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ABSTRACT

Coal is a pivotal link in balancing India’s increasing energy demands as well as infrastructure
development, catering to about three-fourths of the country's power generation. Ninety four
percent of the coal produced in India is mined from more than 200 open cast mines in varous
parts of the country. While open-cast coal mines also have positive spinoffs for the local
population in terms of infrastructure creation, jobs and business opportunities during the operation
period, their impacts on the local ecology have been well documented. The changes to ecology
during operative and post-closure phases demonstrate the need for improved mine closure
planning so that the adverse impacts of opencast mining can be controlled in a more scientific
manner compared to current mining practices in India. With the introduction of Section 20A in the
Mines and Minerals (Development and Regulation) Act in January 2015, Parliament has
empowered the Central Government to issue policy directives for “promoting restoration and
reclamation activities so as to make optimal use of mined-out land for the benefit of the local
communities.” Pit lakes are artificial waterscapes developed by filling-up of the voids with water via
natural and/or artificial recharge. The sustainability of these ecosystems, however, is under
investigation owing to the complexity of their interactions across the long-term geological and
biological realms. In India, such approaches are quite novel and there is a need to evolve scientific
measures to adopt pit lakes as sustainable alternatives to backfilling with excavated soil. The
present study is an assessment of the efforts and plans of utilising pit lake ecosystems in India as
creative post-closure solutions for open-cast mining. Using examples of environmental statuses of
the existing pit-lake ecosystems in India, analyses of their potentials as sustainable alternatives for
backfilling has been explored. For the first time, the study will provide an understanding of the
desired criteria to be planned while creating pit lakes. Using data from a compilation of scientific
investigations, the impact of factors such as the mine closure planning, diversion of stream-flows,
adoption of natural recharge, and the need for technological interventions for stabilising the
ecosystem flows and conservation in these ecosystems will be closely examined. Critical design
factors such as lake depth, management of the monimolimnion, biological interventions, balancing
the lake leakance versus seepage to aquifers, long-term contaminant transport etc. will be
discussed. Finally, the need for policy changes to design the final mine void as part of a self-

sustained ecosystem to serve the needs of the local communities will also be discussed with the
idea of imparting long-term sustainability to these ecosystems.

Keywords: Open-cast mine closure, Pit lakes, Water management, Ecosystems, Sustainability

1.0 INTRODUCTION

In the recent years, the idea of adopting sustainable coalmining operations have received
tremendous attention (e.g. Hilson and Ba '

; : Su, 2003) with the perspective of holistic approach
gaining dominance over a post-closure sce

_ nario evaluation. As a result, these practices are being
adopted starting from the planning phases through the operative and' post-cl%sure phases with

~ 74~

B

|




_ — - X Worlll Aqua Congress 2019

; egree of succ ;
var){I';‘gIedfogr considerati:ns sss. While a number of post-closure land management options are
alvarln e voids Into ‘pit |a’ke§0(2“'ar Post-closure management strategy has been the c%nversion

fcially evolved andscapes 9. Soni etal,, 2014 Vandenberg et. al., 2017).Pit lakes are
arti . resulting from the back-filling of mine-voids post-closure with water

Iofcf:eatbnal hotspots, which can also help to generate sustainable
9h and Lund, 2006; Soni and Wolkersdorfer, 2016).

However, the successes or failureg of
including natural and socio-cultural ag
Faircheallaigh, 2003; Frank et. |, 201
problems with the use of pit |akeg f
groundwater recharge units is still not

the pit lake approach are dependent upon several factors
illustrated from many global studies on coal mining (e.g.
0; Australian Mine Closure report, September 2016). The
or "othei;' purposes such as industrial water allocation or
A . ! Well-understood due to the possibility of contamination with
mine leachates in th_e anoxic bottoms, contaminant transport ang ground)\:vater salinization over
time. In order to achlgve the' Sustainable use of these ecosystems, it is important to monitor their
quality over time and Immediately extend scientific and technological interventions in the event of

ecological disasters as a part of the active ecosystem management (Doupé and Lymbery, 2005;

Atusltl’agg;\?';/"ning Practises report, 2011; Australian Mine Closure report, September 2016; Kodir
etal, .

