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	Rapid Environmental Impact Assessment Study for the Proposed Capacity Expansion of Bauxite Mines from 3.0 MTPA to 8.5 MTPA at Baphlimali Plateau

	
	Chapter-5  

Environment Management Plan 



5.0
ENVIRONMENT MANAGEMENT PLAN

5.1
Introduction

The mining development in the study area needs to be intertwined with judicious utilization of non-renewable resources of the study area and within the limits of permissible assimilative capacity. The assimilative capacity of the study area is the maximum amount of pollution load that can be discharged into the environment without affecting the designated use and is governed by dilution, dispersion and removal due to physico-chemical and biological processes.

The Environment Management Plan (EMP) is required to ensure sustainable development in the study area, hence it needs to be an all encompassing plan for which the mine authorities, government, regulating agencies like Pollution Control Board, Indian Bureau of Mines (IBM) etc working in the region and more importantly the affected population of the study area need to extend their cooperation and contribution.

It has been evaluated that the study area will not be affected adversely with the proposed mining activities and it is likely to get new economic fillip, not only for the study area but for the region as a whole. Mitigation measures at the source level and an overall Management Plan at the study area level are elicited so as to improve the supportive capacity of the study area and also to preserve the assimilative capacity of the receiving bodies.

The environmental attributes, which will be affected in the region are land use, topography, water resources, water quality, soil, air quality socio-economic status, ecology and public health.

The Management Action Plan aims at controlling pollution at the source level to the possible extent with the available and affordable technology followed by treatment measures before they are discharged.

Progressive land reclamation measures shall be adopted for the blocks completely mined out along with the production of bauxite.
It is to be appreciated that mining process to a certain extent causes adverse effects on environment, but the impacts are within containable limits and can be easily ameliorated to a significant extent.
5.2
Environmental Management During Construction

The various developmental/constructional activities involved before start-up of regular mining operations may be:

· Installation of semi-mobile crusher;
· Installation of long conveyor belt and loading station;
· Road from mines to alumina plant/township;
· Electrical supply line;
· Water pumping station and pipeline laying;
· Roads on plateau top connecting various units;
· Construction of offices, stores, workshop, explosive magazine; and
· Overburden and bauxite excavation to keep the different mine faces ready for production.
The environmental management during construction period may be management taken during planning stage and management taken during Implementation stage.
5.2.1
Planning and Designing of Infrastructure

The environmental aspects considered during Planning and Designing stage are as follows:

i) Choice of semi-mobile crusher and above ground bauxite loading station in comparison to a fixed crusher is made considering the huge excavation and resulting soil erosion in case of a fixed crusher.

ii) Choice of single flight belt conveyor totally eliminates intermediate transfer structure and thus the excavation activity on that account

iii) The routing of conveyor and access road from mines of alumina plant a distance of about 20-km is so chosen as to avoid tunnels and steep slope cuttings to decrease the earth cutting and filling. The chosen route does not involve large scale cutting of trees.

iv) Site selected for offices and maintenance facilities on plateau top is not only a non-bauxite zone but also devoid of vegetation, this involves no felling of trees. The site is plain with only 5-6% gradient, hence site grading and excavation amount is comparatively less.

v) The road construction within the mine is devoid of vegetation and is plain; hence, no much cutting and filling is involved.

5.2.2
Mitigation Measures during Construction/Development
· Construction camps shall be provided in designated areas to avoid their unorganized growth and cooking fuel should be made available to workforce to avoid cutting of trees;
· Provision of adequate and suitable water supply as well as toilet facilities for male and female workers shall be done and the toilets should be connected with septic tank and the sanitary effluents should not be routed to water bodies. The sanitation system should be maintained properly while ensuring clean environment;

· Water bodies of the area should be tapped only as per requirement and also it should not affect the downstream users (local inhabitants); Preferably, the laying of pipeline and arrangements for water supply from river should be completed before commencement of the constructional works;
· The excavated topsoil should be preserved and stored to use in plantations;
· Plantation activities shall be taken up along with the constructional / developmental activities; and
· Construction of check dams shall be commenced with developmental activities of mine. 
5.3
Air Environment Management during Mining Operations 
The potential sources of air pollution arising from the mining operations are drilling, blasting, crushing, haul roads and exhaust fumes of internal combustion machines and transportation of ore/overburden in the vicinity. Air pollution caused by mining and associated activities can be classified into the following categories:

· Gaseous pollutants (Nitrogen Oxides, Sulphur Dioxide and Carbon Monoxide); and

· Suspended Particulate Matter.
The proposed mining operations are not anticipated to raise the concentration of the pollutants beyond the prescribed limits. However, the following measures shall be adopted in the mining activity to mitigate the SPM levels in ambient air.

5.3.1
Air Pollution Control Measures
Dust particles, which are normally generated during mining operations, become air borne, leading to increase in SPM level in the ambient air. Other sources of dust generation are the transport of the material by dumpers and tippers and crushing operations. The following air pollution control measures shall be adopted during mining operations:
· Drilling units shall have in-built vacuum cyclone dust collector, which collects the dust by not allowing them to expose to surroundings; alternatively, wet drilling techniques shall be practiced;
· Drilling units shall also be equipped with water spraying system;

· Proper control and maintenance of drilling speed shall be done to reduce generation of dust during deep large blast hole drilling; 
· Controlled blasting techniques with pre-line drilling and buffer blasting shall be adopted;

· Proper and proportionate mixing of fuel oil with ammonium nitrate shall be done to ensure complete detonation and there by reduction of blast fumes;
· Proper stemming of the blast hole shall be done; 
· Advanced blasting technology should be adopted to minimize the damage on subsurface strata and aquifers;

· Bag filter/cyclones shall be provided to the crusher unit and transfer points of belt conveyor to control the dust emissions; 
· Water sprinkler shall be provided in the crusher unit to avoid dust generation during material unloading;

