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Abstract. Indian coal is high in ash content and low in calorific value. This implies that for generation of
same unit of energy, Indian thermal power plants consume more coal and generate more fly ash as compared
to the other countries. Unscientific disposal of fly ash degrades the land, pollute the air and water resources.
The Government of India has taken several initiatives to convert this waste material to useful material,
despite that the fly ash utilization has reached to only 55% in the year 2014-15. The major utilization of fly
ash is in cement sector, bricks manufacturing, reclamation of low lying area, roads and embankments filling,
and in agriculture. The above sectors in India do not have potential to ensure 100% utilization of fly. Thus,
there is a need to dispose unutilized fly ash in bulk quantities in environment friendly manner. Disposal of fly
ash in coal mine overburden dump is a potential area where fly ash in bulk quantities can be disposed in an
enviro-friendly manner. This paper presents a case study of an open cast coal mine where fly ash has been
successfully disposed in overburden dump material.
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1. Introduction

India is the country which depends on coal to meet its power requirement. The total installed power
generation capacity of India is 298000 MW in March 2016, out of which the coal based thermal power plant
shares 185170 MW, approximately 62.0 % of the total installed capacity [1]. India is the third largest coal
producing country in the world after China and USA. India produced about 640 million of coal in the year
2015-16 [2]. Indian coal has high ash content as it is supposed to have been formed by drift theory. The ash
content in Indian coal varies from 30-45 %, this implies that for generation of same unit of energy, Indian
thermal power plants consume more coal and generate more fly ash as compared to other countries, where
the coal contains only up to 15-20 % ash. Dumping of fly ash in the ash pond requires about one third of the
land required for setting up a thermal power plant and thus causes a permanent degradation of precious land.
It is estimated that about 1500 million tonnes of unutilized fly ash is lying unutilized occupying more than
65000 ha of land in India [3].

Fly ash generation has increased from 85 million tonnes in the year 2000-01 to 185 million tonnes in
2014-15 [4]. Utilization of fly ash has also increased from 20% to 55% during the same years. Though, the
percentage utilization of the ash has increased over the years; but the quantity of the unutilized fly ash is also
increasing every year because of the increased generation. Government of India has taken several measures
to convert this waste material to useful material through development and application of new technologies
and made stringent laws for 100 % utilization of fly ash, despite that the fly ash utilization has reached to
only 55% in the year 2014-15[4].
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2. Fly Ash

2.1. Fly Ash and Its Characteristics

Fly ash is solid inorganic residue of coal combustion extracted from the flue gas during process of
thermal power generation. The physical, chemical and mineralogical properties of fly ash vary in wide range
depending on the nature of parent coal, conditions of combustion, type of emission control devices, storage
and handling methods. It has Pozzolanic and self-cementing properties which makes it suitable for various
applications. ASTM classifies the fly ash  in to two classes: Class F fly ash and Class C fly ash. Class F fly
ash is normally produced from burning anthracite or bituminous coal. This class of fly ash has pozzolanic
properties. Class C fly ash is normally produced from burning lignite or subbituminous coal. This class of fly
ash, in addition to having pozzolanic properties, also has some self-cementing properties. The low specific
gravity, ease of compaction, good frictional properties, freely draining nature and insensitiveness towards
change in moisture content makes the fly ash suitable for construction of roads and embankments. Physical
properties and chemical composition of Indian fly ash is presented in Table 1 [5].

Tablel: Physical properties and chemical composition of a typical fly ash (Sharma et al 2003).

Physical Properties Chemical Composition, % by mass

Bulk Density 0.85-1.2 g/cc SiO, 38.0-63.0
Specific gravity 1.66-2.55 Al,O4 27.0-44.0
Particle size Spherical/irregular Fe,0s 3.3-6.4

Colour Grey MgO 0.01-0.5

pH 6-11 Cao 0.2-8.0

Grain Size distribution Sandy silt to silty loam Na,O 0.07-0.43
Porosity 44-55 % K,0 0.04-0.9

Water holding capacity 45-60 % MnO 0.01-0.5
Electrical Conductivity 0.15-0.45 ds/m TiO2 0.4-1.8

2.2. Environmental Impact of Fly Ash

The pathways of fly ash pollutant movement through air, surface and ground water are schematically
represented in Fig. 1 [6]. Fly ash not only degrade the precious land but toxic metals present in the fly ash in
traces like uranium, thorium, chromium, lead, mercury and cadmium etc also harm the human health and
plants life. Prolonged inhalation of fly ash causes asthma, allergy, lung fibrosis, bronchitis silicosis and
cancer. Unscientific disposal of fly ash may pollute surface water sources and may disrupt the aquatic life.
The toxic metals leached from the fly ash may also pollute the underground water resources.

