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Abstract: Problem statement: Mining operations are strategic and essential stréhl activities
which rely on the use of non renewable naturaluesss, causing several relevant interactions \high t
environmentApproach: The need to perform in compliance with even mar@gent environmental
legislation and to satisfy different stakeholdeesndnds and pressures, is progressively leading the
mining sector towards the implementation of Envinemtal Management Systems (EMS). However
scientific literature outlined a relevant reseagelp in the absence of specific technical guideltoes
facilitate such voluntary environmentally respoteilapproach in the different sectors of mining.
Results: Therefore the present study was focused on theaiin of construction aggregates from
gravel pit lakes, sector characterized by pecubiperations and related environmental problems.
Through the analysis of representative sites (Extah Piedmont Region-NW Italy), where the
environmental components of the interested tefagrthe equipments used and operations carried
out, the main legal requirements, the environmemadblems and monitoring systems were
examined, the research identified environmentableras and practices which could be considered
common to this sector and be taken into accounnduhe EMS implementation. In particular the
study, with reference to the ISO 14001 requiremefotsused on the analysis and monitoring of the
environmental aspects and to the identificationspécific operational and monitoring procedures
which should be defined by the organization witthia EMS.Conclusion: Therefore the main results
of the research presented in this study suppliedip technical elements to be used by the congsani
operating gravel pit lakes for a correct and extise<EMS implementation and represented a new
contribution for a more widespread adoption of IBMO01 in the mining sector.

Keywords: Environmental management systems, 1SO 14001, emvieatal review, mining sector,
gravel pit lake

