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EXECUTIVE SUMMARY

General Information

The Landfarm Design and Management Plan (LDMP) describes the design features and operational
procedures for the landfarm constructed at the Meadowbank Gold Project site for the storage and
treatment of petroleum hydrocarbon contaminated soil.

Annual Review

The LDMP will be reviewed and updated at least annually if necessary. Completion of the annual
review of the LDMP will be documented through signatures of the personnel responsible for
reviewing, updating and approving the LDMP.

Record of Changes

A record will document all significant changes that have been incorporated in the LDMP subsequent
to the latest annual review. The record will include the names of the persons who made and approved
the change, as well as the date of the approval.

Distribution List

Agnico-Eagle Mines Limited (AEM) will maintain a distribution list for the LDMP providing information
about all parties that receive the plan including mine personnel, departments, and outside agencies.
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IMPLEMENTATION SCHEDULE

As required by Water License 2AM-MEAO0815, Part B, Item 16, the proposed implementation
schedule for this Plan is effective immediately (February 2013) subject to any modifications proposed
by the NWB as a result of the review and approval process.

DISTRIBUTION LIST

AEM - Environmental Superintendent
AEM — Environmental Coordinator
AEM — General Mine Manager

AEM - Site Services Superintendent
AEM - Field Services Supervisor

AEM — Engineering Superintendent
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Version | Date (YMD) | Section | Page Revision
1 08/10/08 2 Remediation guidelines used and the parameters
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to prevent damage to the liner during mechanical
operation
4 Contingency plans for exceedances in the amounts
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1 INTRODUCTION

11 PROJECT HISTORY

Agnico-Eagle Mines Limited (AEM) Meadowbank Division (Project) currently operates an
open pit gold mine located on Inuit-owned land in the Kivallig Region of Nunavut,
approximately 70 km north of the hamlet of Baker Lake. In 2008 the Landfarm Design and
Management Plan was developed by AEM in accordance with Water License 2AM-
MEAO815 to describe the handling and remediation of petroleum hydrocarbon (PHC)
contaminated soil at the Meadowbank site. During construction and initial operations (2008-
2011, prior to construction of the landfarm facility), soil potentially contaminated with PHCs,
as a result of spills, was deposited in two quarries (Q5 and Q22) along the All Weather
Access Road (AWAR). The majority of this soil was from a transport tanker spill in 2010 and
from the contractor camp used for roadway construction in 2007 and 2008. In 2012 the
transport of this soil back to the minesite for treatment/storage began. Landfarm design and
management plan modifications (Version 2) were submitted by AEM to the Nunavut Water
Board on October 22, 2012. This new plan focuses on minimizing the waste footprint onsite,
and maximizing remediation potential through implementation of a pilot bioremediation
project. The revisions in this document (Version 3) provide further rationale for the designs
presented in Version 2, as well as additional details on the management of contaminated
soils onsite. This includes spill prevention and contingency planning.

1.2 OBJECTIVES

Onsite storage and remediation has been established as the preferred method for treatment
of petroleum hydrocarbon-contaminated soil that may be generated on the Meadowbank
site and Exploration Camp. Specifically, remediation through landfarming has been
identified as the primary treatment option and, as such, is the focus of this contaminated soil
management plan. A pilot project to enhance rates of bioremediation through addition of a
nutrient source is also described. Alternate contingency options in the event that
landfarming is not successful or as efficient as planned are also discussed.

This plan is a component of the Meadowbank Environmental Management System. The
objectives of this plan are:

1. To provide an overview of contaminated soil management at Meadowbank

2. To describe the physical setting, location and design criteria of the landfarm

3. To define acceptable types of contaminated soils to be placed in the landfarm and conditions
for removal of treated soil
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4. To define operating procedures and monitoring requirements for the landfarm, including the
pilot bioremediation project
5. To describe contingency options for alternate treatment/storage of PHC contaminated soil
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2 SPILL PREVENTION

21 SPILL MANAGEMENT DOCUMENTATION

Spill prevention is the first stage in contaminated soil management at the Meadowbank site.
Three documents describe spill prevention, management and response at this facility: the
Spill Contingency Plan, the Emergency Response Plan, and the Qil Pollution Emergency
Plan. Specifically, Section 2.1 of the Spill Contingency Plan describes spill prevention
measures and can be referred to for further detail. All were updated in July or August of
2012, and spill prevention programming was reviewed.

General spill prevention methods include:

o Dalily inspections of fuel/chemical storage areas for leaks

e Training in safe handling procedures

e Keep containers sealed

e Use methods of secondary containment

o Keep overpack drums nearby to contain leaking drums

o Keep storage area secure from unauthorized access, and protected from weathering
and damage

e Segregate incompatible materials

e Regular meetings with site departments

2.2 DECREASING SPILL SEVERITY

In 2011, spills of landfarmable materials (fuel and hydraulic oil) at Meadowbank totaled 5338
liters. In 2012, Meadowbank Division Environment Department increased delivery of spill
prevention programing. This included more departmental information sessions to maintain
awareness about spill prevention methods and reporting procedures. In 2012, spills of fuel
and hydraulic oil have been reduced to 3012 liters. In 2013, the Environment Department
will be incorporating a site wide training session for every employee on site. In addition, the
Emergency Response Team as well as Environment and Road Maintenance staff will have
extensive training in spill response by a consultant specializing in spill training (January,
2013). Training will pertain to spill response on the tundra as well as surface water. In
addition, AEM will begin use of a new hydraulic fluid (Hydrex™ Extreme; Petro-Canada) that
contains no heavy metals and is 40% biodegradable in 28 days. It is therefore estimated
that any soil contaminated with the new fluid will be more rapidly remediated in the landfarm
than soil contaminated with the previously used fluid.
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3 LANDFARM DESIGN

3.1 BACKGROUND

When spills do occur, onsite storage and remediation is the most practical and efficient
method of handling contaminated soil, particularly in an isolated location like Meadowbank.
For PHC contamination, bioremediation through landfarming has been identified as a viable
remedial technique. This method involves spreading, mechanical mixing, and placing the
contaminated soil in windrows within a containment area and promoting conditions
favourable for the volatilization and aerobic microbial degradation of hydrocarbons. A
number of environmental factors and physical properties of the soil affect microbial growth
and rates of biodegradation, including temperature, soil moisture, nutrient content, salinity
and soil particle size.

Previously, a landfarm options analysis prepared for AEM by Golder (2007a) identified some
of these factors, and presented the following information from the literature on landfarming
in the north. Although rates of biodegradation decline with temperature, landfarming is still a
feasible technique in arctic climates (Reimer et al. 2005). Microbial activity stops between 0
— -5°C (although volatilization continues at this temperature), so degradation in the north is
typically restricted to the months of June — September. Nevertheless, degradation was
reported at 70% after one year in a study in Alert, NU (Greer et al. 2007), and 90% over
two summers on Resolution Island (Paudyn et al. 2005).

3.2 LOCATION

The overall site plan for the Meadowbank Gold Project and the location of the landfarm
facility are shown in Figure 3-1. This central location was chosen to minimize the waste
footprint on site and the transport distance of contaminated material from spill locations. All
of the waste generated at Meadowbank in the form of tailings, wasterock and the site
landfill is in close proximity. The location of the new facility is directly north of the future
South Cell Tailings Facility (2015). This location will facilitate closure and possible
contingency plans (Section 5), because all waste will be located in the same area, and not
spread out around the mine site.

3.2.1 Proximity of Surface Water

The facility is located 300 m from the nearest water body, Third Portage Lake (TPL) and
immediately adjacent to the current North Cell Tailings Storage Facility (TSF). Surface
drainage in this area is easterly, towards the TSF and away from TPL.
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3.2.2 Proximity of Groundwater

In the Meadowbank area, the shallow groundwater is estimated to be 1.5 m below surface
(active layer July — October), at the average depth of thaw. In order to prevent movement of
contaminants from the landfarm facility into groundwater and the surrounding environment,
Environment Canada (SAIC, 2006) recommends implementation of a barrier with 107 cm/s
hydraulic conductivity at a thickness of 0.6 m. The Meadowbank facility pad is constructed of
2.7 m of compacted till with a hydraulic conductivity of 10”7 m/s. Therefore, no impacts to
groundwater are anticipated.

3.3 DESIGN

The landfarm facility is designed with one soil remediation/storage cell. The design volume
of the cell is based on allowances for the materials to be treated. This calculation is
described in the following section.

3.3.1 Soil Volume Requirements

Between 2008 and 2010, the Meadowbank Gold Mine stored 5,320 m® of soil potentially
contaminated with hydrocarbons in two quarries along the AWAR (Q5 and Q22), as a
contaminated soil storage facility had not yet been built onsite. As discussed above, the
majority of this contamination was the result of an overturned tanker in 2010, and spills
during the construction and initial operations. A delineation of contamination in the quarries
(Qikigtaaluk Environmental, 2010) indicated approximately 1,000 m® of contaminated soil
above Government of Nunavut (GN) guidelines in Q22, and 250 m® in Q5. In 2011, an
additional 250 m*® of PHC contaminated soil was generated onsite, and placed in Q22.
Actual hydrocarbon contaminated soil from January - October 2012 was 400 m®, and the
projected total for 2012 at that time was 480 m®. The total volume of contaminated soil
generated at Meadowbank to date is therefore approximately 1730 m®, for an annual
average of 346 m°. Currently production will continue through 2017 for an expected
additional required landfarm capacity of 1,725 m* (5 years x 346 m*/year). With an additional
20% for contingency, and conservatively assuming that no soil will be remediated and
removed before closure, the total capacity of the landfarm should therefore be a minimum of
4,146 m°.

3.3.2 Design Specifications

Specifications of the landfarm design are shown in Figure 3-2. As built, the landfarm area is
constructed with a 1.5 m high berm and a 2.7 m deep compacted till base with hydraulic
conductivity of 1x10" m/s. The slope of the base is 1.5%.

The useful landfarm area is 3,712 m? Based on landfarm specifications of other northern
mines (Ekati Diamond Mine — in Golder, 2007a), contaminated material can be stockpiled up
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to 4 m high. Accounting for a 25% loss of area due to sloping at that windrow height, the
landfarm area will allow for the storage of a maximum of 11,136m> This will readily
accommodate the estimated total of 4,146 m* of contaminated soil, should all of it need to
be stored until closure. In addition, ample room will be available to accommodate a
designated area for spreading of contaminated coarse-grained material that cannot be
bioremediated (see Section 4.2.2).

Based on the available area, maximum windrow size will be 15 m wide at base x 4 m high x
50 m long, but smaller piles will be used as space allows tomaximize rates of biodegradation
and volatilization.
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4 LANDFARM OPERATION AND MANAGEMENT

The following presents the operational procedures for the landfarm facility.
4.1 MANAGEMENT RESPONSIBILITY

AEM will be responsible for managing and implementing the operation plan. Operation and
monitoring of the facility will come under the responsibility of the Environment
Superintendent. Designation of training requirements is the responsibility of Meadowbank
Environment Department.

4.2 ACCEPTABLE MATERIAL

4.2.1 Contaminants

The landfarm facility will only treat and/or store petroleum hydrocarbon contaminated soils
that have been generated through mine-related activities at the Meadowbank Gold Project
and the Meadowbank exploration camp. Material from other sites will not be accepted
without approval from the Nunavut Water Board, AANDC Water Resources Officers and the
Kivallig Inuit Association.

The following products may be treated in the landfarm if used onsite and spilled on soil:

Diesel fuel

Gasoline

Aviation fuel (Jet A)

Hydraulic oil

Other light oil e.g. engine oil, lubricating oil

In the event that the contaminant source is unknown, soil samples will be analyzed for
petroleum hydrocarbons and possibly additional contaminants prior to placement in the
landfarm. These additional parameters could include total metals, oil and grease, and
volatile organic compounds. Analysis for additional compounds will be determined by the
Environment Department on a case-by-case basis. Concentrations of contaminants will be
compared to the site background values (for metals) and/or criteria in the GN Guidelines for
Contaminated Site Remediation (March, 2009). If this analysis indicates soil contamination
above background or GN guidelines with any substances not described in Section 4.2.1 (i.e.
non-PHC contaminants), it will not be placed in the landfarm facility. This is to ensure PHC
contaminated soil is not contaminated with other products.
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Spills of > 100 L of non-PHC material (e.g. solvents, glycol) will be placed in drums and
stored in the site Hazmat area for shipment south to approved facilities during barge
season. Spills of non-PHC material < 100 L will be placed in the TSF.

4.2.2 Grain Size

While very coarse-grained larger soil material does not readily retain moisture and nutrients,
inhibiting bioremediation, volatilization will occur more rapidly (SAIC, 2006). It has been
noted that this material likely contains lower concentrations of contaminants due to a lower
volume:surface area ratio, and can typically be screened out prior to landfarming (SAIC,
2006). A 2010 study at Meadowbank (Qikigtaaluk Environmental, 2010) indicated increasing
concentrations of PHC with decreasing grain size in one group of samples with soil fractions
of 0.5, 0.5-1 and >1" (two other groups sampled were below detection at all grain sizes).
Soils and rock material with grain size <1” will be separated from larger-grained material as
best as possible. This will occur at the spill location or in the landfarm. If necessary, a screen
sieve will be used. The two soil fractions will be treated separately in the landfarm (see
Section 4.3.1).

4.3 CONTAMINATED SOIL ADDITIONS

431 Spill Excavation

Soil contaminated with the above-described petroleum hydrocarbon materials will be
excavated from the source and transported to the landfarm facility in dump trucks or by roll-
off containers. Care will be exercised to ensure that the entire spill is excavated (verified by
olfactory and visual assessment or sampling if necessary) and that none of the
contaminated material is lost during transport.

4.3.2 Placement in the Landfarm

As above, larger coarse material (> 1”) will be separated from the finer material in the
landfarm and assessed visually for PHC staining and product. If the material is saturated it
will be spread out for volatilization in the designated area of the landfarm.

Fine-grained materials identified as acceptable in the landfarm should be placed in
windrows with dimensions ~15 m wide at base x 2.5 m high x 50 m long. Windrows may be
piled higher as space permits. A record will be kept by the on-site Environmental
Coordinator of the amount of contaminated soil placed in the landfarm and the location of
each load within the facility.

Although Qikigtaaluk Environmental (2010) indicated 250 m® of contaminated soil in Quarry
5, all soil previously deposited in there (1200 m® has been removed to the landfarm facility
and placed in two windrows (see Photo 1, Appendix B). Including contaminated soil
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produced onsite in 2012, the landfarm currently contains approximately 1680 m® of
contaminated soil. Contaminated soil historically deposited in Quarry 22 (up to a maximum
of 1,000 m® as delineated in Qikigtaaluk Environmental, 2010) will be moved to the
landfarm in 2013. Coarse, uncontaminated material will be left in Q22 for rehabilitation
purposes.

4.4 CONTAMINATED SNOW

For spills < 100 L, PHC-contaminated snow will be placed in a designated area of the
landfarm and treated as contact water after snowmelt.

For spills > 100 L, PHC-contaminated snow will be excavated and stored in labeled drums.
After snow melt, the contaminated water will be pumped through the site’s oil-water
separator (carbon filter) to remove PHC residue. The treated water will be sampled per Part
F, Item 6 of the Water License, and discharged to the Stormwater Management Pond if
criteria are met. If criteria not met, water will be treated as hazardous material and shipped
south. Also, after snowmelt, visible product will be cleaned up with absorbent pads or
booms.

4.5 REMEDIATION

Remediation of fine-grained PHC-contaminated soil in landfarms occurs naturally through
volatilization and aerobic microbial degradation. Soil aeration and nutrient amendment are
recognized as methods of improving rates of remediation. To this end, remedial operations
at the Meadowbank site include soil mixing (aeration) and a pilot project utilizing onsite
nutrient additions. While it is recognized that pH, salinity, moisture content and microbial
population density also contribute to rates of degradation, these factors will not be explicitly
investigated or managed unless remediation rates are too slow to meet the site closure time
period (see Section 5.2).

45.1 Absorbent Materials

Coarse-grained soils are not readily bio-remediated, but concentrations of PHC
contaminants may still be reduced through volatilization. Oil absorbent pads will be used to
help remove visible product from coarse-grained material. Used absorbent materials will be
incinerated.

45.2 Aeration

In order to promote aerobic conditions throughout the windrows, soil will be mixed
mechanically with earth-moving equipment. This turnover of soil piles will occur two to four
times per year, during the summer months.
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45.3 Soil Moisture

Prior to turning, site personnel will ensure that soil is not so dry as to generate significant
dust, nor overly saturated. If soil is dry, water from within the landfarm containment area will
be used as a moisture source and sprayed on the piles. If no accumulated water is
available, a freshwater supply will be used. If the windrows are saturated, aeration will be
conducted at a later date.

454 Nutrient Amendment — Pilot Project

A number of studies have indicated that amendment with nutrients may increase rates of
biodegradation in PHC contaminated soils, but the effectiveness of this practice is not well
defined in northern climates. For example, in a Resolution Island study by Paudyn et al.
(2008), aeration alone reduced concentrations of diesel fuel by 80% over three summers,
almost entirely due to volatilization (not biodegradation). One-time amendment with
nutrients (C:N:P of 100:7.5:0.5) in combination with aeration resulted in 90% reduction of
TPH concentrations over this time, with significant (but undefined) contributions from
microbial degradation.

In order to determine effectiveness of nutrient additions, a pilot project has been undertaken
at Meadowbank to examine rates of biodegradation with and without nutrient amendment.
Two pilot piles in the landfarm facility were treated in 2012 with 400 gallons of sewage
sludge as a nutrient source. Sewage sludge was mixed into the pilot piles on October 8"
2012. Each pile consisted of approximately 140 m® of soil. Representative composite
samples of the non-treated piles were taken in November 2012 (surface and 1 m depth —
see Photo 2; Appendix B), and further samples will be taken in spring 2013 of the treated
and non-treated piles to determine if this method of nutrient amendment significantly affects
rates of PHC degradation. If degradation occurs more rapidly with additions of sewage
sludge and it is estimated that sufficient degradation will be achieved through this method
before mine closure, the pilot project will be extended to include all soil placed in the facility.

The use of sewage sludge as a nutrient amendment has precedent in the north. This
method has been used at Diavik Diamond Mine, as reported in the BSc thesis of Brenda
Lee Bailey, Carleton University (in Golder, 2007). It was found in this study that with sewage
sludge amendment (12.6 gallons on a 6 m* soil pile), aeration by perforated pipe and clear
polyethylene covers to retain heat and moisture, TPH concentrations declined from 15,000
mg/kg to less than 2,000 mg/kg in 88 days. Sewage sludge as a nutrient source has also
been proposed for the Milne Inlet Mary River Project (EBA, 2010). This material not only
provides the benefit of nutrients, but adds organic matter to help retain moisture, and is a
source of microorganisms. Furthermore, the re-use of this material produced onsite helps to
reduce the waste footprint of the mine by re-directing this material from disposal facilities
and avoiding the import of chemical fertilizer.

10
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4.6 REMOVAL OF SOIL FROM THE LANDFARM

When PHC odours are no longer detected, coarse-grained material will be removed to the
site waste rock disposal area and disposed of as potentially acid generating (PAG) material.
PAG will be covered with a minimum of 2 m of non-potentially acid generating (NPAG)
material at closure, such that freeze-back occurs and any potentially remaining
contaminants are not mobile in the environment.

Prior to removal of the finer grained soil from the landfarm, soil samples will be analyzed to
ensure they meet Government of Nunavut guidelines, as described below.

4.6.1 Remediation Guidelines

In assessing the remediation success of PHC contaminated soils being treated in the
landfarm facility, AEM will use the Government of Nunavut (GN) Department of
Environment, Environmental Guidelines for Site Remediation (March, 2009) to determine if
the soil has been suitably treated. A copy of the guideline document has been included as
Appendix A.

The following parameters will be measured and compared with the GN industrial
remediation criteria in order to determine whether PHC contaminated soil has been
adequately remediated:

o Benzene, toluene, ethylbenzene and xylene (BTEX)
. Petroleum hydrocarbon fractions 1 - 4

GN remediation criteria are characterized for agricultural/wildland, residential/parkland,
commercial and industrial land uses. At the Meadowbank site, remediation to
agricultural/wildland criteria is targeted. However, if these criteria cannot be met efficiently,
industrial criteria will be followed and soil disposed of accordingly (see Section 4.6.3).
Remediation criteria for coarse-grained (>75 um) soils will be applied. Table 2 presents the
applicable Tier 1 criteria for coarse-grained soil, assuming agricultural/wildland or industrial
land uses. For contaminated sites, a Tier 1 analysis involves the most conservative criteria,
and may be applied when the proponent does not wish to establish site-specific criteria.
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Table 2 - Summary of relevant Government of Nunavut Tier 1 soil remediation criteria for
surface soil for industrial land uses.

Criteria (mg/kg)
Parameter Agricultural/ :
) Industrial
Wildland
Benzene 0.03 0.03
Toluene 0.37 0.37
Ethylbenzene 0.082 0.082
Xylene 11 11
PHC Fraction 1 30 320
PHC Fraction 2 150 260
PHC Fraction 3 300 1700
PHC Fraction 4 2800 3300
4.6.2 Sampling and Analysis

Landfarm windrows will be sampled annually at the end of the summer season to determine
if remediation objectives have been met. Representative composite samples will be taken of
each windrow to estimate remaining PHC concentrations. For each 10 m of windrow length,
one composite sample will be collected, each consisting of three surface sub-samples and
three sub-samples at 1 m depth. Sub-samples will be taken approximately 3.3 m apart, and
will be taken from both sides of the windrow.

After two seasons of treatment in the landfarm (Fall 2013), degradation rates will be
assessed to estimate the total remediation time required for PHC-contaminated soil under
these conditions. If remediation to GN guidelines is feasible within the life-of-mine
timeframe, landfarm operations will continue, with aeration and possible nutrient
amendments as described above. If rates of TPH degradation are not sufficient through this
method, alternate options will be further investigated (see Section 5).

4.6.3 Soil Removal

Coarse-grained material will be assessed near the end of the summer season by
Environment Department technicians for PHC product and odour. A PID monitor may be
employed to assist in petroleum-based vapour detection . When PHC odours are no longer
detected, this material will be removed to the PRSF and disposed of as PAG material.

When sample analysis of fine-grained material at the end of a season indicates that
concentrations of contaminants are below Government of Nunavut guidelines, a soil pile or
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the appropriate section of a pile will be deemed acceptable for removal from the facility.
Interim monitoring may be conducted through measurements of head-space with a portable
instrument (e.g. flame ionization detector), but samples will be confirmed by an accredited
laboratory prior to soil removal.

Soil remediated to agricultural/wildland criteria will be appropriately delineated by
Environment Department staff, and stockpiled outside the landfarm for use in site works or
reclamation activities.

Soil remediated to industrial-use criteria will be removed from the landfarm and placed in the
Portage Rock Storage Facility (PRSF) as PAG material. This material will be capped with a
minimum of 2 m of NPAG at closure, allowing freeze-back and permanent encapsulation to
occur.

4.7 WATER MANAGEMENT

Since the landfarm facility is uncovered to facilitate natural weathering, water accumulating
inside the bermed area may come into contact with contaminated material. The
management plan for handling this potentially contaminated water is described below.

4.7.1 Snow Management

Snow will be removed as much as possible during winter to minimize the quantity of spring
melt water inside the berm. Care will be taken to ensure contaminated snow/soil is not
disturbed by leaving a base layer of snow (no less than 10 cm) in place. After snowmelt any
contaminated product left from winter spill clean-up operations will be padded up. The base
soil in these areas will be excavated and added to existing remediation windrows as soon as
possible after snow melt to minimize migration into the facility substrate.

4.7.2 Water Management

Monitoring will be conducted for seepage of contact water through the perimeter berm, or
accumulation of water within the containment berm through visual inspection by the
Environment Department. This will be conducted on a weekly basis, after freshet, from July
through October when water is likely to be present. In the event of water accumulation or
seepage, the ponded water will be analyzed for BTEX, lead, oil and grease, as described in
Part F, Item 6 of the Water License prior to discharge to the adjacent Tailings Storage
Facility. Alternatively, ponded water will be sprayed on the windrows to increase moisture
content, as required. Water accumulating in the landfarm will not be discharged to the
environment.
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4.8 LANDFARM ABANDONMENT

After removal of all remediated soil and prior to abandonment/closure of the landfarm, the
berm and base will be sampled on a 10 m grid, including at a depth of 1 m in representative
locations, to determine if these soils are free from PHC contamination. Results of this
analysis will be compared to GN criteria. Since this area will form part of the TSF at closure,
no excavation is necessary if industrial criteria are not met. AEM’s Closure Plan notes that
the tailings facilities will be capped with at least 2 m of NPAG to ensure freeze-back
encapsulation. Monitoring of tailings freeze-back is ongoing at the site, and to date the
results indicate that tailings are already freezing as planned.

4.9 SUMMARY OF ACTIVITIES

A summary of landfarm activities including monitoring of the physical condition and potential
environmental impacts of the landfarm facility is provided in Table 3. A report will be
prepared annually, indicating the volume of material added to the facility, amount of material
removed and disposal or reuse location, all analysis results, volume and type of nutrient
addition, visual inspection results and volume of contact water pumped. This information will
be appended to AEM’'s NWB Annual Report.
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Table 3 - Summary of landfarm activities, analyses and records to be kept.

Activity

Analysis

Frequency of
Analysis

Record

Excavation of spill and
transport of
contaminated material

If unsure of full excavation - F1-F4,
BTEX

As needed

Date and time of excavation; estimated
quantity of excavated soil; storage/disposal
location of excavated soil, if applicable; any
evidence of remaining product

Contaminated soil
additions to landfarm

If contaminant source unknown,
F1-F4, BTEX, metals, oil and
grease, VOCs (at discretion of
Environment Department)

Prior to soil addition at
facility

Date and time; quantity of soil; original
location; landfarm location; spill/excavation
record # or storage container label

Soil aeration

N/A

Two to four times
during summer

Date and time; location; soil condition
(moisture, odour, etc.)

Soil treatment with
sewage sludge as
nutrient supplement

Visual inspection to ensure proper
incorporation

At least once during
summer on selected
windrows

Date and time; type of treatment (aeration or
nutrient amendment); location in landfarm;
any odour noticed during aeration

Sampling for progress
of remediation

Hydrocarbon vapour in headspace
(by PID);

F1-F4, BTEX (laboratory)

Vapour — as needed;
Laboratory - annually

Date and time; location; odour; laboratory
report;

Soil removal from Removal subject to meeting GN N/A Date and time; location; quantity of soil
landfarm criteria removed; final location
Ponded contact water  BTEX, oil and grease, lead — as Prior to any Date and time, location, laboratory report,

per Part F, Item 6 of Water
License

dewatering; if re-used
in landfarm, no
sampling necessary

Annual Report

Seepage

Visual inspection; BTEX, oil and
grease, lead — as per Part F, ltem
6 of Water License

Weekly during summer

Location, extent, approximate depth,
evidence of sheen

Identification of
maintenance
requirements

Visual inspection of facility

Twice annually during
summer

Inspected areas; condition of berm and base;
previously unidentified safety concerns
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5 CONTINGENCY OPTIONS

The following sections describe the contaminated soil management plan, should a large spill
event occur, and if landfarm treatment is not successful.

5.1 LARGE SPILL EVENT

Considering that the landfarm is built to hold nearly 3x as much contaminated soil as is
expected to be produced, a large spill event producing a quantity of soil that cannot be
contained in the landfarm is unlikely. Nevertheless, in this event, soils will be placed in a
temporary storage area. A temporary stockpile area would be set up in the PRSF or at
another location as approved by the NWB and AANDC. The soil would then be placed in
the landfarm as soon as practical. Through extensive spill prevention measures discussed
earlier in this Plan AEM is minimizing the probability of this scenario occurring.

5.2 ALTERNATE TREATMENT OPTIONS

Should landfarm treatment not perform as anticipated and it is evident that rates of
degradation are not sufficient to meet GN Tier 1 criteria within the life-of-mine and the
anticipated closure period (to 2025) the following alternative treatment options will be
considered. Implementation will be after development of a more detailed protocol and
approval of a revised plan by the NWB.

5.2.1 Soil Amendment

Since pH, salinity, moisture content and microbial population density all affect rates of
biodegradation by microbes, these factors may be monitored and adjusted through soil
amendments if they are not found to be optimal (see SAIC, 2006). In addition, the height of
soil windrows could be reduced to maximize air exposure if space in the facility allows.

5.2.2 Tier 2 — Modified-Criteria Approach

According to the Government of Nunavut Environmental Guideline for Contaminated Site
Remediation (Appendix A), in cases where site conditions, land uses, receptors or exposure
pathways are different from those assumed in the development of the Tier 1 criteria,
modified criteria may be permitted. This process requires the collection of site-specific
information on exposure and risk estimates, and is subject to GN approval. In the case of
the Meadowbank site, landfarmed soils are to be encapsulated in the PRSF rather than
used in surface applications, as assumed in Tier 1, reducing the likelihood of exposure to
any remaining contamination. Therefore, the Tier 2 approach could be warranted if Tier 1
criteria cannot be met. Any consideration for this approach would be based on soil sampling
results and science based information.
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5.2.3 Thermal Desorption

In the thermal desorption process, excavated soils are heated in a chamber to rapidly
volatilize PHCs. Gases produced are consumed in an oxidation unit, and particulate matter
removed (baghouse). Soil, free of any contamination, can then be replaced, or used in site
reclamation or construction processes. The other advantage of this approach is that this
equipment is mobile and could be brought to any spill site for remediation activities (e.g.
spills along the AWAR). This method is described by Environment Canada (2002). The
purchase or rental of a portable thermal desorber unit is under consideration by AEM as a
contingency option.

524 Direct Placement in TSF or PRSF

Another option for management of contaminated soil would be the direct placement of this
material in the Tailings Storage Facility or Waste Rock Storage Facility, if bioremediation is
not effective. Although the consumption of space in these storage areas is not optimal, the
quantity of PHC-contaminated soil created onsite is small in comparison to the quantity of
tailings or waste rock. While this method would not result in the treatment of soil, it is a
viable contingency option because it would allow for the safe disposal of the contaminated
material. The final cover with NPAG will be a minimum of 2 m deep (current closure plan is 4
m of NPAG cover). Total encapsulation and freeze-back would occur, eliminating any
movement of contaminants. Over time, this material would undergo natural degradation.
Consideration of this option would also include a suitable monitoring program for PHCs,
which would be incorporated into the Meadowbank Closure Plan.
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6 PLAN REVIEW AND CONTINUAL IMPROVEMENT

The Landfarm Design and Management Plan will be reviewed annually by the Meadowbank
Environmental Superintendent in consultation with the Mine General Manager, and updated,
if necessary, at least every two years of operation.

A final proposal will be submitted in regards to the feasibility of the pilot project within the
next four years. Before submitting the final proposal, time is needed to estimate rates of
remediation, and analyze the effectiveness of treatment with and without sewage sludge
amendments.
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LIST OF ACRONYMS

AEM Agnico-Eagle Mines Ltd.

CCME Canadian Council of Ministers of the Environment
GN Government of Nunavut

NPAG Non-potentially Acid Generating

PAG Potentially Acid Generating

PPE Personal Protective Equipment

PRSF Portage Rock Storage Facility

SPL Second Portage Lake

TPL Third Portage Lake

TSF Tailings Storage Facility
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FIGURES

Figure 3.1 — Location of the landfarm on the Meadowbank site

Figure 3.2 — Specifications of the landfarm design
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This Guideline has been prepared by the Department of Environment’s
Environmental Protection Division and approved by the Minister of Environment
under authority of Section 2.2 of the Environmental Protection Act.

This Guideline is not an official statement of the law and is provided for guidance

only. Its intent is to increase the awareness and understanding of the risks and
hazards associated with contaminated sites and to assist in the management and
remediation of these sites. This Guideline does not replace the need for the owner or
person in charge, management or control of the contaminated site to comply with all
applicable legislation and to consult with Nunavut’s Department of Environment,
other regulatory authorities and qualified persons with expertise in the management
of contaminated sites.

Copies of this Guideline are available upon request from:

Department of Environment

Government of Nunavut

P.0. Box 1000, Station 1360, lgaluit, NU, XOA OHO

Electronic version of this Guideline is available at http://www.gov.nu.ca/env/environment

Cover Photos: GNU Department of Environment


http://www.gov.nu.ca/env/environment

Table of Contents

INEFOAUCTION ..o et st st s st e es et et saane s esesteseesee e nnnsans
1.1 DEfINIIONS  woiiiieee st ettt st st st e e e s s et e et st ste e e e en b et aneane et ene
1.2 Roles and ReSPONSIDIlILIES  ...uiviviiceeiii et ea e
1.2.1  Environmental Protection DiViSION ......cccccoeimieiinininesie e v e
1.2.2  ReSPONSIDIE PArty ..ottt st e e et vt st s s b sne e
1.2.3  Other Regulatory AGENCIES ...ccceceeieiriiririeeee et st sr e e eresee e e
Contaminated Site Management ProCess ...........ccocovvvrecineiniinineenesis st ssese e e
2.1 INitial NOTIfICAtION  .oveieeiceie ettt se e st e st e s s
2.2 SIt@ ASSESSIMENT oottt ettt e e e et et e e sne et e e eae
2.2.1 Phase |: Site Information ASSESSMENT ....ccoveiverieirirere e e
2.2.2 Phase Il: Reconnaissance Testing Program
2.2.3 Phase lll: Detailed Testing Program .......ccccceeeeenineviececee et eessee e e
2.3 LANA USE oottt sttt sttt st ettt st ss st s st et et e s aes et ane e e et ane s e aes et ane e enennaneeen
2.4 Application of Remediation Criteria at Contaminated Sit€s .....cccceeveveeiecievecciennns
2.5 Preparation of a Remedial ACtION Plan .......ccucueieeiciieececeee ettt
2.6 Implementation of a Remedial ACtion Plan .......ccccucieiriicecce et
2.7 SITE ClOSUIE eeoveeeierieete e et et st sttt eeste s et st et e sesteses et esesseses et asestesesseseseetesensesereesnnnsnns
CONCIUSION ...ttt ettt ettt s et et s et e e sbesestes e e et saessesaseseennnns
REFEIENCES ...ttt ettt st be s be st st e e e b et et e st e e aseabesteseesananeatanes
Appendices

Appendix 1  Environmental Protection Act

Appendix 2 Glossary

Appendix 3  Remediation Criteria for Petroleum Hydrocarbons
Appendix4  Remediation Criteria for Other Contaminants in Soil
Appendix 5  Field Screening and Intrusive Sampling

Appendix 6  Sample Analysis

Appendix 7  Transportation of Contaminated Soil

Appendix 8 Additional Contacts

O OO NNOOOPWWWERPR

T T G Y
aoudpDdwWRO






Guideline for Contaminated Site Remediation

Introduction

In Nunavut and across Canada, contaminated sites can pose a threat to human health, safety and the
environment. Petroleum hydrocarbon contamination in soil is a concern for several reasons. To
differing degrees, petroleum hydrocarbons are toxic to plants and animals, and are mobile and
persistent in the environment. Petroleum hydrocarbons can also pose a fire or explosion hazard and can
create aesthetic problems such as offensive odours and tastes. In some cases the concern may also be
financial, because of the loss of property value and the cost of remediating the property.

The intent of this Guideline is to help effectively manage contaminated sites. It helps to provide a
consistent approach by describing the process used to manage (e.g. identify, assess, plan and
remediate) contaminated or potentially contaminated sites on Commissioner’s Land, including private
land within municipalities, and by providing soil remediation criteria for petroleum hydrocarbons and
other contaminants.

The Environmental Protection Act (EPA) gives the Government of Nunavut authority to take measures to
ensure the preservation, protection and enhancement of the environment, with the goal of long-term
sustainability and stewardship. Section 2.2 of the EPA provides the Minister of Environment with
authority to develop, coordinate, and administer this Guideline (see Appendix 1).

The Department of Environment is the key territorial agency concerning the management of
contaminated sites on Commissioner’s Land. In Nunavut however, Indian and Northern Affairs Canada
(INAC) retains responsibility for the management of inland waters, including surface water and
groundwater. If contaminated water is encountered, INAC should immediately be consulted.

1.1 Definitions

CCME The Canadian Council of Ministers of the Environment (CCME) is the major
intergovernmental forum in Canada for discussion and joint action on
environmental issues of national, international and global concern. The 14
member governments work as partners in developing nationally consistent
environmental standards and practices (see Appendix 8).

Closure Report The final report prepared by a qualified person and provided to the
Environment Department following successful implementation of the
Remedial Action Plan. The report generally includes a description of all site
activities conducted, quantity of contaminated material treated or removed,
treatment and disposal methods used, and analytical data generated.

Commissioner’s Land Lands that have been transferred by Order-in-Council to the Government of
Nunavut. This includes roadways and land subject to block land transfers.
Most Commissioner’s Land is located within municipalities.
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Contaminant

Contaminated Site

Discharge

Environment

Inspector

Phase | Environmental
Site Assessment

Phase Il Environmental
Site Assessment

Qualified Person

Remedial Action Plan

Any noise, heat, vibration or substance and includes such other substance

as the Minister may prescribe that, where discharged into the environment,

(a) endangers the health, safety or welfare of persons,

(b) interferes or is likely to interfere with normal enjoyment of life or
property,

(c) endangers the health of animal life, or

(d) causes oris likely to cause damage to plant life or to property.

Areas of land, surface water, groundwater, or sediments that have levels of
contaminants exceeding the remediation criteria. Contaminant sources can
include on-site burial of wastes, small or frequent drips and spills,
stockpiling and storage of materials, major spills, and releases during fires.
Contamination may also be caused by illegal dumping of contaminated soil.
Contaminated sites may have short or long term consequences to the
health and safety of people and the quality of the environment.

Includes any pumping, pouring, throwing, dumping, emitting, burning,
spraying, spreading, leaking, spilling, or escaping.