la
AlR M
Atmospheric . & Atmosphenc
Fallon Wind TT".:I'[.'}]J':]T fallout
AshMaund Pond _ Wind
Transpoit
/ Surfacerun off
h J A ¥
SURFACE WATER | Susfacerm off SURTACE SOIL
Infillration Laaching
Y
[ d Wate 4
e et - Digpersioa and Diffision DEEF SOIL

Aquifer

Fig. 1: Pathway of pollutant movement around fly ash disposal (Nawaz, 2013)
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2.3.

Government Initiative for Utilization of Fly Ash

On realizing the environment challenge being posed by fly ash, Government of India has taken
several initiatives to achieve 100 % utilization of fly ash. In 1994, a technology project in the mode
of a mission (Fly Ash Mission) was commissioned as a joint activity of Department of Science and
Technology, Ministry of Power and Ministry of Environment and Forests for the development and
application of the technology for application of fly ash in various areas. Ministry of Environment
Forest, Climate Change issued a notification to protect the environment, conserve the top soil and to
prevent the dumping and disposal of fly ash discharged from coal and lignite based thermal power
plants on land. The salient provisions of the notifications are [7] [8]:

2.4.

All the clay bricks, tiles or blocks manufacturer located within 100 km of a coal based thermal power
plants shall use at least 25 % ash with soil on weight to weight basis.

All construction agencies engaged in construction of buildings within a radius of 300 km of a coal
based thermal power plant shall use only fly based construction material such as cement, bricks, tiles
etc. in such construction.

All roads, fly over embankments within a radius of 300 km of a thermal power plant shall be
constructed with fly ash only.

Only fly ash shall be used for reclamation and compaction of low lying areas within a radius of 300
km of a coal based thermal power plant.

Stowing of mines located within 50 km by road from a coal based thermal plant shall be done with at
least 25 % of fly ash on weight to weight basis of the total stowing material used.

All the coal mines located within 50 km of a thermal power plant shall use at least 25 % fly ash on
volume to volume basis of the total material used in the external over burden dump and same
percentage in upper benches of internal overburden dump.

All the power plant shall make available at least 20 % of the dry ESP fly ash to the units
manufacturing fly ash or clay-fly ash bricks, blocks and tiles on a priority basis over other users.

All the coal based thermal power plants shall archive 100 % fly ash utilization within 4 years of their
commissioning.

The amount collected from sale of fly ash and fly ash based products by power plant shall be kept in a
separate account head and shall be utilized only for development of infrastructure or facilities,
promotion and facilitation activities for use of fly ash until 100 % fly ash utilization level is achieved.

Sector Wise Utilization of Fly Ash in India

Sector wise utilization of fly ash for the year 2014-15 in India is shown in Fig. 2. About 42.26 % of total
fly ash utilized was in the cement sector, followed by 13.00 % in mine filling, 11.72 % in making bricks &
tiles, 10.77 % in reclamation of low lying area, 9.56 % in ash dyke raising, 3.32 % in roads & embankments,
1.93 % in agriculture, 0.74 % in concrete, 0.01 % in hydro power sector & 6.70 % in others etc. [4].
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Fig. 2: Fly ash utilization in India in 2014-15 (CEA, 2015)
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2.5. Fly Ash Utilization in Chhattisgarh State

The open cast coal mine of which the case study is presented in this paper is in the state of Chhattisgarh
in India. The state has huge deposit of coal and contributes “about 20 % of the total coal production of the
nation. There are 73 power plants with a total installed power generation capacity of more than 16000 MW.
Most of the power plants are located around two major coal producing areas Korba and Raigarh. The state
generated about 30 million tonnes of ash and utilized 14.29 million tonnes, which is about 47.5 % of the total
ash generated in the state in the year 2014-15, Cement sector is the major consumer of fly ash in the state, as
the state also has huge deposit of cement grade lime stone and produces about 14 million tonnes of cement
lyear. The cement sector in the state consumed about 3.6 million tonnes of fly ash. There is not much
potential to increase the fly ash consumption in this sector in the state. Being a small state consisting mainly
rural settlements, the brick consumption in the state is only 5 million bricks/year [9]. The use of fly ash
bricks is limited in government sector and to some extent in private sector in urban areas which are in the
proximity of fly ash generators. There is a little scope to increase fly ash consumption in this area. The use of
fly ash in road construction and filling low lying areas is restricted to road being constructed around power
plants owing to high cost of transportation. The sector wise utilization of fly ash is shown in Fig. 3.
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Fig. 3: Fly ash utilization in Chhattisgarh in 2014-15.