INTRODUCTION relatively undisturbed and close-to-nature condgio
increasing the perception of these human activiies
Mining operations are strategic and essentiaan element of intrusion and alteration of the hasel
industrial activities on which the economy of saer scenario and, therefore, as a cause of relevant
countries is bas&d?” however a significant environmental impacts. Furthermore, mining disaster
counterpart of the great socio-economical relevasfce with several casualties occurred in the past haised
the mining sector is its often conflictual relatship  the perception in the public opinion of mining tgpian
with local communities and governmental bodiestue high risk activity for environment, workers and fiab
the concerns regarding its impacts upon thehealth: Pressure groups, including some non-
environmert. Even if mining activites are not governmental organizations, are drawing internation
widespread as other land uses, their location @n thattention to environmental incidents and in sevsitals
territory is a consequence of the presence ofocal communities protest against and impede oneve
geologically fixed mineral deposits which can beshut down miné¥.
exploited and therefore the interaction with ecaaltly Mining operations, by their own nature, are
sensitive areas can often not be avoided by setecti generally characterized by several environmental
alternative sites by means of a preventive adequatienpacts: The occupation of land and “manipulatioh”
planning"*":. mines are usually located in sites of local topography cause changes in land form and
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instability, habitat, biodiversity and land usesdes, European EMAS Regulati§h require a detailed
visual intrusion, modifications in surface and review of the organization activities, processes an
groundwater; pollution can occur from acid mine products aimed at evaluating and continuously
drainage formation, cyanide and other toxic chelmica improving the related environmental performances,
(oil, petroleum products, solvents, acids and met)e going beyond the “simple” legal compliance. An EMS
release, sediments runoff, emissions to air andifeg can therefore be considered a useful tool and
dust emissions, noise, vibrations and traffic.management model that helps an organization to
Furthermore, thus mining operations have a tratsiendentify significant environmental issues, plan anelet
nature, being related on finite and non renewaliteeral  environmental goals and comply with environmental
deposits, significant environmental impacts aready  regulation€® and could be adequately integrated with
related to operational activities, but are stilkéd to the health, safety and social accountability isStes
closure of the site and subsequent reclamation anSlalmf?!! discussed the main drivers, among which
restoration phases (which are a fundamental mitigat regulatory, stakeholders and market pressures, for
and/or compensation measure). adopting EMS in the mining industry, with particula
As mining activities rely on the use of non regard to the post-Soviet area. Hilson and N&yee
renewable natural resources and involve severdtentified some main benefits related to the
relevant interactions with the environment, a pnide implementation of an EMS to the mining sector: Bett
and responsible exploitation is a significant aiadle  knowledge of potential impacts on the environment a
which involves competent authorities (permits reéea applicable legal requirements, reduced operatirgisco
and controls) and mining companies (economicallyand improved efficiency, improved image and better
viable planning and operatidty. relationships with competent authorities and local
In the light of the above elements, even morestakeholders due to the voluntary commitment toward
stringent environmental compulsory legal requireteen the minimization of environmental problems.
and limits to which mining companies have to comply Several mines worldwide, mainly owned by
especially related to the handling of wastes framn-n  multinational corporations, have a comprehensiveSEM
ferrous metal mining industy, are being defined by in place and a number of other sites already have
several national and regional governmental bodies. = management procedures that would allow an eventual
Further pressures upon the mining sectoimplementation of an EM3. Among others, examples
environmental responsibilities are related to theof EMS implementation and consequent 1ISO 14001
demands of investors and consumers which areertification, are reported from several mines [
interested in good social and environmental prastic metals extraction) in Canada, AustrHliaRussi&Y,
and companies performances in such f{&ld¥, Mexico®® and in Chil8®, where all the state-owned
The need to perform in compliance with facilities and over 50% of the private-owned sitase
environmental legislation and to improve perfornemc implemented a certified EMS; among these the world
in order to satisfy different stakeholders (compete largest open pit (Chuquicamata) and the world ksyge
authorities, local communities) demands, iscopper mine (Escondida).
progressively leading the mining sector towards an In Italy 98 sites managed by companies related to
approach of “cleaner production” and “pollution the mining sector (not only extraction sites) have
prevention® aimed at a correct environmental obtained the ISO 14001 certificatith With regards to
management of the mining sites and relatedEMAS, considering the four European countries with
infrastructures. The mining industry has thereforethe highest number of registered organizations
shown increasing interest in environmental andadoci (Germany, Italy, Spain and Austria), 27 sites bgltm
sustainability in recent yedts. According to the ever the mining sector: 1 to mining of hard coal (NACE
increasing complexity of the legal framework andcode 5.1), 23 to quarrying of stone, sand and clay
related environmental requirements and prescription(NACE code 8.1) and 3 to other mining and quarrying
applicable to the mining sector, the companies aractivities (NACE code 8.9).
gradually shifting from a conventional “end-of-pipe Hilson and Naye8, highlighting the need to make
pollution control approach towards a more proactivewidespread mining EMS implementation a reality,
one allowing a proper identification and manageneént identified a research gap in the substantial aleserfic
environmental impacts, risks and related liab#iti€his  technical guidelines to facilitate specific and ailed
proactive approach is based on the implementation dmplementation in the various sectors of mining,
environmental management systems (EMS) whichrecommending an increased input from academic and
according to the 1SO 14001 stand¥fdand/or the government research units, especially focused tsvar
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small and medium-sized mining companies, many of In particular the implementation of manual and
which already have important environmental procedures must be based on the requirements igglecif
management tools in place, but lack the financeshy the ISO 14001 standard which is related to the
educational material and technological know-how toDeming cycle implementation steps (policy and

design and implement an effective EMS. planning, implementation and operation and checking
According to the above mentioned directions, inand corrective action) as outlined in Table 1.
this study the attention is focused on a specyfixe tof Some gravel pit lakes located in Piedmont Region

mining activity (for which experience of EMS (NW Iltaly) along the Po river, using different
implementation are not found in the existing séfant excavation  techniques were considered as
literature) characterized by peculiar operationalrepresentative case studies and were consequently
techniques and consequent interactions with thanalyzed in order to carry out an initial enviromtas
environment: The extraction of construction aggtega review aimed at identifying the main environmental
from gravel pit lakes. aspects related to each activity. In particular, dach
Sand and gravel deposited by fluvial processesite the environmental components of the interested
represent a mineral resource of great economic anerritories, the equipments used and operationsedar
social value, used by the construction industry forout, the main legal requirements, the environmental
concrete (aggregate mix) for buildings andproblems and monitoring systems were examined.

