to have at least 3.5m working height.
But the same at the fault plane at 605m mark-
ing was not exceeded 3.0m working thickness
while retreating. After 600m marking out-bye,
extraction was of higher thickness as possible
gradually to full seam thickness by roof coal
shearing.

tially and gradually towards main gate.

Factor of safety (fos) for retreating 1/w block at
the fault area

Case 1: On meeting the fault area/zone

On meeting the fault zone at the tail gate area, the
width of unsupported zone varies between 23.5m
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Fig.-10: Roadway section of tail gate/bottom gate/tap gate (-17L) in the fault zone

Face Orientation

A steady progress of the face was necessary
and the fault plane was not to come in parallel with
the line of extraction while retreating the panel to
avoid stability problem. In order to have a better
stability, the face (L/W) need to be oriented at a
suitable angle from tail to main gate where the di-
rection was such that the distance from the face
to fault plane at tail gate is less by atleast 20/25m
from that at main gate and the fault it gradually
crossed in segments while face retreat. The orien-
tation for the face-line during longwall retreating
at the fault area was 10° to 15° with respect to that
of fault plane in the L/W panel so the major por-
tion of the face was not to reach the fault plane at
a time. The fault was crossed in segment gradually
while meeting the face with such orientation.

The L/W face crossed the fault at tail gate ini-
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to 25.5m at T/Gate and 53m to 55m at B/Gate
depending upon the assumed width of overhang
behind the powered supports was varying from 3m
to Sm.

Case 2: On meeting the fault plane (at T/Gate)

On meeting the fault zone at the tail gate area,
the width of unsupported zone varies between 8m
to 10m at T/Gate and 37.5m to 39.5m at M/Gate
depending upon the assumed width of overhang
behind the powered supports varying from 3m to
Sm.

Considering the fact that the fault is at 12° in-
clination with the face orientation.The FOS of the
L/W block is calculated using two popular scien-
tific approaches and the corresponding values are
tabulated in Table -6. The resistance offered by the
power support is not consider in both the cases.
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Table-6: Factor of Safety (FOS) for retreating L/W block/pillar at the fault area

Portrayal of pillar under
consideration

Factor of Safety (FOS)

powered supports

Assuming 3m overhang behind

Assuming S5m overhang behind
powered supports

Using  Salamon- | Using  Sheroery [ Using  Salamon- | Using Sheroery
Munro Formula Formula Munro Formula Formula
Case 1: On meeting the 2.79 2.96 2.65 2.81
fault area/zone
Case 2: On meeting the 1.74 1.31 1.60 1.20
fault plane (at T/Gate)

Gate supports at the Fault Zone and other measures

Bo
1.

2.
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th the gate roads were suitably supported

As the fault was associated with disturbed area,
the supports were set adequately in the zone of
stone cutting for a length of around 25m along
both gate roads covering either side of the fault
plane where the zone was gradually negotiated
for arriving to normal working thickness of the
coal seam after the fault.

Powered supports were to operate at desired set-
ting pressure by maintaining hydraulic pressure
setting of the power pack. Positive set valves
were kept in operation while crossing the above
zone of around 25m in the fault area.

. Both face and gate road supports and their mon-

itoring on load development, convergence at
face, gate roads were monitored in every shitt.

. At the fault plane, the existing roof bolts at gate

roads supports were reinforced for tieing. This
includes the additional bolts of atleast 3.0m in
length inclined towards out-bye the panel to tie
fault planes by 2/3 rows (6 nos. in each row, at
1.0m interval in a row and 0.6 between rows)
using cuttable resin grouted bolts (Figs.-10 and
11). Also 3 rows of vertical bolts set at the out-
bye of fault plane for site reinforcement.

. While negotiating the fault area, steady face re-

treat was desired. The rate of retreat planned at
2.0m/day so that the load concentration do not
cause bed separation by front abutment as far
as possible. The entire exercise for negotiating

the fault was planned such that the fault was
crossed by 3 weeks time. But due to hard sand-
stone progress was slow.

6.Equipment was properly checked and advance

maintenance made so that there is least opera-
tion time loss and avoidance in stoppage of vi-
tal installation in the system thereby minimum
downtime of PSLW equipment and out-bye
evacuation curcuit too during fault crossing.

7.Additional supports like cogs, hydraulic props,

goaf edge supports, others like M.S bar type
etc. were kept readily available at the site which
were installed whenever needed for the opera-
tion depending on site conditions.

8. All the above actions and preparatory measures

were thoroughly explained to all concerned
point wise as to be conversant for all the activi-
ties during fault crossing.

OBSERVATIONS

1. The fault was crossed following the sequence of

stone cutting for 31 to 37m length and to main-
tain minimum working height convenience in
equipment operation at the fault zones and least
possible stone cutting in fault area.