3. Case Study of Gare Palma Open Cast Coal Mine

Gare Palma IV/ 1 open cast coal mine is in Tamnar tahsil of Raigarh district of Chhattisgarh, India. The
total lease area of the mine is 978.654 ha. There are five workable coal seams in the block. The thickness of
the seams varies from 2 to 8 m. The average stripping ratio of the mine is 1:3.38. The overburden comprises
of mainly fine to coarse grained sand stone and shale. The gross calorific value of the coal seams varies from
2354 kcal/kg to 3900 kcal/kg and ash percentage varies from 39.34 to 58.53 %. A runnel passes through the
lease area and divides it into two parts. The mine was started in the year 1999 with an annual production of
6.0 million tonnes. The mined coal was washed in a pit head washery and beneficiated coal having ash
content 32-33 % was used in a DRI plant and middling having ash content 60-62 % was utilized ina 4 X 144
MW captive thermal power plant located near the mine. The fly ash generated from the power plant was
disposed in the mine by mixing in the overburden dump of the mine. There were two pits in the mine namely
Pit 1 and Pit 2. Pit 1 was separated from Pit 2 by a runnel. Pit 1 is exhausted and working is being done in
Pit 2. The void of the Pit 1 is being backfilled by admixture of fly ash overburden dump. A panoramic view
of the Pit 1 is shown in Fig. 4.

For backfilling the mine void, initially a deck of 30 m height of over burden only was constructed along
the floor of the pit. An embankment of about 15 m wide and 5 m high was then constructed all around the
proposed area for fly ash overburden dump filling as shown in Fig. 5. A number of dumping areas were
formed in such a way that each area was separated by another dump area by a 15 m wide embankment. A
well-mixed admixture of fly ash-overbueden, containing 25 % fly ash and 75 % overburden by volume was
then filled in the area up to a height of 5 m. Over the layer of fly ash overburden admixture, a 5 m thick layer
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of overburden was laid. In the same way, alternate layers of fly ash overburden admixture and overburden
only was filled in the void. Thus, each layer of admixture of fly ash overburden was followed by a layer of
overburden. For ensuring the safety of the dumps, backfilling was done in 4 decks each of 30 m height. Each
deck contains 3 layers of admixture and 3 layers of overburden. The sides of the dumps were kept benched
with slope angle of 28< At the top of the dumps, a layer of about 2 m thick top soil was spread, over which
thick plantation of local species of plants was done. Gully drains were formed along the slope of the dumps
and peripheral drains were formed to drain the rain water. To prevent the fly ash becoming air borne, the
dumps were so designed that every layer of fly ash overburden admixture was always encapsulated within a
layer of overburden. Fly ash from the power plant and over burden from the external dump was transported
to the filling site in 25 T dumpers. To maintain the correct ratio of fly ash and overburden, transportation of
fly ash and overburden was such regulated that after every three trucks of overburden, one truck of fly ash is
dumped in the void. The fly ash was mixed with overburden and compacted by dozers(Fig. 6). Monitoring
for slope stability, air, surface and ground water quality was done regularly. The fly ash OB dump were
found stable, no incident of slope failure occurred. The plantation done on the top of the dump to
biologically stabilize the dumps was highly successful. A good growth of plants is noticed (Fig. 7). The air,
surface and ground water quality parameters monitored were also found within the prescribed limit.
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Fig. 5: Embankments constructed for backfilling the mine void.



- AP e

Fig. 6: Spreading and compacting admixture of Iy ash and overburden

4. Conclusions

The fly ash problem will become more serious if timely action is not taken for safe disposal of bulk
quantity of fly ash. The scope of utilization of fly ash in cement sectors, bricks etc are limited and have
reached to almost saturation level in Chhattisgarh state. Disposal of fly in the mine voids is the only way to
achieve 100 % utilization target of fly ash. Most of the thermal power plants in the state are located near the
open cast coal mines, the internal and external dumps of which can be economically used for disposal of the
fly ash. The case study of Gare Palma mine has proved that bulk quantity of fly ash can be safely disposed
with coal mine over dumps without causing any damage to the environment. The mine closure plan of
various mines located in the close vicinity of the thermal power plants should have a mandatory provision of
fly ash utilization in the overburden dump.
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