Means the components of the Earth and includes

(a) air, land and water,

(b) all layers of the atmosphere,

(c) all organic and inorganic matter and living organisms, and

(d) the interacting natural systems that include components referred to in
paragraphs (a) to (c) above.

Means a person appointed under subsection 3(2) of the EPA and includes
the Chief Environmental Protection Officer.

The process, as outlined in the Canadian Standards Association’s
(CSA) Standard 2768, by which a qualified person determines whether a
property is, or may be, contaminated.

The process, as outlined in the CSA Standard 2769, by which a

qualified person characterizes and delineates concentrations and quantities
of contaminants on a site and compares those levels to acceptable
remediation criteria.

A person who has an appropriate level of knowledge and experience in all
aspects of contaminated site investigation, remediation and management.

A plan that identifies Site-Specific Remedial Objectives for a site, identifies
remedial options and outlines their feasibility, and describes a preferred
conceptual remediation plan, a performance monitoring plan, and, if
appropriate, requirements for ongoing site management.
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Remediation The process to restore a site’s environmental condition and reduce any
existing hazards to human health and safety to an acceptable level.
Remediation involves the development and application of a planned
approach that removes, destroys, contains or otherwise reduces the
availability of contaminants to people and the environment.

Remediation Criteria The numerical limits or narrative statements pertaining to individual
substances or chemicals in soil, water or sediment which are recommended
to protect and maintain the specified uses of the site. When measurements
taken at a contaminated site indicate that the remediation criteria are being
exceeded, the need for management and remediation is indicated.

Responsible Party The owner or person in charge, management or control of the contaminant
before it is discharged or owner of the contaminated site.

Additional definitions can be found in Appendix 2.

1.2 Roles and Responsibilities
1.2.1 Environment Protection Division, Department of Environment

The Environmental Protection Division of the Department of Environment is the key environmental
agency responsible for ensuring the proper management of contaminated sites on Commissioner’s Land.
Responsibilities include confirming the required level of remediation using the remediation criteria
cited in this document, reviewing the submitted Remedial Action Plan, monitoring the progress of the
project and issuing a letter of confirmation when no further remedial action is required.

Authority is derived from the Environmental Protection Act, which prohibits the discharge of
contaminants to the environment and enables the Minister to undertake actions to ensure appropriate
management measures are in place. Although programs and services are applied primarily to activities
taking place on Commissioner’s and municipal lands and to Government of Nunavut undertakings, the
Environmental Protection Act may be applied to the whole of the territory where other controlling
legislation, standards and guidelines do not exist. A complete listing of relevant legislation and
guidelines can be obtained by contacting the Environmental Protection Division or visit the web site at
http://www.gov.nu.ca/env/environment.

The Environmental Protection Division will provide advice and guidance on remediation measures.
However, it remains the sole responsibility of the polluter, facility operator and landowner to provide
adequate site management and remediation and to ensure all applicable statutes, regulations,
standards and guidelines are fully complied with.

1.2.2 Responsible Party
If the polluter, facility operator or landowner is notified or otherwise has reason to believe that a site is

contaminated, or is potentially contaminated, that person must immediately report the incident and
ensure an appropriate evaluation of the potential environmental effects and risks is completed to
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determine what action, if any, is required under the EPA and this Guideline. Exercising timeliness in all
matters related to the contaminated site is critical.

The responsibilities of a Responsible Party include the following:

e Reporting the incident to the NWT/Nunavut 24-Hour Spill Report Line (867-920-8130);

e Contacting EPD and other relevant regulatory agencies including the Regional Environmental
Health Officer, Office of the Fire Marshal, local fire department, local government, landowner,
affected adjacent landowners, ‘Designated Inuit Organization’, or other parties regarding health
and safety concerns;

e Notifying members of the public who may be adversely affected by the contamination;

e Retaining a qualified person (see Section 1.1) to assess the site to determine the presence and
extent of contamination; and

e Developing and implementing a Remedial Action Plan.

1.2.3 Other Regulatory Agencies

As there may be other environmental or public and worker health and safety issues to consider, other
regulatory agencies may have to be contacted regarding the management of a contaminated site. Some
of the other agencies include:

Department of Community and Government Services

The Department of Community and Government Services is responsible under the Commissioners’ Lands
Act for the issuance of land leases, reserves, licenses and permits on Commissioner’s Lands. The
Department is also responsible for, in cooperation with communities, the planning, funding, operation
and maintenance of municipal solid waste and sewage disposal facilities in most Nunavut communities.
Emergency planning responsibilities under the Emergency Measures Act include developing territorial
emergency response plans, coordinating emergency operations at the territorial and regional levels and
supporting community emergency response operations.

The Office of the Fire Marshal is responsible for ensuring the safe storage, handling and use of
flammable and combustible liquids and the withdrawal of fuel storage tanks from service. The Office of
the Fire Marshal derives its authority from the Fire Prevention Act, National Fire Code and National
Building Code.

Department of Health and Social Services

Contaminated sites may impact adjacent properties, residences or other buildings thereby potentially
affecting the health and safety of the public. The Office of the Chief Medical Officer of Health and
Regional Environmental Health Officers should be consulted regarding legislated requirements under
the Public Health Act.

Page 4



Guideline for Contaminated Site Remediation

Department of Economic Development and Transportation

The Motor Vehicles Division is responsible for ensuring the safe transport of contaminated soil and
other hazardous waste through administration of the Transportation of Dangerous Goods Act. The
Department is also responsible under the Motor Vehicles Act for driver licensing and various other
vehicle and load safety matters.

Workers’ Safety and Compensation Commission

The Workers’ Safety and Compensation Commission is responsible for promoting and regulating worker
and work place health and safety in Nunavut. The Commission derives its authority from the Workers’
Compensation Act and Safety Act, which require an employer to maintain a safe work place and ensure
the safety and well being of workers. The Work Site Hazardous Materials Information System, or
WHMIS, requires information be provided to workers on the safe use of any hazardous materials used in
the work place. All responsible parties should consult the Prevention Services Division for further
information and guidance.

Local Municipal Governments

The role of local municipal governments is important in the management and safety of contaminated
sites. Remediation standards are determined, in part, by how the property is used and how the
property may be designated under local government development plans (e.g. land use zoning).
Contaminated soil may be deposited for treatment and disposal at municipal landfill sites only with the
consent of the local government. The local fire department may also be called upon if a fire or other
public safety issue is identified.

Indian and Northern Affairs Canada

Indian and Northern Affairs Canada is responsible under the Territorial Lands Act and Nunavut Waters
and Nunavut Surface Rights Tribunal Act for the management of federal lands and inland waters. Indian
and Northern Affairs should be consulted if contaminated surface water or groundwater is encountered.

Co-management Boards and Agencies

Co-management boards and agencies established under the Nunavut Land Claim Agreement have broad
authority for land use planning, impact assessment and the administration of land and water in
settlement areas located outside of municipalities. The remediation of contaminated sites may be
controlled through the setting of terms and conditions in plans, licenses and permits issued by these
boards and agencies.
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Contaminated Site Management Process

The management and remediation of a contaminated site consists of a phased approach starting with
discovery of the contamination. A well-considered and comprehensive work plan will enable the
Responsible Party to make informed decisions, which will result in the safe, effective and cost-efficient
remediation of the site. The following flow chart describes the general steps in the overall management
process.

Discovery of Contamination

!

Initial Notification of EPD, other
regulatory agencies and affected public

PHASE | REASEL PHASE Il (if required)
Site Information Assessment Reconnaissance Testing Detailed Testing Program
Program

}

Preparation of a Remedial Action Plan (if | <
required) and submission to EPD

l

Implementation of the Remedial Action
Plan and confirmatory sampling

l

Site Closure - submit Closure Report and
EPD issues letter advising that no further
remedial action is required
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2.1 Initial Notification

When a person discovers the presence of contamination, or has reason of believe a site is contaminated,
they should immediately notify the Department of Environment and the owner of the facility or
property. This discovery may occur as a result of a spill or other accident, an investigation completed for
the sale or refinancing of a property, or other actions that identify contamination impacts to the
environment.

Section 5.1 of the EPA states that where a discharge of a contaminant occurs, or is likely to occur, the
owner or person in charge, management or control of the contaminant must immediately:

e report the discharge to the NWT/Nunavut 24-Hour Spill Report Line at (867) 920-8130;
o take all reasonable measures to safely stop the discharge and repair damages; and
e make reasonable efforts to notify any affected public.

Once this notification has occurred, EPD will assess the significance of the reported contamination by
having an Inspector conduct a site visit or by reviewing other relevant information (e.g. site assessment
report). If it is determined that contamination is present, or may be in the future, and that it poses a
risk to human health, safety or the environment, the responsible party must undertake actions to repair
the damages in a timely manner. These actions may include identifying the nature and extent of
contamination, preparing a Remedial Action Plan and implementing the plan.

If it is determined that the problem cannot be resolved with limited remedial action, the responsible
party may be instructed to obtain the services of a qualified person (e.g. environmental engineer or
consultant). Obtaining the services of a qualified person is mandatory if there is evidence of
groundwater contamination, if explosive vapours are present, or if a neighbouring property is affected.
In all cases, the responsible party or its representative must consult the appropriate regulatory agencies
(see section 1.2) and notify any affected members of the public. EPD may require the responsible party
to provide proof of such consultation and notification.

Issues not related to public health, safety or the environment that arise between the responsible party
and affected parties are civil matters, which are to be settled by the parties outside of this management
process.

2.2 Site Assessment

Assessing, or characterizing, a contaminated site is a critical phase in the site management process. A
well-planned and comprehensive assessment will enable the responsible party to make informed
decisions about potential remediation actions.

There are normally up to three phases to an Environmental Site Assessment (ESA). These phases
depend on the size and complexity of the contaminated site, and range from the general to the specific.
While there are advantages with a phased approach, there may also be economies realized by
combining information gathering and testing into a single investigation, particularly at remote locations
where mobilization costs are significant.
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2.2.1 Phase I: Site Information Assessment

The overall objective of the Phase | ESA is to identify whether actual or potential contamination exists at
a site. At a minimum, the Phase | ESA must meet or exceed the Canadian Standards Association (CSA)

Standard Z768-01, Phase | Environmental Site
Assessment.

All available and relevant current and historical
information pertaining to the site should be
assembled when completing a Phase | ESA. This
information will be used to estimate the likelihood,
types and locations of contamination that may be
present and help to develop a field-testing program,
should one be required. Reports and information
prepared for legal, transactional or environmental
reasons (e.g. spill reporting, ESAs if already
conducted) should be reviewed. Phase | ESAs do not
involve the carrying out of a sampling plan.

The review frequently includes three broad aspects:

Facility Characteristics - A current and historical
description of the site and its facilities is developed,
particularly as it relates to the areas of concern (e.g.
contaminant sources and potential discharge points).
Reviewing facility records and discussions with past
and present employees should also be used to gather
relevant information. Additional information can be
obtained by reviewing above and below ground
structures (using blueprints, if available) as possible
sources of contamination, as well as considering prior
site and surrounding land uses.

Contaminant Characteristics - Hydrocarbons,

Phase 1 - The initial actions undertaken to
determine whether a property is, or is not,
contaminated. A Phase | site information
assessment involves reviewing all available
reports, studies and other relevant
documents on a site, but does not involve
sampling, analysis and measurement of soil
and water.

Phase Il - Builds upon results of the Phase 1
assessment by sampling soil and water, and
sometimes air, on a site to characterize and
delineate the concentration of contaminants,
and compare those levels to approved
remediation criteria. A Remedial Action Plan
may be developed following the Phase Il
reconnaissance testing program if all
necessary information about the site has
been obtained.

Phase Il - The most detailed level of
assessment that is intended to address any
outstanding issues and information gaps
following a Phase Il assessment.

chemicals and other contaminants that may be stored at the site are identified. Their quantities and
concentrations are estimated by visual inspections, reviewing documentation and interviewing past and

present employees.

Physical Site Characteristics - The geology, hydrology and hydrogeology of the site and surrounding area
are examined using available data. The objective is to develop a comprehensive understanding of local
site characteristics and a current and historical description of the area.

Other sources of information can include aerial photographs, geology and groundwater reports;
topographical, geological and other maps; the Government of the Northwest Territories’ Hazardous
Materials Spill Database (this database includes spills that have occurred in Nunavut) and previous site

assessment reports.
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The review should include a visual inspection of the site and discussions with local residents who may
have knowledge of the site and its history. The site inspection will identify signs of contaminant
discharge (e.g. leaks and drips, discoloured soil or discoloured building foundation walls), vegetation
stress and examine local sensitive habitats (e.g. beaches, ponds, streams) for the presence of
hydrocarbons. The proximity of the site to surrounding buildings, surface water bodies and sensitive
habitats (e.g. wetlands) should also be identified.

2.2.2 Phase ll: Reconnaissance Testing Program

The overall objective of the Phase Il ESA is to confirm the presence and characterize the contaminants of
concern at the site. At a minimum, the Phase Il ESA must meet or exceed the CSA Standard Z769-00,
Phase Il Environmental Site Assessment.

Characterization of the contamination and site conditions require the carrying out of a sampling plan.
The plan usually involves one or more field screening methods to identify suitable locations for more
intrusive sampling and analysis. Overall, the sampling plan should enable the qualified person to
confirm the presence of any contamination, provide an understanding of the nature of the
contamination (e.g. location, quantity and direction of movement) and provide an understanding of the
relevant site conditions (e.g. soil type, groundwater flow, exposure pathways). This information is
necessary in order to develop a Remedial Action Plan or to identify the need for a more specific Phase
[l assessment, including human health and ecological risk assessments. It may also enable the qualified
person to determine that no further action is required.

The Phase Il testing program should include the adoption of recognized sampling procedures, quality
assurance/quality control procedures and laboratory analytical protocols (see Appendices 5 and 6).

Environmental quality remediation criteria will need to be selected in consultation with EPD during the
Phase Il ESA. The data collected during the testing program will be compared to the applicable criteria

to determine if, and where, exceedances exist on the property. See the CCME Guidance Document on

the Management of Contaminated Sites in Canada, April 1997 for further information.

2.2.3 Phase lll: Detailed Testing Program

The results of the Phase Il ESA will determine whether a Phase Il ESA is required. If sufficient data has
been obtained at Phase Il to characterize the site and any potential risk to human health, safety and the
environment, then the process may move directly to developing a Remedial Action Plan (if it is
required).

Alternatively, a detailed Phase Ill ESA may be necessary if Phase Il testing indicates that significant and
wide-spread contamination exists. A Phase Il ESA will address outstanding issues and information gaps
with a view to obtaining enough information to enable development of a Remedial Action Plan.
Specifically, the Phase Il ESA will:

e target and delineate the boundaries of identified contamination;
e define site conditions and possible contaminant pathways in greater detail, particularly with
respect to possible risk assessment;
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e provide contaminant and other information necessary to finalize environmental quality
remediation criteria or risk assessment; and

e provide all other information that is required in order to develop a Remedial Action Plan and
enable contract specifications and tender documents to be prepared.

The Phase Il detailed testing program will focus on areas identified in the Phase Il program and involves
a similar systematic process of sampling, analysis and evaluation. However, a greater number of
samples are usually collected and a smaller suite of chemical substances may be analyzed as the
program converges on the outstanding environmental issues. Field screening techniques are not
usually employed in this testing.

Once the environmental condition of the site has been thoroughly assessed, the qualified person will be
able to develop a site-specific Remedial Action Plan.

2.3 Land Use

Remediation criteria (see section 2.4) are presented in the context of four types of land use:
agricultural/wildland, residential/parkland, commercial and industrial. The criteria are considered
generally protective of human and environmental health for the ‘normal’ activities associated with each
land use. It is important to note that it is the current and intended future land use that governs the
decision on the level of remediation to be performed at a site. Identifying the appropriate land use will
help to assess the extent of human and ecological exposure to contaminants in the soil, and is essential
for preparing a Remedial Action Plan. The type of land use found adjacent to the contaminated site may
also affect the remediation criteria to be achieved.

Agricultural/Wildland Land on which the primary activity is related to the productive capability of
the land. This includes lands that provides habitat for transitory wildlife and
birds as well as greenhouses.

Residential/Parkland Land on which dwelling, on a permanent, temporary or seasonal basis, is the
primary activity. Institutions (e.g. hospitals, schools, daycares) and
playgrounds are included under this land use. This land use also includes
activity that is recreational in nature and that requires the natural or human
designed capability of the land to sustain that activity. Residential/Parkland
lands are normally readily accessible to the public.

Commercial Land on which the primary activity is the commercial buying, selling, or
trading of goods or services. Members of the public, including children,
normally have free access to these lands.

Industrial Land on which the primary activity is the production, manufacture,
construction or storage of goods. Public access is restricted and children are
not permitted continuous access or occupancy.
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24 Application of Remediation Criteria at Contaminated Sites

There are three basic approaches that may be utilized for the development of site-specific remediation
criteria and objectives:

Tier 1 Direct adoption of remediation criteria (Criteria-Based Approach).

Tier 2 Adoption of remediation criteria with modifications based on site-specific information
(Modified-Criteria Approach).

Tier 3 Use of site-specific risk assessment (Risk-Based Approach).

The criteria-based approach (Tier 1) is designed to require fewer resources while providing a
scientifically defensible basis for protection that is sufficiently flexible to account for certain

site-specific factors. In most cases this approach provides an effective alternative to the modified-
criteria (Tier 2) or detailed risk-based (Tier 3) approaches. The Tier 2 and Tier 3 approaches can be more
complex and costly, and are utilized when the criteria-based approach is not suitable for a site (e.g.
large, complex or remote industrial sites).

Regardless of the approach that is ultimately chosen, the level of human health, safety and
environmental protection provided by each approach does not change, only the manner in which the
level of protection is achieved.

The responsible party should consult with EPD before deciding which approach to take.
Tier 1 - Criteria-Based Approach

Under this approach, the remediation criteria selected for a site are adopted as the remediation
objectives. In most cases this approach would involve either the reduction of petroleum hydrocarbon
(PHC) concentrations in soil to achieve Tier 1 criteria or the removal and replacement of soil containing
PHC concentrations in excess of the criteria. Factors that may bear weight on the decision of whether
or not to directly adopt Tier 1 criteria include cost, time, simplicity and other practical and technical
considerations (e.g. cost of obtaining additional data to support Tier 2 or Tier 3 approaches, risks
associated with residual contamination, cost and commitment to long-term management and
monitoring).

The Tier 1 criteria-based approach is applicable only where site conditions, receptors, and exposure
pathways are similar with those assumed in the development of the criteria.

A summary of Tier 1 remediation criteria (mg/kg) for PHC in ‘surface’ soil is provided in Table 1.

Tier 1 criteria may also be used for the remediation of ‘subsoil’ even though PHC contaminated subsoil
usually has a lower level of risk associated with direct human contact, vapour inhalation and ecological
soil contact. The responsible party should balance the benefits associated with using Tier 1 criteria for
the remediation of subsoil with the additional commitments associated with undertaking a Tier 2
modified-criteria approach. EPD must be consulted in all cases where PHC concentrations in ‘subsoil’
exceed Tier 1 criteria.
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Table 1.
Land Use Soil Texture Fraction 1 Fraction 2 Fraction 3 Fraction 4
(C6-C10) (>C10-C16) (>C16-C34) (>C34)
Agricultural/Wildland Fine-grained soil 210 (170°) 150 1300 5600
Course-grained soil 30° 150 300 2800
Residential/Parkland Fine-grained soil 210 (170°) 150 1300 5600
Course-grained soil 30° 150 300 2800
Commercial Fine-grained soil 320 (170°) 260 (230°) 2500 6600
Course-grained soil 320 (240°) 260 1700 3300
Industrial Fine-grained soil 320 (170°) 260 (230°) 2500 6600
Course-grained soil 320 (240%) 260 1700 3300

a = Where applicable, for protection against contaminated groundwater discharge to an adjacent surface water body or for
protection of potable groundwater.
b = Assumes contamination near residence.

Additional Tier 1 criteria for PHC in soils can be found in Appendix 3. Remediation criteria for other
contaminants in soil (e.g. BTEX, metals, PAHs) can be found in Appendix 4.

If the remediation of soil to Tier 1 criteria for the associated land use is not practical from a cost,
logistical or technological perspective, then the responsible party will have to move to Tier 2 or Tier 3
site management.

Tier 2 - Modified-Criteria Approach

In certain circumstances, remediation criteria may be modified, within specified limits, and adopted for
use as the site-specific remediation criteria when site conditions exist that modify human and ecological
exposure to PHC contamination relative to the generic conditions used to derive Tier 1 criteria. In
general, this modified-criteria approach is utilized in situations where site conditions, land use, receptors
or exposure pathways differ only slightly from those assumed in the development of Tier 1 criteria.
However, as pointed out above, the decision to undertake Tier 2 adjustments implies a commitment to
increase the accuracy of information on site-specific factors, including exposure and risk estimates.

The acceptability of a Tier 2 approach for evaluation of site-specific impacts is subject to review by EPD.
If the impacts also extend off-site, then the responsible party must seek the acceptance of other
affected parties before proceeding with a Tier 2 approach.

Specific guidance on situations where modifications are allowed to the Tier 1 criteria, as well as details
concerning implementation of the modified-criteria approach are provided in the Canada-Wide
Standard for Petroleum Hydrocarbons in Soil User Guide (CCME 2008).
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Tier 3 - Risk-Based Approach

In certain circumstances, neither the criteria-based or modified-criteria approach may be suitable for a
site because pathways of exposure, target chemicals, receptors or other site characteristics differ
significantly from those used to develop these more generic approaches. If this is the case, risk
assessment procedures may be required to develop site-specific remediation objectives that correspond
to an acceptable level of risk to human or ecological receptors. The Tier 3 approach involves completion
of a site-specific risk assessment and development of a risk management plan, including long-term
monitoring.

A contaminated site is a candidate for the risk-based approach when there are:

e  significant ecological concerns (e.g. critical or sensitive habitats for wildlife; rare, threatened or
endangered species; parkland or ecological reserves; special hunting or trapping resources);

e unacceptable data gaps (e.g. exposure conditions are particularly unpredictable or uncertain;
lack of information about receptors; high degree of uncertainty about hazard levels); or

e  special site characteristics (e.g. site is large or remote; the contamination is complex; estimated
cost of remediation is prohibitive; site conditions, receptors and/or exposure pathways differ
significantly from those assumed in the derivation of Tier 1 and Tier 2 criteria).

Further guidance on human health and ecological risk assessment is beyond the scope of this document.
If the reader wishes to proceed with a risk-based approach to site remediation, they are encouraged to
contact EPD and professionals competent in the field of human health and ecological risk assessment.

2.5 Preparation of a Remedial Action Plan

At this point the responsible party will review the results of the site assessment and determine whether
to remediate the site to the generic Tier 1 criteria or develop site-specific remediation criteria using
either a modified-criteria or risk-based approach. The selection should take into consideration factors
such as effectiveness in achieving the remediation goals, practicality, safety and cost.

Once remediation criteria have been determined, the responsible party must prepare a Remedial
Action Plan for the site which reflects the preferred remediation method. Where practical, the plan
should favour permanent remediation solutions, and not solutions that require long-term management
and monitoring. The Remedial Action Plan should:

e include names and contact information of all key personnel, consultants and contractors;

e summarize all data collected on contaminants identified during the site investigation(s);

e identify contaminants of concern and the media (e.g. soil, water) affected;

e identify the remediation criteria and the method(s) by which they have been derived;

e identify, quantify and characterize the materials to be treated, removed and disposed;

e summarize remedial options evaluated and the method used to select the preferred remedial
strategy;

e describe the selected remediation method and its technical feasibility;

e detail an implementation plan, including a schedule for implementing the plan;
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e discuss control measures to minimize fugitive air emissions, surface water control, and worker
health and safety;

e identify the fate of any residual contaminants that may remain on-site following remediation;
and

e identify remedial verification and long-term monitoring plans (if required).

The Remedial Action Plan should be submitted to EPD, and other regulatory agencies as appropriate, for
review prior to the plan being implemented in order to confirm all regulatory requirements are being
met.

2.6 Implementation of a Remedial Action Plan

Once all necessary approvals have been obtained, the responsible party shall implement the Remedial
Action Plan in a timely manner and submit monitoring reports to EPD on the pre-determined schedule.
The responsible party must advise EPD if any activities deviate from the approved Remedial Action Plan.
In these cases, EPD will assess the significance of any deviations and advise accordingly.

The completion of remediation activities should be validated by comparing the results of confirmatory
samples to the selected remediation criteria. Where the remediation criteria fail to be achieved, the
responsible party would be required to re-evaluate the Plan and implement alternative remediation
activities.

2.7 Site Closure

When the responsible party and is satisfied that all the requirements of the Remedial Action Plan have
been met, a closure report should be prepared and forwarded to EPD. The closure report includes a
description of all site activities conducted and remediation methods used, the quantity of contaminated
material treated or disposed, and all analytical data generated.

Provided the remediated site complies with all appropriate criteria, management to Tier 1 or Tier 2
would normally enable unrestricted future use of the land within the particular land use designation.
This is referred to as ‘unconditional closure’. Where a Tier 3 risk-based approach is used, land use
controls and restrictions and long-term monitoring would likely be required to ensure human health,
safety and environmental risks do not increase. This is referred to as ‘conditional closure’.

In the case of unconditional closure, EPD will conclude the management process upon receipt and
acceptance of the closure report by issuing a letter advising the responsible party that no further
remedial action is required. In the case of conditional closure, the letter would state that the
management process remains on-going and confirm what land-use controls and restrictions and long-
term monitoring is required.
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Conclusion

This is a brief introduction to the contaminated site remediation process and is intended to inform the
reader about the basic issues involved in contaminated site management. Once a contaminated site has
been discovered or verified, the Environmental Protection Division of the Department of Environment
must be contacted before proceeding though the contaminated site management process.

Environment Protection Division
Department of Environment
Inuksugait Plaza, Box 1000, Station 1360
Iqaluit, Nunavut, XOA OHO

Phone: (867) 975-7729;
Fax: (867) 975-7739
Email: EnvironmentalProtection@GOV.NU.CA
Website: http://www.gov.nu.ca/env/environment
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APPENDIX 1 - ENVIRONMENTAL PROTECTION ACT

The following are excerpts from the Environmental Protection Act

2.2

"Contaminant" means any noise, heat, vibration or substance and includes such other substance as the
Minister may prescribe that, where discharged into the environment,

(a) endangers the health, safety or welfare of persons,

(b) interferes or is likely to interfere with normal enjoyment of life or property,

(c) endangers the health of animal life, or

(d) causes or is likely to cause damage to plant life or to property;

"Discharge" includes, but not so as to limit the meaning, any pumping, pouring, throwing, dumping,
emitting, burning, spraying, spreading, leaking, spilling, or escaping;

"Environment" means the components of the Earth and includes

(a) air, land and water,

(b) all layers of the atmosphere,

(c) all organic and inorganic matter and living organisms, and

(d) the interacting natural systems that include components referred to in paragraphs (a) to (c).

"Inspector" means a person appointed under subsection 3(2) and includes the Chief Environmental
Protection Officer.

The Minister may

(a) establish, operate and maintain stations to monitor the quality of the environment in the Territories;

(b) conduct research studies, conferences and training programs relating to contaminants and to the
preservation, protection or enhancement of the environment;

(c) develop, co-ordinate and administer policies, standards, guidelines and codes of practice relating to
the preservation, protection or enhancement of the environment;

(d) collect, publish and distribute information relating to contaminants and to the preservation,
protection or enhancement of the environment:

(1) The Minister shall appoint a Chief Environmental Protection Officer who shall administer and enforce
this Act and the regulations.

(2) The Chief Environmental Protection Officer may appoint inspectors and shall specify in the
appointment the powers that may be exercised and the duties that may be performed by the inspector
under this Act and regulations.

(1) Subject to subsection (3), no person shall discharge or permit the discharge of a contaminant into the
environment.

(3) Subsection (1) does not apply where the person who discharged the contaminant or permitted the

discharge of the contaminant establishes that

(a) the discharge is authorized by this Act or the regulations or by an order issued under this Act or the
regulations;

(b) the contaminant has been used solely for domestic purposes and was discharged from within a
dwelling house;

(c) the contaminant was discharged from the exhaust system of a vehicle;
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5.1.

(d) the discharge of the contaminant resulted from the burning of leaves, foliage, wood, crops or stubble
for domestic or agricultural purposes;

(e) the discharge of the contaminant resulted from burning for land clearing or land grading;

(f) the discharge of the contaminant resulted from a fire set by a public official for habitat management
of silviculture purposes;

(g) the contaminant was discharged for the purposes of combating a forest fire;

(h) the contaminant is a soil particle or grit discharged in the course of agriculture or horticulture; or

(i) the contaminant is a pesticide classified and labelled as "domestic" under the Pest Control Products
Regulations (Canada).

(4) The exceptions set out in subsection (3) do not apply where a person discharges a contaminant that
the inspector has reasonable grounds to believe is not usually associated with a discharge from the
excepted activity.

Where a discharge of a contaminant into the environment in contravention of this Act or the regulations
or the provisions of a permit or license issued under this Act or the regulations occurs or a reasonable
likelihood of such a discharge exists, every person causing or contributing to the discharge or increasing
the likelihood of such a discharge, and the owner or the person in charge, management or control of the
contaminant before its discharge or likely discharge, shall immediately:

(a) subject to any regulations, report the discharge or likely discharge to the person or office designated
by the regulations;

(b) take all reasonable measures consistent with public safety to stop the discharge, repair any damage
caused by the discharge and prevent or eliminate any danger to life, health, property or the
environment that results or may be reasonably expected to result from the discharge or likely
discharge; and

(c) make a reasonable effort to notify every member of the public who may be adversely affected by the
discharge or likely discharge.

(1) Where an inspector believes on reasonable grounds that a discharge of a contaminant in
contravention of this Act or the regulations or a provision of a permit or license issued under this Act or
the regulations has occurred or is occurring, the inspector may issue an order requiring any person
causing or contributing to the discharge or the owner or the person in charge, management or control of
the contaminant to stop the discharge by the date named in the order.

(1) Notwithstanding section 6, where a person discharges or permits the discharge of a contaminant into
the environment, an inspector may order that person to repair or remedy any injury or damage to the
environment that results from the discharge.

(2) Where a person fails or neglects to repair or remedy any injury or damage to the environment in
accordance with an order made under subsection (1) or where immediate remedial measures are
required to protect the environment, the Chief Environmental Protection Officer may cause to be carried
out the measures that he or she considers necessary to repair or remedy an injury or damage to the
environment that results from any discharge.
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APPENDIX 2 - GLOSSARY

Accreditation

Adverse Effect

Assess or Assessment

Background

Background Samples

Blank

Borehole

Chemical

Clean up

Formal recognition of the competence of an environmental analytical
laboratory to carry out specified tests. Formal recognition is based on an
evaluation of laboratory capability and performance. Site inspections are
utilized in the evaluation of capability.

An undesirable or harmful effect to an organism, indicated by some result
such as mortality, altered food consumption, altered body and organ
weights, altered enzyme concentrations or visible pathological changes.

Investigations, monitoring, testing and other information-gathering
activities to identify: (1) the existence, source, nature and extent of
contamination resulting from a release into the environment of a
hazardous material or chemical substance; and (2) the extent of danger to
the public health, safety, welfare, and the environment.

The term also includes studies, services, and investigations to plan, manage,
decommission and clean up a contaminated site.

An area not influenced by contaminants released from the site.

Matrices minus the analytes of interest that are carried through all steps of
the analytical procedure. They are used to provide a reference for
determining whether environmental test sample results are significantly
higher than "unpolluted" samples, which contain "zero", low, or acceptable
levels of the analytes of interest. All matrices, sample containers, reagents,
glassware, preparations, and instrumental analyses are included in the
analysis of background samples.

The measured value obtained when a specified component of a sample is
not present.

A hole drilled into the earth, and into which casing or screen can be
installed to construct a well.

Any element, compound, formulation or mixture of a substance that might

enter the environment through spillage, application or discharge. Examples
of chemicals are insecticides, herbicides, fungicides, and agents for treating
oil spills.

The removal of a chemical substance or hazardous material from the
environment to prevent, minimize or mitigate damage to public health,
safety or welfare, or the environment that may result from the presence of
the chemical substance or hazardous material. The clean up is carried out
to attain specified remediation criteria.
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Concentration

Criteria

Detection Limit

Environmental Analytical

Laboratory

Ground Penetrating Radar

Groundwater

Guidelines

Hazardous Material

Headspace

Migration

The amount of chemical or substance in a given environmental medium.
Concentration is typically expressed as milligrams per litre (mg/L) in water,
milligrams per kilogram (mg/kg) in soil and food and micrograms per cubic
metre (ug/m’) in air. Concentrations may also be expressed as parts per
million (ppm) or parts per billion (ppb).

1 mg/litre = 1 ppm or 1000 ppb
1 mg/kg =1 ppm or 1000 ppb

Numerical standards that are established for concentrations of chemical
parameters in various media to determine the acceptability of a site for a
specific land use.

The smallest concentration of a substance that can be reported as present
with a specified degree of precision and accuracy by a specific analytical
method.

A laboratory engaged in the physical, chemical or biological measurements
of either the receiving environment or discharges to the receiving
environment.

A geophysical method in which bursts of electromagnetic energy are
transmitted downward from the land surface, to be reflected and refracted
by velocity contrasts within the subsurface.

All subsurface water that occurs beneath the water table in rocks and
geologic formations that are fully saturated.

Statements outlining a method, procedure, process or numerical value
which, while not mandatory, should be followed unless there is a good
reason not to do so, and includes the numerical limits or narrative
statements that are recommended to protect and maintain the specified
uses of water, sediment, soil or air. Guidelines also assist in clarifying the
intent of the Environmental Protection Act and regulations.

Material that, because of its quality, concentration, chemical composition
or corrosive, flammable, reactive, toxic, infectious or radioactive
characteristics, constitutes a present or potential threat to human health
and safety or the environment, when improperly stored, treated,
transported, disposed of, used or otherwise managed.

The empty volume in a container between the cap and the solid or liquid
level of the sample.

The movement of chemicals, bacteria and gases in flowing water or vapour
in the subsurface.
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Monitoring

Monitoring Well

Objective

Quality Assurance/Quality
Control (QA/QC)

Receptor

Risk

Risk Assessment

Screening
Site-Specific Remedial
Objectives

Subsoil

Surface Soil

Surface Water

Test Pit

The routine (e.g. daily, weekly, monthly, quarterly) checking of quality or
collection and reporting of information.

A well that is used to extract groundwater for physical, chemical or
biological testing, or to measure water levels.

A numerical limit or narrative statement that has been established to
protect and maintain a specified use of water, sediment or soil at a
particular site by taking into account site-specific conditions. Objectives
may be adopted directly from generic criteria or formulated to account for
site-specific conditions.

Those procedures and controls designed to monitor the conduct of a study
in order to ensure the quality of the data and the integrity of the study.

A person or organism subjected to chemical exposure. An ecosystem
component that is, or may be, adversely affected by a pollutant or other
stress emanating from a contaminated site. Receptors may include

biological or abiotic (e.g. air or water quality) components.

Risk is a measure of both the severity of effects arising from exposure to a
substance and the probability of its occurrence.

Procedure designed to determine the qualitative aspects of hazard
identification and usually a quantitative determination of the level of risk

based on deterministic or probabilistic techniques.

Rapid analysis to determine if further action (e.g. detailed analysis or clean
up) is warranted.

The objectives established for a specific site to be met by implementation
of a Remedial Action Plan and, if appropriate, ongoing site management.

Soil which is 1.5 metres (approximately 5 feet) or deeper from the surface.
Soil which is less than 1.5 metres (approximately 5 feet) from the surface.

Natural water bodies, such as rivers, streams, brooks and lakes, as well as
artificial water courses, such as irrigation, industrial and navigational canals.

A shallow pit made to characterize the subsurface.
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APPENDIX 3 - REMEDIATION CRITERIA FOR PETROLEUM HYDROCARBONS

The term ‘Petroleum Hydrocarbons’ (PHC) describes a mixture of organic compounds found in and
derived from oil, bitumen and coal. Petroleum products typically contain thousands of compounds in
varying proportions, composed predominantly of carbon and hydrogen, with minor amounts of
nitrogen, sulphur and oxygen. The properties of PHC contamination in soils varies with the soil type,
petroleum source and composition, degree of processing (crude, blended or refined) and the extent of
weathering caused by exposure to the environment. Such factors complicate the assessment of the
human health, safety and environmental risks associated with PHC contamination. This complicated
assessment of risk makes it necessary to evaluate PHC as four fractions: F1, F2, F3, and F4. This differs
from the previous guideline (2002) where PHC contamination in soil was assessed using one parameter -
Total Petroleum Hydrocarbons.

PHCs are subdivided according to specified ranges of equivalent carbon number (ECN). Each fraction is,
in turn, made of subfractions. These subfractions are described according to their relevant physical and
chemical properties and toxicological characteristics. These divisions between the fractions have been
established in consideration of analytical factors, physical and chemical properties, the expected
relevance to biological response in soils and the ability to utilize the definitions and associated
properties.

Fraction 1 (F1) The range of ECN from C6 to C10. It includes gasoline and represents the
volatile fraction of most hydrocarbon mixtures. The F1 fraction consists of
aromatic subfractions in the range C8 to C10, as well as aliphatic subfractions in
the ranges of C6 to C8 and >C8 to C10. The fraction is generally considered to
be high in mobility, volatility and solubility

Fraction 2 (F2) The range of ECN from >C10 to C16. It includes kerosene, jet fuel and light fuel
oils (No. 2 fuel oil, Arctic diesel) and represents the semi-volatile fraction of
petroleum hydrocarbons. The F2 fraction is comprised of aromatics and
aliphatic subfractions in the ranges >C10 to C12 and >C12 to C16.

Fraction 3 (F3) The range of ECN from >C16 to C34 and includes medium fuel oils (No. 4 fuel
oil, Bunker B), heavy fuels oils (Bunker C) and lubricating and motor oils. Itis
comprised of both aromatics and aliphatics in the ranges >C16 to C21 and >C21
to C34.