infrastructures (roads and highways) in large qtiast The main results of these analyses are outlined
(aggregates usually account for 60-80% of the totalith specific highlights on relevant contents asslues
volume of concrete). for the implementation of the procedures relatethto

In gravel pit lakes such operations require theEMS planning step, with particular regard to the
extraction below the water table and the on-siteanalysis of environmental aspects.
treatment (screening, separation by size, crushing, Since several available implementation
washing) of relevant quantities of materials thiotige  guideline§®**% can be considered a sufficient
use of a dragline, dredging or hydraulic excavatorsreference for almost every kind of organization for
Their usual localization represents by itself ac#fze  providing the main structure and the basic contémts
factor of environmental concern, being gravel gkels  the definition of the general management procedures
close to watercourses, often in areas of significan(such as those concerning documentation, training,
naturalistic value (wetlands and protected areas) a control of documents, nonconformity, internal apdit
which can be interested by flooding. management review), the analysis of implementation,
This study outlines some relevant elements oroperation, checking and corrective action phases is
which companies carrying out the extraction ofomitted within this study.
construction aggregates from gravel pit lakes ghoul
focus while implementing an EMS of their activities Table 1: EMS implementation steps according to 18001

and can therefore be considered as a technicatep ISO 14001
reference. Such elements arise from the analysis, 1. Scope
carried out by the authors, of representative sites 2. Normative references
located in Piedmont Region (NW Italy) and are mainl 3. Terms and definitions
) . 4.1. General requirements
focused on the steps which have to be carried @ut f 4.2. Environmental policy
the definition of an adequate and comprehensiw@lni Planning 4.3.1. Environmental aspects
environmental review, which is the fundamental phas 4.3.2. Legal and other requirements
for the implementation of an efficient EMS, accogli 4.3.3. Objectives, targets and program (s)

Implementation  4.4.1. Resources, roles, respoitgibihd authority

to ISO 14001 standard and/ or EMAS regulation. and operation  4.4.2. Competence, training and aweae
4.4.3. Communicat'ion
MATERIALS AND METHODS 4.4.4. Documentation

4.4.5 Control of documents
. 4.4.6. Operational control
The ISO 14001 standard (International Standard 4.4.7. Emergency preparedness and response

Organization, 1996, 2004), the Eco-Management an@heckingand  4.5.1. Monitoring and measurement
Audit Scheme (EMAS) Regulation (European corrective action 4.5.2. Evaluation of compliance

. . i . 4.5.3. Nonconformity, corrective action and
Parliament and Council, 2001; European Commission, preventive action

2006) were the reference documents used in thiy/ stu 4.5.4. Control of records
for identifying the key requirements for the EMS 4.5.5 Internal audit
implementatiofy*2. 4.6. Management review
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On the other hand, with regards to the main fluctuations and flow directions); water quality

operational procedures related to the ISO 1400%qsha (lake and aquifer); existing infrastructures
(operational control and monitoring and measurement interacting with the groundwater levels (buildings,
which have to be focused on the peculiarities efdite wells, landfill)

and of the organization activities, specific eleseand «  Hydrological characteristics: Watercourse

issues, whose correct management has to be properly hydraulic and geomorphological dynamics (focus
covered by the EMS scope, are outlined as a guedanc  on extreme events: Low flows and floods); water

for implementation in other sites belonging to Haene quality; existing water uses (hydropower,
typology of mining operations. irrigation)
¢ Main geological, lithological and geotechnical
RESULTS characteristics

