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Preface

India, endowed with rich mineral resources, produces 89
different minerals comprising of 4 fuel, 11 metallic, 52 non-
metallic and 22 minor minerals. The country is the largest
producer of mica, third largest producer of coal and lignite,
fourth in iron production, sixth in bauxite and manganese,
and tenth in aluminum production in the world. The metallic
production of the country is mostly contributed by iron-ore,
copper-ore, chromite and/or zinc concentrates, manganese
ore, bauxite, lead concentrates, gold and silver. Amongst the
non-metallic minerals, 92 percent of the aggregate value is
shared by limestone, magnesite, dolomite, barytes, kaolin,
gypsum, apatite and phosphorite, steatite and fluorite. In
1999-2000, total mineral production from over 3100 mines
accounted for 550 million tones worth more than Rs. 452.3
billion.

During recent past, India has witnessed a spurt of mining
activity to meet the growing industrial and commercial
demands of minerals and metals. The extractive nature of
mining activities creates a variety of impacts on the
environment before, during and after mining operations. Large
scale denudation of forest cover, scarcity of water, pollution of
air, water and soil, and degradation of agricultural lands are
some of the conspicuous environmental implications of the
muning operation. In addition, mining leaves physically
disfigured landscape due to haphazard dumping of
overburden, caving in of the ground and subsidence of land.
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The extent and nature of impacts can range from minimal to
significant depending on a range of factors associated with
each mining activity. The environmental impacts of mining,
although significant, are generally confined to adjoining areas.
The terrestrial and aquatic ecosystems surrounding mines
become severely contaminated leading to adverse impacts on
human health, agricultural and other socio-economic activities
of the local people. Mining on forest land leads to deforestation
and loss of biodiversity.

In India, a vast area of land is affected every year by
mining and mining-related activities. Restoration of mining
affected environment has been a challenging task and very
little progress has been made considering the magnitude of
the problem. In order to mitigate the adverse impacts of
mining activities and rehabilitate the mining affected areas, it
is important to understand various problems of mining
environment and their management. Assessment and stock
taking of the prevailing environmental problems of the mining
areas are prerequisites for initiating necessary remedial actions.
Experience sharing of actions already initiated is equally
important in formulating strategies for ecorestoration of mining
degraded areas. To address these issues, a National Symposium
on ‘Ecorestoration of Mining Affected Areas’ was organized at
Shillong in 2003. The Symposium, sponsored by North Eastern
Council (NEC), Shillong, North-Eastern Hill University
(NEHU), Shillong and Indian National Science Academy
(INSA), New Delhi was attended by about 50 participants.
The participants deliberated on various aspects of mining
environment and its management. The financial assistance
provided by NEC, NEHU and INSA, and moral and physical
support rendered by the organizing committee members,
particularly Prof. B.K. Tiwari, Dr. V.T. Darlong and
Dr. S.K. Barik are gratefully acknowledged.

The organizers of the Symposium decided to compile and
publish selected papers in the form of a book for the benefit of
students, researchers, policy makers and all concerned for
ecorestoration of mining affected environment. The present
volume on ‘Mining Environment — Problems and Remedies’
is the out come of this effort. The book comprising of five

PREFACE v
Sections includes a total of 18 Chapters. The Section- I includes
two Chapters on Status of Minerals and Mining in India. Eight
Chapters pertaining to Environmental Problems of Mining
have been included in Section-II. The Section-III comprising of
three Chapters deals with Ecorestoration of Mining Affected
Areas. Section-IV of the book, devoted to Mining Policies,
Regulations and Environmental Impact Assessment includes
three Chapters. Finally, Section-V incorporates Notification
issued by Ministry of Environment and Forests, Government
of India on Environmental Impact Assessment and a Glossary
of terms related to mining environment.

The chapters included in this book are contributed by
researchers renowned in their respective areas. I gratefully
acknowledge their valuable contributions. I also would like to
thank Shri Arun K. Verma of Regency Publications for
expeditious publication of this book.

Shillong O.P. Singh
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CHAPTER 4

Impact of Coal Mining on
Micro-Landforms in Jaintia Hills District,
Meghalaya

Airida Arjri Dkhar and R.K Rai

Introduction

Geomorphology is defined as the science of description of
various landforms of the earth’s surface. The geomorphic
processes are all those physical and chemical changes, which
affect a modification of the earth’s surficial forms. A
geomorphic agent or agency is any natural medium, which is
capable of securing and transporting earth material. Man’s
unique power of understanding and manipulation enabled
him to break through the barrier set by the physical
environment. Thus man has emerged as a significant
geomorphic agent. According to Sherlock (1923) man is about
five times as effective as all natural agents combine.

Broadly there are three categories of human activities,
Wwhich produce a profound impact on micro-landforms: first,
direct purposeful human action, second, direct but incidental
action and third, the results of man modification and diversion
of other geomorphological processes. It is, however useful to
fecognize features produced by direct human activity in which
coal mining activity is considered to be in the first two
Categories.

' Thl'Ough out the history of mankind, mining and its
Processes of extracting the minerals of the earth constitute
Mainly for the benefit of mankind. Coal is mined either by

‘*
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open pit methods (also called open cast) or by underground
mining. Irrespective of the actual methods of coal mining
being used, mining processes unavoidably bring about land
degradation and increase mining for expanded coal supplies
inevitably lead to extend land disturbances. Itis very important
to note that whenever there is mining there is also an impact or
effect on landforms and natural drainage system. Besides, it
causes or contributes to the processes of deforestation of the
area, depredation of soils and hence its fertility and widespread
land collapse. But the magnitudes and significance of the
above mentioned methods of mining effect on landforms
either depends mainly on the types of mine, mining scale and
concentration of its operational activities. Therefore, long
years of mining, in their different ways, cause significant
impact on the natural geomorphological set-up in the area
such as formation of anthropogenic landforms and impact on
natural drainage system. ;

Most of the problems that the present day society is
concerned with are related to unscientific, rapacious
exploitation and irrational utilization of natural resources
even from local to higher levels. Thus geomorphological
knowledge is useful before land is used as a resource and in
understanding the problems arising out of the interaction of
human activities and geomorphic attributes of the area.

Thus in the present paper attempt has been made to
highlight the “Impact of Coal Mining Activity on Micro-Landforms
in Jaintia Hills, Meghalaya” as mining of coal substantially
disfigure micro-landforms through excavation, rathole
tunneling and indiscriminate dumping of surface spoil and at
the same time it is environmentally detrimental.

Study Area

The Jaintia Hills district is situated in the eastern part of the
state of Meghalaya and lies between 25°02" N to 2545 N
latitudes; and between 91°58" E to 92°50° E longitudes. It
forms the contiguous part of the Shillong Plateau. The area 15
rich in natural resources especially forest and mineral resources-
In the Jaintia Hills there is large-scale exploitation of coal but
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for the purpose of study five micro basins have been selected
representing different coal mining areas (Fig. 1). The
geographical locations of all the basins are given in Table. 1.
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£ The study area is found in Survey of India, Toposheet No.
§§§ § ,§ 5 E _E _5 5 _5 E 83C/7 with.scale of 2cm = 1km (RF 1:50,000). Combining all
EE Slgennibnny the five basins the stud}{ are.a accounts for about 130 sq. km
2 <@ = = and they fall under Khliehriat C.D. Block. Most of the coal
mining areas are well connected by road. Bapung, Khliehriat
and Myndihati are located along the NH-44, Jowai-Badarpur
road whereas access to coal mines is only through weathered
50 road. The study area is located in the central part of the
xR 5 district, partly, where the plateau is standing as a watershed
E § s E k- P between the Surma valley in the south and the Brahmaputra
- § %‘)é = g_‘g‘ < = e valley in the north. Hence, out of the five basins, the Myntriang
b= e E'g 55‘ §§ 3 and Waikhyrwi that flow to the east are the tributaries of
2 BB DR H S Kharkor river that ultimately joins Kopili river in the east.
‘ s While to the south, the Umsynlieh is the tributary of Myntdu
| E 88 river, whereas the Shasem and Weilong are the tributaries of
i 2 |8 |& {8 & & Lukha that joins the trunk river Lubha in the south.
| -Qé <
5—; . Geology
- o e w9 Jaintia hills district of Meghalaya is occupied by a variety of
g 3 o & rock formations ranging in age from Pre-Cambrian to Recent.
\ ERES SOOI The Pre-Cambrian formation is traversed by swarms of dykes
“ = 3 & 88 & § and sills of both acidic and basic nature. The major part is
! g = = 22 2 =2 covered by the Gneissic complex of Pre-Cambrian. The
“ S S g8 g 4 Shillong Group of rocks overly the Gneissic complex and are
| i~ marked by the presence of sill and dykes. The Tertiary group
P S of rocks are represented by the Shella formation comprising
z . 9F F b alterations of sandstone and limestone. These also include
= = +8 & § formation of Kopili, Barail, Surma and Dupitila. The
3 S hd & Q Quaternary deposits Older alluvium and Recent alluvium is
S & o5 S 3 found in the river valleys and consists of fine silty and light to
& 58S NN dark grey.clay with pockets and layers of coarse sand and
i ki i i pebbles (Fig. 2).
The Myntriang, Waikhyrwi, Umsynlieh, Shasem and
3 Weilong drainage basins, by and large, expose a well-
" %" 5 § v de\feloped sequence of the Tertiary sediments and constitute
§° 5 é‘ E B § mainly of the Jaintia group (Table 2).The rocks of the Gneissic
§% |E B £ B complex form the basement for the deposition of Tertiary
as 1= 25 v 2 deposits. The dominant rock of this formation in the area is
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granite gneiss. The Precambrian basement rocks are
immediately overlain by sedimentary of Jaintia Group. The
Sylhet sandstone of the Shella Formation is exposed over a
large area and is lying non-conformably over the basement.
They are moderately hard, well bedded with carbonaceous
shales and impersistent beds of coal (Plate 1a). The Sylhet
limestone is conformably underlain by Sylhet sandstone. The
limestone is light in colour, cavernous, hard and massive.
Recent alluvium is found in river valleys and foothills
consisting of silts and sands and sometime gravels and pebbles.