The .major debates on the sustainable use of the ecosystem services of pit lakes revolve around
multitudes of stakeholder perspectives. These include those of the following groups of
stakeholders in pit lake creation and usage:

1. Local communities (as primary users),

2. Coal-mine owners,

3. Environmentalists form a part of Civic Society and bring the social and scientific perspectives
of sustainability to this issue,

4. Regulatory authorities who have to approve the creation of such pit lakes as a part of the mine

closure process, '
5. Administrators who are involved in ensuring that the interests of the local communities are

protected during the creation and operation of pit lakes.

However, in the present study, we focus on the aspects of science and technology for landscape
management and sustenance of pit lakes in the Indian context. The need for robust mine-closure
plans for India were highlighted in recent times, keeping the creation of a self-sustained ecosystem
at the heart of such planning (Srikanth and Nathan, 2018). Srikanth and Nathan (2018) have
highlighted that it is important for coal-mine owners to consider the restoration of mined
landscapes to enhance the ecological and socio-economic services of the restored areas which
will ensure the long-term sustainability of the mined-out areas in the interest of the local

communities.

ith the * " of the natural resources, the Ministry of Coal and the Ministry of
\é\agi\ré:?n eiiatgorzztaa;?%ﬁ;ate Change (MOEF&CC) are responsible for effective oversight of
the mine clc'>sure process in India to ensure that the environmental !mpacts of mining are
ameliorated and the mined-out land is rehabilitated. to ensure a self—sqstanning system is created
Post closure. This is critical not only to prevent environmental degradation t;u_t algo to ensure that
the mined : Vo ean be utilised for the welfare of‘ the local communlgle.s in _tune with the
SUStainabn-'(t)uD lopment Goals (SDG) adopted py Indl.a in 2015. The backfllllng Mth overbt:)ryden
may not ks igsk ble option for mines with high strip ratios. It might be impossible to achieve
always be a viable op lability of the overburden as has been illustrated with

- : w avai L
?;::1?(:'?""”9 ma||nlywc::éeret°(etze I1(_):5.trobe Valley, Victoria, Australia; Monash University report,
-Cast mines else 8-

i i ia in relation to mine-
ulatory framework for coal mines in India in re
59010)' Therefp wey e Iegal ag? ;ﬁglakesryas long as the mined-out area is restored to a self-
SUsSt:?\' perm|: the C(;e-:tﬁgo beneficial to the local communities. The plan for allowing natural
Ing system and |
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i : . watar to create pit lakesmay offer significant
‘ {5 ik s mine voids with _War
seepage.and preclpltat!on :l)eﬂ%z‘\j,;:‘jp ment of the mined _Ian.drscapes, 'althougho rttli'loen ;ralLenges
opportunites_for sustalne? te or partially complete rehabilitation are also Prop / )tl igher.
towards achieving compe% m‘;orpor ating the design entena for .plt Iakrel' c;\etps I'lt.l: |onh and
Thes$ cir:: eb?-' i o:rzrtiorsnheowg’ the processes associated with coal-mfim?g h(ige rlgﬁ C:gg e phases
:na:;nsggse fo} crgating pit lakes as new resources at the end-phase of mine op .

_—-—————-—_———_—_

Reclaiming the Levelling, top-

Transport Coal mining dumps, soll spreading,
et e S o an,dumn creating back- by planting
S et Al Grbiiden b filled areas vegetation
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Figure 1: Scope for creating pit lakes as observed through the Iifecyc!e of open-cast coal
mining processes; during the Stages 4 and 5, pit lakes can be envisaged as useful
environmental and sustainable alternatives to backfilling with sediments.