. ~* Meteorological data (rainfall, winds, temperatures)
A fundamental step of the planning stage required  and air quality

by the ISO 14001 standard and the EMAS Regulagioni.  Existing land uses (agriculture, forestry, urban
to carry out an initial environmental review to iy settlements, industrial areas, protected areas,
the critical environmental issues arising from the  (ecreation

organization activities, analyzed in the framewadk
the wider environmental context (site) where it
operates. The environmental review is the fundaatent
basis for the implementation of the whole EMS and,
after the description of the site’s environmental
peculiarities, it must be carried out identifying,
describing and, where feasible, quantifying all the
direct and indirect environmental aspects relatethé
organization activities. This to evaluate the hasel
environmental performances from which the contirsuou '

improvement should be planned by means of specific . . )
objectives and targets. These information are usually already available

The review can be divided into five main phases: from the technical documentation provided to the
competent authorities in order to get the authtiopa
« Description of the site's environmental to start operating the site (e.g., Environmentapant
characteristics Assessment procedure); therefore to carry out their
« Activities description (including responsibilities analysis should not require additional significansts
and legal requirements definition and description) for the company.

- Environmental aspects analysis (including energy  After the description of the site’s environmental
and raw materials consumption analysis angScenario the analysis must be focused on a detailed

abnormal operating conditions definiton and description of all the activities carried out iretgravel
description) pit lake, which generally can be summarized inte th
. Monitoring systems definition and description following ones (this list is not meant to be exhaus

e Documentation of relevant environmental aspects a.“d specific. operqtions type and sequence cantlgligh
differ from site to site):

Presence of anthropic structures and infrastrusture
(type and distance from the site)

Access roads and traffic levels

Existing and maximum allowed noise levels
Biodiversity (focus on the real/potential presence
of protected habitats and threatened flora andafaun
species, with particular regards to the river, lake
and wetland areas)

Landscape

The description of the site's environmental ] ] _ o
characteristics is the first step of the initial Site’s preparation: Topsoil and subsoil stripping,
environmental review and it must be focused on théemoval and storage (to be used for site restaratio
identification of the more relevant features of thePUrpOSes).
territory interested by the gravel pit lake operas,
which can influence and/or be affected by theExcavation: Excavation of the first layer of gravel and

environmental performances of the site. sand above the water table and preliminary trarefer
For this specific type of mining activities theima stocking by means of head loaders, conveyor belts o
key elements to be taken into account are: pit haulers; excavation below the water table tgtou

redinger, dragline (operating from the banks or
e Hydrogeological characteristics: Free and confinedpontoons) or dredging; (preliminary washing), tfens
groundwater status and dynamics (levelsand stocking on the lake banks.
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Processing (transfer, washing, screening, crushing, « Use of natural resources and raw materials
stocking): Excavated material is sent by means of head  (including energy)

loaders, conveyor belts or pit haulers and dumfzees « Local issues (noise, vibration, odor, dust, visual

preliminary washing section in order to separatedsa appearance)
from gravel (specific washing sections are furtheed «  Transport issues (both for goods and services and
to classify sands into different gradations) anditmle employees)
or multi-deck vibrating or rotating screens, eacltisg . Rjsks of environmental accidents and impacts
it into two or more size classes stockpiles; acgydo arising, or likely to arise, as consequences of
their final destination larger size materials agatso a incidents, accidents and potential emergency

crushing section and then to a secondary washing, sjtyations
(drying) and screening section; the processed méter ,  offects on biodiversity
is put into size classes stockpiles.
Each activity carried out in the gravel pit lakesn

Shipping: Material is shipped by trailer trucks filled therefore be analyzed in order to identify if it
from the stockpiles by front-end loaders. determines one or more of the above listed

environmental aspects. A simple matrix like the one
Restoration: Progressive restoration actions (topsoil presented in Table 2 can be used in order to suinenar

and vegetation) in the areas where excavation ige analysis on the relationships existing between
completed. The restoration can be finalized only togctivities and environmental aspects.

naturalistic or aesthetic improvements or can feees Each aspect must then be analyzed into details and
several human uses (e.g., sportfishing, aquatictspo described in both qualitative and, where applicable
fish farming). guantitative way.