Table 2: Lithostratigraphic succession of the study area

Geological Group Formation Name Rock Types
Age  Name & Member
Recent Soil/Alluvium Clay, sands, silts,
gravels and stones
T
E Sylhet Hard compact, fossili-
Limestone ferous limestone

R Shell (Mid. to Upp.

Formation Eocene)
T Jaintia (Paleocene

Group to
I Upp. Sylhet . Medium to coarse,
Eocene Sanstone occasionally gritty
A (Palaeo- with shale, carbona-
cene) ceou shale and
R coal lenses.
Y
Unconformity
Precambrian Gneissic Complex Granite gneiss

Physiography and Drainage

Jaintia Hills forms a contiguous part of the Meghalaya Plateau
and it has been divided into three physiographic divisions:
(i) The Northern Hills, (ii) The Central Plateau or the Central
Jowai upland and (iii) The Southern Escarpment. The central
plateau covers the central part of the district. It is in this
particular physiographic division that the study area is located.
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The area is characterised by rolling mounds and hummocks of
gentle height and shows flat topography. The highest elevation
is observed in the southeastern part of the district at
Maryngksih (1627 m) and Lum-Bah-Bo-Bah-Kong (1592 m).
The lowest point is 76 m above m.s.l at Dawki southeastern
part of the district. .

The district is drained in the north by the Umkhen River,
in the northeast by Kopili River, in the southern part is
drained by Myntdu River and Lukha River. In the west is the
Umngot River separating East Khasi Hills and Jaintia Hills.
Myntriang and Waikhyrwi are the tributaries of Kopili,
Umsynlieh is the tributary of Myntdu, whereas the Shasem
and Weilong are of Lubha River.

Climate

In general, the area experiences a tropical monsoon climate.
From the data collected (1991-2001) and from the prevailing
weather conditions the rainy season occurs during mid-May
to September. October and November is a bit cooler as it is a
transitional period between rainy and winter seasons and it
represents the autumn. December to February is characterised
by cold and dry weather conditions. March to mid-May is
warmer compare to winter months. In general, the region has
a conducive and moderate climate.

Soil

From the soil samples collected from hilltop, hillside and
valley of the region show that the soil texture varies from
sandy loam to clay loam. The soils are thin and less clayey in
the hills than in the valleys. The valley soils are thick, mature,
deep in colour and more fertile. Through out the region, from
fh? PH value it can be clearly said that the soils are strongly
acidic in nature. The pH value varies from 4.06 to 5.65. The
Soills. of these areas are less fertile as the soils are strongly
acidic. It is observed that there is large-scale deforestation due
to coal mining. Therefore this has contributed to soil erosion,
depredation of soil and hence its fertility has been reduced. It
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is observed that in the foothills of deforested area within
10 cms deep there is a change in soil colour. In coal mining
areas the soil colour is very dark grayish brown mainly
because of mixture of large quantity of coal particles in the

soil.

T—'
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Natural Vegetation

The type of forest found in the study area is mainly Tropical
Pine Forest. But this forest is largely devoid or has poor
vegetation cover. Large tract of land is barren and in some
places bare rocky surface is exposed. Besides increase of
population, pressure on land is more due to coal mining and
this poses a major threat to deforestation. It is observed that
the principal causes of uncontrolled deforestation in the study
area are fuelwood gathering and encroachment of coal mining
to the forest cover area. Excessive tree cutting and clearing of
marginal lands especially in the coal mining areas retard
natural regeneration and promote other environmental effects
such as loss of biodiversity, soil erosion, sedimentation,
siltation, etc. The rolling grasslands covering large areas are
the result of removal of original forest cover. Infact dense
vegetation cover is observed only in the sacred forest, which is
the natural treasure house of biodiversity.

Geomorphic Characteristics

The selected basins exhibit an interesting geomorphic
characteristics consisting of landforms carved by streams and
tributaries on the terrain of the Gneissic complex and of the
sedimentary of sandstone and limestone of the Jaintia group..
The study area as a whole forms part of the central upland
plateau of Jaintia Hills. The study area is characterised by
more or less flat topography representing a plateau plain with
low dissection. Infact, the flat leveled surface preserved over
the plateau till today is associated or resulted from the
upliftment of the Meghalaya plateau at different geological
periods. The fluvial landforms developed within the plateau
plain are, plateau relicts, hillocks, linear ridge, stream valleys,
gorges, rapids and waterfalls, rock-cut terraces, incised
meanders, potholes and plungepools and lakes. Whereas karst
landforms identified in the region are tower or pinnacle karst,
swallow holes, limestone gorge, blind valleys and caves.
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Coal Mining Activities

Coal mining is one of the most important economic activities
in Jaintia Hills. Coal mining activities are wide spread in
Jaintia Hills but it is concentrated in scattered pockets as it is
privately ventured. Coal mining in the area is un-scientific,
un-systematic and primitive in nature. Coal occurrence is
confined to the Tertiary Sediments of Jaintia Hills district. The
coalfields of Jaintia hills are small and spread out in different
patches, namely, Lakadong, Lumshnong, Musiang-Lamare,
Mutang, Jaraifi-Shkentalang, Bapung, Sutnga etc (Fig. 3). It is
observed that Jaintia Hills is the major producer of coal in the
state (Table 3). It is observed that from the year 1991-2002 the
district alone contributed about 27,230.62 thousand tonnes

Table 3: Production of coal in Meghalaya

Year Production in Thousands Tonnes

Jaintia Hills Khasi Hills Garo Hills Meghalaya
1991-1992 NA NA NA NA
1992-1993 3040.80 142.5 304.4 3487.70
1993-1994 2062.20 122.0 399.3 2585.50
1994-1995 2389.70 123.5 752.8 3266.20
1995-1996 2159.50 188.8 899.2 3247.50
1996-1997 2273.60 164.0 803.3 3240.90
1997-1998 2414.60 119.5 599.4 3233.50
1998-1999 3246.10 184.4 807.1 4237.80
1999-2000 2935.00 217.0 907.0 4657.00
2000-2001 2839.80 303.3 1017.70 4160.80
2001-2002 3869.32 302.5 977.50 5149.32
Total 27230.50 1867.50 7467.7 36565.7

Source: Directorate of Mineral Resources, Govt. of Meghalaya.

which is 74.27% of the total production of the state. Hence it is
observed that in Jaintia Hills, increase in production leads to
various environmental degradation such as deforestation, soil
erosion, land scarring, subsidence, hydrological disruption,
water pollution, air pollution, noise pollution and health
hazards.

1a: Sylhet Sandstone with Carbonaceous Shales and
Impersistent Beds of Coal.

1b: Horizontal Passage inside the Coal Mine.

PLATE 1
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PLATE 2: Indiscriminate Dumping of Waste Materials
along the Hillslope. /-

Figure 3
Distribution of Coal in Meghalaya

Coal mining has become one of the most important economic
activities in Jaintia Hills. Though the occurrence of coal in the
region is known from the early 19th century but exploitation
of coal for commercial purpose by the local people in the
Study area started during the early 1970's. Coal mining are
Scattered as small-scale ventures under the control of individual
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landowner This has altered and degraded the natural landscape
beyond one's imagination The coal mining areas in the selected
basins are given below: -

Myntriang basin

The important coal mining areas in the basin are Bapung
village It is situated along the Jowai-Badarpur road NH-44. It
is about 86 km from Shillong. Sohkymphor and Pamra village
are another coal mining areas in the basin which are situated
east of Bapung. :

Waikhyrwi basin

The only coal mining area is Sutnga village, which is about 105
km from Shillong situated to the east of Khliehriat. The coal
mining areas of the village within this basin are Waikhyrwi,
Thwei Syiem and Khliehnarwan.

Weilong basin

In this basin, the important coal mining area is Moopala
village, which is about 102 kms from Shillong, east of Khliehriat.
Half of Sutnga is also included in this basin with its coal
mining area known as Weilongneng and Weilongwah.

Shasem basin

In this basin the coal mining areas are Khliehriat and Myndihati
villages. They are situated in the NH 44 Jowai-Badarpur road,
which are about 97 km and 103 km from Shillong.

Umsynlieh basin

In this particular basin the coal mining areas are Lad Rymbai
and Rymbai villages, which are about 93 km and 97 km from
Shillong. They are situated south of Bapung and west of
Khliehriat.

Nature and Methods of Mining

The nature of mining operations in the region depends or
varies according to the nature of coal deposits. The exposures
of coal are found along rapids, waterfalls, hill slopes, stream
valleys and in some cases in the paddy fields. In the region
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where coal is seen as an outcrop in the hillslopes, stream
valleys and waterfalls locally they call 'Side cutting'. Where as
in the plain areas they have to search the coal beds and remove
the overburden, which varies from 10 m to 40 m approximately,
they call it ‘Box cutting'. Though the nature of operation is
called by different names but by and large the techniques and
methods is rat hole mining. In some coal mines more than one
coal seam is workable. When coal is completely mined from
particular section the process of depillaring is quite risky and
prejudice to the slope stability. After depillaring process, it is
observed that these abandoned mines are left unguarded.

Impact of Coal Mining on Micro-Landforms

Large-scale exploitation of coal in the study area has resulted
into serious land degradation. Expansion of land under mining
and encroachment to forest and agricultural land are taking
place at a fast pace in the area. Overburden is being dumped
indiscriminately in the stream banks, valleys or hill slopes.
The spoil dumps are composed mainly of soil, sandstone,
shale and boulders. Hence mining of coal substantially dis-
figured the physical landscape of different sites of abandoned
mines, currently operated mines and even to the unmine
areas. The dumps are of various sizes, shapes and heights.

In the all selected basins, micro-landforms or micro-relief
features have been extensively altered or modified to suit the
need of the human communities. Mostly changes involved the
Imposition of a partly artificial regime, through human
Interference, on the existing geomorphological set up both
landforms and drainage system of the area. Hence, it is natural,
that they tend to provoke reactions that may cause permanent
and wide spread damage in the area. Moreover it is observed
that mining activities in the region are operated without
taking into account the limitations or the constraints imposed
by the geomorphic setting of the area. Such as the hillslope
characteristics which includes the amount of relief, steepness
of slopes and nearness to tributaries and streams.

