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EXECUTIVE SUMMARY

Jacques Whitford Environment Limited (JWEL) was sdected by the Mine Environment Neutra
Drainage (MEND) program to conduct a review of Canadian and United States legidation relevant to
decommissoning acid mine drainage (AMD) stes. The purpose of the review was to provide
government agencies, industry representatives and other organizations and individuas with an overview
of the exigting Canadian and United States regulatory framework relevant to decommissioning AMD
stes, and to summarize the criteria used by Canadian and United States regulatory agencies to assess
the performance of a decommissoning, AMD site.

This report is the result of two separate reviews financially supported by different groups. The
review of Canadian legislation was sponsored by the Ontario Ministry of Environment & Energy
and Homestake Canada Inc. The review of United States legislation was sponsored by Hudson
Bay Mining and Smelting Company. The findings of both reviews are combined in this report for
completeness.

Canada is actively involved in research on the prediction and control of AMD, particulary with respect
to metal mining operaions. Much of this research is fostered by the nationa Mine Environment Neutra
Drainage (MEND) program in which the provinces of British Columbia, Saskatchewan, Manitoba,
Ontario, Quebec and New Brunswick participate. Research on AMD from coad mining operations is
likely further advanced in the United States.

In generd, regulatory drategies specificaly geared towards decommissioning steswith AMD are dill in
the development stage in both Canada and the United States. Overdl, environmentd legidation is more
precriptive in the United States than in Canada.  Some of the criteria that would typicdly be used in
assessing the success of an AMD site decommissioning are effluent qudity leaving the mine ste and
groundwater and surface water quality downgradient from the mine gte.  Effluent limitations, drinking
water sandards and surface water qudity criteria have dl been developed a a federd leve by the
United States Environmental Protection Agency. In addition, they are dl enforcegble at ether the
federd or date level, depending on whether a particular state has a federally approved regulatory
program in place.

In Canada, on the other hand, non-enforceable water quaity guidelines or objectives are the norm.
However, site-specific enforceable parameters, based on water quality guidelines or objectives, may be
incorporated in mine operation permits or licences.

Seven states were contacted as part of this review. 1daho and Nevada have no regulations, guideines
or policies tallored specificdly for licensng or decomissoning mines with AMD, or the potentid for
AMD. Cdifornia and Montana do not have clear-cut legidation to address AMD specificdly, but do



seem to have some generd policies for the approach (i.e. site-specific) to be used in decommissioning
AMD dtes. Legidation in Colorado makes reference to AMD by dating that "acid-forming materid™ at
operating mine Stes should be handled in a manner that will protect downgradient water bodies.

Only two of the dtates contacted, Pennsylvania and West Virginia, have a regulatory drategy that
addresses AMD directly. In both states, predictive testing for acid generation potentia is mandatory
prior to approvd. In Pennsylvania, if a proposed mine Ste is shown to have the potentia for AMD, it is
not licensed. West Virginia requires that control technologies be adequate to meet effluent and water
qudity criteria. However, in neither date is there a sysematic approach for decommissioning
abandoned mines with AMD.

All the provinces and territories were contacted as part of this review. Two of the provinces do not
have a dgnificant AMD problem (Prince Edward Idand, Alberta). The remaining provinces and the
territories are at different stages of developing regulatory dtrategies for addressng AMD.  In most
jurigdictions, there are now provisons for proposed mines to complete some type of environmenta
impact Satement. However, depending on which jurisdiction, the discretion granted to the "minister”,
and/or the size of the proposed mine, the complexity of the statement will vary.

Severd provinces, incuding British Columbia, Ontario and Saskatchewan, have guidelines in place that
require predictive testing to determine the acid generation potential of rock units at a proposed mine.
Nova Scotia has gone a step further and requires monitoring, and sometimes predictive testing, at any
development on shde of the Haifax Formation.

With respect to effluent limitations, most provinces use the federd Metd Mining Liquid Effluent
Regulations, dthough some provinces such as British Columbia, Saskatchewan and Quebec have
developed ther own. Ontario is currently in the process of developing comprehensive effluent
reguldions for various indudries, including mining, under the Municipa Indudrid Strategy for
Abatement (MISA) program.

For water qudity criteria, many provinces use the federd Canadian Water Quality Guidelines, athough
provinces such as British Columbia, Alberta, Manitoba, Saskaichewan, Ontario and Quebec have
developed, or are developing, their own criteria for surface water and/or groundwater quality. Both
British Columbia and Manitoba seem to be taking a different gpproach from the other provinces. For
example, with time, surface water bodies in Manitoba will be classfied according to present and
potentia use and water qudity criteria set accordingly. This gpproach is Smilar to tha taken in the
United States.  British Columbia sets water qudity objectives on a Ste-specific bass, taking into
account such factors as water quality and water uses. This approach potentidly has the flexibility to
address the anomal ous background water chemistry sometimes encountered a mine Sites.
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1.0 INTRODUCTION

Jacques Whitford Environment Limited (JWEL) was sdected by the Mine Environment Neutra
Drainage (MEND) program to conduct a review of Canadian and United States legidation relevant to
decommissioning acid mine drainage (AMD) dtes. The MEND program is a co-operative program
financed and adminisgered by the Canadian mining industry, the Canadian government, and the
governments of British Columbia, Saskatchewan, Manitoba, Ontario, Quebec and New Brunswick.
MEND objectives are the following:

i to provide a comprehensve scientific, technical and economica basis for the mining
industry and government agencies to predict, with confidence, the long-term
management requirements for acid producing tallings and waste rock; and

i to edablish techniques that will enable the operation and abandonment of
acid-generating tailings and waste rock disposa areas in a predictable, affordable,
timdy and environmentaly-acceptable manner.

This report is the result of two separate reviews financially supported by different groups. The
review of Canadian legislation was sponsored by the Ontario Ministry of Environment & Energy
and Homestake Canada Inc. The review of United States legislation was sponsored by Hudson
Bay Mining and Smelting Company. The findings of both reviews are combined in this report for
compl eteness.

The purpose of the report is to provide government agencies, industry representatives and other
organizetions and individuas with an overview of the exiging Canadian and United States regulatory
framework relevant to decommissioning AMD sites, and to summarize the criteria used by Canadian
and United States regulatory agencies to assess the performance of a decommissioning, AMD site.

This report is a summary document. Many acts, regulations and guidance documents are referenced
throughout. For complete details in a specific area, the reader is encouraged to refer to the references
directly or to contact the appropriate regulatory agency. A partid listing of regulatory agencies in the
United States and Canada that deal with mining and/or environmenta issues is presented at the end of
the report.

20 SCOPE OF WORK

The scope of work for this study consisted of the following four tasks:



Report List

i Task 1 - Review legidation, regulations and policies of the United States Federd
Government that are relevant to decommissioning acid mine drainage (AMD) Sites.

i Task 2 - Review legidation, regulations and policies of sdected State Governments thet
are rdevant to decommissoning acid mine drainage (AMD) dtes. State legidation
discussed in this report includes that from Cdifornia, Colorado, Idaho, Montana,
Nevada, Pennsylvania and West Virginia - states where AMD is a concern, and/or
where environmentd |egidation is wdl-devel oped.

i Task 3 - Review legidation, regulations and policies of the Canadian Federd
Government that are relevant to decommissioning acid mine drainage (AMD) Stes

i Task 4 - Review legidaion, regulaions and palicies of the Territorid and Provinciad
Governments that are relevant to decommissioning acid mine drainage (AMD) Sites.

The above tasks were completed through a combination of library research, direct contact with
numerous regulatory agencies and areview of in-house reports and reference materid.

30 UNITED STATESFEDERAL LEGISLATION

Federa agencies in the United States implement three generd gpproaches to regulation of the mining
indudtry:

i environmenta regulation of specific media regardless of the waste source;
i regulation of the impacts of mineral operations on federd and Indian land; and
i regulation of one specific type of mining on al land.

The aspects of these three approaches pertinent to this review are discussed in more detail in the
following sections.

3.1 Environmental Regulation of Specific M edia

The firgt gpproach, which is used by the United States Environmental Protection Agency (EPA),
involves the regulation of specific environmenta media such as surface water and groundweter. These
regulations are promulgated under the authorities of the following:
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Federal Water Pollution Control Act, or Clean Water Act (CWA)

Safe Drinking Water Act (SDWA)

Resource Conservation and Recovery Act (RCRA)

Comprehensive Environmental Response, Compensation and Liability Act (CERCLA)

=

=5

=33

Federal Water Pallution Control Act Amendments of 1972

The principa law regulating discharge of pollutants to surface water in the United States is the Clean
Water Act (CWA), formaly known as the Federa Water Pollution Control Act (1). Such regulation is
divided among various programs within the Act. Each of these programs may be gpplicable to mining
operations.

CWA has been termed a technology-forcing statute because of the rigorous demands placed on those
who are regulated by it to achieve higher and higher levels of pollution abatement. Industries were given
until 1977 to ingtdl "best practicable control technology™ (BPT) to clean up waste water discharges.
The Act required greater pollutant cleanup than BPT by 1989, demanding that industry use the "best
available technology™ (BAT) that is economicdly achievable.

The Office of Science and Technology of the EPA is responsible for developing sound, scientificaly
defengble standards, criteria, advisories, guideines and limitations under the Clean Water Act (and the
Safe Drinking Water Act). These provide the regulatory framework for restoring and maintaining the
biologicd, chemicd, and physicd integrity of water resources, for protecting public water supplies, and
for achieving technol ogy-based pollution control requirements in support of, among others, point source
discharge programs, drinking weater programs and geographic-specific programs (e.g. Great Lakes,
coadd, edtuaries). For example, the EPA issues regulations containing the BPT and BAT effluent
guidelines gpplicable to categories of indudtrid sources. Specificadly, the Energy Branch of the EPA
establishes enforceable effluent limitations for active metd and cod mines. These are known as the
Coa Mining Point Source Category (2) and the Ore Mining and Dressing Point Source Category (3)
and are presented in Tables 1.1 and 1.2, respectively, in Appendix 1.

Certain responghilities are delegated to the states, and CWA, like other environmenta laws, embodies
a philosophy of federa-state partnership in which the Federd Government sets the agenda and
gtandards for pollution abatement while states carry out day-to-day activities of implementation and
enforcement. Consequently, the effluent guidelines for meta mines are enforced for the most part a the
date leve through the Nationd Pollutant Discharge Elimination Sysem (NPDES) Permit Program
Refer to Section 3.3 for a further discusson of coa mining regulation.
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NPDES requires the Federd Government, or State Governments under federally funded programs, to
issue permits for the discharge of any pollutant from a point source into navigable waters, defined as
"waters of the United States’. Point sources are defined under CWA to include any discrete
conveyance of pollutants. The courts have widdly interpreted this provison to include, for example,
overflows from hegp leaching sumps (4). Mining operations whaose pollutants eventudly find navigeble
waters through a conveyance are required to obtain such permits. About 40 dates are active in this
program. In the remaining states, the effluent guidelines are enforced by the Federd Government. The
dtates can establish effluent criteriamore stringent (but not less) than federd guidelines.

Another state-delegated responsibility isthat of establishing Water Qudity Standards for surface water,
which consst of a desgnated use (recrestion, water supply, indudtrid, or other), plus a numerica or
narraive datement identifying the maximum concentration of various pollutants which would not
interfere with the designated use. These standards serve as the backup to federa technology-based
requirements, by indicating where additiona pollution controls are needed to achieve the overal gods of
CWA.

Safe Drinking Water Act (SDWA)

SDWA (5) isthe bass for protecting public drinking water systems from harmful contaminants. SDWA
directs the EPA Adminigtrator to develop national Primary and Secondary Drinking Water Standards
which specify the concentration of pollutants dlowable in public water supplies. The Primary Drinking
Water Standards, referred to as Maximum Concentration Limits (MCLS), are designed to protect
human hedth to the extent feasible, taking technology, trestment techniques, and codts into
consgderation. They are federdly enforcegble; the states can be more sringent, but not less.
Secondary Drinking Water Standards are designed to protect the aesthetic qualities of the water and
are not federdly enforcegble. They are issued for states to use as gquiddines. A partid list of Primary
and Secondary Drinking Water Standards is presented in Table 1.3, in Appendix 1.

In addition, SDWA directs the EPA to develop underground injection control regulations to protect
underground sources of drinking water and groundwater protection grant programs for the
adminidration of sole-source aguifer demongtration projects and for wellhead protection area programs.
SDWA permits these activities to be implemented by the Sates.

Compr ehensive Environmental Response, Compensation, and Liability Act (CERCLA)



CERCLA (6) (or Superfund) was enacted in 1980, and substantially amended in 1986, to address the
cleanup of inactive and abandoned hazardous substances stes. About 60 of the more than 500,000
abandoned mines on public and private property in the United States are so polluted that they are on the
EPA's roster of Superfund sites, the list of the most hazardous waste sites in the United States. The
EPA's authority to regulate mining, milling, smeting and refining wastes under CERCLA has been
chalenged in court in severd cases, these attempts were largely unsuccessful (7). It is now clear that
CERCLA gpplies to hazardous substances from mining operations including heavy metds found in
tailings impoundments and waste rock piles as well as solvents and various other chemicals.