With advancements in the technology of coal mining in India, the increase in the amount of land
excavated are also relatively higher, which is likely to result in pits or voids of huge sizes which
cannot be backfilled without excavating already vegetated overburden dumps thereby creating
further environmental impacts even after the coal reserves are exhausted. Under these
circumstances, the creation of pit lakes as a sustainable alternative for the mine void deserved due
consideration in the interest of local communities which are in many cases deprived of reliable

access to water, particularly in the parched coalfields of India. The discussion is continued forward
with a note on the sustainability of open-cast mining in India.

1.2 OPEN CAST MINING IN INDIA

While mining operations have positive economic impac i

infrastructure development and provision of employmentpancthbL?sninezz ;ggit»tuiﬁzs I?orttehrem Isocc:;
population, adverse impacts of coal mining on the ecology of the local area are also well known
The changes in the ecosystem of the region are particularly significant in the case of opencast coa\
mines which account for about 94 percent of the coal produced in India. Cons p t to the
adoption of mine closure guidelines by the Ministry of Coal (MOC) in 200 9- Yo eg\;egppsoved

mine closure plans for 583 coal/lignite mines/proj i N
opencast coalllignite mines in operation toda plolects till March 31, 2019, of which 237 are

> . s y. These min
mngmgﬁp&a?s irt:at l\;)ﬂfoylde vital inputs to the Environmenta|e |$32‘é;eAF;?:SSS§1IZﬁthéTAadpart of thtc:
submitted to the Ministry of Environment, Forest and CJj (EIA) documen
environmental clearance process. mate Change (MOEF&CC) during the

As per the current (2013) MOC Guidelines, “fj;
of the mine life and continue even after the' czgfl mine closure activities will start towards the end
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is (to be escalated ys;j e
,t-):;:;?si(te to the grant of nt?\;hztgto t;f'ed W’_“J'esale price index) into an escrow account as a pre-
functions under the MOC. The fuu ) Mine opening permission by the Coal Controller who

ine closure in case the mine ”dS'SO generated are to provide security to cover the cost of
min OWner fails to complete the approved closure activities.
| amount (includi :
gh?htgtgoal Contrglleruiglggrj\ 'aclg:m?uslgtzecci: Interest) deposited in the 557 escrow accounts operated
of identification of activities pf m.ine o rores as on March 31, 2019. While the existing practice

A Sure and thei ' i indicative i
The escrow amount is calculateq at & f their cost estimates is only indicative in nature.

create a “self-sustaineq eco-system” wh
mine closure plans of select opencast ¢
inadequate to cover the cost of final closure of 235+ o
are covered by these escrow agreements.

at rate irrespective of the actual cost of mine closure to
ich varies from mine to mine. However, an analysis of

20 PIT LAKES - A BRIEF INTRODUCTION

21 STRUCTURE AND ENVIRONMENTAL CONSIDERATIONS

Schulz et.al. (20.1 0) ‘considered five major factors that controlled the geomorphology of the pit
lakes as shown in Figure 2. Apart from these, other factors such as the quantity and the initial
quality of the filled-in water, the status of the groundwater, the existing levels of groundwater
recharge and extraction, the amount of dilution from precipitation etc. also contribute to the
ecological status of the pit lakes. For example, if the water filled-in is drawn from a river or a
stream, likely to be polluted, the trophic status of the pit lake ecosystem can be quite low. It is
important to consider if the basement rock characteristics of pit lakes, which impart different slope
characteristics to the system (e.g. Satyanarayana et. al., 2017) and hence would impact their
depositionary and circulatory functions.

/. Natdral -\
geological
\o  setting -

Type of
excavation }
“technology

Planned
use and
. practise

\

of coal

k . ling the environmental setting of pit lakes (adapted from Schulz et
gure 2: Factors controlling al. 2010).