For this characterization the sub-activities
Collateral activities: Activities and infrastructures Originating the aspect and the possibie other stﬂ)ie
which are functional to a correct management off@l  jnyolved (e.g., maintenance or shipping carried foyt
main operations, e.g., fuel storage and distributio external companies), the environmental and social
maintenance operations, offices, employees servicegsomponents affected by the aspect (air, water, fmif,
and canteen. fauna, employees, local community), the applictddel

A general layout of the site, with the localizatiof  requirements (e.g., maximum allowed noise or pafitst
all the equipments, structures and infrastructbiesg to  concentration levels), the treatments, mitigati@asures
be provided, together with the plan of future eotitd  and monitoring systems already in place shall be
activities up to the site’s closure and final restion. outlined, possibiy using standardized matrices Ké’g@

All the above activities and sub-activities must b where such information can be adequately summarized
described in terms of equipment used and duration Where other Subiects are involved, the Company’s
according to the phases carried out at the sith @i actual level of control and influence on the relate
specific detail on their dimensional and technatafi environmental aspect must be adequately evaluated i

peculiarities. ~order to be able to classify the aspect as a doeen
The following fundamental step of the initial jndirect one.

environmental review is the identification of the
environmental aspects of the activities that th@many  Table 2: Activity/environmental aspects matrix
can control and over which it can be expected teeha Environmental aspects

an influence, in order to determine those whichehaw g_‘i“‘,’ity . a b c d e f g h |
can have significant impacts on the environment. B cantiaaraon 5 X rr
With regards to en\_/iron_me.ntal aspects to béprocessing X X X X X X X X
considered a comprehensive list is provided by Anne Shipping X X X X X
VI of EMAS Regulatior[?]: Restoration X X X X X X X

Collateral activities x x X X X X X X X

*  Emissions to air

Table 3: Environmental aspects basic characteoizatiatrix
* Releases to water

Environmental aspect:

g Ayoidance, recycling, reuse, tran5p0rtaﬂ9n aNdactivity Subjects  Affected Treatments/
disposal of solid and other wastes, particularly env.and  Legal Mitigation Monitoring

hazardous wastes SOC. comp. req. meas. systems
e Use and contamination of land
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According to the preliminary review carried out on separated from the releases originated during wgshi
the case study sites, the following environmentalctivities can be reused on- or off-site or disgose
aspects have been identified and, therefore, ha®et according to their mineralogical composition andhe
considered as the more common for usual gravel pinethods used for their sedimentatfdft; other wastes
lakes operations and a useful reference for thare originated from the periodic maintenance of
environmental aspects characterization phase ef sit wastewater treatment devices (oil, sludge); a eziev
where an EMS is going to be implemented. source of hazardous wastes production is the

maintenance of the operating devices: Batteries,
Emissions to air: In almost all the main operations exhausted oil, filters, paints, other spare padffices
carried out in the site sources of emissions aesgmt and canteen household wastes have to be sorted and
since several equipments are supplied by fuel{feoml  sent to the municipal solid waste recycle and diapo
loaders, pit haulers); these could be directly alvand  system, while a particular attention must be pad t
managed by the company or by third parties (e.g.hazardous household wastes like e-waste, lightsbulb
devices for maintenance, trailer trucks). Occadionafluorescent tubes, medication.
emissions can be related to motor-generator setd us
for supplying electricity in case of emergency. Reoi Use of land:Use of land intended as occupation of land
sources of air emissions are related to crushingosess and change of land use is intrinsically linked e t
where filtration devices limit particulate dispensi  mining activities and has to be formally relatecsite’s
Other point sources are related to heating sysfems preparation, excavation and restoration activitia,
offices and structures used by employees and aanteeausing a progressive land use variation in the
equipments (where not supplied with electricity)a O interested areas. Furthermore occupation of land is
the other hand dust emissions are considered witiein related to the presence of structures and infreistres
environmental aspect “local issues”. at the gravel pit lake site. Contamination of laisd

