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TOWARDS A REGIONAL LEGAL FRAMEWORK
FOR POLLUTION PREVENTION

By Lorenzo de la Puente

INTRODUCTION

The EnvIronmental Impacts ofMmmg

The envIronmental unpacts ofmmmg can be lnghly adverse lithe proper pollutlOn
preventlOn technology and regulatory framework are not m place and properly functlOnmg For
example groundwater and surface water supplIes can be permanently or temporanlv
contammated by unproper use of chenucals m the ore extraction process or by uncontrolled runoff
from poorly placed mmmg waste, creatmg a hazard for the local commumty, wlldlIfe, and other
bIologIcal resources SpecIfic pollutants, such as aCId mme dramage or mtroduced tOXICS, can
have a partIcularly devastatmg and long-term negative unpact on the envIronment, as exemplIfied
by the use of mercury for gold mmmg m sensItIve ecosystems such as the Amazon basm Stnp
and underground mmmg practIces may destroy SOllS and vegetatIon, leadmg to eroslOn, loss of
habItat and other negatIve enVIronmental consequences Furthermore ore smelters can enut
hazardous aIr pollutants that are especially harmful

The costs of not addressmg envIronmental unpacts up front m a mmmg project can be
qUIte rugh Clean up costs for contammated groundwater and sod alone for large operations mav
run mto the nullions ofdollars In the Uruted States, for example It IS estImated that the cost for
clearung up the Surnmltville mme sIte could be as rugh as $120 md1Ion Other countnes m the
Amencas face srrndar challenges as they begm to dIscover the pollutIon legacy of years of
contammatlOn

PollutIon preventlOn should be a strategIc management prmciple for the hardrock mmmg
mdustry It offers the opportumty to avoid or mmrrruze sIgmficant envIronmental unpacts of hard
rock mmmg whIle also identIfymg and promotmg economy and efficiency m the design and
operation It enhances recovery ofmmerals whIle at the same tune helpmg to mmrrruze unpacts
on the surroundmg enVIronment and prevent the creatlOn of long-term enVIronmental hazards and
risks



2 The Need for a RegIonal Approach

Mmmg IS a growth sector m Latm Amenca and IS pnmanly export-onented As free trade
expands emrronmental sustamability ofmmrng operatIOns wIll become mcreasmglv lIllportant In
order to assure that trade m rnmeral products does not exact downward pressure on
envrronmental protectIon m the herrusphere It wIll be essentIal for governments to have a
common basIs ofunderstandmg and evaluatmg rrunmg operatIons

The current realItIes of econorrucs and free trade m the regIOn emphaSIZe the cntIcal and
tlIllelv need for Inter-Amencan collaboratIon on regulatmg the envrronmentallIllpacts of rnmmg
Latm Amencan countnes are vIgorouslY seekmg to expand therr rrunmg operatIOns m order attract
foreIgn mvestment create local Jobs, and mcrease exports Over the next ten years for example
Peru estlIllates $8 bIlhon dollars of mvestment m the sector Argentma expects to receIve $1
billIOn of mvestment m mmrng over the next five years In 1997 alone, $1 bIllIon was mvested m
the rrunmg mdustry m MeXICO WIth about 45 percent of the mvestment commg from abroad At
the same tlIlle, U S and CanadIan compames are 100kmg to Latm Amencan countnes for
opporturuUes to expand theIr operatIOns and to transfer clean rrunmg technology

The case for addressmg the envrronmentalissues connected WIth rrunmg on a regIonal
baSIS IS compellmg Many of the rrunmg compames are operatmg as multmatIOnals They may
brmg theIr expenence to bear on therr operatIons -- expenence not shared by many of the natIOnal
and local government authontIes A regIonal approach to envrronmental regulatIOn helps aVOId
the compleXIty of dIfferent standards m dIfferent regIOns as well as settmg a common playmg field

Several countnes m the regIOn have had the opporturuty to explore dIfferent pohcy and
technology optIons for promotmg pollutIOn preventIon and protectmg common ecosystems or
natural resources, these countnes can learn these lessons through regIOnal dialogue The federal
government and state governments m the Uruted States, as well as provmcIaI governments m
Canada are expenencmg pressure for decreasmg domestIc envIronmental regulatIon of rnmmg to
aVOId creatmg competItIVe dIsadvantages for local rrunmg mdustnes VIs-a-VIS Latm Amencan
rrunmg operatIOns Further, many of the natural resources potentIally threatened by mmrng have
common charactenstics or may be shared by countnes m the regIOn As the envIronmentalla'Ns
of most countnes - espeCially those regulatmg rrunmg - are stIll m the formatIve stages now IS
the tlIlle to illltIate regIOnal polIcymakmg illltIatIves m tms area