Due to the unique characteristics of mining Sites, notably the predominantly inorganic nature of wastes,
the large volume of waste generated and the Size of dtes, specia problems arise in developing remedid
plans that are both protective and cost-effective. CERCLA requires that remedia plans comply with
any Applicable or Relevant and Appropriate federal and state standard Requirement, criterion or
limitation (ARARS). An important agpect of Ste remediation becomes the sdlection of ARARS.
ARARs are not intended as nationa cleanup standards, and, idedlly, each site should be approached as
anew and unique Situation.

CERCLA has proven to be a powerful tool for federd, state and local governments to address virtually
al pallution problems, indluding those created by the mining industry. Government agencies have used
CERCLA extendgvely in an attempt to remediate both operating and non-operating mine Stes.
CERCLA has been interpreted to be retroactive. For example, an entirdy lawful 30-year-old talings
pond or waste pile, state of the art a the time it was built, used, and closed, can trigger current liability
under CERCLA.

The concept of liability in CERCLA has led to endless rounds of litigation and a high percentage of the
funds dlocated to the remediation of superfund Sites have been spent on legd fees and court costs.
There are three basic dements of liability which must be proven by a plantiff (eg. government agency)
in order to recover response costs or to obtain natural resources damages from the responsible party.
Those dementsare: 1) areease or threat of release to the environment 2) of a hazardous substance 3)
which causes response costs to be incurred (4).

Resour ce Conservation and Recovery Act (RCRA)

RCRA (8) was enacted in 1976 to address the ever increasng amount of waste being generated in the
United States. RCRA identifies two mgor subgroups of wastes.  solid waste and hazardous waste.



Solid waste is regulated under Subtitte D of RCRA which establishes environmental performance
dandards. The program is operated mainly by the states, with assistance from the Federa Government.
Hazardous waste is addressed under Subtitle C of RCRA. Subtitle C is enforced by EPA or by States
authorized by EPA to run the RCRA program.

Because mining wastes do not fdl neatly into a solid waste or hazardous waste category, the
characterization of mining waste has been controversd. High volume, low toxicity mining wastes have,
in generd, been regulated as solid waste under Subtitle D, and in 1986, the EPA decided to develop a
regulatory program specificdly tailored to mining waste under Subtitle D.  This program is dill in the
development stage.

3.2 Regulation of Mineral Operations on Federal and Indian L and

The second gpproach to regulation of the mining industry, which is used by the Bureau of Land
Management, the National Park Service, the Bureau of Indian Affairs and the Forest Service, involves
the regulation of the impacts on surface resources from minera operations on federa and Indian land.
Minera operations on such land are regulated through issuance of the appropriate leases, permits or
gpprovals.  An approved plan of operations, containing Ste-specific dipulaions for environmental
protection and reclamation, is generadly required prior to beginning minerd operations. For mining
wade, these agencies implement the applicable environmenta standards and criteria established by
other federal and state agencies on a Ste-gpecific bass. Pending legidation seeks a reclamation fee on
federdly owned lands but does not extend to mines on private lands.

The Nationad Environmenta Policy Act (NEPA) (9) was enacted in an attempt to ensure careful federd
condderation of the impacts of man's activities on the environment. An environmenta impact statement
is required where a project involves a major federa action which sgnificantly affects the qudity of the
human environment. Due to the fact that mining operations on federd lands require the issuance of a
permit or license from a federd agency, this may be sufficient federa involvement to trigger the NEPA
process (4). However, the statutory right to mine on federd land provided in the Mining Law of 1872
and reaffirmed by the courts and in the Mining and Minerds Policy Act of 1970 limits the extent to
which land management agencies can condition mining on federd land. Furthermore, the law alows
miners to extract mineras on federd lands without paying any roydties to the US government. In 1992,
areform hill that would have dlowed federd agenciesto say no to mining in ecologicaly sengtive aress,
and to indst that gpproved mine stes be cleaned up, won committee approva in the House, but the
Senate refused to move the bill (20).
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3.3 Regulation of One Specific Type of Mining on all L and

The third gpproach to regulation of the mining industry, used by the Office of Surface Mining,
Reclamation and Enforcement (OSM), involves the regulation of cod mining on federd, nonfedera,
Indian and state land by authority of the Surface Mining Control and Reclamation Act (SMICRA) (11).
SMCRA establishes a nationwide program for the protection of human health and the environment from
the adverse effects of coa mining operations, current and past. The OSM administers the Act and has
the authority to promulgate and enforce regulations; however, individua sates which have an OSM
goproved regulatory program assume respongbility for enforcement and rulemaking. The date
programs must be as effective as, and as consstent as, the federal SMCRA. In the event that a State
has chosen not to develop a program, or the OSM has refused to gpprove the state program, a
complete federa program for that Sate is developed and implemented.

A cod mining permit is required for al operations, and specific environmenta protection standards must
be met under conditions of the permit. SMRCA specifies that the potentid for AMD must be
addressed as part of the permitting process. Discharge from active cod mines must meet the effluent
guiddines st forth in the Cod Mining Point Source Category (2) and presented in Table 1.2, in
Appendix 1. OSM, generdly, exercises no authority over metal mining operations.
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40 STATELEGISLATION

State environmental programs regulating the mining industry are variable, but can be separated into two
generd types. The fird type includes date programs that Smply enact federd environmentd legidation
such as the Clean Water Act, Safe Drinking Water Act and Surface Mining Control and Reclamation
Act (SMIRCA). These datutes invite the states to take over the main aspects of the programs; the
dates are free to design such delegated programs to be more stringent, but not less stringent, than
federa minimum requirements.  Some state programs comprise copies of federd programs, but with
changes that reflect individualized decisions by the sate legidatures enacting the statutes.

The second type of state environmenta program congsts of dtate statutes, policies and directives that
address areas of concern not addressed at the federd leve (eg. metd mining). In addition, some
dates, such as Cdifornia and Idaho, have date environmenta datutes smilar to the Nationd
Environmentd Policy Act which gpply to dl activities incdluding mining.

The following sections highlight aspects of the environmenta programs relevant to AMD from saven
daes. The discussons vary in detail depending on the extent of the AMD problem in the individud
dtates and the degree to which the state environmenta programs go beyond federd initiatives.

4.1 California

Mining has long been, and will continue to be, an important part of Cdifornias economy. In 1989,
Cdiforniawas the top non-fud minera producer in the United States.

Disposd of waste on land in Cdliforniais regulated relative to protection of water qudity by Subchapter
15, Cdifornia Code of Regulations (12). The principa subdivisons of Subchapter 15 pertain to waste
classfication, dting criteria and congruction standards for waste management units, water quality
monitoring requirements, and dSte closure/post-closure maintenance requirements.  Policies under
Subchapter 15 are established by the State Water Quality Control Board (WQCB) and administered
through regiond WQCBs. The State WQCB has divided California into nine separate regions based
on the naturd hydrologic basins of Cdifornia Every new mine or expansion of an existing mine mud file
a Report of Wagte Discharge with the appropriate regiona WQCB office, and receive either a waiver
or Wagte Discharge Requirements. The Waste Discharge Requirements are generaly revised when a
mining operation goes from full scale operation to closure. Subchapter 15 does not specifically address
AMD, however, its prevention has been addressed to varying degrees by the respective regional staffs.




Report List

Cdifornids Porter-Cologne Water Quality Control Act (13) and the federal Clean Water Act require
water quality control plans for the waters of the ate. The Act specifies that each regiona WQCB shall
edtablish water quality objectives. In addition, surface waters in Cdifornia must be classified according
to beneficid use. Cdifornids Water Qudity Standards condst of the designated water use and the
water quality objectives. The standards form the basis for edtablishing the Wagste Discharge
Requirements.

The following two case sudies portray the decommissoning of AMD dgtes in Cdifornia  The firg
example discusses the decommissoning of an active mine.  The second example discusses the
decommissioning of an historic, abandoned mine which is now a Superfund ste.

Grey Eagle Mine

The Noranda Grey Eagle Mine in the Klamath River Bagn is presently in closure. 1t was origindly a
copper producing mine during WW |l, and then was operated as a gold mine by Noranda in the 1980's.

A closure and operation plan was required of Noranda at the start-up of mining under the Cdifornia
Water Code. Also, a financid guarantee was required under Subchapter 15. AMD, if dlowed to

discharge to surface water (or groundwater, then surface water) would have to meet Cdifornia Water

Quality Standards. However, AMD at the Grey Eagle Mine was dedlt with on a site-specific basis, as
aedl AMD dtesin Cdifornia

The Klamath River Basin has been classfied as a "no discharge’ zone (14). No "deeterious’ materid
can be discharged to the surface waters of the Klamath River Basin, even if criteria are dill below
Cdifornia Water Quality Standards. Therefore, treated effluent from the Grey Eagle Mine is discharged
to percolation beds. Water qudity congtituents which are present in the wastewater at levels of
concern include cyanide, copper, iron, zinc, cadmium, mercury and nickd. In the Wagte Discharge
Requirements revised for closure, limits for these parametersin the treated effluent were set asfollows:
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Condtituent Maxiumum Concentration (mg/)
cyanide (free) 0.2

copper 1.0

iron 0.3

znc 0.02

cadmium 0.01

mercury 0.002

nickel 0.7

In addition, any detection above "background concentrations' of the following specific condtituents, at
monitoring points outsde of the process containment and permitted disposa aress, conditutes a
violation of the Waste Discharge Requirements:

Constituent Background (mg)

cyanide (totd) lessthan detectable
cyanide (free) lessthan detectable

copper 0.50
iron 0.30
znc 2.0

I[ron Mountain Mine

The Iron Mountain Mine is a Superfund site for which aremediad action plan has been accepted. 1ron,
slver, gold, copper, zinc and pyrite were mined and milled at the Ste from the 1860's to 1962. AMD
discharges high concentrations of copper, cadmium and zinc into Sickrock and Boulder Creeks which
drain the gte, flow into Spring Creek, and then into the Sacramento River (gpproximatdy 810 kms
from the Ste). Two cleanup criteria were developed for the ste: 1) minimize off-gte migration of
contamination via surface water flows and seepage, and 2) minimize impacts to receiving waters of
contaminants that will continue to move from the site (7). To meet these objectives, three sets of target
cleanup levels (i.e. ARARS) were considered for the Site;

10



Report List

Contaminant EPA Water State Water Background
Qudlity Criteria Quality Standards
(ugl) (ugl) (ugl)
copper 54 5.6 35
cadmium 0.55 0.22 0.1
anc 47 16 14.8

Taking the ARARSs - and financia considerations - into account, a find remediation plan was accepted
for this gte. A modding analyss, based on the remediation plan, predicted that water qudity in the
Sacramento River will meet the EPA Water Quality Criteria, as well as the state Water Qudity
Standards for dl but "worst case’ years, and that the water qudity between the mine and the
Sacramento River should be "gresatly improved”.

4.2 Colorado

Colorado has different legidation for non-coa and coal mines. Nortcoad mines in Colorado have a
consderable AMD problem, however, cod mines generaly do not. The former are regulated under the
Colorado Mined Lands Reclamation Act as Amended (15). This Act establishes the authority for the
date to regulate water quality a discharge areas from mines. According to the Act, "acid-forming
materid” shdl be handled in a manner that will protect the drainage system from pollution; and
disturbances to the prevailing hydrologic baance and to the quality of water in surface and groundwater
systems, both during and after mining operations, shal be minimized.

Rules regarding permits, financia responsbility, reclamation performance standards and inspections,
monitoring and enforcement are included in Minerd Rules and Regulations (16). Compliance with
goplicable federd and Colorado water quaity laws and regulations is specified. According to the Clean
Water Act (federd), water quality cannot be degraded below exigting levels, therefore, mine sites need
good basdine information for 1-2 years prior to operation to show background quality. Colorado
Water Quality Control Act (17) is smilar to the Clean Water Act, but requires certain standards,
therefore, it is more comprehensve. The Water Quaity Control Commission, by authority of the Act,
has promulgated regulations which include water use classfication and quality criteria for surface and
groundwater (18, 19). For groundwater, inorganic standards are set according to the classfication of
the aquifer. For surface water, Colorado is divided into seven mgor drainage basins and water quaity
must meet that of the hub river. A partid list of Ground Water and Surface Water Quality Standards
are presented in Tables 2.1 and 2.2, respectively, in Appendix 2. According to State Senate Bill 181,
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mines have to meet Colorado's Water Quality Standards.

One of the most notorious abandoned mine gtes in the United States is Summitville in southwestern
Colorado, where cyanide was used to mine gold. Mine seepage has aready killed the Alamosa River
and the USEPA is spending up to $50,000 a day to prevent what it has caled a "catastrophic” spillage
of water contaminated with heavy metas and acids. EPA took over pumping the ste when the
Canadian owners - Galactic Resources Ltd. of Vancouver and its US subsdiary, Summitville
Consolidated Mining Co. Ltd. - abandoned the mine and went bankrupt. Cleanup costs could cost
more than $60 million and take years.

Partly due to Summitville, amgor mining reform package is currently before the Colorado Legidature.
The changes would subject chemica mining operaions to dricter enviornmenta requirements, give
date regulators more time to review plans for new mining projects, dlow the state to force mine
operators to post higher financia bonds for reclamation; and create a new fund, finanaced by pendties
on law-breaking mines, to pay for emergency state responses to mine sills.

4.3 ldaho

The Idaho Department of Hedth and Welfare, Divison of Environmental Qudity, by authority of the
Idaho Environmenta Protection and Hedlth Act (1972), has primacy to ensure that al waters of 1daho
are in compliance with the federd Clean Water and Safe Drinking Water Acts.  Criteria used in
developing state Water Quality Standards (20) for surface water are adopted directly from the Clean
Water Act. A partid ligt of Idaho's Surface Water Qudity Criteria is presented in Table 2.3, in
Appendix 2.