2. Adequate supporting was done at both top and

bottom gates in the zone of stone cutting.

3.For prefractering of hard stone long holes by

compressed air drills were made parallel to the
face line & blasted with adequate protection of
powered support hydraulics. Sometimes sec-
ondery blasting of blocks were needed too.
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4. However, most important was to maintain the
horizon properly during shearing at either side
of the fault plane so that the supports are able
to cross the fault with their minimum working
height keeping safe hydraulic travels as reserve
to avoid leg closure during weighting if experi-
enced while crossing the fault.

5. Supports at both the gate roads and face
needed special attention with reinforcement in
gate road supports.

6. As there was hard sandstone and cutting/roof
heightening beyond gate development height
was limited to as minimum as possible while
crossing the fault. The thickness of stone cut-
ting in the fault zone as explained earlier was
sometime reduced further where possible.

7. In the zone as marked in Figs.-9 and 10, in order
to ensure stability and to maintain proper work-
ing horizon with minimum stone cutting and
covering maximum coal thickness (in working
height) in the fault area was made by concrete
flooring of varying thickness 0.2 to 1.5m along
floor at both the gate roads in the fault zone.

8. The factor of safety of the retreating L/W
block/pillar against fault plane was computed
from two sets of calculations which were found
at safe level and reasonably acceptable.

9. During actual operation for negotiating the
fault, there was need for stone blasting at the
face to avoid its hard cutting by sharer and pre-
fractured mass was easily possible to be sepa-
rated/cut by the shearer without major wear &
tear.

The objective to negotiate the fault during coal
wining operation was possible fullfiling the
procedure as planned.

10. In case, the position of such fault is known in
advance, the development of gate roads are to
be so planned and oriented at fault area such
that development follows seam horizon to
avoid stone cutting to the best during longwall-
ing. But in case of Jhanjra it was not known
earlier to panel development.
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CONCLUSION

Globally PSLW reveals highly successful tech-

nological development in thick seam extraction
even more than 6.0m in single lift. In India pres-
ently operating single lift 5.5m coal extraction
with PSLW is a quantum jump and to be steadity
persuaded for wider diffision in suitable locales
even to extract thickness beyond it. The experi-
ence and subsequentat assesment for Kottadih
L/W panels highlighted for the requirement of
enhanced support resistance (145 Te/m?) and for
inter- panel barrier of 35 m to avoid strata control
problem during such thick seam extraction.
At Adriyala mine, SCCL (Telengana State), the
experience gained while extracting around 3.6 m
coal thickness with 250 m face length is highly
encouraging by achieving average production of
8000-9000 TPD.

In our country success of PSLW depends on the
following factors.

1. Manpower Selection

Man being the most important factor for tech-
nology transfer and sustainable absorption need
to develop culture and attitute with excellent
team work in L/W system with suitable long-
wall cardre.

2. Equipment Selection

Selection of suitable power support & equip-
ment for particular locale is essential for ef-
fective strata control and performance during
longwalling.

3. L/W Planning

“Utilisation Factor” of equipment to be in-
creased with longer panel length & optimising
face length so that at least 10-11 month /year
the equipment remain in production operation
for entire life of the equipment.

4. Indigenous spares development & workshop
facility

Development of indigenous spares as import
substitute and full proof workshop facility naer
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to mine for repair and overhauling of equipment
have to be developed. Preventive maintenance
and major over hauling of equipment are to be
done as per manufacturer’s recommendations.

5. Equipment Monitoring

Suitable remote monitoring system at least op-
eration and environmental monitoring at sur-
face control room of the mine is to be incor-
porated in such high- investment projects with
PSLW for early rectification of breakdown/un-
wanted equipment stoppage etc.

6. On the spot decission by support from higher
Authority

On spot decission in many important operatio-
nial issues except in major policy decision with
support from higher authority is needed for per-
sons at site / project officer.

7. Future strategy

In order to improve u/g coal production there is
a need to move ahead for more longwall faces
with suitable PSLW equipment for safe and

maximum recovery of valuable coal resources
particularly at depths from thick seams. Both
the important issues — safety and conservations
are best attended in longwall mining than any
other available mining methods. In addition,
our superior quality coals at depths are only
possible for mining by adoption of suitable
PSLW system.
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Cost Effective Coal Mining
from Coal Quality Perspective

T.H Mohan Rao®

INTRODUCTION

Coal has been a major contributor in providing
energy security to the nation during the past cen-
tury. 80% of our mining is in coal and the balance
20% is in various metals and minerals such a gold,
copper, iron, lead, bauxite, zinc and uranium. In-
dia ranks 25th in the world in per capita consump-
tion of coal, while China ranks first. As professed
by Dr APJ Abdul Kalam, India needs to increase
its coal production and consumption to 2000 mil-
lion tonnes over the next decade, by removing le-
gal bottlenecks through Parliamentary laws and
by following transparent and proactive policies to
make efficient use of our natural resource.