C Developmg a Framework for a RegIOnal Approach

Smce 1997, the EnvIronmental Law InstItute (ELI), WIth the support of the Uruted States
Agency for InternatIonal Development (USAID), the Tmker FoundatIOn and the John D and
Catherme T MacArthur FoundatIon, has worked m partnersmp WIth a number of regIOnal
enVIronmental law centers throughout the Amencas to develop a regIOnal frame'Nork for pollutIOn
preventIon m the mmrng mdustry throughout the regIOn ELI and Its partners - FundaclOn
Amblente y Recursos Naturales (FARN) m Argentma, Centro Especzalzzado de Derecho .y
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Polztlca Ambzental (CEDPA) m BolIvIa Instltuto SoclOamblental m Brazu the CanadIan InstItute
for EnvIronmental Law and PolIcy (CIELAP) m Canada the Comzte lvaclOnal Pro Defensa de la
Tlelra" Flora (CODEFF) m ChJ.1e, Centro Mexzcano de Derecho Ambzental m MexIco and
Socledad Peruana de Derecho Amblental (SPDA) m Peru - each developed a natIonal case stud\
of legal and polIcy approaches to sustamable mmmg m theIr respectIve countrIes These natIonal
case studIes focus on the dIfferent polIcy approaches, mcludmg econormc mcentives used m these
countrIes to promote the concept of pollutIOn preventIon as well as the development and transfer
of 'state of the art" pollutIon preventIon technology and serVIces The natIonal case studIes also
IdentIfy gaps or madequate mecharusms m these regulatory frameworks

Based on the results of the natural case studIes, ELI has developed a prelrrnmary
framework for a regIonal approach for promotmg pollutIon preventIon Tills frame\Vork fIrst
defines what pollutIon preventIon means m the context ofmmmg operatIons Next, the
framework brIefly IdentIfies the legal approaches that can be used for pollutIOn preventIOn
Fmally, the framework IdentIfies for each of the three major phrases ofmmmg (exploratIOn, actIve
mmmg operatIons, and closure), (1) the potentIal sources of pollutIOn preventIon, (n) the
opportumties for pollutIon preventIon, and (m) the speCIfic legal, polIcy and management tools
that can be used to address the relevant pollutIon problems Select examples of pollutIon
preventIon tools currently m place m the countrIes studied are mcluded

II A PROPOSED REGIONAL FRAMEWORK

1 Defimng PollutIon PreventIOn

PollutIon preventIOn m the mmmg context under the proposed framework would
mean source reductIon recyclmg, treatment, and secure dIsposal It would mean desIgnmg
operatIons to aVOId or mnurruze the use, generatIon, or mobIhzation of pollutants, recyclmg
materIals and substances that rmght otherwIse be released mto the envIronment, and treatmg
and securely dlsposmg ofhazardous substances, pollutants, and materIals that could degrade
the enVIronment In other words, takmg all the steps necessary to aVOId creatmg costly
contarnmation whJ.1e at the same tIme creatmg econormes and effiCIenCIes m the u~e of
resources

The terms source reductIon, recyclmg, treatment, and secure dIsposal would have the
followmg meanmgs under the proposed framework

Source reductIOn reduces or elnrunates the quantIty or hazard of pollutants at the
pomt of generatIon Source reductIon mcludes strategIes to predIct the occurrence of aCId
forrmng materIals, arsemc and tOXIC metals lIkely to be mobuIZed by mmmg actIVItIes and
deSIgn operatIons to aVOId or mnurruze contact WIth these materIals and/or assure theIr
IsolatIOn Source reductIon can also mclude such strategIes as substItutIon of cleaner
processes for more hazardous processes - such as proillbitIOn of mercury processes
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Recyclmg provIdes for the use or reuse of wastes as a substItute for a commercial
product or matenal man mdustnal process It can mclude strategIes such as closed-loop
processes for handlmg aCids and cyarudes, and maxmuzmg the reclamatIOn/reuse oftmlmgs
water

Treatment IS anv method, technique or process that changes the phySical, chenucal or
biological charactenstics of waste matenals m a way that elurunates harmful charactenstlcs
recovers energy or useful matenals m the waste matenals, leave them capable ofbemg reused
or safely contamed, or reduces theIr volume It can mclude such strategies as
decontarnmatIon oftaIlmgs

Secure disposal IS arIY method, technique or process that prevents reSidual wastes
from posmg a threat to the enVIronment Tills mcludes use of deSigned disposal uruts to
prevent sulfide matenals from cornmg mto contact With aIr and water and generatmg aCid
rnme dramage It may mclude placement oftallmgs m engmeered structures WIth appropnate
management arid diverSion of water to prevent mobilization arid nugratIOn of pollutants