There are no forma guideines, policies or procedures in Idaho for preventing AMD or
decommissioning AMD gtes. The generd gpproach to preventing AMD is to implement activities by
the responsible party to protect groundwater and surface water. Informaly, the Clean Water Act is
utilized. However, Idaho does not have primacy in administering NPDES permits (21).

The gpproach to decommissioning mines with AMD is ether Ste-specific or in accordance with the
Clean Water Act, depending on the location of the mine and other issues. For example, one massive
sulphide depost with a stream flowing through it, located in a remote, inaccessible area, had an AMD
problem. No basdine information was available. Therefore, the percentage of metds in water due to
mining activity and the percentage occuring as background, was not known. Cleanup targets were
edtablished for the Ste, asfollows remove 60% of the metals from the water even if the remaining 40%
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exceed |daho's Water Qudity Standards. However, cleanup targets for another mine located in a more
accessible location, where it was thought to be easier to treat the effluent, were more stringent:  zero
discharge in accordance with the Clean Water Act. Colorado regulators fed that addressng AMD
"wherefeasble" isapractical gpproach to decommissoning.

For operating and reclamation plans a new base meta mines, the following steps are requested, but not
mandatory for licensng:

determine probability of AMD

do dtatic tests

proceed to dynamic tests and modeling
incorporate conditions to prevent AMD
include contingency plans

—_, S e =

The state recommends these steps in order to remove any doubt with respect to the liability of the mine
if an AMD problem occurs in the future. However, no new metal mines have opened in Idaho for
severd years.

44 M ontana

AMD is abig problem in Montana, both from coa and metd mines. Cod, uranium and metal minesin
Montana are regulated under the Strip and Underground Mine Reclamation Act (22) and the Meta
Mine Reclamation Act (23). Mines in operation prior to promulgation of these Acts are exempt. The
Acts include sections that discuss mining permits, reclamation plans and reclamation bonds. In order to
be granted a permit, the operator must submit a reclamation plan. The plan must st forth in detail the
seps to be taken to comply with "applicable air and water quality laws and rules and any applicable
hedth and safety sandards’ during operation and decommissioning. In addition, the gpplicant must file
areclamation bond in an amount determined by the Montana Department of State Lands.
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With respect to water qudity, Montana has adopted gpplicable federa criteriafor indugtrid effluent and
drinking water. Surface Water Quality Standards (24) contain a classification of the surface water in the
state according to water-use, adopt EPA criteria and specify water quality standards accordingly.
Addressed specificdly are tailings ponds and leaching pads which must be designed and operated to
prevent pollution of surface waters. Montana Groundwater Pollution Control System (25) sets forth
Ground Water Quality Standards, alows for mixing zones of a Ste-specific area extent based on
ressonable use, and specifies that discharge permits for mining operations must be in compliance with
the state Strip and Underground Mine Reclamation Act and Metd Mine Reclamation Act.

Old, abandoned mines, which operated prior to the present permitting process, did not have to meet
any water quaity or effluent sandards and did not have any closure bonds. Abandoned cod mines,
whose reclamation is legidated by SMCRA (federd), are now in the early steps of decommissioning,
according to the following process:

i funding for decommissioning is from a tax on Montana mined cod collected by the
federa Office of Surface Mining, 50% of the tax goes back to Montana;

mines are located and inventoried; and

decommissioning gpproach is Ste-specific.

S =

Montana uses the ARAR approach and/or will clean up to background if possble. The dtate has
primacy and can be more stringent than any federd standards if they wish.

45 Nevada

Mining regulations are promulgated under authority of the Nevada Water Pollution Control Law (26).
The Regulations Governing Desgn, Congruction, Operation and Closure of Mining Operations (27)
discuss permitting, minimum design criteria, monitoring and closure. Design criteria must ensure that
there is "zero discharge’; mines are required to contain 100% of process fluids and storm water.
Therefore, there are no effluent or surface water quality criteriain Nevada relevant to AMD.
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With respect to groundwater, the above regulations specify the following:

i The qudity cannot be "lowered below a state or federal regulation prescribing standards
for drinking water". Nevada has adopted the federal Primary and Secondary Drinking
Water Standards.

i The department "may establish anumericd limit for any condtituent not regulated” by the
federa standards "which may reasonably be expected to be discharged by the facility in
aufficient volume and concentration to cause an adverse impact on human hedth”.

i If groundwater quality aready exceeds standards, the department can set new levels to
protect "exigting or potentid” groundwater use.

The department may exempt a body of groundwater (or portion) from the standards based on the total
dissolved solids content or present and potentia use (e.g. not drinking water source).

In generd, AMD is not a problem in Nevada due to its arid climate. However, one potential problem
areaisin the Humboldt River drainage area of north-central Nevada. Ten large open pit gold mines are
about to commence dewatering operations. The issues of potentia impacts, such as metd leaching and
groundwater contamination, and remedia approach are controversd. As discussed in Ross (28), some
are of the opinion that the current regulations in Nevada are so generdlized and vague that they create
uncertainty, and that what is required are scientific data and criteria for permitting and remediation.
Furthermore, there are no performance bonds required in Nevada to ensure the maintenance of
groundwater quality.

Other problem areas are severd old mine sites which operated prior to the current regulations and, as a
result, have AMD discharging from the sites. Two of these are Rio Tinto and Buckskin Nationa, both
Superfund Stes overseen by the Forest Service. At thistime, only sampling and problem definition has
been completed and cleanup criteria have not been set yet.

4.6 Pennsylvania

Pennsylvania's minerd resources consst primarily of cod. The gate has a primacy program for cod
mining embodied in the state Surface Mining Reclamation and Control Act (29) which is amilar to the
federa Act, dthough accompanying regulations can be more stringent than federa regulétions - at the
State's discretion.
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AMD is addressed primarily at the permitting stage (for new mines). The dtate has a Cumulative
Hydrologic Impact Assessment (CHIA) program under SMCRA. As part of this program, a
hydrogeological assessment is done prior to permitting proposed mines to document water qudity in the
area and to determine the acid generating potentid of drata to be mined. Pertinent information from
adjacent mining operations is reviewed & this time and andyticd tests such as overburden andysis are
performed. If there is a potentid for generating AMD, the mine is not permitted. Draft guideines
outlining the CHIA program are in preparation, but are not yet available for review.

The principle ate legidation rdlevant to AMD are SMCRA and The Clean Streams Law (30). These
Acts dlow the date to enforce effluent limits and water qudity criteria which are s&t in cod mining
regulations (31) and Water Quality Standards (32). Under the Clean Streams Act, degrading of surface
water to any extent is not dlowed. The state also has a NPDES program. Effluent and water quality
criteria are "drainage basin specific”, as opposed to ste-specific or sate-wide. Mines must meet the
same criteria during decommissoning as during operation.  Pennsylvania is active in treatment
technology and abatement research focused on AMD.

Pennsylvania has a lot of abandoned underground adiits that generate AMD and impact large Stretches
of dsreams, but they are difficult and codly to remediate due to a large number of Stes with low
discharges. Some Sites are presently being remediated with various treatment technologies, but there is
no state-wide program for remediating these Sites.

4.7 Wes Virginia

AMD isabig problem in West Virginia due to the high sulphur content of the cod. Little metd mining is
donein West Virginia, and thereis not asignificant AMD problem associated with it.
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Cod mine permitting is regulated by the West Virginia Surface Mining Control and Reclamation Act
which is the gate's verson of SMCRA (federd). As part of the permitting process, the potential for
AMD must be addressed both quditatively (e.g. expert opinion) and quantitatively. If it is shown that
AMD is likdly, the gtate then makes a decison whether to permit the mine. This decison is based on
the mine's ability to ded with the problem and to prevent adverse environmenta impacts. Permitting has
been a controversd topic. One school of thought is that any mines with potentid AMD should not be
permitted (e.g. see Pennsylvania, Section 4.6). However, West Virginia has taken the approach that
permitswill be given aslong asit can be shown that AMD will be dedlt with in an acceptable manner to
meet water quaity and effluent dandards. A reclamation plan is aso required as part of the permitting
process. A flat-rate bond per acre covers reclamation costs at closure which includes addressing water
quality issues.

Requirements Governing Water Quaity Standards (33) apply to the discharge of sewage, individud
wastes and other wastes into surface water and establish water quality standards for surface water.
Surface Water Qudity Standards are enforceable under West Virginia Water Pollution Control Act
(34) which is based on the Clean Water Act (federd). West Virginia does not have any groundwater
qudity sandards yet. They are currently before the legidature.

The West Virginia Department of Natura Resources implements the federal NPDES program. West
Virginia falows the federd effluent guiddines for mines a a minimum, but can be more gringent, if
necessary. For example, if federd effluent guidelines result in downstream water quaity which exceeds
West Virginias Water Quality Standards, then West Virginia can set water qudity based effluent limits.
This is done on a Ste-specific basis depending on the Size of the mine and amount of discharge. The
NPDES program is self-monitoring: mines submit results and the state has ingpectors.

The sdientific community in West Virginiais actively involved in research concerning AMD. Much of
this research is referenced in a report by Skousen et d. (35) which provides genera information on
current research and new technology in order for surface mine operators to select gppropriate
procedures to limit acid mine drainege.
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5.0 CANADIAN FEDERAL LEGISLATION

Federa jurisdiction over decommissioning tends to be more redtricted than provincid jurisdiction (see
Section 7.0). The Conditution Act (1867) grants specific federa power over coasta and inland
fisheries, navigable interprovincid rivers and migratory birds. However, recent federa environmenta
legidation such as the Canadian Environment Protection Act and the Canadian Environmenta
Assessment Act represents an increesing federd government role in the environmental regulatory field
previoudy dominated by the provinces. Federd legidation and guiddines relevant to decommissioning
AMD stes are discussed in the following sections.

Fisheries Act

The intent of the Fisheries Act (36) is to protect fish, marine mammas, and ther habitats. This
responsbility is shared between the Minigters of Environment and Fisheries and Oceans. The Act
prohibits the deposit of a "ddeterious substance”’ directly into water frequented by fish or in a place
where the substance may enter such water. Therefore, this Act would apply to most mining operations
that discharge effluent, for example AMD, into rivers, lakes or the ocean. The Act aso prohibits any
work that results in the harmful dteration or destruction of fish habitat (e.g. tailings ponds).

The Metd Mining Liquid Effluent Regulations and Guiddines (37), under authority of the Fisheries Act,
contain enforceable effluent regulations for new, expanded and reopened mines and non-enforceable
effluent guiddines for existing mines. The guiddines have the same numerical vaues as the regulations.
The guiddines provide flexibility for mine operators and the Minister to negotiate a compliance schedule.
The limits in the regulations/guidelines are "specified for those parameters which are known to occur
commonly in base metd mining effluent in sufficient amounts to be deeterious to fish and for which
demongtrated practicable technology exists to reduce these substances to low levels'. The effluent
limitations are presented in Table 3.1, in Appendix 3.

Canadian Environmental Protection Act (CEPA)

CEPA (1988) is administered by the Department of the Environment. The Minister of Nationa Hedlth
and Wédfare provides advice on human hedlth aspects. CEPA is a prevention-oriented statute which
outlines a comprehensive scheme for the control and regulation of toxic chemicas. Therefore, heavy
metas found in AMD could potentidly be regulated under CEPA. However, it is more probable that
AMD will continue to be regulated under the Fisheries Act which has adequate legd authority (38).
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One am of CEPA isto egtablish nationdly consstent leves of environmenta quaity. CEPA provides
that federa regulaions with respect to toxic substances will not gpply in provinces where equivaent
provisons are dready in force.

Canadian Environmental Assessment Act

The Canadian Environmentad Assessment Act (1992), administered by Environment Caneda, is to
ensure that the environmental consequences of dl federd projects and activities are assessed before
fina decisons are made. The Act identifies four categories of federd involvement which could trigger
an Environmental Assessment (EA). They are when the Federa Government:

is the proponent of a project;

makes federd funds available for a project;

makes federa |ands available for aproject;

evokes a gatutory or regulatory provison which alows a project to proceed.
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When afedera authority isrequired to conduct an EA, screening is one of severd procedura optionsto
follow. Projects requiring a more intensve level of assessment will undergo a comprehensve siudy.
The types of projects likely to require a comprehensive study based on their likdihood to cause
sgnificant adverse environmenta effects are liged in the discusson draft:  Comprehensive Study List
(39). Thislist may be established by regulation at alater date by authority of the Act.

Of interest to the issue of AMD isthe incluson on the Comprehendgve Study List of "ameta mine with a
mill capacity greater than 10,000 tonnes/day”. This will cover most mgjor ferrous metal and major new
nonferrous metd mines (39). The comprehensve study will be required to show that no sgnificant
adverse effects are expected, or that such effects can be mitigated, for the project to proceed. The
question of how to handle samdl-scae, potentidly high-impact mines (eg. gold mines), and cod and
indugtrid minera mines, remains unresolved.
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Interim Canadian Environmental Quality Criteriafor Contaminated Sites

The Canadian Council of Minigters of the Environment (CCME) inititated the Nationa Contaminated
Sites Remediation Program (NCSRP) for remediation of high priority contaminated Stesin Canada. To
promote consistency in the assessment and remediation of sites under NCSRP, CCME adopted the
Interim Canadian Environmental Quality Criteria for Contaminated Sites (40) from existing guiddines
and criteria currently in use in various jurisdictions across Canada. A patid lig of the criteria is
presented in Table 3.2, in Appendix 3. Many of the criteria do not have a complete set of supporting
rationde and, therefore, are considered "interim”.  Criteria are assessed and modified as required to
reflect current knowledge of the environmenta and human hedth effects of contaminants. The criteria
do not conditute vaues for uniform environmentd quaity at dl contaminated Stes, and their use is
gte-gpecific. Although they are non-enforceable, they may serve as abasis for ste-specific enforceable
parameters incorporated in mine operation permits or licences.