The impact of coal mining on micro-landforms can be
broadly grouped into direct and indirect impact. The impact
of coal mining may be regarded as a chain reaction when the

‘
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initial effect of coal extraction, in turn, produces other impact
which pass through the chain reaction like a series of impulses.

Direct Impact

Direct impact on micro landforms by coal mining activities is
conspicuous, considerable and widespread. Mining operations
through anthropogenic processes such as excavational
(digging, cutting and mining), constructional (tipping) and
hydrological interference (mining on the streambed) are the
main causes for the creation of anthropogenic landforms. The
anthropogenic landforms identified in the area are pits and
ponds, anthropogenic caves, mound and incised hillocks. Pits
and ponds have been associated with digging and removal of
overburden having irregular depth depending upon the
thickness of the overburden. The surface opening or mouth of
these shafts is approximately 10 sq. m. These are found mostly
along the valley flats and plains where coal is not exposed to
the surface. Anthropogenic caves are associated with the
excavational processes of mining operations (Plate 1b). In the
abandoned mine these caves are left unguarded only wooden
timber stull is wedged to support the hanging walls and
footwalls. These caves are temporary caves because of lack of
resistance to support the greater weight of overburden and
water is not kept out with sufficient care. Anthropogenic
caves are found extensively in the area even in the riverbeds,
waterfalls and rapids. Mounds are cone-shaped hillock
developed due to the constructional process through tipping
of waste materials. These spoil heaps mounds vary considerable
in height depending upon the size of coal mined in any area
are commonly 1 m to 5 m high only. Recent spoil dumps have
irregular shapes and height. The spoil dumps are made up of
loose unconsolidated soil, rock and pebbles (Plate 2). Incised
hillocks are formed as a result of deliberate cutting of hillocks
for transportation and materials for filling and preparation of
coal depot.

Indirect Impact

Itis observed that in all the trunk streams where coal outcrops,
coal is mined along the stream valleys, gorge, waterfalls,
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rapids and even in streambeds. The unscientific methods of
coal mining, besides direct impact, it also causes immense
indirect impact. Apart from modifying and transforming
micro-landforms, coal mining also greatly assists and enhances
natural agents of denudation. Indirect impact is not an
immediate impact but rather it is a slow process. In the
indirect impact of coal mining activity the anthropogenic
landforming processes includes acceleration of erosion and
sedimentation, subsidence and slope failure. The anthropogenic
landforms developed in the area are dry plunge pool and dry
streambeds, sedimented streams, subsidence hollow and
subsidence scarp. Dry plunge pool and dry stream beds are
mainly due to hydrological interference which led to down
sinking of water as subterranean water into the mining caves.
Sedimented streams are a combine action of haphazard
disposal of waste into the streambed and bank caving of the
stream. Subsidence hollow and subsidence scarp are formed
due to subsidence and slumping as a result of removal of
underlying coal seam. It is observed that coal mining is the
driving force for such impact, as the local people do not take
into account the nature of the geomorphic settings of the area.
Moreover, even in areas where it is characterised by gentle
slope and low relief subsidence and slope failure occurs This
is mainly because method of mining operation in the area is
unplanned, un-scientific and un-systematic which largely
upsets the geomorphological set up both micro-landforms-
and natural drainage system.

Having attempted to set out some of the impact of coal
mining on micro-landforms, infact, geomorphologically, man
has increasingly efficient as an anthropogenic landforming
agent. It is observed that the effectiveness of man's
geomorphological capabilities have increased since coal mining
18 practiced for more than twenty years in the area. Infact,
local communities especially mine owners are inconsiderate
towards environment, shortsighted and ignorance about the
threat or the growing negative problems. Their predilections
are mainly focussed on aspects of economic benefits from coal
Mmining and this is far greater than the attitude towards
cOnserving the environment and the other alternative options

L
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of livelihood. Infact there are number of unstable and
vulnerable areas which have the potentiality for drastic impact.

Indiscriminate exploitation of coal for more than twenty
years in the region has resulted in serious impact on the
geomorphological set up of the area. The natural agents of
denudation coupled with unscientific mining and haphazard
dumping of debris has posed major threat to micro-landforms,
natural drainage system and other components of the
environment. In the area coal is mined irrespective of the
nature of terrain consequently there are number of visible
direct and indirect impacts. It can also be concluded that some
impacts are unforeseen at present but the nature of mining
operations allowed for drastic effects. It is observed that there
are number of potential areas which are vulnerable or
susceptible to larger dimension in its impact. Hence, there is
an urgent need for scientific interventions for mitigation of
adverse impacts of coal mining on landforms, in particular
and environment, in general in the Jaintia Hills of Meghalaya.
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Appendix I

Notification on Environmental Impact
. Assessment of Development Projects

Ministry of Environment & Forest, Government of India,
New Delhi :

No. Z-12013/4/89-IA-1 Dated: the 27th January, 1994

S5.0.60(E) Whereas a notification under clause (a) of sub-
rule (3) of rule 5 of the Environment (Protection) Rules,
1986 inviting objections from the public within sixty days
from the date of publication of the said notification, against
- the intention of the Central Government to impose
~ restrictions and prohibitions on the expansion and

~ modernisation of any activity or new projects being

undertaken in any part of India unless environmental
clearance has been accorded by the Central Government
or the State Government in accordance with the procedure
specified in that notification was published as S.0.No. 80(E)
dated 28th January, 1993;

And whereas all objections received have been duly
considered;

Now, therefore, in exercise of the powers conferred by
sub-section (1) and clause (v) of sub-section (2) of section 3
of the Environment (Protection) Act, 1986 (29 of 1986) read
with clause (d) of sub-rule (3) of rule 5 of the Environment
(I?rotection) Rules, 1986, the Central Government hereby
1 directs that on and from the date of publication of this
~ Dotification in the Official Gazette expansion or
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modernisation of any activity (if pollution load is to exceed
the existing one) or a new project listed in Schedule I of
this notification shall not be undertaken in any part of
India unless it has been accorded environmental clearance
by the Central Government in accordance with the
procedure hereinafter specified in this notification.

Requirements and procedure for seeking environmental
clearance of projects:

(a) Any person who desires to undertake any new project

or the expansion or modernisation of any existing
industry or project listed in Schedule I shall submit an
application to the Secretary, Ministry of Environment
and Forests, New Delhi.
The application shall be made in the proforma specified
in Schedule II of this notification and shall be
accompanied by a project report which shall, inter alia,
include an Environmental Impact Assessment Report/
Environment Management Plan and details of public
hearing as specified in Schedule IV prepared in
accordance with the guidelines issued by the Central
Government in the Ministry of Environment and
Forests from time to time.

(b) Cases rejected due to submission of insufficient or
inadequate data and plans may be reviewed as and
when submitted with complete data and plans.
Submission of incomplete data or plans for the second
time would itself be a sufficient reason for the Impact
Assessment Agency to reject the case summarily.

In case of the following site specific projects:

(a) mining;

(b) pit-head thermal power stations;

(c) hydro-power, major irrigation projects and/or their
combination including flood control;

(d) ports and harbours (excluding minor ports);

(e) prospecting and exploration of major minerals in areas
above 500 ha.,

The project authorities will intimate the location of the
project site to the Central Government in the Ministry of
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Environment and Forests while initiating any investigation
and surveys. The Central Government in the Ministry of
Environment and Forests will convey a decision regarding
suitability or otherwise of the proposed site within a
maximum period of thirty days. The said site clearance
shall be granted for a sanctioned capacity and shall be valid
for a period of five years for commencing the construction,
operation or mining.

III. (a) The reports submitted with the application shall be

evaluated and assessed by the impact Assessment
Agency and if deemed necessary it may consult a
Committee of Experts, having a composition as
specified in Schedule-III of this Notification. The
Impact Assessment Agency (IAA) would be the Union
Ministry of Environment and Forests. The Committee
of Experts mentioned above shall be constituted by the
IAA or such other body under the Central Government
authorised by the IAA in this regard.

(b) The said Committee of Experts shall have full right of
entry and inspection of the site or, as the case may be,
factory premises at any time prior to, during or after
the commencement of the operations relating to the
project.

(c) The Impact Assessment Agency shall prepare a set of
recommendations based on the technical assessment
of documents and data furnished by the project
authorities and supplemented by data collected during
visits of sites of factories, if undertaken and details of
public hearing.

The assessment shall be completed within a period of
ninety days from receipt of the requisite documents
and data from the project authorities and completion
of public hearing and decision conveyed within thirty
days thereafter.

The clearance granted shall be valid for a period of five
years from commencement of the construction or
operation of the project.

No construction work, preliminary or otherwise,
relating to the setting up of the project may be
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undertaken till the environmental and / or site clearance
is obtained.

IV. In order to enable the Impact Assessment Agency to
monitor effectively the implementation of the
recommendations and conditions subject to which the
environmental clearance has been given, the project
authorities concerned shall submit a half-yearly report to
the Impact Assessment Agency. Subject to the public
interest, the Impact Assessment Agency, shall make
compliance reports publicly available.

V. If no comments from the Impact Assessment Agency are
received within the time limit, the project would be deemed
to have been approved as proposed by project authorities.

3. Nothing contained in this Notification shall apply to:

(a) any item falling under entry nos. 3, 18 and 20 of the

Schedule-I to be located or proposed to be located in

the areas covered by the Notifications S.0. No.102(E)
dated 1st February, 1989; S.O. 114(E) dated 20th
February, 1991 S.O. No. 416(E) dated 20th June, 1991
and S.O. No.319(E) dated 7th May, 1992.

(b) any item falling under entry Nos. 1, 2, 3, 4,5, 7,9, 10,
12,13, 14, 16,17, 19, 21, 25 and 27 of Schedule-I if the
investment is less that Rs.50 crores.