Coal Mining is an extremely challenging activ-
ity that requires a very high degree of commitment
from the men who operate the coal mine(s) and
is required to be meticulously carried out by en-
suring optimum utilization of the machines and as
per the laid down Rules and Regulations. As we
know, coal is a precious non-renewable fossil fuel
that occurs beneath the earth at varying depths, the
quality of coal becoming higher with increasing
depth. Out of the two widely prevalent methods
of mining in the country, viz., the Under Ground
and Opencast mining methods, the latter, while
contributing to the remarkable rise in coal produc-
tion the country is witnessing, has simultaneously
brought with it large scale woes about the quality
of coal that is mined through this method.

THE BIGGER PROBLEM

Out of the above 2 methods of mining, while
the UG mining is comparatively more challeng-
ing, the OC mining, involving removal of huge
overburden, is more prone to coal quality prob-
lems in view of the fact that the coal seams oc-
curring in the Indian subcontinent are of the drift
origin, the theory about which postulates that the
formation of coal seams took place when the plant
matter drifted away from the original location,
resulting in rise in contamination by the accumu-
lating extraneous strata due to alternate filling of
river basins with earth and plant matter. This phe-
nomenon has ultimately given birth to several lay-
ers of seams which are quite thick, in the process
the original quality of coal occurring in the Indian
Sub-continent, per se, remained low. As against
this, the Inmsitu Theory, which postulates that the
plant matter got buried at the place of its original
locatign, infers that coal formed in other countries
under these circumstances is comparatively of
much better quality.

The Drift Theory having thus explained about
the general poor quality of our coal, what has added
to the woes from the coal quality point of view in
our country is the propensity of the mine manager
to extract everything he lays his hands on, above
the earth and below the earth, with little regard to
quality of coal. Since OC Mining has to essential-
ly involve careful and methodical removal of OB
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above the earth and then systematic segregation
of the contaminants while extracting coal below
the earth, it is of paramount importance to ensure
that both these activities are carried out keeping
the issue of quality of coal extracted always under
serious consideration. Before proceeding further,
it may be appropriate to understand about the con-
ditions that lead to formation of coal, how they
influenced the quality of coal, types of coal, coal
characteristics and the period of coal formation in
the Indian Sub-continent.

WHAT DETERMINES QUALITY OF COAL?

Coal, a secondary rock, is the general name
given to the stratified accumulations of carbona-
ceous material derived from vegetation. The start-
ing point of coal formation is usually peat or some
similar accumulation of partially decayed vegeta-
ble matter. By a process of compaction and slight
heating during burial, peat is converted into the fa-
miliar black coal. The original plant matter, degree
of decay and weathering before burial, heat, pres-
sure and degree of alteration after burial determine
the quality characteristics of coal. In general, it has
been shown that transformation of plant debris to
coal occurs mainly in two stages..1). Bio-chemi-
cal stage or Peat formation stage, which is called
the “Humification Process™ and 2). Geo-chemical
stage or Coal formation stage, which is called the
“Coalification Process.” More series of stages in
the coalification process corresponding to the
amount of heating that the rock has undergone are
recognized. These are:

Peat Lignite (brown coal) — Sub-bituminous —»
Bituminous — Sub-anthracite—» Anthracite

>
TYPES OF COALS

According to nature of plant material, coals are
divided into 2 types: Humic coals (woody) and
Sapropelic coals (non-woody).

Humic Coals

The coals occurring in the above six stages in
the process of coalification are collectively known
as “Humic” coals, which are by far the most im-
portant and are mainly formed from the remains
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of the wood and bark of the original plants. This
series shows a progressive increase in maturity
and carbon content and progressive decrease in
oxygen, hydrogen, moisture and VM during the
above coalification process. Humic coals are spe-
cifically characterized by low hydrogen content.
The percentage of carbon in dry mineral-free coal
is called the ‘rank’ and the coal rank increases
with coalification. The individual constituents of
coal are known as ‘macerals’ (derived from the
verb ‘to macerate’). Macerals are divided into 3
main groups, viz., Vitrinite, Exinite and Inertinite.
These 3 macerals are in turn sub-divided into an-
other 3 sub-groups according to detailed character
of the mineral, as Vitrite (mainly Vitrinite), Clar-
ite (Vitrinite and Exinite) and Durite (Exinite and
Inertinite). These being the micro-constituents
present in humic coals, the macro-constituents (of
humic coals) consisting of above micro-constit-
uents, are broadly classified into the following 4
macroscopically distinguishable litho-types (ro