6.0 TERRITORIAL LEGISLATION

The territorid governments have the authority to enact legidation; however, territorid legidation is
subject to federd legidation and may be limited in scope where there is a contradiction.  Territorid
environmental legidation commonly mirrors federd legidaion and may use federd environmentd
controls as abasdine for territorial standards.

The federd government owns and controls most of the lands and resources in the territories and,
therefore, most mining activities require federd permits and licences. The Territorid Lands Act (TLA),
administered by the Department of Indian Affairs and Northern Development (DIAND), addresses
concerns with respect to the abandonment and decommissioning of mines in the territories. The TLA is
adminigtered under two sets of regulaions governing surface use: the Territorid Land Use Regulations
(TLUR) and the Territorid Land Regulations (TLR). Typicaly, a prospective mining company will be
issued a permit under the TLUR and will register amining clam under the Canada Mining Regulations.
The latter regulations grant authority to the Minister of DIAND to order the owner of a mining operation
that is discharging a"harmful” substance to treat the substance prior to discharge, limit the discharge, or
cease the operations causing the discharge. The relevant control mechanisms for abandonment and
decommissioning of mines are the TLR and the leases issued pursuant to these regulations.

The federal Northern Inland Waters Act has recently been replaced by the Northwest Territories
Waters Act and the Y ukon Waters Act, promulgated in 1993. The Northwest Territories Waters Act,
administered by the NWT Water Board and DIAND, regulates the use of water and the disposa of
waste into waters of the Northwest Territories. A mining company that wishes to operate a mine must
firs obtain a water licence by stisfying the following conditions  any waste produced by the mining
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operation will be treated and disposed of in the appropriate manner under prescribed effluent standards,
and the financid responghility of the gpplicant is adequate for completion of the undertaking as well as
any required mitigation, maintenance or redoration. If present restoration technology will not
satisfactorily prevent long term degradation of the environment, a water licence may not beissued. The
Water Board may require an gpplicant to furnish and maintan a security with the Miniger to
compensate users who are entitled to compensation or to recover the Crown's costs incurred in
counteracting, mitigating or remedying adverse effects. Indudtrid licences generdly contain conditions
requiring abandonment and restoration plans and their implementation. If the gpproved abandonment
and regtoration plan is not satisfactorily implemented, the security depost or a portion of it may be
withheld by the Water Board.

The NWT Water Board has published guiddines to provide the mining industry with direction in
developing abandonment and restoration plans (41b). The guiddines include a discusson of design
features (e.g. tailings and containment structures, cover treatments, waste rock piles), plan development
(e.g.abandonment scenarios) and monitoring.  The maximum acceptable concentrations for sdected
subsgtances in discharges from abandoned tailings areas are from the Metal Mining Liquid Effluent
Regulations, but lower values may be considered for environmentaly sengtive aress.

The Water Resources Divison of Northern Affairs administers and enforces the Yukon Waters Adt,
and is respongble for licenang. The Water Board processes and issuesthe licenses. The Act issmilar
to the NWT Waters Act. A mining company needs a license to operate.  Conditions included in the
license include provisons for monitoring, collection and trestment and closure. The Minigter has the
authority to take the necessary action to mitigate or remedy adverse effects caused by the operation and
asecurity deposit to cover this eventudity is incorporated into the license,

Other rdlevant federd environmentad legidation includes the Arctic Waters Pollution Prevention Act,
which regulates effluent disposd in arctic waters, and the Fisheries Act, the Canadian Environmental
Assessment Act and the Canadian Environmental Protection Act, which were discussed in Section 5.0.

6.1 Northwest Territories

The minera indudtry in the Northwest Territories (NWT) accounts for a mgor portion of the territoria
economy. Almost one-quarter of Canada’s lead and zinc production originates in the NWT, which aso
produces gold, cadmium and slver (41a).
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Thereisno legidation in the NWT directly affecting progpecting, exploration and mining. Environmentd
legidation includes the territorid Environmenta Protection Act and the Environmenta Rights Act, both
adminigered by the NWT Depatment of Renewable Resources. The former provides genera
protection from contamination by hazardous substances. For example, it prohibits the discharge of
contaminants to the environment and holds the party responsble for a saill ligble for clearrup and
damages. The latter is primarily concerned with the release of contaminants and gives residents of the
NWT theright to take certain actions to protect the environment.

The NWT Department of Energy, Mines and Petroleum Resources has prepared a guide to legidation
affecting the minerd industry in the territories (42). It provides a comprehensive look at laws and
regulations which affect exploration, development and mining.

6.2 Yukon

The Yukon mining industry comprises minera exploration, hardrock mining and placer mining.  Zinc,
lead and gold are the most important minerds.

Mining in the Y ukon is regulated under the Y ukon Quartz Mining Act (1924). The Act does not have
any spedific regulations governing land use activities on mining cdams. An amended Act and regulaions
have been proposed by the Yukon Mining Advisory Committee, which includes representatives from
government and industry. It is expected to encompass exploration, development, production, mine
closure, financid security and pendties (43). A production license will be required for any producing
mine. The licence gpplication would trigger review under the Canadian Environmental Assessment Act.
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70 PROVINCIAL LEGISLATION

Mog of the legidative power rddaing to decommissoning of AMD dtes fdls within provincid
jurisdiction because the provinces exercise proprietary rights over vast areas of Crown land and
minerds, have legidative authority in relation to the development, conservation and management of
minerd resources, and have powers over property and civil rights which provide a bads for the
regulaion of land use and mining activities, including reclamation work. Provincid jurisdiction in these
aress is expressed in provincid legidation rdating to environmenta assessment and licensing, land-use
planning, water rights and minerd tenure and mining, al which directly affect decommissioning activities.

Provincid legidaion and guiddines relevant to decommissoning AMD dtes are discussed in the
following sections.

71 Alberta

Albertas minerd endowment lies mainly in petroleum and natura gas, cod and oil sands. Metdlic
mineras are not mined in Alberta. Because the cod that ismined is low in sulphur, AMD is not a mgjor
problemin Alberta.

The Alberta Clean Water Act legidates the licenang of cod mines. The effluent criteria are Ste-specific
and incorporated into the operating license for the mine. Some criteria for licencing are contained in the
Cod Guiddines, which are in "updated draft form". For example, the pH of wastewater discharged
must be within the range of 6.0 - 9.5 based on grab sampling. In addition, criteria from the Alberta
Surface Water Objectives (44) or the Canadian Water Quality Guidelines (CWQG) (45) are used for
licencing. CWQG are being used more frequently in preference to the Alberta Surface Water
Objectives.

The authority for imposing reclamation requirements on Alberta mining operations is found primarily in
the Land Surface Conservation and Reclamation Act, the Coa Conservation Act, and the Public Lands
Act (46). Authority governing the reclamation of cod operations is shared by the Energy Resources
Consarvation Board (ERCB) and Alberta Environment with the former responsible for coordinating the
numerous gpprovals required to engage in cod mining in Alberta

Because AMD is not asignificant problem in Alberta, there is no legidation, policy, or criteria specific to
AMD. In addition, there are no case studies of decommissioning an AMD site.
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Therefore, a more detailed discussion of Albertas regulatory framework with respect to cod mining is
beyond the scope of this review.

7.2 British Columbia

Minerd products condtitute over one-fifth of the province's total exports. Coa and copper are British
Columbias most important minerds, followed by zinc, gold and siver (41). AMD occurs a sx of the
Sixteen operating metd mines, and none of the eight operating cod mines in British Columbia (47).
British Columbiais a participant in the MEND program.

The Mine Development Assessment Act (48) provides the legd framework for comprehensve
environmental assessments of proposed mine developments. It is intended to dovetall with the
Canadian Environmental Assessment Act. Mine developments subject to the Act are termed
"reviewable mine developments' and include new cod or minera mines cgpable of producing 10,000
tonnes per year, or other mines designated by the Chief Inspector of Mines where potentiad impacts
warrant an integrated review. An gpplication for a mine development certificate must contain an
environmenta protection plan gpproved by the Minister of Energy, Mines and Petroleum Resources
with the concurrence of the Miniger of the Environment. A mine development certificate must be
obtained before a"reviewable mine development” can be constructed. As part of the approva process,
the government requires testing to identify potentialy acid producing materids and requires assurance
that al sources of potential acid generation have been identified and that prevention and control
messures have been incorporated into the plan, if appropriate. The Ministers may refer the application
to an assessment panel or accept, modify or rgect an application. The assessment pane may
recommend amendments to the certificate which overrule existing permits even if those permits were
obtained in compliance with applicable legidation.

The Mines Act (49) governs dl mining activities induding exploratory drilling, excavation, processng,
concentrating, waste disposal and dte reclamation. Before commencing work on a mine, proponents
are required to outline the proposed work plan and a program for the protection and reclamation of the
land and watercourses affected by a mine, and to obtain a Reclamation Permit. Disturbed land and
water resources must be reclamed to alevel of productivity not less than that which existed previoudy,
and water released from the minesite must meet long term water quality standards. A security deposit
may be required for reclamation purposes. The ingpectors appointed under the Act may do work
around a closed or abandoned mine to abate pollution and a charge may be registered againgt the
minerd title.
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The Mines Act dso established the Hedlth, Safety and Recdlamation Code for Minesin British Columbia
(50). The code is subject to an annua review. Compliance with the code, which covers worker hedlth
and safety, mechanica/dectrical and reclamation requirements, is necessary. Proposed mines must
submit reclamation plans if a surface disurbance is likely to result. The Chief Ingpector of Mines
decides when exploration work is likely to cause a significant surface disturbance and exercises broad
discretion with respect to requiring and gpproving reclamation programs (46). Reclamation plans should
include: 1) location and extent of the mine, 2) present land uses, 3) nature of the mine, with specid
reference to "prediction of acid generation for dl strata and deposits, including static and, if necessary,
kinetic tests’, 4) reclamation plan for congtruction and operationa phases of mining operation, and 5)
find reclamation plan. Mine reclamation standards are dso specified in the code and include returning
the land and watercourses to a productive land use, ensuring that impoundment structures and waste
rock dumps are stable over the long-term, and ensuring that water quality released from amine steis of
an acceptable gandard.  With respect to acid generating materia, the mine reclamation standards
goecify that "dl potentid acid generaing materid shdl be placed in a manner which minimizes the
production and release of AMD to aleve that assures protection of environmental quality”.

The Pollution Control Objectives (51) contain objectives for discharges to air, water and land. The
objectives provide for a wide range of discharge concentrations depending on the needs of particular
receiving environments. The more stringent values apply to sendtive environmentd Stuetions, the less
sringent where it can be shown that unacceptably deeterious changes will not follow. The objectives
are intended to apply province-wide, but in specid circumstances the Director of Pollution Control may
apply more, or less stringent requirements.  The objectives for find effluent are presented in Table 4.2,
in Appendix 4.

British Columbia does not have any province-wide water quality objectives. BC Environment develops
objectives on a Site-specific bass usang scientific guidelines, or criteria (52). For example, if an areahas
very high copper, objectives for copper would be set for this area.  Each objective and criteria is
published in a separate report. There are presently reports on 33 objectives and 15 criteria
Objectives may serve as a guide for mine permitting and may help to assess the Minigtry's performance
in protecting water uses. Neither criteria nor objectives are based on any legidation, therefore, they are
non-enforcesble. However, these guidelines are used in the review of a mine development certificate
and failure to comply may result in sgnificant ddlays. Furthermore, each mine dte has Ste specific
parameter concentrations specified in their waste management permits.

The Victoria-based Reclamation Advisory Committee (RAC) has developed a series of working

policies and technicd initiatives to ded with AMD. These have recently been rdeased as an "Interim
Policy" for public comment (47). Theinterim policy reflects the RAC's current philosophy of preventing
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AMD generation through prediction and design, wherever possible avoiding long term trestment. The
policy contains sections deding with prediction, prevention, collection and treatment, reclamation
permitting, bonding, monitoring, historic Stes, exising mines, commercia leaching and exploration.
Many of these issues are discussed in detall in a guidance document sponsored by the British Columbia
Acid Mine Drainage Task Force (53). The objectives of the document are to provide guidance and
recommendations in the application of Sate-of-the-art technology in prediction, control and monitoring
of AMD.

Of the sxteen metd mines currently operating in British Columbia, six are presently producing AMD
and severd more have the potentid to do so. These Sx mines are currently collecting and treeting al
acidic drainage. Of the eight operating cod mines, none are presently generaeting AMD.  Although one
coad mine has acid generating potentid, it has been designed to prevent AMD. For proposed new
mines, government policy is to approve only those mines which develop plans that prevent or control
AMD (54).