Fraction 4 (F4) The range of ECN from >C34 to C50+. PHC within this range often make up a
significant proportion of crude oils. The fraction is generally considered to be
of low mobility, volatility and solubility.

Some specific aromatic compounds found within the F1 fraction are managed separately from PHC.
Benzene (“B”) has been excluded because of its carcinogenic properties while toluene, ethylbenzene
and xylene (“TEX”) have been excluded because of the relatively long history of managing these
compounds. Collectively these compounds are referred to as “BTEX”.
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Tier 1 and Tier 2 remediation criteria are prescribed for coarse-grained and fine-grained soils. As a
result, sufficient textural information needs to be obtained through environmental site assessments to
permit classification of the soils as either coarse or fine. These classifications are defined as follows:

Fine-grained soil Soil having a medium grain size of <75 um as defined by the American Society
for Testing and Materials, and includes silts and clays.

Course-grained soil Soil having a median grain size of >75 um as defined by the American Society
for Testing and Materials, and includes sands and gravels.

Tier 1 remediation criteria for PHC in soils are presented in Tables A3-1, A3-2 and A3-3. Remediation
criteria for BTEX are identified separately in Appendix 4.

Table A3-1
Summary of Tier 1 Criteria (mg/kg) for PHC for Surface Soil.*

Land Use Soil Texture Fraction 1 Fraction 2 Fraction 3 Fraction 4
(C6-C10) (>C10-C16) (>C16-C34) (>C34)
Agricultural/wildland Fine-grained soil 210 (170%) 150 1300 5600
Course-grained soil 30° 150 300 2800
Residential/Parkland Fine-grained soil 210 (170°) 150 1300 5600
Course-grained soil 30° 150 300 2800
Commercial Fine-grained soil 320 (170%) 260 (230°) 2500 6600
Course-grained soil 320 (240°) 260 1700 3300
Industrial Fine-grained soil 320 (170°%) 260 (230°) 2500 6600
Course-grained soil 320 (240°) 260 1700 3300

* EPD must be consulted if PHC concentrations in ‘subsoil’ exceed these criteria.

a = Where applicable, for protection against contaminated groundwater discharge to an adjacent surface water body or for
protection of potable groundwater.

b = Assumes contamination near residence.
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Table A3-2. Pathway-Specific Tier 1 Levels (mg/kg) for PHC for Fine-Grained Surface Soils.

Land Use Exposure Pathways* F1 F2 F3 F4
(C6-C10) (>C10-C16)  (>C16-C34) (>C34)
Agricultural/  Direct Contact (Ingestion + Dermal Contact) 12 000 6800 15 000 21 000
Wildland Vapour Inhalation (indoor, basement) 710 3600 NA NA
Vapour Inhalation (indoor, slab-on-grade) 610 3100 NA NA
Protection of Potable GW 170 230 NA NA
Protection of GW for Aquatic Life® RES RES NA NA
Protection of GW for Livestock Watering 4200 10 000 NA NA
Nutrient Cycling NC NC NC NC
Eco Soil Contact 210 150 1300 5600
Eco Soil Ingestion NC NC NC NC
Produce, Meat and Milk Ingestion NC NC NC NC
Management Limit® 800 1000 3500 10 000
Residential/ Direct Contact (Ingestion + Dermal Contact) 12 000 6 800 15 000 21 000
Parkland Vapour Inhalation (indoor, basement) 710 3600 NA NA
Vapour Inhalation (indoor, slab-on-grade) 610 3100 NA NA
Protection of Potable GW 170 230 NA NA
Protection of GW for Aquatic Life® RES RES NA NA
Nutrient Cycling NC NC NC NC
Eco Soil Contact 210 150 1300 5600
Produce Ingestion NC NC NC NC
Management Limit® 800 1000 3500 10 000
Commercial Direct Contact (Ingestion + Dermal Contact) 19 000 10 000 23 000 RES
Vapour Inhalation (indoor) 4600 23 000 NA NA
Protection of Potable GW 170 230 NA NA
Protection of GW for Aquatic Life® RES RES NA NA
Nutrient Cycling NC NC NC NC
Eco Soil Contact 320 260 2500 6600
Offsite Migration NA NA 19 000 RES
Management Limit” 800 1000 5000 10000
Industrial Direct Contact (Ingestion + Dermal Contact) RES RES RES RES
Vapour Inhalation (indoor) 4600 23 000 NA NA
Protection of Potable GW 170 230 NA NA
Protection of GW for Aquatic Life® RES RES NA NA
Nutrient Cycling NC NC NC NC
Eco Soil Contact 320 260 2500 6600
Offsite Migration NA NA 19 000 RES
Management Limit® 800 1000 5000 10 000

NA = Not applicable. Calculated value exceeds 1,000,000 mg/kg or pathway excluded.

RES = Residual PHC formation. Calculated value exceeds 30,000 mg/kg and solubility limit for PHC fraction.

NC = Not calculated. Insufficient data to allow derivation.
a = Assumes surface water body at 10 metres from site.
b = Includes additional considerations such as free phase formation, explosive hazards, and buried infrastructure effects.
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Table A3-3. Pathway-Specific Tier 1 Levels (mg/kg) for PHC for Course-Grained Surface Soils.

Land Use Exposure Pathways* F1 F2 F3 F4
(C6-C10) (>C10-C16) (>C16-C34) (>C34)
Agricultural/  Direct Contact (Ingestion + Dermal Contact) 12 000 6800 15 000 21 000
Wildland Vapour Inhalation (indoor, basement) 40 190 NA NA
Vapour Inhalation (indoor, slab-on-grade) 30 150 NA NA
Protection of Potable GW 240 320 NA NA
Protection of GW for Aquatic Life® 970 380 NA NA
Protection of GW for Livestock Watering 5300 14 000 NA NA
Nutrient Cycling NC NC NC NC
Eco Soil Contact 210 150 300 2800
Eco Soil Ingestion NC NC NC NC
Produce, Meat and Milk Ingestion NC NC NC NC
Management Limit® 700 1000 2500 10 000
Residential/ Direct Contact (Ingestion + Dermal Contact) 12 000 6800 15 000 21 000
Parkland Vapour Inhalation (indoor, basement) 40 190 NA NA
Vapour Inhalation (indoor, slab-on-grade) 30 150 NA NA
Protection of Potable GW 240 320 NA NA
Protection of GW for Aquatic Life® 970 380 NA NA
Nutrient Cycling NC NC NC NC
Eco Soil Contact 210 150 300 2800
Produce Ingestion NC NC NC NC
Management Limit® 700 1000 2500 10 000
Commercial Direct Contact (Ingestion + Dermal Contact) 19 000 10 000 23 000 RES
Vapour Inhalation (indoor) 320 1700 NA NA
Protection of Potable GW 240 320 NA NA
Protection of GW for Aquatic Life® 970 380 NC NC
Nutrient Cycling NC NC NC NC
Eco Soil Contact 230 260 1700 3300
Offsite Migration NA NA 4300 RES
Management Limit® 700 1000 3500 10 000
Industrial Direct Contact (Ingestion + Dermal Contact) RES RES RES RES
Vapour Inhalation (indoor) 320 1700 NA NA
Protection of Potable GW 240 320 NA NA
Protection of GW for Aquatic Life® 970 380 NC NC
Nutrient Cycling NC NC NC NC
Eco Soil Contact 320 260 1700 3300
Offsite Migration NA NA 4300 RES
Management Limit” 700 1000 3500 10 000

NA = Not applicable. Calculated value exceeds 1,000,000 mg/kg or pathway excluded.
RES = Residual PHC formation. Calculated value exceeds 30,000 mg/kg and solubility limit for PHC fraction.
NC = Not calculated. Insufficient data to allow derivation.
a = Assumes surface water body at 10 metres from site.

b = Includes additional considerations such as free phase formation, explosive hazards, and buried infrastructure effects.
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APPENDIX 4 — REMEDIATION CRITERIA FOR OTHER CONTAMINANTS

Table A4-1. Canadian Soil Quality Guidelines (mg/kg soil).

Land Use and Soil Texture

Substance’

Agricultural/
Wildland
Course Fine

Residential/
Parkland
Course Fine

-
Commercial

Course Fine

-
Industrial

Course Fine

Arsenic (inorganic)
Barium
Benzene
Surface"
Subsoil”
Surface”
Subsoil*
Benzo(a)pyrene
Cadmium
Chromium
Total chromium
Hexavalent chromium (IV)
Copper
Cyanide (free)
DDT (total)
Diisopropanolamine (DIPA)*
Ethylbenzene
Surface
Subsoil
Ethylene glycol
Lead
Mercury (inorganic)
Naphthalene
Nickel

Nonylphenol (and its ethyloxylates)

Pentachlorophenol
Phenol
Polychlorinated biphenyls (PCB)
Polychlorinated di-benzo-p-
dioxins/dibenzofurans
(PCDD/Fs)
Propylene glycol
Selenium
Sulfolane’
Tetrachloroethylene
Thallium
Toluene
Surface
Subsoil
Trichloroethylene
Uranium®
Vanadium
Xylenes
Surface
Subsoil
Zinc

12°

750°

0.03"  0.0068"
0.03"  0.0068"™
0.0095"" 0.0068""
0.011"* 0.0068""
0.1°
1.4°

64°
0.4"
63°
0.9°
0.7
180°

0.082" 0.018"
0.082" 0.018"™
960"
70°
6.6
0.1°
50

5.7°
7.6°
3.8°
0.5™

4 ng TEQ/kg®

Insuff Info"
1°
0.8
0.1°
1n

0.37° 0.08'
0.37' 0.08'
0.01”"
23"

130'

t t

11
11

2.4

2.4
I

t

200

t

12°

500°

0.03"*  0.0068"
0.03"  0.0068™
0.0095" 0.0068""
0.011*" 0.0068""
0.7
108

64°
0.4"
63°
0.9°
0.7'
180°

0.082" 0.018""
0.082" 0.018""
960"
140°
6.6°
0.6
50

h
|

5.7°
7.6°
3.8
1.3

4 ng TEQ/kg®

Insuff Info"
1°

1

0.2

10

f

0.37" 0.08'
0.37° 0.08'
0.01”"
23"

130'

t t

11
11

24

2.4
I

t t

200

12°

2000°

0.03"* 0.0068""
0.03" 0.0068""
0.03"" 0.0068""
0.03"" 0.0068""
0.7
22°
87"
1.4"
91°
8.0°
12"
180°

0.082° 0.018""
0.082° 0.018""
960"
260°
24°
22
50

h
|

14°
7.6°
3.8°
33"

4 ng TEQ/kg"

Insuff Info"
2.9°
1
0.5'
10

0.37° 0.08'
0.37° 0.08'
0.01°"
33"

130'

t t

11
11

2.4

2.4
I

t

360

t

12°

2000°

0.03" 0.0068"
0.03" 0.0068""
0.03" 0.0068""
0.03" 0.0068""
0.7
22°
87"
1.4"
91°
8.0°
12"
180°

0.082" 0.018"
0.082" 0.018"
960"
600°
50°
22
50

h
|

14°
7.6°
3.8°
33"

4 ng TEQ/kg’

Insuff Info"
2.9°
1b
0.6'
10

0.37" 0.08'
0.37" 0.08'
0.01°"
300"
130'

t t

11
11

2.4

2.4
I

t t

360
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Notes (Table 4A-1):

Canadian Soil Quality Guidelines for the Protection of Environmental and Human Health are published in “Canadian Environmental Quality
Guidelines (CCME, 1999, updated 2007).

SQG; = Soil Quality Guideline for Environmental Health
SQGyy = Soil Quality Guideline for Human Health

" For guidelines derived prior to 2004, differentiation between soil texture (coarse/fine) is not applicable.

©

<

~

Guidelines released in 1997 were originally published in a working document entitled “Recommended Canadian Soil Quality Guidelines”
(CCME 1997) and have been revised, edited and reprinted here. Guidelines revised/released in 1999 are published here for the first time.
Data are sufficient and adequate to calculate an SQGyy and an SQG;. Therefore the soil quality guideline is the lower of the two and
represents a fully integrated de novo guideline for this land use, derived in accordance with the soil protocol (CCME 1996; 2006).

Data are insufficient/inadequate to calculate an SQGyy, a provisional SQGyy, an SQGe or a provisional SQGe. Therefore, the interim soil quality
criterion (CCME 1991) is retained as the soil quality guideline for this land use.

Data are sufficient and adequate to calculate only a provisional SQG;. It is greater than the corresponding interim soil quality criterion (CCME
1991). Therefore, in consideration of receptors and/or pathways not examined, the interim soil quality criterion is retained as the soil quality
guideline for this land use.

Data are sufficient and adequate to calculate an SQGyy and a provisional SQGe. Both are greater than the corresponding interim soil quality
criterion (CCME 1991). Therefore, in consideration of receptors and/or pathways not examined, the interim soil quality criterion is retained
as the soil quality guideline for this land use.

Data are sufficient and adequate to calculate an SQGyy and a provisional SQGe. Both are less than the corresponding interim soil quality
criterion (CCME 1991). Therefore, the interim soil quality guideline supersedes the soil quality criterion for this land use.

The soil-plant-human pathway was not considered in the guideline derivation. If produce gardens are present or planned, a site-specific
objective must be derived to take into account the bioaccumulation potential (e.g. adopt the agricultural/wildland guideline as objective).
The off-site migration check should be recalculated accordingly.

Data are sufficient and adequate to calculate only a provisional SQGg, which is less than the existing interim soil quality criterion (CCME 1991).
Therefore, the provisional soil quality guideline supersedes the interim soil quality criterion for this land use.

Data are sufficient and adequate to calculate only an SQGe. An interim soil quality criterion (CCME 1991) was not established for this land use
therefore, the SQGg becomes the soil quality guideline.

In site-specific situations where the size and/or the location of commercial and industrial land uses may impact primary, secondary or tertiary
consumers, the soil and food ingestion guideline is recommended as the SQGg.

Data are sufficient and adequate to calculate only a provisional SQGg.

Data are sufficient and adequate to calculate only an SQGg, which is less than the interim soil quality criterion (CCME 1991) for this land use.
Therefore the SQGg becomes the soil quality guideline for this land use.

Data are sufficient and adequate to calculate only an SQGg, which is greater than the interim soil quality criterion (CCME 1991) for this land
use. Therefore the interim soil quality criterion (CCME 1991) is retained as the soil quality guideline for this land use.

Data are sufficient and adequate to calculate a provisional SQGxy and an SQGe. The provisional SQGy is equal to the SQGe and to the existing
interim soil quality criterion (CCME 1991) and thus becomes the soil quality guideline for this land use.

Data are sufficient and adequate to calculate a provisional SQGyy and an SQGe. The provisional SQGy is less than SQGg and thus becomes the
soil quality guideline for this land use.

Data are sufficient and adequate to calculate only an SQG¢. An interim soil quality criterion (CCME 1991) was not established for these
substances therefore, the SQGe becomes the soil quality guideline.

Data are sufficient and adequate to calculate only a provisional SQGuy which is less than the existing interim soil quality criterion (CCME
1991). Thus the provisional SQGxy becomes the soil quality guideline for this land use.

Data are sufficient and adequate to calculate only a provisional SQGyu. An interim soil quality criterion (CCME 1991) was not established for
this land use therefore, the provisional SQGu becomes the soil quality guideline.

Data are sufficient and adequate to calculate only an SQGuu. An interim soil quality criterion (CCME 1991) was not established for this land
use therefore, the SQGu4 becomes the soil quality guideline.

Data are sufficient and adequate to calculate an SQGyy and an SQG. Therefore the soil quality guideline is the lower of the two and
represents a fully integrated de novo guideline for this land use.

This guideline may be less than the common limit of detection.

Data are sufficient and adequate to calculate only a provisional SQGrwa. (Soil Quality Guideline for Freshwater Aquatic Life). This value is
6,210 mg/kg.

10° incremental risk.

10° incremental risk.

Unless otherwise indicated supporting documents are available from the National Guidelines and Standards Office, Environment Canada.
Supporting documents are available from the Canadian Council of Ministers of the Environment.
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Table A4-2. Interim Remediation Criteria (mg/kg soil).

These interim remediation criteria should only be used when soil quality guidelines have not yet been
developed for a given contaminant (see table A4-1).

Land Use and Soil Texture

Substance Agricultural/ Residential/ Commercial Industrial
Wildland Parkland

General Parameters

Conductivity [dS/m] 2 2 4 4
pH 6to8 6to8 6to8 6to8
Sodium adsorption ratio 5 5 12 12

Inorganic Parameters

Antimony 20 20 40 40
Beryllium 4 4 8 8
Boron (hot water soluble) 2 - - -
Cobalt 40 50 300 300
Fluoride (total) 200 400 2000 2000
Molybdenum 5 10 40 40
Silver 20 20 40 40
Sulphur (elemental) 500 - - -
Tin 5 50 300 300

Monocyclic Aromatic Hydrocarbons

Chlorobenzene 0.1 1 10 10
|,2-Dichlorobenzene 0.1 1 10 10
|,3-Dichlorobenzene 0.1 1 10 10
|,4-Dichlorobenzene 0.1 1 10 10
Styrene 0.1 5 50 50
Phenolic Compounds
Chlorophenols® (each) 0.05 0.5 5 5
Nonchlorinated® (each) 0.1 1 10 10
Polycyclic Aromatic Hydrocarbons (PAHs)
Benzo(a)anthracene 0.1 1 10 10
Benzo(b)fluoranthene 0.1 1 10 10
Benzo(k)fluoranthene 0.1 1 10 10
Dibenz(a,h)anthracene 0.1 1 10 10
Indeno(l,2,3-c,d)pyrene 0.1 1 10 10
Phenanthrene 0.1 5 50 50
Pyrene 0.1 10 100 100
Chlorinated Hydrocarbons
Chlorinated aliphatics® (each) 0.1 5 50 50
Chlorobenzenes® (each) 0.05 2 10 10
Hexachlorobenzene 0.05 2 10 10
Hexachlorocyclohexane (Lindane) 0.01 - - -

Miscellaneous Organic Parameters

Nonchlorinated aliphatics (each) 0.3 - - -
Phthalic acid esters (each) 30 = - -
Quinoline 0.1 - - -
Thiophene 0.1 - - -
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Notes (Table 4A-2):

All values are in mg/kg soil unless otherwise indicated.
Interim remediation criteria were published in 1991 in “Interim Canadian Environmental Quality Criteria for Contaminated Sites (CCME, 1991).

These interim remediation criteria are considered generally protective of human and environmental health and were based on experience and
professional judgement.

These interim criteria (CCME, 1991) should only be used when soil quality guidelines based on the CCME soil protocol (CCME, 1996; 2006) have
not yet been developed for a given chemical. Also, because the interim remediation criteria were not developed using the soil protocol and its
integral checks, they cannot be modified through the site specific remediation objective procedure.

a = Chlorophenols include
Chlorophenol isomers (ortho, meta, para)
Dichlorophenols (2,6- 2,5- 2,4- 3,5- 2,3- 3,4-)
Trichlorophenols (2,4,6- 2,3,6- 2,4,5- 2,3,4- 3,4,5-)
Tetrachlorophenols (2,3,5,6- 2,3,4,5- 2,3,4,6-)

b = Nonchlorinated phenolic compounds include
2,4-dimethylphenol
2,4-dinitrophenol
2-methyl 4,6-dinitrophenol
Nitrophenol (2-,4-)
Phenol
Cresol

¢ = Aliphatic chlorinated hydrocarbons include
Chloroform
Dichloroethane (1,1- 1,2-), Dichloroethene (1,1- 1,2-)
Dichloromethane
1,2-dichloropropane, 1,2-dichloropropene (cis and trans)
1,1,2,2-tetrachloroethane, tetrachloroethene
Carbon tetrachloride
Trichloroethane (1,1,1- 1,1,2-), trichloroethene

d = Chlorobenzenes include
All trichlorobenzene isomers
All tetrachlorobenzene isomers
Pentachlorobenzene
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APPENDIX 5 — FIELD SCREENING AND INTRUSIVE SAMPLING

Field screening and sampling methods are to be consistent with current professional standards.
Because soils on any given site can be variable and complex (e.g. type of soil, grain size, depth of
permafrost), all reasonable efforts must be made to ensure samples provide a true ‘representation’ of
the site. Efforts should also be made to minimize the spread of contamination from one location to
another as a result of activities during site assessment and cleanup.

Field screening methods help to identify suitable locations for more intrusive sampling and analysis.
Screening with portable instruments is acceptable if the instruments are capable of calibrating
measurements to relative or absolute levels of contamination, if the screening is verifiable in regard to
procedures and results and finally, if results of such techniques can be correlated to Canadian
Association for Environmental Analytical Laboratories (CAEAL) accredited laboratory results.

On sites where it cannot be determined through historical records that previous tanks and lines have
been removed, an appropriate survey (e.g. ground penetrating radar) should be carried out before
drilling, to determine whether tanks and lines are present.

Sample locations should provide an adequately detailed description of the nature and extent of
contamination in three dimensions and provide information on potential subsurface contaminant
migration pathways. The following are considered minimum requirements:

e Soil - 3-5 boreholes or test pits for each potential source area, except very small sites where a
minimum of 1 borehole or test pit is sufficient. Potential source areas include storage tanks and
barrels, lines, pump islands, loading areas, previous underground installations and areas of
discoloured or stained soil. At a typical community POL facility with 1 tank nest, 1 set of lines, 1
pump island, and 1 waste oil tank, this would equate to 4 source test locations.

e Groundwater - Sufficient test locations to determine the direction of groundwater flow on-site
should be selected (minimum of 3 groundwater monitoring wells or piezometers, including at
least 1 multilevel installation to assess vertical gradients). Shallow wells are to be screened
across the water table to intercept floating product.

e All soil test holes should extend to the bottom of the contaminated soil zone or to an
impermeable layer (e.g. bedrock), whichever is shallower.

e All test holes and wells should be monitored for the presence of free product.

e Atleast 1 ‘control’ site should be established to determine accurate background concentrations
of the suspected contaminant.

Each sample location should be marked or documented so it can be found again, if needed.
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APPENDIX 6 — SAMPLE ANALYSIS

Soil samples may be screened in the field for vapours, staining or odour in order to reduce the number
of samples to be analyzed by the laboratory. All field observations must be included in reports.

Chemical analyses are to be conducted on at least 2 soil samples per test hole location - one surface
<1.5 m depth, one subsurface >1.5 m depth. Chemical analyses are to be conducted on at least one
groundwater sample from each well sampled.

Chemical analyses for petroleum hydrocarbon impacted sites are to include PHC and BTEX (benzene,
toluene, ethylbenzene, xylene)'. Analysis for additional site-specific parameters may be required,
depending on past or present land use (e.g. PAHs, lead, PCBs).

Grain size analyses are to be conducted on at least 1 sample per hydrogeologic unit if soil grain size
criteria are to be applied.

Quality Assurance/Quality Control (QA/QC) — For small batches of soil samples (less than 10 samples), at
least one blind duplicate should be analyzed per batch of samples. For larger batches of soil samples
(greater than 10 samples), 10% duplicates should be analyzed. For groundwater samples, a blind
duplicate and field blank sample should be collected and analyzed with each batch of samples tested.
The QA/QC results should be presented and interpreted in the closure report.

All sampling, sample handling and chemical analysis must be consistent with accepted practices. In
particular, samples for volatile organics must be collected such that there is a minimum headspace in
soil samples and no headspace in water samples. Samples should be kept cool, but not frozen, until they
are delivered to the laboratory. Sample handling procedures should be verified with the receiving
laboratory and chemical analysis should be consistent with the PHC Canada-Wide Standard reference
method. See Guidance Manual on Sampling, Analysis and Data Management for Contaminated Sites,
Volume 1: Main Report (CCME, 1993), and Reference Method for the Canada-Wide Standard for
Petroleum Hydrocarbons in Soil — Tier 1 Method (CCME, 2001).

Accredited Laboratory

Laboratory analysis of contaminated soil, water and other materials must be conducted by laboratories
that have been formally recognized as competent to perform specified tests by the Canadian Association
for Environmental Analytical Laboratories (CAEAL). CAEAL is a non-profit organization dedicated to
raising the level of competency, consistency, capability, and communication within environmental
testing laboratories in Canada. Their member laboratories voluntarily participate in rigorous programs of
proficiency testing and accreditation, demonstrating their commitment to generate high quality and
consistent data (see Appendix 8).

Soils with high natural organic carbon (such as peats) may give a “false positive” result when analyzed. If this is suspected, it may be
beneficial to collect additional background soil samples for organic carbon analysis.
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APPENDIX 7 - TRANSPORTATION OF CONTAMINATED SOIL

Contaminated soil must be transported in accordance with requirements of the appropriate transport
authority. The road transportation of contaminated soil is administered by the Nunavut Department of
Economic Development and Transportation under the territorial Transportation of Dangerous Goods Act
and Regulations (TDGR). The transportation of contaminated soil by air and marine mode is
administered by Transport Canada under the federal Transportation of Dangerous Goods Act and
International Maritime Dangerous Goods Code, respectively.

The TDGR require that a waste manifest form accompany shipments of contaminated oil and other
hazardous waste. The completed manifest form provides:

e Detailed information on the types and amounts of hazardous waste shipped;
e Arecord of the parties involved in the shipment;

¢ Information on the storage, treatment or disposal of the waste; and

e Confirmation that the waste reached the final destination.

No chemical test of the hydrocarbon is required as “petroleum distillate” is a specified dangerous good
in List I, Schedule Il of TDGR. The word “waste” must precede the shipping name.

Manifest requirements:

Shipping name: WASTE SOLIDS CONTAINING FLAMMABLE LIQUID,
n.o.s.*, (gasoline or diesel, as appropriate)

Classification: 4.1
UN number: UN3175
Packing group: |l
or Shipping name: WASTE ENVIRONMENTALLY HAZARDOUS SUBSTANCE,
SOLID, n.o.s.*, (gasoline or diesel, as appropriate)
Classification: 9
UN number: UN3077
Packing group: Il

Further assistance in completing a waste manifest can be obtained by referring to the User’s Guide for
the Hazardous Waste Manifest produced by Environment Canada or by contacting the Motor Vehicles
Division of the Department of Economic Development and Transportation. Further information on
hazardous waste management in Nunavut can be obtained by referring to the Environmental Guideline
for the General Management of Hazardous Waste (January 2002) produced by the Department of
Environment.
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APPENDIX 8 - ADDITIONAL CONTACTS

Canadian Council of Ministers of the Environment (CCME)

CCME works to promote effective intergovernmental cooperation and coordinated approaches to
interjurisdictional issues such as air pollution and toxic chemicals. Under the auspices of CCME, the
federal, provincial and territorial ministers of environment collectively establish nationally consistent
environmental standards, strategies and objectives so as to achieve a high level of environmental quality
across the country. Comprehensive literature and technical documentation is available from:

Canadian Council of Ministers of the Environment
123 Main Street, Suite 360

Winnipeg, Manitoba R3C 1A3

Phone: (204) 948-2090; Fax: (204) 948-2125
Website: http://www.ccme.ca

E-mail: info@ccme.ca

Canadian Association for Environmental Analytical Laboratories (CAEAL)

CAEAL is a not-for-profit organization formed in 1989 dedicated to raising the level of competency,
consistency, capability, and communication within environmental testing laboratories in Canada.
Membership in CAEAL is open to individuals, institutions, user groups, consultants, industrial
organizations, regulatory agencies, materials and laboratory equipment suppliers, and others interested
in the work being carried out in environmental analytical laboratories. More information on CAEAL may
be obtained from:

Canadian Association for Environmental Analytical Laboratories
300-265 Carling Avenue

Ottawa, Ontario K1S 2E1

Phone: (613) 233-5300; Fax: (613) 233-5501

Website: http://www.caeal.ca/

Canadian Standards Association (CSA)

CSA is a not-for-profit membership-based association serving business, industry, government and
consumers in Canada and the global marketplace. As an organization, CSA works to develop standards
that address a wide variety of needs, such as enhancing public health and safety, occupational health
and safety, and the environment. More information on CSA may be obtained from:

Canadian Standards Association

5060 Spectrum Way

Mississauga, Ontario L4W 5N6

Phone: (416) 747-4000; Fax (416) 747-2473
Website: http://www.csa.ca
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Operational Procedures for Site Personnel




LANDFARM OPERATION AND MAINTENANCE PROCEDURES
FOR SITE PERSONNEL

The following describes specific procedures for the the operation and maintenance of
the contaminated soil facility (“landfarm”) at the Meadowbank site. Operation and
monitoring of the facility will come under the responsibility of the Environmental
Superintendent. Any questions about operation and maintenance procedures should be
directed to the Environment Department.

1 TYPE OF CONTAMINATION

1.1 Acceptable Types of Contamination

The landfarm facility is designed to accept, treat and/or store petroleum hydrocarbon
contaminated soils that have been generated through mine-related activities (i.e. spills)
at the Meadowbank Gold Project and the Meadowbank exploration camp. The following
products may be treated in the landfarm if used onsite and spilled on soil or snow:
Gasoline

Diesel fuel

Aviation fuel (Jet A)

Hydraulic oil

Other light oils e.g. engine oil, lubricating oil

If the source of contamination is unknown, or the contaminated material is suspected to
contain any non-PHC contaminants, additional analyses should be performed (see
Section 1.2).

1.2 Unknown Contamination

In the event that the contaminant source is unknown, Environment Department should
be notified so that soil can be analyzed for petroleum hydrocarbons and possibly
additional contaminants prior to placement in the landfarm.
e Additional parameters could include:
o Total heavy metals
0 Heavy oil and grease
o0 Volatile organic compounds
e Concentrations of additional contaminants will be compared to the site
background values (for metals) and/or criteria in the Government of Nunavut
(GN) Guidelines for Contaminated Site Remediation.



o If non-PHC soil contamination is below background or agricultural/wildland
GN guidelines (whichever is higher), the material will be accepted into the
landfarm as usual (see Section 2).

o If non-PHC contamination is above background or GN agricultural/wildland
criteria but below GN industrial use criteria, soil will be placed in a
designated area in the landfarm for PHC remediation prior to disposal in
the Portage Rock Storage Facility (PRSF).

o If non-PHC contamination is above GN industrial criteria, the material
cannot be remediated in the landfarm. Spills of > 100 L of non-PHC material
(e.g. solvents, glycol) will be placed in drums and stored in the site Hazmat area
for shipment south to approved facilities during barge season. Spills of non-PHC
material < 100 L will be placed in the TSF.

2 HANDLING CONTAMINATED SOIL AND SNOW

2.1 Spill Excavation
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2.1.2

General Procedures

All spills must be reported to the Environment Department in accordance with
AEM'’s Spill Reporting Procedures. Spills that are acceptable as described in
Section 1 will be excavated for treatment in the landfarm.

Prior to excavation, absorbent pads will be used to contain the spill and minimize
excavated soil volumes. Used absorbent pads will be disposed of in the onsite
incinerator.

During excavation, larger coarse material (>1") should be separated as much as
possible. Coarse and fine material will be treated separately in the landfarm.
Care should be exercised to ensure that the entire spill is excavated. The
excavation should be thoroughly assessed for any visible remaining product or
odour, and the extents of excavation approved by Environment Department.

Spills on Snow

For spills < 100 L, PHC-contaminated snow will be placed in a designated area
of the landfarm and treated as contact water after snowmelt.

For spills > 100L, excavated snow will be stored in drums until it has melted.
The melt water will be processed in the oil/water separator (carbon filter) to
remove PHC residue. The treated water will be sampled per Part F, Item 6 of
the Water License, and discharged to the Stormwater Management Pond if
criteria are met. If criteria not met, water will be treated as hazardous material.



2.1.3 Records
¢ In addition to the regular spill report provided by the affected department, the
following information should be recorded by Environment Department at the
excavation of potentially landfarmable material:
o Time and date of excavation
o Estimated quantity of excavated material (soil or snow)
o Destination of excavated material (storage or landfarm)

2.2 Addition of Soil to the Landfarm

e Environment Department should be contacted prior to any additions of soil or
snow to the landfarm.

e During transport to the landfarm, care should be exercised to ensure that no
contaminated material is lost. If this occurs, it should be cleaned up immediately,
ensuring none is left behind.

e If not already removed, efforts should be made to separate larger coarse material
(> 1”) from the finer material in the landfarm, using a screen sieve if necessary.

e Each load of contaminated soil will be placed in an area designated by
Environment Department staff. The layout of the landfarm should be prepared by
the Environment Department and provided to Site Services and the Mine
Department as changes occur.

e Location will be based on:

o Year
= New windrows will be developed annually at a minimum so that
new product is not added to partially remediated piles
o Grain size
= Material < 1” will be piled and shaped into windrows with maximum
dimensions of ~15 m wide at base x 4 m high x 50 m long
= Material > 1" will be spread out in a thin layer (< 30 cm) for
volatilization
0 Presence of other contaminants
= Material contaminated with concentrations of other contaminants
above background/GN wildland criteria will be treated in a
separate area in the landfarm
o0 Nutrient amendment
= Certain windrows are treated with sewage sludge as a nutrient
amendment



2.3 Remedial Activities

Environment Department will determine the timing of all remedial activities, and will
maintain detailed records.

2.3.1 Absorbent material
e Oil-absorbent pads will be used to help remove visible product from coarse
material as necessary.
e Used absorbent materials will be incinerated.

2.3.2 Aeration
e Windrows will be mixed mechanically with earth-moving equipment two - four
times per year, during the summer months.
e Prior to turning, site personnel will ensure that soil is not so dry as to generate
significant dust, nor overly saturated.

o If soil is dry, water from within the landfarm containment area will be used
as a moisture source and sprayed on the piles. If no accumulated water is
available, a freshwater supply will be used.

o If the windrows are saturated, aeration will be conducted at a later date.

2.3.3 Nutrient Amendment — Pilot Project
e Two pilot piles in the landfarm facility were treated in 2012 with 400 gallons of
sewage sludge as a nutrient source.
e Depending on the effectiveness of this treatment (to be determined by Fall 2013),
future additions of sewage sludge will be determined by Environment
Department, and procedures updated at that time.

2.4 Sampling

All sampling of the landfarm will be conducted by the Environment Department.

e Windrows will be sampled annually at the end of the summer season to
determine if remediation objectives have been met.

e For each 10 m of windrow length, one composite sample will be collected, each
consisting of three sub-samples from the surface and three sub-samples at 1 m
depth. Sub-samples will be taken approximately 3.3 m apart, and will be taken
from both sides of the windrow.

e Samples should be analyzed for BTEX and PHC Fractions 1 — 4.

2.5 Removal of Soil from the Landfarm

e All removal of soil from the landfarm will be directed by the Environment Department,
who will maintain a record of all soil removal operations, including the date,
guantity of soil, location in the landfarm and end use.
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2.5.2

Coarse-grained Material

Will be assessed near the end of the summer season by Environment
Department technicians for PHC product and odour.

When PHC odours are no longer detected, this material will be removed to the
PRSF and disposed of as PAG material.

Fine-grained Material

When sample analysis indicates that concentrations of PHC contaminants are
below GN guidelines, a soil pile or the appropriate section of a pile will be
deemed acceptable for removal from the facility.

The soil to be removed will be delineated by Environment Department staff.

If agricultural/wildland criteria are met, soil can be stockpiled outside the landfarm
and used in site works or reclamation activities.

If industrial criteria are met, soil will be placed in the PRSF as PAG.

GN criteria for agriculture/wildland use are targeted, but if remediation to this
level is not feasible based on time/space, industrial-use criteria will be used
(discretion of Environment Department).

3 WATER MANAGEMENT

3.1 Winter

Snow should be removed as much as possible before spring to minimize the
guantity of melt water inside the berm.

This activity is to be undertaken by Site Services.

Care should be taken to ensure contaminated snow/soil is not removed by
leaving a base layer of snow (> 10 cm) in place.

Removed snow will be placed in the TSF.

3.2 Summer

The monitoring and removal of any water accumulated within or around the berm will be
directed by the Environment Department.

Monitoring for water accumulation within the berm, or seepage through the berm
will be conducted on a weekly basis, after freshet, when water is likely to be
present.
In the event of water accumulation or seepage, the ponded water will either be:
o0 Collected and pumped to the adjacent Tailings Storage Facility after
analysis for BTEX, lead, oil and grease per Part F, Item 6 of the Water
License OR



0 Sprayed on the windrows to increase moisture content, if required
e Water accumulating in the landfarm should not be discharged to the
environment.

4 SUMMARY OF ACTIVITIES

The following table summarizes landfarm-related activities, possible analyses, and the
records to be maintained. Environment Department will direct all activities.



Activity

Analysis

Frequency of Analysis

Record

Excavation of spill and
transport of
contaminated material

If unsure of full excavation - F1-F4,
BTEX

As needed

Date and time of excavation; estimated quantity of
excavated soil; storage/disposal location of
excavated soil, if applicable; any evidence of
remaining product

Contaminated soil
additions to landfarm

If contaminant source unknown, F1-
F4, BTEX, metals, oil and grease,
VOCs (at discretion of Environment
Department)

Prior to soil addition at
facility

Date and time; quantity of soil; original location;
landfarm location; spill/excavation record # or
storage container label

Soil aeration

N/A

Two - four times during
summer

Date and time; location; soil condition (moisture,
odour, etc.)

Soil treatment with
sewage sludge as
nutrient supplement

Visual inspection to ensure proper
incorporation

At least once during
summer on selected
windrows

Date and time; type of treatment (aeration or
nutrient amendment); location in landfarm; any
odour noticed during aeration

Sampling for progress
of remediation

Hydrocarbon vapour in headspace (by
PID);
F1-F4, BTEX (laboratory)

Vapour — as needed,;
Laboratory - annually

Date and time; location; odour; laboratory report;

Soil removal from
landfarm

Removal subject to meeting GN
criteria

N/A

Date and time; location; quantity of soil removed;
final location

Ponded contact water

BTEX, oil and grease, lead — as per
Part F, Item 6 of Water License

Prior to any dewatering; if

re-used in landfarm, no
sampling necessary

Date and time, location, laboratory report, Annual
Report

Seepage

Visual inspection

Weekly during summer

Location, extent, approximate depth, evidence of
sheen

Identification of
maintenance
requirements

Visual inspection of facility

Twice annually during
summer

Inspected areas; condition of berm and base;
previously unidentified safety concerns




5 ASSESSMENT AND REPORTING

5.1 Feasibility

After two seasons of treatment in the landfarm (Fall 2013), degradation rates of PCH
contaminants will be assessed to estimate the total remediation time required under
these conditions.