· In pit mobile crushers shall be used at various locations to reduce emissions;
· Wherever applicable, enclosures with ventilation system shall be provided with local exhaust ventilation system at crushing plant;

· Dust generation shall be reduced by using sharp teeth of shovels;
· Dust suppression systems (water sprinklers) at loading faces and on roads shall be used for transporting ore and overburden, whenever warranted;
· The muck pile sprayed with water prior to loading and after blasting;

· The overburden dump site also shall be wetted at intervals to prevent dust being carried by wind specially during summer season;

· Dense plantation shall be carried in and around the mine lease, permanent haul roads, near overburden dump sites, which would also help in combating air pollution; 
· Plantation also shall be carried out along the safety zone, all around the mine lease/plateau top;

· Regular maintenance of vehicles and machinery shall be carried out in order to control emissions;

· Cabins for shovels and dumpers and dust masks to workmen shall be provided;

· The dust respirators shall also be provided to workmen in dusty atmosphere;
· Advantage of wind direction and meteorology should be considered while planning, so that pollutants, which cannot be fully suppressed by engineering technique, will be prevented from reaching the residential areas; and

· A good housekeeping and proper maintenance shall be practiced, which will help in controlling pollution.

5.4
Water Environment Management during Mining Operations
The probable causes of surface water pollution in the mining area are soil erosion and wash-off from the stacked material during monsoon season. There are no streams or nallahs on the plateau top, except rain-fed runoff channels. The runoff water during monsoon season flows through natural water courses in-turn into foothill nallahs. The runoff water will be diverted through suitable drain and sedimentation tanks or check dams to reduce the wash off of soil. The general drainage direction in the working area is towards the sump at the bottom bench, which is used for collection of water. No toxic material is encountered in the deposit, the mine drainage, if any, will not be harmful to the biotic life.

Therefore, the action program to prevent water pollution focuses on prevention of wash-off and rainwater runoff directly flowing into nearby foothill natural drainage channels. Adequate control measures would be adopted to check not only the wash-off from soil erosion but also uncontrolled flow of runoff water. The following measures shall be adopted for prevention of water pollution:
· The runoff rainwater shall be treated in sedimentation tanks or check dams; however, no secondary treatment is necessary as no toxic elements are envisaged in the water collected in mine sump;

· The domestic sewage generated shall be treated, before utilizing for greenbelt development;

· Plantation of Agave species in the gullies, below and above check dam and check filters; and
· Suitable garland drainage system shall be provided to prevent surface water from entering into mines directly, to reduce soil wash off.
Surface inflow of rainwater into mine pits shall be diverted through a network of garland drains located sufficiently ahead of the overburden face. The drains will be made by cutting and digging along the contour line so that only the direct precipitation of rain water need to be tackled within the mine and backfilled areas. 
Check dams also check the velocity of water and thus reduce soil erosion; also due to reduction of velocity, the soil particles are arrested and get deposited on upstream side of check dams and thus wash off solids from dumps are prevented from entering into the streams. 
Maximum percent of the accumulated rain water in the drains of the mine will be allowed to percolate through the pervious laterite zone and the rest part will be diverted to the nearest first order stream, which will carry the water to the higher order streams though their natural drainage.

5.5
Noise and Vibration Management during Mining Operations
The noise is generated from drilling, blasting, movement of heavy machinery, crusher and air blast. Air blast is caused due to unconfined or partially confined explosion and detonating cords exposed in atmosphere.
5.5.1
Mitigation Measures for Noise Control

The following control measures shall be adopted to keep the ambient noise levels well below the limits:

· Use of hydraulic drills;
· Noise is best abated at source by choosing machinery and equipment suitably, by proper mounting of equipment and ventilation systems and by providing noise insulating enclosures or padding where practicable; 

· The equipment to be procured should be new and as such the noise levels will be optimal for their design/operation. Proper maintenance/working should be done which keeps the noise level within limits.

· Controlled blasting with proper spacing, burden and stemming;

· Blasting shall be well designed and arranged in such a way that only one or two holes are blasted at a time with the use of short delay detonators;
· Explosives shall be blasted into confined stage or optimum stemming column shall be maintained for holes during charging of hole;
· The prime movers/diesel engines shall be properly maintained;

· Crusher units shall be completely enclosed in a covered building to minimize sound propagation;

· Silencers shall be provided to modulate the noise generated by machines;
· A thick greenbelt shall be provided in phased manner around the periphery of the mining activities to attenuate noise; 

· Provision of protective devices like earmuffs/earplugs to workmen;
· The operator’s chamber shall be safeguarded with proper enclosures to reduce the noise levels;
· Provision of sound insulated chambers for the workers deployed on machines producing higher levels of noise like bulldozers, drills etc; and
· Reducing the exposure time of workers to the higher noise levels. 

5.5.2
Vibration Abatement

Ground vibrations are caused by blasting operations, subsidence due to mining operations, deployment of mobile equipment, rock bursts and rock bumps. Blasting also generates air vibration waves. Vibration may cause structural damages, which depend on periodical acceleration due to vibration. Air blasts can damage structurally unsound buildings and cause window shattering.

The vibrations by their mechanical effects act on existing rocks and subject them to tensile, compressive and shearing stresses, which spoil their mechanical characteristics with an immediate consequence. Blasting is associated with fly rock hazard. The ground vibrations can cause:

· Land instability: Distorts working faces of benches and downfalls of overburden dumps;

· Cracks in buildings, which are present in the mine premises and in the nearby villages; and

· Psychological discomfort to human beings as well as to nearby fauna.