(c) Any item reserved for Small Scale Industrial sector with
investments less than Rs.1 crore.

4. Concealing factual data or submission of false, misleading
data/reports, decisions or recommendations would lead
to the project being rejected. Approval, if granted earlier
on the basis of false data would also be revoked. Misleading
and wrong information will cover the following:

False information.

False data.

Engineered reports.

Concealing of factual data.

False recommendations or decisions.

R. Rajamani, Secy.
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Schedule-I
(See paras 1 and 2)

List of projects requiring environmental clearance from the
central government

1. Nuclear Power and related projects such as Heavy Water
Plants, nuclear fuel complex, rare earth.

2. River Valley projects including hydel power, major

irrigation and their combination including flood control.

3. Ports, Harbours, Airports (except minor ports and

harbours).

4. Petroleum Refineries including crude and product

pipelines. '

5. Chemical Fertilisers (Nitrogenous and Phosphatic other
than single superphosphate). '

. Pesticides (Technical).

. Petrochemical complexes (Both Olefinic and Aromatic) and
Petro-chemical intermediates such as DMT, Caprolactam,
LAB etc. and production of basic plastics such as LDPE,
HDPE, PP, PVC.

. Bulk drugs and pharmaceuticals.

. Exploration for oil and gas and their production,
transportation and storage.

10. Synthetic Rubber.

11. Asbestos and Asbestos products.

12. Hydrocyanic acid and its derivatives.

13. (a) Primary metallurgical industries(such as production

of Iron and Steel, Aluminium, Copper, Zinc, Lead and
Ferro Alloys). :
(b) Electric arc furnaces (Mini Steel Plants).
14. Chlor-alkali industry.
15. Integrated paint complex including manufacture of resins
and basic raw materials required in the manufacture of
* paints. '
16. Viscose Staple fibre and filament yarn.

N O

O ©

_ 17. Storage batteries integrated with manufacture of oxides of

lead and lead antimony alloy.
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18.

19.
20.

21.

22.
23.
24.
25.
26.
27.
28.
29.
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All tourism projects between 200 m-500 meters of High
Tide Line or at locations with an elevation of more thg
1000 meters with investment of more than Rs. 5 crores "
Thermal Power plants. .
Mining projects (major minerals) with leases more than 5
hectares.

Highway Projects except projects relating to improvement
work including widening and strengthening of roads with
marginal land acquisition along the existing alignments
provided it does not pass through ecologically sensitive
areas such as National Parks, Sanctuaries, Tiger reserves
Reserve forests. ,
Tarred Roads in Himalayas and/or Forest areas.
Distilleries.

Raw Skins and Hides.

Pulp, paper and newsprint.

Dyes.

Cement.

Foundries (individual).

Electroplating.

Schedule-II
(See Sub-para 1(a) of Para 2)

Application form

1.

N

(a) Name and Address of the project proposed
(b) Location of the project
Name of the place
District, Tehsil
Latitude/Longitude
Nearest Airport/Railway Station !
(c) Alternate sites examined and the reasons for selecting
the proposed site
(d) Does the site conform to stipulated land use as per local
land use plan
Objectives of the project
(a) Land Requirement
Agriculture Land:
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Forest land and Density of regetation:
Other (specify):
(b) (i) Land usein the Catchment/ within 10 kms. radius
of the proposed site:
(ii) Topography of the area indicating gradient,
aspects and altitude:
(iii) Erodability classification of the proposed land:
(c) Pollution sources existing in 10 km. Radius and their
impact on quality of air, water and land
(d) Distance of the nearest National Park/Sanctuary
Biosphere Reserve/Monuments/heritage site/Reserve
Forest
(e) Rehabilitation plan for quarries/borrow areas
(f) Green belt plan
(g) Compensatory afforestation plan
Climate and Air Quality
(a) Windrose at site
(b) Max./Min./Mean annual temperature
(c) Frequency of inversion
(d) Frequency of cyclones/tornadoes/cloud burst
(e) Ambient air quality data
(f) Nature and concentration of emission of SPM, Gas (CO,
CO,, Nox,CHn etc.) from the project
Water balance
(a) Water balance at site
(b) Lean season water availability
(c) Source to be tapped with competing users (River, Lake,
Ground, Public supply)
(d) Water quality
(e) Changes observed in quality and quantity of ground
water in the last 15 years and present charging and
extraction details
(f) (1) Quantum of waste water to be released with
treatment details
(ii) Quantum of quality of water in the receiving body
before and after disposal of solid waste
(iii) Quantum of waste water to be released on land
and type of land
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(g) (i) Details of reservoir water quali i
Catchment Treatment Plar(il T neced
(i) Command Area Development Plan
6. Solid wastes
(a) Nature and quantity of solid wastes generated
(b) Solid waste disposal method
7. Noise and Vibrations
(a) Sources of noise and vibrations
(b) Ambient noise level
(c) Noise and Vibration control measures proposed
(c) Subsidence problem if any with control measures
8. Power requirement indicating source of supply
Complete environmental details to be furnished separately
if captive power unit proposed 'I
9. Peak labour force to be deployed giving details of

ary

e Endemic health problems in the area due to waste
water/air/soil borne diseases
e Health care system existing and proposed
10. (a) Number of village and population to be displaced
(b) Rehabilitation Master Plan:
11. Risk Assessment Report and Disaster Management Plan
12. (a) Environmental Impact Assessment Report prepared as

(b) Envi‘ronment Management Plan per guidelines of
(c) Detailed Feasibility Report MOEF issued from
(d) Duly filled in questionnaire time to time

13. Details of Environmental Management Cell
I hereby give an undertaking that the data and information
given above are true to the best of my knowledge and belief
and I am aware that if any part of the data/information

submitted is found to be false or misleading at any stage,"

the project be rejected and the clearance given, if any, o
the project is likely to be revoked at our risk and cost.

Date: _ Signature of the applicant with
Place: . name and full address
Given under the seal of organisation on behalf of whom the applicant
is signing.
In respect to item for which data are not required or is not available
as per the declaration of project preponent, the project would be
considered on that basis.
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Schedule-III
(See Sub-para I1l(a) of Para 2)

Composition of the expert committees for environmental
impact assessment :

1. The Committees will consist of experts in the following
disciplines:
(i) Eco-System Management
(ii) Air/Water Pollution Control
(iii) Water Resource Management
(iv) Flora/Fauna Conservation and Management
(v) Land Use Planning
(vi) Social Sciences/Rehabilitation
(vii) Project Appraisal
(viii) Ecology
(ix) Environmental Health
(x) Subject Area Specialists
(xi) Representatives of NGOs/Persons Concerned With

Environmental Issues.

2. The Chairman will be an outstanding and experienced
ecologist or environmentalist or technical professional with

wide managerial experience.
3. The representative of IAA will act as Member-Secretary.

4. Chairman and members will serve in their individual
capacities except those specifically nominated as
representatives.

5. The membership of a Committee shall not exceed 15.
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Schedule-IV
(See Sub-para I of Para 2)

Procedure for public hearing

1. Process of Public Hearing
Whoever apply for environmental clearance o i

: ce of project:
submit to the concerned State Pollution Control I];’»oa]rd :‘,Vsehall
sets of the following documents namely: E

(i) An executive summary containing the salient featur

) of the project both in English as well as local langua ees
(if) Form XIII prescribed under Water (Prevention a%u:i
Control of Pollution) Rules, 1975 where discharge of
sewage, trade effluents, treatment of water in any form
is required. ,
(iif) Form I prescribed under Air (Prevention and Control
of Pollution) Union Territory Rules, 1983 where
discharge of emissions are involved in any process
. operation or industry. ,
(iv) Any other information or document which is necessary
in the opinion of the Board for their final disposal of

the application.

2. Notice of Public Hearing

(i) The State Pollution Control Board shall cause a notice
for gnvironmental public hearing which shall be
Pubhshed in at least two newspapers widely circulated
in the region around the project, one of which shall be
in the vernacular language of the locality concerned.
State Pollution Control Board shall mention the date,
time and place of public hearing. Suggestions, views,
comments and objections of the public shall be invited
within thirty days from the date of publication of the

notification.
(ii) Allh persons including bona fide residents,
e.nV1ronmental groups and others located at the pr oject
site/sites of displacement/sites likely to be affected can
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participate in the public hearing. They can also make
oral/written suggestions to the State Pollution Control

Board.

Explanation
For the purpose of the paragraph person means:

(a) any person who is likely to be affected by the grant of
environmental clearance; :

(b) any person who owns or has control over the project with
respect to which an application has been submitted for
environmental clearance;

(c) any association of persons whether incorporated or not
likely to be affected by the project and/or functioning in
the field of environment;

(d) any local authority within any part of whose local limits is
within the neighbourhood, wherein the project is proposed
to be located. '

3. Composition of public hearing panel
The composition of Public Hearing Panel may consist of the

following namely:

(i) Representative of State Pollution Control Board;
(ii) District Collector or his nominee;
(iii) Representative of State Government dealing with the
subject;
(iv) Representative of Department of the State Government
dealing with Environment;
(v) Not more than three representatives of the local bodies
such as Municipalities or panchayats;
(vi) Not more than three senior citizens of the area
nominated by the District Collector.

4. Access to the Executive Summary
The concerned persons shall be provided access to the Executive

Summary of the Project at the following places namely:

(i) District Collector Office;
(i) District Industry Centre;
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(iii) In the Office of the Chief Executive Officers f Zi
Parishad or Commissioner of the Muno' a5
‘ Corporation/Local body as the case may be; R
(iv) In the head office of the concerned State ,Poll i
Control Board and its concerned Regional Offic l.ltlon
(v) In the concerned Department of the State Goverr?;n
dealing with the subject of environment. N

[No.Z-12013/4/89-1A 1] R-H.Khwaja, Jt.Sec
. , Jt.Secy.

Foot Note: The Principal notification was i i A

published vide No.
Q. 60(E) dated 27th January, 1994 and subsequently amengle?ti
vide No. S. O. 356(E) dated 4th May, 1994.