5.2

If remediation to GN guidelines is feasible within the life-of-mine timeframe,
landfarm operations will continue, with aeration and possible nutrient
amendments as described above.

If rates of TPH degradation are not sufficient through this method, alternate
options will be further investigated (see Landfarm Design and Management Plan
— Section 5).

Reporting

A report of landfarm activities will be prepared annually by Environment
Department, indicating the volume of material added to the facility, amount of
material removed and disposal or re-use location, all analysis results, volume
and type of nutrient addition, visual inspection results and volume of contact
water pumped.

This information will be appended to AEM’'s NWB Annual Report.

5.3 Plan Review and Continual Improvement

The Landfarm Design and Management Plan will be reviewed annually by the
Meadowbank Environmental Superintendent in consultation with the Mine
General Manager and be updated at least every two years of operation.
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EXECUTIVE SUMMARY
General Information

The Air Quality and Dustfall Monitoring Plan (AQDMP) describe the design features and operational
procedures for the monitoring of air quality and dustfall at the Meadowbank Gold Project site.

Annual Review

The AQDMP will be reviewed and updated regularly if necessary. Completion of the review of the
AQDMP will be documented through signatures of the personnel responsible for reviewing, updating
and approving the AQDMP.

Record of Changes

A record will document all significant changes that have been incorporated in the AQDMP
subsequent to the latest review. The record will include the names of the persons who made and
approved the change, as well as the date of the approval.

Distribution List

Agnico Eagle Mines Limited (AEM) will maintain a distribution list for the AQDMP providing information
about all parties that receive the plan.
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IMPLEMENTATION SCHEDULE

The proposed implementation schedule for this Plan is effective immediately (November 2013) subject
to any modifications proposed by the NIRB as a result of the review and approval process.

DISTRIBUTION LIST

AEM - Environmental Superintendent

AEM — Environmental Coordinator (s)
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1 INTRODUCTION

11 OBJECTIVES

In accordance with NIRB Project Certificate N0.004, the objective of this program is to monitor
ambient air quality and dustfall at the Meadowbank mine site perimeter, with the goals of verifying
compliance with applicable standards, and mitigating potential environmental effects. The parameters
to be measured are suspended particulates (total, PMy,, PM,s), NO, and dustfall (settleable

particulate matter).

1.2 MONITORING LOCATIONS

Monitoring locations were determined in consultation with Environment Canada in 2011. One station
was moved in 2012 due to changes in the location of the Vault Road (see Section 1.2.4). UTM
coordinates are provided in Table 1, and locations are shown in relation to mine site features in Figure

1.

Table 1 - UTM coordinates for the Meadowbank air quality and dustfall monitoring locations.

Monitoring locations | Measured preferences Easting Northing
DF-1 TSP, PMio, PMz5, NOz, 636850 7217663
dustfall
DF-2 TSP, PMio, PMz5, NOz, 637895 7213049
dustfall
DF-3 Dustfall 639599 7213198
DF-4 Dustfall 639233 7217074
121 DF-1

Station DF-1 is located next to the explosive storage area (emulsion plant), and approximately 500 m
north of the all-weather access road. TSP, PMy,, PM,s, NO, and dustfall are monitored at this

location.

122 DF-2

Station DF-2 is located at the northern corner of South Camp Island, near the TCG contractor area.
TSP, PMyo, PM;s, NO, and dustfall are monitored at this location.

123 DF-3

Station DF-3 is approximately 1,800 m east of the East Dike. Second Portage Lake is to the west and
east. Dustfall only is monitored at this location.
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124 DF-4

Station DF-4 is approximately 1,500 m southwest of the future location of Vault Pit. This monitoring
station was installed before the construction of the Vault Road. Realignment of the road during
construction placed the station within 10 feet of the road. Therefore, AEM re-positioned Station DF-4
approximately 480 m to the north-west on February 29, 2012 to be representative of the originally
intended location relative to the road.

Dustfall only is monitored at this location.




Figure 1 - Meadowbank air quality and dustfall monitoring locations.
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2 METHODS

2.1 TSP, PMyy, PM;5

Suspended particulate matter will be generated by wind erosion of local landscapes, movement of
vehicles/equipment, airstrip activities, construction activities, the combustion of diesel fuel, and solid
waste incineration.

The monitoring program for suspended particulates will utilize Partisol Model 2025 sequential air
samplers (single and dichotomous units) installed at two locations to measure:

o Total suspended particulates (TSP) — particulate matter less than 100 um;
o PM,, — particulate matter less than 10 um; and
. PM, s — particulate matter less than 2.5 pm.

Partisol samplers operate on the principle that a stream of ambient air at a controlled flow rate is
drawn through a size-selective inlet and then through a pre-weighed filter for a pre-determined time
period. The exposed filter is shipped to a laboratory where it is re-weighed. The concentrations can
be determined using the measured volume of air and the weight difference between the pre-weighed
and exposed filter. The U.S. EPA has described standard methods for collection of PM air samples in
section 40 CFR part 53 and 58 of the U.S. Code of federal Regulations (U.S. CFR, 1997a, 1997b,
1997c,).

The monitoring of TSP, PMy,, and PM, 5 concentrations will be carried out according to the National
Air Pollution Surveillance (NAPS) schedule. This schedule follows a monitoring cycle where a single
24-hour sample is collected every sixth day. Sampling in accordance with the NAPS schedule will
provide consistency between the Meadowbank particulate monitoring stations and stations at the other
facilities across the country. In addition, by operating stations on a six-day cycle, different days are
sampled each week, which allows for the monitoring of differing production intensities or other
variations. Monitoring of TSP and fine particulate matter will continue throughout the operations and
closure phases of the Project.

Particulate sampling will be conducted year-round using the Partisol instruments’ automated sampling
function. However, sampling during extreme winter conditions (-20 degrees Celsius [°C] and colder
with the potential for blowing snow) which frequently occur during winter months, allows the possibility
for snow to be drawn through the inlet, resulting in a void sample and possible damage to the
electronic components of the sampler. A small amount of data loss is expected during the winter as
ambient conditions exceed the normal operating range expected for the equipment being used.
Climate-controlled shelters are used to minimize those issues.

The collection of TSP provides a measure of airborne dust or dirt, which may present environmental
issues such as reduced visibility, while PM,s and PMy, (fine and coarse particulates) are regulated
based on health-related concerns. TSP and PM,s are subject to GN ambient air quality standards
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(GN, 2011). No standard is provided for PMy, in Nunavut, so these results will be compared to the BC
air quality objective (BC, 2013) — see Section 3.

For comparison to Government of Nunavut Ambient Air Quality Standards (GN, 2011), concentrations
of particulates must be calculated as:

C=MNSTD
Where:
C = mass concentration of particulates (ug/ms)

M = final mass of filter — initial mass of filter (ug)
Vstp = volume of air drawn in during the sampling period, normalized to 25°C and 101.3kPA (standard

temperature and pressure; STP)

The Partisol instrument will be set to calculate and store the Vgrpvalue for each filter.

2.2 DUSTFALL

Dustfall collection is a passive program that provides a measure of particulate deposition in the vicinity
of the Project. The main dust generation processes at Meadowbank are wind erosion of site
structures (e.g. the Rock Storage Facility), and fugitive sources from open pit mining, rock crushing
and movement of vehicles/equipment/air traffic on site.

Dustfall is collected over monthly periods at four locations in open vessels containing a purified liquid
matrix, supplied by an external accredited laboratory. Particles are deposited and retained in the
liquid, which is then analyzed by the accredited laboratory for total and fixed (non-combustible)
dustfall. Calculated dustfall rates are normalized to 30 days (mg/cm®30 days). Sampling is
conducted over this period to allow for a sufficient sample size for analysis, and as a result it provides
an indication of longer-term air quality trends.

The analysis of the fixed dustfall sampling results will include comparison with Alberta Environment’s
objectives since neither Nunavut nor the NWT have dustfall standards or guidelines (see Section 3).

23 NO,

Concentrations of NO, by volume (ppb) are analyzed at two locations over monthly periods using a
passive sampling device provided by an external accredited laboratory. No continuous monitoring is
proposed for other gaseous pollutants because of low concentrations predicted in pre-construction
dispersion modeling (Cumberland, 2005).

The passive NO, monitoring stations are co-located with dustfall stations to allow for the efficient
collection of samples and the calculation of ambient secondary particulate (nitrate) concentrations
(should this information be required at a later date).

The annual average NO, concentration by volume is calculated from the monthly data for comparison
against the relevant standard.
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24 WEATHER DATA

Weather data for the dustfall and air quality monitoring periods is collected using the mine site’'s
permanent climate station. Daily averages for wind speed, wind direction and temperature are
available from this station (see Meteorological Monitoring Plan).

2.5 GREENHOUSE GAS EMISSIONS

AEM is required by the Greenhouse Gas Emissions Reporting Program (GHGRP) to track
greenhouse gas emissions based on annual fuel consumption, composition and the US EPA’s AP-42
emission factors.

2.6 QUALITY ASSURANCE/QUALITY CONTROL PROCEDURES

AEM will ensure that monitoring is conducted in accordance with the sampling reference methodology.
In addition to standardized quality assurance/quality control requirements, such as instrument
calibration, leak checks, review of data, and proper labeling of all sampling containers, field audits of
Partisol samplers will be performed in accordance, where possible, with the Partisol Sampler
Operating Manual, “Section 6 — Operations”. See Section 4 for a detailed description of instrument
management. Filters and dustfall samplers will be supplied and analyzed by a CALA-accredited
external laboratory.




Air Quality and Dustfall Monitoring Plan
Version 2; November 2013

3 DATA ANALYSIS

3.1 REGULATORY STANDARDS

Data collected from the air quality and dustfall monitoring program at Meadowbank are compared to
the applicable Government of Nunavut Environmental Standards for Ambient Air Quality (October,
2011). Standards for the measured parameters are provided in Table 2.

Table 2 - Government of Nunavut Environmental Standards for Ambient Air Quality (October,
2011) for the parameters of concern at Meadowbank. All values are for data normalized to
standard conditions of 25°C and 101.3 kPa.

Standard
Parameter Time frame -
Hg/m ppb
Fine Particulate Matter (PM,5) 24-h average 30
24-h average 120
Total Suspended Particulate (TSP) 60
Annual geometric mean
1-h average 400 213
Nitrogen Dioxide (NO2) 24-h average 200 106
Annual arithmetic mean 60 32

No standard is yet available for coarse particulate matter (PMy,), so results will be compared to the BC
Air Quality Objective (August, 2013) of 50 pg/ms.

Likewise, no standards for dustfall are available for Nunavut. Results of the dustfall analysis will be

compared to the Alberta Environment Department recreational area guideline of O.53mg/cm2/30d, to
provide context.

3.2 ANNUAL TRENDS

In addition, annual and year-over-year trends will be assessed, and results will be discussed in the
context of mine site activity.

3.3 REPORTING

AEM will provide an annual air quality and dustfall monitoring report that summarizes the collected
data. In addition, AEM will report annual emission estimates to the NPRI and GHG emissions to the
appropriate federal program.

Annual monitoring reports will include the following:

. Description of the monitoring programs;
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Description of mitigation efforts undertaken in the previous year;

Monitoring locations;

Instrumentation;

Weather conditions during sample collection;

Time and duration of monitoring, including dates;

Partisol sampler inspection reports;

Relevant standards/guidelines;

Results of monitoring (raw and averaged as appropriate for comparison to standards);
Emission tracking data for SO, and greenhouse gases based on annual fuel
consumption, composition, and AP-42 emission factors;

Comparison of results to relevant standards, analysis of annual and year-over-year
trends, and comparison to estimates in EIA dispersion modeling;

Discussion of results, including possible reasons for non-compliance with standards;
and

Mitigation measures for reducing non-compliance incidents in the future.




Air Quality and Dustfall Monitoring Plan
Version 2; November 2013

4 OPERATION AND MAINTENANCE

4.1 MANAGEMENT RESPONSIBILITY

AEM will be responsible for managing and operating the stations. Operation and monitoring of the
stations will come under the responsibility of the Environment Superintendent. Designation of
training requirements is the responsibility of Meadowbank Environment Department.

4.2 OPERATION

The Environment Department will be responsible to ensure that the Partisol samplers are operated in
accordance with the equipment operating manual and that samples will be collected by appropriately
trained personnel consistent with detailed written operating instructions from qualified personnel (i.e.
air quality specialist familiar with the equipment). An SOP will be kept up to date and communicated
to personnel. It will also ensure that proper QAQC practices are followed.

4.3 MAINTENANCE

As recommended by the manufacturer and to ensure results are in compliance with good practices,
the following items will be part of the regular maintenance and care of the Partisol sequential air
samplers. This will allow flow values and temperature compensation to be constant with time.

Maintenance Procedures Interval
Exchanging particle trap filter 6 months
Testing batteries—exchange if necessary 6 months
Exchanging fuses As needed
Cleaning Air Intake Filters 6 months
Inspect “V” Seals and O-rings 3 months
Rebuilding piston pump(s) 18 months
Audit Procedures Interval
Ambient Air Temperature audit 4 weeks
Filter Temperature(s) audit 4 weeks
Ambient Pressure audit 4 weeks
External Leak Check 4 weeks
Flow controller audit 4 weeks
Calibration Procedures Interval
Analog I/O calibration Automatic
Ambient Air Temperature calibration 1 year
Filter Compartment Temperature calibration 1 year
Filter Temperature(s) calibration 1 year
Ambient Pressure calibration 1 year
Ambient Relative humidity calibration 1 year
External Leak Check 1 year
Flow controller calibration 1 year
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5 PLAN REVIEW

The Air Quality and Dustfall Monitoring Plan will be reviewed regularly by the Meadowbank
Environmental Superintendent and be updated if any changes to the equipment or the program occur.

10
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EXECUTIVE SUMMARY

General Information

The Meteorological Monitoring Plan (MMP) describes the design features and operational procedures
for the weather station installed at the Meadowbank Gold Project site for the collection of atmospheric
data.

Annual Review

The MMP will be reviewed and updated at least annually if necessary. Completion of the annual
review of the MMP will be documented through signatures of the personnel responsible for
reviewing, updating and approving the MMP.

Record of Changes

A record will document all significant changes that have been incorporated in the MMP subsequent
to the latest annual review. The record will include the names of the persons who made and approved
the change, as well as the date of the approval.

Distribution List

Agnico-Eagle Mines Limited (AEM) will maintain a distribution list for the MMP providing information
about all parties that receive the plan.
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IMPLEMENTATION SCHEDULE

The proposed implementation schedule for this Plan is effective immediately (May 2013) subject to
any modifications proposed by the NIRB as a result of the review and approval process.

DISTRIBUTION LIST

AEM - Environmental Superintendent

AEM — Environmental Coordinator
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1 INTRODUCTION

1.1 PROJECT HISTORY

Agnico-Eagle Mines Limited (AEM) Meadowbank Division currently operates an open pit gold mine
located on Inuit-owned land in the Kivallig Region of Nunavut, approximately 70 km north of the
hamlet of Baker Lake. The Meteorological Management Plan was developed by AEM in
accordance with NIRB recommendation for the monitoring of atmospheric data for the project during
construction and operations.

1.2 OBJECTIVES

The objective of a climatological/meteorological monitoring station is to provide data to support
ongoing environmental assessment at the site. Air quality and hydrology assessment are the primary
reasons for the collection of this data, however, there is potential for other environmental and
engineering factors that may require the data generated by the station. It could also be used to
contribute to a regional data bank and to assist in transportation logistic planning if needed.

This plan is a component of the Meadowbank Environmental Management System. The
objectives of this plan are:

1. To provide reliable meteorological data for the Meadowbank site

2. To provide necessary information and data for preparation of air quality and noise monitoring
reports

3. To provide statistical data for ongoing projects.
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2 STATION DESIGN

21 BACKGROUND

A single meteorological station was installed for this project. Since no guidance exists in Nunavut
regarding meteorological stations, it was designed and installed according to the Alberta Air
Monitoring Directive.

2.2 LOCATION

The overall site plan for the Meadowbank Gold Project and the location of the meteorological
station are shown in Figure 3-1. This central location was chosen to meet guidelines
specifications.

2.3 DESIGN

The installed station consists of Campbell Scientific Canada monitoring equipment and includes the
following:

e Wind monitor

e Temperature probe

e Temperature thermalinear probe
¢ Net radiometer sensor

e Measurement and control module
e Module housing

e Solar panel

e Rechargeable battery

e Station tower

e Software

The site is also equipped with a manual recording device to measure precipitation, including snow and
rain. :
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3 STATIONOPERATION AND MANAGEMENT

The following presents the operational procedures for the weather station.
3.1 MANAGEMENT RESPONSIBILITY

AEM will be responsible for managing and operating the station. Operation and monitoring of the
station will come under the responsibility of the Environment Superintendent. Designation of training
requirements is the responsibility of Meadowbank Environment Department.

3.2 OPERATION

3.2.1 Monitoring methods

The monitoring sensors are mounted on a 10 meter tower and the station is operated independently
using power from the main camp. It is also equipped with a rechargeable battery linked to a solar
panel as back-up power supply. The station is connected to the AEM network via an Ethernet link.

Monitored parameters include the following:

¢ Wind speed at 10 m above ground

e Wind direction at 10 m above ground
Temperature at 2 m above ground
Relative humidity at 2 m above ground

Total daily precipitation is collected in a manual rain gauge installed on site.

3.2.2 Monitoring frequency

Meteorological monitoring is conducted year-round and is planned for both the operation and closure
phases of the project. Data is collected continuously and is recorded hourly and daily in a datalogger.
This data is downloaded into a separate file and analyzed bi-weekly by the Environmental department
staff. Any discrepancies are noted and corrected as soon as possible.

Regular visual inspections are also included in the meteorological inspections template.

Precipitation is manually recorded daily and logged.
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4 PLANREVIEW AND CONTINUAL IMPROVEMENT

The Meteorological Monitoring Plan will be reviewed annually by the Meadowbank Environmental
Superintendent in consultation with the Mine General Manager, and updated, if necessary.
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EXECUTIVE SUMMARY

GENERAL INFORMATION

This Noise Monitoring and Abatement Plan (NMAP) describe the operational procedures for
noise abatement and monitoring at the Meadowbank Gold Project site, with respect to wildlife
disturbance and potential offsite human receptors. This plan is an updated version of the Noise
Management and Abatement Plan (Version 1) — September 2009. Noise management for the
Meadowbank site was originally described in Cumberland (2005) — Air Quality and Noise
Management.

ANNUAL REVIEW

The NMAP will be reviewed regularly and updated as necessary. Completion of the review of
the NMAP will be documented through signatures of the personnel responsible for reviewing,
updating and approving the NMAP.

RECORD OF CHANGES

A record will document all significant changes that have been incorporated in the NMAP
subsequent to the latest review. The record will include the names of the persons who made
and approved the change, as well as the date of the approval.

DISTRIBUTION LIST

Agnico Eagle Mines Limited (AEM) will maintain a distribution list for the NMAP, providing
information about all parties that receive the plan.
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IMPLEMENTATION SCHEDULE

The proposed implementation schedule for this Plan is effective immediately (January 2014)

subject to any modifications proposed by the NIRB as a result of the review and approval
process.

DISTRIBUTION LIST

AEM - Environmental Superintendent
AEM — Environmental Coordinator
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SECTION 1 « INTRODUCTION

The following document presents the Meadowbank Gold Project Noise Monitoring and
Abatement Plan in support of Condition 62 of NIRB Project Certificate No.004. This plan
outlines AEM’s strategy for reducing noise disturbance on and near the Meadowbank mine site,
with particular regard to wildlife and potential offsite human receptors.

Section 2 describes the site’s target sound levels based on Environment Canada (2009)
guidelines.

Section 3 describes the onsite noise monitoring program that will be conducted to track typical
noise levels in the local study area and to assist in the continual improvement of noise mitigation
whenever possible.

Section 4 describes the onsite noise abatement plan for anticipated common noise sources and
intense noise occurrences.
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SECTION 2 « TARGET SOUND LEVELS

2.1 WILDLIFE

As no specific noise guidelines were found for the Meadowbank project area, recommendations
made by Environment Canada’s “Environmental Code of Practice for Metal Mines” (2009) were
adopted. This document states that:

“In residential areas adjacent to mine sites, the equilibrium sound pressure level (Leg)
from mining activities should not exceed 55 dBA during the day and 45 dBA at night.
Ambient noise can also affect wildlife, so sites in remote locations should also work to
meet these objectives for off-site ambient noise levels.”

Therefore, target sound levels at the perimeter of the Meadowbank site are:
Daytime (0700 — 2300 h) Leq (1hr) = 55 dBA
Nighttime (2300 — 0700 h) Leq (1hr) = 45 dBA

Results from noise monitoring stations located at the perimeter of the Meadowbank site are
compared to these guidelines to assist in ongoing noise management (see Section 3).

To further ensure that mine site activities are not impacting wildlife more than predicted, AEM
maintains a Terrestrial Ecosystem Management Plan (Cumberland, 2006), per Condition 54 of
the NIRB Project Certificate.

2.2 OFFSITE HUMAN RECEPTORS

Although no offsite impacts to human receptors were identified in the FEIS due to the remote
location of the mine site, a Permissible Sound Level (PSL) may be developed in the event of
construction of a dwelling in an impacted location. Based on the Alberta Energy and Utilities
Board (EUB)’s “Noise Control Directive User Guide” (1999, 2007) this value will be the existing
noise level at the new dwelling, when constructed.
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SECTION 3 « NOISE MONITORING

3.1 OBJECTIVE

The objective of noise monitoring at the Meadowbank site is to measure representative noise
levels at the perimeter of the mine, and to assist in the implementation of noise mitigation
measures, wherever feasible (see Section 4).

3.2 MONITORING LOCATIONS

Meadowbank’s Environment Department will continue to monitor noise levels around the mine
site at five locations previously determined in consultation with Golder Associates Ltd. UTM
coordinates for the base noise monitoring stations are provided in Table 1, and are shown in
relation to the mine site features in Figure 1. All sites were located at a distance from noise
sources, to be representative of sound levels in locations where wildlife may be expected to
occur, and where noise-related PPE is not required. These locations may be adjusted as mine
site operations change, to target specific activities or receptors.

Table 1 - Base noise monitoring locations.

Location Name Easting Northing
R1 636896 7216829
R2 636795 7214435
R3 641104 7214427
R4 639990 7218810
R5 633781 7214493
321 R1

Location R1 is approximately 700 m south of the explosive storage area, and 400 m northeast of
the all-weather access road. Third Portage Lake is nearby to the south, and surrounding terrain
is rocky tundra with some vegetation. Since a spur road and storage area were constructed
within 100 m of R1 in 2011, AEM proposes to move this station approximately 700 m northwest
of the explosives storage area to better represent the originally intended orientation.
Additionally, this location will provide a better indication of impacts to potential offsite receptors.
The specific location will be confirmed during 2014 field season.

3.22 R2

Location R2 is approximately 600 m west of the airstrip. Third Portage Lake is to the west and
southwest and surrounding terrain is vegetated tundra with rocky outcrops.

3.23 R3

Location R3 is approximately 1,800 m east of the East Dike. Second Portage Lake is to the
west and east, and surrounding terrain is vegetated tundra with rocky outcrops.
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3.24 R4

Location R4 is approximately 1,500 m southwest of the future location of Vault Pit. Turn Lake
is to the west, and surrounding terrain is vegetated tundra with rocky outcrops.

3.25 R5

Location R5 is in the exploration camp area, near the all-weather access road, and
approximately 3,500 m west of the airstrip. Third Portage Lake is immediately to the east, and
surrounding terrain away from the shoreline is vegetated tundra with rocky outcrops. This
location is situated on a known caribou migration route.
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Figure 1 - Meadowbank noise monitoring stations
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3.3 MONITORING FREQUENCY

AEM field staff will aim to conduct two noise surveys per year at each of the locations described
in Section 3.2. Each survey will be for a 3-4 day period to ensure significant data is collected.
These surveys provide data on average noise levels during a typical day, as well as variability of
noise levels within the day.

3.4 SOUND LEVEL METER

A Bruel and Kjaer Model 2250 integrating sound level meter will be used to conduct the noise
surveys at the locations described in Section 3.2. The noise level logging rate will be set at one-
minute intervals, and sound will be recorded in 10 minute intervals.

The parameters logged each minute will be:

e Integrated average sound level, in dBA — Leq
e Absolute maximum sound level, in dBA — Lmax
e Absolute minimum sound level, in dBA — Lmin

3.5 WEATHER DATA

Weather data for the noise monitoring periods is collected using the mine site’'s permanent
weather station (see Meteorological Monitoring Plan). Hourly data for wind, temperature and
relative humidity is available from this station. This data is used to screen out sound levels
collected under inappropriate conditions (see Section 3.7).

3.6 FIELD NOTES

A pocket weather meter (Kestrel 3000) will be used by field staff to record wind speed, direction
and temperature at the beginning and end of each monitoring period. Other records include
precipitation, cloud cover and observed noises during instrument set-up and take-down. See
Appendix A for an example field monitoring sheet.

3.7 QUALITY CONTROL

Calibration of the sound level instrument will be performed before and after each monitoring
period using a Bruel and Kjaer Type 4231 Calibrator, to ensure variance is within 0.5 dB.
Calibration results are recorded in field notes. Estimated uncertainty of the calibrator is = 0.12
dB at a 99% confidence level. Professional calibration of the instrument will be performed as
described in Section 5.

3.8 DATA ANALYSIS

Since noise levels vary over time, the monitoring instrument used at Meadowbank measures
near-continuously and reports a single-number value for each minute, representing the
“equivalent sound level” (Leq). This value is the average sound level occurring over the specified
time period (i.e.one minute). Alternatively, it is the sound level that would produce the same
total amount of acoustical energy in the specified time period as the measured sound levels did.
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Data downloaded from the instrument will be filtered to remove measurements collected outside
of acceptable weather conditions (wind speed > 4.17 m/s; relative humidity > 90%). All data
points associated with the first and last 30 min of measurement will be filtered out to remove
noise from technicians, and more than 30 min of data will contribute to hourly averages.

One-minute L.y values produced by the instrument will be used to calculate hourly, day-time
(7am-11pm), night-time (11pm-7am) and 24 hr L¢, values. These time periods are based on
Health Canada recommendations, as described in Golder (2012). L.y values for each time
period are calculated as the geometric mean of filtered one-minute L¢q values.

3.9 REPORT

Results of the noise monitoring program will be compiled annually and reported to NIRB and
Environment Canada. Reports will include, for each station:

Visual display of one-minute L., one-minute maximum and one-minute minimum
values

Hourly, daytime, nighttime and 24 hr L¢q values, including number of hours of valid data
contributing to each

Weather data for each monitoring period (temperature, wind speed and direction)
Audible noises noted on field logs and in sound files, especially those corresponding
with intense noise occurrences (see Section 4.3)

Comparison of daytime and nighttime L¢, values to target sound levels, for applicable
stations (those located at the site perimeter)

A historical comparison of daytime, nighttime and 24-hr L, values

Recommendations for additional monitoring or for implementation of additional
abatement measures, if possible, when sources of intense noise occurrence are
confirmed
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SECTION 4 « NOISE ABATEMENT

4.1 GENERAL PRACTICES

The Meadowbank mine site infrastructure is laid out to concentrate all activities within a small
footprint (see Figure 1). As a result, the common noise sources at Meadowbank are in close
proximity to one another and for the most part are contained within separate buildings (i.e.
facilities such as the crusher, SAG mill are indoors to reduce noise intensity). Personnel office
spaces and accommodations are separate from these operational buildings. The Meadowbank
site infrastructure is oriented to reduce intense noise occurrences that may impact wildlife or
personnel. These attenuation measures taken during the design and construction of the
infrastructure are an important component of noise abatement on the Meadowbank mine site.

In general, all departments will strive to ensure that equipment manufacturers have incorporated
noise attenuation into their design as much as possible, will maintain equipment in good working
condition, and will position stationary equipment away from potential receptors of concern or in
enclosed areas.

4.2 DAILY NOISE OCCURRENCES

Common noise sources that are daily occurrences may include road traffic, air traffic, impact
equipment, stationary equipment (such as generators, compressors or pumps), blasting,
material handling (i.e. crushers, cranes), earth movers (i.e. truck loaders and dozers) and
primary plant facilities (i.e. SAG mill, ball mill and power plant).

Table 2 describes the project-related noise sources that have been identified as well as
proposed mitigation/management measures to be implemented whenever possible during
operation of the facility.

Table 2 - Standard mitigation measures for daily noise occurrences.

Noise Source Noise Mitigation Measures

Road traffic (mine site, AWPAR) ¢ Avoid trucking operation during night time, when possible

o During maintenance, check that noise abatement devices are in
good order (e.g., brakes, exhaust mufflers, engine hoods)

o Enforce speed limits

e Use shallow slopes for haul road

e Educate truck drivers about the characteristics of diesel engines
(i.e., that the flat torque characteristic allows ascending an
incline in a higher gear, which is a less noisy operation)

o Keep road surfaces in good repair to reduce tire noise

¢ Avoid prolonged idling

Air traffic ¢ Avoid low altitude flights (not lower than 610 m in sensitive
bird/wildlife areas), except on take-off and landing
e Restrict air traffic to daytime hours except for emergencies

Impact equipment (pile drivers, e Avoid operating numerous pneumatic tools at the same time,
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Noise Source

Noise Mitigation Measures

jack hammers, drills, pneumatic
tools)

and spread operation throughout working periods

Stationary equipment
(compressors, generators,

pumps)

Keep equipment in good condition

Blasting

Use delays, both surface and down hole
Preference for daytime blasting
Blasting in depressed pits (normal production practice)

Outdoor material handling
equipment (crushers, concrete
mixers, cranes)

Place crushers in sheltered/enclosed locations if possible
Maintain equipment in good working condition
Turn equipment off when not in use if practicable

Earth moving equipment (trucks,
loaders, dozers, scrapers)

Aim to restrict equipment age so only newer, more efficient
machinery will operate onsite

Operate equipment within specification and capacity (i.e., don’t
overload machines)

Use noise abatement accessories such as sound hood and
mufflers

Primary plant facilities (gyratory
primary crusher, SAG mill, ball
mill, power plant)

Provide building with walls absorbing noise
Maintain equipment on a regular basis, replace worn parts,
lubricate as required

¢ Provide diesel plant units with efficient intakes and exhaust
silencers

e Use conveyor system with low noise output, paying particular
attention to rollers

e Enclose conveyors where necessary

Utilities and services e Ensure that a rotating biological contactor treatment system
operates quietly
e Dump solid waste behind barriers

4.3 INTENSE NOISE OCCURRENCES

4.3.1 Strategy

It has been found that people (and therefore, potentially, wildlife) are more tolerant of louder
continuous background noise than a quieter baseline punctuated by high-level peaks.
Therefore, the intense noise abatement strategy acknowledges the common continuous noise
sources, and aims to reduce the occurrence of intense noise peaks. For the purposes of this
Plan, intense noise occurrences are considered to be those that exceed the target sound levels
described in Section 2. Examples of these may be low flying air traffic, exceedingly loud blasting
or nearby impact equipment. Since noise monitoring stations may be located away from the site
perimeter, the target sound levels are only used as a conservative benchmark to filter audio files
for closer analysis and adaptive noise management.
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4.3.2 ldentification

Through the annual monitoring program, 24-h sound profiles for each monitoring station will be
developed, and the daytime equivalent sound level (L) identified (see Section 3.7). Recorded
sound files will then be reviewed in conjunction with field notes to attempt to determine the
sources of intense noises (> target sound levels).

4.3.3 Abatement

When sources of intense noises are confirmed, Environment Department staff will work with the
responsible party to determine whether further abatement of the noise is possible. At a
minimum, this will include ensuring the previously identified mitigation measures (Table 2) are
being applied. If all abatement practices are in use and the source continues to contribute to
intense noise occurrences in subsequent monitoring events, the implementation of additional
appropriate measures will be investigated. This method of intense noise identification means
that there will be a continual effort to reduce the sounds contributing to the loudest, most
disruptive noise peaks onsite, even as site operations evolve and average noise levels change.

10
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SECTION 5 « MANAGEMENT AND OPERATION

The following presents the plan’s management responsibility, and operational procedures for the
Bruel and Kjaer Model 2250 integrating sound level meter.

51 MANAGEMENT RESPONSIBILITY

Operation and monitoring of the noise stations will come under the responsibility of the
Environment Superintendent. Designation of training requirements is the responsibility of the
Meadowbank Environment Department.

5.2 EQUIPMENT OPERATION

The Environment Department will be responsible for the operation of equipment and collection of
samples by appropriately trained personnel consistent with detailed written operating
instructions (SOP — Appendix B) from qualified personnel. The SOP will be kept up-to-date and
any changes will be communicated to relevant personnel.

5.3 EQUIPMENT MAINTENANCE

As recommended by the manufacturer and to make sure results are in compliance with good
practices, the meter will be factory calibrated and certified per the schedule outlined below.

Calibration Interval
Microphone 2 years
Meter 2 years
Calibrator 1 year

11
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SECTION 6 « PLAN REVIEW

The Noise Monitoring and Abatement Plan will be reviewed regularly by the Meadowbank
Environmental Superintendent and be updated if any changes to the equipment or the program
occur.

12
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Appendix A

Example of noise monitoring field sheet
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Appendix B

Environmental Noise Monitoring Guide - Bruel and Kjaer
2250 Sound Level Meter
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1.0 LONG-TERM MONITORING CONFIGURATION

The Bruel and Kjaer 2250 sound level meter (2250 SLM) can be configured for short or
long term noise monitoring. The photo below shows the long-term monitoring setup
including the weather protective case. In long-term monitoring, the following
components are required:

2250 SLM;

Microphone and Preamp Assembly;

Outdoor Microphone Kit;

Microphone Extension Cable;

Tripod,;

External 12 Volt DC Power Supply;

Power Supply Cable Connector;

External Memory Card (CF-Card or SD-Card);
Support Pegs; and

Electrical Tape.

Golder Associates
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1.1 Storage Case Setup

The monitoring components and setup for the equipment storage case are shown below.

— —— —
[ e | -

Tripo
Adap ‘B Calibrator
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1.2 Outdoor Microphone Assembly

The procedure for assembling the outdoor microphone is summarized below:

Line up notch
and red dot

Golder Associates
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1.3 Hardware Setup Procedure
1.3.1 Tripod

Extend the tripod to its maximum extension. Secure a support peg to end of each
tripod leg, making sure that the pegs are parallel to the leg. Using electrical tape
(note electrical tape is ideal as it is durable and can be easily removed) to secure the
tripod legs to the support pegs such that little to no swaying or tipping is possible. Insert
the support pegs into the ground far enough to provide ample support of the legs of the
tripod.

Tripod leg

Support Peg

Electrical Tape

1.3.2 Outdoor Microphone Kit

Remove the outdoor microphone kit windscreen and extension cable and attach it to the
top of the extension pole. Run the microphone extension cable down one of the tripod
legs securing it with electrical tape approximately every 2 feet along the leg as shown
below.

Golder Associates
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1.3.3 Extension Cable Connection

Connect the microphone extension cable to the input of the B&K 2250 Analyzer making
sure that the dot on the extension cable is lined up with the dot on the input of the
Analyzer (see left figure below).

Note, when dismantling the meter it may be difficult to remove the microphone extension
cable from the B&K 2250 Analyzer. If difficulties do arise, place a cloth over the sleeve
and use pliers to gently grip and pull back the sleeve to release the connection as shown
below.

Sleeve Place cloth Use pliers to gently
over sleeve. pull back sleeve.

Golder Associates
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1.3.4 Long Term Power Supply (12V DC)

Connect the power supply cable from the 12V Panasonic battery to the external power
supply located at the base of 2250 SLM. There are two indicators to confirm that
12V DC power supply is connected successfully to the 2250 SLM:

e The green LED which is located at the bottom of the B&K 2250 Analyzer should be
on; and

Check 2250 Analyzer LED
for power.

e The battery symbol on the B&K 2250 Analyzer screen display changes from a battery
to a power plug symbol - as shown in the figure below.

CF-Card\1388-002*
p 00:00:29

456.5 db

=
Sound )

0=

=2=u

16:07:00

External power symbol indicating
that external power is connected.

Golder Associates
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A flashing green LED light indicates the internal battery of the Sound Level Meter is
fully charged (100%).

1.3.5 Extension Cable Arrangement

There are two data cable available (3 m and 10 m). Use the 3 m when connect to the
handheld microphone pre-amp and use the 10 m extension cable when using the outdoor
microphone kit. The microphone extension cable must extend across the notched portion
of the sound level meter case as shown below.

Extend microphone
extension cord over notched
portion of protective case.

After securing the cables of the sound level meter, the case should be placed underneath
the three legs of the tripod as shown below. Coil the excess cable length and store it
inside the case. Tape the microphone extension cord along the tripod to avoid tripping
and noise contamination (wind).

Tape microphone
extension cord along
tripod.

ty ]
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1.4 SLM Setup Procedure
1.4.1 Data Storage Card - 4.0 GB Memory (CF/SD) Card

1. Insert an empty 4 Gigabyte memory card into the B&K 2250 Analyzer. Upon
inserting the CF/SD card, the B&K 2250 Analyzer should acknowledge the card and
display the prompt to accept the card. Click “Yes” to this.

[ 1a51387
(2br-1rin) Sound Rac X

Marmary card accepted.
Change the default

messuremant job folder o &
job folder on the added
e mory card?

2. Select the “Main Menu” which is shown by three bars to the lower right on the B&K
2250 Analyzer screen as shown above left. Then select the “Explorer” (see below)
option so that a folder can be created on the CF/SD card.