considered within the environmental aspect “risks o
Releases to waterWashing activities (and the use of environmental accidents”.
water aimed at reducing fugitive dust at the sitel a
along access roads) generate high turbidity waterblse of natural resources and raw materialsThe use
which are usually sent into dedicated sedimentatiomf water, directly withdrawn from the lake or webs
ponds or treated in specific sections with the h#flp local watercourses, is mainly related to washing
chemical additives in order to separate fine sudpen activities during the processing phase and forgaithg
particles: Treated waters can then be sent toatkee dr  fugitive dust emissions (e.g., sprinkling accesxisoand
to a watercourse or be reused for subsequent wgshin stockpiles area during dry and windy days); itssesu
in order to prevent excess sediment loads in seirfacafter the sedimentation treatment is to be constier
runoff (which could affect the lake and external best practice; offices, employees services andeeant
waterbodies) even other areas within the site hagé  cause water consumption as well as water withdsawal
proper collection systems connecting such disclsatge for irrigation in restoration activities. Fuel camsption
the above sedimentation/treatment devices or t@ due to several equipments used in the activitesed
adequate silt fences; other releases, if no recigle out at the gravel pit lake (front-end loaders, haitilers,
provided, can derive from the treatment of runofélo trailer trucks), often including also heating anthen
areas with the potential presence of pollutants(buel  systems installed in the site buildings. Eleclyigan be
and oil leakages in maintenance and fuel storagg@syir used for excavation operations (e.g., connectiohigh
offices and other structures used by employeesoltage grid to supply draglines), for minor equgnts
originate wastewater which usually, being the urbarused in several activities, lighting, monitoringsms
sewage system far from the lake, is treated onasitt and buildings. Photovoltaic modules and solar tlaérm
afterwards can be used for irrigation purposeshim t collectors installed at the site can usefully inttg the
restored zones or released to water-bodies or sBubso  electricity and fuel supply demands.