Exiging mines with AMD which commenced operation prior to present legidation are required to
submit detailed closure plans. For example, the Equity Siiver Mine in the centrd interior of British
Columbia has scheduled closure and developed detailed closure plans. At this time, the water qudity
objectives are not yet available. British Columbia dso has at least Six higtoric mine sites with AMD and
new poalicies pertaining to them are currently under development. One such Ste is the Mt. Washington
Mine on Vancouver Idand which is undergoing reclamation. However, water quality objectives are in
the early draft stage and not yet available.

7.3 M anitoba

Next to agriculture, mining is the leading primary resource industry in Manitoba.  Nickel, copper and
zinc are the mgor metdlic minerals produced in the province. Manitoba is a participant in the MEND
program. There are some serious AMD sites in Manitoba, but not many compared to other provinces
participating in MEND. There are no readily available case studies of AMD dites that have been
decommissioned.
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Manitoba has a new Mines and Mineras Act (55) which contains improved environmenta safeguards
for mining operations. There are two sections relevant to decommissoning AMD sites:

0 new and existing mining operations must file closure plans which address the "protection
of the environment during the life of the project” and rehabilitation of the Ste upon mine
closure; and

i mining operations must put up security for performance of rehabilitation work.

However, the practicd details of the closure and rehabilitation requirements are il to be worked out
and developed into regulations. A target date for development of regulations has not been set.

Prior to commencing operaion of a mine, an environmenta impact statement must be completed to
comply with the Environment Act. In Manitoba, the Clean Environment Commission (CEC) holds
hearings and gathers evidence from any "concerned individuas' including the public, the government
Environmenta Department, and the proponent. Following this, the CEC issues a report with
recommendations which the Director of the Environment Depatment uses in setting terms and
conditions of an Environmenta License. The Director is not bound by the CEC recommendations, but
must indicate why any such recommendations are rgjected. Any issued License is subject to an gpped
process. The mine license includes limitations on effluent. Federd effluent limitations are sometimes
used, but in generd, criteria are set on a Site-gpecific bas's using the following approach.

Surface waters in Manitoba are classfied from 1 to 6. Manitoba Environment the potentia
impact area of the proposed mine and, if the surface waters in the vicinity have not been previoudy
classfied, makes an assumption as to water classfication. As can be expected, the class of surface
waters for the entire province has not been determined yet. Public hearings are required to set the
classfication, therefore, during mine licenang only an initid assumption is made. Manitoba Environment
then sdlects the most stringent surface water quaity objectives applicable, based on the assumed
classfication, and sets effluent limitations such that the loading to the surface water can be accomodated
without exceeding the water quality objectives. At times, this approach results in criteria more stringent
than the federd mine effluent limitations.

Detalls on surface water classfication and water quaity objectives are contained in the following three
documents.  Surface Water Quality Objectives, The Development and Use of Water Quality Objectives
(56) and Watershed Classifications (57). Manitoba does not have any groundwater standards yet, but
they are in the development stage.

7.4 New Brunswick
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Mining is New Brunswick's second-largest industry. The most vauable minerds are zinc, potash, lead,
slver, cod, antimony and pest, with zinc accounting for over 50 percent of the tota vaue of production
(41). AMD is an overwheming problem in New Brunswick, but very few (if any) AMD dtes have
been decommissioned at thistime. New Brunswick is a participant in the MEND program.

The Mining Ad (58) provides the authority for the imposition of reclamation requirements on mining
operations. As part of the mine approva process, an application must be made to the Minister of
Naturd Resources and Energy in satisfaction of the requirements of the Mining Act. Requirements for
closure and reclamation are regulated under the Genera Regulaion (59) which specifies tha a
reclamation program for the protection, reclamation and rehabilitation of the environment be submitted
as part of the gpplication for amining lease. In addition, mining lease gpplicants are required to provide
security for the cogts of reclamation work conducted both during and after mining operations. A mining
lease will not be granted until the Minister has approved the reclamation program.

The approvals process for a new mine may commence with an environmenta impact assessment (EIA)
if, in the Miniger's opinion, the proposed mining operation will result in a sgnificant environmenta
impact. New Brunswick has a sanding committee conssting of members from the Department of
Natural Resources and Ministry of the Environment who oversee the EIA process by authority of the
Environmental Impact Assessment Regulation (60). This regulation does not specificdly ded with mine
decommissioning, but the feasibility of mine reclamation would likely be addressed in the EIA.

The Water Qudity Regulation (61) prohibits anyone, without gpprova, from permitting a source to
discharge a contaminant such that it may cause water pollution. The Clean Water Act (62) gives
authority to the Minister of Hedlth and Community Services to prescribe the maximum concentration of
any contaminant or wadte that is permissible in potable water and to the Minister of the Environment for
water that is not potable. However, there are no compliance numbers in ether the Clean Environment
Act or itsregulations, or in the Clean Water Act. Criteriafor water quaity and effluent are usudly taken
from federd sources such as the CCME criteria and the Metd Mining Liquid Effluent Regulations, but
criteria are negotiable and ste-specific.

75 Newfoundland

Iron ore accounts for over 80 percent of the provincid minerd indudtry; the other two leading minerds
are zinc and asbestos. Newfoundland does not have asignificant AMD problem.
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The Environmenta Assessment Act (63) governs the gpprova of new mines in Newfoundland and
provides the authority to impose reclamation conditions on these operations. It does not apply to mines
dready in operation when the Act was passed. The Act requires proponents to notify the Minister of
the Environment prior to proceeding with the find desgn of an "underteking” defined as an activity
which, in the opinion of the Miniger, may have a sgnificant environmenta impact. In addition, a
schedule of activities that must be registered under the Act are provided in Environmental Assessment
Regulaions, and include meta and non-metal mines over 10 haiin area.

Once a proposed mining operation is registered, the Minister determines if an EIA isrequired. If itis,
the proponent is required to provide a description of the effects that may be expected to be caused to
the environment and actions necessary to prevent or mitigate the effects, and a proposed set of control
or remedid messures to minimize the effects. If the proposed mining operation is approved, the
Minister may attach conditions that the proponent "restore the affected environment to ecologicaly and
socidly acceptable levels'.

Mining operations are regulated under The Department of Mines and Energy Act (1989). In addition,
the Environment and Lands Act specifies that any building or congtruction requires a discharge permit
from the Minigter of Environment. The Minister issues a discharge permit to mines before they can dart
and effluent limits are st a this point. Newfoundland utilizes the federd Metd Mining Liquid Effluent
Regulations, the Canadian Water Qudity Guiddines and any other regulaions or criteria on a
dgte-gpecific basis. In addition, the pH of any effluent can be set under the Water and Sewage

Regulations.

There are no regulaions or policies specific to AMD in Newfoundland. The Newfoundland
Depatment of Mines and Energy dedls with AMD problems at the point when the mining company
wants to terminate its lease and return the land back to the province. The mining company must show
that the mine gte will not pose any environmenta liability. Effluent data is reviewed by reevant
provincia and federd agencies and a decison made on a site-specific bass whether the mine poses a
problem or not. One mine returned to the province does have an AMD problem. As part of the
remediad assessment, the province is reviewing stream geochemica data collected previoudy by the
Newfoundland Geologica Survey for prospecting purposes. The province plans to utilize the data to
establish background concentrations of parameters of concern.

7.6 Nova Scotia

Cod and industrid mineras condtitute the bulk of mining in Nova Scotia. Cod is Nova Scotia's most
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important minera resource, followed by gypsum. Canadian primary tin production came from one
open-pit mine in East Kemptville until 1991 (41). Nova Scotia has a Sgnificant AMD problem due to
the fact that pyrite-rich Halifax Formation date underlies many areas of the province.

Many aspects of mining operaiions are regulated under the new Minerd Resources Act (64),
administered by the Nova Scotia Department of Natura Resources. It deds primarily with land
management issues such as mining leases, mining permits, reclamation and bonding.  The department is
currently developing guiddines for reclamation (65).

Mining operations are a0 affected by the Environmenta Protection Act (66) which requires industry to
aoply for an indudtrid discharge permit a the commencement of operations. Effluent criteria are
determined on a case-by-case basis as part of the permitting. As a result, the Department of Natura
Resources, who have jurisdition over permitting, works closdy with the Department of Environment,
who has jurisdiction over effluent quality. Nova Scotia does not have their own water quality objectives
or effluent guidelines. They use objectives from other jurisdictions including the federd Metd Mining
Effluent Regulations.

The Environmenta Protection Act also requires industry to propose close-out plans and put-up security
a the sametime. The close-out plans tend to be very generd, for example: "areclamation plan will be
avallable 1 year prior to closure’.

Mine decommissioning may be influenced in some cases by the Environmental Assessment Act (67).
This Act reguires proponents to register proposed mining activities with the Minister of the Environment.
The Minigter then decides if the activity has the potentid to have a sgnificant environmenta impect, in
which case an environmental assessment report would be required. Based on the report and input from
government agencies and the public, the Minister has the authority to grant gpprova for the proposed
operation and to place conditions on the approva. Specific authority is provided in the Act for
conditions requiring reclamation research and rehabilitation to a level acceptable to the Miniger. The
Act aso requires that owners register abandonment of particular operations. Based on input from
government agencies and the public, it is decided whether a complete environmental assessment is
required.

Of rdlevance to more than just the mining industry are the Guiddines for Development on Saesin Nova
Scatia (68), jointly prepared by the Nova Scotia Department of Environment and Environment Canada.
The objective of the guidelines is to protect agquatic habitat and water resources from acid runoff from
disgurbed Hdifax Formation date. The guiddines goply to dl developments on, or disposa of,
mineralized dates where atotal volume grester than 1000 n is to be disturbed. The guidelines require
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monitoring effluents and groundwater a dl development stes for pH, arsenic, iron, sulphate, copper,
aduminum, tota acidity, dkainity and conductivity. No compliance criteria are given; they ae
determined on a Ste-gpecific bass.  The guiddines dso include protocols for the sampling and
evauation of bedrock and overburden with respect to acid generation potential.

Recently, Nova Scotia initisted a review and overhaul of the provinces environmentd laws. The
process will culminate in a consolidation of 16 pieces of environmenta legidation into a Sngle act, titled
the Nova Scotia Environment Act. Among legidation included in the review will be the Environmentd
Protection and Environmental Assessment Acts.

7.7 Ontario

Ontario accounts for one-third of total Canadian minerd production: two-thirds of Canada's nickdl and
sdt, dmog hdf its gold, athird of its sand and gravel, cement, copper and uranium, and over a quarter
of its Slver and zinc (41). Four minerds.  gold, nickd, copper and uranium, conditute over hdf the
vaue of Ontario's production. Ontario is a participant in the MEND program.

Activities gpecific to mining operations are regulated by authority of the Mining Adt (69) which was
amended in 1991 to include Pat VII. Part VII and accompanying regulations (70) address mine
closure and rehabilitation. Any mining company that plans advanced exploration, mine production,
expangon or dteration of aproject, or temporary suspension or closing out of a project must follow the
rehabilitation requirements outlined in an accepted closure plan or the rehabilitation standards set out in
the Regulations. Part VI dso gives the Director of Mines Rehabilitation the ability to demand closure
plans for properties dready abandoned when the Act came into force and where the owner can be
found.

To assg proponents in deding with the requirements of Part VII pertaining to closure, the Ontario
Minigtry of Northern Development and Mines has issued extensive guiddines that include details on:
closure plans, the Regulations, closure technology, closure components, monitoring, costing and financid
assurance (71). Some items from the guidelines that are relevant to this review follow.

The closure plans should provide data on ore minerdogy and on the acid generating potentia of the ore
and hogt rock. They should provide data to assess potentid water quaity impacts adjacent to and
downstream from the Site.  Predicted downstream water quality should be compared with Provincid
Water Qudity Objectives. The closure plan should adso provide details on the chemica monitoring
program to be carried out during closure including the location of the monitoring points, the parameters

31



to be measured and sampling frequency. Parameters to be measured will be determined on a
gte-gpecific bass and will depend on the minerdogy of the particular Ste, results of the predicted
downstream water quaity, and relevant provincia and/or federd effluent and water quality criteria

Policies and implementation procedures regarding the management of surface and groundwater quality
and quantity are contained in Water Management - Goas, Objectives, Policies and Implementation
Procedures of the Minigry of the Environment (72). The document sets Provinciad Water Qudlity
Objectives which represent a desrable levd of water qudity that the Ministry of Environment and
Energy (MOEE) drives to maintain in Ontario's surface waters. A partid list is presented in Table 4.4,
in Appendix 4. The document aso contains objectives for groundwater quality including Ontario's
Drinking Water Objectives, which have been recently updated (73), and water qudity criteria for
agriculturd use. A partid list is presented in Table 4.5, in Appendix 4.

No effluent criteria are set in the above document, dthough there is a discusson of how they are
determined. However, Ontario is currently in the midst of implementing the Municipd Indudria
Strategy for Abatement (MISA) which is a regulatory program initiated by the MOEE to tighten
gtandards which must be met by mines and other indudtries that discharge effluent into surface waters.
Initidly, each of nine mgor industrid sectors have been subject to a monitoring regulation which requires
them to identify, measure and report concentrations of toxic chemicasin the effluents that they discharge
into surface waters. After one year of monitoring, the MOEE will review the results and develop
regulations that pecify the concentrations of toxic pollutants permitted in the effluent of each operation.
Effluent limits will generdly be established on a sector-by-sector basis, but more stringent limits may be
et for aparticular operation in order to protect sengtive waterbodies. MOEE will set effluent limits that
are attainable by using the "best avallable technology economicdly achievable'.