Laws that Can Serve the PollutIon PreventIOn Objective

EnvIronmental laws, poliCIes, and management techniques can help make pollution
prevention a key component of sustamable mmmg operations A varIety of legal approaches
CarI requIre the IdentIficatIOn and mtegratIon of pollutIon preventIOn mto metallIC rnmeral
nurung operations ThIs section bnefly IdentIfies the role that each kmd oflegallDStrument
can play

Envlronmentallmpact assessment (EIA), Ifproperiy structured, can reqUIre the
nurung operatIOn (or the approvmg governmental agency) to Identify potential sources of
pollution and ways to aVOId or IIlllliIlllZe them through alternative deSigns for the operation It
can requIre the exarnmatIOn of cumulative Impacts on the enVIronment by projectmg both
dIrect and mdIrect Impacts of the mmmg operatIons and the Impacts of other eXlstmg and
foreseeable projects (arid envIronmental stressors) m the same VIClllity It can reqUIre the
evaluatIOn ofalternative methods ofexcavatIOn, benefiCiatIOn of ore, and treatment and
dlsposaloftaI1mgs It CarI be used to IdentIfy morutormg requIrements and nutIgatlon
measures to be Implemented durmg and after the nurung process It can be used to Identify
closure requIrements, post-closure care, and contmgency plans It can also engage the public
bv allowmg them to IdentIfy Issues of slgruficance to them that nught otherWise not be studied
and by affordmg an opporturuty for affected persons or agencies or local governments to
Identify needs for addItIOnal data on pomts of partIcular concern, as well as to suggest
alternative nurung or disposal methods, trrnmg of actIVItIes, or morutormg approaches All of
these can help Improve the qualIty of nurung operatIOns and mcrease the confidence of
governments and local CitIZens that pollutIOn preventIOn IS mtegrated mto the entIre nurung
process from begmrung to end
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Plannmg, too, can serve to mcrease the efficacy ofpollutlOn preventIon Often the
preparatlOn of plans IS mtegrated \\-Ith envrronmental Impact assessment However \\-hether It
IS or not preparatIon ofexploratlOn plans (\\-here there IS to be sIgmficant dIsturbance ot land
or water), mmmg plans, closure plans, and contmgency plans, can help assure that operations
do not produce urlilltended pollutIOn, even If condItIOns change It IS Important to desIgn an
operation so that It can be safely closed If closure planmng IS postponed untIl the mIddle or
end of the mmeral extractIon phase, It may be too late to use certam pollution-preventmg
approaches Moreover, gIven the volatility of markets for metallIc mmerals, such Issues as
treatment, dIsposal closure, and contmgency planmng carmot be left unaddressed untIl a tIme
when revenues may be msufficient to allow them to be properly carned out Vanous legal
regImes requrre dIfferent plans, and have dIfferent trrnmg requrrements for the preparatlOn and
SUbmISSlOn of plans Wlule these need not follow the same pattern, nevertheless planmng for
each phase of the mmmg operatIon IS Important If pollutIOn preventIon techrnques for the mme
are to be properly deSIgned and Implemented

PermIts are used under some legal regImes to assure governments' abIlIty to reVIew
proposed operatIons and to take enforcement actIOn agaInst operatIons that do not carry out
therr legal comrrutments In many countnes, the permIt and the EIA approval are the same
thmg In others, they are dIstmct (or a permIt may even be requrred m some mstances where
an EIA IS not) Many of the potentially pollution-preventmg functIOns of permIts have been
dIscussed above under EIA and planmng -- IdentlficatIon of alternatIves, pollutIon control
measures momtormg, mItigatIOn But permIts also present opportumties to address
enforcement and evaluatIon of an operator's fitness to operate the proposed mme (VIZ does
the operator have a bad record m the past, does the operator have suffiCIent finanCIal
resources to carry out the comrrutments Identlfied m the plan, permIt, or EIA'J) In addItIOn
permIt reVIew and renewal processes may prOVIde the publIc WIth an opportumty to submIt
comments and InsIst upon appropnate momtormg and satisfactIOn of operator comrrutments
PermIts often requIre the SUbmISSIOn of finanCial assurance guarantees (performance bonds
reclamatIOn bonds, Insurance, letters of credIt, etc) to assure that the mme IS closed and
reclaImed m accordance WIth the permIt condItIOns even If the finanCIal condItIon of the mme
or parent company IS ImpaIred

ConcessIOns are legal agreements between governmental owners ofmmeral nghts and
the mmmg compames who want to extract them Wlule the terms of conceSSIons typIcally
address financial Issues such as royalty rates, lease rates, taxation. and sImIlar econOmIC
concerns, they also may address planmng and operatmg Issues, as well as the prOVISIon of
fmanCIal guarantees for the performance ofenVIronmental oblIgations