Management of wastes:Green waste is originated Local issues:The more significant aspects classified as
from site’s preparation activities and maintenanée local issues are noise, dust and visual intrugitmise is
restored areas and can be composted or disposed rielated to most of the activities carried out & gnavel
landfill. Restoration activities may also produce pit lake, with particular relevance in the extrantiand
containers of fertilizers and other chemical addi#i crushing phases which can cause a significant &sere
which have to be adequately managed. Sedimentsf the baseline noise levels, especially when djmers
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are carried out also during nighttime. While, tdget several faunal species of naturalistic interesy.(e.
with other mitigation measures at source, vegetatio migratory birds, amphibians, small mammals) and
along the restored lake banks can act as a bandexe  therefore the disturbance caused by noise, dust,
originated by trailer trucks can affect externaas and increased road traffic and, in general, human piEse
sensitive sites along the access roads. could cause relevant impacts and the abandonment of
Fugitive dust emissions, which are mainly relatedthe interested areas. New access roads and the
to processing and shipping, are a relevant problerprogressive extension of the extraction areas gédiyer
which demands proper mitigation actions, such as aicause an impact upon vegetation, which have to be
filters at crushing devices, water sprinklers aeens, removed and a possible fragmentation of the
transfer points and stockpiles, water browser sutk ecosystems (e.g., migratory routes of amphibians).
wet internal and access roads, proper coveragbeof t Existing vegetation along the site and access roads
trucks load. be affected by dust deposition; water table vareti
Usually gravel pit lakes are located in areas(upstream decrease and downstream increase) around
interested by agricultural uses or characterized byhe gravel pit lake can alter the composition iercies
relevant naturalistic values, close to wetlands anafthe vegetation and, in some cases, affect ¢irging)
watercourses: Therefore the structures, equipmentsyetlands and species which rely on these fragile
stockpiles, access roads and, in general, theiteesiv habitats. Agricultural land represents a poterg@irce
carried out in the site represent a relevant eléroén of nutrients concentration increase in the graviel p
visual intrusion which alters the baseline scenariolakes, which could lead to eutrophication processes
Restoration actions during the site operation gladdlo) adequate diversion and collection systems for sarfa
be focused to progressively mitigate this impactkeast runoff from external areas have therefore to beiges
with reference to the main viewpoints. Another jilmss in order to prevent such environmental problem Whic
element of visual intrusion to be taken into actdsn affect several sit€s’.
represented by possible nighttime operations, durin Starting from the review of the possible
which lighting have to be provided. environmental aspects usually associated to graiel
lake operations, the ones applicable to the exainine
Transport issues: Increased traffic at local level is site shall be identified and their analysis wilvbao be
related to employees and external services companiearried out into details using the approach oudiire
vehicles access to the workplace and, mainly, ® thTable 3 (adequately adapted to the peculiaritiesach
shipping of the aggregates by means of traileksuc aspect).
The identified aspects must then be evaluated by
Risks of environmental accidents: Leakage of the organization in order to define their significa
pollutant substances (oil, fuel) can occur withie take  (i.e., aspect which has or can have a significant
or other areas, affecting surface and/or groundwateenvironmental impact), by defining and applying
and/or soil, because of accidental damages of oilspecific significance criteria, which shall includiee
pressure circuits, malfunction or employees eriiars fragility of the environmental components which dan
specific operations like fuel distribution. Otheatpntial — affected by the aspect, the potential to cause
risks can be related to malfunctions occurring toenvironmental harm, the size and frequency of the
wastewater treatment devices or air filters. aspect, the existence and requirements of appdicabl
Stability of lake banks must be adequatelyenvironmental legislation and the importance of the
monitored over short and long term in order to dvoi aspect to the employees, local communities and
safety and environmental risks during operationd an stakeholders.
future fruition of the site. Significant environmental aspects are the key
Flood events can directly involve the site, affegt outcome of the environmental review and must then b
areas where wastes and pollutant substances akedto adequately considered for the following step of the
and causing their dispersion into the environmentEMS implementation: The definition of environmental
Furthermore existing structures can constitutetmtacle  objectives and targets to be planned defining means
to the downstream flow of flood discharges withresources, responsibilities and deadlines for their
consequent potential safety risks to surroundiegsar achievement within the environmental program.
Within the consequent EMS implementation of
Effects on biodiversity: usually the sites where gravel manual and procedures, aspects related to opeahtion
pit lakes are located, close to wetlands andcontrol and monitoring play a relevant role forrager
watercourses, are characterized by the presence ofanagement of the gravel pit lake environmental
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issues. Hilson and Nay&e outlined the requisite Some of the above operational procedures can be
components and the main guidelines for implementinginified into a single one (e.g., issue of a maiatex
a comprehensive mining EMS, focusing on theplan which covers all the devices and equipmenta®f
relevance of internal responsibilities assignmentgravel pit lake) in order to limit the personnefoefs in
employees training, external communication, audd a EMS documentation control and management.
corrective action; however the provided elements ar
related to the implementation of the general aspett DISCUSSION
the EMS within the wide scenario of the mining sect
and do not address into details the management of Environmental concerns about mining activities
specific environmental issues. and increasing stakeholders pressures and demamds a
In relation to the gravel pit lake operations,dths leading this industrial sector towards a proactive
on the analysis of the examined case studies, atieng approach of “cleaner production” and “pollution
operational procedures which can be specificallyesl  prevention” based on the implementation of
and applied the following can be highlighted, liste a  Environmental Management Systems (EMS). Even if
logical order according to the environmental aspectthe number of mining companies which have already
list: obtained an environmental certification accordimghe
ISO 14001 standard is increasing (but still mainly
»  Monitoring of fuel and electricity consumption and related to multinational corporations and metals
conversion into equivalent carbon dioxide extraction sites), a research gap has been idmhtify a

emissions (balance at site level) recent study! in the lack of technical guidelines