Expllu'natc_rry note Regarding the Impact Assessement
Notification Dated 27th January, 1994

1. Expa.nsion and modernisation of existing projects

A project proponent is required to seek environmental
clearance for a proposed expansion/modernisation activity if
the resultant pollution load is to exceed the existing levels
Th(.e Words “pollution Load” will in this context cover.
emissions, liquid effluents and solid or semi-solid wastes
generated. A project proponent may approach the concerned
State Pollution Control Board (SPCB) for certifying whether
the proposed modernisation/expansion activity as listed in
Schedgle-l to the notification is likely to exceed the existing
polluhon.load or not. If it-is certified that no increase is likely
to occur in the existing pollution load due to the proposed
expansion or modernisation, the project proponent will not be
reqt_n'red to seek environmental clearance, but a copy of such
certificate issued by the SPCB will have to be submitted to the
In}pact Assessment Agency(IAA) for information. The IAA
will however, reserve the right to review such cases in the
pul?hc interest if material facts justifying the need for such
review come to light.

2. Availability of summary feasibility report, EIA/EMP report etc.
to concerned parties or groups

The projeFt proponent will have to submit an executive
summary incorporating in brief the essence of project details
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and findings of environmental impact assessment study which
could be made available to concerned parties or environmental

groups on request.

3. Clarification about concerned parties or environmental groups

The concerned parties or environmental groups will be the
bonafide residents located at or around the project site or site
of displacement or site of-alleged adverse environmental

impact.

4. Public hearing
Public hearings could be called for in case of projects involving
largedisplacement or having severe environmental

ramifications.

5. Requisite information required for site clearance/project

clearance

(a) Site Clearance: Site clearance will be given for site specific
projects as mentioned in para-2(ii) of the notification.
Project proponents will be required to furnish information
according to the environmental appraisal questionnaires '
for site clearance, as may be prescribed by the IAA from
time to time. Additional information whenever required
by the IAA will be communicated immediately to the
project proponents who will then be required to furnish
the same within the time frame specified.

(b) Project clearance: In addition to the application form as
mentioned in Schedule II to the notification, project
proponents are required to furnish the following
information for environmental appraisal:

(i) EIA/EMP report (20 copies);

(ii) Risk Analysisreport (20 copies): however, such reports
if normally not required for a particular category of
project, project proponents can state so accordingly,
but the IAA’s decision in this regard will be final;

(iii) NOC from the State Pollution Control Board;

(iv) Commitment regarding availability of water and
electricity from the competent authority;

(v) Summary of Project report/ feasibility report (one

copy);
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(vi) Filled in questionnaire (as prescribed by the IAA f
) time to time) for environmental appraisal of the r;om
(vii) Comprehensive rehabilitation plan, if more thfn 1]88t;
people are likely to be displaced, otherw se a summ, .
plan would be adequate. N

As a Comprehensive EIA report will normally take at least
one year for its preparation, project proponents may furnish
Rapid EIA report to the IAA based on one season data (othe
than monsoon), for examination of the project. Comprehensiv;
EIA report may be submitted later, if so asked for by the IAA
‘ The requirement of EIA can be dispensed with by the IAA,
in case of project which are unlikely to cause significané
impacts on the environment. In such cases, project proponent
will have to furnish full justification for such exemption, for
submission of EIA. Where such exemption is granted, prcl)ject
proponents may be asked to furnish such additional
information as may be required.

6. Submission of insufficient or inadequate data

Regarding cases liable to be rejected due to inadequacy of
data, itis clarified that the IA A will make such rejection within
3Q days from the date of submission of the proposal. While
rejecting a proposal due to insufficient or inadequate data
after.the first evaluation, the IAA may also stipulate additional
requirement of information/ clarification for impact assessment
purposes if deemed essential due to the specific nature of
location of the proposed project whose data as prescribed is
not available, the TAA can examine the project on the basis of
available data.

7. Application form

i) In order to remove any hardship to the project proponent
in providing any information, the project proponent may,
where some information is not available or would cause
inordinate delay, mention this in their application form.
The IAA may consider the project proposal based on the
information available.

(ii) Quality and quantity of ground water.
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(iii) If 15 years data on the quantity and quality variation of
ground water is not available with the concerned
Department or Authorities, the project proponent may
mention this accordingly in the application form prescribed
in Schedule-II to the notification. Further, in case of projects,
where ground water is not to be used, and effluents are
not to be discharged on the land, the requirement of ground
water variation data for the previous 15 years will be
dispensed with.

(iv) A project proponent may write the words “Not Applicable”
while filling the application form as mentioned in Schedule-
II to the notification in respect of items which are not
relevant for the purposes of the proposed project.

8. Exemption for projects already initiated

For projects listed in Schedule-Tto the notification in respect of
which the required land has been acquired and all relevant
clearances of the State Government including NOC from the
respective State Pollution Control Boards have been obtained
before 27th January, 1994, a project proponent will not be
required to seek environmental clearance from the IAA.
However those units who have not as yet commenced
production will inform the IAA.

CIRCULAR No. Z-12013/14/98 IA-I Dated April 22, 1998 of
Ministry of Environment and Forests, Government of India
Sub: Prospecting and Exploration of Major Minerals in the

areas above 500 ha.- Site clearance under EIA notification

No. S.0.60(E) dated 27th January, 1994 as amended on4th

May, 1994 and 10th April, 1997 — Clarifications reg.
The question of site clearence for projects involving aerial
reconnaissance/aerial surveys for prospection oOr
reconnaissance operations undertaken for preliminary
prospecting has been examined. It was noted that these
operation do not include pitting, trenching, drilling or sub
surface excavation involving disturbance to earth.

It is hereby clarified that for aerial prospection surevys '

aerial reconnaissance, which do not include pitting, trenching,
drilling or subsurface excavation involving disturbance to
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earth, no prior site clearance is required under EIA Notification
- dated 27th January, 1994 (as amended from time to time).
However, site clearance has to be obtained before undertaking
ground operations like pitting, trenching, drilling, road
construction etc. leading to disturbance to earth in specific
areas for exploration of minerals. In this respect the normal
procedure in force will mutatis mutandis apply.

(R.-H. Khwaja)
Joint Secretary to the Government of India

To All Concerned

CIRCULAR No. Z-12013/14/98 IA Dated October 27, 1998 of
Ministry of Environment and Forests, Government of India

Sub: Prospecting and Exploration of Major Minerals in the areas
above 500 ha.- Site clearance under EIA notification No.
S.0.60(E) dated 27th January 1994 as amended on 2.5.94
and 10.4.87. -Clarifications reg.

The question of sale clearence for mining projects involving
surveys for prospecting or reconnaissance operations
undertaken for preliminary prospecting has been noted that
test drilling exercise for confirmation of mineralization in the
already identified anomalies involves on an average one bore
_hole in a block approximately 100 square kilometers (10000 ha.).
It is hereby clarified that for test drilling on a scale not
exceeding one bore hole hundred square kilometers, no prior
site clearence including public hearing is needed under the
provision of the EIA notification of January, 1994 as amended
from time to time. However, necessary approval under the
Forest(Conservation) Act, 1980 has to be obtained in case of
involvement of forestland.
Site clearence, however, has to be obtained before under-
taking prospecting and exploration exercise. In this respect,
the normal procedure in force will mutatis mutandis apply.

(V. Rajagopalan)
Joint Secretary to the Government of India

To All Concerned
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CIRCULAR No.Z-12013/14/98-1A Dated March 16, 1999 of
Ministry of Environment & Forests, Government of India

Sub: Prospecting and Exploration of Major Minerals in the
areas above 500 ha. Site clearance under EIA notification
No. S.0. 60(E) dated 27th January, 1994 as amended on
4-5-94 and 10-4-97 - Clarification reg.

Attention is invited to this Ministry’s Circular of even no
Dated 27th October ‘98 on the above subject regarding test
drilling and site clearance.

It has been brought to the notice of the Ministry that in
large areas more than one anornaly has been noticed and
therefore, one bore hole will not give the clear picture in
regard to the true potential. Finely the testing of the material
obtained from one borehole may not give the correct picture
of the grade and the size of the deposit. This may result in
deposits with good potential and viable economic size escaping
identification. A thorough and systematic scout-drilling
program will improve the chances of finding mineral deposits
within a realistic timeframe.

In view of the above, it is clarified that test drilling on a
scale not exceeding 5 bore holes per 100 square kilometers
would require to prior site clearance including public hearing,
under and provision of EIA Notification of January 94 as
amended from time to time. However necessary approval
under Forest Conservation Act, 1989 would have to be obtained
in case forest land is involved.

Site clearance has to be obtained before undertaken
prospecting and exploration exercises in this respect, the
normal procedure in force will mutatis mutandis apply.

(V. Rajagopalan)
Joint Secretary to the Government of India

To All Concerned
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Appendix I]

Glossary

Acid: Any of a class of substances that liberate hydrogen ions
in water are usually sour and corrosive, and have a pH of
less than 7.

Acid mine drainage (AMD): Acidic run-off water from mine
waste dumps and mill tailings ponds containing sulphide
minerals. Also refers to ground water pumped to surface
from mines. Such drainage often requires treatment to
neutralize acidity before it can be released into the natural
environment.

Acid mine water: Mine water that contains free sulfuric acid,
mainly due to the weathering of iron pyrites.

Acidic precipitation: Rain or snow that have a low pH, caused
by sulphur dioxide and nitric oxide gases from industrial
activity released into the atmosphere.

Acidic rocks: Usually refers to an igneous rock carrying a high
(greater than 65%) proportion of silica.

Acid rain: The precipitation of dilute solutions of strong
mineral acids, formed by the mixing in the atmosphere of
various industrial pollutants — primarily sulfur dioxide
and nitrogen oxides with naturally occurring oxygen and
water vapour.

Act: In the legislative sense, a bill or regulation passed by the
Parliament; a law.

Active mine: A mine is active if it has an owner and mining
activities are carried out on the site.

Aerosol: A suspension of small liquid or solid particles in gas-
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Agglomeration: A method of concentrating valuable minerals
based on their adhesion properties.