AL —e"f
/.\<
( Conditions

filling-inof }
water

; i depends on the stratification of the different layers of water
gg:e(decg':gtfal s;ruizg:;?)eorfatﬁ’.ﬁel?}::?ancerg)tration of dissolved solutes as well as the mineral and
gaseous of ep saturated in the water (e.g. Ramstedt et. al., 2003). These in turn determine the
Quality ofahaes\?vz‘ter and the dynamicity of interacting zones within the lake systems. A typical pit
lake (Figures 3a and b) is situated within a stepped-up void, which would impart t?e lake,“a
St-?lircaséJ bath try with steep slopes (B_Ianchett_and Lund, 2017). The inclination oT't1r_1efwat s
could p ainyme ryt factor while considering the circulatory characteristics of the lake. is factor
sy € an importan tion and propagation of the eddlisas well as the mixing characteristics from
the sTr?:fé ttget:,‘;rrgfsg facilitating a “double diffusion” and chemical stratification of the pit lakes
(Stevens and Lawrence, 1998)-

e T s
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ce (~14-16 m from the epilimnion), known as th
the surfa ( f change in the chemical properties of the Iak:

A layer below the epilimnion on S dogres 0
“Chemocline” represents the maximu tems into distinct chemical .

i ifeati des the lake systems | mical zones. p
waters (i.e. chemical stratification) and divi o sacandary chemoclines within the;:

| : * primary or both primary an
Lac?;os’.fiﬁns‘frf;ﬂrg?g;ig ;ig:-\ethpe mi;iyng characteristics (Campbell and Torgersen, 1980). The
: cosystem processes that bestow “meromixig’

' mines the €
development of these chemoclines deter! s certain depth that can lead to development

' latory overturn 22
A bpinobaies Ofn?iarlfit:\g threym stagnant water systems at some point in time.

of a highly dense lower layer),

(a)

] I

River/stream discharges :

P ! Evaporation Precipitation o
1] s v i
Surficial processes N

_ 7 Addition to volume

(b)

River/stream discharges

" Site run-off
; e

45 bt

Figureh3: The er;vi;ct))mt'r;‘ent_al structure of pit lakes illustrating (3a) the possible systems of
exchange and (3b) the circulatory processes that will drive the ecosystem functions.

It has been illustrated that the chemocline forms the i e
exbiing the oxidising envionment and e requm e e e olr
(Campbell and Torgersen, 1980). Such boundary layers vary in the width ing between 10 -
}ggsrg raenadctcizgrr:;/egshhjl;a::zzg?oo{hcr%dm L c°mponentgy such stilronsacr:ériggls gwe c
e de :
conditions below the chemocline, Ie_adir‘:lge '?op';‘i?':‘;rogneﬁi?sively reducing ar .adtehquatrilc};umlxe
degradation products in the monimolimnion. Such ecos t ease or decrease In ea e
changes in the water quality and aquatic biodiversity ove!;sae:'l prgcefstses directly contribu
eriod of time

hemocliné.

nts O
to the
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2.2 DESIGN CONSIDERATIONS FOR PIT LAKES

iscussed in the precedi i
Ajo?ution py charac't)eri - d"gg ?:C}'OH, pit lake ecosystems in India, in their natural states of
solumesy usually a high deptg-to.eslr rSftEPped bathymetry with steep slopes, variable storage
¢ arse vegetation at the phase of u ace water spread ratio, fragile and displaceable banks and
P aining ecosystems, itis résource creation. In order for their transformation into self-
s ' €ar that the maintenance of the pit lakes requires active civil,

mechanical and ecological interventions
ical and ¢ at different ' '
summarised in Figure 4 anddetailed in the following 2222?\: ot

Design / Pre infilling phase

~ After resource creation

© selection of l:n-ﬁlling/ recharge water source ®Release of treated water sources

@ Comprehensive water-balance model (®) Maintenance of stability of monimolimnion
G Lake- leakance and seepage model Monitoring secondary flooding events

