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ABSTRACT
Water is of growing importance in a world where climate change impacts are increasingly noticeable. Freshwater
resources are critical to human and ecosystem survival but are increasingly threatened by depletion and pollution. The
ocean and its resources are also under unprecedented and unsustainable pressure from direct contamination such as oil
spills, overharvest, and through climate change and acidification from greenhouse gas emissions.

The environment impacts of mining include erosion, formation of sink holes, loss of bio diversity & contamination of soil,
changes in ground water & surface water. In respect of water pollution, mining can have adverse effect on surroundings
surface water & ground water. If protective measures are not taken the result can be unnaturally high concentration of
chemicals such as arsenic, sulphuric acid, mercury, etc.

This paper highlights the various impacts on land and water due to mining activities. It focuses on the investigations
towards the effects of mining operations on water bodies in the mining area. To reduce the impact of different type of
pollution on environment this paper has highlighted some existing measures towards mitigation of water pollution.
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1. INTRODUCTION
Mining involves removal of useful minerals and disposal of waste at working site either from opencast or
underground methods. The mining activity is performed in three major phases, viz., mine development, full
production, post-mining rehabilitation. The potential impacts of mining include loss of forests, loss of top soil,
changes in surface water bodies, interruption of natural drains, ground deformation, subsidence, acid mine
drainage, effluents discharge. Also, air carries dust and other gaseous loads, and there occurs a loss of
ecological habitat. These impacts of mining industry have been an object of wide research.

The exploitation of mineral resources has brought serious land problems. A large number of land resources are
excavated, exploited and at times left unattended after mining. Therefore, while continuing to speed up
development of mines, the land should be reclaimed not only to raise the utilization rate of land resources and
keep the dynamic balance of the total area, but also to restore the ecological balance and promote the
sustainable development of ecology, economy and society.

In line with the principle of conservation, preservation and restoration, the mining activities are tightly
monitored and guided by the statutes. These laws ensure safety, productivity, mineral conservation, socio-
economic benefits, and protection of the environment. After the mining operations start, there is a need to
concurrently deploy the environmentally sustainable measures.

The landscape within mine area undergoes changes as mine advances. During these mining operations the
subsurface Hydrogeological structures and associated ground water balance is disrupted. Although the mining
industry conducts the environmentally sustainable activities like preservation of top soil, reclamation of pits,
biological reclamation of the dumps, improving the ecological habitat, topographical restoration, etc., all these
activities need to be well planned and integrated with the mining operations.

Since the ground water tends to be crucially disturbed, to achieve minimum disturbance to the water regime
and to replenish the water resources to its pre-mining stage is a challenge for the mining industry.
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2. ENVIRONMENTAL IMPACTS DUE TO MINING
The environment undergoes a large scale change continually in the form of land displacement, altered
landscape function, formation of large pits, formation of craters due to subsidence, formation of acidic
drainage, soil pollution, biomass loss, air pollution, etc. Many of these problems can be avoided, if adequate
environmental control considerations are thought of during conceptual stage of the project.

Environmental pollution due to mining activities has been reported in many countries. Among anthropogenic
activities, mining is a major source of trace metal contamination that can release constituent elements into the
surrounding environment through wind and water-runoff erosion. Both active and abandoned mining sites
have a serious environmental impact on terrestrial and aquatic ecosystems. Decong et al (2013) collected the
soil samples from the vicinity of the Tongling mining area, China. Decong et al evaluated the bioavailability
of trace metals (Cu, Zn, Pb and Cd) to vegetables by comparing different methods (trace metals in DTPA,
EDTA, HCl, NH4NO3, NH4OAC aqueous solutions and total metals in garden soils),and assess the potential
health risks of trace metals to the local population via vegetable consumption. The results showed that the
mean values of total Cu and Cd in the soil samples exceeded the national standard in China. Average
concentrations of Cd and Pb in some vegetable samples were higher than the maximum permissible
concentration.

Research was conducted on the evaluation of landscape function through the monitoring of physical landscape
parameters (i.e. water regime, soil characteristics or the thermal conditions of the site). The synthesis of these
parameters enables the various “stabilizing”, “risky” and “neutral” landscape segments to be located and
visualized (Lubomír et al., 2012).