Lock Keys ard Soreen
Templats Explorer

Timer Setun
Acld Note o Current Measurament

Callbraton
Transchcers
Prefarences

=ehp

=] %
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3. The next step involves creating a folder on the CF/SD card in which to store the noise
data. Creating a new folder is done by selecting the folder icon with a star as shown
in the figure below left. A prompt will display that a new job folder will be created.
Select “Ok™.

Thie will craamw a renw 1ob

New fiolder in the current job
. . fokder,
Directories Contirue?

S v = oo SR

4. Renaming the folder is the next step. Select the folder, right click mouse button, and
then select the “Rename” option. Choose the name of the folder appropriately to help
with identification of noise monitoring location during data analysis and processing
later (e.g., MEADOWBANKO030308).

Golder Associates
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5. Once the folder has been renamed, the folder must be identified as the default for data
storage. This is done by selecting the folder itself and selecting the “Open” option
(1 below). Now select the folder icon with the check mark (2 below) on it to set the
current job folder (NR1 in photo below) as the default job folder, i.e., all
measurements will be stored within this folder.

)

(1)
Thiis Wil sl e urrent job
folder o B dofault job
foiger, Al FmaD fon G i s il
bar CrEsfnd In i ok fnidar,
Canbre’

6. Observe the file path that is shown at the top of the display screen, it
should display that the CF/SD card is at the top level and that the folder
(NR1 in photo below) is one level below, i.e., “CR-Card\NR1” as is shown in the
below left screen.

Exit

—————e]

Golder Associates
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7. Exit the “Explorer” screen by selecting the red “x” at the top left of the display
screen.

1.4.2 Monitoring Template

The 2250 SLM is loaded with 10 standard monitoring templates. Each of the 10 standard
templates performs a different type of measurement. The standard templates can be
modified and saved as a Project Template to retain specific display settings and
measurement setups. The template itself does not store any measurements. A Project
Template named “MEADOWBANK 24hr LOGGING” has been designed to conduct the
24 hr noise monitoring. Use the following procedures to load the template.

1. Select the “Main Menu” and select the “Template Explorer” option as shown below.
All the available templates will be shown on the screen.

2. Choose the “MEADOWBANK 24hr LOGGING” and then select “Open”.

3. The common measurement settings selected in this template are shown in the
following table:

Golder Associates
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MEADOWBANK 24hr LOGGING SETTING
Input
Input Top Socket
Trans. Used E— (#######) .| Outdoor kit
Check serial # on mic

Sound Field Correction Free-field
Extended Low Frequency Off

Frequency Weightings
Broadband (excl.Peak) AZ Zis linear
Broadband Peak A
Spectrum Z

Bandwidth (1/3-octave)

Statistics

Broadband Statistics based on LAF
Spectral Statistics based on LXF
Percentile 1 1%
Percentile 2 5%
Percentile 3 10 %
Percentile 4 50 %
Percentile 5 90 %
Percentile 6 95 %
Percentile 7 99 %

Measurement Control
Preset Logging Time 1.00:30:00 1 day and 30 minutes
Logging Period 00:01:00 1 minutes
Synchronize with Clock Yes Save at 1:00, 1:01, 1:02

Logged Broadband
Full Statistics Yes
Broadband Parameters Selected
Parameter 1 LAeq
Parameter 2 LApeak
Parameter 3 LAFmax
Parameter 4 LAFmin
Parameter 5 LZeq
Parameter 6 LAleq
Parameter 7 LCeq-LAeq
Parameter 8 Overload
Logged Spectrum

Full Spectral Statistics Yes
Spectrum Parameters Selected
Spectrum LZeq
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MEADOWBANK 24hr LOGGING SETTING continued

Level Trigger (OFF)

Trigger Off

Start Slope Rising

Start Level 50 dB

Start Duration 25

Stop Level 40 dB

Stop Duration 25s

Parameter LAF (SPL)
Sound Recording

Recording Control Automatic

Recording Quality Fair (6.6 kHz)

Recorded Signal Input Z-weighted

Automatic Gain Control On

Duration Limits Off
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2.0 SHORT TERM MONITORING CONFIGURATION
The following components are for short term monitoring:

e 2250 SLM;

e Microphone and Preamp assembly;

e Windscreen;

e External Compact Flash Memory Card (CF/SD-Card);
e Tripod; and

e Tripod mounting bracket.

Since short term measurements rarely require an
external power source. The B&K 2250 internal
battery is typically used as the power source which
can supply the meter for approximately 7 hours of

windsereen  Operating time. The battery icon will display the
estimate battery life remain in the internal battery.
The photo on the left shows the hand-held
configuration assembly.

2250 Analyzer

21 B&K 2250 Hand-held Configuration

1. Connect the microphone to the pre-amplifier.

Option:

3 m extension cable can be
inserted here for extension
purposes.

(e.g., ventilation fans on
building wall)
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2. Insert the microphone and pre-amplifier component into the B&K Analyzer making
sure to line up the dot on the preamplifier with the dot on the B&K Analyzer.

i\ Line up dot on microphone-preamplifier

with dot on 2250 Analyzer and connect.

3. Connect the windscreen to the microphone-preamplifier.

Gently insert
windscreen over
microphone.

Golder Associates
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2.2 Frequency Analyzer Template

Select the “Main Menu” and select the “Template Explorer” option as shown in
Section 1.4.2 above. All the templates available will be shown on the screen. Choose the
Project template named “MEADOWBANK SHORT-TERM FREQ ANALYZER”, and
then select “Open”. This template is setup so that the B&K 2250 Analyzer records the
frequency content in 1/3-octave measurements and broadband sound level measurements
simultaneously. The measurement settings selected in this template are shown in the
following table:

MEADOWBANK SHORT-TERM FREQUENCY ANALYZER SETTING

Input
Input Top Socket

4189 (HHH#HHHH .
Trans. Used Checlg serial # ())n mic mic with preamp
Sound Field Correction Free field
Windscreen Auto Detect On
Extended Low Frequency Off
Trigger Input None

Frequency Weightings
Broadband (excl.Peak) AZ Zis linear
Broadband Peak Z
Spectrum Z
Bandwidth (1/3 Octave)
Statistics
Broadband Statistics based on LAF
Spectral Statistics based on LXF
Percentile 1 1%
Percentile 2 5%
Percentile 3 10 %
Percentile 4 50 %
Percentile 5 90 %
Percentile 6 95 %
Percentile 7 99 %
Measurement Control

Measurement Mode | Manual |

Sound Recording (Off)
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3.0 POWER SUPPLY
3.1 Panasonic 12 Volt External Battery Charging

A long term measurement duration can be anywhere between 7 to 36 hours. When an
external batter supply is used, the 2250 m draws first from it until it is depleted. When
the fully charged external battery is depleted (roughly 3 days) then the meter begins to
draw from the internal power supply (roughly 7 hours). To recharge the 12 Volt
Panasonic batteries used for long term measurements do the following:

e Connect the battery power supply cord to the battery charge cord;

e NOTE: The battery charger input rating is 120V, connecting it directly to a
220-230V AC supply will DESTROY IT!

POWER-SONIC

MODEL PSC-12888A
OUTPUT 12Vdc 80@nA
INPUT 128U~ 66Hz 8.2R

4
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e Connect the battery charger to the power outlet and observe the colour of the battery
chargers LED.

e GREEN - battery is being charged, NOT READY

e YELLOW - battery is being charged, READY FOR USE
e RED - battery malfunction or bad connection
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3.2 2250 SLM Internal Battery Charging

Connect AC/DC power supply adaptor to 2250 SLM power inlet as shown in the photo
below. The 2250 internal battery will take up to 10 hours to charge. The battery will
typically last 7 to 8 hours in warm temperature.
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40 FIELD MEASUREMENT RECORDS

Important information such as field observation, measurement location, weather, acoustic
environment must be recorded prior to any measurement period. The following field
record sheets shows example for the record entries in Long Term and Short Term
Measurements:

MONITORING STARTS

Operator:

Location:
Noise Meter Start Time:

Date:

Calibration complete ?:

Sensitivity

Derviation

Time of Calibration:

Battery Power Check: Good S | Poor (i)

Photographs of Setup (Y/N)

Photographs of Surrounding (Y/N)

Check available disk memory (Y/N)

Cloud cover: cloudy partly cloudy

Height of cloud (feet): 0-10,000 10,000-25,000

Air Temperature (C):

\Wind Speed (km/hr):

\Wind Direction:

North wind (wind blows from North) NW, NE
W E

SW SE

Barometric Pressure (kPa):

Relative Humidity (%)

Precipitation: none | drizzle

GENERAL SITE DESCRIPTION

GPS Location Latitude Longitude

Type of Ground Surface:

Acoustic Environment:

Traffic

Human activities

Animal

Other noise sources

MONITORING ENDS

Operator:

Record Data File Name:

Total Monitoring Period

Noise Meter End Time:

Date:

Calibration complete ?:

Sensitivity

Derviation

Time of Calibration:
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5.0 CALIBRATION
51 Calibrator

The 2250 SLM requires regular calibration to confirm the meter meets the precision
requirement. It is mandatory to perform a calibration before and after each measurement
program. Calibration is carried out via the B&K 4231 Calibrator shown in following
photos.

Without case With case

5.2 Calibration Procedure
The following steps are to be taken for proper calibration:

1. Choose the Main Menu to access the “Calibration” option as shown below.
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2. Insert the B&K 4231 Calibrator on to the microphone; pushing it until it becomes
flush (bottoms out). Press the start button. The way in which the calibrator is
installed for the hand-held and outdoor kit configuration is shown below. There are
two ways of checking that the calibrator is working. The first is by simply turning it
on prior to inserting it onto the microphone and listening. Alternatively, confirming
that the LED light on the calibrator is lit.

Calibrator

Calibrator
LED on

Outdoor Calibration Hand-held Calibration
Configuration Configuration

3. On the display screen the “Start Calibration” should appear. Select this and let the
calibration begin.

4. 1t is important to conduct the calibration in a quiet environment (e.g., no car engine
idling or conversation). High ambient noise will disrupt calibration.

5. Observe the dB level in the 2250 SLM display measuring the calibration signal. This
level should be at or very close to 94 dB.
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6. Just before the end of the calibration, the meter will display “New Sensitivity”
information. This information should be documented on the “Noise Field Sheet” for
later use (see Noise Field Sheet form in Section 4 above). Note that the value
“Deviation from last” should be no more than 0.1 dB. Repeat the calibration if the
deviation exceeds the 0.1 dB limit.

7. Select yes to “Accept calibration?” and then “Exit Calibration”.
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. '|-'| a0 1-200E !:l-B ]
SEra ity SAET mvFa
Dorriation: from Last 001 B

Esil Callr aton
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5.3 High Deviation Level

The following may be reasons for the deviation value being consistently outside the
acceptable limit of £0.1 dB during calibration:

e High humidity levels;

e High ambient noise level surrounding the calibration environment; and/or

e Poor connection between the preamplifier and the B&K outdoor kit body. The
preamplifier should be firmly screwed into B&K outdoor kit body; however, not so

tight as to damage the fine threads of the preamplifier, or not to be able to unscrew
the amplifier after use.
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6.0 START NOISE MONITORING

After completing the setup and calibration, the following steps are to be carried out to
begin noise measurements during long-term monitoring:

1. Press the “Reset Measurement” button.

2. Press the “Start” button.

Manual
Event —> ¢ i ¢ «—— Commentary
= -
E?::e_" i ! 4 «— Accept
Reset — > ":/F‘ ¥ <—— save
Status |
Indicator  Start/
(traffic Pause
light)

Because the measurement control setup is manual during short-term monitoring, you will
have to repeat the following steps for each measurement:

e Reset

e Start

e Stop/Pause
e Save

The following information should be recorded on the Noise Field Sheet shown in
Section 4:

e Save file number

e Location of measurement
e Overall level
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Upon starting a measurement, one will see a time history forming which fluctuates with
time as shown in the below figure.

Sound
recording
File name for
data storage, “Real Time”
asterisk * Time History Plot

indicates file has
not been saved

Instantaneous
Noise Level

It is recommended to remain silent for a minute after starting a measurement so as to let
the meter “settle-down” and to determine whether the noise levels being recorded are
representative for the study area. The following figure lists some typical noise level
ranges for different environments. It should be used as a rough guide when on site taking
noise measurements.
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Common Sounds

Sound Pressure Level
140 db Threshold of Pain

Jet Engine 130 — =
(25 m distance) >
120 Jet Take-off

(100 m distance)

110

100 >

Industrial Equipment

Rock Band

Business Office

40

: 30
Library _—

Whisper €*——— 20
Woods, Calm Winds
10

0 Threshold of Hearing
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7.0 POST MEASUREMENT PROCEDURES

After completing a long-term noise measurement (i.e., after 24 hours has passed), it is
time to retrieve the equipment from the field to set it up at some other desired location.

7.1 Data Check

Prior to completely dismantling the equipment, the quantity of the data that has been
recorded should be verified.

A series of checks can be performed to confirm that the noise data has been collected.
Prior to removing the CF/SD card from the B&K 2250 Analyzer, the amount of data
recorded on the CF/SD card should be checked on the 2250 Explorer display. As a
general rule of thumb, a 24 hour noise measurement should represent approximately
2.4-2.7 Gigabytes of data (or thereabouts). This leaves about 1.6 Gigabytes of storage
space remaining on the card.

Select the Main Menu to access Explorer. Select the up one folder icon (folder with up
arrow on it) to view both the “Internal Disk” and the “CF/SD card” as shown below.

i#® 2551308
R EXPLORER

[ 2551388
k LOG(24hr-1min) Sound Rec JC* i
CF-Card\1388-001" é

M 00:00:00 ‘>
Logged 14:30:53 [

2230

Free / Total

il [Internal Disk{18.8 MB / 30.4 MB

#l cFcard 2.90GB/3.91GB

Lock Keys and Screen
Template Explorer
Timer Setup

Add Note to Current Measurement
Calibration

Transducers

Preferences

Setup
Explorer

|
Choose Explorer Choose Up one level View “Free/Total” of
each storage device

In the example above, it can be seen that there is 3.90 Gigabytes of free data storage
space available on the CF/SD card. Note Explorer displays “Free” space on the storage
medium and not used space. This means that 0.01 Gigabytes has been used; not enough
for a 24 hour monitoring period. Again, approximately 1.6 Gigabytes of free data storage
space should be available following a 24-hour monitoring period.
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7.2 Save

The recorded data will be saved automatically into the specified file upon completion of
the specified measurement period (24 hours). However, if the measurement period is
terminated before the specified period, the data must be saved manually.

Only save the file if the specified measurement period has not been exceeded.
In such case, the SLM is still recording upon arrival. The data record file display on the

top will show an asterisk “** at the end of the filename (e.g., CF-card\Project001*). Press
the Pause button and then the Save button.

7.3 Calibration
Before powering down the B&K 2250 Analyzer, the sound level meter needs to be

recalibrated.  Following procedure outlined in Section 5 for post measurement
calibration.
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8.0 DATA DOWNLOAD
The data download requires the following steps:
1. Connect CF/SD card to the card reader;

2. Activate the B&K BZ5503 software to copy data files from CF/SD card into archive
files on a computer;

3. Export the archive file to a format for the Evaluator 7820-7821 Software; and
4. View recorded data in Evaluator 7820-7821 Software.

The following equipment is required to complete the data download:

e Computer with USB port;

e CF/SD card reader; and

e B&K USB dongle key for the use of the B&K Evaluator software.

Refer to the document “BZ — 5503 Data Download Procedure” provided with the noise
monitoring equipment for further details.

*
1
&
x
-
2
5

Golder Associates



08-1428-0007/4000/4100
September 2008 -31- Doc. No. 747 Ver.0

8.1 CF/SD Card Reader and USB Dongle Key

After connecting the dongle key to the computer, start/run the B&K BZ 5503 software
and connect the card reader using the computer USB connection as shown in the figures
below:

Insert B&K Dongle Remove CF/SD card Connect USB connection
from 2250 Analyzer and to USB port
insert into card reader

8.2 Data Archive
The data from each 24-monitoring location should be archived and the entire archive

directory should be burnt to a DVD. A typical 24 hour monitoring program will occupy
one 4GB DVD.
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9.0 EQUIPMENT TROUBLESHOOTING CASE STUDY

The following are examples of potential equipment malfunctions and possible reasons for
those malfunctions.

9.1 Failed Power Connection
The following reasons can result in external power supply failure:

e Loose power supply connecting cable;
e Uncharged battery; and
e Bad fuse.

9.2 Invalid Data Collection

Invalid data collection is typically found when analyzing the time history of the sound
file. The data ends up having either higher or lower sound levels (dBA) than would be
representative of the area. Regular field visits during the monitoring period to check on
the measurement levels will reduce the potential for invalid data being recorded. The
following are common causes of invalid data:

e Power failure;

e Poor weather — heavy rainfall, high wind gust;
e Tampering with sound level meters;

e No calibration check; and

e Incorrect setup.

9.2.1 Poor Weather: Wind Speed and Precipitation

Poor weather conditions are probably the biggest reason for invalid data. Poor weather
conditions include rain and high winds. Long-term noise measurements are rarely if ever
done during winter months. Ideal noise monitoring conditions require that wind be no
more than 20 km/hr (5.6 m/s) and that there be no precipitation during the measurement
period. High wind has the effect of masking the true noise at a distance from different
sources. Flutter noise is a type of noise due to velocity gusts impacting the microphone.
In both cases the data collected during these non ideal conditions must be removed in
order to have valid noise data set. The Energy Resources Conservation Board (ERCB)
has established guidelines, namely, Directive 0038, for “Favourable summertime weather
conditions” as shown in the below table:
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Parameter

Preferred Condition

Ground Cover

No snow, water, or ice (frozen) ground cover.

Precipitation

No steady precipitation, monitoring invalid.

Wind Speed

Wind speed limits (noise data may be invalid if limits are exceeded):
e Less than 500 m from noise source
e Upwind: 10 km/hr limit

e  Crosswind: 15 km/hr limit
e  Downwind: 15 km/hr limit

e 500-1000 m from noise source

e Upwind: 5 km/hr limit
e  Crosswind: 10 km/hr limit
e Downwind: 10 km/hr limit

e Greater than 1000 m from noise source

e  Upwind: less than 5 km/hr limit
e  Crosswind: 10 km/hr limit
e Downwind: 10 km/hr limit

24-hour noise sampling period: there should be at least 3 hours of wind
blowing directly to the noise receptor in the nighttime sampling period
(22:00 to 7:00) and 3 hours in the daytime sampling period (7:00 to 22:00).

When doing a long-term noise measurement, it is not always possible to determine
whether rain has occurred over the entire 24 hours of the study. The possibility of rain
should be investigated prior to the noise field trip. The following website is useful for
determining weather conditions across Canada: www.theweathernetwork.com or
http://www.weatheroffice.gc.ca/canada_e.html.

In addition, a couple of indicators may help determine whether rain has occurred

including:

e Visible signs of water on the protective sound level meter case and the surrounding

ground.

e Cross referencing the B&K Evaluator sound file with the weather data obtained from
the site weather station. If rain can be heard upon listening to the sound file, and the
humidity is close to 100 %, then there is good reason to believe that rain occurred
during that time period.
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9.2.2 B&K 2250 Analyzer Calibration Fault

Calibrating the sound level meter before and after each measurement is a necessary part
of the noise monitoring process. Not carrying out this necessary step can result in invalid
data. Calibrating the noise level meter essentially tests the B&K 2250 Analyzer’s ability
to sense correct noise levels. The B&K 4231 calibrator itself must have new or fully
charged batteries so that it too outputs the correct test signal (94 dBA at 1000 Hz). As an
example during one noise field study, the microphone on the B&K 2250 Analyzer was
found to become wet from the rain. Upon performing a post measurement calibration,
the B&K 2250 Analyzer was found to be observing larger than normal values. Typically,
the B&K 2250 Analyzer outputs a reading in the range between 49-52 mV/Pa
(millivolts per Pascal). With the moisture in the microphone, the values were found to be
much higher than this. After the water evaporated, the calibration was again found to be
in normal range.
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10.0 EQUIPMENT MAINTENANCE
10.1 Microphone Maintenance

The following maintenance procedures are recommended keeping order to maintain the
microphone in good working order:

e When not in use, keep the microphone in an environmentally controlled area with
moderate to low humidity levels, as humidity will alter the sensitivity of the
microphone. Condensation of water vapour within the microphone can cause
significant negative effects, the worse of which is electrical continuity between the
diaphragm and the back plate. Thus, it is necessary to prevent the microphone from
coming into contact with any liquid whatsoever. Keep the microphone and
preamplifier assembly in the designated case when not in use for long periods of time
as shown in the figure below:

_— Microphone
specifications

Microphone case
Microphone and — P

preamplifier

e When connecting the microphone to the preamplifier or the outdoor kit body, thread
the microphone VERY CAREFULLY to avoid damaging the threads. Do not remove
the microphone shield as the microphone drum can fall out and become damaged or
lost (see photos below).

e The Microphone and SLM should be calibrated every two years.
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Microphone

Preamplifier

Fine threads Microphone shield

10.2 B&K 2250 Analyzer Maintenance

The following maintenance procedures are recommended to keep the B&K 2250
Analyzer in good working order:

o Keep the Analyzer in the protective case when not in use.
e Be careful not to drop the meter as the touch display screen can be damaged.

e Auvoid using solvents when cleaning the touch display screen. Instead use a damp
cloth as recommended by B&K.

e To remove the microphone extension cable, make sure to pull back the spring loaded
sleeve gently before pulling the connection from the meter. If difficultly arises in
removing the connection, put a cloth over the sleeve and use pliers to gently grip the
cloth while pulling back to release the connection.

e The B&K 2250 Analyzer should be sent to the B&K North America service
department every two years for maintenance. This facility is located at:

Bruel & Kjaer North America
2815-A colonnades Court
Norcross, GA 30071-1588
Phone: 800-332-2040

Fax: 770-447-4033
www.bkhome.com
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10.3 B&K 4231 Calibrator Maintenance

The following maintenance procedures are recommended to keep the B&K 4231
Calibrator in good working order:

e Keep the calibrator in its case at all times. There is no need for the leather case to be
removed except for when the batteries need to be changed.

e The B&K 4231 Calibrator should be sent to the B&K North America service
department every year for maintenance. This facility is located at the same address as
that given above.

10.4 Outdoor Microphone Assembly Maintenance

e Keep the windscreen on the outdoor microphone body, as this protects the
microphone.

e Clean the windscreen from any debris that may accumulate on it after field work, as
any build up of debris will serve to impede sound from being transmitted to the
microphone.

HSL/JC/TD/DRW!/rs
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SECTION 1 ¢ INTRODUCTION

1.1 Background

Since 2009, Agnico-Eagle Mines (AEM) has operated the Meadowbank Gold Mine, which is located
75 km north of the Hamlet of Baker Lake, Nunavut. The mine site is connected to the hamlet by a
110 km all-weather road, and an airstrip onsite allows direct access for personnel and freight. The
Meadowbank mine consists of several gold-bearing deposits that are currently planned to be
extracted using three open pits (Goose Pit, Portage Pit, Vault Pit), two of which are currently
operational (Portage Pit and Goose Pit). Much of the pit development is located in close proximity to
the mill, office and lodging infrastructure, with the exception of the Vault Pit which is approximately
10 km northeast of the main minesite (Figure 1-1).

Under the current design plans and DFO authorizations, a portion of each of the pits occurs in
lacustrine environment. As a result, construction has commenced on a series of dikes to separate
the pit areas from the remainder of the adjacent lakes. Under DFO authorizations, four lakes
(Second Portage Lake, Third Portage Lake, Vault Lake and Phaser Lake) are to undergo partial or
complete dewatering following dike construction, to provide access to the pit areas. To date,
dewatering has been completed in the northwest arm of Second Portage Lake, and the Bay-Goose
Basin of Third Portage Lake. Following the submission of a revised Meadowbank No Net Loss Plan
on October 15, 2012, AEM recently received the DFO authorization NU-03-019.4, dated April 2,
2013, for Vault Lake which permitted harmful alteration, disruption or destruction of fish habitat
under Section 32 (2)(c) and 35(2)(b) and the isolation, dewatering and operations in Vault Lake
which will begin in 2013. Phaser Lake is planned to be isolated and be dewatered without dike
construction in the future.

As discussed during the EIS, approved in the NIRB project certificate and in follow-up consultations
with stakeholders, three fishout programs were planned for the Meadowbank mine. The first fish-
out program took place during the summer of 2008 in the northwest arm of Second Portage Lake
(Azimuth, 2009); the second took place during the summer of 2010 in the Bay-Goose basin in the
eastern portion of the Third Portage Lake (North-South, 2011); and the third is planned for the
summer of 2013 in Vault Lake to allow for mining activities to occur in the western portion of the
lake.

The fish-out programs conducted for the Meadowbank mine have been guided by the Tyson et al.
(2011) General fish-out protocol for lakes and impoundments in the Northwest Territories and
Nunavut. The fish-out programs have also incorporated inputs from the local community including:
public presentations in Baker Lake on April 16, 2008, consultation during the preparation of the
2012 NNL Plan, and reviews of the 2008 and 2010 fishout programs. The fishout programs have
incorporated experience from the preceding fishout programs that included fish collection methods
and data analysis provided by DFO representatives. Furthermore, a meeting with the Baker Lake
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Hunters and Trappers Organization (HTO) will be held prior to the fishout commencing to discuss the

final fishout workplan.

The following document outlines the objectives, timeline, methods and procedures that are
proposed for the 2013 Vault Lake fishout at the Meadowbank mine.

N
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1.2 Objectives and Scope

According to Tyson et al. (2011), the guiding principle of the Vault Lake fish-out program is to ensure
that both ecological data and fish specimens are collected in a manner that does not cause “fish
wasting”. In consideration of these principles and in consultation with the DFO, the objective of the
fishout will be to rescue as many fish in Vault Lake, recover and distributing fish to local
communities and properly collect and record data that will meet the general requirements of Tyson
et al. (2011). The fish-out program will have 3 core components: fish recovery and rescue from
Vault lake (which will involve a fish transfer, primarily to Wally Lake), CPUE phase, final removal
phase, collection of biological data, and distribution of fish to local communities.

1.3 Timeline

The schedule for implementing key elements of the fishout program in Vault Lake will follow a
similar timeline as was completed and approved by DFO for the fishout of Bay-Goose Basin in 2010
(North South, 2011). The proposed schedule of the fishout program in Vault Lake is shown in Table
1-1. Vault dike construction has been completed. As a result, Vault Lake is isolated and water levels
will need to be managed accordingly. As outlined in Table 1-1, dewatering will begin prior to freshet
and is proposed to be completed in conjunction with the final phase of the fishout program to
manage water levels near operations (See Figure 1-3). Commencement of the fishout program will
be dependent on ice thaw which is anticipated for mid- July 2013. The Vault Lake CPUE and fish
rescue phase will continue in July and August; the final removal phase will aim to begin at the end of
August alongside partial - dewatering with a targeted completion date of the fishout by mid-
September.

\
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Table 1-1

Proposed Timeline for 2013 Vault Lake Fishout

Proposed Time

Activity

Description

February to April
2013

Vault Dike Construction

Dike construction occurring in shallow, less than 2m
water depth. The entire area is frozen to depth. This
will isolate Vault Lake from Wally Lake.

May - June 2013

Partial dewatering

Water volume control of freshet inflow and rain event
volume control into Vault Lake.

Mid-July 2013 Fishout Fishout begins with the CPUE and rescue phase- fish
community data collection, transfer of fish to Wally Lake
and distribution of fish to Baker Lake.

End of August 2013 Fishout Complete CPUE and rescue phase and transition to final

removal phase

End of August 2013

Partial dewatering

Dewatering resumes to create 4 small basins (A, BC and
D - See Figure 1-2)

September 2013

Fishout

Final removal phase and fish rescue.

Mid- September
2013

Fishout

Complete fishout

October 2013

Partial Dewatering

Dewatering continues; not completely dewatered until
DFO Section 32 is authorized

April 2013

\
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Figure 1-3 Dewatering sequencing and Vault Pit operations in Vault Lake Area
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SECTION 2 ¢ COMMUNITY CONSULTATION AND FISH DISTRIBUTION

Prior to the fishout of the northwest arm of Second Portage Lake, on April 16, 2008, a presentation
was given to the community of Baker Lake by AEM and Azimuth Consulting Group Inc. (Azimuth)
representatives. This presentation welcomed all community members and familiarized the
community with the three proposed fishout programs, with a focus on the largest fishout of Second
Portage Lake. It described in detail the meristics data that would be collected and a proposed
method of fish distribution to the community. General questions regarding the program were raised
by the community. In addition, one person expressed concerns regarding consuming fin-clipped fish.
Informal discussions with other attendees suggested that this was not a general concern, so the
program was not modified. No other concerns were raised.

Distribution of fish from the northwest arm of Second Portage Lake to the community of Baker Lake
took place from mid-August to mid-October 2008. Meristics data from all fish were collected and
categorized to size and species, and grouped into two categories: “people food” or “dog food”.

People Food: All lake trout and Arctic char greater than about 300 mm were processed on site (i.e.,
gutted and gilled) and shipped either fresh or frozen to Baker Lake. A small number of round
whitefish, in excess of 250 mm, were shipped to town because some elders indicated they liked to
eat whitefish. All fish destined for human consumption were placed within individual bags, heat
sealed and identified whether fish were sacrificed (by pithing) or died in the nets. Some people
preferred to eat fish that were sacrificed and not those that died in nets. Labelling individual bags
allowed locals to choose what they preferred.

Dog Food: All small fish of all species and all burbot were frozen in small groups, bagged and frozen
for use as dog food. Fish smaller than 100 mm were not processed; they were frozen whole for use
as dog food.

The fish were transported in boxes to Baker Lake and placed inside of the community freezer and
were made accessible to community members. Initially, during the first 2 — 3 weeks of fishing, fish
were delivered fresh or frozen daily or every second day. As numbers of fish declined during the
course of the fishing effort, shipments to town were reduced to every few days. Residents came
down to the freezer and selected fish as desired. On occasion, boxes of ‘people food’ fish were taken
to the local hospice and community center for special events which were coordinated by AEM’s
community liaison officer. Overall, the fish distribution in 2008 from Second Portage Lake was
successful. AEM received good feedback from the community on the program and all of the fish at
the end of the season had been consumed by residents.

In consultation with the DFO and the HTO, in 2010, AEM transferred many of the fish from the Bay-
Goose basin directly into Third Portage Lake. The fish that were used for data collection were
distributed to the community of Baker Lake in a similar manner as previously described for the 2008

\
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fishout. The results of the 2010 fishout (North-South, 2011) were shared with the HTO during a
Meadowbank mine site visit on June 13, 2011, following the completion of the 2010 annual report.

Similarly, in the 2013 Vault Lake Fishout, AEM proposes to transfer as many fish as possible to the
nearby waterbody and collect detailed meristics data on any incidental fish mortalities. On July 13,
2011 and on February 23, 2012 the HTO were consulted on Meadowbank no net loss planning and
the fishout program of Vault Lake during a Meadowbank mine site visit. During discussion with the
HTO, representatives did not have a problem with the previous fishouts and expressed an interest
that the fish be packaged and distributed to the community as per 2008 and 2010 fishout programs;
they understood that community members would be hired by AEM or their consultant to assist in
the fishout and that fewer fish will likely be delivered to the community because the fishout will
focus on a fish transfer. Prior to the 2013 Vault Fishout commencing, AEM will host a meeting with
the HTO to review the work plan and approach and answer any questions or concerns at that time.

\
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SECTION 3 ¢ REGULATORY SETTING AND PERMITTING

AEM recently completed and submitted to DFO a revised No Net Loss Plan (October 15, 2012) that
calculated the loss of fish habitat and compensation for the Vault Lake Area (AEM, 2012). AEM
received a DFO authorization (NU-03-0191.4) on April 2, 2013 prior to the fishout commencing and
dewatering that authorized the loss of fish habitat (HADDs) as a result of the Vault Pit undertakings
and temporary loss of habitat due to dewatering.

Furthermore, in preparation for the Vault Lake fishout, AEM will work with the DFO to ensure the
fishout work plan and proposed fishout methods meet the objectives and goals of the DFO guidance
General fish-out protocol for lakes and impoundments in the Northwest Territories and Nunavut
(Tyson et al, 2011) while meeting mine operations timelines for dewatering. On February 19", AEM
met with DFO representatives in Ottawa to review and discuss the approach described herein, prior
to finalizing the Vault Lake fishout workplan. AEM will ensure the contracted fisheries consultant
(North-South consultants) apply for a license from DFO to Fish for Scientific Purposes and apply for a
letter of approval of the Animal Use Protocol. All staff handling fish will be trained in proper fish
handling as directed by the animal care department.

\
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SECTION 4 e PROJECT MANAGEMENT AND FISHOUT PERSONNEL

For the fish-out program, a project team will be created to develop and implement the work plan.
The project team will include a DFO habitat biologist, a project manager, a project field biologist,
field technicians and field assistants. Field assistants will be staffed primarily from local
communities (i.e., Baker Lake). The DFO habitat biologist (Elizabeth Patreau) will be the principal
contact for AEM during development of the work plan and providing advice to AEM as required
throughout the fishout. The project manager (Ryan VanEngen) will represent AEM and will be
responsible for managing the fishout program including developing the work plan, communicating
with DFO and providing deliverables to the regulatory agencies. AEM has recently hired North-South
Consultants that will be using experienced personnel, many of which have worked in the Arctic
and/or participated in the fish-out of Second Portage Lake in 2008 and Bay-Goose Basin in 2010, on
behalf of AEM. The project biologist from North- South Consultants will work together with the
project manager and will be a qualified biologist that will be responsible for the technical
requirements and implementation of the fish-out program including aiding in the development of
the work plan, training field staff, supervising field activities and data collection, QA/QC, data
analysis and preparing deliverables. The field technicians will conduct the fish-out and data
collection under the supervision and guidance of the project biologist.

\
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SECTION 5 ¢ ISOLATION OF VAULT LAKE, TSS MONITORING AND TSS MITIGATION

5.1 Vault Dike

In 2008, turbidity curtains and a fish-cut-off-net were deployed in the northwest arm of Second
Portage Lake, immediately northwest of the impoundment side of the East dike. Installation of the
fish cut off net allowed the fishout to start approximately 3 weeks sooner than had the program
waited until the construction of the dike walls was complete. In 2010, during the ice-cover period, a
causeway was built to provide wind and water current protection during the construction of the
Bay-Goose dike (phase 2). The causeway was constructed during the winter and once completed,
prevented any fish movement between the Third Portage Lake and the Bay-Goose basin. In 2013,
the Vault dike is scheduled to begin construction in the winter and was completed under frozen
conditions by April. This has resulted in the complete isolation of Vault Lake from Wally Lake during
the open water season. As a result, no fish cut-off- net will be installed and the requirement of an
isolated lake prior to the fishout beginning will be met (Tyson et al. 2011).

5.2 TSS Monitoring and Mitigation

Vault dike construction will be occurring under frozen conditions during the months of February and
March. The small channel where the dike was constructed between Vault Lake and Wally Lake, is a
shallow channel that freezes to the bottom (<2m deep). As a result, no construction monitoring for
Total Suspended Solids (TSS) is proposed for the Vault Dike. Monthly monitoring will take place
during the Core Receiving Environmental Monitoring Program (CREMP) in April prior to freshet
(Azimuth, 2012). Freshet monitoring will take place in June and post freshet monitoring will be
undertaken in the open water months in the summer. In accordance with the NWB Type A License
2AM- MEA-0815, the dewatering will follow the Water Quality Monitoring and Management Plan
for Dike Construction and Dewatering (AEM, 2010).

\
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SECTION 6 ¢ FISH COMMUNITY ASSESSMENT AND FISH RESCUE

In accordance with Tyson et al. (2011) (at that time it was a Draft DFO fishout protocol), a mark
recapture study was completed in 2008 during the fishout of the northwest arm of Second Portage
Lake. The purpose of the study was to estimate the total fish population for the impoundment area.
This phase of the fish out program began on August 3, 2008, once the cut-off net was in place and all
necessary permits were acquired. Initially, two types of fish capture methods for this phase were
used:

e Trap nets - two trap nets were set perpendicular to shore targeting fairly shallow areas
where smaller fish would be expected.

e Gill nets — only 38-mm index gill nets were used for this phase. Each boat crew were able to
fish with 4 to 8 net panels, set only for a short time (1 to 4 hours).

All nets and traps were moved regularly (every day or two) to cover all available habitats, with an
emphasis towards shallow water habitats. Partial fin clips and/or floy tags were used to mark lake
trout (the most abundant species) and Arctic char. Biological assessments in this phase were limited
to fish mortalities. Species; weight; fork length (total length for burbot) were recorded for every fish.
Fish were also palpitated where possible to identify sexually active males or females. Details of each
set were recorded using the field forms.

The mark-recapture phase continued to the maximum duration of 14 days. A 10% recapture rate
was achieved by the end of this period using a total of 275 sets of 6 x 45.4 m length gill nets.
Following the Chapman adjustment to Schnabel’s method, the index of abundance was calculated;
1497 lake trout were estimated and 58 Arctic char. These estimates underestimated the true
population size; at the end of the fish out a total of 2018 lake trout and 485 arctic char had been
captured. The Catch-Per-Unit-Effort (CPUE) study (described in Section 6) proved to be a more
accurate predictor of population size; the CPUE estimated a total of 2690-2710 fish (using the
DelLury and Leslie regression models) while the true total number of fish captured at the end of the
fish out was 3079.

At the end of the 2008 fishout of the northwest arm of Second Portage Lake, AEM made the
following observations/conclusions:

e The mark recapture phase of the fish out program took a total of 17 days to complete (14
days of fishing and 3 days of waiting to begin the CPUE phase). Given the short ice-off period
at the site, this took valuable time away from the goal of fishing out the impoundment area.

e The results from the mark recapture study were limited in usefulness. The CPUE phase gave
a far more accurate estimation of initial abundance.