0 Design of chemocline depth Water quality and plan remedial measures
@ In-situ chemical treatment of void bed (® Recirculation or aeration interventions

@) Prevent contaminant transport Maintenance of in-lake biodiversity

Figure 4 : Major technical considerations in designing pit lakes as sustainable mine-closure
alternatives

From the Indian context, the diversity of the local geology and the subsurface characteristics
requires a closer look at the nature of the substratum (e.g. Shevenell et al., 1999). Post-mining
operations including the filling-in of the mine void with the overburden tend to favour the long-term
rehabilitation of the pit lake system. Desigm_ng the depth for ‘dumping qf the overburden, keeping in
mind appropriate depth-to-surface area ratios favours the rise of aquifer levels and increases the
stability of the pit lake substratum over the long term (Foley et. al., 2012). Further, factors such as
the hydraulic gradient between the lake apd the groundwater as well as the hydraulic conductivity
of the pit wall slope determiné the magnitude of the freshwater exchanges (Zhang et al., 2019).
Understanding the nature and quantity of the ground\{vater-plt water exchanges are also directly
linked to the water quality with respect to the permeation of the soil-sequestered compounds and
Contaminants into the groundwate" (e.g. Herzsprung et. al., 2010). Care should be taken to
Mmaintain that the water withdrawal rates balance the influx rates. Further land-use changes over

pre- _reyir rios can further influence the ecosystem propertigas and ecosystem
and post-mining scena lobal examples, these are important considerations from a

servi ;

suzg;i:bi?i? e;/:geggg\?e {reogl Lgarondelle and Hasse, 2012). Hence, a detailed model of the water

€xchan Y Persp rtant pre—requisite for the sustenance of plt lakes, beginning _v_wth the

gos:1g 2n IMpE tabilisation post the initial filling including the depth of equilibration.
to develop self-sustaining systems without co-

onsideration is ) _ o
networks or reversal of groundwater flow regimes leading to acidic

he immediate vicinity (Werner et. al., 2001).

~ 79 ~
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th adjacent aquatic systems, it is impor‘tant to examine the
relationships with the aquifer systems of the pit |ake. From the design perspective, it is important to
keep in mind the optimum ‘water inrush coefficient considering the effective thickness of the
hydrogeological barrier (e.g. Wu and Zhou, 2008) to be incorporated into the pit lake de;ign at the
initial phases of construction. It Is necessary to design the lowest seepage cqefﬂcnents and
leakance for pit lakes based on detailed local models of the water balance for the pit lake systems
to be created (e.g. Genereux and Bandopadhyay, 2001). Such rr]odels_can'also provide critical
estimates of critical lake depths for futuristic scenarlos where maximum in-filling and highest lake
levels are expected to be reached (e.g. Foley et. al., 2012; Unsal and and Yazicigil, 2015).

From the perspective of exchanges wi

It is important to delineate the extent of the chemocline layers within the pit lakes and to model the
rate of diffusion of the ions across the boundary layer from oxic to anoxic cpnditions (e.g. Boehrer
et al., 2009; Luek etal., 2017). Since it is found to vary widely, the design of the pit lakes of
different depths must take in to account the approximate depth at which the chemocline is likely to
occur (Figure 4). For example, for a pit lake of approximately 30 m depth, the chemocline can
occur between 15-20 m, just a few metres above the hypolimnion and monimolimnion. During the
design phase, the estimates of depth of the transition between oxic and anoxic environments must
be available to determine the need and extent of aeration required to maintain a non-stagnant
monimolimnion. For example, it has been observed that the water renewal times of the
monimolimnion must be equal to or closer to the renewal times of the whole lake for the ecosystem
to remain free from perennial stagnation (e.g., Campbell and Torgersen, 1980). Layering the mine
voids with lime is suggested as a useful alternative. This is because the presence of alkaline
products in the monimolimnion can help to assimilate the acidic products of ionic reduction, which
is likely to be encountered in the lower parts of the pit lakes. Lime application can balance the pH
of the monimolimnion as with mechanical interventions as the aeration of the chemocline, the
recirculation of the ions can be maintained. Studies have shown that such measures as removal of
excess phosphorus by co-precipitation with iron (Fe) and aluminium (Al) before the initial filling-in
would be helpful to sequester the excess P in the sediments and avoiding eutrophied conditions
(e.g. Herzsprung et. al., 2010). The risks of leaching of sulphide weathering products from the
drained mining surface during periods of low lake levels can influence the buffering capacity of Fe
and Al to a great extent (Werner et. al., 2001). At the same time, the stability of the monimolimnion
is also dependent upon the redox cycling of Fe and manganese (Mn), which in turn increase the
sequestration of phosphorus and toxic metals in the sediments (Campbell and Torgersen, 1980,
Herzsprung et. al., 2010). These considerations on the chemical processes that drive the
sustainability of pit lakes must also be incorporated within the design of pit lakes.