Airborne survey: A survey made from an air craft to obtain
photographs, or measure magnetic properties,
radioactivity, etc.

Air pollution: Toxic or radioactive gases or particulate matter
introduced into the atmosphereusually as a result of human
activity.

Alluvial, alluvium: Relatively recent deposits of sedimentary
material laid down in river beds, flood plains, lakes, or at
the base of mountain slopes.

Amendment: A change or addition to an existing law or rule.

Anthracite: see Ranks of coal ~

Aquaculture: The controlled rearing of fish or shellfish by
people or corporations who own the harvestable product,
often involving the capture of the eggs or young of a species
from wild sources, followed by rearing more intensively
than possible in nature.

Aquifer: Underground source of water.

Ash: Incombustible residue left over after incineration or other
thermal processes.

Asthma: A condition marked by labored breathing, constriction
of the chest, coughing and gasping usually brought on by
allergies.

Atmosphere: the 500 km thick layer of air surrounding the
earth which supports the existence of all flora and fauna

Back: The roof or upper part in any underground mining
cavity.

Backfill: Mine waste or rock used to support the roof after
coal removal.

Barren: Said of rock or vein material containing no minerals
of value, and of strata without coal, or containing coal in
seams too thin to be workable. A

Basalt: An extrusive volcanic rock composed primarily of
plagioclase, pyroxene and minor olivine.

Base: Any compound that will combine with an acid and
neutralize it, forming a salt; also bottom or support for any
structure.
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Beneficiation: The treatment of mined material, making it
more concentrated or richer.

Biodegradable: Waste material composed primarily of
naturally-occurring constituent parts, able to be broken
down and absorbed into the ecosystem. Wood, for example,
is biodegradable, for example, while plastics are not.

Biodiversity: Variability among living organisms viz., animals,
plants, fungi, and microorganisms. It exists at three levels
i.e., Genetic diversity, Species diversity and Habitat/
Ecosystem diversity.

Biomass: (1) The amount of living matter in an area, including
plants, large animals and insects; (2) plant materials and
animal waste used as fuel.

Biosphere: (1) The part of the earth and its atmosphere in which
living organisms exist or that is capable of supporting life;
(2) the living organisms and their environment composing
the biosphere.

Biosphere Reserve (BR): A part of an international network
of preserved areas designated by the United Nations
Educational, Scientific and Cultural Organization
(UNESCO). Biosphere Reserves are vital centers of
biodiversity where research and monitoring activities are
conducted, with the participation of local communities, to
protect and preserve healthy natural systems threatened
by development. There are 13 BRs in India designated by
Ministry of Environment and Forest, Government of India.

Biotic: Of or relating to life.

Birth defects: Unhealthy defects found in newborns, often
caused by the mother’s exposure to environmental hazards
or the intake of drugs or alcohol during pregnancy.

Bituminous: see Ranks of coal.

Calcareous: Like limestone or calcium carbonate, or composed
of same.

Calcine: Name given to concentrate that is ready for smelting
(i.e., the sulphur has been driven off by oxidation).

Calorie: Heat required to raise the temperature of 1 gram of
water by 1 degree Centigrade.

Calorific value: The quantity of heat that can be liberated from

- one pound of coal or oil measured in BTU’s.
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Cancer: Unregulated growth of changed cells; a group of
changed, growing cells (tumor).

Carbon dioxide (COj): A naturally occurring greenhouse gas
in the atmosphere, concentrations of which have increased
(from 280 parts per million in pre-industrial times to over
350 parts per million today) as a result of humans’ burning
of coal, 0il, natural gas and organic matter (e.g., wood and
crop wastes).

Carcinogens: Substances that cause cancer.

Clean coal technologies: A number of innovative, new
technologies designed to use coal in a more efficient and
cost-effective manner while enhancing environmental
protection. Several promising technologies include:
fluidized-bed combustion, integrated gasification
combined cycle, limestone injection multi-stage burner,
enhanced flue gas desulfurization (or “scrubbing”), coal

~ liquefaction and coal gasification.

Chlorofluorocarbons (CFCs): Stable, artificially-created
chemical compounds containing carbon, chlorine, fluorine
and sometimes hydrogen. Chlorofluorocarbons, used
primarily to facilitate cooling in refrigerators and air
conditioners, have been found to damage the stratospheric
ozone layer which protects the earth and its inhabitants
from excessive ultraviolet radiation.

Closed mine: A mine is closed if licensed mining activities are
finished for the mine or when there is no ongoing mining
activity.

Coal: A solid, brittle, more or less distinctly stratified
combustible carbonaceous rock, formed by partial to
complete decomposition of vegetation; varies in color from
dark brown to black; not fusible without decomposition
and very insoluble.

Coal dust: Particles of coal that can pass a No. 20 sieve.

Coal Gasification: The conversion of coal into a gaseous fuel.

Coal mine: An area of land and all structures, facilities,
machinery, tools, equipment, shafts, slopes, tunnels,
excavations, and other property, real or personal, placed
upon, under, or above the surface of such land by any
person, used in extracting coal from its natural deposits in
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the earth by any means or method, and the work of
preparing the coal so extracted, including coal preparation
facilities; “Colliery”.

Coal reserves: Measured tonnages of coal that have been
calculated to occur in a coal seam within a particular
property.

Coal washing: The process of separating undesirable materials
from coal based on differences in densities. Pyritic sulfur,
or sulfur combined with iron, is heavier and sinks in water;
coal is lighter and floats.

Coke: A hard, dry carbon substance produced by heating coal
to a very high temperature in the absence of air.

Collar : The term applied to the timbering or concrete around
the mouth or top of a shaft. The beginning point of a shaft
or drill hole at the surface. _

Compost: Process whereby organic wastes, including food
wastes, paper, and yard wastes, decompose naturally,
resulting in a product rich in minerals and ideal for
gardening and farming as a soil conditioners, mulch,
resurfacing material, or landfill cover.

Containment pond: Structure for the accumulation of solid,
chemical or dangerous substances in order to prevent their
dispersal into the environment.

Contamination: Pollution.

Crusher: A machine for crushing rock or other materials.
Among the various types of crushers are the ball mill,
gyratory crusher, Handsel mill, hammer mill, jaw crusher,
rod mill, rolls, stamp mill, and tube mill.

Demonstrated reserves: A collective term for the sum of coal
in both measured and indicated resources and reserves.

Deposit: Mineral deposit or ore deposit is used to designate a
natural occurrence of a useful mineral, or an ore, in
sufficient extent and degree of concentration to invite
exploitation.

Dioxin: A man-made chemical by-product formed during the
manufacturing of other chemicals and during incineration.
Studies show that dioxin is the most potent animal
carcinogen ever tested, as well as the cause of severe weight
loss, liver problems, kidney problems, birth defects, and
death.
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Drainage: The process of removing surplus ground or surface
water either by artificial means or by gravity flow.

Drilling: Piercing a hole in rock. In exploration, drilling allows
for samples of the rock to be taken. In mining, it is used to
insert explosives for blasting.

Dump: To unload; specifically, a load of coal or waste; the
mechanism for unloading, e.g. a waste dump (also called
heap, pile, tip, spoil pike, etc.).

Dump sites: Waste disposal grounds.

Ecosystem: An interconnected and symbiotic grouping of
animals, plants, fungi, and Microorganisms in relation to
a specific environment.

Endangered species: Species in danger of extinction
throughout all or a significant part of its range.

Environmental Impact Assessment (EIA): A written report,
compiled prior to a production decision, that examines the
effects proposed mining activities will have on the natural
surroundings of an exploration property.

Era: A large division of geologic time; the Precambrian era, for
example.

Erosion: The breaking down and subsequent removal of either
rock or surface material by wind, rain, wave action, freezing
and thawing and other processes.

Estuary: A bay or inlet, often at the mouth of a river, in which
large quantities of freshwater and seawater mix together.
These unique habitats are necessary nursery grounds for
many marine fishes and shellfishes.

Excavation: Extraction of solid earth material from the ground
for mineral mining.

Exploration: The search for mineral deposits and the work
done to prove or establish the extent of a mineral deposit;
Prospecting and subsequent evaluation.

Extraction: The process of mining and removal of ore from a
mine; separation of desired mineral from ore.

Fault: A break in the Earth’s crust caused by tectonic forces
which have moved the rock on one side with respect to the
other; faults may extend for many kilometres, or be only a
few centimetres in length; similarly, the movement or
displacement along the fault may vary widely.
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Fault zone: A fault, instead of being a single clean fracture,
may be a zone hundreds or thousands of feet wide. The
fault zone consists of numerous interlacing small faults or
a confused zone of gouge, breccia, or mylonite.

Fauna: The total animal population that inhabits an area.

Ferrous: Containing iron. ‘

Fire damp: The combustible gas, methane, CH4. Also, the
explosive methane-air mixtures with between 5% and 15%
methane. A combustible gas formed in mines by
decomposition of coal or other carbonaceous matter, and
that consists chiefly of methane.

Fixed carbon: The part of the carbon that remains behind when
coal is heated in a closed vessel until all of the volatile
matter is driven off.

Flora: The total vegetation assemblage that inhabits an area.

Flotation: A form of concentration of certain minerals from
gangue based on their different surface reaction to chemical
flocculants. A reagent (chemical flocculants) is used to
adhere to the target mineral, which then rises to the top of
the flotation cell with injected air, where it can be collected.

Fluidized Bed Combustion: A process with a high degree of
ability to remove sulfur from coal during combustion.
Crushed coal and limestone are suspended in the bottom
of a boiler by an upward stream of hot air. The coal is
burned in this bubbling, liquid-like (or “fluidized”)
mixture. Rather than released as emissions, sulfur from
combustion gases combines with the limestone to form a
solid compound recovered with the ash.

Fly ash: The finely divided particles of ash suspended in gases
resulting from the combustion of fuel. Electrostatic
precipitators are used to remove fly ash from the gases
prior to the release from a power plant’s smokestack.