Draft Clean Water Regulations for the Metal Mining Sector have recently been released for public
review (Sept., 1993). The fina regulations will be enforcesble and will be & least as stringent as the
federd Metd Mining Liquid Effluent Regulations, but will likely include more parameters.

MISA's legidative authority is based on the Environmenta Protection Act (EPA) (74). The purpose of
the Act is to protect and conserve the air, land and water of Ontario. It prohibits discharges that
contaminate the environment, and enables the MOE to require that certain discharges be stopped or
controlled, preventive measures taken and damage repaired. The Ontario Water Resources Act
(OWRA) (75) dso prohibits discharges of materids that may impair water qudity, and enables the
MOEE to require measures to be taken to prevent or reduce water quality impairment. The generd
purpose of the OWRA is to protect and conserve the lakes, rivers, streams and groundwater of
Ontario. There is some overlap between the EPA and OWRA, but the Acts complement each other
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and are both administered by the MOE.

Ontario dso has an Environmenta Assessment Act.  Proposed mining operations in Ontario have
generdly not been subject to the Environmental Assessment process, athough MOEE is consdering
requiring that al proposed private sector mining undertakings undergo some form of environmenta
assessment and approval process (76).

7.8 Prince Edward |dand

As Canadas smdlest province, Prince Edward Idand has limited minera activity. Although the
presence of uranium has been recorded at various points on the idand, the only minerds with current
commercid vaue are sand and graved (41). Therefore, existing mining and environmenta legidation and
policies for Prince Edward Idand were not considered relevant to this review.

79 Quebec

Over hdf the vaue of Quebec's mineral production is derived from gold, iron ore, asbestos and copper
(41). Mining hastraditionaly been a mgor source of employment in the northeastern, north-central and
Gaspe regions of the province. Quebec has a sgnificant AMD problem and is a paticipant in the
MEND Program. A comprehensve environmenta report on Quebec's mining industry was released in
1991 (77).

The Mining Act (78) sets out requirements for exploration licences and for operators involved in mining
activities and, due to recent amendments, ensures the rehabilitation and restoration of land affected by
mining activities. The Ministry of Energy and Resources is responsible for developing minera resources
in the public domain and has control over the restoration of mining sites. Mine operators are required to
submit a rehabilitation and restoration plan for goproval before exploration or mining activities begin (for
new mines), or within a set period of time (for exising mines), meet the requirements of the plan and
furnish afinancid guarantee. The content of retoration planswill be Ste-specific. Acid generation tests
can be requested to determine if there is a danger of AMD and restoration plans will be stricter when
acid tallings are present (79). Rehabilitation and restoration plans are subject to consultation with the
Minigtry of the Environmerntt.

In cases of non-compliance, the Minister has authority to order the work done a the operator's
expense. The amendments aso give the Minister authority to order an operator having dready ceased
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his mining activities to perform rehabilitation and restoration work due to the presence of tallings, even if
the operation predates the amendments.

Mining activities are subject to the Environmenta Qudity Act (80) which requires that certificates of
authorization be obtained from the Minidry of the Environment prior to the commencement of any
mining activity which may change the environment. A certificate is dso necessary for any modifications.

Procedures and requirements for obtaining the certificate of authorization are outlined in Directive 019
(81), a guidance document which addresses aspects of the Environmental Quality Act applicable to the
mining indugtry. For example, it contains criteria for find effluent from mines, derived largdy from the
federd Metd Mining Liquid Effluent Regulations, which are presented in Table 4.6, in Appendix 4. The
directive applies to both new and existing mines.
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Drinking Water Reguletion (82) contains enforcesble drinking water qudity criteria. A partid lig is
presented in Table 4.7, in Appendix 4. Quebec does not have any regulations containing surface water
quality criteria

7.10 Saskatchewan

About 40 percent of world exports of potash are produced in Saskatchewan. The province also
contains some of the highest-grade reserves of uranium known in the western world. Other metals and
minerds produced in Saskaichewan include coa, sodium sulphate, specia clays, copper, zinc, gold,
Slver, cadmium, sdenium and tellurium (41). Newer uranium ore bodies, which are located in the
sulphide-bearing Athabasca Sandstone, tend to have a greater AMD problem than older ones located
in sulphide-poor basement rocks. Saskatchewan has afairly arid climate and AMD can take awhile to
manifest itsdlf. Saskatchewan has recently become involved in the MEND program.

Prior to licenang, new mines in Saskatchewan must go through the Environmental Impact Assessment
(EIA) process by authority of the Environmenta Assessment Act (83). Once the Minigter of the
Environment is satisfied that the proponent has met the requirements of the Act, he will decide whether
to gpprove the development. The Minister may impose any terms and conditions on the approva that
he consders necessary or advisable. For example, in the case of mgor cod mine operations,
conditions have been placed on the gpprovas requiring compliance with the reclamation program
described in the Environmenta Impact Statement (part of the EIA process) or with area specific
reclamation guiddines (46).

The Mines Pollution Control Branch of the Department of Environment is responsible for licenang mines
by authority of the Environmenta Management and Protection Act (84), which the Branch administers.
The Branch provides input during the EIA process, but its primary role lies in gpproving and ensuring
compliance with the Ste specific reclamation plans required as part of the EIA process.  Security
deposits are generdly not required. Abandonment of a mine Ste rquires approva by the Minigter.
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Effluent criteria for mines are dte-specific.  Some criteria are contained in the Minera Industry
Environmenta Protection Regulaions (85), but these are very broad-based and apply to al types of
mining. They are presented in Table 4.8, in Appendix 4. Effluent criteria are generdly determined by
consdering the Surface Water Quality Objectives (86) which are incorporated into the EIA prior to
goprova. A partid ligt of these objectivesis presented in Table 4.9, in Appendix 4.

Saskatchewan Environment and Public Safety, with input from a committee of indusiry and regulatory
representatives, has published guiddines for the desgn and control of mine effluent qudity (87). The
objectives of the guiddines are to provide a summary of the processess which control effluent quality
and to provide guidance and recommendations for the state of the art in prediction, control and
monitoring of AMD and metd leaching. The guiddines were written for the uranium mining indugtry in
Saskatchewan in particular, dthough the generd philosophy and gpproach are used throughout the
mining indugtry (35, 53).

80 SUMMARY

In generd, regulatory drategies specificaly geared towards decommissioning steswith AMD are dill in
the development stage in both Canada and the United States. Overdl, environmenta legidation is more
prescriptive in the United States than in Canada.  Some of the criteria that would typicaly be used in
assessing the success of an AMD site decommissioning are effluent qudity leaving the mine ste and
groundwater and surface water quality downgradient from the mine ste.  Effluent limitations, drinking
water standards and surface water qudity criteria have dl been developed a a federd level by the
United States Environmental Protection Agency. In addition, they are dl enforcesble at ether the
federa or state level, depending on whether a particular Sate has an gpproved regulatory program in
place. In Canada, on the other hand, non-enforcesble water quality guidelines, or objectives are the
norm. However, Ste-specific enforceable parameters, based on water quaity guidelines or objectives,
may be incorporated in mine operation permits or licences.

Seven dates were contacted as part of this review. ldaho and Nevada have no regulations, guidelines
or policies tallored specificaly for licensng or decomissoning mines with AMD, or the potentia for
AMD. Nevada does not have a sgnificant problem with AMD due to its arid climate, and legidation in
Idaho has not been developed to the leve of detall to include AMD dgites. These sates do not have any
AMD dgtesthat have been decommissioned.

Cdifornia and Montana do not have clear-cut legidation to address AMD specificaly, but do seem to
have some generd policies for the approach to be used in decommissioning AMD stes. In both gates,
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decommissioning of mine steswith AMD is done in a Ste-specific manner, as exemplified by some case
studies discussed in this report.

Legidation in Colorado loosdly makes reference to AMD by dating that "acid-forming materid™ at
operating mine sites should be handled in a manner that will protect downgradient water bodies. A
magor mining reform package is currently before the Colorado Legidature.

Only two of the gates contacted, Pennsylvania and West Virginia, have a regulatory strategy thet
addresses AMD directly. In both states, predictive testing for acid generation potentia is mandatory
prior to gpprova. Furthermore, in Pennsylvania, if a proposed mine dte is shown to have the potentia
for AMD, it isnaot licensed. On the other hand, West Virginiawill license a mine with AMD potentid,
but requires that control technologies be adequate to meet effluent and water quadity criteria. The fact
that the regulatory system in these states addresses AMD specificdly islikely due to the importance and
high vighility of cod mining in both these states, and the problem of AMD associated with it. However,
even in these two dtates, there is no systematic gpproach for decommissioning abandoned mines with
AMD.

Canada is actively involved in research on the prediction and control of AMD, particulary with respect
to metal mining operations. Much of this research is fostered by the nationa Mine Environment Neutra
Drainage (MEND) program in which the federd government, the Canadian mining industry and the
provinces of British Columbia, Saskatchewan, Manitoba, Ontario, Quebec and New Brunswick
paticipate. Research on AMD from cod mining operations is likely further advanced in the United
States.

All the provinces and territories were contacted as part of this review. Two of the provinces do not
have a dgnificant AMD problem (Prince Edward Idand, Alberta). The remaining provinces and the
territories are at different stages of developing regulatory dtrategies for addressng AMD.  In most
juridictions, there are now provisons for proposed mines to complete some type of environmenta
impact statement.  However, depending on which jurisdiction, the discretion granted to the "minister”,
and/or the size of the proposed mine, the complexity of the statement will vary.

Severd provinces, incuding British Columbia, Ontario and Saskatchewan, have guideines in place that
require predictive testing, prior to approval, to determine the acid generation potentid of rock units at a
proposed mine. Nova Scotia has gone a step further and requires monitoring at any development on

shde of the Haifax Formation, and prediictive testing for acid generation potentia in certain instances.

With respect to effluent limitations, mogst provinces use the federd Metd Mining Liquid Effluent
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Regulations, dthough some provinces such as British Columbia, Saskatchewan and Quebec have
developed ther own. Ontario is currently in the process of developing comprehensive effluent
regulations for various indudtries, including netal mining, under the Municipa Industrid Strategy for
Abatement (MISA) program.

With respect to water qudity, many provinces use the federd Canadian Water Qudity Guidelines,
athough provinces such as British Columbia, Alberta, Manitoba, Saskatchewan, Ontario and Quebec
have developed, or are developing, their own criteria for surface water and/or groundwater quality.
Both British Columbia and Manitoba seem to be taking dightly different gpproaches from the other
provinces to developing water quaity management programs.  For example, with time, surface water
bodies in Manitoba will be classfied according to present and potential use and water quality criteria set
accordingly. This gpproach is amilar to that taken in the United States. British Columbia sets water
qudity objectives on a ste-specific bads, taking into account such factors as water quality and water
uses. This approach potentidly has the flexibility to address the anomal ous background water chemistry
sometimes encountered a mine Stes.
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File Nos. 30266/30277
May 3, 1993
Hudson Bay Mining and Smdting Co., Ltd.
P.O. Box 1500
Hin Flon, Manitoba R8A 1N9
Dear Mr. W. Fraser:

RE: REVIEW OF CANADIAN AND UNITED STATES LEGISLATION RELEVANT TO
DECOMMISSIONING ACID MINE DRAINAGE SITES

Please find enclosed one copy of the above-captioned report. We trust the information provided in this
report meets your present requirements. If you have any questions or require additiond information,
please do not hestate to contact the undersigned, or Mr. Geoffrey Parker, Manager, Environmental
Operations.
Yourstruly,

JACQUES WHITFORD ENVIRONMENT LIMITED

Ingrid Reichenbach, M.Sc.
Project Officer
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File Nos. 30266/30277
May 3, 1993
Mr. W. Napier
Homestake Canada

Dear Mr. Napier:

RE: REVIEW OF CANADIAN AND UNITED STATES LEGISLATION RELEVANT TO
DECOMMISSIONING ACID MINE DRAINAGE SITES

Please find enclosed one copy of the above-captioned report. We trust the information provided in this
report meets your present requirements. If you have any questions or require additiond information,
please do not hestate to contact the undersigned, or Mr. Geoffrey Parker, Manager, Environmental
Operations.
Yourstruly,

JACQUES WHITFORD ENVIRONMENT LIMITED

Ingrid Reichenbach, M.Sc.
Project Officer
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File Nos. 30266/30277
May 3, 1993
Mr. Bak Chauhan
Ontario Ministry of Environment & Energy

135 &. Clair Avenue West, 5th Floor
Toronto, Ontario M4V 1P5

Dear Mr. Chauhan:

RE: REVIEW OF CANADIAN AND UNITED STATES LEGISLATION RELEVANT TO
DECOMMISSIONING ACID MINE DRAINAGE SITES

Please find enclosed one copy of the above-captioned report. We trust the information provided in this
report meets your present requirements.  If you have any questions or require additiona information,
please do not hestate to contact the undersigned, or Mr. Geoffrey Parker, Manager, Environmental
Operations.

Yourstruly,

JACQUES WHITFORD ENVIRONMENT LIMITED

Ingrid Reichenbach, M.Sc.
Project Officer



TABLE 1.1

ORE MINING AND DRESSING POINT SOURCE CATEGORY (1992)

Aluminum Ore

Iron Ore!
TSS 30.0 20.0
Fe (dissolved) 2.0 1.0
pH 6.0-9.0 6.0-9.0

TSS
Fe
Al
pH

Uranium, Radium and Vanadium Ore?