Recent reports have indicated that pit lakes systems of low pH (of the order of 3) are also capable
of sustaining a species-rich consortium of planktonic and microbial biota depending upon the
morphometry, wind-driven circulation and trophic statuses (e.g. Weithoff et.al., 201 0).Species of
cyanobacteria (Downey et al, 2001), Daphnia sp.(Friese et. al., 2003) and Ochromona sp..
Lepocinclis sp., colonies of heterotrophic bacteria etc. are capable of colonising the pit lakes
cuccessfully. Aquatic macrophytes species such as Potamogeton malainus, Ipomoea fistulosa,
Typha angustifolia, Alternanthera philoxeroides, Valliseneria spiralis, Hydrilla verticillata, Marsilea
minuta, Nymphoides indica and Nymphaea nouchaliwere also reported to be able to colonise
open-cast pit lakes successfully (Pal et.al. 2014).

2.3 ENVIRONMENTAL CLEARANCE GUIDELINES AND PRACTISE

Concerns about the follow-up programme to restore the environmental services of mined
landscapes have been vociferous over the past few years in India and other parts of the world
(Australian Mine closure report, September 2016). The MOEFCC Regulations 2018 (Annexure 15)
of India has laid doyvn the standard gnvironmental compliance (EC) regulations for open-cast coal
mines with emphasis on the strategies for water quality monitoring and preservation including the
references to the surface _and groundwater characteristics along with effluent quality According to
the EC guidelines, backfilling of the overburden up to 40 m before the conversion to bit lake

~ 80 ~
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3s been rec
system ha ommended. Further, the creation of the pit lake can be used for augmenting

the groundwater resources over 3 |on term. These quideli ) x .
creating self-sustainable systems fromgthe ok Iake: guidelines are prescribed with a view towards

It is usual practice to pursue such follow-

arrangements as per the EIA submitted . p activities through specific institutional and regulatory

Lo _ t a pre-planning phase (Soni and Wolkersdorfer, 2016).
These activities 5;"9 deter!'mned by factors such as the %yge and( scale of the project, resources
available for implementation and monitoring, the project initiators and the maintenance of the
restored |andscapes through  active policy frameworks (Thakur and Fischer, 2008). The
perspectives of the coal mineowner as well as the cost-benefit analyses tend to drive the success
of the gnd-qf—llfe management of mine voids (Hamann, 2003). For example, from a policy
perspective, it would be quite important to envisage pit lakes as environmental resources available
for long-term usage after the ceasing of mining operations. This is a consideration that needs to be
included at a pre-planning stage itself. However, such foresights require close attention to the
financial viability of the pit lakes as sustainable water basins. Further scientific inputs in terms of
the complexity of technological operations needed to create, manage these lakes have to be
addressed at the planning stages itself. These inputs at the pre-planning stages are essential to
discuss the sustainability and viability of the coal mining operations.