Formation: Any assemblage of rocks which have some
character in common, whether of origin, age, of
composition. Often, the word is loosely used to indicate
anything that has been formed or brought into its present
shape.

Forests: Lands on which trees are the principal plant life,
usually conducive to wide biodiversity.
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Fossil fuel: A fuel, such as coal, oil, and natural gas, produced
by the decomposition of ancient (fossilized) plants and
animals; compare to alternative energy.

Fracture: A general term to include any kind of discontinuity
in a body of rock if produced by mechanical failure,
whether by shear stress or tensile stress. Fractures include
faults, shears, joints, and planes of fracture cleavage.

Gangue: Rock surrounding a mineral or precious gem in its
natural state.

Gasification: Any of various processes by which coal is turned
into low, medium, or high Btu gases.

Geiger counter: An instrument used to measure radioactivity
(e.g., that which emanates from certain minerals) by means
of a Geiger- Mueller tube. It detects the gamma rays and
indicates the frequency or intensity either visually (by dial
or flashing light), audibly (by earphones) or both.

Geochemistry: The study of the chemical properties of rocks;
The use of a broad spectrum of chemical elements and
ratios and their patterns, which are naturally dispersed
around ore deposits, to detect concealed ore bodies.

Geologist: One who studies the constitution, structure, and
history of the earth’s crust, conducting research into the
formation and dissolution of rock layers, analyzing fossil
and mineral content of layers, and endeavoring to fix
historical sequence of development by relating
characteristics to known geological influences (historical
geology).

Geology: The science concerned with the study of the rocks
which compose the Earth.

Geophysical survey: A scientific method of prospecting that
measures the physical properties of rock formations.
Common properties investigated include magnetism,
specific gravity, electrical conductivity and radioactivity.

Geophysicist: A scientist who practices geophysics

Geophysics: The study of the physical properties of rocks and
minerals; The use of the physical, magnetic or electrical
properties of rock formations, minerals and orebodies to
remotely detect new ore deposits, either by ground or
airborne surveys.
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Geothermal: Pertains to the heat of the Earth’s interior.

Global climate change: This term usually refers to the
gradual warming of the earth caused by the greenhouse
effect. Many believe this is the result of man-made
emissions of greenhouse gases such as carbon dioxide,
chlorofluorocarbons (CFC) and methane.

Global warming: Increase in the average temperature of the
earth’s surface.

Grain: In petrology, that factor of the texture of a rock
composed of distinct particles or crystals which depends
upon their absolute size.

Greenhouse effect: The process that raises the temperature of
air in the lower atmosphere due to heat trapped by
greenhouse gases, such as carbon dioxide, methane, nitrous
oxide, chlorofluorocarbons, and ozone.

Greenhouse gas: A gas involved in the greenhouse effect e.g.
carbon dioxide, chlorofluorocarbons (CFC), methane etc.

Grinding: Means of reducing ore into very small particles by
meang of pressure or impact. Different types of grinders
are used in the processing plant to obtain the desired
dimension.

Groundwater; Water below the earth’s surface; the source of
water for wells and springs.

Habitat: (1) The natural home of an animal or plant; (2) the
sum of the environmental conditions that determine the
existence of a community in a specific place.

Haza;dous waste: Material that, given its quantity,
concentration and composition or its corrosive,
inflammable, reactive, toxic, infectious or radioactive
characteristics, presents a real or potential danger to human
health, safety and public well-being or poses a danger to
the environment if it is not stored, treated, transported,
eliminated, used or otherwise managed. Mine tailings are
not normally hazardous waste.

Hematite: The most common iron ore, it is a natural iron oxide
that is reddish or brown in colour.

Hydraulic: Of or pertaining to fluids in motion. Hydraulic jacks
lift through the force transmitted to the movable part of
the jack by a liquid. Hydraulic control refers to the

|
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mechanical control of various parts of machines, such as
coal cutters, loaders, etc., through the operation or action
of hydraulic cylinders.

Hydrocarbon: A family of chemical compounds containing
carbon and hydrogen atoms in various combinations,
found especially in fossil fuels, e.g., methane, butane,
propane etc.

Hydrofluorocarbons: Used as solvents and cleaners in the
semiconductor industry, among others; they possess global
warming potentials that are thousands of times greater than
COa,.

Igneous rocks: Rocks formed by the solidification of molten
material that originated within the Earth.

In situ: In the natural or original position. Applied to a rock,
soil, or fossil when occurring in the situation in which it
was originally formed or deposited. _

Indicated coal resources: Coal for which estimates of the rank,
quality, and quantity have been computed partly from
sample analyses and measurements and partly from
reasonable geologic projections.

Industrial minerals: Non-metallic, non-fuel minerals used in
their natural state in the chemical and manufacturing
industries; they require some beneficiation. Examples:
asbestos, gypsum, salt, graphite, mica, gravel, building
stone and talc.

Inferred coal resources: Coal in unexplored extensions of the
demonstrated resources for which estimates of the quality
and size are based on geologic evidence and projection.
Quantitative estimates are based largely on broad
knowledge of the geologic character of the deposit and for
which there are few, if any, samples or measurements. The
estimates are based on an assumed continuity or repletion
of which there is geologic evidence; this evidence may
include comparison with deposits of similar type. Bod1e:‘s
that are completely concealed may be included if there is
specific geologic evidence of their presence.

Infrastructure: Construction necessary for mining, such as
certain huildings, gas pipes, water lines, sewage and water

systems, telephone cables and reservoirs. It may also
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include roads, railways, airports and bridges, as well as
transmission lines, electrical cables, pylons and
transformers.

Kaolin: Also known as china clay, kaolin is a white alumina-
silicate clay used in porcelain, paper, plastics, rubber, paints
and many other products.

Lacustrine deposit: Sediments deposited on the bottom of
lakes.

Lakes: Substantial inland bodies of standing water.

Land use: The way in which land is used. Some of the examples
of land use are forest, agriculture, wasteland, human
settlement.

Laterite: A residual soil developed in tropical countries, out
of which the silica has been leached. May form orebodies
of iron, nickel, bauxite and manganese.

Leachable: Extractable by chemical solvents.

Leaching: A chemical process for the extraction of valuable
minerals from ore; also, a natural process by which ground
waters dissolve minerals, thus leaving the rock with a
smaller proportion of some of the minerals than it
contained originally.

Lignite: refer to Ranks of coal

Liquefaction: The process of converting coal into a synthetic
fuel, similar in nature to crude oil and / or refined products,
such as gasoline.

Lithology: The character of a rock described in terms of its
structure, color, mineral composition, grain size, and
arrangement of its component parts; all those visible
features that in the aggregate impart individuality of the
rock.

Macroscopic: Visible to the unaided eye.

Magmatic ore deposit: Formed by differentiation of mineral
in magma.

Magmatic segregation: An ore-forming process whereby
valuable minerals are concentrated by settling out of a
cooling magma.

Magnetic gradient survey: A geophysical survey using a pair
of magnetometers a fixed distance apart, to measure the
difference in the magnetic field with height above the
ground.
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Magnetic separation: A process in which a magnetically
susceptible mineral is separated from gangue minerals by
applying a strong magnetic field; ores of iron are commonly
treated in this way.

Magnetic survey: A geophysical survey that measures the
intensity of the Earth’s magnetic field.

Magnetite: Magnetic iron ore, being a black iron oxide
containing 72.4% iron when pure.

Measured coal resources: Coal for which estimates of the rank,
quality, and quantity have been computed from sample
analyses and measurements from closely spaced and
geologically well-known sample sites, such as outcrops,
trenches, mine workings, and drill holes.

Methane: A potentially explosive gas formed naturally from
the decay of vegetative matter, similar to that which formed
coal. Methane, which is the principal component of natural
gas, is frequently encountered in underground coal mining
operations and is kept within safe limits through the use
of extensive mine ventilation systems.

Methane monitor: An electronic instrument often mounted
on a piece of mining equipment, that detects and measures
the methane content of mine air.

Mine: A plant built to extract an ore or mineral substance either
underground or from the surface. When the ore is extracted
underground, the mine needs a system of excavations in
the rock to gain access to the ore areas. When the ore is
mined from surface, the oreis extracted from one or several
pits. :

Mineral deposit: Mineralized mass that may be economically
valuable, but whose characteristics require more detailed
information. An orebody being mined may be called a
deposit. |

Mine development: The term employed to designate .the
operations involved in preparing a mine for ore extract}on.
These operations include tunneling, sinking, cross-cutting,
drifting, and raising. ‘

Miner: One who is engaged in the business or occupation of
extracting ore, coal, precious substances, or other natural

materials from the earth’s crust.
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Mineral: An inorganic compound occurring naturally in the
earth’s crust, with a distinctive set of physical properties,
and a definite chemical composition.

Mineral processing: Process of extraction and concentration
of economic minerals contained in ore. Mineral processing
includes various procedures that rely on the mineral’s
gravimetric and magnetic characteristics, on its colour, and
on reagents to make target particles float to the surface
(flotation). '

Mining: Activity whose purpose is the extraction,
concentration, and smelting of economic minerals from a
mineral deposit. It includes exploration (in the strict sense),
development of mineral deposits, constructing the mine
and mining, i.e., extracting and processing the ore or
tailings.

Mining activities: The activities of prospecting, extraction and
primary in situ processing of minerals.

Mining site: Mining site is the location of mining operation
including the area or areas of excavation and adjoining
areas or nearby facilities for materials handling, processing
and waste disposal.

Mining waste: Any substance or object resulting from
exploration, mining, quarrying, and physical and chemical
treatment of minerals, which the holder discards or intends
or is required to discard.

Native metal: A metal occurring in nature in pure form,
uncombined with other elements.

Nitrogen oxides (NOx)- Harmful gases (which contribute to
acid rain and global warming) emitted as a byproduct of
fossil fuel combustion.

Nodule: A rounded lump or mass of mineral.

Noise pollution: Environmental pollution made up of harmful
or annoying noise.

Non:metallic: Containing little or no metal; industrial mineral.