Regulatory standards - whIch may be mcorporated mto permIts, mcorporated mto
EIA or that may operate drrectly on operators mdependent ofeIther - can prescnbe the use of
pollution preventIon techrnques Such standards may mclude lnrutatIOns on the use or
handlmg oftoXlc substances mtroduced to the mme SIte (such as cyamdes, aCIds, flocculents
oIls) Standards may also address constructIOn and mamtenance of ore benefiCiation umts
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(lTIllls, heap leach pads and ponds etc) to prevent releases ofmtroduced substances, and they
may address the handlmg ofores and waste rocks to avoId or rnmmuze the release of naturalh
occurrmg tOXIC substances (such as aCId metals arseruc) Standards may tmpose
requIrements for treatment, dIsposal and management oftmlmgs and for management of
storm water and ground water Regulatory standards that reqUIre operators to JustIfy the use
oflTIllling and benefiCIatIOn methods that may produce pollutants, and to rnmmuze such uses
and proVIde for clean productIon may help promote pollutIon preventIon m the metalhc
rnmerallTIllling sector

Fmanclal mcentives may provIde means to encourage lTIllling operatIons to adopt
pollutIon preventIon techruques Such mcentives may mclude preferentIal tax treatment for
pollutIon preventIon eqUIpment, programs for rebates or credIts agamst rovaltIes for
successful pollutIon preventIon, and other approaches Wlule such mcentlVes do not take the
place of other legal tools they may provIde suffiCIent mducement to rrnprove the functIonmg
of these other tools m the protectIon of the enVIronment and human health and safety

Momtormg and dISclosure requirements can proVIde mformatIOn that allows both
rnme operators and goverrtments to adjust management practIces as needed m order to
prevent pollutIon In addItIon, the pubhc accountability provIded by such dIsclosure may help
encourage the adoptIon ofpollutIOn-preventmg methods oflTIllling, benefiCIatIon, and closure

Publlc mformatlOn and participatIOn typIcally mteracts WIth the other legal tools
dIscussed m tills study ReqUIred dIsclosures by lTIllling operatIons, and opporturuties for
members of the publ1c (and local goverrtments) to partICIpate m evaluatIOn oflTIllling
approaches can rrnprove the responsIveness of lTIllling operatIons to local enVIronmental and
SOCIal concerns

EnVironmental management systems, whlle not generally reqUIred by law can
nevertheless serve to rrnprove the effiCIency of lTIllling operatIons - and hence theIr avOidance
of unnecessary and wasteful pollutIon In addItIon, such systems can gIve mvestors and
purchasers ofcommodItIes confidence m the operatIons and thus benefit the company s
operatIons AdoptIon ofISa 14000 standards m a number ofcountnes may dnve lTIllling
comparues toward greater pollutIOn preventIon m theIr operatIons

Rules for remmmg ofabandoned Sites and/or privatizatIOn ofexistmg government
owned mmes may prOVIde some opporturutIes to remedy problems of the past \\-illie provIdmg
new Jobs and more modern, pollutIon-preventmg techruques

Land-use restrictIOns can also serve to prevent pollutIOn For example areas of
partIcular ecologIcal value and fragility may be desIgnated "unsUItable" for lTIllling or for
certam lTIllling methods Srrmlarly, areas WIth illgh concentratIons of sulfide ores may be
desIgnated off-lrrruts to lTIllling under most CIrcumstances because of theIr illgh potentIal for
the generatIon of aCId mme dramage - WIth lTIllling allowed only under the stnctest, best-
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capItalIzed technologIcally advanced methods and condItIons

These represent complementarv legal tools that can help to mtegrate pollutIOn
preventIOn mto the rnmmg of metallIc mmerals

III INTEGRATING LEGAL TOOLS INTO A POLLUTION PREVENTION
STRATEGY

Mmmg operatIOns have the potentIal to prevent pollutIon at three phases exploratIOn
actIve rnmmg operatIOns and closure The followmg dISCUSSIon hIghlIghts how legal and
pohcy tools can be mtegrated mto a strategy for preventmg pollutIon m each of these phases

ExploratIon

Potential sources ofpollutiOn

ExploratIon operatIOns can result m the dIsturbance of the land surface and the
creatIOn of aIr or water pollutIon WIth naturally occurrmg matenals as well as wIth matenals
mtroduced to the exploratIOn SIte durmg dnllmg and related actIvItIes Dnlhng assocIated
wIth exploratIon can lead to the contammation of groundwater, by creatmg new paths for the
rrugratIOn of contammatlon ExcavatIons aSSOCIated WIth exploratIOn can produce aCId
dramage and mobIlIze metals, as well as produce sedrrnent and eroSIon Fmally, road bUlldmg
and clearmg actIvItIes can dIrectly cause pollutIOn through sedrrnentatIOn and erOSIOn, but can
also lead (m some remote forest areas) to secondary envIronmental rrnpacts through mduced
development