Walsh et al (2001) assessed the relationship between plant biomass levels and selected social, bio physical and
geographical variables.  This study depicted the importance of social and bio-physical factors on plant bio-
mass at different spatial scales and temporal periods.

Since, the impacts tend to be myriad; it was proposed to ascertain the environmental impact through scientific
environmental analysis of the affected parameters. Castilla-Gómez (2015) proposed a methodology to
establish an environmental analysis focusing on the evolution of environmental impacts over time on
landscape ,subsidence, water courses, acid mine drainage and waste. The impact weighting techniques was
implemented to determine the global environmental impact.

Srivastava et al (2014) experimented with the use of fly ash as a soil ameliorant for its deployment in
reclamation of mine overburden and lowland in Jharia coalfield. This study revealed that the characteristics of
mine spoil and lowland significantly improved (except N and K), photosynthetic rate and soil conserving
efficiency of the planted species enhanced, and concentration of SPM, RSPM, CO2, SOx, and NOx reduced
significantly over the control.

Erosion of exposed hillsides, mine dumps, tailings dams and resultant siltation of drainages, creeks and rivers
can significantly impact the surrounding areas. In areas of wilderness mining may cause destruction and
disturbance of ecosystems and habitats and in areas of farming it may disturb or destroy productive grazing
and croplands. In urbanized environments mining may produce noise pollution, dust pollution and visual
pollution.

In respect of water pollution, mining can have adverse effects on surrounding surface and ground water if
protective measures are not taken. The result can be unnaturally high concentrations of some chemicals, such
as arsenic, sulfuric acid, and mercury over a significant area of surface or subsurface. Runoff of mere soil or
rock debris - although non-toxic - also devastates the surrounding vegetation. The dumping of the runoff in
surface waters or in forests is the worst option here. Submarine tailings disposal is regarded as a better option
(if the soil is pumped to a great depth). Mere land storage and refilling of the mine after it has been depleted is
even better, if no forests need to be cleared for the storage of the debris. There is potential for massive
contamination of the area surrounding mines due to the various chemicals used in the mining process as well
as the potentially damaging compounds and metals removed from the ground with the ore. Large amounts of
water produced from mine drainage, mine cooling, aqueous extraction and other mining processes increases



321 Ravi K. Jade

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386

Volume 4, Issue 12
December 2017

the potential for these chemicals to contaminate ground and surface water. In well-regulated mines,
hydrologists and geologists take careful measurements of water and soil to exclude any type of water
contamination that could be caused by the mine's operations. This is best done through the use of non-toxic
extraction processes as bioleaching. If the project site becomes nonetheless polluted, mitigation techniques
such as acid mine drainage (AMD) need to be performed.

3. GROUND WATER INVESTIGATIONS AND ISSUES IN MINES
The five principal technologies used to monitor and control water flow at mine sites are diversion systems,
containment ponds, and groundwater pumping systems, subsurface drainage systems, and subsurface barriers.
In the case of AMD, contaminated water is generally pumped to a treatment facility that neutralizes the
contaminants.

Mining and its associated activities use huge quantity of water for various purposes and also affect the
hydrological regime of the area. The water quality of the region is also likely to be effected through run-off.
Extraction of different minerals also leads to water pollution due to heavy metals, acidic water, increased
suspended solid etc. Therefore, baseline information on water regime is very important. Water availability and
water quality are two major aspects considered for baseline status of water environment.

3.1 WATER CONSUMPTION AND SOURCES IN MINING INDUSTRY
The water consumption in mine is mostly used for afforestation, beneficiation, machine cooling, dust
suppression, fire fighting, water sprinkling on road, vehicle washing, domestic use etc. The water
consumption at a mine depends on size, method of mining and the equipments used. Underground mines have
lower water consumption as compared to open cast mines, which consumes large quantity of water for dust
suppression and the beneficiation plant. The specific water consumption for various purposes should be
worked out. Also, the following salient issues need to be investigated while assessing the water regime of the
mining area.
 Locations of representative monitoring stations showing direction and distance from the mine lease site
 Details of rivers, springs, lakes, reservoirs and drains up to first order in study area.
 Physio-chemical analysis including heavy metals, biological, bacteriological characterization for

assessment of water quality. Water quality of water body with respect to upstream and downstream should
be covered.