The following measures shall be adopted for abatement of ground vibrations and fly rock generation:
· Shock Tube Technology shall be adopted in blasting operations;

· Blasting operations shall be carried out using delay detonators;

· The charge per delay should be minimized and preferably more number of delays should be used per blasts;

· Free face is kept sufficiently long and care is taken to ensure that effective burden is not excessive;

· Firing of maximum number of blast holes towards free face shall be carried out;
· Excessive charging of holes shall be avoided;

· Effective stemming of the explosives shall be done in the drill holes;

· A safe distance of about 500-m from centre of blasting shall be maintained;
· During blasting, other activities in the immediate vicinity shall be temporarily stopped;

· Drilling parameters like overburden, depth, diameter and spacing shall be properly designed to give proper blast;
· Blasting shall be performed strictly as per the guidelines specified under blasting technology;
· Blasting operations shall be carried out only during day time as per mine safety guidelines;
· Supervision of drilling and blasting operations to ensure design blast geometry;
· Proper warning signals shall be used;
· The explosives shall have:
· A high velocity of detonation;

· A density suited to it’s particular application;

· Good fume characteristics;

· Good water resistance; and

· Good storage qualities and resistance to atmospheric parameters.
· Studies shall be conducted through recognized mining institute and recommended measures to minimize the fly rock hazard shall be adopted; and

· Public complaints shall be attended promptly.

The following additional precautions shall also be taken, while blasting operations:
· To minimize vibration level, burden of first row as well as effective burden for other holes shall be kept optimum;
· Holes shall be drilled at 10 degree inclination from vertical so more explosive energy is utilized in productive way as in vertical hole only 50% of energy is utilized in productive way;
· Keep coupling ratio (ratio of charge diameter to hole diameter) minimum for high strength booster explosives;
· Larger column of hole shall be charged with low-density explosives i.e., ANFO etc instead of high-density explosives column to reduce loading density; and

· Peak particle velocity shall be according to vibration studies and standard guidelines.
5.6
Solid Waste Generation and Stacking
The solid wastes to be generated from the proposed project will be in the form of topsoil and waste rock.
5.6.1 Nature of Waste and Quantity 
The waste materials likely to be generated include laterite, clay, laterised khondalite and free khondalite. The amount of waste likely to be generated from the proposed quarrying during the entire life of mine will be about 139.26 MT. Out of this, the quantity of overburden excavated prior to commencement of backfilling is about 7.39 million tones (during the first four years), which needs to be dumped/ stored outside active mining area. 
5.6.2 Dumping Locations

The overburden will be stored in temporary dump within the mine lease area. This initial dump is planned to be re-handled for backfilling the excavated area in a phased manner starting with seventh year. However, dumping practice will be stopped during fourth year of operation only and concurrent backfilling will be practiced from fourth year of operation.
The temporary overburden dump site will be near the mining face in southern part of the plateau at about 0.5-km from active mining area. The OB dumps will be provided with plantations simultaneously. This will require an area of about 50-ha. The overburden dumping is planned in two dumps leaving sufficient space in between  to allow the water to flow along its natural course, as there is  a rain fed drainage passing along the centre of southern part of the plateau.
5.6.3 Method of Dumping

Loosened rock mass obtained from blasting or ripping will be dozed, excavated and loaded into 80-T rear dumpers. Waste material transported through the dumpers will be dumped in retreating pyramid method. Terraces will be formed during dumping. Dumped waste materials will be leveled and compacted through the dozer. The maximum height of the dumps will be 10-m.
5.6.4 Environmental Precautionary Measures

During rain, there is possibility of washing off of loose materials along the plateau slopes. Therefore, following precautionary measures will be undertaken for controlling the wash off:
· Terraces are proposed around the dump slopes;
· Check dams are proposed along the lower contours, which will be constructed by boulders. During rain, water passes through the dams and wash-off/sediments are arrested. Settled sediments, in between the waste dump and check dam will be cleared up by the help of dozer or back-hoe;

· Shrubs are proposed to be planted along the terraces to prevent erosion; and

· Top of the dump will be properly leveled and compacted to prevent seepage of direct precipitated water.
The said dumps need to be protected from soil erosion and washouts during rainy season. Washouts from the dumps are envisaged to be arrested on the downstream side by check dams. Height of the check dam proposed at 1.5-m and the material required for construction of check dam is loose rock type. Silt deposited during rainy season will be cleared off in summer. Terraces will be formed along the dump slopes for providing the passage of waste downward with less erosion.

· Topsoil Management 

Baphlimali plateau is characterized by a thin soil profile, mostly clayey loam, which has not supported any significant growth of vegetation excepting bushes of Khajur (Phoneix acqualis). Soil has high nitrogen and low organic matter content and its water holding capacity is low. It is proposed to scrap out 0.3-m thick topsoil and transport to outside the lease area for utilization in parks and plantation zones in rehabilitation colonies, township areas etc. Blasting should be avoided during scrapping of topsoil. Topsoil generated during the first five years will be spread over the areas to facilitate growth of luxuriant vegetation. During transportation and unloading precaution will be taken to minimize the wastage. Care should also be taken to prevent destruction of bacteria and micro-organisms due to anaerobic conditions.

5.7
Land Reclamation Measures

Land degradation is one of the major adverse impacts of opencast mining activities and any effort to control adverse impacts would be incomplete without appropriate land reclamation strategy.

In general, it is necessary to reclaim the disturbed land in the mining areas to fulfill the following objectives:
· To restore the aesthetic beauty of the area;
· To reduce the bad effects on environment (drainage, erosion, topography), if any;

· To recover land for the beneficial use, as soon as possible; and 

· To reclaim land, at least to the previous condition as it was before its excavation.
As far as possible, the reclamation activities shall be taken up concurrently with the mining operations. The slopes of the mining benches shall be suitably dressed and vegetated. In order to accomplish this activity, the top edges of benches are suggested to be blasted so as to form a gently sloping surface by the screen of the blasted material. The sloping face is then covered with a veneer of topsoil occurring in the area. After spreading the topsoil, tillage operations have to be carried out for providing soil aeration, reducing compaction in the soil and facilitating moisture infiltration.