PollutiOn preventiOn opportUnities

PollutIOn preventIon durmg the exploratIon phase reqUIres substantIal attentIOn to
hrrutmg the extent of dIsturbance ThIs may mclude rrunrrn1Zmg the area dIsturbed to that
needed for exploratIOn, and takmg partIcular care m lIkely aCId-generatmg areas to hmit
exposure ofaCld-formmg matenals Pluggmg of wells and dnll holes IS rrnportant Plans for
abandonment of roads and sUltable reclamatIOn and revegetatIOn of drill SItes and other
dIsturbed areas are rrnportant as well to assure that mtroduced contammants or naturally
occurrmg pollutants are not perrrutted to rrugrate, as well as m order to prevent unwanted
development or degradatIon oflands

Legal, polley, and management tools

Durmg the exploratIon phase It IS rrnportant to assure that dIsturbances are those
needed to locate and characterIZe the ore body, whIle mmnruzmg rrnpacts on adjacent lands
and waters Standards and plannmg can help assure that undue degradatIon does not occur as
a result ofexploration, and reclamatIon requIrements can help prevent contammatlon of
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ground \'I,ater erOSIon ofdrill sItes and roads and the formatIOn of aCId dramage
Requrrements for financial assurance, such as bondmg can also help assure that exploratIon
areas are not left to become pollutIOn hazards Envrronmental management systems can help
exploratIOn operatIons assure that matenals are properly handled and accounted for and that
exploratIOn IS both effiCIent and envrronmentally sustamable Because exploratIon operatIons
establIsh the baSIS for future mmmg actIvItIes It IS Important to assure that they are conducted
m ways that facllitate future mmmg whIle not ImpaIrmg areas that will not be mmed or where
mmmg may not occur for a sigruficant length of tIme

2 ActIve Mmmg OperatIons

Potential sources ofpollutIOn

Mmmg operatIOns can cause the productIon of aCId dramage Such dramage can
mobIlIZe metals, makmg them water pollutants Mmmg can mobIlIZe other naturally occurrmg
tOXIC substances such as arsemc, whIch may become aIr or water pollutants ActIve mmes
also are subject to accIdental releases of cyamdes, aCIds, or other mtroduced matenals used m
the mmmg and beneficiatIOn process Such releases may be due to process upsets, faIlure of
eqUIpment or to precIpItatIon events not adequately contamed or controlled by the engmeered
deSIgn of the systems Mmes may expose wIldlIfe (and partIcularly bIrds) to such substances
even where releases from the mme sIte are prevented

ActIve mmes can generate substantial volumes oftaIlmgs and waste rock, whIch mav
produce aIr pollutIOn and water pollutIon durmg the operatIOn They also produce large
volumes of waste matenals These mclude mme tadmgs and spent ores that may be
contammated WIth cyamdes, aCIds, or other mtroduced matenals - leadmg to potentIal
releases mto the aIr surface water, or ground water

PollutIOn preventIOn opportunztles

One of the keys to preventIon oflong-term water pollutIon IS careful characterIZatIon
of ore and waste rock charactenstics to determme what to dISturb and how to handle and
dIspose of the dIsturbed matenals Early and thorough understandmg of the matenals present
at the SIte can lead to aVOIdance of aCId-formmg or tOXIC matenal where feaSIble, and careful
control of ItS dIsposal when It IS dISturbed

PollutIon preventIon also mvolves use ofcleaner processes For example, It may lead
to use of technIques that do not mtroduce cyamdes, aCIds, or certam benefiCiatIon reagents to
the SIte and that aVOId use of mercury - still a problem m some countnes In addItIon better
deSIgn of processes can lead to use of a reduced amount of cyamdes, aCIds, m the
benefiCIatIon process - chIefly through use of closed loop processes deSIgned to mmImlZe
quantItIes used and released to the enVIronment These technIques make more effiCIent use of
the matenals and Improve recovery of metals at the same tIme OperatIons can also be
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desIgned to ITll.l1lIl1lZe the exposed area of process ponds or to use closed loop recovery
S) stems wIth no exposed ponds, m order to reduce exposure of wIldhfe and the surroundmg
em Ironment to substances such as cyamde used m leachmg operations