\
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e The fish out program concluded on October 16, 2008. Due to high winds and icy conditions
from mid- September until early October (when ice-over conditions started), weather
conditions posed a serious safety risk for the fishout field personnel.

Consequently, in collaboration with DFO, AEM omitted this phase of the fishout program for the Bay
Goose basin in 2010 and permitted the fishout crews to concentrate their efforts on the CPUE phase
and final removal phase. As the CPUE phase of the program has the same purpose as the mark
recapture phase, AEM concluded that the intent of the draft DFO fish out protocol was met.

Similar to the 2010 fishout and in accordance with Tyson et al. (2011), AEM proposes to omit the
mark and recapture phase of the 2013 Vault Lake fishout.

6.1 CPUE phase

The objective for the Catch Per Unit Effort (CPUE) phase is to collect fish community CPUE data for
the entire fish population in Vault lake. This involves collecting fish using a standard unit of effort for
the duration of the phase. The equipment type, fishing methods, unit effort and fishing periods will
remain the same as in the 2010 fishout for the duration of the CPUE phase.

The CPUE phase of the fishout program will begin as soon as possible after ice-out (with an
anticipated start date of July 15, 2013, see Table 1-1). Fish will be captured using the same gear that
was employed in 2008 and 2010. Six panel gill nets of stretched mesh sizes 126, 102, 76, 51, 38, and
25 mm will be used, with an increasing total number of nets/panels deployed as CPUE declines over
time. Panels will be 1.8 m deep by 22.7 m. Nets will be moved every day or two to ensure full
coverage of Vault Lake; duration of sets may vary as this phase of the program proceeds (i.e., similar
to the 2008 and 2010 program, in the later season when catches are low and water is cold, set
durations may be longer). Angling may also be used to minimize fish capture times and volunteers
from the mine site may participate in the fishout.

As in 2008 and 2010, CPUE data will be analyzed daily using both the Leslie and DeLury methods. As
updated and available, data and graphs will be sent to DFO every 2 days by email. Unit of effort for
the Vault Fishout will remain comparable to previous fishouts, despite a greater effort to rescue and
transfer fish (Tyson et al, 2011). All data from net sets will be recorded on field forms. Similar forms
will be used as in the 2010 fishout program (see Appendix A). All captured fish will be identified to
species, weighed and measured for fork length (total length in the case of burbot). Fish will also be
gently palpitated to identify reproducing males or females prior to their release. A detailed
biological assessment will be conducted on all fish that do not survive the transfer (ie. on incidental
mortalities). More specifically, a detailed biological assessment will be conducted for a
representative number of fish (we will aim to collect 30 from the dominant species lake trout and
round whitefish (as they are often the least likely to successfully survive transfer), that may not
survive the fish rescue and transfer). Similar to what was conducted in 2010, this assessment on
incidental mortalities will include:

\
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e Detailed internal and external examinations will be conducted on each of the fish to
determine sex, reproductive status, parasite presence, and overall apparent health (e.g.,
DELT - deformities, erosions, lesions or tumours). A subset of these fish will be subject to
more invasive measurements/sampling.

e Aging structures (otoliths and/or fins) will be taken (if possible) from all species across a
range of expected size classes.

e Stomach contents will be collected from the same fish and either be analyzed in the field
(e.g., whole fish can easily be counted) or preserved if more detailed analysis is needed. In
the latter case, samples will be uniquely labelled (and associated with a uniquely identified
fish), and placed in a 10% buffered formalin solution in whirl-pac bags. Stomach contents
will be processed on site by the Project Biologist or sent to North/South in Winnipeg.

e Gonad weights and fecundity (female only) will also be measured for the same fish. Ovaries
will be preserved in buffered formalin (or modified Gilson’s solution) and analyzed for
fecundity (on site or at North/South in Winnipeg), where a subsample of at least 100 eggs
will be weighed to allow the estimation of the total number of eggs.

e Liver weights and metals samples will also be taken. Livers will be weighed in their entirety
and frozen for shipment to the laboratory for analysis.

e Fish guts not retained for analytical sampling will be incinerated on site, as requested by
DFO during the 2008 fishout.

AEM will begin discussing the completion of the CPUE phase with DFO when:

e there has been a consistent, statistically significant (e.g., p<0.10) decline over a 10-day or
greater period (for at least one of the two CPUE population estimate methods); and/or
e overnight sets are catching very few fish regardless of the location of deployment.

When one or both of these criteria are met, in consultation with the DFO, the nets will be removed
for 24 hours. Following the no-fishing period, nets will be re-deployed to confirm that the CPUE
phase has met DFO expectations. The decision of determining when the CPUE phase is complete and
the final removal will begin will be made in consultation with DFO.

6.2 Fish Transfer (Rescue) and CPUE phase

With DFO approval, during the CPUE phase fish that appear healthy and capable of recovery will be
transferred primarily to Wally Lake. The decision to transfer individual fish will be a made in the
field by fish technicians under the direction of the project biologist. Although considerable effort
will be made to salvage and transfer as many fish as possible, the effectiveness of the salvage efforts
will be evaluated in consultation with DFO. Based on 2010 fishout results, it is expected that the
greatest number of fish will be salvaged during the first month during the CPUE phase, while catch
rates remain high. However, fish are expected to be rescued through all phases as successful rescue
and transfer of fish will be the main priority. All healthy fish that appear unaffected by capture and
handling (i.e., especially VECs such as lake trout) will be transferred primarily into Wally Lake.
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As in 2010, fish will be transferred in aerated cold water tubs in 2013. The water temperature and
number of healthy fish transferred will be recorded. Ideally, both length and weight measurements,
and a physical inspection will be taken for all fish. However, to reduce handling time, only length
may be taken for the transferred fish. All fish >250mm in length will be floy tagged (to identify each
individual) and transferred into Wally Lake. Fish <250mm, found to be healthy will be fin clipped or
left unmarked and released. Detailed records will document mortalities due to capture, handling or
transfer. Fish recovery rates were 50% for lake trout and arctic char at other northern projects
(Ekati and Diavik) with very poor recovery rates for whitefish. However, based on the success in
2010 fish transfer, where approximately 80% of the fish were successfully transferred within the first
3 weeks of the fishout, AEM is anticipating a similar success rate for the Vault fish rescue.

Overall, the goal of the fishout rescue is to preserve the net productivity of the system. Given the
relatively short duration of mining (less than 5 years) which will destroy a small portion of Vault lake,
the large size of Wally Lake as compared to Vault Lake, and the near identical fish community
assemblage (see Figure 6-1), a fish transfer is a viable option that is expected to assist in a more
rapid recovery in Vault Lake after reflooding (reclamation is proposed to begin in 2018). Although
there is some uncertainty, it is expected that Wally will provide a temporary holding area for
transferred fish that will ultimately be relocated back into Vault Lake. Furthermore, the transfer
into Wally Lake may increase recruitment and ultimately increase the energy of the system without
disturbing the fish population dynamics.

Roundwhite

fish Wally Lake Round _\Vault Lake

5% whitefish
7%

Figure 6-1: Fish biomass estimate in Vault and Wally Lake from surveys conducted in August 2012.
Adapted from AEM (2012)
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SECTION 7 e FINAL REMOVAL PHASE

In consultation with DFO, the final removal will take place immediately after the CPUE phase is
completed. The objective of the final removal phase is to remove all of the remaining fish. This
phase will begin at the same time as the partial dewatering of Vault Lake. Over the course of the
final removal phase, the fish will be concentrated into smaller basins of water (see Table 1-1 and
Figure 1-2). The final fish removal phase may include: using all available fish capture techniques and
methods not used in the CPUE phase (including smaller nets, angling, bating nets to capture fish,
etc.). Every effort will be made to remove all of the fish from the waterbody. The removal phase will
be completed when final benchmarks are met that may include:

e no fish are caught for 48 hours, and then after a 24 hour break, no fish are caught for an
additional 48 hours; and/or

e catch has declined to near zero and the total abundance and/or biomass has reached at
least 95% of the estimated initial abundance from the CPUE data.

Similar to the 2008 and 2010 fishouts, gill nets will be used as the principal gear to capture the fish.
However, the number of gangs will be increased, and AEM may consider using larger mesh sizes; in
addition, some fine mesh “Swedish” gill nets (8mm, 10mm and/or 12.5mm nets) will be
incorporated into the program. As in 2008 and 2010, effort will continue to be recorded
approximately so that depletion estimators can be evaluated. All captured fish during the final
removal will continue to be processed for biological information, but details regarding which net or
mesh size caught each fish may not be recorded.

Partial dewatering is proposed in the Vault Lake during the final phase, as a result the decision to
continue the final removal in the 2013 open water season will be based on the fishout data,
drawdown timing, weather, and personnel safety.

\
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SECTION 8 e« AQUATIC BIOLOGY AND LIMNOLOGY DATA COLLECTION

Prior to disturbance caused by mine activity, data was collected for limnology, water chemistry,
sediment chemistry, periphyton biomass, zooplankton and benthic invertebrate data in Vault Lake
during baseline data collection in 2002 and 2003 (Cumberland, 2005). Fish community surveys were
completed in 2003 and more recently in 2012 in Vault Lake and determined the presence of lake
trout and round whitefish, with no burbot or Arctic char caught. These data provide a complete
account of background limnology, aquatic biology and fish community assemblages in the Vault Lake
prior to mining activities.

According to Tyson et al. (2011), more detailed and/or updated sampling may be desirable.
Unfortunately due to limited access to Vault Lake prior to October 2012 (when the road was
complete), updated aquatic data was not collected during the open water season. Furthermore,
due to dewatering activity, which is proposed to begin prior to freshet to control the water level, no
additional aquatic biology and limnology data will be collected as the limnology and lower trophic
biology may have already been altered.

\
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SECTION 9 e HABITAT MAPPING

Thorough physical habitat inventories were conducted prior to mine activity to evaluate habitat in
Vault Lake as part of the original No Net Loss Plan (Cumberland, 2006). Due to some uncertainties in
fish collection, follow-up fish community assessments were conducted in 2012 and an additional
physical habitat inventory assessment was conducted to verify baseline conditions. The results of
the habitat evaluation procedure were submitted as part of the updated NNL Plan which provide a
thorough evaluation of fish habitat loss due to Vault Pit operations (AEM, 2012).

Habitat mapping of the northwest arm of Second Portage Lake was completed from July to August
2009, after dewatering removed a sufficient volume of water to expose the habitat. Low level
photogrammetric aerial photographs were taken of the whole impoundment area; these photos will
be used to confirm earlier estimates of habitat quality and will allow derivation of a relationship
between habitat area and fish biomass. Similarly, in 2012, a physical habitat mapping comparison
using aerial photography, high resolution ground surveying and GIS of a portion of the Bay-Goose
basin was completed and was submitted as part of the 2012 annual reporting. These data allowed
for an analysis of the habitat evaluation procedure (HEP) used for Bay-Goose basin predevelopment
and compare the methods and results to after dewatering. Given the level of detail, GIS capabilities
and statistical approaches available for these analyses, AEM will consult with the DFO to determine
the necessity in collecting additional follow-up habitat mapping in Vault Lake. This decision will be
made in consideration that the mining operations and dewatering platforms will be constructed
upon receipt of a Section 32 Authorization, immediately following the fishout, which will increase
the uncertainty in conducting habitat mapping post dewatering.
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SECTION 10 e REPORTING

According to Tyson et al. (2011), DFO has developed data input forms to match the data collected
during all fish-out activities. AEM will use these forms to enter the field data into an Excel database
or to suit DFO requirements. Data entry will not be finalized until all results are available (example
field sheets are presented in Appendix A); at that time it will be provided to the DFO.

Data analysis and reporting will include an interpretative report as well as raw data tables and
summary statistics of data. Specifics will include, but not limited to, the following:

¢ Introduction and objectives,

e Review of methodology, including maps showing where gear was placed,

e Analysis of CPUE data according to the Leslie and DeLury methods, including best estimates
of population sizes and consideration of uncertainty. Depending on findings, the analysis
may also extend to biomass rather than only abundance (i.e., similar to the 2008 and 2010
analysis)

e Copies of field data sheets and photographs; and

¢ Discussion of results in comparison to the 2008 and 2010 fishouts.
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Meadowbank Mine FINAL Vault Lake Fishout

APPENDIX A e FIELD DATA COLLECTION FORMS

The attached forms were approved by DFO and used in the 2010 fishout. We propose to use the
same field sheet for the 2013 Vault Fishout; the only change is the addition of a floy tag # column.

In addition, each boat crew will carry a map of the Vault Lake and indicate the location & direction
of each net set.
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Meadowbank Project. Fish-Out CPUE Phase Field Data Sheet

A. Gear set data

AEM 2010

Page_ of

Location / ID:
Number of panels by mesh size (for GNs): Net Length (m):
Start location End of Net (in NAD 83) 25 38: 51: 76: 102: 126: Net Height (m): All are 2m
Easting: Set date: Net depth at each end (m): /
Northing: Set time: Surface temp:
Recorder: Lift date: \Wind direction / speed:
) o General comments:
Field Staff: Lift time:
B. Fish sample data
These fields for every fish Field fish data * Fish Transfer Lab Analysis: Biological Assessment
Stomach weight Comments (including results of
(or % full) & . . . " internal / external examinations
Cause of Death: " Weight | Liver Liver Tissue K N
. . . " " Agini - N luding DELT;
Species Code Sample D or Mesh Size" Length ? Weight (g) Sex Repro Status Maturity Mortality| (Net/ handling/ Successfuly transferred aing " contents Ovary of 100 | Weight| metals metals including )
Number transfer) to TPL? Structure indicate if weight (g) eqgs © 167 167
preserved for g0 g sample?’| sample?
taxonomy
(mm) (mm) (9) M/F Code Code YIN Y/N Tag # Code(s) Y/N Y/N

Notes: 1. See mesh size options in section A. 2. Fork length for trout, char and whitefish; total for all others. 3. Fill out fields for sex, repro status and maturity based on "milking" for most fish. 4. otoliths and fins for LT and AC, otoliths only for burbot and whitefish, none for sculpins or
sticklebacks. 5. Some stomachs to be processed in field; some to be sent to lab - see plan. 6/7. Liver sample should be coded as "fish sample ID" + "L". Tissue samples should be coded as "fish sample ID" + "T"




Assess  Assessment Gear Gear Type Length Length Sex Code Sex

Code Type Code Code

FO-MR  Fish-out: Mark-Recapture phase AN Angling F Fork F Female

FO-CPUE Fish-out: CPUE/Removal phase GN Gill net T Total M Male

FO-FREM Fish-out: Final Removal phase MN Minnow trap U Unknown

B-line Base line sampling TN Trap net

AEMP Aquatic Effects Monitoring Program oT Other

Maturity ~ Maturity Reprod  Reprod Status AgeStruct Aging Structure Fate Tissue Tissue

Code Code Code Code Fate Code Sample

IM Immature GR Green FR Finray NR New, released marked ST Stomach

MA Mature RI Ripe oT Otolith NM New, mortality MU Muscle

SD Seasonal development RU Running SC Scale RR Recapture, released LV Liver

UN Unknown SP Spent NO None RM Recapture, mortality EG Eggs
ub Undeveloped CL Cleithrum E Escaped unmarked GO Gonad
UN Unknown OoP Operculum bone NO None

[Fin Code Fin Clip Species codes:

ADIP Adipose LKTR lake trout M6 F1 immature male; immature female

LPEC Left Pectoral ARCH arctic char M7  F2 preparing to spawn in current year

RPEC Right Pectoral RNWH round whitefish M8 F3 Ripe and running Male and Females

LPEL Left Pelvic BURB burbot M9 F4 Spent males and females

RPEL Right Pelvic NSST ninespine stickleback M10 F5 M and F that have spawned in past; not in current ye

ANAL Anal SLSC slimy sculpin M11 Fi11 male or female previously spawned but unsure of

UPCA Upper Caudal condition in current year.

LOCA Lower Caudal Note: These codes correspond to the Reprod Codes above
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EXECUTIVE SUMMARY

This document presents the Meadowbank Mine Groundwater Monitoring Plan, a
requirement of the Meadowbank Type A Water License No. 2AM-MEA0815.

The Meadowbank Mine currently has two operating groundwater monitoring wells, drilled in
2008. A number of wells drilled in 2003, 2006, 2008, and 2011 are now inoperable for
various reasons. One well drilled in 2011 will be replaced in 2014, and sampling of pit wall
seeps has been added to augment the program. Methods to obtain groundwater samples
from production drill holes are currently under investigation.

Groundwater chemistry data is used to predict the quality of water accumulating in open
pits, and to determine any effects of mining on groundwater quality, particularly with respect
to tailings deposition.

Groundwater sampling will be carried out on an annual basis. Analytical parameters will
comply as per Schedule 1, Table 1, Group 3 of the Meadowbank Water License. Quality
Assurance/Quality Control procedures will be implemented during each sampling event.

A groundwater monitoring report will be submitted by Agnico Eagle Mines Limited to the
Nunavut Water Board (NWB) by March 31 annually. This report will include all data from the
previous year’s results as well as a historical record, dates and methods of sampling, and an
assessment of the data obtained with particular regards to salinity parameters and indicators
of tailings reclaim water movement (total cyanide and dissolved copper).
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IMPLEMENTATION SCHEDULE

This Plan will be implemented immediately (January 2014) subject to any modifications
proposed by the NWB as a result of the review and approval process.

DISTRIBUTION LIST

AEM — Geology Superintendent
AEM - Engineering Superintendent
AEM — Geotechnical Engineer

AEM — Environment Superintendent
AEM — Environmental Coordinator

AEM — Environmental Technician
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1 INTRODUCTION

This document presents the Meadowbank Mine Groundwater Monitoring Plan, Version 4.
This version maintains the principles and sampling methodology for monitoring wells
presented in Version 3 (AEM, 2012), and presents alternative groundwater sampling options
(pit wall seeps and production drill holes) as suggested in the 2012 Groundwater Monitoring
Report (Golder, 2012). Monitoring well and alternative sampling locations, design
characteristics, and the sampling methodology used to recover water samples for chemical
analysis are included in this Plan.

1.1 PURPOSE OF GROUNDWATER MONITORING

Groundwater data is used to predict the chemistry of water accumulating in open pits
(especially salinity as TDS, conductivity and chloride), and to determine any effects of
mining on groundwater quality, particularly with respect to tailings deposition. To this end,
groundwater monitoring wells have been installed to sample talik water (unfrozen ground
beneath large lakes) in areas where through taliks exist. No groundwater monitoring wells
will be installed at the Vault deposit, as the Vault pit will be developed in an area where the
talik does not extend down through the permafrost.

Groundwater sampling has traditionally been conducted using installed monitoring wells, but
difficulties in obtaining representative samples by this method prompted the investigation of
alternative methods in 2013. Based on recommendations by Golder Associates (see 2012
Groundwater Monitoring Report), these include sampling of pit wall seeps and production
drill holes. Traditional wells are also utilized in the monitoring program.

1.2 MONITORING WELLS

Four monitoring wells were installed at the Meadowbank site in 2003. Three of these wells
(MW-03-02, MWO03-03 and MWO03-04) were damaged by frost action between 2004 and
2006. The fourth (MW03-01) was operable until 2010 when it was also damaged by frost
action. The three defective wells were replaced in 2006 (MW06-05, MW06-06 and MW-06-
07). The three wells were again damaged by frost action. MW06-05 and MW06-06 were
replaced in 2008 with a more robust design (MW08-02 and MWO08-03). The replacement of
the third defective well (MWO06-07), at the tailings storage facility, was deferred until
verification of the effectiveness of the new well designs in 2009-2010. In 2011, two
monitoring wells were installed. Well MW11-01 was installed on Goose Island adjacent to
the Goose pit outline, to replace one of the 2003 wells (MW03-01). Well MW11-02 was
installed at the tailings storage facility to replace MWO06-07 and to monitor shallow
groundwater quality below the basin where tailings are deposited. The well MW08-03 has
been partially blocked by an ice bridge since 2010, but attempts to melt the ice have proven
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somewhat successful and are ongoing. Well MW11-01 was decommissioned in 2012 after
being damaged during site operations. Well MW11-02 became obstructed with
development materials during the 2012 monitoring program and could not be sampled.
Attempts were made in 2013 to remove the material, but these were unsuccessful. This well
will be replaced in 2014.

The locations of each former and existing groundwater well are provided in Figure 1.

1.3 PIT WALL SEEPS

Seepage from pit walls commonly occurs in several locations in both the Portage and Goose
pits. Groundwater samples can readily be obtained directly from the waterfall when
sufficient flow occurs. In 2013, AEM obtained a sample from one seep in the Goose pit.
Due to the changeable nature of seep positions, sampling locations are not set and GPS
coordinates of any sampled seep will be included in each annual report.

1.4 PRODUCTION DRILL HOLES

When sufficient groundwater flow from production drill holes is encountered, sampling using
this method is likely feasible. Although wells with sufficient flow rates only occur on
occasion, AEM is of the opinion that this is a viable method, and will continue attempts to
sample production drill holes. Since the sampled locations will change each year depending
on where flowing groundwater is encountered, drill hole identification numbers and GPS
coordinates will be included in each annual report. This source of groundwater has the
potential to be viable in determining any mining affects to groundwater, especially in the
Portage Pit as it is directly downstream of the inferred groundwater flow path.
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Figure 1 - Map of former and existing monitoring wells on the Meadowbank Site
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2 MONITORING WELL INSTALLATION

Installation details for existing monitoring wells are provided here. Details for
decommissioned wells are presented in the Groundwater Monitoring Report for the year of
installation.

2.1 2008 WELL INSTALLATION
2.1.1 MWwO08-02 & MW08-03

The two boreholes drilled for the replacement monitoring wells MW08-02, and MW08-03
were drilled using standard PQ and HQ size coring method. Heated water from the Second
Portage Lake was used as drilling fluid during drilling. The boreholes were drilled to 200m
depth along a 60 degree angle. Each borehole was cased to 20 m past the anticipated base
of the permafrost using HWT flush-joint casing. The geological information used to was
based on the core recovered from each borehole. The first 170 meters of the MWO08-02
borehole were drilled without core recovery; the screened interval core was collected to
confirm the target lithology. The full length of MW08-03 borehole was logged. Agnico Eagle
geologists logged the core from both boreholes.

2.1.2 Instrumentation

The MWO08-02 & MWO08-03 wells were constructed with 1.5-inch diameter, schedule 40
stainless steel pipe and 18 m long 2 inch diameter stainless steel screen. The annulus
between the casing and the monitoring well pipe was sealed at the base of the casing (169
m depth) with a pneumatic packer inflated with propylene glycol (a non-toxic and
biodegradable liquid with low freezing point). This isolated the annular space between the
borehole casing and the monitoring well pipe from the borehole interval below the
permafrost. A small diameter double valve pump (DPV) driven by inert nitrogen gas was
fixed to the outside of the riser pipe to allow removal of water from the well annulus above
the packer to keep this area dry and minimize the potential for frost damage to the outside of
the monitoring well pipe. A smaller diameter stainless steel pneumatic packer was installed
inside of the monitoring well pipe immediately above the screen interval to prevent freezing
of the inside of the monitoring well pipe throughout the permafrost. After sample collection,
the inside packer is inflated and a portable DPV pump is used to evacuate water above this
packer and keep the well pipe dry between the sampling events. A heating cable was
attached to the outside of the monitoring well pipe through the entire anticipated interval of
permafrost. The heating cables prevent water from freezing during sampling, and constitute
a back-up system to melt the ice inside the monitoring well in case of a packer failure.
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2.2 2011 WELL INSTALLATION

221 MW11-02

Although MW11-02 is planned to be replaced in 2014, installation details are included here
because decommissioning has not yet occurred. The borehole was drilled using standard
HQ size coring method. Heated lake water was used as drilling fluid during drilling. The
borehole was drilled to 81 m depth at an angle of 80 degrees below ground surface. The
borehole was cased through the overburden and into the first few metres of bedrock. All
cores were recovered and logged by Agnico Eagle geologists.

2.2.2 Instrumentation

MW11-02 was constructed with 1.5 inch diameter, schedule 40 stainless steel pipe and
15.25 m of 2 inch diameter slotted stainless steel screen. The well was installed into an
open borehole. The annulus between the stainless steel well and the borehole was filled
with approximately 16 m of sand. A bentonite seal approximately 4 m thick was placed on
top of the sand. The remainder of the annulus was loosely filled with gravel and a grout seal
was placed at the top of the well. Although the ground is not frozen at this location in the
talik, it is predicted to freeze in time. For this reason, a heating cable was attached to the
outside of the stainless steel pipes above the bentonite seal. The heating cable will allow for
thawing of the well in the event of permafrost in the area.




Groundwater Monitoring Plan
Version 4; January 2014

3 SAMPLING METHODS

Since monitoring results to date have not indicated any effects of mining activity on
groundwater quality, the groundwater sampling program will be performed annually using
traditional onsite monitoring wells, as well as pit wall seeps and production drill holes as
available. One sample will be collected in duplicate and submitted blind (using different
reference numbers) to the analytical laboratory.

Specific details of sampling methods for monitoring wells, pit wall seeps and production drill
holes are provided here. The collection of samples from production drill holes will occur
when flowing conditions are encountered in order to obtain additional samples to assist in
the assessment of any potential impacts of mining activity.

3.1 GROUNDWATER WELL MW08-03
3.1.1 Well Preparation for Sampling

At the time of purging and sampling the heat trace cables will be activated to warm the well
pipe. Once the new well has been warmed up the pneumatic valve inside the well pipe will
be deflated to allow groundwater to flow into the well pipe.

3.1.2 Well Purging

The well is then purged to remove standing water inside the well and to induce the flow of
fresh groundwater from the rock formation. Purging is done by lowering a portable double
valve sampling pump (DVP) into the well pipe to approximately 10 to 20 meters above the
top of the screened interval and activating the DVP. The pump is activated by pumping
compressed air into a %" Low Density Polyethylene (LDPE) tubing attached to the DVP.
The quality of the purged water is to be monitored for pH, electrical conductivity,
temperature, water clarity and colour (visual observation) during this activity. A minimum of
3 well volumes (volume of water between the in-well packer and bottom of screened
interval) are to be removed prior to sampling or until the monitored parameters stabilize
(values remaining within 10% for three consecutive readings).

3.1.3 Groundwater Sampling

Groundwater is to be sampled immediately after purging, by lowering the intake of the DVP
tubing to 3 to 5 meters above the screened interval. The same DVP pump and tubing used
for purging is to be used for sampling but utilizing compressed nitrogen gas to evacuate
water that entered the sampler unit. Nitrogen gas is stable (inert) and avoids alteration of
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groundwater chemistry during sampling. Chemical parameters are to continue to be
measured during sampling.

A groundwater sample is to be collected in clean, laboratory-supplied containers. Where
required, preservatives will be added to the sample bottles prior to sample collection, to
minimize chemical alteration during transport to the laboratory. Samples analyzed for
dissolved metals are to be filtered through a 45 um inline filter.

3.1.4 Well Close-Down Procedure

Once the water sample is obtained, the pneumatic valve will be re-inflated and the well
water above the valve will be removed using the portable DVP pump. The DVP pump fixed
to the outside of the well will also be activated to remove water accumulated in the annulus
of the well during purging and sampling (if any). The heating cable will be de-activated and
the cap will be replaced on the casing.

3.2 GROUNDWATER WELLS MWO08-02 AND MW11-02

Although MW11-02 will no longer be sampled after it is replaced in 2014, the replacement
well will be sampled in the same manner.

3.2.1 Well Preparation for Sampling

Because water is allowed to rise and freeze in place within the well pipe, the heat trace
cable activation period will be considerably longer, in the order of 4-7 days, to thaw standing
water (ice) present in the well pipe. The effective heating cables in the groundwater wells
should allow the water present in the well pipe to thaw in a timelier manner.

3.2.2 Well Purging

Once ice is fully thawed purging is initiated in the same way as for the 2008 wells, by
inserting the DVP and tubing at 10 to 20 meters above the screened interval and removing
well water by pumping compressed air. Groundwater will be continually pumped from the
well until electrical conductivity and pH readings stabilized. This process may require more
than 3 well volumes. In consideration of the low hydraulic conductivity of the rock causing a
very slow recovery of groundwater level (only a few litres of groundwater can be removed at
a time), this process can take up to 4 days to complete.

3.2.3 Groundwater Sampling
Groundwater sampling will be carried out immediately after well purging, in the same

manner as for the 2008 design wells (same equipment, elevation of tube intake for water
sample, use of nitrogen gas, monitoring of water quality parameters during this process).
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Groundwater samples are to be collected in clean, laboratory-supplied containers. Where
required, preservatives will be added to the sample bottles prior to sample collection, to
minimize chemical alteration during transport to the laboratory. Samples analyzed for
dissolved metals are to be filtered through a 45 um inline filter.

Samples are to be collected in duplicate and submitted as blind duplicates (using different
reference numbers) to the analytical laboratory. Duplicate samples are to be analyzed for
chloride and the suite of dissolved metals specified in Table 1 of Schedule 1 of the
Meadowbank Water License.

3.2.4 Well Close-Down Procedure

Once the water sample is obtained, the heating cable will be de-activated and the cap will
be replaced on the well.

3.3 PIT WALL SEEPS - ST-GW-#S

Samples from pit wall seeps will be collected directly from the pit wall waterfall.

A groundwater sample is to be collected in clean, laboratory-supplied containers. Where
required, preservatives will be added to the sample bottles prior to sample collection, to
minimize chemical alteration during transport to the laboratory. Samples analyzed for
dissolved metals are to be filtered through a 45 um inline filter.

A separate container should be used to collect water for immediate measurement of field
parameters (pH, conductivity).

3.4 PRODUCTION DRILL HOLES — ST-GW-#P

The collection of samples from production drill holes will occur whenever flowing drill holes
are encountered and the designed methods will be modified as required based on field
testing. Standard methods are provided in Appendix B, and summarized here.

AEM’s Senior Environmental Technician or Coordinator will request that the Blast
Supervisor (Mine Dept.) notify Environment Department staff when a flowing production well
is encountered during regular production (for blasting) drilling (it is not a regular occurrence).
Sampling needs to be conducted prior to addition of any explosive material.

Before sampling, three well volumes will be purged from the flowing hole. Production wells
are usually 0.17 m diameter and 8.5 m deep so approximately 579 L will be removed.

Analysis of field parameters will be used to assist in determining if sufficient purging has
occurred. Values are to be stable (within 10%) for three consecutive readings (in
accordance with procedures for monitoring wells).
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The sample is to be collected in clean, laboratory-supplied containers. Where required,
preservatives will be added to the sample bottles prior to sample collection, to minimize
chemical alteration during transport to the laboratory. Samples analyzed for dissolved
metals are to be filtered through a 45 um inline filter.

For each sampling location, GPS coordinates and the drill hole number/blast pattern number
will be recorded.
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4 SAMPLE ANALYSIS

4.1 ANALYSIS

These samples will have field parameters taken (pH and Conductivity) and will also be sent
to an accredited laboratory for analysis. Analytical parameters will include the following, per
Schedule 1, Table 1, Group 3 of the Meadowbank Water License: pH, alkalinity, turbidity,
hardness, ammonia nitrogen, nitrate, nitrite, chloride, fluoride, sulphate, total dissolved
solids (TDS), total and free cyanide (for wells located in the flow path of the tailings
containment area) and the following dissolved metals: aluminum, arsenic, barium, cadmium,
copper, iron lead, manganese, mercury, molybdenum, nickel, selenium, silver, thallium and
zinc.

4.2 QUALITY ASSURANCE / QUALITY CONTROL

4.2.1 Handling
The following procedures will be followed to provide data quality control:

o Measurement of field parameters at selected intervals until stable readings (within
10% of each other);

¢ Minimization of the exposure of the sampled water to the atmosphere;
o Use of compressed, inert gas (nitrogen) to evacuate water for sample collection;

¢ In-situ measurement of sensitive chemical parameters (pH, conductivity, dissolved
oxygen, alkalinity, where applicable); and

e Abiding by sample preservation methods (refrigeration and use of preservatives
where needed); and specified holding times.

4.2.2 Duplicates

A duplicate sample will be collected for one monitoring well per sampling event, and
submitted as a blind duplicate to the analytical laboratory. Where both results are higher
than five times the method detection limit (MDL), the relative percent difference (RPD) will
be calculated as:

RPD = absolute difference in concentration/average concentration x 100

10
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USEPA (1994) indicates that an RPD of 20% or less is acceptable. Where one or both
results are less than five times the MDL, a margin of +/- MDL is acceptable.

11
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5 REPORTING

An annual groundwater monitoring report will be submitted by Agnico Eagle Mines Limited
to the Nunavut Water Board (NWB) by March 31 of the following year. This report will
include the following information:

¢ Installation logs for any new monitoring wells;

e Location in UTM coordinates of all groundwater sample locations;

o Description of the working condition of the existing wells;

e Date of groundwater sampling;

e Details of sampling methods;

e Analytical results including: field data, laboratory analytical data and QA/QC
information;

e Comparative assessment of data obtained to date to input values used in the Water
Quality Model for the site (relevant salinity parameters); and

e Comparative assessment of parameters indicative of mine impacts to groundwater,
with particular regard to tailings (total cyanide and dissolved copper).

12
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APPENDIX A

Standard Operating Procedure for Sampling of Groundwater Monitoring Wells

13



Version: AEM. Department
1 Standard Operating Procedure Environment

Date: .
July 29, 2012 Groundwater Sampling Page 1 of 5

WORK INSTRUCTION

Purpose:

This procedure is used to ensure that groundwater (GW) sampling is conducted in a safe and
orderly manner. All samples need to be taken in the same manner to provide continuity of
samples regardless of who is taking the samples. The Environment Department is required to
conduct a GW sampling program to determine if there are any mining impacts to the local GW
regime. This is in accordance with both our NWB and NIRB permits. In 2013 AEM
environment staff will conduct the GW sampling program at Meadowbank.

Groundwater Sampling SOP:

GW sampling consists of measuring field parameters and collecting GW samples within the
designated bottles.

Material needed:

Waterra 1 inch

Waterra ¥4 inch

2 Genset (Atlas Copco, QAS 30) (GEN 30 and 34)
1 compressor (environment compressor)

3 Nitrogen tanks (JDE number 134720)

Nitrogen regulator

Solinst pump

Clean pails

Cond./pH/Temperature probe (PCStestr 35 or multi-parameter probe)
Water level probe

Control box

Red hose for NO2

Black hose with moisture trap for NO2

Adaptor, Fitting, Ring, Tools

Sampling bottle and syringe

Procedures to be done in 2013 for existing GW Wells

MW-11-02

In accordance with the 2012 Golder Groundwater Technical Memorandum Env Dept staff needs
to retrieve a melted waterra that has plugged this well at a depth of 28 meters. This will require
the use of at least a 30 meter RW drill rod with a fitting containing external thread. Orbit Gallant
will conduct this drilling to remove the blockage (Ask Orbit to drill with size A casing).

Also there is a short on the heat trace cable in this well so the electrician must be informed prior
to plug the heat trace to avoid overheating.

Date printed: 18/07/2013
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MW-08-03

This well has been determined to have an ice blockage, below the existing heat trace, at a depth
of 150 meters. To melt the ice, Carlon tubing HDPE is required (about 200 meters).Orbit Garant
will thaw the blockage below the heat trace cable with hot water. Once the ice melts we can
push the tubing down to continue the purge and characterization of the water prior to obtain a
sample. Temperature of the heated water shouldn’t exceed 60 °C

MW-08-02

Nothing special. This well was sampled last year using regular unthawing and purging
techniques.

Thaw and Purge Procedures

A) _Melt the ice in the monitoring well

1- Measure the depth of the ice in the well — use existing well logs to document all activity.
This is important for report preparation.
2- Ask for an electrician to plug the heat trace to the generator (Atlas Copco, QAS 30)

3- Monitor the ice and water depth every twelve hours or so.
4- Once the ice level has been melted to a depth of over 150 meters, we can start to purge.
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B) Purge the water in the well

1- Place a pail upside down on top of the well to avoid having water flow all over and place
an additional pail on the ground underneath to collect the purged water (see photo
below).

2- Place the 1 inch Waterra into the well to about 30 meters below the water level.

3- Place the rings (the smaller one first and then larger one after) onto the tubing and screw
the fitting on the Waterra.

4- Connect the fitting to the red hose and then connect the red hose to the compressor.

5- Plug the compressor into the generator (make sure that the valves are close).

Date printed: 18/07/2013
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6- Once the compressor reaches 125 psi, open the valve and wait for the water to flow out
(can take between 30 seconds to 2 minutes).
7- Once there is no water flowing, close the valve, measure the pH, conductivity,
temperature, amount of water purge (by number of pails), level of the water and then,
lower the waterra, wait for 10 minutes and start over. This will equal one volume purged.

8- At the end of the day, take the waterra of the well and take the water level.

9- Once you purge 3 times the amount of water in the well and parameters are stabilized (all
results within +/-10% ), you can sample the well

C) Sample the water in the well

1- Place the ¥ inch double waterra line on the Solinst double valve pump.

2- Tighten the waterra with the rings

3- One Waterra line will be bring the sample water and one will send Nitrogen to the pump.
Make sure to identify which line is the one for Nitrogen and which one is the line for

water (longest metal tale on the pump is for nitrogen) (see photos).

4- On the nitrogen waterra line, place 2 rings and a bolt and place it on the 90°adapter and
the black hose with the moisture trap.

Date printed: 18/07/2013




Version: AEM. Department
1 Standard Operating Procedure Environment
Date: .
July 29, 2012 Groundwater Sampling Page 5 of 5

5- Connect the black hose to the Nitrogen control box (AIR OUT)
6- Plug the red hose to the control box (AIR IN).
7- Plug the other end of the red hose to the T regulator with the gauge.
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8- Connect the regulator to the nitrogen tank and slowly open the Nitrogen tank to a
pressure 0f140 PSI.

9- On the control box press RUN than put the menu on AUTO mode.

10- With the SELECT button adjust the pressure so that when it’s pumping the pressure is at
140 PSI and when it’s venting, it goes back to 0 PSI.