As the ultimate aim is to provide a vegetation cover over the sloping faces, if necessary, it may be graded by bulldozer so as to provide a maximum slope of about 35 degrees. Wherever necessary, pitting and gauging has to be done to hold the water in place. Vegetation covers in and around the mine workings generally helps in: 

· Stabilizing slopes;
· Dust control;
· Enhancement of aesthetic value;
· Minimizing run-off; and

· Reducing noise.
For vegetation, the plants and saplings suitable for the existing soils and site conditions shall be considered.
To achieve the above objectives, the following recommendations are made with a particular emphasis on land reclamation measures for mines.

5.7.1
Topography and Aesthetics after Completion of Mining Operation

The natural topography of plateau will be changed to some extent by the proposed overburden dumps and mine pits. 
Working faces, overburden dumps and mine infrastructural facilities (buildings, workshops, ore handling plants and offices) must be more integrated with the local landscape to reduce psychological effects and aesthetics aspects. The following measures have to be considered:

· The location, shape, orientation of pit working faces, dumps and roads should be designed with care;

· Introduce afforested shields in order to close some unaesthetic angles of site;
· Tree plantations all along the hauling roads as well as greenbelts around mine area should be done;

· Progressive land reclamation, especially backfilling of mined out pits using overburden. 
5.7.2
Stabilization of Mined Slopes
Opencast mining will leave behind slopes of 35o to 50o with intermediate benches at various levels which are usually convex, straight or concave type depending on the deposition of the ore body. The rocks are usually hard but the closely spaced jointing makes them friable and brittle at some places. 
However, it is proposed to backfill the mine pit with overburden to certain height and it is also proposed to leave a peripheral barrier of 15-m around the mine lease.

5.7.3
Stabilization of Overburden Dump
The overburden storage areas need to be protected from Soil erosion and washouts during heavy rains and avoid dust generation from these areas during dry season. Inactive areas are to be stabilised by topsoil and grass. Soil erosion as well as generation of dust from these areas is curtailed at the very source by turfing.
5.7.4
Stabilization of Nallah Courses
The control of excess runoff in the streams has to be given priority to check the soil and erosion. During rains, numerous gullies may form in the mine area, especially in loose stacked areas. During heavy rain, these gullies will join channel, move further by head ward erosion and if gullies are not plugged at initial stage, these go on widening and deepening resulting in massive soil erosion and land slides. Therefore, masonry as well as vegetation check dams will be constructed for plugging these gullies. Live post of local species like Moringo pterygosperms, Erythrina subrusa and Lannea grandis etc can be planted to make these brush wood dams. The masonry check dams are emphasized to be constructed over slopes in hard rocks. The design of these check dams allows safe passage to runoff water. This helps in preventing side erosion and deepening of nalas.

5.7.5
Preservation of existing plants 
The plateau is a barren waste hillock without any vegetation on the top. However, it contains some bushy vegetation at certain locations. It should be attempted to preserve these vegetation to be affected by mining operations. This is possible by uprooting the plants with about 40 to 60% roots intact and then planting them in areas prepared in advance.

5.7.6
Massive Plantation
After checking the soil and land erosion through the measures suggested above, plantation program is to be taken up in completely mined out areas in a systematic manner, starting with soil binding grasses and shrubs followed by larger trees species. Local varieties of plants should be given predominance along with introduction of some exotic species.

Broadcasting of seeds of local shrubs like Rume hastatus, Buddleja asiatica, Mimosa himalayana will be extremely useful in providing an immediate green cover.

Plantation also shall be taken up in plateau slopes, which is a cumbersome job due to steep slope and hard rocks. In the first stage, broadcasting of seedlings will help in establishing few grasses and shrubs. After one or two years of weathering and decomposition of organic matter, more grasses along with tropical pine and chir pine can be planted in soil pocket and crevice after filling with good soil mixed with manure transported from out side.

5.7.7
Proposals as per approved Scheme of Mining 

Complete restoration of the land to its original pre mining conditions will not be possible as the excavations would be carried out by gradual slicing off. Overburden generated shall be completely backfilled during the life of mine. And alternative reclamation and rehabilitation works like peripheral plantation and construction of check dams and plantation above and below them is also proposed besides plantation over non-mineralized area.  

5.7.8   Position at the end of five years of Mining Scheme Period

Part of the mined out area measuring 15.0-ha will be brought under reclamation over a mined out area of 67.0-ha. 

5.8
Greenbelt and Plantation 

5.8.1
Introduction
With rapid industrialization and consequent deleterious impact of pollutants on environment, value of environmental protection offered by trees is becoming clear. Trees are very suitable for detecting, recognizing and monitoring air pollution effects. Monitoring of biological effects of air pollutant by the use of plants as indicators has been applied on local, regional and national scale. Trees function as sinks of air pollutants, besides their bio-esthetical values, owing to its large surface area. Annual need of oxygen for one person is met by 150 m2 of leaf surface i.e. 30-40 m2 of greenery. So it is necessary to develop greenbelt in and around the polluted site with suitable species to combat the air pollution effectively.
The plantation development not only functions as foreground and background landscape features resulting in harmonizing and amalgamating the physical structures of the mines with surrounding environment, but also acts as pollution sink. Thus, implementation of afforestation program is of paramount importance. It will also check soil erosion, make the ecosystem more complex and functionally more stable and make the climate more conducive. 

5.8.2
Requirement of Greenbelt for the Proposed Mine 
The following are the likely sources of emissions from proposed mining activity:

· Ore Crushing area;

· Excavation in mining pit; and

· Blasting.