Control of site dramage IS cntlcally rrnportant to ITll.l1lIl1lZe the contact of precipItatIOn
surface water, and ground water on the site With contammants or aCId-generatmg matenals
ACId dramage controls mclude designs ofmmmg approaches that exclude water or aIr from
contact wIth aCId-generatmg matenals, and control of the bactena that promote aCId
generatIon as well as the use of on-site and rrnported neutrahzmg matenals to reduce aCId
generatIon Mme operations should also use desIgns that separate clean dramage from
contammated dramage m order to reduce the volume of water for whIch control and treatment
IS requIred For example, pollutIOn preventmg designs separate storm water dramage from
contact with matenals m taIlmgs rrnpoundments Such systems also recycle water used m
benefiCiatIon processes and from taIlmgs slurnes

PollutIon prevention durmg the mmmg phase also mcludes use of leak detectIOn
systems and momtormg of groundwater, water, and aIr In addItIOn, mmes should prOVide for
spIll collectIOn systems and contamment structures for potentIal spills of hazardous
substances The mmmg plan should also mclude contmgency planmng, eqUIpment, and
trammg to enable operators to deal with foreseeable process upsets, leaks, and releases

Pollution preventmg techmques mclude the control ofdust usmg nontoXiC matenals
and with attentIon to the fate of dust suppressants Tills may mclude recyclmg of water used
as a dust suppressant

PollutIon preventIOn techmques useful durmg the active mmmg phase may mclude
contemporaneous reclamatIon, where feaSible to reduce the "footprmt' of the mme on the
landscape and reduce exposure ofdisturbed area to the elements - thus reducmg the potentIal
for aIr pollutIOn and water pollutIon In order to accomphsh better reclamatIOn, operators can
segregate and stockpIle topsoIl early m the mmmg operatIOn for later use

Legal, polley, and management tools

Virtually all of the legal, polIcy, and management tools discussed m thIs report are
applIcable to the mmmg phase, and each may play some role m assurmg that mmmg actIVItIes
are effiCIent, clean, and produce rrnpacts of hmIted duratIon on the surroundmg enVIronment
Important tools mclude enVIronmental rrnpact assessment, standards for the predictIon of aCId
dramage and for charactenzatIOn of wastes, envIronmental management systems to prOVIde
for the handlmg of tOXiC substances, finanCial mcentlves and financIal assurances to assure
complete reclamatIon, as well as planmng for the operatIon, for closure and for post-closure
These tools can rrnprove the effiCIency of mmmg by mtegratmg envIronmental concerns mto
the operatIon at each stage, thIs results m savmgs over attemptmg to do envIronmental
protectIOn after the fact, and can also reduce costs Cost savmgs may be achIeved through
such measures as hmItmg the amount of matenal requIrmg special handhng - due to early and
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accurate characterIzatIon ofoverburden and ""aste matenals wIth aCId-generatmg or tOXIC
potential and through measures such as segregatIon of topsoil for reuse m reclamatIon and
re\egetatIon, and through control and recyclmg of process waters and mtroduced substances

Mmmg plans and systems that account for all materIals and that ITl1l11ll1lZe the need for
double-handlmg ofrock and other materIals can mtegrate efficIent recovery of metals ""Ith
envIronmental protectIon

3 Closure

Potential sources ofpollutIOn

At closure, mmes can generate substantIal pollutIon from the exposure of materIals m
the pIts and the waste rock and tmlmgs dIsposal areas ACId dramage can occur after the
conclUSIOn ofrnmmg and can worsen over time Srrrularly, contarnmants contamed m the
tmlmgs and spent ore from the beneficiatIon process may be released mto the water and
groundwater after closure oftaJ.1mgs dIsposal areas and heaps

Impoundments remammg after rnmmg may become contammated WIth aCId dramage,
metals, and other pollutant posmg a hazard to wildlIfe and (uImpoundments are
hydrologIcally connected to surface or ground water) to other water users and the
enVIronment

Dust partIcles from tmlmgs and spent ore areas can cause aIr pollutIOn after rnmmg and
closure has been completed, If they are not properly stabilized and/or covered

PollutIOn preventIOn opportunities

PollutIon prevention techruques relevant to closure mclude IsolatIOn and contamment
ofacld-producmg materIals Use ofneutrahzmg and other materIals to prevent aCId mme
dramage and metals transport m pItS, Impoundments, and other waters IS Important TopsoIl
and revegetatIon can help stabilize and control waste areas m theIr post-rnmmg configuratIon
to lrrrut mo"ement and water mfiltration

Rmsmg, decontammatlon, and covermg of spent ores and taJ.1mgs coupled WIth
dramage controls to prevent lTIlgratIon ofcontarnmants remammg m place after closure are
Important techruques These measures may also mclude dewatermg of mme taIls and/or
hYdrologIc controls for taJ.1mgs Impoundments to ensure long term stability Such measures
should generally be accomparued by morntormg and mamtenance to assure hydrologIc
controls are workmg to control dramage and to prevent water from contactmg and mobIhzmg
contammants of concern