11- This should take about 5 minutes before there is a water flow.

12-Let it run for 10 to 15 minutes, measure parameters with the PCSTestr 35 or the multi-
parameter probe and sample the water. Record all field parameters results.

13- For filtering, place the pumped GW in a clean container, rinse 3 times and use a syringe
to sample.

Date printed: 18/07/2013
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8 AA batteries
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Valve and Ring
Take a triplicate for every sample, send 2 to the lab and keep a backup sample.

Follow the SOP for the shipping request..\Shipping\Shipping Samples SOP.doc

Author:
Environmental Technician Martin Theriault
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Approval:
Environmental Coordinator Jeffrey Pratt
Print Title Print Name Signature
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Procedure for Groundwater Sampling from Flowing Production Drill Holes/Wells

Purpose:

This procedure is to ensure that groundwater (GW) sampling from flowing production drill
holes/wells is conducted in a safe and orderly manner. Production holes are drilled to place
explosives for blasting. All samples need to be taken in the same manner to provide continuity
of samples regardless of who is taking the samples. Using the Environment Department
PCSTestr 35 conductivity and salinity readings are to be taken from flowing production wells,
when notification is received, and compared to results from previous GW sampling events
conducted by Golder (see chart below). If these parameters are determined to be similar we can
conclude that the water is representative of area GW.A sample can then be taken. The drilling of
production wells involves the use of freshwater and this water will be purged when a flowing
well is encountered. It is important to ensure that this water is purged prior to taking a sample
(which is why the meter is used — to take continuous samples until it is determined that the water
is GW).

Groundwater sampling from production holes SOP:

GW sampling from production holes consists of measuring field parameters (conductivity, TDS
and salinity) with the PCSTestr 35 and comparing the results with past results (Golder) from the
GW wells. If the results are similar in chemistry to previous results then a sample is collected
using the designated sample bottles prior to the addition and use of explosives in the hole. The
location, time, depth of hole and procedural notes are documentation that will be required from
each sampling event.

Material needed for the job:

Calibrated Multi-parameter PCSTestr 35
Watch

Clean Pail

Sampling gloves

Sampling bottles

GPS

Camera

Procedures to be done in 2013

1- Senior Environmental Technician or Coordinator will request that the Blast supervisor (Mine
Dept) notify Env staff when a flowing production well is drilled (it is not a regular
occurrence). We need to make sure no explosive material is added to the hole before
sampling. Env Dept should have equipment ready and proceed to site upon notification if
possible.

2- Before sampling, make sure that 3 well volumes have been purged from the flowing hole.
Production wells are usually 0.17 meter diameter and 8.5 meters deep so approximately 579L



needs to have been discharged. It will not always be possible to determine the purged volume
due to the time it takes to travel to the location. In field sampling will assist in determining if
the GW is representative of the area GW.

3- Calculate the amount of time needed before sampling according to the flow.

4- Take at least 3 readings during the purging with the multi-parameter probe (conductivity, TDS
and salinity) and compare your results with Golder’s results (see table below). Parameters
need to be stable (within 10% of each other).

5- If results are similar, once the purge is completed, put on the nitrile gloves and sample the
hole with the appropriate bottles. For filtering, let the water flow into a clean container, rinse
3 times and use a syringe to sample.

6- Take the GPS coordinates and the identification of the hole (blast pattern) of the sampling
location and also take some pictures of the overflowing hole.

Golder’s results for TDS, Conductivity and Salinity

Golder - GW monito e = S yrE 3
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measured are summarized in Table 1.

Table 1: Concentration of Constituents that Relate to Groundwater Salinity

[

Location Monitoring Lithology Sample TDS' Conductivity Chloride
Well Year (mg/L) (uS/cm) (mg/L)
2003 793 1,855 626
2004 1,335 2,900 845
2006 315* 460* 81*
Goose Island MW03-01 | Ultramafic 2007 389 588 126
2008 1,100 3,200 950
2009 1,900* 3,350" 970
2010 340 335" 57
MW11-01 | Intermediate Volcanic 2011 14,840 3,999 10,271
2008 510* 808* 160
2009 520" 705" 160
Third Portage MW08-02 | Intermediate Volcanic 2010 450 690* 160
2011 523 782* 169
2012 307 616 111
South basin BH10-01 Intermediate VVolcanic 2010 670" 935" 17
‘F’,;Snzggngrm MW11-02 | Intermediate Volcanic | 2011 263 400 20.9

Notes: ' Laboratory measurement except for in 2011 which reported values as dissolved solids
* Average value
“* TDS value calculated from laboratory measured values of dissolved constituents

Italic - field measured value
@*Golder
47 Associates

850x1100in [« i
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EXECUTIVE SUMMARY

General Information

This Habitat Compensation Monitoring Plan (HCMP) defines the sampling methods and criteria for
success of the fish habitat compensation features described in Meadowbank's No Net Loss Plan
(October 2012). In consultation with DFO, this HCMP is designed to meet DFO authorizations: All
Weather Road NU 03.0190 (Condition 5 —monitoring), Meadowbank Mine Site Authorization NU
03.0191.3 (Condition 3 and 6 — monitoring and reporting) and Meadowbank Mine Vault Area
Authorization NU 03.0191.4 (Condition 3 and 6 — monitoring and reporting).

Record of Changes

A record will document all significant changes that have been incorporated in the HCMP subsequent to
the latest annual review. The record will include the names of the persons who made and approved the
change, as well as the date of the approval.

Distribution List

Agnico-Eagle Mines Limited will maintain a distribution list for the HCMP, providing information about
all parties that receive the plan including mine personnel, departments, and outside agencies.
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IMPLEMENTATION SCHEDULE

As required by the original Meadowbank Fisheries Authorizations (NU-03-0191 and NU-03-0190), and
in the updated Fisheries Authorizations (2013; NU-03-0191.3 and NU-03-0191.4), the implementation
schedule for this plan is effective immediately (June 2013) subject to any modifications proposed by
DFO as a result of the review and approval process.

DISTRIBUTION LIST

AEM - Environmental Superintendent
AEM — Environmental Coordinator
AEM — General Mine Manager

AEM - Site Services Superintendent
AEM - Field Services Supervisor
AEM - Engineering Superintendent

DFO Arctic Region Representative
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SECTION 1 INTRODUCTION

11 BACKGROUND

Agnico Eagle Mines Limited (AEM) Meadowbank Division currently operates an open pit
gold mine located on Inuit-owned land in the Kivalliq Region of Nunavut. The mine site is
approximately 70 km north of the hamlet of Baker Lake. Mining rights for this site were
obtained by AEM from Cumberland Resources Ltd. in 2007.

Since mining activities at this site result in the harmful alteration, disruption and destruction
of fish habitat, a DFO Fisheries Authorization application was required. In 2006, Cumberland
Resources Ltd. developed a No Net Loss Plan (NNLP) in support of this application. This
plan quantified losses to fish habitat that were expected to occur, and described the habitat
gains that would be achieved through compensation measures.

The first DFO Fisheries Authorization (NU-03-0190) issued was for the All Weather Access
Road, in 2007. Shortly thereafter, a Habitat Compensation Monitoring Plan was developed
by Azimuth Consulting Group Inc. on behalf of AEM in order to describe a specific program
for monitoring the effectiveness of the fish habitat compensation features identified in the
NNLP.

In May 2008, the Habitat Compensation Monitoring Plan for the mine site was developed by
Azimuth Consulting Group Inc. on behalf of AEM, and at the request of DFO. A DFO
Fisheries Authorization (NU-03-0191) was then issued for the Portage lakes area (main
mine site) on July 30, 2008.

As a result of discrepancies between the original NNLP and the issued mine site
Authorization, as well as changes to construction feasibility and mine site designs,
Meadowbank’s NNLP was updated in October, 2012. An updated Fisheries Authorization for
the Portage lakes area was provided in March, 2013 (NU-03-0191.3), and a new
Authorization for the Vault Lake area was provided in May, 2013 (NU-03-0191.4).

Since changes in compensation features are included in the updated NNLP, the HCMP is
required to be updated, as described in NU-03-0191.3, Condition 6.3, which states:

“The stability and successful utilization of all fish habitat compensation features shall be
assessed according to the methodology and schedule detailed in the Habitat Compensation
Monitoring Plan, version 4, dated May 2008 and the No Net Loss Implementation Cost
Estimate & Construction Schedule — Meadowbank Gold Mine Project, Revision 1, dated July
08, 2008 to be updated by June 1, 2013.”

and NU-03-0191.4, Condition 6.1 which states:
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“The Proponent shall conduct monitoring of the compensation habitat according to the
Habitat Compensation Monitoring Plan, version 4, dated May 2008 and the No Net Loss
Implementation Cost Estimate & Construction Schedule — Meadowbank Gold Mine Project,
Revision 1, dated July 08, 2008”, and will be updated in June 2013.

1.2 OBJECTIVES

The development of onsite, like-for-like fish habitat is the method of compensation preferred
by DFO. In general, habitat gains at Meadowbank are achieved through constructed
features such as dike faces and roads that act as reefs, access enhancements for isolated
fish populations, and land-to-lake conversions. Based on the conditions in the Authorizations
described above, assessment of the structure and successful utilization of these features by
fish are the primary goals of the monitoring program.

This work will be carried out as a targeted monitoring plan under the Meadowbank Aquatic
Effects Monitoring Program (AEMP).

The objectives of this plan are:

To provide an overview of habitat compensation features at Meadowbank

To summarize the habitat compensation monitoring conducted to date

To describe the physical and ecological monitoring methods for each feature
To describe the quality assurance and control measures to be included in the
monitoring program

To define the criteria for success

6. To present the monitoring frequency and reporting schedule

e

o

SECTION 2 » HABITAT COMPENSATION FEATURES

In the 2006 NNLP, habitat gains for the Meadowbank site were largely to be obtained from
re-flooding of dewatered basins and excavated pits. The construction of boulder gardens,
reef and shoal features within the dewatered basins were proposed to increase habitat
value. In addition, large (19 ha) finger dikes and habitat mounts were planned for in-water
construction in Second and Third Portage Lakes (outside the dikes) to provide
supplementary habitat gains pre-closure.

Re-flooding of the dewatered areas remains the primary compensation measure to be
implemented at Meadowbank (AEM, 2012b). However, based on the experience of AEM
with in-water dike construction, the supplementary compensation projects proposed
previously were found to be technically challenging to construct without possible short-term
impacts on the aquatic system. The updated habitat compensation plan therefore includes
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similar features, with modifications for improved constructability and reduced potential for
impact to the receiving environment. A current schedule of completion for the habitat
compensation features is provided in Table 1.

2.1 RE-FLOODING OF DEWATERED BASINS AND PITS

As previously stated the major compensation measure proposed for the Meadowbank site is
the re-flooding of dewatered basins and associated pits following mining activities. In order
to provide the greatest gain:loss ratio possible, considerations for improving fish habitat
have been incorporated into the basin and pit designs (e.g. boulder gardens, backfilling of
deep pits).

211 Portage Lakes Area (DFO Authorization NU 03-0191.3)

Post-closure, the Bay-Goose dike will be breached and the impounded area will be
gradually re-flooded to re-gain the temporarily lost habitat. The portion of Second Portage
Lake between the East Dike and the Central Dike will become part of Third Portage Lake,
due to the land-to-lake conversion resulting from the Portage Pit construction. The East Dike
will not be breached in order to maintain the current 1 m difference in elevation between
Second Portage and Third Portage Lakes.

Prior to re-flooding, a number of habitat improvement measures will be implemented to
increase the productive capacity of this area (Figure 1). Construction of a boulder garden
feature along the west side of the soft-sediment Bay-Goose Basin will increase habitat
suitability in this area. This feature will consist of at least 2.97 ha of heterogeneous, coarse
substrate habitat in the <4 m depth zone, just west of the Goose Island Pit. Further,
construction of mine-related features (pit caps, roads and dikes) from coarse rock material
throughout the basin will create shoals and reefs after re-flooding. In addition, approximately
30% of the area of Portage Pit will be backfilled to a depth of 4-10 m during the construction
phase, reducing the amount of ultra-deep water areas, and increasing habitat suitability in
this area.

2.1.2 Vault Lake Area (DFO Authorization NU 03-0191.4)

After mining, Vault Pit will connect Vault Lake (and if mined Phaser Lake) to Wally Lake, and
the Vault Dike will be breached to allow both lakes to gradually re-fill. Post-closure
alterations to Vault and Phaser Lakes' will result from construction of pits, pit caps, roads
and dikes. Both lakes will be expanded as a result of land-to-lake conversion in the Vault Pit
(as shown in Figure 2). Backfilling of a portion of the pit (3.94 ha) in Phaser Lake to 2-4 m
depth will reduce the amount of ultra-deep areas. However, the un-filled portion of the pit will
provide improved overwintering habitat, which is limited in these relatively shallow lakes.

! Although Phaser Lake is not authorized nor part of the most recent Life of Mine, consideration was made in
AEM (2012b) to include a conceptual Vault Pit extension that includes a likely HADD of Phaser Lake. As a
result, compensation monitoring of the Vault area (including Phaser Lake habitat losses) are considered
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Further habitat improvements in these lakes will be made through development of shoals
due to permanent roadway construction, areas of mixed substrate from temporary haul
roads, and the improvement of the connecting channels between Vault and Wally Lakes,
and Vault and Phaser Lakes, to allow fish movement. In particular, the connection to Wally
Lake will provide access for arctic char (after further connection to W3 — see Section 2.4),
which currently are not present in Vault and Phaser Lakes. Improvement of the connection
to Wally Lake will involve deepening the channel inside the Vault Dike to a depth of at least
3 m, while the lake is dewatered, to allow fish passage year-round after removal of the dike.

2.1.3 Dogleg System (DFO Authorization NU 03-0191.3)

Dogleg Pond and the “North Portage” ponds, Dogleg North Pond and NP-2, are isolated
ponds located near the waste rock area, just north of Second Portage Lake. They are
shallow ponds, with a maximum depth of 11 m in Dogleg Pond. Dogleg North Pond reaches
about 3.8 m in depth, and NP-2 has a small area of about 5 m depth. The project described
below was not specifically developed as compensation, but has integrated habitat
compensation with water management to result in a small net gain of fish habitat.

NP-2 formerly drained into the TSF area of Second Portage Lake, while Dogleg and Dogleg
North drain towards the main body of Second Portage Lake. Since drainage of NP-2
became blocked by the waste rock pile on the northern edge of the TSF, a connecting
channel was excavated to direct flow from NP-2 to Dogleg North, effectively increasing the
drainage area of Dogleg and Dogleg North Pond. The accompanying increase in wetted
area is estimated at 5% for Dogleg Pond, 15% for Dogleg North Pond, and 5% for NP-2.

Through construction of the diversion channel, connectivity between the ponds has been
improved, and previously inaccessible habitat in Dogleg North Pond will be available for use
by lake trout and round whitefish currently inhabiting Dogleg Pond and NP-2. Eventually
these ponds may be seasonally accessible from Second Portage Lake. This connection
would theoretically provide access for arctic char to the Dogleg system, but because it is
deemed unlikely due to the shallow, ephemeral nature of the connections, access for char is
conservatively excluded from habitat gain calculations.

2.2 FINGER DIKES (TAILINGS STORAGE FACILITY- MMER)

In keeping with the original NNLP, a number of finger dikes are proposed to be built,
extending from the Bay-Goose Dike into Third Portage Lake. While the original NNLP
proposed 19 ha of finger dikes, AEM has found that the method described for construction
to pose safety concerns, as well as potential concerns with elevated TSS during settling of
material. Therefore, the new finger dikes will be 1 ha in total at their base. Potential locations
for each finger dike are shown in Figure 1. Specific locations will be chosen prior to
construction. These changes will not alter the monitoring techniques described in Section 4
and 5.
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2.3 WALLY LAKE ACCESS (DFO AUTHORIZATION NU 03-0191.4)

Wally Lake is a 532 ha lake connected to Vault Lake (see Figure 2) via a seasonally
passable channel. Fish movement between these lakes is currently almost nil and this
channel will be diked prior to de-watering of Vault Lake. Information in baseline studies
indicates that the only large bodied fish in Wally, Vault and Phaser Lakes are lake trout and
round whitefish. In 2012, follow-up studies were completed which confirmed these results.

Wally 3 (W3) is a smaller lake (approximately 100 ha), which seasonally is hydraulically
connected to Wally Lake via an impassable channel. No fish were found to use this corridor
in baseline studies. Follow-up studies conducted in 2011 used fine mesh index gill nets to
quantitatively determine the species composition, size and catch-per-unit-effort in the
southern basin. Lake trout, round whitefish and arctic char were found to inhabit this
relatively small but deep lake.

Topographical surveys conducted in this area indicated that water levels in Wally Lake and
W3 are similar (within cm), and therefore slight deepening of the connecting channel
through selective substrate removal and excavation during winter would provide access to
Wally Lake for the isolated arctic char population in W3.

In addition, improvement of the channel between Wally Lake and Vault Lake, post-closure,
would further allow movement of char into Vault and Phaser Lakes (as Phaser Lake will be
connected to Vault Lake through the Vault Pit). In order to make this channel passable year-
round and provide access to newly created deep habitat in the Vault Pit, a passage will be
excavated while Vault Lake is dewatered.

As discussed in the NNLP, it is suspected that the lack of char in Wally, Vault and Phaser
Lakes is due to historical isolation and the lack of deep-water habitat, which is preferred by
this species. Pit development in the Vault Lake area will provide a significant quantity
(approximately 45 ha) of this deep-water habitat, which is limited in the Vault Lake Area, but
is prevalent in all nearby char-bearing lakes.

2.4 AWAR FISHERIES COMPENSATION

As part of the habitat compensation plan for construction of the roadway between Baker
Lake and the mine site, a spawning pad was constructed in 2009 near bridge crossing R02
(Figure 3). This habitat compensation project was constructed according to design
specifications that met biological criteria aimed at enhancing arctic grayling productivity in
this stream system. The construction focused on creating high value spawning and nursing
habitat to compensate for the loss of the low and medium value habitat affected by bridge
abutment construction at the four crossings. An overview of the Meadowbank area post-
closure, incorporating all compensation features, is shown in aerial photo below.
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Figure 3- Aerial Photo of RO2 Habitat Compensation Feature- Taken in September 2009
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SECTION 3 » HISTORICAL MONITORING

Until now, monitoring has proceeded according to the 2008 HCMP (Azimuth, 2008). Based
on construction to date, this includes monitoring of the East and Bay-Goose Dikes. Since
construction of the East Dike in 2008, two rounds of monitoring have been reported
(Azimuth 2010a, AEM 2012a). One round of monitoring has been reported since completion
of the Bay-Goose Dike in 2010 (AEM 2012a). These monitoring reports focus on the
ecological components of the HCMP. Although monitoring the structural integrity of the
compensation features is a component of the 2008 HCMP, results of this analysis are
detailed in the as-built reports, sent to NWB on December 17, 2009 (East Dike), May 14,
2013 (Bay-Goose Dike) and June 12, 2009 (AWAR).

3.1 INTERSTITIAL WATER QUALITY

Water samples were collected from between the rocks of the dike face using a tube sampler
and electronic pump, and were analyzed for conventional parameters (hardness,
conductivity, pH, and total dissolved and suspended solids), anions (alkalinity, chloride and
sulfate), nutrients (ammonia, nitrate, nitrite, total Kjeldahl nitrogen, orthophosphate and total
phosphate), organic parameters (chlorophyll-a, dissolved and total organic carbon) and total
and dissolved metals at an accredited facility. While TSS was elevated in 2009, this was
likely due to sediment re-entrainment during sampling. The dissolved aluminum guideline
was exceeded in one sample in 2009 due to marginally low pH, but this trend did not recur
with additional sampling. Total phosphorus concentrations exceeded CCME guidelines in
both years, but since orthophosphate was at or below detection, no potential ecological
concerns were identified.

3.2 PERIPHYTON COMMUNITY

Density, biomass and composition of the periphyton community were measured in the
shallow zone by collecting a sample from the rock face with a specialized scrubber.
Underwater video imagery was used to qualitatively examine periphyton growth in the deep
zone. Periphyton was found to colonize rocks in shallow areas in the first year after
construction of both dikes, and increasing likeness to reference stations (in both density and
composition) was evident year over year.

3.3 FISH USE

In 2009, a variety of methods were tested to monitor fish use of the dike face, including
hydroacoustic surveys, minnow traps, gill nets and visual observation. Only gill nets were
found to be effective, and this method alone was used in 2011. Fish use of the dike faces
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was documented at rates no lower than reference stations, even in the first year after
construction.

3.4 AWAR MONTORING

Length and weight measurements and maturity identifications of adult fish captured in
hoopnets have been recorded at AWAR crossings since 2005 (prior to construction). Nets
are set to capture both upstream and downstream movements, and are set as soon as ice
conditions allowed. Flow speed and water temperature measurements are also conducted
at each crossing. Additionally, larval drift catches have been collected at crossing R02 since
2005, where the compensation feature was constructed in 2009.

Generally, condition factors of adult fish, population size distributions and timing of upstream
and downstream movements did not change pre- and post-construction of the AWAR
crossings. Flow speeds at all crossings were within published arctic grayling sustained or
prolonged speeds, indicating the bridge structures likely are not physically affecting ability of
grayling to move upstream. It is suspected that the primary upstream migration occurs below
ice cover or immediately at ice-off, since arctic grayling larval drift has been consistently
caught within 1-3 days of study initiation.

An examination of the history of arctic grayling populations at R02 indicates that the
constructed spawning pad may be allowing an increase in successful spawning runs, with
increasing larval drift collected at all drift trap locations beginning in 2009. The increasing
proportion of immature arctic grayling since that time also suggests that more fish are being
recruited into the population than pre-construction.

SECTION 4 - MONITORING COMPONENTS AND METHODS

Habitat gains at Meadowbank are derived through both physical improvements to existing
habitat (e.g. creation of reefs), and the facilitation of access to new habitat (e.g. previously
fishless or underutilized areas). As per the original fisheries authorization, regardless of the
type of compensation, both physical and ecological components are included in the
monitoring plan, to record whether each feature is constructed and is functioning as
intended.

This updated monitoring program maintains the major elements of the 2008 version
(structure, water quality, periphyton and fish use), while modifying timelines and methods
based on past experience, new compensation features (AEM, 2012b), current life-of-mine
designs and to meet the conditions of the updated Fisheries Authorizations.

10
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4.1 PHYSICAL COMPONENTS

Since the habitat evaluation procedure focuses on quantifying losses and gains to habitat,
based on physical characteristics (area, depth and type of substrate), physical structure is
arguably the most important component to monitor in cases where habitat compensation is
derived from constructed features (such as reefs or boulder gardens).

All compensation structures will be assessed post-construction to determine whether they
meet the assumptions of the 2012 NNLP. These include area, depth and substrate
characteristics. For each feature, a comparison will be made to the specifications described
for these characteristics in the NNLP, to determine whether expected habitat gains are
achieved in the as-built state. This analysis is separate to as-built reports, which are
required under NU-03-0191.4, Condition 6.3, but may make use of information provided in
those reports. Analysis reported under the HCMP report will, however, include the
photographic evidence (pre-, during and post-construction) of compensation features, as
described under NU-03-0191.3, Condition 6.4 and NU-03-0191.4, Condition 6.2.
Photographic evidence for the AWAR compensation feature has previously been included in
annual AWAR monitoring reports (e.g. AEM, 2010).

In addition to the analysis of depth, area and substrate in the dry basins, structural integrity
will be qualitatively assessed after re-flooding for features in the de-watered basins, to
record any movement occurring during this process.

Methods of evaluation will depend on the specific compensation feature, as detailed in
Tables 3 - 7. In general, methods will include:

On-the-ground photos — photos will be taken of the compensation feature pre-, during and
post-construction and included in HCMP reports.

Air photos — will be taken of dry basins just prior to re-flooding, to compare areal extents of
compensation features with NNLP predictions. Differences will be estimated visually or by
GIS.

Visual observation — conducted to ground-truth substrate types for confirmation in air
photos.

Field survey — conducted in the dry to determine depth-below-surface of compensation
features.

Bathymetric survey — conducted to determine the final depth contours of compensation
features that are constructed in-water.

Underwater video — conducted post-flooding to qualitatively examine structural integrity of
constructed features.

1"
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Results will be recorded for each compensation feature and compared to the 2012 NNLP
estimate in an annual HCMP report, as in the example in Table 2.

The proposed schedule of monitoring is described for each feature in Tables 3 - 7. Analysis
of the physical components will occur in the dry for features constructed in de-watered
basins, in order to facilitate ground-truthing of substrate and total area. This analysis will
occur just prior to re-flooding, such that features are in their final condition. As-built reports
will first be consulted to determine if the required information is available. For features
constructed in-water (finger dikes, access enhancements), analysis of the physical
components will be conducted in the years after construction.

4.2 ECOLOGICAL COMPONENTS

Since successful utilization of the compensation features is also a component of the
monitoring requirements under Meadowbank’s Fisheries Authorizations, ecological
monitoring elements are included for both constructed features and access enhancements.

The major constituents and basic sampling methods for the main components of the
monitoring program are maintained from the 2008 HCMP, with some modifications based on
field experience. Ecological monitoring components include interstitial water quality, open
basin water quality, periphyton community biomass and fish use.

4.2.1 Interstitial Water Quality

Modeling during the EIA process indicated that metals leaching from quarried rock would not
significantly impact the aquatic environment. Nevertheless, interstitial water quality of
constructed habitat compensation features will be assessed through the HCMP to verify
these predictions.

In order to collect a representative sample from the bioactive zone between the rocks, an
electric diaphragm pump with food-grade silicon tubing will be used, as in previous years.
Samples will be taken at depths between 1 and 4 m, and analyzed in an accredited
laboratory for total suspended solids, and total and dissolved metals. Results will be
compared to background concentrations and CCME guidelines where available.

4.2.2 Open Basin Water Quality

Modeling during the EIA process indicated that water quality in re-flooded pits and basins
would support healthy fish populations. Because the re-flooded areas form part of
Meadowbank’s habitat compensation, water quality will be monitored as part of the HCMP
and in conjunction with the Core Receiving Environmental Monitoring Program (CREMP) in
order to determine when breaching of the dike to allow fish access is appropriate. Sampling
will be based on procedures and parameters analyzed in the CREMP (Azimuth, 2010b).
Analyses will generally be repeated once per sampling event in each pit basin (Goose
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Island, Portage and Vault pits), with specific locations determined by experienced field
technicians. Analyses will include vertical depth profiles of temperature, DO and conductivity
to a representative depth. Secchi depth and surface pH will also be determined at each
sampling location. Water samples will be collected from approximately 3 m depth by
pumping lake water using weighted flexible (food-grade silicone) tubing, and a diaphragm
pump connected to a 12 volt battery. A depth of 3 m is chosen for consistency across all
basins and seasons (i.e., sampling at 3 m is still possible in the winter under ice). The lakes
are never thermally stratified and are well mixed; given the uncertainty in the end pit water
quality, varying depths of samples will be taken. An inline filter is connected to the end of the
outflow tube when filling bottles for dissolved metals and dissolved organic carbon analyses.

Water samples will be analyzed by an accredited facility for conventional parameters
(hardness, conductivity, pH, turbidity, and total dissolved and suspended solids), anions
(alkalinity, bromide, chloride, fluoride, silicate and sulfate), nutrients (ammonia, nitrate,
nitrite, total Kjeldahl nitrogen, orthophosphate and total phosphate), organic parameters
(chlorophyll-a, dissolved and total organic carbon) and total and dissolved metals. Results
will be compared to background concentrations, CREMP trigger or threshold levels and
CCME guidelines where available.

4.2.3 Periphyton Community

The periphyton community consists of a collection of microorganisms, including algae, that
grow attached to or in very close proximity to submerged substrate. Colonization of the
community occurs over time, with rates depending on nutrient and light availability.
Periphyton is an important food source for benthic invertebrates, so colonization will be
monitored to ensure that quarried rock substrate provides habitat that is as suitable at this
level of the food chain as natural substrate.

A specialized scrubber will be used to collect periphyton samples from a prescribed area of
rock face, in order to calculate biomass (ug/cm?). Results will be compared to baseline data,
and historical monitoring programs.

424 Fish Use

4241 Mine Site Monitoring

The ultimate goal of NNL planning is to provide suitable habitat for fish populations.
Although fish use of a specific feature may be difficult to determine quantitatively, the
presence of fish around habitat features would indicate no behavioural tendency to avoid
these areas. Fish presence in the vicinity of constructed dikes, in re-flooded basins and in
connecting channels of access enhancement projects will therefore be verified.

Since the use of gill nets has historically been found to result in elevated incidences of
mortality, angling and underwater motion camera techniques will be used to establish fish
presence around the constructed compensation features and in open basins. Catch per unit
effort and physical characteristics (species, length, weight, maturity) will be recorded. If

13



Habitat Compensation Monitoring Plan
Version 3; March 2014

these techniques are not successful, a DFO representative will be contacted and the use of
gill nets may need to be included. Hoopnets, which consist of either a 4 ft (1.22 m) or 3 ft
(0.9 m) diameter front hoop will be deployed in the W3 connecting channel to determine
whether Arctic char are moving into Wally Lake, and at dike breaches to assess fish
movement into the re-flooded basins. Hoopnets have interior hoops and traps that prevent
fish from escaping but provide enough space in the cod end for fish to survive. Wings are
attached to the front hoop to direct fish into the hoopnet.

4.2.4.2 AWR R02 Compensation Monitoring

Monitoring fish use of the compensation structure at RO2 will continue as previously. This
monitoring program consists of sampling adult fish populations using hoopnets, and
assessing reproductive activity using larval drift traps.

As described above, hoopnets consisting of either a 4 ft (1.22 m) or 3 ft (0.9 m) diameter
front hoop will be used to target arctic grayling. The captured fish are gently removed by
field technicians from the nets using dip nets, placed in large tubs filled on location with
stream water for biological processing and then placed in a recovery tub. The fish are
released up or downstream of the hoopnets (depending on the fish’s migration direction)
following handling. Biological processing includes measurement of fork length, weight and
maturity.

Hoopnets are placed adjacent to the habitat compensation area, in a riffle/ side channel
area upstream of the bridge and downstream of the compensation area, and immediately
upstream of the culverts. Nets are set with the goal of capturing the maximum number of fish
moving beyond the R02 bridge crossing, but also to assist in determining effectiveness of
the RO2 habitat compensation area.

Larval drift traps were placed in representative, high to moderate flow sections of the
stream, both upstream and downstream of the habitat compensation feature. These traps
consist of a square sided cone with a ridged frame that funnels into a 0.5 mm nitex mesh
bag. Attached at the back of the nitex bag was a Nalgene®-type container where the drift is
collected. The frame is submerged at least halfway under water and secured by poles on
each side. Drift traps will be checked at least every other day. Larval drift will be identified in
the field and preserved in vials of diluted formalin.

4.3 FREQUENCY

Previously, monitoring for interstitial water quality, periphyton growth and fish use was
proposed for years 1, 3, 5 and 10 post-construction of each feature (Azimuth, 2008). Under
the current plan, the frequency of these monitoring events is proposed for every other year
following construction, until 2021, with additional sampling in 2025 (all areas) and 2030
(Vault area and central dike only). The sampling schedule and general locations are
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described in Tables 3 - 7. Specific sampling locations will be determined in the field by a
qualified environment technician or biologist.

SECTION 5 QA/QC AND CRITERIA FOR SUCCESS

5.1 LABORATORY QA/QC

Water Quality — Data Quality Objectives (DQOs) are numerically definable measures of
analytical precision and completeness. Analytical precision is a measurement of the
variability associated with duplicate analyses of the same sample in the laboratory.
Completeness for this study is defined as the percentage of valid analytical results.
Duplicate results will be assessed using the relative percent difference (RPD) between
measurements.

The laboratory DQOs for this project are:

Analytical Precision = 25% RPD or less for concentrations that exceed 10x the method
detection limit (MDL).

Completeness = 95% valid data obtained.

Periphyton Community — Laboratory analyses for periphyton samples will be conducted by
experienced scientists following a standardized procedure (i.e., quality assurance), internal
quality control samples (e.g., duplicate counts) will be included to document analytical
variability.

5.2 FIELD QA/QC

Water Sampling — Field QA/QC standards during water sampling will be maintained for
every sample. The standard QA/QC procedures include thoroughly flushing the flexible
tubing and pump to prevent cross-contamination between stations and thoroughly rinsing
the sample containers with site water prior to sample collection. Trip blanks and field
duplicates will be collected (approximately 1 per 10 samples). Field duplicates assess
sample variability and sample homogeneity; a RPD of 50% or less for concentrations that
exceed 10x the MDL is considered acceptable.

Periphyton Community — Standard procedures will be used to collect biota samples. All
sampling gear will be thoroughly rinsed between sampling stations to ensure that there was
no inadvertent introduction of biota from one station to another. A field duplicate will be
collected for phytoplankton at one sampling station per sampling event to assess sampling
variability and sample homogeneity. Due to large natural variability and the qualitative
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nature of this component, no specific RPD acceptability criterion is recommended for density
and biomass.

Fish Use — These study components will be conducted in accordance to the general
practices listed previously. All relevant spatial and depth information will be recorded. Fish
biological data will be recorded as will reference spatial information. Field notebooks or field
sheets will be used to compile notes and observations relevant to the studies. Fishing will be
carried out by experienced technicians or biologists who are very familiar with this kind of
work. Video/photo survey data will be conducted carefully to provide representative images
of target communities. All relevant spatial and depth information will be recorded and
identified by the time stamp (or photo number) and tape number (or memory card number).

5.3 CRITERIA FOR SUCCESS

The intent of NNL planning is to replace HADD-related habitat losses and to maintain the
productive capacity of the system. Consistent with the original habitat compensation
monitoring plans, since lakes in the Meadowbank area are ultra-oligotrophic and productivity
is nutrient-limited rather than habitat-limited, criteria for success will be focused primarily on
capability to support fish, rather than on actual use.

The following success criteria will be used to evaluate this capability.

5.3.1 Physical Structure

In order to provide the required habitat gains, constructed features should meet the
specifications described for area, depth and substrate in the NNLP. Where specifications
are not met, the total habitat units afforded by the feature in its as-built state should be
calculated. If there is a deficiency in habitat units site-wide, DFO will be consulted.

5.3.2 Interstitial Water Quality

Water chemistry results will be compared to reference locations, CCME water quality
guidelines. Since analysis of large in-water features (dikes) to date has not indicated any
significant adverse effects on water quality, success criteria are expected to be met in the
future. However, if necessary, follow-up sampling will be conducted as soon as practical
(next ice-free season). If water quality criteria do not meet background or CCME guidelines
after two monitoring events, risk-based toxicity reference values will be compared, and
additional testing, such as laboratory toxicity tests will be considered. Because onsite
experience indicates that adverse effects are unlikely, any additional testing would be
determined in consultation with DFO in the unlikely situation that it is required.

5.3.3 Open Basin

Long-term water quality predictions made during the initial planning phase of the project
(Cumberland, 2005) indicated that although some water quality parameters in the Vault and
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Portage Pit lakes may exceed CCME criteria in year 10 post-closure, they would be within
the same order of magnitude, which was recognized as the sensitivity limit of the modelling
exercise. In particular, CCME exceedances were predicted for cadmium, zinc and arsenic in
the Bay-Goose/Portage area, and for aluminum, arsenic, cadmium, copper, fluoride,
mercury, and unionized ammonia (NH3) in the Vault area. In addition, a temporary
chemocline was predicted to occur 100 m below water surface in the Portage pit. Since pit
backfilling is now prescribed for that area, this may not be a factor.

Since the pits are to be flooded with water from adjacent lakes, chemistry is expected to be
similar. During HCMP monitoring of the re-flooded basins, water chemistry results will be
compared to reference locations, CREMP trigger/ threshold levels, and CCME guidelines
where available. The dike will be breached to allow mixing with adjacent lakes and fish entry
once water quality meets these criteria during three sequential sampling events.

5.34 Periphyton Community

Since lakes in the Meadowbank region are ultra-oligotrophic and ice-covered for the maijority
of the year, periphyton development is expected to be slow and no specific criteria are
provided for this monitoring component. However, based on experience to date, the
periphyton community is expected to be visible on new substrate within the first year after
deposition.

5.35 Fish Use

5.35.1 Mine site monitoring

The premise of NNL planning is that habitat compensation will increase the productive
capacity of water bodies. Since it is recognized that factors other than habitat quantity or
quality may limit fish population growth, no specific criteria for success are prescribed for
this metric. Observations of the East and Bay-Goose Dikes have indicated fish presence
around these features is no lower than in reference areas, so this trend is expected to
continue.

5.3.5.2 AWR R02 Compensation Monitoring

As above, no specific criteria are established for determining success of the spawning pads
constructed at R02 based on fish use metrics (hoopnet catch, larval drift). Based on results
to date, however, the number of successful spawning events has increased in this reach
relative to pre-construction.
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SECTION 6 - REPORTING AND PLAN REVIEW

As required according to Table 3, Habitat Compensation Monitoring Plan reporting will be
included in the annual AEMP report for the monitoring events occurring in the previous
year.

The HCMP will be reviewed as required by the Meadowbank Environment Superintendent
in consultation with the Mine General Manager, and updated as necessary based on
changes to mine site designs. All changes will be provided to DFO for approval.
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Table 1. Estimated timeline for the construction of fish habitat structures (adapted from Table 4-10 in AEM, 2012b).

Lake

Feature Name

Date of Completion

Second and Third
Portage Lakes

In-basin habitat improvements

Ongoing until re-flooding

Re-flooded basins and pits

2014- closure

Finger dikes

2015- closure

Vault and Phaser
Lakes*

In-basin habitat improvements

2014 until re-flooding

Re-flooded basins and pits

Closure and reclamation
(2018 — 2023)

Access for arctic char

Closure and reclamation
(2018 — 2023)

Dogleg System

NP-2 channel

2013

NP-2 (increase in area)

2013- closure

Dogleg North Pond (increase in area
and access )

2013- closure

Dogleg Pond (increase in area)

2015- closure

Wally Lake

Access for arctic char

2016- closure
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Table 2. Example comparison of NNLP designs and as-built physical properties of habitat compensation features.