The quantity of the emissions will depend upon the quantity of ore crushed and the number of blastings proposed to be carried out. The emissions from these sources are not continuous; quantification of the same is not possible. However, it is proposed to maintain ambient air quality within the mine lease area below the specified standard of 500 (g/m3. The major pollutant in mining activity is particulate matter and this pollutant is considered for identifying the tree species and width of the greenbelt required. In order, to arrest the dust emissions from the mining activity an adequate greenbelt development is proposed. The source of emission varies periodically with the location of the mine pit as the mining activity progresses.  
A 15.0-m wide peripheral barrier around the mine edges/escarpments has to be left un-mined as safety zone. This barren peripheral strip shall be utilized for plantation of trees to provide a greenbelt around the mines. The planted trees after full growth will benefit the environment in arresting the water and pollutants from flowing out, trapping the air pollutants and attenuating the noise over a distance. After soil enrichment and treatment dense planting of tree species along this strip will be done at an average spacing of 2 m x 2 m. The suggested species to be planted on this strip are Simaruba glauca, Acacia auriculiformis. Acacia holoserecia, Syzygium cumin, Cassia siamea, Grevillea rousta, G.pteridifolia, Ailanthus excelsa, Acacia catechu, melia azadirach, Ficus bengalensis, F.infectoria, Derries indica and Eucalyptus hybrid.
5.8.3
Proposed Plantation Scheme
In general, trees are planted at the beginning of the rains.  However, in the area like Orissa, where rain is plentiful, planting should be done two weeks after the rain starts.  As the trees are benefited from the seasonal rains, so it is advised to avoid planting during the dry season as this will require heavy watering. It is advantageous to plant trees on cloudy days.

The location of each pit will be marked according to the design and distance of plantation. The size of the pits varies with type of trees. While digging the pit, care will be taken to place the topsoil on one side and bottom soil on the other side. Dug out soil and pit would be exposed to weather for two to three months.

After exposing to the weather pit would be filled two-third to three-fourth height with a mixture of topsoil and well rotten farmyard manure.

· Design of Industrial Greenbelt Plantation 

To control the industrial pollutants, dense tree plantations are necessary. As the sedimentation pattern of pollutants, ambient and ground level concentration of pollutants are usually determined by the direction and speed of prevailing wind and vertical and horizontal thermal gradients prevailing in the area, the belt of plantations should be designed accordingly. The width of the tree belts depends on the gaseous emissions, availability of land and site characteristics etc. In order to provide adequate attenuation computation has been carried out as illustrated in the previous section.

Geometry of planting of tree is more effective. For an effective greenbelt, a mixture of tree species is necessary and some shrubs and grasses should be inter corporated in the inter spaces in the initial stages. As far as possible there should be no gaps in the greenbelt, where opening are imperative, alignments to roads should be such that open gaps are prevented to overcome funneling action of wind.
· Criteria for Selection of Species

The species planted should have broad leaves. Trees are to be selected based on the type of pollutants, their intensity, location, easy availability and suitability to the local climate. They have different morphological, physiological and bio-chemical mechanism/ characters like branching habits, leaf arrangement, size, shape, surface (smooth/hairy), presence or absence of trichomes, stomatal conductivity proline content, ascorbic acid content, cationic peroxidase and sulphite oxidase activities etc to trap or reduce the pollutants.

Species to be selected should fulfill the following specific requirements of the area:

· Tolerance to specific conditions or alternatively wide adaptability to eco-physiological conditions;

· Rapid growth;

· Capacity to endure water stress and climate extremes after initial establishment;

· Differences in height and growth habits;

· Pleasing appearances;

· Providing shade;

· Large bio-mass and leaves number to provide fodder and fuel:

· Ability of fixing atmospheric Nitrogen; and

· Improving waste lands.

To undertake plantation on site for different purposes, following steps will be involved:

· Raising of seedlings in nursery;

· Preparation of pits and preparing them for transfer of seedlings;  and

· After-care.
· Raising of Seedlings in Nursery

Seedlings should be raised in nurseries. Adequate number of surplus seedlings should be available considering about 10% mortality in seedlings. Healthy seedlings should be ready for transfer to permanent location before rainy season.

· Preparation of Pits and Preparing them for Transfer of Seedlings

· Standard pit size would be 1 m x 1 m x 1 m; 

· The distance between pits would vary depending on their location;

· The pits should be filled using good soil from nearby agricultural fields (3 parts) and Farm yard manure (1 part);

· Rhizobium commercial preparation (1 kg/1000 kg); and

· The pits should be watered prior to plantation of seedlings.

· General Guidelines

· Trees growing upto 10-m or more in height should be planted around the installation;

· Plantation of trees should be done in appropriate circular rows around the installation in alternate rows to prevent horizontal pollution dispersion;

· Trees should also be planted along road sides, to arrest auto exhaust and noise pollution and in such a way that there is no direct line of sight to the installation when viewed from a point out side the foliage perimeter;

· Since tree trunks are normally devoid of foliage (upto 3 m), It would be appropriate to have shrub in front of such trees to give coverage to this portion;

· The open areas between the process installation should be covered with lawn grass for effective trapping and absorption of air pollutants; and

· Fast growing trees with thick perennial foliage should be grown, as it will take many years for trees to grow to their full height.

· For Arresting Dust 

Trees, particularly having compact branching, closely arranged leaves, broad leaves of simple elliptical and hairy structure, shiny or waxy leaves and hairy twigs are efficient filters for dust. The leaf surface is 10-20 times greater than the earth surface occupied by the plants. It is known that particles up to 80 milli micron may stick to vertical surfaces. The following species are chosen to filter the dust pollution:
· Alstonia scholaris

· Cassia fistula

· Bauhinia purpurea

· Cassia siamea

· Peltoferrum ferrugineum

· Polyalthia longifolia

· Ficus religiosa

· Butea monosperma

· Tamarindus indica

· Melia azedarach

· Azadirachta indica

· Terminalia arjuna

· Noise Pollution
Trees having thick and fleshy leaves with petioles flexible and capacity to withstand vibration are suitable. Heavier branches and trunk of the trees also deflect or refract the sound waves. The density, height and width are critical factors in designing an adequate noise screen plantation. Combination of trees and shrubs together with suitable landforms and design appears to be the best system for combating noise pollution. In general, more than 65 decibels noise is produced from factory, which are unhealthy to living world. The following species are directed to absorb noise pollution:

· Alstonia scholaris

· Azadirachta indica

· Melia azedarach

· Butea monosperma

· Grevillea pteridifolia

· Grevillea robusta

· Tamarindus indica

· Terminalia arjuna
It is also proposed to use the following speicies for reducing noise generated in the lease area. 
	Vernacular Name
	Scientific Name
	Growth
	Height (m)

	Ashoka
	Saraca Induca
	Medium
	10-12

	Nagamali
	Millingtonia sps.
	Medium
	15-20

	Sunari
	Cassia fistula
	Medium
	8-12

	Jacaranda
	Jacarenda mimosaefolia
	Medium
	8-12

	Kanchan
	Bahunia variegata
	Medium
	6-10

	Kanchan
	Bahunia accuminata
	Medium
	6-10

	Neem
	Azadirachta indica
	Fast
	8-12

	Mahudo
	Madhuca indica
	Slow
	10-12

	Paladhua
	Erythrina indica
	Slow
	8-12

	Pink cassia
	Cassia nodasa
	Slow
	6-10

	Pink cassia
	Cassia javanica
	Slow
	8-10

	Pipal
	Ficus religosa
	Fast
	15-25

	Shimli
	Bombax malabaricum
	Fast
	15-20

	Patali
	Lagerstro -mia
	Fast
	6-10

	Bahada
	Ficus glomerata
	Fast
	8-10

	Bara
	Ficus benghalensis
	Fast
	15-25

	Bada chakunda
	Pithecolobium saman
	Fast
	15-25

	Chakunda
	Cassia recemosa
	Medium
	5-7


· Shrubs and Grasses

· Calotropis gigantea

· Inga dulcis

· Saccharum munja

· Nyctanthus arbortristics

· Nerium orodrum

· Ipomea sps.

Similarly, on each tree guard, a label plate bearing a caption should be fixed. For example, ‘Tree is Life, Save it’ etc. The tree guard and label plate should be painted in tricolor

· List of Species for Road Borders and Housing Sites

· Alstonia scholaris

· Lagerstroemia flosreginae

· Mimusops elangi

· Cassia fistula

· Bauhinia purpurea

· Grevillea pteridifolia

· Pongamia pinnata

· Polyalthia longifolia

· Peltoferrum ferrugineum

· Cassia siamea

· Melia azedarach

· Delonix regia

· Anthocephalus cadamba

· Michelia champaca

· Cassia siamea

· Others (Ornamental plants)

5.8.3.1 Technical Specifications for Plantation

· The plant spacing should be 1-3 m x 1-3 m depending on width of the crown of tree, width of greenbelt and species composition;

· The seedlings should be transplanted in monsoon period (June 15 - July 31). So, the land for planting is to be handed over before July 15. The soil working/pit digging works should be done preferably before onset of monsoon;

· All activities that are related to procurement of seeds, raising of seedlings, digging of pits, planting and caring the plants for specified period shall be done by proponent. Similalry, the proponent shall ensure at least 90% of plant survival at the end of the deal; and

· Rising of seedling in nursery to a suitable size of transplanting - within 45 days after placement of order.
5.8.4
Plantation Schedule

A stage-wise comprehensive afforestation program is prepared and shall be implemented. Keeping the master plan at abandoned stage in mind, the stage wise plantation is prepared. The locations of the proposed greenbelt along with area of the green cover are given in Table-5.1.
TABLE-5.1
LOCATION AND AREA OF GREEN COVER
	Sr. No.
	Location of Green Cover
	Area (ha)

	1
	Along the periphery of the mine lease area
	41.0

	2
	Reclaimed area of mining 
	600.0

	Total green cover in ML Area
	641.0


The proposed plantation area and greenbelt area will have 2000 saplings per hectare. The proposed green cover including reclamation area, greenbelt is 641.0-ha (as given in the above table). The total number of saplings to be planted during the entire life of mine shall be 1,282,000. Considering the estimated cost of planting and maintaining a sapling for three years as about Rs. 200/-, the afforestation plan for the ML area is given in Table-5.2. The environmental plan showing green belt is given in Figure-5.1.
TABLE-5.2
AFFORESTATION PLAN FOR THE ML AREA

	Interval of Mining Operation
	Plantation in Reclaimed Mine Pit Area
	Greenbelt in Safety Zone Area
	Total 
Saplings
	Budgetary Estimation (Million Rs)



	
	Area 
(ha)
	Number of Saplings
	Area (ha)
	Number of 

Saplings
	
	

	At the end of 5th  year
	15.0
	30000
	6.0
	12000
	42000
	8.4

	At the end of 10th  year
	100.0
	200000
	8.75
	14000
	214000
	42.8

	At the end of 15th year
	100.0
	200000
	8.75
	14000
	214000
	42.8

	At the end of 20th  year
	100.0
	200000
	8.75
	14000
	214000
	42.8

	At the end of 25th  year
	100.0
	200000
	8.75
	14000
	214000
	42.8

	At the end of mine life 
	185.0
	370000
	41.0
	14000
	384000
	76.8

	Total
	600.0
	1200000
	41.0
	82000
	1282000
	256.4


FIGURE-5.1
ENVIRONMENT PLAN OF ML AREA
5.9
Steps to be taken to improve Socio-Economic Conditions

The socio-economic conditions in the study area indicated the quality of life of the people. The important indicators which decide the quality of life and require to be improved for better living conditions are literacy levels, improved occupational structure, industrial development, infrastructure facilities, transportation, communication linkages, land development and improvement in cropping pattern.