 Delineation of water sheds and water drainage pattern in the study area using remote sensing satellite
imageries

 Surface water balance (Withdrawal of surface water and release of mine drainage water)
 Lean season flow of the nallah from where water is drawn

3.2 SURFACE DRAINAGE PATTERN
The two main types of surface drainage patterns are random and parallel. Each includes lateral ditches that
permit water to flow from the drainage system to a suitable outlet. The pattern depends upon the soil type and
topography of the land.

3.2.1 Random
The random ditch pattern is adapted to slowly permeable soils having depressional areas that are too large to
be eliminated by land smoothing or grading. Field ditches connect the major low spots and remove excess
surface water from them. They are generally shallow enough to permit frequent crossing by farm machinery.
Soil from the ditches can be used to fill minor low spots in the field.

3.2.2 Parallel
In fields that can be cultivated up and down slope, parallel field ditches are installed across the slope to break
the field into shorter units of length and make it less susceptible to erosion. The field should be farmed in the
direction of the greatest slope. Dead furrows are neither desirable nor necessary.
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Although the ditches must be parallel, they need not be equidistant. The spacing between them depends upon
the permissible length of row drainage for the soil type and upon the amount of earth and the distance it must
be moved to provide complete row drainage.

The success of a surface system using a parallel pattern depends largely upon proper spacing of the parallel
ditches and the smoothing or grading between them. During the grading operation, fill all depressions and
remove all barriers. Excavated material from ditches can also be used as fill for establishing grades.

3.3 GROUNDWATER
Since the mining is excavation of the earth, the groundwater is affected to a great extent. The investigations
should include

 Groundwater potential, recharge and budgeting

 Hydrogeology and aquifer characteristics of the area

 Groundwater quality, groundwater potential of the area and its availability, groundwater table (pre
monsoon and post monsoon)

 The details of locations of groundwater observation wells with respect to core zone should be described.

 The monitoring stations should cover the whole study area.

4. ANTICIPATED IMPACTS ON WATER ENVIRONMENT
Mining and its associated activities not only use a lot of water but also likely to affect the hydrological regime
of the area. The major impact of deep and large mines (both underground and open cast) is of natural
groundwater table. Lowering of water table may result in reduced groundwater availability. Extraction of
different minerals is known to lead to water pollution due to heavy metal, acid discharges and increased
suspended solids. Deep underground mines directly affect the water table of the area. However, the impact of
mining project on groundwater hydrology and surface water regime are site specific and depends upon the
characteristics of the mineral, hydrogeology and requirement of groundwater for other uses. The anticipated
impacts of mining on water resources and their significance are
 Impact on groundwater regime/streams / lake / springs due to mining, to be assessed from hydro-

geological study
 Impact of water withdrawal on surface and groundwater resources
 Impact on surface and groundwater quality due to discharges from mining, tailings pond, workshop,

township, leachate from solid waste dumps etc.
 Ingress of sea water, particularly for mining projects in coastal areas
 The impact on hydrogeology of the area can be
 Regional surface and groundwater movement
 Ground water inflow into the mine, with subsequent contact with mining related pollutants
 Surface water inflow and precipitation related recharge
 Increase in surface and ground water interaction with the mine working because of subsidence
 Loss of surface features such as lakes, streams and ponds through subsidence
 Pathways for post closure flow resulting from adits, shafts and overall mine design
 Operational and post closure geochemistry and resulting toxics mobility
And hence, due to the significant impact on the water environment, a detailed study of acid mine drainage,
one of the most significant form of water pollution.

4.1 ACID MINE DRAINAGE
Acid mine drainage is the outflow of acidic mine waters from active and inactive abandoned coal and metal
mines as well as from the surface mining waste dumps, coal refuse, coal stacks, and beneficiation and large
constructions activities. The acidic water generated from the surface sources is termed acid rock drainage
which term is preferred over the term acid mine drainage to emphasize the general nature of the problem.
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Oxidation of associated metal sulphide (often iron sulphide) present in the deposit or surrounding rocks in the
presence of air and water.