Table 1 below provides a compilation of the status of different pit lakes in India along with their
environmental and management statuses. These data highlight the importance for a strong policy
framework to manage such pit lake ecosystems with scope for eco-restorative measures. For
example, the older pit lakes from Raniganj and Jharkhand have medium depth-to-surface-area
ratios, which are likely to change in the recent times with greater resource extraction practices
leading to deeper excavations, resulting in the deeper void spaces. This scenario needs a different
management plan compared to the mine voids, which are in the initial stages of construction and
development.

Table 1 : A list of pit lakes in India with their environmental characteristics, plans for end-
usage as well as issues from a management perspective.

Pit lake Categor | ,gication ﬁept f: " In-filling :?s:? e | Ref
system State y of of end-use area | source ighlighte eference
mine (m) (km?) d
Water
Open ;grservon' Precipitati Depth
Manikpur Pilot Chattisgra cait, domestic 48 0.19 on, dwat | manageme Pratapan et. al,,
Quarry h s groundwat | 2012
coal RUIE er influx
after
treatment
Several pit Open- ot Precipitati iCont?mir;at
lakes in the cast, Dumping of | _5q B anid on of water | o oy
Mangalpur West sub- industrial | Na groundwat | dueto. et.al.,2010
industrial area. | B€N92! bitumino | effluents o influx industrial
-renian us coa Aniopsgs
nic
pollution
Several pit . Precipitati through
lakes Open- Dumping of anand influx of Gunta
Mangg:pt:re West ca‘;t, industrial na 0.064 groundwat lc;!durs‘tnal . et.aﬁ., 2012
industrial area Bengal coal pifllenis er influx e;?gct:rg?s'
O Raniganj weathering
on water
\\ quality
I

~ G




X111 World Aqua Congresy o, L2

e
R === Change in§
r‘—/ surface
Riverine water
Several pit influx from _characterist
lakes in the Open- | Evaluated Na Bokaro, ics dueto | Mahato gy
Damodar Valley | Jharkhan | coop for na Konar and mixing of 2017 K
coalfield and in | d coal irrigation Damodar | coal mine
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speciﬂc ec_osyStems and/or treatment options for remediation. In the case of futuristic pit lakes, a
strong policy ffan?e_\'\(Qrk to establish design criteria and management of ecosystem must be
established at the initial stages itself for long-term monitoring and assessment.

3.0 CONCLUSIONS

From the perspective of the environment, the need for policy formulation regarding pit lakes must
be focussed on the strategies to build sustainable ecosystems with a range of end-use scenarios
evaluated as a part of the robust long-term management strategies rather than self-sustaining
systems since some form of treatment may be required in most cases to ensure that the pit lake is
of use to the local communities, It is important that care should be taken to protect against
anthropogenic pollution of these manmade ecosystems through the implementation of policy-
based framework for their maintenance in India (e.g. Soni and Wolkersdorfer, 2016). In another
parts of the world, for example, the European Community Water Framework Directive (WFD; EC
2000; Nixdorf et al 2005) has placed great stress on the preservation of the “good ecological
quality” of mining lakes through active managerial interventions. Such a framework is a significant
need of the hour in the Indian context.

Declaration of pit lakes as new resource-bases and as ‘ecological hotspots’ may be effective
means to channelize the management strategies to achieve active ecosystem services from pit
lakes. Finally, the intended usage of the pit lakes must be considered for creation of the new
resource-bases; possible uses would be to support fishes and avian biodiversity along these lakes,
as a reservoir for water to supplement the industrial drawal needs, or as a restored recreational
ecosystem. Each of these end-usage scenarios demand nurturing different types of management
options, cost-to-benefit analyses and stakeholder involvement decisions. Such studies now need
to be carried out in India in order to fulfil the mandate imposed vide Section 20A of the Mines and
Minerals (Development and Regulation) Act which empowers the Government of India to issue
directions to the State Governments in respect of restoration and reclamation activities to make
optimal use of mined-out land for the benefit of the local communities.
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