~ Ore: A natural aggregate of one or more minerals that can be

mined and profitably sold under current conditions, or
from which one or more minerals can be profitably
extracted.
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Orebody: Mineralized mass whose characteristics have been
determined and deemed to be commercially viable. The
term “orebody” is used once the economic limits of the
mineralized mass and its grade have been examined.

Ore reserves: The portion of a mineral deposit that can be
profitably mined. Use of this term implies both an
appropriate detailed knowledge of all the geological,
engineering, economic and environmental p_arameters that
might affect the profitability of the operation. For a new
mining project or for the mining of new zones in an existing
mine, a formal feasibility study is conducted to evaluate
all parameters of the project. ‘ :

Organic maturation: The process of turning peat into coal.

Overburden: Layers of soil and rock covering a f:oal seam Or
any other mineral. Overburden is removed prior to surface
mining and replaced after the coal is taken from thg seam.

Particulate: Of or relating to minute discrete particles; a

articulate substance. o

Particulate pollution: Pollution made up of small liquid or
solid particles suspended in the atmosphere or water
supply. .

Peat: The partially decayed plant matter found in swamps and
bogs, one of the earliest stages of coal formation.

Pegmatite: A coarse-grained, igneous rock, usually 1rrggulgr
in texture and composition, similar to a gra.mte in
composition; it usually occurs in dykes or veins and
sometimes contains valuable minerals.

Pellet: A marble-sized ball of iron ore bonded by clay and fused
for hardness. '

Permit: As it pertains to mining, a document 1ssued. by a
regulatory agency that gives approval for mining
operations to take place. . b=

PM10: Particulate matter less than 10 microns in d1‘ar_neter.

Pneumoconiosis: A chronic disease of the lung arising from

athing coal dust. :

Pollburéon prgevention: Techniques that elirrﬁnatg waste pr.101i
to treatment, such as by changing ingredientsina chemica
reaction.
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Popula‘tion: (1) The whole number of inhabitants in a countr
region or area; (2) a set of individuals having a quality c};r,
characteristic in common.

Possible reserve: Ore deposits whose continuity has been
determined from limited sampling information and
reasonable extrapolation. It does not stand alone but is an
extension of, or additional to, proven or probable reserves
Possible reserves are excellent targets for increasin a.
probable reserve and for extending the deposit over a larger

' and generally deeper area. s

Primary crushing: Process of reducing blasted ore into smaller
fragments so that it can be transported to the processing
plant. In underground mines, the primary crusher is often
located underground or at the entrance to the processing
plant.

Probable reserve: Ore deposits whose continuity has been
confirmed by samplings on a relatively detailed grid. The
density of the grid allows for fairly precise determination
of tonnage, density and mineral and metal content
sufficient to prepare draft preliminary mining plans.
Developing a new mine is usually undertaken with
probable reserves. ' '

Prospecting: In the broad sense, prospecting refers to
exploration. In the strict sense, prospecting describes the
search for surface mineralized showings (by prospectors).
In the broad sense, prospecting refers to exploration. In
the strict sense, prospecting describes the search for surface
mineralized showings (by prospectors).

Proven reserve: Ore deposits whose tonnage, density and
mineral or metal content are known in detail. This implies
that sampling and drilling have been carried out in a
regular grid located near mine workings. The term is
generally restricted to that part of a reserve that is being
developed or mined or for which there is a detailed mining
plan.

Pyrite: A hard, heavy, shiny, yellow mineral, FeS; or iron
disulfide, generally in cubic crystals. Also called iron
pyrites, fool’s gold, sulfur balls. Iron pyrite is the most
common sulfide found in coal mines.
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Quarry: Site where stone, rock and construction materials are
extracted. Open-pit operation.

Ranks of coal: The classification of coal by degree of hardness,
moisture and heat content. “Anthracite” is hard coal,
almost pure carbon, used mainly for heating homes.
“Bituminous” is soft coal. “Subbituminous” is a coal with
a heating value between bituminous and lignite. It has low
fixed carbon and high percentages of volatile matter and
moisture. “Lignite” is the softest coal and has the highest
moisture content. It is used for generating electricity and
for conversion into synthetic gas.

Reclamation: The restoration of land and environmental values
to a surface mine site after the coal is extracted. Reclamation
operations are usually underway as soon as the coal has
been removed from a mine site. The process includes
restoring the land to its approximate original appearance
by restoring topsoil and planting native grasses and ground
covers.

Reconnaissance: A preliminary survey of ground.

Recovery: The proportion or percentage of coal or ore mined
from the original seam or deposit.

Refining: Extracting and purifying metals and minerals.

Refractory ore: Ore that resists the action of chemical reagents
in the normal treatment processes and which may require
pressure leaching or other means to effect the full recovery
of the valuable minerals.

Rehabilitation: Restoring an old mining site for a new
industrial function, recreational use, or to a natural state.

Remediation: Relates to those actions taken to investigate,
prevent, minimize or otherwise resolve the effects or
potential effects on human health or the environment of a
release or threatened release of a hazardous substance.

Reserve: That portion of the identified coal resource that can
be economically mined at the time of determination. The
reserve is derived by applying a recovery factor to that
component of the identified coal resource designated as
the reserve base.

Resources: Concentrations of coal in such form
extraction is currently or may become

s that economic
feasible. Coal
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resources broken down by identified and undiscovered
resources. Identified coal resources are classified :
demonstrated arid inferred. Demonstrated resources aas
{}lr(;her broken down as measured and indicate(rie
. .
. ;sgf(z)cvlfl:e;lvze.zsources are broken down as hypothetical

Run:off: Precipitation that the ground does not absorb and
that ultimately reaches rivers, lakes or oceans. !

Quartz: Common rock-forming mineral consisting of silicon
and oxygen.

Quartzite: A metamorphic rock formed by the transformation
of a sandstone rock by heat and pressure.

Sands-tone- A sedimentary rock consisting of quartz sand
united by some cementing material, such as iron oxide or
calcium carbonate.

Scintillation counter: An instrument used to detect and
measure radioactivity by detecting gamma rays; more
sensitive than a geiger counter.

Scrubber: Any of several forms of chemical /physical devices
that remove sulfur compounds formed during coal
combustion. These devices, technically know as flue gas
degulfurization systems, combine the sulfur in gaseous
emissions with another chemical medium to form inert
“sludge,” which must then be removed for disposal.

Seam: A stratum or bed of coal. .

Sedimentation: Formation of sediment. A sediment s a natural
deposit created by the action of dynamic external agents
such as water, wind and ice.

Settling pond: Basin or pond that allows solid materials in
suspension to settle. '

Shale: A rock formed by consolidation of clay, mud, or silt,
having a laminated structure and composed of minerals
essentially unaltered since deposition.

Slag: The waste product of the process of smelting.

Solid waste : N on-liquid, non gaseous category of waste from
non-toxic household and commercial sources.

Soot: A fine, sticky powder, comprised mostly of carbon,
formed by the burning of fossil fuels.
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Stratosphere: The upper portion of the atmosphere
(approximately 11 km to 50 km above the surface of the
earth).

Strip mining: Mining technique in which the land and
vegetation covering the mineral being sought are stripped
away by huge machines, usually damaging the land
severely and limiting subsequent uses.

Subsidence: The gradual sinking, or sometimes abrupt
collapse, of the rock and soil layers into an underground
mine. Structures and surface features above the subsidence
area can be affected.

Sulphur (S): Element that occurs in a nature state or in
compounds such as sulphides.

Sulfur dioxide (SO3): A heavy, smelly gas which can be
condensed into a clear liquid; used to make sulfuric acid,
bleaching agents, preservatives and refrigerants; a major
source of air pollution in industrial areas.

Surface mine: A mine in which the coal lies near the surface
and can be extracted by removing the covering layers of
rock and soil.

Surface water: Water located above ground (e.g., rivers, lakes).

Tailings dam: Structure designed to contain mine tailings and
waste water.

Tailings pond: A low-lying depression used to confine tailings,
the prime function of which is to allow enough time for
heavy metals to settle out or for cyanide to be destroyed
before water is discharged into the receiving watershed.

Tailings: Sludge, mineral residue and waste water (apart from
final effluent) resulting from ore extraction or processing
and the slag from pyrometallurgical operations.

Threatened species: Species of flora or fauna likely to become
endangered within the foreseeable future.

Toxic: Poisonous.

Toxic emissions: Poisonous chemicals discharged to air, water,
or land.

Toxic sites: Land contaminated with toxic pollution, usually
unsuitable for human habitation.

Toxic waste: Garbage or waste that can injure, poison, or harm
living things, and is sometimes life-threatening.



278 . MINING ENVIRONMENT: PROBLEMS AND REMEDIES

Tunnel: A horizontal, or near-horizontal, underground
passage, entry, or haulage way, that is open to the surface
at both ends. A tunnel (as opposed to an audit) must pass
completely through a hill or mountain.

Underground mine: Also known as a “deep” mine. Usually
located several hundred feet below the earth’s surface, an
underground mine’s coal is removed mechanically and
transferred by shuttle car or conveyor to the surface.

Uraninite: A uranium mineral with a high uranium oxide
content. Frequently found in pegmatite dykes.

Uranium: A heavy, radioactive, silvery-white metal (atomic
number 92) used in the explosion of nuclear weapons
(especially one isotope, U-235).

Volatile matter: The gaseous part, mostly hydrocarbons, of
coal.

Volcanic rocks: Igneous rocks formed from magma that has
flowed out or has been violently ejected from a volcano.

Volcanogenic: A term used to describe the volcanic origin of
mineralization.

Water quality: The level of purity of water; the safety or purity
of drinking water.

Water table: The underground level at which the ground is
saturated with water. The level at which water will stand
in an excavation.

Wetland: Land (marshes or swamps) saturated with water
constantly or recurrently; conducive to wide biodiversity.

Wildlife: Animals living in the wilderness without human
intervention. '

Zircon: A durable, crystalline form of zirconium silicate that
is commonly found in placer deposits.

Zone: An area of distinct mineralization.

Zone of oxidation: The upper portion of an orebody that has
been oxidized.
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