Prediction of acid mine drainage (AMD) also called acid rock drainage (ARD) will help the mining operations
and planning the strategy to control pollution of ground & surface waters and entry of toxic metallic
components in the environment. The mining authorities should try to prevent formation of acid drainage at
source. For this they may adopt modified mining methods, sealing of mine or a part of it after closure, surface
reclamation, water diversion to prevent he exposure of ground water to sulphide bearing rocks and subsurface
dams. Control of acid generation can be achieved by limiting the availability of at least one of the three
essential components of the acid generating process, namely, sulphide mineral, air or water.

5. MITIGATION MEASURES AGAINST WATER POLLUTION
The following mitigation measures are suggested for water management and water pollution control.
However, priority relevance depends on the location and type of mining and minerals. The following
mitigation measures are suggested for water management and water pollution control. However, priority
relevance depends on the location and type of mining and minerals (Siripurapu, 2010).

 The overall drainage planning should be done in such a manner that the existing pre-mining drainage
conditions should be maintained to the extent possible so that run off distribution is not affected.

 Garland drains should be constructed on all side of quarries and external dumps. All the garland drains
should be routed through adequately sized catchpits or settling pits to remove suspended solids from
flowing into storm water. The design of catchpits should be calculated on the basis of silt loading, slope,
detention time required.

 Retaining walls with weep holes should be built all round the external dumps. The storm water should
pass through weep holes to the garland drains.

 The surplus treated mine water should be discharged into local ponds and agricultural fields which should
act like a constant source of recharge to improve the groundwater level in the area.

 Rainwater harvesting by constructing check dams on natural nallah and developing water bodies should
be planned for recharging groundwater.

 Considering the composition, the mine drainage water, should be adequately treated before utilized in
agricultural fields in the surrounding through a planned network of drains / pipeline.

 The toxicity of the mine water should be treated specifically to meet the prescribed standard before
discharge.

 Settling Tanks to Treat Mine Water should be stored / dumped / stocked preferably on a flat area, to
reduce the risk of erosion.

 Shallow and deeper piezometers should be constructed close to mine area for monitoring the water levels
in the aquifer. The locations of piezometers should be selected in consultation with Ground Water
Authority.

 Stone barriers across the drain should be constructed to check the water current and arrest solids.

 Stone pitching should be made at suitable location to regulate water flow and prevent soil erosion.

 Settling pits and drains should be periodically desilted.

 The vehicles workshop wastewater should be suitably treated for suspended solids and oil and grease.

 Effluents from the canteen, rest areas, township etc. should be adequately treated before discharge to
outside.

 A water audit with a water balance diagram should be provided to give information on water use for all
aspects of plant operation.
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6. CONCLUSION
The environmental sustainability and conservation has been strictly undertaken through Environmental
Protection Laws and through various monitoring procedures laid from time to time. The mining industry has
evolved to meet these norms while still dealing with the series of changes in the land, water, air and biota. The
industry has considered several activities which are planned since the start of the production and undertaken
through the mine reclamation and mine closure planning. The mitigation measures have resulted in a
continuous control on the impact on water environment.

REFERENCES
1] Castilla-Gómez J, Herrera-Herbert J (2015), Environmental analysis of mining operations: Dynamic tools for impact

Assessment, Minerals Engineering, 76, pp 87–96.
2] Decong Xu, Ping Zhou, Jing Zhan, Yi Gao, Changming Dou, Qingye Sun, 2013, Assessment of trace metal

bioavailability in garden soils and health risks via consumption of vegetables in the vicinity of Tongling mining area,
China, Ecotoxicology and Environmental Safety, 90, 2013, 103–111.

3] Lubomír, B., Kateˇrina, K., Václav, N., & Libor,  P. (2012). Assessment  of  landscape  functionality  changes  as
one  aspect  of  reclamation quality – the  case  of  Velkápodkruˇ snohorská  dump,  Czech  Republic. Ecological
Engineering, 43, 19–25.

4] Srivastava N K, Ram L C, Masto R E, 2014, Reclamation of overburden and lowland in coal mining area with flyash
and selective plantation: A sustainable ecological approach, Ecological Engineering 71, 479–489.

5] Siripurapu K., Rao, 2010, EIA guidance manual for Mining of Minerals, Administrative Staff College of India,
Published February 2010.

6] Walsh S J, Crawford T W, Welsh W F, Crews-Meyer K A, 2001, A multiscale analysis of LULC and NDVI
variation in Nang Rong district, northeast Thailand, Agriculture, Ecosystems and Environment, 85, 47–64.