Changes m the postrnmmg configuratIon of the land can also reduce the threat of
pollutIon Such approaches may mclude fillmg of PItS where feasIble m order to reduce the
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potential for collectIOn and contarrunatlon of pIt water and to reduce the exposure of waste
rock to oxygen and water where It may contnbute to possIble aCId dramage Pluggmg wells
and adlts can help prevent water pollutIon and the dIscharge of metals-laden mme sIte waters
to surface and ground water

Removal of mtroduced matenal mcludmg pollutIon control wastes beneficiatIon
chelTIIcals and reagents laboratory chelTIIcals, oIl, etc, IS also an Important part of preventmg
pollutIon after mme closure

Legal, polley, and management tools

Closure of mme waste uruts such as taIlmgs Impoundments and spent ore dumps IS
best accomplIshed If fully planned pnor to the commencement ofactIve lTIIillng Plannmg
envIronmental Impact assessments (to help consIder alternatIve sItes and methods for dIsposal
areas) envIronmental management systems, and financIal assurance can all Improve post
lTIIillng performance Standards for closure, If mcorporated mto the project deSIgn, can
provIde a key benchmark by whIch to assess performance In additIon, publIc mformatlon and
transparency can ImprOve the effectIveness of post-lTIIillng controls - assurmg that dIsposal
areas remam undIsturbed after closure and do not create any nsks to local populatIons

IV POLLUTION PREVENTION AND EXISTING NATIONAL LAWS

A prehmmary reVIew of the natIonal case studIes mdlcates that the countnes studIed
are Just begmrung to mcorporate pollutIOn preventIon mto theIr laws regulatmg the
envIronmental Impacts of lTIIillng In general, countnes have focused on pollutIon preventIon
more m the lilltlal stages oflTIIillng (exploratIon and start-up) than m the course of actual
operatIons and closure Moreover, the use of financial mcentIves and enVIronmental
management systems to promote pollutIon preventIon m the lTIIillng sector appears to be ven
lrrmted The followmg dIScussIon hIghhghts some of the areas of progress as well as gaps m
natIonal legIslatIon promotmg pollutIon preventIon

IV EnVIronmental Impact Assessment

The envIronmental Impact assessment procedure IS gammg great populanty m the
regIon as a tool for preventmg the enVIronmental Impacts of lTIIillng However, there stIll
remams a need fine tune the use of thIs tool to actually promote pollutIOn preventIon For
example, ill Peru sIgruficant exploratIOn actIVItIes are only reqUIred to present an
'EnVIronmental EvaluatIon" rather than an "EnVIronmental Impact Study" The
EnVIronmental EvaluatIOn" dIffers from the "EnVIronmental Impact Study' m the Issues that

must be addressed, the penods for approval and the requIrement for conductmg a publIc
hearmg As a result, opporturutIes for promotmg pollutIon preventIon may be lost In
addItIon, even m the case ofoperatIons subject to preparatIOn of an "EnVIronmental Impact
Studv," the focus IS on controllmg and lTIItIgatmg enVIronmental Impacts rather than
preventmg them m the first place ThIs IS because the applIcable envIronmental standards are
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onented towards control ofcontammatIon at the end of the process and comphance wIth
maXllTIum penmsslble hrruts It IS mterestmg to note that m contrast to tills sItuatIOn Peru s
em lfonmentallaws for the manufacturmg and fishmg sector now mcorporate methods
promotmg pollutIOn preventIOn

IV Standards

Wlule several countnes have general pollutIOn control standards that could be
mterpreted to promote pollutIon preventIOn, only very llfllited progress m the regIon has been
made towards estabhshmg standards specIfically promotmg tills objectIve Envlfonmental
standards tend to estabhsh general hrruts on enussIOns or hrruts on envrronmental
concentratIOns rather than promote specIfic pollutIon preventIon practIces such as source
reductIon or recyclmg Peru, for example, has maxrrnum pernussible llffllts for hqUId effluents
that regulate Ph, suspended sohds lead, copper zmc, rron, arseruc and cyarude, as well as
maxrrnum pernussible levels for certam arr contarnmants, mcludmg lead, arsemc and
partIculates In addItIon, Peru has suggested practIces outlmed m a number of envrronmental
management gUIdes on tOpICS such as water m nurung operatIOns, aCId mme dramage and
tailings management Other than measurements for the predIctIon of aCId mme dramage these
gUIdes do not promote any specIfic pollutIon preventIon practIces