TSS

COD

As

Zn

Ra226 (dissolved)®
Ra226 (total)®

30(30)
200(-)
-(1.0)
1.0(1.00)
10(10)
30(30)
4(-)
~(-)
6.0-9.0

20(20)
100(500)
-(0.5)
0.5(0.5)
3(3)

10(10)

2(-)
-(100)
6.0-9.0

3.0
10.0
2.0

6.0-9.0




Mercury Ore*

———— | "}

TSS

Titanium Ore®

TSS
Fe
Zn
Ni
pH

Tungsten Ore’

30.0
2.0
1.0

6.0-9.0

20.0
1.0
0.5

6.0-9.0

TSS
Cd
Cu
Zn
Pb’
As
pH

30(50)
0.10

0.3

1.0

0.6

1.0
6.0-9.0
(6.0-9.0)

20(30)
0.05
0.15

0.5

0.3

0.5
6.0-9.0
(6.0-9.0)

30.0
0.10
0.30

1.0

6.0-9.0

20.0
0.05
0.15

0.5

6.0-9.0




—_— e —————— S

Nickel Ore®

TSS
Cd
Cu
Zn
Pb’
As
pH

Vanadium Ore®

30(50)
0.10

0.3

1.0

0.6

1.0
6.0-9.0
(6.0-9.0)

20(30)
0.05
0.15

0.5

0.3

0.5
6.0-9.0
(6.0-9.0)

TSS
Cd
Cu
Zn
Pb7
As
pH

30(50)
0.10
0.3
1.0
0.6
1.0
6.0-9.0

Copper, Lead, Zinc, Gold, Silver & Molybdenum Ores®’

20(30)
0.05
0.15

0.5
0.3
0.5
6.0-9.0

30
0.30
1.5(1.0)

20

0.15
0.75(0.5)
0.3
0.001
-(0.05)
6.0-9.0

0.30
1.5(1.0)
0.6

0.002
0.10(0.10)

0.15
0.75(0.5)
0.3

0.001
0.05(0.05)

30.0
0.30
1.5
0.6
0.002
0.10

20.0
0.15
0.75
0.3
0.001
0.05




Molybdenum Ores®*!
TSS 30(50) 20(30) - - 30.0 20.0
Cd 0.10 0.05 0.10 0.05 0.10 0.05
Cu 0.3 0.15 0.30 0.15 0.30 0.15
Zn 1.0 0.5 1.5(1.0) 0.75(0.5) 1.5 0.75
Pb’ 0.6 0.3 0.6 0.3 0.6 0.3
As 1.0 0.5 - - - -
Hg - - 0.002 0.001 0.002 0.001
pH 6.0-9.0 6.0-9.0 - - 6.0-9.0 6.0-9.0
(6.0-9.0) (6.0-9.0)
NOTES:
BPT = best practicable control technology BAT = best available technology economically achievable
NSPS = new source performance standards Effluent limitation are applicable to discharge from both mines and mills except as noted.
All units are mg/L unless otherwise noted. - = not given
1. Effluent limitations (BPT,BAT,NSPS) stipulate no discharge to surface water from mills using magnetic and physical methods in the Mesabi Range.
2 Effluent limitations (BPT and NSPS) exclude mills using the acid, alkaline, or combined leach process; ( ) = effluent limitations (BPT) for mines using these leach methods; NSPS
stipulate no discharge to surface water for mills using these leach processes.
3. Values in picocuries per litre (pCi/£). _
4. Effluent limitations (BPT,BAT,NSPS) are applicable to discharges from mines; effluent limitations (BPT,BAT,NSPS) stipulate no discharges to surface water from mills using gravity
separation or froth flotation methods.
5. Effluent limitations (BPT,BAT,NSPS) for TSS,Fe,pH apply to mine drainage; effluent limitations (BPT,BAT,NSPS) for TSS,Zn,Ni,pH apply to discharges from mills beneficiating
ores by electrostatic, magnetic and physical, or flocculation methods.
6. Effluent limitations (BPT) for mines producing less than 5000 metric tons or discharged from mills processing less than 5000 metric tons, per year, are prescribed for pH and TSS only
(see values in brackets). !
7. Effluent limitations (BPT) for Pb are applicable to discharges from mines only.
8. Effluent limitations (BPT,BAT) are for discharges from mines and for discharges from mills which employ the froth flotation process (N.B. Zn & Cd limitations for mills differ from
mines and are shown in brackets); effluent limitations (BPT,BAT) stipulate no discharge to surface water from mills using dump, heap, in-situ or vat leach, or cyanidation processes.
9. NSPS only apply to mine drainage; NSPS stipulate no discharge to surface water from mills that use the froth flotation process; dump, heap, in-situ or vat leach processes; cyanidation
process.
10. Effluent limitations (BAT) are for discharges from mines and from mills which employ the froth flotation process (N.B. Zn limitations for mills differ from mines and are shown in

brackets).



TABLE 1.2

Acid or Ferruginous Mine Drainage'

COAL MINING POINT SOURCE CATERGORY (1992)

Iron, total
Manganese, total
TSS

pH

Post - Mining Areas

6.0
4.0
70.0

3.0
2.0
35.0

Settleable Solids? 0.5 mé/¢ 0.5 me/e 0.5 mé/f 0.5mé/t 0.5mé/¢f 0.5mé/¢
pH?? 6.0-9.0 6.0-9.0 - - 6.0-9.0 6.0-9.0
Iron, total® 7.0 35 7.0 7.0 6.0 3.0
manganese, total® 4.0 2.0 4.0 4.0 4.0 2.0
TSS? 70.0 35.0 - - 70.0 35.0

NOTES:

BPT = best practicable control technology

BAT = best available technology economically achievable

NSPS = new source performance standards

All units are mg/L unless otherwise noted.

- = not given

1. Applicable to acid or ferruginous mine drainage from an active mining area resulting from coal mining.

2. Applicable to discharges from reclamation areas until SMCRA bond has been released.

3. Applicable to discharges from underground workings of underground mines until SMCRA bond release.



PRIMARY AND SECONDARY DRINKING WATER STANDARDS (USEPA, 1992)

TABLE 1.3

General Parameters
pH - 6.5-8.5
Total Dissolved Solids - 500
Inorganic Parameters
Aluminum - 0.05-0.2
Antimony 0.006 -
Arsenic 0.05 -
Barium 2 -
Beryllium 0.001 -
Cadmium 0.005 -
Chromium (total) 0.1 -
Copper (TT) 1
Iron - 0.3
Lead 0.05 (TT) -
Manganese - 0.05
Mercury 0.002 -
Nickel 0.1 -
Radium 226 5 pCi/L -
Selenium 0.05 -
Sitver - 0.1
Zinc - 5
NOTES:

MCL = Maximum Contaminant Level
All units are mg/¢ unless otherwise noted.
TT = treatment technique requirement in effect



GROUND WATER QUALITY STANDARDS (Colorado Department of Health, 1991)

General Parameters

TABLE 2.1

pH - 6.5-8.5 6.5-8.5
Inorganic Parameters

Aluminum - - 5.0
Arsenic 0.05 - 0.1
Barium - 1.0 - -
Beryllium - - 0.1
Cadmium 0.010 - 0.01
Chromium 0.05 - 0.1
Cobalt - - 0.05
Copper - 1.0 0.2
Iron - 0.3 5.0
Lead 0.05 - 0.1
Manganese - 0.05 0.2
Mercury 0.002 - 0.01
Nickel - - 0.2
Selenium 0.01 - 0.02
Silver 0.05 - -
Vanadium - - 0.1
Zinc - 5 - 20




TABLE 2.2

SURFACE WATER QUALITY STANDARDS FOR METALS, COLORADO

'DRINKING
METAL( 1) AQUATIC LIFE (17(3)(4) AGRICULTURE(?2)| WATER-
SuPPLY(2)
Acute = 750
Aluminum :
Chronic = 87
Antimony 14
(30-day)
Acute = 360
Arsgenic 100 50
Chronic = 150 {30-day) (1-day)
Barium 1,000¢E)
(1-day)
Beryllium 100 0.0076
{30-day) (30-day)
Acute = e(1.128[ln(hardness)}-2.905)
Cadmium “(Trout) = e(1.128(tn(hardness)]-3.828) | 3¢ 10
Chronic = e(0.7852Iln(hardness)]-3.490) (30;day) (1-day)
Acute = e(0.819{ln(hardness))+3.688) 100 50
Chromium III¢5)
Chronic = e(0.-819llnthardness)1+1.561) (30-day) (1-day)
Acute = 16 100 50
Chromium VI(5)
Chroni¢ = 11 (30~-day) (1-day)
Acute = 1le(0.9422(ln(hardness)}-0.7703) 200 1,000
Copper 2 '
Chronic = e(0.85451in(hardness)3-1.465) (30~-day)
Iron Chronic = 1,000(tbt.rec.) 300(dis)

(30-day




TABLE 2.2 (con't)

» DRINKING
METAL( 1) AQUATIC LIFE (1)(3)(4) AGRICULTURE(Z)| WATER-
SUPPLY(?2)
Acute =le(1.6148(ln(hardness)]-2.1805) | 190 50-
Lead 2 4
Chronic = e(1-417[in(hardness)]1-5.167) (30-day) (1-day)
Manganese Chronic = 1,000 200 50(dis)
(30-day) {30-day)
Acute = 2.4
Mercury Chronic = 0.1 2.0
FRV(fish) (6) = 0.01 (Total) (1-day)
Acute = 1e(0.76(ln(hardness)]1+4.02) 200
Nickel
Chronic = e(0.-76lln(hardness)]}+1.06) (30-day)
Acute = 135
Selenium 20 10
Chronic = 17 {30-day) (30~day)
Acute = le(1.720ln(hardness)1-6.52)
Silver 2
50
Chronic = efll-72[in(hardness)]-9.06) (1-day)
"(Trout) = e(1.72[ln(hardness)]-10.51)
Thallium Chronic = 15 0.012
(30-day)
Acute =e(1.1021fln(hardness)}+2.7088)
Uranium
Chronic = e{(1-1021{ln(hardness))+2.2382)
Acute = e(0.8473[in(hardness)}+0.8604) 2000 5000
Zinc )
Chronic = (0-8473[ln(hardness)1+0.7614] (30-day) (30-day)
NOTE:

Numbers in parentheses refer to Table III footnotes.



(1)

(2)

(3)

(4)

(5)

(6)

TABLE 2.2 FOOTINOTES

Metals for aquatic life use are stated as dissolved unless otherwise
specified.

Metals for agricultural and domestic uses are stated as total
recoverable unless otherwise specified.

Hardness values to be used in equations are in mg/l as calcium
carbonate. The hardnegs values used in calculating the appropriate
metal standard should be based on the the lower 95 per cent confidence
limit of the mean hardness value at the periodic low flow criteria as
determined from a regression analysis of site-specific data. Where
insufficient gite-~gpecific data exists to define the mean hardness
value at the periodic low flow criteria, representative regional data
shall be used to perform the regression analysis. Where a regression
analysis is not appropriate, a site-specific method should be used. 1In
calculating a hardness value, regression analyses should not be
extrapolated past the point that data exist.

Both acute and chronic numbers adopted as stream standards are levels
not to be exceeded more than once every three years on the average.

Unless the stability of the chromium valence state in receiving waters
can be clearly demonstrated, the standard for chromium should be in
terms of chromium VI. 1In no case can the sum of the instream levels of
Hexavalent and Trivalent Chromium exceed the water supply standard of
50ug/l total chromium in those waters classified for domestic water use.

FRV means Final Residue Value and should be expressed as "Total"
because many forms of mercury are readily converted to toxic forms
under natural conditions. The FRV value of 0.01 ug/liter is the
maximum allowed concentration of total mercury in the water that will
present bioconcentration or biocaccumulation of methylmercury in edible
fish tissue at the U.S. Food and Drug Administration‘’s (FDA) action
level of 1 ppm. The FDA action level is intended to protect the
average consumer of commercial fish; it is not stratified for sensitive
populations who may regularly eat fish.

A 1990 health risk assessment conducted by the Colorado Department of
Health indicates that when sensitive subpopulations are considered,
methylmercury levels, in sport-caught fish as much as one-fifth lower
(0.2 ppm) than the FDA level may pose a health risk.

~

In waters supporting populations of fish or shellfish with a potential
for human consumption, the Commission can adopt the FRV as the stream
standard to be applied as a 30-day average. Alternatively, the
Commission can adopt site-specific ambient based standards for mercury
in accordance with Section 3.1.7(1)(b)(ii) and (iii). When this option
is selected by a proponent for a particular segment, information must
be presented that (1) ambient water concentrations of total mercury are
detectable and exceed the FRV, (2) that there are detectable levels of
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mercury in the proponent’s discharge and that are contributing to the
ambient levels and (3) that concentrations of methylmercury in the fish
exposed to these ambient levels do not exceed the maximum levels
suggested in the CDH Health Advisory for sensitive populations of
humans. Alternatively or in addition the proponent may submit
information showing that human consumption of fish from the particular

segment is not occurring at a level which poses a risk to the general
population and/or sensitive populations.