Incidentally, all parameters mentioned above are directly or indirectly controlled by various state and central government departments. In improving the Socio-economic levels of people in the study area, the role of proposed mine authorities will be limited to provision of employment to limited persons from the nearby villages and providing assistance in getting benefits from the government authorities.
Utkal Alumina International Limited (UAIL) shall be engaged in social development activities in all the villages surrounding the area. Social welfare activities shall be taken up on a large scale. These activities can be done in the following areas:

· Watershed development and sustainable agriculture;

· Vocational training;

· Rural housing and roads;

· Capacity building towards better livelihood;

· Women empowerment;

· Health and sanitation;

· Education development;

· Animal husbandry;

· Afforestation;

· Rural water supply; and

· Assistance in utilizing government programs.

The following activities can be implemented in each of these areas:

5.9.1
Watershed Development and Sustainable Agriculture
· Demonstrating the appropriate agricultural practices to farmers;

· Holding farmers mela and providing information about sustainable agriculture and organic farming;

· Providing technical support, demonstrations and training to the farming community;

· Spreading of awareness on water harvesting with village bodies; and

· Undertaking of watershed development.
5.9.2
Agricultural Improvement

· Organize training programs for farmers in relevant areas such as animal husbandry, dairy development, modern cultivation, scientific storage of grain, water conservation etc;

· Organize veterinary camps; 

· Arrange if necessary, for soil testing and technical inputs for increasing yield; and

· Distribution of horticultural saplings.

5.9.3
Vocational Training

· Initiation of Vocational training centers at villages;

· Electrical and motor winding courses to the youth;

· Two wheeler repair courses to youth;

· Tailoring/embroidery/hobby classes for women; and

· Orientation programs for self-employment.

5.9.4
Medical Assistance

· Providing mobile dispensary to surrounding villages on a regular basis;

· Appointment of village health workers in surrounding villages;

· Project to tackle the issue of fluoride problem; 

· Periodic specialist camps, e.g. Eye, ENT etc; and

· Sanitation programs.

5.9.5
Education

· Repair/Rebuilding of village schools;

· Provision of playground equipment in schools;

· Institution of scholarship and prizes;

· Setting up of pre-primary schools; and

· Supporting adult education programs.

5.9.6
Water Supply 
· Providing bore wells for drinking water purposes of villagers;

· Construction of cattle drinking water ponds;

· Provision of bore wells to schools for drinking water needs of students; and

· Construction of check dams.

5.9.7
Community Development

· Formation of youth groups for village development;

· Renovation of anganwadi centers;

· Renovation of gram panchayat buildings;

· Construction of community toilets; and

· Construction of roof rainwater harvesting systems.

5.9.8
Communication

The company shall maintain roads to the project site from nearest state roads. The company shall also help in creating the facilities like post office, telegraph office etc. 

5.9.9
Assistance in Utilizing Government Programs

Collecting and disseminating information pertaining to various government schemes and providing guidance and assistance to eligible persons for making good use of these schemes e.g. getting loans for setting up small businesses.
5.10 
Implementation Schedule of Mitigation Measures
5.10.1 Introduction
The mitigation measures suggested above shall be implemented so as to reduce the impact on environment due to the operations of the proposed project. In order to facilitate easy implementation of mitigation measures, these are phased as per the priority implementation as given in Table-5.3. 

TABLE-5.3
IMPLEMENTATION SCHEDULE
	Sr. No.
	Recommendations
	Time Requirement 
	Schedule

	1
	Air pollution control measures
	Before commissioning of respective units
	Immediate

	2
	Water pollution control measures
	Before commissioning of the mine
	Immediate

	3
	Noise control measures
	Along with the commissioning of the mine
	Immediate

	4
	Ecological preservation and upgradation
	Stage wise implementation
	Immediate & Progressive

	5
	Land reclamation/Solid waste management
	Stagewise implementation
	Immediate & Progressive

	6
	Socio-economic measures
	As per the policies of the Orissa Govt.
	Progressive


5.11
Environmental Monitoring 

The environmental monitoring for the proposed mining operations shall be conducted as follows:
· Air quality;

· Water and wastewater quality;

· Noise levels; 

· Soil Quality; and

· Greenbelt Development

The post project monitoring shall be carried out at the industry level as discussed below.
5.11.1
Monitoring and Reporting Procedure
The following routine monitoring program shall be implemented under environmental monitoring. 

· Air Pollution and Meteorological Aspects

The ambient air quality shall be monitored twice in a week [in line with the guidelines of Central Pollution Control Board] at five locations to cover the following operations:

· Blasting; 

· Drilling;

· Loading; and

· Transportation (Haul road).

· Water and Wastewater Quality

Groundwater / surface water samples shall be collected once in a month and analyzed as per IS-10500/IS2296. The effluents should be monitored monthly for physico-chemical characteristics. The water levels in the wells of surrounded villages may be monitored on seasonal basis.
· Noise Levels

Noise levels in the work zone environment such as crusher area, mining operations shall be monitored. The ground vibration shall be recorded at the time of blasting. The frequency shall be once in a month in the work zone. 

· Soil Sampling 

Soil samples shall be tested before plantation/vegetation of the area.

The environmental monitoring cell shall co-ordinate all monitoring programs at site and data thus generated shall be regularly furnished to the State regulatory agencies.
Location and frequency of monitoring as recommended in the consent conditions of OPCB has been considered in recommending the schedule. Details are tabulated in Table-5.4.
TABLE-5.4
MONITORING SCHEDULE FOR ENVIRONMENTAL PARAMETERS

	Sr.No.
	Particulars
	Monitoring Frequency
	Duration of Sampling
	Important Monitoring Parameters

	1
	Air Pollution and Meteorology

	A
	Air Quality

	
	
	Ambient Air Quality Monitoring

	
	
	Work zone air quality
	Twice in a week
	24 hr. continuously
	SPM, RPM, SO2, NOx and CO

	
	
	5 villages surrounding
	
	
	

	B
	Meteorology

	
	
	Meteorological data to be monitored at the proposed mine site.
	Daily
	Continuous Monitoring
	Wind speed and direction, temperature, relative humidity and rainfall.