Concerns over the adequacy of eXIstmg approaches have led to some unexpected
results For example m 1998 the CItIZens of the State of Montana ill the Umted States voted
m a referendum enactrng a law to proillbit the estabhshment ofany new surface numng
operatIons usrng cyarude LIkewIse, the State OfWIsconsrn adopted a moratonum on the
numng of sulfide ores untIl compames could present eVIdence of successfully closed mmes that
dId not generate aCId The U S Bureau of Land Management has proposed regulatIons that
would requrre operators to "rmmrruze water pollutIon (source control) m preference to water
treatment and to "handle earth matenals and water rn a marmer that rmmrruzes the formatIon
of aCIdIc toXiC, or other deletenous pollutants of surface water systems" and manage
excavatIOns and other dIsturbances to "prevent or control the dIscharge of pollutants rnto
surface waters" among other pollutIon preventIon requrrements mcludrng "mrnlffllZ[mg] the
lIkelIhood of aCId formatIon and toXiC and other deletenous leachate generatIon"
Controversy sUIToundmg each of these moves suggests that the process of settrng and
commurucatrng standards wIth a pollutIOn preventIon ObjectIve m mmd deserves more
attentIon
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IV Pubhc PartIcIpatIOn

NatIOnal laws are begmmng to mcorporate mecharusms for publIc partICIpatIon at a
varletv of stages of operatIOns Peru for example, reqUIres a publIc hearmg m connectIOn
\\-Ith the preparatIOn of the envIronmentaltrnpact assessment for mmmg operatIons However
the effectIveness of thIs mecharusm may be lIrruted because mdividuais are not guaranteed
partICIpatIOn m the hearmg, questIons may only be posed m wrItten format the hearmgs are
only held m the central headquarters ofthe Mlllistry of Energy and Mmes m Ltrna and the
authonties are note reqUIred to conSIder the contnbutions made m the hearmg MeXICO has a
establIshed a procedure, "denuncia popular," that allows any person to file a complamt wIth
the appropnate federal, state or murucipal authonty concernmg envIronmental problems
CanadIan CItIZens, through mecharusms m some enVIronmental legIslatIOn have the
opporturuty to request an mvestigatIOn ofan alleged offense and, If pollutIon preventIon
practIces are substandard, also can file a petItIOn through the newly constItuted COmmISSIOner
of EnVIronment and Sustamable Development WIth the responSIble federal department

IV Fmanclal IncentIves and EnVIronmental
Management Systems

NatIOnal laws have not focused sigruficantly on finanCial mcentives as a tool for
promotmg pollUtlon preventIOn m the mmmg sector In part the problem may lIe m more
general polICIes, such as eXist m Peru, precludmg the use of finanCIal mcentlves such as tax
credIts for thIs purpose

Wlule some countnes are begm to expenence the voluntary use by the mmmg sector of
envIronmental management systems such as ISO 14000, such tools have not formally been
mcorporated mto the regulatory structure MeXICO, for example, has a Voluntary
Management Program m whIch the mmmg mdustry can partICIpate The most sigruficant
voluntary envIronmental program m Canada, the Accelerated Reductlon and Ehnunation of
ToXIcs Program CARET), mcludes as members 31 of the 34 members of the Mmmg
ASSOCiatIOn of Canada However, due to a number of problems WIth the ARET program-
mcludmg, among others, allowmg baselmes to be set too early, the lack ofthrrd party
venfication of enussIOns reductIOn claIms, and mconsistent morutormg and reportmg methods
-- as well as the combmatIOn of poor enforcement records m Canada and decreased
department and/or ffillllStry capaCIty for enforcement, the current voluntary programs may
have senous consequences for Canada's envIronmental regulatory framework One problem
m the U S and pOSSIbly other countnes aSSOCiated WIth the use of these envIronmental
management systems IS that potentIallIabllity under enVIronmental laws may dIscourage some
operators from dlsclosmg operatIonal problems and/or VIOlatIons on a voluntary baSIS

5 CONCLUSION

PollutIOn preventIon offers the mmmg mdustry the opporturuty to address
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em rronmental problems willIe at the same tllTIe takmg advantage of econonues and effiCienCies
m operations Wlule national governments have begun to mcorporate pollution preventIOn
strategies m therr laws and polIcIes, consIderable work remams to be done ill tills area to
produce a comprehensIve approach to pollutIOn preventIon m all phases ofmmmg operatIOn
exploratIOn, operatIons and closure The development ofa regIonal framework for promotmg
pollutIOn preventIOn would greatly aSSIst governments ill tills task In addItIon It would assure
that as trade and mvestment m mmmg operatIOns m the henusphere expands, governments are
not confronted WIth downward pressure on envrronmental protectIon Mmmg comparues
would also benefit from a conSIstent approach m the regIons towards regulatIOn oftherr
operatIOns
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