«  Maintenance plan of all the equipments supplied byspecifically addressing the EMS implementationia t
fuel various sectors of mining. These guidance elemenats

«  Crushing section filters control plan seen as fundamental for a widespread implementation

« Heating plant maintenance and emissions®f such environmentally responsible management
monitoring plan approach in all types of mining activities, whiaven

«  Monitoring plan of water quality (suspended solids,if at different relevance levels, use non renewable
dissolved oxygen, nutrients) at the releases fronpatural resources and impact several environmental
the sedimentation/treatment devices components. Within the present study, the specific

. Sedimentation/treatment devices maintenance angEctor Of the extraction of construction aggregées
related wastes management plan (a Speciﬁgravel pit lakes has been taken into account thrdbg

operational procedure can be issued for theevaluation of case study sites, supplying. technical
management of sediments) elements for a correct and exhaustive EMS

. Monitoring plan of groundwater levels and quality implementation. Since the main structure and theicba

upstream and downstream the gravel pit lake: contents for the definition of the ger)eral manag#me
L . procedures (such as those concerning documentation,
* Monitoring plan of gravel pit lake levels and

. : o training, control of documents, nonconformity, miz!
quality (a special focus on eutrophication levels) . : ;
o audit, management review) can be easily adapted fro
* Wastes management and monitoring plan

; L existing generic manuat§'**® applicable to every
* Wgter CO”S‘%mP“O” monitoring plan__ kind of small and medium enterprises, in this study
* Noise monitoring plan (at sensitive receptorsgpecific elements which are peculiar of the exachine
outside site’s boundaries and along access roads);type of mining operations were considered. In pakr
* Management of internal traffic (speed limits, trsick the analysis has been focused on the correct

coverage, engines shut down at stops) development of the environmental review, which tis a
* Fugitive dust emissions management plan (andhe basis of the EMS implementation; in fact only a
monitoring at sensitive sites) exhaustive and detailed evaluation of the statthef-

+ Restoration activites plan and efficiency art of the environmental performances related hea
monitoring (e.g., vegetation growth, amphibians,activity carried out by the organization can leadhe
fish, mammals and birds species presence, visuadentification of the relevant environmental issuEs
impact mitigation) which the continuous improvement can be planneé. Th

+ Emergency management and intervention plamproposed methodology supplies basic helpful element
(leakages, malfunctioning of treatment devices)  for a company that wants to implement the mainsstep

» Banks stability monitoring plan (topographic and of the initial environmental review: Description sife's
bathymetric surveys) environmental characteristics, activities and legal
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requirements, identification and significance eatihbn 6.
of environmental aspects.

Furthermore, in relation to the following stepsiudé
Deming cycle, on which the ISO 14001 is based, i.e.
implementation and operation and checking and
corrective action, a list of specific operationedgedures
which could be implemented in a gravel pit lake was7.
provided. Such elements are a basic reference $dea
specific implementation of operational procedured a
help companies to better address efforts in definin
proper management and operational tools of theiSEM

Therefore the results of this study can be
considered as a basic reference for the EMS.
implementation in this specific sector of mining
operations, which, even if not characterized by the
presence of relevant polluting substances, can have
significant environmental impacts due to its
interferences with surface and groundwater and its
usual localization in sites of ecological interest.

A wider implementation of ISO 14001 in this
sector will determine several positive implicatidos a
better environmental safeguard and a more adequate
management of such operations. Furthermore it ean b
said that, as the market trends are even more édoms
green products and green procurement and the design
and construction of sustainable buildings (or green
buildings) is an increasing challenge for
construction industry, the supply of high-quality
aggregates from sites where a certified EMS islace
can soon become a key element for guaranteeing the
environmental sustainability and economical viaili
of gravel pits lakes.

11.
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