	2
	Water and Wastewater Quality

	
	a
	Industrial/Domestic

	
	1
	Mine effluents (if any) during monsoon
	Once in a month
	24 hr composite
	As per EPA Rules, 1989.

	
	2
	Domestic raw & treated from the proposed colony outside the mine area
	Once in a month
	24 hr composite
	As per EPA Rules, 1989.

	
	b
	Water quality in the study area

	
	1)
	Ground Water

Two open wells in                        surrounding villages 
	Once in a season

	Grab


	As per the parameters specified under IS:10500

	
	2)


	Surface Water

Rainwater channel flowing through ML area

Nearest Nadi/Stream
	Once in a month

Once in a Season
	Grab

Grab
	Parameters specified under IS:2296 (Class C)



	
	c
	Water Flow / Water Level Measurements
	
	
	

	
	
	Water flow in all streams in nearby area
	Once in a Season
	-
	Flow

	
	
	Groundwater Level
	Once in a Season
	-
	Level BGL

	3
	Industrial Noise Levels

	
	1
	Near the blasting/drilling site
	Every week
	24 hr continuous with 1 hr interval
	Noise level in dB(A)

	
	2
	Near crushing/sorting plant
	Every week
	24 hr continuous with 1 hr interval
	Noise level in dB(A)

	
	3
	Along the haul road for transportation noise
	Every week
	24 hr continuous with 1 hr interval
	Noise level in dB(A)

	
	Ambient Noise Levels

	
	
	Surrounding five villages
	Seasonal
	24 hr. continuous with one hr interval
	Noise levels in dB(A)

	4
	Soil Characteristics

	
	
	Mine lease plantation area
	Pre-Monsoon and Post- Monsoon
	One Grab sample
	Phisico-chemical as well as nutrients.


5.12
Institutional Arrangements for Pollution Control

5.12.1
Environment Management Cell
The mine will be supervised and controlled by an independent Mines Manager supported by adequate team of technically and statutorily qualified personnel apart from the operating staff of skilled, semi-skilled, unskilled and other categories. 

The organizational structure for Environment Cell for mining operations including refinery operations is shown in Figure-5.2. This Environment Cell is responsible for the management and implementation of the environmental control measures. Basically, this department shall supervise the monitoring of environmental pollution levels viz. stack emissions, ambient air quality, water and effluent quality, noise level either departmentally or by appointing external agencies wherever necessary. 

In case the monitored results of environmental pollution found to exceed the allowable limits, the Environment Management Cell shall suggest remedial action and get these suggestions implemented through the concerned authorities. The actual operation and maintenance of pollution control equipment of each unit is under the respective managers.

The Environment Management Cell shall also co‑ordinate all the related activities such as collection of statistics of health of workers and population of the region, afforestation and greenbelt development. 

5.12.2
Monitoring Equipment and Consumables

a) Air Quality and Meteorology

Following equipment and consumable items may be procured by the project proponent to implement the monitoring program:

· High Volume Samplers (4 nos);
· Weather station (Continuous);
· Spectrophotometer (visible range);
· Single pan balance (1 no);
· Relevant chemicals as per IS:5182;
· CO monitor (1 no);
· Hand held anemometer (1 no).
b) Water and Wastewater Quality

The sampling should be done as per the standard procedures laid down by IS:2488. Following equipment should be procured:

· BOD incubator;
· COD reflux set up;
· Refrigerator;
· Oven;
· Stop watch;
· Thermometer;
· pH meter;
· Distilled water plant;
· Pipette box;
· Titration set;
· Dissolved Oxygen analyzer;
· Relevant chemicals.
c) Noise Levels

The project proponent should purchase a integrating sound level meter to record noise levels in different scales like A, B, and C with slow and fast response options.

d) Soil Characteristics

The project proponent should procure soil samplers (augers) to collect soil samples.  The samples should be analyzed at a recognized laboratory.

5.13
Cost Estimates
The details of the cost to be incurred for successful monitoring of environmental parameters and implementation of control measures are given in Table-5.5.
TABLE-5.5
COST OF ENVIRONMENTAL PROTECTION MEASURES

(Rs. in Lakhs)
	Sr. No.
	Particulars
	Proposed Cost 

	
	
	Capital 
	Recurring 

	1
	Dust suppression
	35.0
	7.5

	2
	Air quality management 
	5.0
	

	3
	Water quality management
	5.5
	

	4
	Noise and ground vibration monitoring 
	15.0
	

	5
	Environmental monitoring equipment
	15.0
	

	6
	Greenbelt / Plantation 
	50.0
	30.0

	7
	Rural development 
	20.0
	15.0

	
	Total
	145.5
	52.5


5.14
Occupational Safety and Health Management
Occupational safety and health is very closely related to productivity and good employer-employee relationship. The main factors of occupational health in limestone mine are fugitive dust and noise. Safety of employee during blasting operation and maintenance of mining equipment and handling of explosive materials are taken care of as per Mine Regulations, 1961. To avoid any adverse effects on the health of workers due to dust, heat, noise and vibration, sufficient measures have been proposed in the mining project. These include:

[image: image1.png]
FIGURE-5.2
ORGANIZATION CHART FOR ENVIRONMENT MANAGEMENT
· Effective de-dusting system in the crusher house; 
· Provision of wet drilling and dust collectors;

· Provision of rest shelters for mine workers with amenities like drinking water, fans, toilets etc;
· Provision of personal protection devices to the workers;
· Rotation of workers exposed to noise premises;
· Closed control room in crusher house with proper ventilation;
· Dust suppression of haul road; and
· First-aid facilities in the mining area.

Occupational Health Survey of the employees should be carried out at regular intervals. It is proposed to provide a separate occupational health centre as an integral part of Department of environment and safety. This centre will essentially have facilities, for audiometry, lung function testing, respirable dust and noise exposure assessment.  
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