TABLE 2.3
SURFACE WATER QUALITY CRITERIA (Idaho Department of Health and Welfare)

Inorganic Parameters

Antimony - - _ 14
Arsenic 360 190 0.018
Beryllium - - -
Cadmium 39 1.1 -
Chromium (IIT) 1700 210 -
Chromium (I'V) 16 11 -
Copper 18 12 -
Lead 82 32 -
Mercury : 24 0.012 0.14
Nickel 1400 160 610
Selenium 20 5 -
Silver 4.1 - -
Thallium - - 1.7
Zinc 120 110 -




TABLE 2.4
SURFACE WATER QUALITY CRITERIA, (West Virginia Water Resources Board, 1990)

General Parameters
pH 6-9 6-9 6-9 6-9
Inorganic Parameters
Aluminum mg/L 05
Antimony ug/L 146
Arsenic g/l 190 190 190 2.2ng/L
Barium mg/L 1
Beryllium ng/L 117 117 6.8
Cadmium pg/L X (c) X (b) X (@©) X (a)
Copper ug/L X (d) X 1000
Chromium IV pg/L 10 7.2 50
Iron mg/L 1.5 () 0.5 1.5
Lead pg/L X () XM 50
Manganese mg/L 1(e) 1 1
Mercury (total) pg/L 0.012 0.012 0.14 0.14
Nicket pg/L X (g) 50 510
Selenium pg/L 5 5 10
Silver ug/L x (i) X (h) x (h)
Thallium pel/l 13
NOTES:
a) hardness Soluble Cd b) Not to exceed 0.4 ug/L where hardness is less than 75 mg/L as
mg/L as CaCO3 ug/L CaCO3 and 1.2 pg/L in water where hardness is greater than 75
0-35 1 mg/L as CaCO3.
36-75 2
76-150 5 c) The concentration of cadmium shall not exceed the criteria
>150 10 determined by the equation:
Cd ([lg/L) =g (0.7852 {In (hardness)] - 3.490)
d) hardness Total Recoverable  ¢) Effluent limitations which may result in a concentration of up to 3.5 mg/L total
mg/L as CaCO3 Copper (pg/L) iron (2.0 mg/L. manganese) in the stream are allowable upon a demonstration to
50 6 the Chief by the applicant that such concentration will not have an adverse
100 11 impact upon designated stream uses. The demonstration is subject to EPA
200 20 approval and must show either; (1) that the stream is supporting designated uses
300 29 while containing total iron (manganese) concentrations higher than the applicable
400 38 criteria or (2) the stream does not have an aquatic life use to protect.
500 46 Notwithstanding Seties 1, Section4 of the board’s rules, this demonstration shatl
600 55 be the only demonstration required before the Chief and the Board with respect
700 63 to water quality related effluent limitations. This exception does not apply to
Trout Waters.
i3] Concentrations of lead shall not exceed g) Concentrations of nickel shall not exceed the criterion determined by
the criteria determined by the equation: the following equation:
Pb (ﬂg/L) = g (1:273 [in (hardness)] - 4.705) Nl([lg/L) = g (846 fin (ardress)] + 1.1645)
h) hardness silver (ug/L) i) hardness silver (pg/L)
0-50 1 0-50 1
51-100 4 51-100 4
101-200 12 101-200 12
>201 24 201-400 24
401-500 30
501-600 43



TABLE 3.1

METAL MINING LIQUID EFFLUENT REGULATIONS (Environment Canada, 1977)

General Parameters

pH (unitless) 6.0 55 5.0
Total Suspended Matter 25.0 37.5 50.0
Inorganic Parameters
Arsenic 0.5 0.75 1.0
Copper 0.3 0.45 0.6
Lead 0.2 0.3 0.1
Nickel 0.5 0.75 1.0
Zinc 0.5 0.75 1.0
Radium 226 10.0 pCi/L 20.0 pCi/L 30.0 pCi/L
NOTES:
1. All units are mg/¢ unless otherwise stated.
2. The concentrations are given as total values with the exception of Radium 226 which is a dissolved value after filtration of the sample
through a 3 micron filter.
3. The acceptable levels of substances in the Metal Mining Liquid Effluent Guidelines have the same numerical values at the authorized levels

of deleterious substances prescribed in the Metal Mining Liquid Effluent Regulations.




NOTES:

TABLE 3.2
REMEDIATION CRITERIA FOR WATER (CCME, 1991)

General Parameters

pH (unitless) 6.5-9.0 - - 6.5-8.5
total dissolved solids - 500-3500 mg/? 3000 mg/{ <500 mg/¢¢
Inorganic Parameters

aluminum 5-100 5000 5000 S
arsenic 50 100 500-5000 258
barium _ - - - 10008
beryllium - 100 100° -
cadmium 0.2-1.8 10 20 5
chromium (total) 2-20 100 1000 50
cobalt .- 50 1000 -
copper 2-410 200-1000" 500-5000 <1000°
iron 300 5000 - <3008
lead 1-7° 200° 100 108
manganese - 200 - <50°
mercury 0.1 - 3 1
molybdenum - 10-50 500 -
nickel 25-150'° 200 1000 -
radium 226 - - - 1 Bg/£°
selenium 1 20-50 50 10
silver 0.1 - - -
uranium - 10° 200 T 100
vanadium - 100 100 -
zinc (total) 30° 1000-5000" 50 000 <5000°

All units ug/¢ unless otherwise noted.

1.

PNOL AL

Guidelines for freshwater aquatic llfe irrigation, and livestock watering are taken from the Canadian Water Quality Guidelines (CWQG) (CCREM
1987). The CWQG also recommends guidelines for recreational uses and several industrial uses, which are not included in this table. Guidelines for
drinking water are taken from the Guidelines for Canadian Drinking Water Quality (GCDWQ) (Health and Welfare Canada 1989).

Guidelines for heavy metals and trace ions are reported as total concentrations in an unfiltered sample.

Applies to all soils; for details on neutral to alkaline soils, refer to CCREM (1987).

Drinking water guidelines are expressed as maximum acceptable concentrations (MAC), and are for unfiltered samples at the point of consumption.
Several parameters also have aesthetic objectives; these are indicated by a " <" symbol.

Guideline under review for addition to the GCDWQ or poss1ble changes to the current value. Refer to the latest edition of the GCDWQ.

Guideline varies with pH, calcium, and dissolved organic carbon concentrations.

A modification to the previous guideline is proposed. If after one year, no evidence is presented that questions the suitability of this proposal, it will
be adopted as the guideline. Refer to the latest edition of the GCDWQ.

Tentative water quality guideline because of insufficient evidence; refer to the latest edition of the CWGQ or GCDWQ.

Guideline changes with hardness.

Guideline varies depending on crop.

Guideline changes with pH.



SURFACE WATER QUALITY OBJECTIVES (Alberta Environment, 1977)

TABLE 4.1

General Parameters
Suspended Solids’ -
pH (unitless)’ 6.5-8.5
Inorganic Parameters
Arsenic 0.01
Barium 1.0
Cadmium 0.01
Chromium 0.05
Copper 0.02
Iron 0.3
Lead 0.05
Manganese 0.05
Mercury 0.0001
Radium 226 3 pCi/L
Selenium 0.01
Silver 0.05
Zinc 0.05
NOTES:

All units are mg/f unless otherwise noted.

1. Not to be increased by more than 10 mg/f over background value.
2. Not to be atlered by more than 0.5 pH from background value.




TABLE 4.2

OBJECTIVES FOR THE DISCHARGE OF FINAL EFFLUENTS
TO MARINE AND FRESH WATERS (BC Environment, 1979)

General Parameters

pH (unitless) 6.5-8.5 6.5-10
Total Suspended Solids' 25 75
Total Dissolved Solids 2500 5000
Inorganic Parameters
Aluminum 0.5 1.0
Antimony 0.25 1.0
Arsenic (as trivalent As) 0.05 0.25
Arsenic (total dissolved) 0.10 1.0
Cadmium 0.01 0.1
Chromium 0.05 0.3
Cobalt 0.5 1.0
Copper 0.05 0.3
Iron 0.3 1.0
Lead 0.05 0.2
Manganese 0.1 1.0
Mercury (Total)? Nil 0.005
Molybdenum 0.5 5.0
Nickel 0.2 1.0
Radium 226 10 pCi/¢ 100 i)Ci/i'
Selenium 0.05 0.5
Silver 0.05 0.5
Zinc 0.2 1.0
NOTES:

All units are mg/¢ dissolved in effluent unless otherwise stated. Analysis for total elements in tailings may be required prior to and during
operations and the Director would give consideration to this information when issuing a permit.

1. Variances may be allowed during periods of excess runoff.

2. Natural background concentration of total mercury will be assessed.




TABLE 4.4

SURFACE WATER QUALITY OBJECTIVES (Ontario MOE, 1984)

General Parameters
pH 6.5-8.5
Inorganic Parameters
Arsenic 100
Cadmium 0.2
Chromium 100
Copper 5
Iron 300
Lead 5-25
Mercury (dissolved) 0.2
Nickel 25
Radium 226 1 Bg/¢
Selenium 100
Silver 0.1
Zinc 30
NOTES:
1, All units are ug/f unless otherwise noted.

2. Maximum concentrations (except for mercury) are based on the total concentration of an unfiltered

water sample.

Objective for lead changes with alkalinity.

4. Mercury is classified as a substance with a "zero tolerance limit" and any release should be completely
eliminated.

w



TABLE 4.5

GROUND WATER QUALITY CRITERIA (Ontario MOE, 1984, 1992)

General Parameters
pH (unitless) 6.5-8.5 - -
Total Dissolved Solids 500° - -
Inorganic Parameters
Aluminum 0.1 50 5.0/20.0
Arsenic 0.025 0.2 0.10/2.0
Barium 1.0 - -
Beryllium - - 0.10/0.50
Cadmium 0.005 0.05 0.010/0.05
Chromium 0.05 1.0 0.10/1.0
Cobalt - ' 1.0 0.050/5.0
Copper 1.0? 0.5 0.20/5.0
Iron 0.3 - 5.0/20.0
Lead 0.01 0.1 _ 5.0/10.0
Manganese 0.05? - 0.20/10.0
Mercury 0.001 0.01 -
Nickel - 1.0 0.20/2.0
Radium 226 1 Bg/f 1 Bg/¢ -
Selenium 0.01 0.05 0.020/0.020
Uranium - 0.1 - -
Vanadium - 0.1 -0.10/1.0
Zinc 5.07 25.0 2.0/10.0
NOTES:

All units mg/f unless otherwise noted.
All drinking water objectives are health-related unless otherwise noted; arsenic objectives are interim only.
Objectives for irrigation water are for waters used continuously on all soils, and for use up to 20 years on fine textured soil of pH 6.0 to

8.5, respectively.

1. Operational objectives.
2. Aesthetic objectives.



TABLE 4.6
QUALITY CRITERIA FOR FINAL EFFLUENT (Environnement Québec, 1989)

General Parameters

pH (unitless) authorized values from 6.5-9.5

Total Suspended Solids ' 25.0

Inorganic Parameters

Arsenic 0.50
Copper 0.30
Nickel 0.50
Lead 0.20
Zinc 0.50
Iron ' 3.00

NOTES:

1. All units are mg/f unless otherwise noted.

2 The concentrations are given as total values.

3. The sum of individual concentrations measured for copper, nickel, lead and zinc cannot exceed 1.0
mg/L.



TABLE 4.7

- DRINKING WATER QUALITY CRITERIA (Environnement Québec)

Inorganic Parameters
Arsenic 0.050
Barium 1.0
Cadmium 0.0050
Chromium (total) 0.050
Lead 0.050
Mercury 0.0010
Radium 226 1.0 Bg/?
Selenium 0.010
Uranium 0.020
Notes:

All units mg/L unless otherwise noted.



TABLE 4.8

AUTHORIZED CONCENTRATION OF POLLUTANTS
IN LIQUID EFFLUENT (Saskatchewan)

Total Arsenic 0.5 1.0
Total Copper 0.3 0.6
Total Lead : 0.2 0.4
Total Nickel 0.5 1.0
Total Uranium 2.5 5.0
Total Zinc 0.5 1.0
Total Radium - 226 0.37 Bq/L 1.11 Bq/L
Total Thorium - 230 1.85 Bg/L 3.7 Bq/L
Total Lead - 210 0.92 Bq/L 1.84 Bq/L
Total Cyanide 1.0 2.0
Un-ionized Ammonia* 0.5 10
NOTES:

All units mg/{ unless otherwise noted.

The pH level of water discharged to the environment shall be between 6.0 and 9.5 in 75% of samples during
any month, and the pH level of grab samples shall never be less than 5.0 or greater than 10.0.

*Un-ionized ammonia is the portion of total ammonia nitrogen that is in the form NH,.



TABLE 4.9

SURFACE WATER QUALITY OBJECTIVES
(Saskatchewan Environment and Public Safety, 1988)

Inorganic Parameters
Arsenic 0.05
Barium 1.0
Cadmium 0.001
Chromium 0.020
Copper 0.01
Cyanide 0.01
Iron 1.0
Lead 0.02
Mercury 0.0001
Nickel 0.025 where hardness < 100 mg/f (CaCO,)
0.100 where hardness > 100 mg/¢ (CaCO;)
Radium 226 0.11 Bg/f
Selenium 0.01
Silver 0.01
Zinc 0.05
NOTES:
1. All units are mg/f unless otherwise noted.
2. The concentrations are given as total values.

3. Radium 226 objective is taken from the Saskatchewan General Surface Water Quality Objectives.
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