Feature Assessment Metric* | Method Design | As-Built
Boulder garden | Area Air photo 297 ha | 3.5ha

Substrate Visual observation | Coarse | Coarse

Depth Field survey >4m >4m

Stability Underwater video | - Minor movement

*Area, depth, substrate type or stability

Table 3. Summary of monitoring methods, analytical parameters, sampling frequency and number of samples for dike faces and

finger dikes (under MMER Schedule Il TSF and DFO NU-03-0191.3). *Dike as-built designs were incorporated into the 2012 NNLP.

Flooding is estimated to be completed in 2023

Compensation | Component | Reason Method Parameters Completed | Number of Sampling
Feature Sampling Samples Schedule
East Dike Interstitial Possible Tube TSS 2009 2 locations 2015, 2017,
water metals sampler (exterior) 2019, 2021
leaching Total and 2011 (Odd-
dissolved metals and numbered
years until
2 locations (interior, | 2021)
post-flooding)
2025
Periphyton Base of food Periphyton Biomass 2009 2 locations As above
chain sampler (exterior)
2011
and
2 locations (interior,
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Compensation | Component | Reason Method Parameters Completed | Number of Sampling
Feature Sampling Samples Schedule
post-flooding)
Fish use Confirm use Angling CPUE, physical 2009 2 locations As above
by fish Underwater characteristics (exterior)
motion 2011
camera and
2 locations (interior,
post dike breach)
Structure Design intent | As-built Area, substrate, 2012* - -
met designs depth zone
Stability Underwater Qualitative 2009 Vertical transects -
camera observations at 5 locations
2011
Bay Goose Interstitial Possible Tube TSS 2011 3 locations Odd-
Dike water metals sampler (exterior) numbered
leaching Total and years until
dissolved metals and 2021;
3 locations (interior, | 2025
post flooding)
Periphyton Base of food Periphyton Biomass 2011 3 locations As above
chain sampler (exterior)
and
3 locations (interior,
post flooding)
Fish use Confirm use Angling CPUE 2011 3 locations As above
by fishing (exterior)
Underwater Physical
motion characteristics and
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Compensation | Component | Reason Method Parameters Completed | Number of Sampling
Feature Sampling Samples Schedule
camera 3 locations (interior,
post flooding)
Structure Design intent | As-built Area, substrate, 2012* - -
met designs depth zone
Stability Underwater Qualitative 2011 Vertical transects -
camera observations at 10 locations
Finger Dikes Interstitial Possible Tube TSS - 2 locations Odd-
water metals sampler numbered
leaching Total and years until
dissolved metals 2021
2025
Structure Design intent Photos Area, substrate, - - Upon
met depth zone construction
Field survey
Stability Underwater Qualitative - One vertical Upon
camera observations transect of each construction
dike
Central Dike Interstitial Possible Tube TSS - 2 locations After
water metals sampler flooding,
leaching Total and odd-
dissolved metals numbered
years until
2021
2025
2030
Structure Design intent | As-built Area, substrate, - - Prior to
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Compensation | Component | Reason Method Parameters Completed | Number of Sampling
Feature Sampling Samples Schedule
met designs depth zone flooding
Stability Underwater Qualitative - Vertical transects 2025 (post
camera observations at 5 locations flooding)
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Table 4. Summary of monitoring methods, analytical parameters, sampling frequency and number of samples for compensation
features constructed in the Portage basin (Under MMER Schedule Il and DFO NU-03-0191.3). Year of re-flooding completion est.
2023 (F). Year of dike breach est. 2025.

Compensation Component Reason Method Parameters Number of Sampling
Feature Samples Schedule
Basin Structure Design intent | Air photos Area, substrate, depth zone | - Prior to
met flooding
Field survey
Open basin Possible Tube sampler | Conventional parameters; 1 per pit area 3 xyrfromF
water quality* | metals Anions; Nutrients; Organic until dike
leaching, Grab samples | parameters; Total and breach
anoxia ] dissolved metals
Depth profiles Afterwards, as
per CREMP
Fish use Confirm use Angling CPUE TBD by field staff 2025
(re-flooded Underwater Physical characteristics 2030
basin and at motion
dike breach) camera
Hoopnets
Roads Structure Design intent | Air photos Area, substrate, depth zone | - Prior to
met flooding
Field survey
Stability Underwater Qualitative observations Representative 2025 (post
camera transects TBD by flooding)
field staff
Pits Structure Design intent | Air photos Area, substrate, depth zone - Prior to
met flooding
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Compensation Component Reason Method Parameters Number of Sampling
Feature Samples Schedule
Field survey
Boulder garden Structure Design intent | Air photos Area, substrate, depth zone | - Prior to
met flooding
Field survey
Stability Underwater Qualitative observations Representative 2025 (post
camera transects TBD by flooding)
field staff

*Monitoring and sampling protocols will be developed and conducted in-line with CREMP sampling
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Table 5. Summary of monitoring methods, analytical parameters, sampling frequency and number of samples for compensation
features constructed in the Vault and Phaser basins (Under DFO NU-03-0191.4). Year of re-flooding completion est. 2023 (F). Year
of dike breach est. 2025.

Compensation Component Reason Method Parameters Number of Sampling
Feature Samples Schedule
Basin Structure Design intent met | Air photos Area, substrate, - Prior to flooding
depth zone
Field survey
Open basin Possible metals Tube sampler Conventional 1 per basin 3x yr from F until
water quality* leaching, anoxia parameters; dike breach
Grab samples Anions;Nutrients;
] Organic Afterwards, per
Depth profiles parameters; Total CREMP
and dissolved
metals
Fish use Confirm use Angling CPUE TBD by field staff 2025
(re-flooded basin | Underwater Physical 2030
and at dike motion camera characteristics
breach)
Hoopnets
Roads Structure Design intent met | Air photos Area, substrate, - Prior to flooding
depth zone
Field survey
Stability Underwater Qualitative Representative 2025 (post
camera observations transect TBD by flooding)
field staff
Pits Structure Design intent met | Air photos Area, substrate, - Prior to flooding
depth zone
Field survey

*Monitoring and sampling protocols will be developed and conducted in-line with CREMP sampling
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Table 6. Summary of monitoring methods, analytical parameters, sampling frequency and number of samples for access

enhancement compensation features (Under DFO NU-03-0191.3 and DFO NU-03-0191.4).

Feature Component | Reason Method Parameters Number of Sampling Schedule
Samples
Dogleg Structure Design intent met Bathymetric Area of ponds, depth | All three ponds 2015, 2017, 2019,
Ponds (monitor water levels survey of access channels and connecting 2021 (Odd-
especially access to , channels numbered years);
Dogleg North) 2025
Fish use Confirm use by fish Angling CPUE TBD by field staff Odd-numbered years
Underwater Physical until 2021;
motion camera | characteristics 2025
W3 Structure Design intent met Bathymetric Width, depth of - Upon completion
Access (W3 passage survey excavation
constructed as
intended)
Fish use Confirm movement of Hoopnets at CPUE TBD by field staff Odd-numbered years
ﬁrclz(tlc char into Wally channel Physical after completion
ake characteristics 2025
2030
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Table 7. Summary of monitoring methods, analytical parameters, sampling frequency and number of samples for All Weather
Private Access Road R02 (bridge 1) habitat compensation features.

Feature Component | Reason Method Parameters Completed | Sampling
Sampling Schedule
Spawning Structure Design intent met As-built report Area, substrate 2009 -
ads
° Stability Visual observation Qualitative 2010 Every-other year
observations (Odd-numbered
2011 years) until 1
year after the
2013 road is
decommissioned
(last monitoring
estimated in
2031)
Fish use Confirm use by Hoopnets set downstream | CPUE 2009 As above
Arctic grayling and upstream
Physical 2010
Larvae traps characteristics
2011
2013
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EXECUTIVE SUMMARY

The Emergency Response Plan (ERP) is activated when an operations-related emergency, accident
or malfunction occurs, or if such an incident is foreseeable. The ERP outlines potential emergency
scenarios, initial actions for emergencies and the internal and external resources available including
personnel, emergency response equipment and communication systems.

The ERP will be reviewed and updated as required, but on a minimum basis of at least once per year.




IMPLEMENTATION SCHEDULE

This Plan will be immediately implemented.

DISTRIBUTION LIST

AEM — General Mine Manager / Designate

AEM — General Superintendent Operations

AEM — General Superintendent Maintenance

AEM - General Superintendent General Services
AEM — Health and Safety Superintendent / Designate
AEM — Human Resources Superintendent / Designhate
AEM — Engineering Superintendent / Designate

AEM — Geology Superintendent / Designate

AEM — Environment Superintendent / Designate
AEM — Mill Superintendent / Designate

AEM - Site Services Superintendent / Designate
AEM — Mine Superintendent / Designate

AEM — Maintenance Superintendent / designate
AEM — Emergency Response Counselors

AEM — OHSC Co-chairs

AEM - Security
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SECTION 1 - INTRODUCTION

11 PURPOSE AND SCOPE OF THE EMERGENCY RESPONSE PLAN

The purpose of this Emergency Response Plan (ERP) is to provide a consolidated source of
information for employees, contractors, and site visitors to respond quickly and efficiently to any
foreseeable emergency that would likely occur at the Meadowbank project site. This ERP forms a
component of the Environmental Management System (EMS) for the Project. As such, it is a working
document that will be reviewed and updated on a regular basis as mine development, construction
and operations proceed.

This ERP addresses gold mining, processing, transportation and related activities at the Meadowbank
site as well as possible emergency scenarios that may occur off-site along the All Weather Private
Access Road or at the Baker Lake Marshalling Facility. Guiding the development of this document
has been the principle that an effective ERP must provide:

e Aclear chain of command for safety and health activities;

o Well-defined corporate expectations regarding safety and health;
e Comprehensive hazard prevention and control methods; and

e Record-keeping requirements to track program progress.

AEM will ensure that all employees, contractors and site visitors fully understand and comply with all
legislated safety standards, and the policies and procedures outlined in the ERP.

This ERP will be reviewed annually, or more frequently as required, to ensure compliance with
applicable legislation, to evaluate its effectiveness and to continually improve the procedures. All
employees, contractors and site visitors are encouraged to offer suggestions for ways to eliminate
potential hazards and improve work procedures.

1.2 AEM’S POLICY STATEMENT

AEM is committed to protecting the health and safety of all its workers and the environment, and to
adhering to all legislated safety standards. The necessary resources will be available to respond
quickly and efficiently to all emergencies to prevent injury to, or degradation of, the health of
individuals or the environment. In implementing this emergency response policy, AEM will set
preparedness targets and report its progress on a regular basis.

To this end:

All relevant safety and emergency response laws and regulations will be incorporated into the ERP as
minimum standards.
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Senior management is responsible for making funds and other resources available, including hiring
and training qualified personnel, to ensure the successful implementation of the ERP in the event of
an emergency.

All supervisors are responsible for ensuring that their employees are aware of, and trained in, the
proper emergency response procedures and that procedures and contact information are posted in all
work areas. Supervisors are also responsible for ensuring that all employees follow safe work
methods and all related regulations to prevent emergencies from occurring, and that they are
provided with the proper tools to do so, including Personal Protective Equipment (PPE).

An emergency response team and coordination centre is establishes at the Meadowbank site.

The ERP will be tested on a periodic basis to ensure its effectiveness.

1.3 POLICY WITH RESPECT TO CONTRACTORS AND VISITORS

Every person working at or visiting the Meadowbank site receives an orientation upon arrival and as
such is apprised of, and required to follow the ERP policies and procedures set forth in this manual.
For a list of responsibilities, see Section 2.

Major contractors, such as those for mining and hauling, are required to have their own HS services.
This is verified by AEM management prior to engagement of the contractor.

1.4 ENVIRONMENTAL POLICY

AEM is committed to achieving a high standard of environmental care in conducting its mineral
exploration activities. AEM’s Environmental Policy includes:

e Compliance with all applicable legislation including laws, regulations, and standards. Where
laws do not exist, appropriate standards will be applied to minimize environmental impacts
resulting from exploration activities.

e Open communication with government, the community, and employees on environmental
issues.

e Development and adherence to management systems that adequately identify, monitor, and
control environmental risks associated with AEM’s exploration activities.

e Assurance that the employees are aware of their responsibilities and comply with AEM’s
Environmental Policy and field guide.

It is the policy of AEM to protect the environment, public health and safety, and natural resources by
conducting operations in an environmentally sound manner while pursuing continuous improvement
of our environmental performance.
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SECTION 2 « ORGANIZATIONAL AND RESPONSIBILITIES

This section details the roles and responsibilities of all parties involved in emergency response
planning and implementation at the Meadowbank mine site.

2.1 GENERAL MANAGER

The General Manager is responsible for implementing and maintaining the ERP. In addition, the
General Manager’s responsibilities are to:

e Act as a spokesperson on behalf of AEM with the public, media, and government agencies,
as required,;

e Prepare and submit any formal reports (within the required time frame) to regulators and
AEM management detailing the occurrence of an emergency; this includes submitting an
incident reporting form;

e Ensure that the Health & Safety and Environment Superintendents have the means (financial
and otherwise) to ensure that all required resources are made available, or provided from off-
site if required;

e Work with the H&S, Human Resources and Environment Superintendent to evaluate what
training is required by all staff, ensure that all staff are given appropriate training, and ensure
that all staff are retrained as needed;

e Ensure that the Human Resources Superintendent has the means (financial and otherwise)
to ensure that all employees’ training requirements are current;

e Ensure that inspections of emergency response training practices and emergency response
equipment are carried out;

e Ensure that emergency response exercises are conducted annually,

e Ensure that the results of the regular inspections are used to improve emergency response
practices, and improve relevant plans accordingly;

e Complete an annual detailed review of the ERP with the management team and the Join
Health and Safety Committee with particular emphasis on the objectives and methods of the
plan, and the job descriptions of all positions hamed within;

e Ensure that updates to new emergency communications information (new phone numbers,
changes in reporting structure, etc.) are distributed as soon as the new information becomes

available;

o Keep a formal record of distribution and amendments to the ERP; and
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22 EMERGENCY CONTROL TEAM —oN SITE MANAGEMENT TEAM

Appendix: MBK-HSS-3001-F-A Emergency Response Plan - Organizational Flowchart

No single department can handle an emergency situation alone. Everyone must work together to
manage the emergency and coordinate the effective use of all available resources.

Therefore at the time of any emergency, all the management team and/or their designate must
report to the 3" floor Emergency Response Control room #1 or to the Emergency Response
Control Room #2, at the Training room or to the Emergency Response Control Room #3 at the
Meadowbank gatehouse.

The Emergency Control Team structure lends support, fosters efficiency and provides additional
knowledge during an emergency response situation.

The Official In-Charge, (General Mine Manager or Designate) maintains the overall coordination and
direction of the Emergency and ensures the continued safety of all employees and the public.

However, the Superintendent or designate of the Area affected by the emergency, will assist with the
development of the overall emergency response plan.

The remainder of the Emergency Control Team will be given specific tasks to perform that will assist
with the management and coordination of the emergency response plan.

Roles & Responsibilities of the Emergency Control Group (See Duty Cards)

2.2.1 Official In-Charge

The Official In-Charge (General Manager or designate) will take charge for overseeing and approving
the overall emergency strategy.

Immediate duties of the Official In-Charge include:
e Consult with the Incident Commander the status of emergency.

e Appoint an Emergency Log Recorder to maintain a written record of the time and events,
including all discussions, instructions and decisions made by the Emergency Control Team;

e Appoint a Muster Station Coordinator, who will ensure that proper head counts are conducted
at three (3) designated Muster Stations.

e Issues specific tasks to the members of the Management as they arrive at the Control Room,
as per this guideline;

e Brief the Emergency Control Team;

e Ensure that the safety of personnel is maintained, throughout the operation.

10
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Ensure procedures are in place for prompt dispatch of requested personnel, materials and
equipment to the emergency area.

Arrange for all reports to be presented at specific intervals to the Emergency Control Team

Finalize the recommendations of the Incident Commander for rescue and recovery
operations.

The Official In-Charge is the only person authorized to release information to Government
Agencies, Corporate Office or the Local Communities. He may delegate this activity to other
members of the Emergency Control Team.

Verify all information you release;

Keep a record of all inquiries (media and non-media);

Do not speculate on causes;

Do not speculate on resumption of normal operations or when the problem will be
solved,;

Advise that further updates will be forth coming.

O 0O0O0

o

Notify the corporate management, if the following appear probable:

o fatalities;

O injuries that could probably become items of local, regional or national media interest;

o0 there is a public health or environmental risk;

0 an incident involving chemicals where there is a large volume or the potential for over
reaction (e.g., cyanide);

o a spill of effluent or contaminated water or chemical substance to an area that lies
outside the area of drainage control of the mine site (i.e., an external spill);

0 mine operations may be stopped for more than two (2) days;

0 Government authorities will become involved.

Ensure all response teams, regulatory agencies and any other agency on emergency alert
notice are advised when the emergency has ended.

Ensure all documentation (i.e., notes, log sheets, written instructions, etc.) is gathered for the
creation of the final report.

Participate in debriefing.

General Superintendents:

e General Services, Operations and Maintenance will report to the Emergency Control
Room and support the General manager/Designate in whatever capacity required.

e They will also ensure that the Superintendent/Designate in each of their respective
Department’s is aware of the emergency.

11
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e They will assist with the investigation and write up of the final report

Incident Commander: — Usually a Trained Staff Member (ERT Coordinators or Supt. /
GF.)

The responsibilities of the Incident Commander include;

Ensure Security has been notified of emergency;

Ensure the evacuation procedures have been activated, if required;

Ensure that there are sufficient ERT members available to respond to the emergency;
Ensure that the ERT has back-up support, a standby Team;

Ensure that ERT Team has refreshments and nourishment (if the emergency requires several
hours to resolve);

Assess the size and severity of the emergency and the likely consequences. Establish
response priorities;

Maintain communication with the ERT Captain.

Advise the Official In-Charge of the ERT Team'’s activities, regarding the rescue and recovery
operations.

Appoint sufficient personnel, equipment and outside services are available. Utilize the
members of the Emergency Control Team to organize these resources.

Advise Official In-Charge when the emergency situation is under control and give the
“All Clear”.

Participate in emergency investigation.
Coordinate an orderly return to normal operating conditions.

Arrange for a debriefing session, and utilize the services of all involved in resolving the
emergency.

Assist to write the final report.

12
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Emergency Log Recorder / Muster Station Coordinator: - “keep a systematic record of
the emergency events” and get an accurate “Head Count during Emergencies”

These persons can be the Geology/ Engineering Supt/Designate/ General Supt. (whoever is
available to perform these duties)

The log is intended to be a systematic record of the events from the start of the emergency
through all phases to termination, and will be used in the preparation of the final report. It is
important that the log be legible and that all information is recorded.

Emergency Log Recorder: “Keep a systematic record of the emergency events, phone calls and

directives,.”

Date and time the incident was reported, who reported the event;

Record all subsequent developments as they occur;

Record all phone calls all discussions and decisions made;

Record any other information that needs to be captured for the final report;

Keep all the sheets of paper used to record information numbered, for the final report;

All the pages will be initialed by the recorder and official in-charge;

The official document will stay with the Health & Safety Department upon completion of the
emergency.

Muster Station Coordinator: “Provide a Head Count during Emergencies”.

As soon as Management begins to assemble in the Emergency Control Room, the Person In
Charge ( the manager/designate) needs to assign a member of the Management Team to be
responsible for ensuring that the Muster Stations are contacted.

The Muster Station Coordinator is required to contact the three Muster Stations by
telephone, to ensure that there is a Supervisor is in charge of that specific muster station
and give him/her 20 minutes to achieve the head count.

The Muster Station Coordinator will need to record the time the muster station was called,
who is in-charge of the muster station, and any other instructions that have been given.

The Muster Station Coordinator needs to open the Flo on his/her laptop in order to cross
reference the names, once they receive the lists from the Muster Stations.( additional
persons may need to be assigned to assist with the cross reference, in order to complete the
head count in a timely manner).

13
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Emergency Response Team (ERT Team) Duties:
The ERT Team Members must report to the Fire Hall, when paged for a “code One”
emergency;

ERT Team Members will be given instructions on the emergency by the Incident
Commander;

ERT Team Members will follow instructions from the Incident Commander and will not put the
Team at risk;

The ERT Team Captain will maintain radio contact with the Incident Commander throughout
the emergency:

Mine Superintendent/Designate Duties;
Ensure that all employees working, are accounted for;
Ensure that the ERT Members of his crew have responded to the “code One” emergency;

If the “Emergency” is in the Pit, them assist the Official-in-Charge with the action plan to deal
with the emergency:

Assist as required by supplying equipment and/or manpower;

Assist with restoring of the Operations back to normal operating standards:

Mill Superintendent/Designate Duties;

Ensure all employees working, at this time, are accounted for;

Ensure that the ERT Members on his crew, have responded to the “ Code One” emergency;
If the “ Emergency” is in the Mill facilities, assist the Official-in-Charge with the action plan to
deal with the emergency:

Assist as required by supplying equipment and/or manpower;

Assist with restoring of the Operations back to normal operating standards:

Environmental Superintendent/Designate Duties:

The following are the responsibilities of the Environmental Superintendent/Designate;

Provide technical advice on probable environmental effects resulting from a spill and how to
minimize them;

Provide advice to the Official-in-Charge for appropriate spill response procedures;
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Ensure that Environmental Staff are available to direct the spill response action plan;

Assist with restoring of the Operations back to normal operating standards:

Health and Safety Superintendent/Designate Duties:

The Health and Safety Superintendent/Designate will be responsible for:

Ensure that an Incident Commander is in place to oversee the ERT Teams;

Ensure that all Management respond to the emergency and meet in the emergency control
room;

He will oversee all activities that require Security or Nursing. He will arrange for Medevac
transport, if required;

Will assist with getting a “head count” for the Official in-charge;

Assist with obtaining outside help if required:

2.2.10 Site Services Superintendent/Designate Duties:

The following are the responsibilities of the Site Services Superintendent/Designate;

Ensure that all his employees are accounted for

Ensure that all ERT Member on his Crew, respond to the “ code One” emergency;

If the “ Emergency” is involves the Site facilities, assist the Official-in-Charge with the action
plan to deal with the emergency:

Assist as required by supplying equipment and/or manpower;

Assist with restoring of the Operations back to normal operating standards:

2.2.11 Maintenance Superintendent/Designate:

The following are the responsibilities of the Maintenance Superintendent/Designate:

Ensure that all of his employees are accounted for;

Ensure that all ERT Members of his crew respond to the “Code One” emergency;

If the “Emergency” is in the Maintenance Shops, then assist the Official-in-Charge with the
action plan to deal with the emergency;

Assist as required by supplying equipment and/or manpower;

Assist with restoring of the Operations back to normal operating standards:

15



Emergency Response Plan
Version 6; August 9, 2013

2.2.12 Human Resources Superintendent/Designate Duties:
The following are the responsibilities of the Human Resources (HR) Superintendent/Designate;
e Ensure that all HR employees are accounted for;

e Provide assistance to the Official-in-Charge if there are employees issues, such as injuries,
transportation requirements, etc.:

2.2.13 Health Care Professional (Nurse/Medic):

The on-site health professionals are responsible for the following:
e Providing on-site first aid and other medical support;
e Establish a triage location if there are multiple casualties;
e Arrange for medevac transportation, if required;

e Ensuring that the first aid room is maintained at all times, by using First Responders as
support:

2.2.14 Security Department:
The on-Site Security Supervisor is responsible for the following:

- Ensuring that the Security officer has activated the appropriate level of emergency
notification;

- Ensure that access points to the emergency are properly guarded.

- Notify the Baker Lake Gatehouse if the emergency involves the All-weather private Road
(AWPR).

- Assist with other duties as requested by the Emergency Control Group.
2.2.15 Duty Cards for each Department/Roles and Responsibilities

Each individual’ roles and responsibilities are defined on the following pages:
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Date:

Time assumed Role:
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Manager On Duty - Duty Card

Completed

Time

Notified of an emergency — Make decision to have
the whole Management Paged — control group

Brief Management Team on the emergency

Appoint a Scribe — Engineering department

Decide if communications are to be cut — Notify IT

A Il B B

Ensure that the emergency remains confidential —
limit what is said to employees

Conduct a head count — (Muster Stations) Assign
duty to Geology Department

Ensure unaffected Departments are put on
Standby — E.g.: mine dept. — may need equipment

Ensure all Service Departments are put on
Standby — as required by ERT — Camp / Mine /
Site Services / Maintenance / Manpower /
Equipment / Tools / Equipment

9.

Ensure Power House is on standby

10.Ensure that Protocol is on standby — flights to and

from site for our workers / Mutual Aid teams

11.Ensure Warehouse is on standby:

Note: list of materials taken will be kept and accounted
for after the emergency is over

12.Do we need radios, ERP, Site Drawings out for

incident command team

13. Security / Close Roads
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Once Emergency is over:

1.

Initiate the “Emergency Stand Down” when
required

Follow up with HR Designate on any victim or
surviving members concerns

Hold a de-briefing with Personnel prior to them
exiting the site

Gather any information for Corporate HQ and
Regulatory Agencies (Mines Inspector)

Prepare and facilitate a Debriefing Session

General Manager will liaise with media with
ALL information going out from site.

* Write notes on reverse side and return this Card
to Scribe after the Incident Debriefing for
compilation purposes

No information will be relayed to Corporate or
Media without the expressed confirmation of the

Manager on Duty.
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Date:

Time assumed role:
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Health & Safety Department or Designate

Duty Card

Completed

Time

Print Name:

1.

Report to Command Centre

2.

Offer support to all Incident Command Group
Management Team Members

Account for all persons in Health and Safety Dept.

Liaison between Emergency Response Teams and
Incident Command Group Management Team
Members

Review remaining Emergency Response
Capabilities: manning, equipment, resources

Questions to ask:

a)

b)

d)

Do we need to stop operations? (Ex: SCBA use —
if SCBA’s are required for emergency, and we have
other confined space work occurring, do we
cancel?

Do we need to reduce or have rescuers stand
down during an emergency to ensure that we
have adequate numbers available for continuation
of normal operations?

(Ex: mine rescue team called out to an
emergency, 12 people show up, only 6 is required
for emergency, and then 6 can stand down and go
back to work and be available if another
emergency occurs at same time.

If people and equipment are available to meet
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Regulation requirements, then normal operations
can continue. If not — consider putting alternate
plans in place.

6. Respond to any field requests

7. Maintain notes of all decisions made with times as
required.

8. Organize and manage any site security
requirements

9. Liaison with any other emergency resource
provider

10.Provide information updates to the Incident
Command Group

11.Maintain Health and Safety Standards at the Mine
Site during any incident

12.Assist with any trauma management situations
and Post Incident Debriefing sessions as required

13.Participate in the incident debriefing session

14.Liaison with the Department Head where incident
occurred and help with incident investigation
process

15. Advise on corrective action initiatives

16.Communicate with Mines Inspector — Serious
Injury / Dangerous Occurrence — only after
approval of Manager on duty

*Write notes on reverse side and return this Card
to scribe after the Incident Debriefing
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Department Head where incident occurred

Duty Card

Completed

Print Name:

1.

Report to Command Centre

2.

Gather all available information and share with
Incident Command Group Team Members

Account for all persons under area of responsibility
— (Need to determine who is missing and where
they may be)

Confirm effective Communications with
Responders and Relative Supervisors

Confirm Incident losses and status of the incident

Designate an Assistant if required

Assess current resources and determine if
additional resources are required

Manage Personnel duty hours, needs, food and
other

Visit the incident scene if required — and Safe to
do so

10.Assemble any information required for a report

11.Attend the Incident Debriefing

*Write notes on reverse side and return this Card
to Scribe after the Incident Debriefing
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Date:

Time assumed role:

Emergency Response Plan
Version 6; August 9, 2013

Logistics or Designate Duty Card

Completed

Time

Print Name:

Report to Command Centre

Account for all persons under area of responsibility

Ensure that flights are arranged for outgoing and
incoming purposes when required

Ensure IT is available upon request — (cut
communications) fix radios etc.

Arrange transportation of all personnel as required

Arrange for provision of food, water, temporary
shelter, radios, PPE, etc. when required

7.

Assemble any information required for a report

8.

Participate in the Incident Debriefing

*Write notes on reverse side and return this Card
to scribe after the Incident Debriefing
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Date:

Time assumed role:
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Warehouse or Designate Duty Card Completed | Time
Print Name:

1. Report to Command Centre

2. Account for all persons under area of responsibility

3. Assemble lists for inventory of possible equipment
or supply needs

4. Source any supplies and equipment that is
requested by the Manager on Duty

5. Source any requests for external services or
supplies

6. Designate an Assistant if Required

7. Schedule Support Staff Personnel if required

8. Ensure that someone is available at all times
during the entire emergency to supply equipment
materials as necessary

9. Assemble any information required for a report

10. Participate in the Incident Debriefing

*Write notes on reverse side and return this Card
to scribe after the Incident Debriefing
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Date:

Time assumed role:
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Human Resources/Designate Duty Card

Completed

Time

Print Name:

1.

Report to Command Centre

. Account for all persons under area of responsibility

. Set up a format for any media communications

Confirm information accuracy if required

. Designate an Assistant if required

2
3
4.
5
6

. Ensure proper notification systems are followed

(RCMP are responsible for initial notification of
family in fatal events)

Coordinate any follow up visits to family of victims

Confirm that Employee Assistance Program, Critical
Incident Stress or Victim Services is available to
injured or survivors or Post Traumatic Stress
sufferings of any personnel

9.

Assemble any information required for a report

10.Help Manager on Duty prepare communication to

advise workforce

11.Participate in the Incident Debriefing

12. All communication to media will be done

through the Manager on Duty

*Write notes on reverse side and return this Card
to scribe after the Incident Debriefing
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Date:

Time assumed role:
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Emergency Response Team Captain Duty

Card

Completed

Time

Print Name:

1.

Respond to the scene or requested area with all
available and applicable equipment

Confirm communication with the Incident
Commander at Base Station

Contact Department Head of affected area for any
request or directions through Incident Commander

Direct emergency activities with your Team

Maintain Safe Working Standards with you team

Offer periodic Status Reports to Incident
Commander at Base Station

Secure the incident scene — as per Regs.
16.03/16.04

Liaison with any other external emergency
personnel

Ensure area clearances with Helicopter Pilots — if
required

10.Respond accordingly within you and your team’s

capabilities

11.Request any additional resources through your

Incident Commander at Base Station

12.Assemble any information required for a report
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13.Attend the Incident Debriefing

14.Take Cell Phone with them when going off site —
phone number is 867-793-1330

*Write notes on reverse side and return this Card to
scribe during the Incident Debriefing

Note: Captain must have a report that will be submitted at completion
of emergency which includes all of the above.
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Date:

Time assumed role:

Environmental Department Duty Card

Completed

Time

Print Name:

Report to Command Centre

Account for all persons in area of responsibility

Be available as a resource to Incident Command
Group

Maintain a log of events, calls, requests, external
personnel and contact lists if requested

Liaison with all field operations on the incident when
involving spills/chemicals

Liaise with Government Regulators as necessary for
reporting spills/chemicals etc. upon approval of
Manager on Duty.

Designate an Assistant if required to help out in the
field

Direct external Emergency Spill Response Personnel
to proper location(s) if required

9.

Assemble any information required for a report

10.Attend the Incident Debriefing

*Write notes on reverse side and return this Card to
scribe during the Incident Debriefing

27



Name:

Emergency Response Plan
Version 6; August 9, 2013

Date:

Time assumed role:

Maintenance Department Duty Card

Completed

Time

Print Name:

Report to Command Centre

Account for all persons in area of responsibility

Be available as a resource to Incident Command
Group

Maintain a log of events, calls, requests, external
personnel and contact lists

Liaison with all field operations on the incident when
involving equipment, machinery

Have personnel available to deal with broken down
machinery etc.

. Designate an Assistant if required to help out in the

field

Make equipment and manpower available if required
by Emergency Response Team

9.

Assemble any information required for a report

10. Attend the Incident Debriefing

*Write notes on reverse side and return this Card to
scribe during the Incident Debriefing
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Date:

Time assumed role:

Mine Department Duty Card

Completed

Time

Print Name:

Report to Command Centre

Account for all persons in area of responsibility

Be available as a resource to Incident Command
Group

Maintain a log of events, calls, requests, external
personnel and contact lists

Liaison with all field operations on the incident when
involving incidents in the pit

Ensure that contractors in area of responsibility are
notified and accounted for

. Designate an Assistant if required to help out in the

field

Make equipment and manpower available as
necessary to help Emergency Response Teams

9.

Assemble any information required for a report

10. Attend the Incident Debriefing

*Write notes on reverse side and return this Card to
scribe during the Incident Debriefing
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Date:

Time assumed role:

Engineering Department Duty Card

Completed

Time

Print Name:

Report to Command Centre

Account for all persons in area of responsibility

Be available as a resource to Incident Command
Group

Maintain a log of events, calls, requests, external
personnel and contact lists (SCRIBE) for the incident

Liaison with all field operations on the incident when
involving incidents where engineering is required

Designate an Assistant if required to help out in the
field

. Make equipment and manpower available as

necessary to help Emergency Response Teams

8.

Assemble any information required for a report

9.

Attend the Incident Debriefing

*Write notes on reverse side and return this Card to
scribe during the Incident Debriefing
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Date:

Time assumed role:

Geology Department Duty Card

Completed

Time

Print Name:

Report to Command Centre

Account for all persons in area of responsibility

Be available as a resource to Incident Command
Group

Conduct a proper head count of all persons
assembled in the Muster Stations (Procedure can be
found in Emergency Response Plan)

Maintain a log of events, calls, requests, external
personnel and contact lists

Designate an Assistant if required to help out in the
field

Make equipment and manpower available as
necessary to help Emergency Response Teams

8.

Assemble any information required for a report

9.

Attend the Incident Debriefing

*Write notes on reverse side and return this Card to
scribe during the Incident Debriefing
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Name:

Date:

Time assumed role:

Site Services Department Duty Card Completed | Time

Print Name:

1. Report to Command Centre

2. Account for all persons in area of responsibility

3. Be available as a resource to Incident Command
Group

4. Ensure that manpower, equipment is available for
the proper function and maintenance of fire
sprinkler systems

5. Ensure that manpower, equipment is available to
maintain an open road (AWPR) to Baker Lake

6. Ensure that manpower is available as airport
marshal and for moving material arriving in aircraft,
fuel, etc.

7. Ensure that manpower, equipment is available for
transportation of men/gear to help Emergency
Response Teams

8. Maintain a log of events, calls, requests, external
personnel and contact lists

9. Designate an Assistant if required to help out in the
field

10.Make equipment and manpower available as
necessary to help Emergency Response Teams

11.Assemble any information required for a report

12.Attend the Incident Debriefing
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*Write notes on reverse side and return this Card to
scribe during the Incident Debriefing
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Date:

Time assumed role:

Electrical Department Duty Card

Completed

Time

Print Name:

Report to Command Centre

Account for all persons in area of responsibility

Be available as a resource to Incident Command
Group

Ensure that personnel and equipment is available to
maintain the required power supply

Maintain a log of events, calls, requests, external
personnel and contact lists

Designate an Assistant if required to help out in the
field

. Make equipment and manpower available as

necessary to help Emergency Response Teams

8.

Assemble any information required for a report

9.

Attend the Incident Debriefing

*Write notes on reverse side and return this Card to
scribe during the Incident Debriefing
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Date:

Time assumed role:

Mill Department Duty Card Completed | Time
Print Name:
1. Report to Command Centre

Account for all persons in area of responsibility

Be available as a resource to Incident Command
Group

Conduct a proper head count of all persons
assembled in the Arctic Corridor Muster Station

Maintain a log of events, calls, requests, external
personnel and contact lists

Designate an Assistant if required to help out in the
field

. Make equipment and manpower available as

necessary to help Emergency Response Teams

8.

Assemble any information required for a report

9.

Attend the Incident Debriefing

*Write notes on reverse side and return this Card to

scribe during the Incident Debriefing
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Name:

Date:

Time assumed role:

Camp/Housekeeping Department Duty Card | Completed | Time

Print Name:

1. Report to Command Centre through HR

2. Account for all persons in area of responsibility

3. Be available as a resource to Incident Command
Group

4. Ensure an adequate supply of food when requested

5. Ensure that an adequate supply of blankets,
washers/dryers are available when requested

6. Maintain a log of events, calls, requests, external
personnel and contact lists

7. Designate an Assistant if required to help out in the
field

8. Make equipment and manpower available as
necessary to help Emergency Response Teams

9. Assemble any information required for a report

10.Ensure that HR has all available information

*Write notes on reverse side and return this Card to
scribe during the Incident Debriefing
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Date:
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Incident Commander Duty Card

Completed

Time

Print Name:

Initiate an emergency response as required

Ensure communications with Emergency Response
Team Captain and be there to request assistance or
resources

Ensure incident scene is secured as required

Liaise between Emergency Response Team and
Incident Command Group

Ensure that all gear, equipment, supplies required
by Emergency Response Team is made available to
them

Have the gear, equipment, supplies brought to
Emergency Response Teams when required

Assemble any information required for a report

Request any additional resources at any time
required

9.

Attend the Incident Debriefing if requested

*Write notes on reverse side and return this Card to
ICS during the Incident Debriefing
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Date:

Time assumed role:
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Scribe Duty Card

Completed

Time

Print Name:

1. Report to Command Centre

2. Scribe all accounts of activity in chronological order

3. Scribe information as requested by the Incident
Command Group — Manager on Duty

4. Provide a detailed report at end of incident

5. Assemble any information required for a report

*Write notes on reverse side and return this Card to
ICS during the Incident Debriefing
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OCCUPATIONAL HEALTH AND SAFETY COMMITTEE:

The Occupational Health and Safety Committee is responsible for:

2.4

Review the emergency response plan on an annual basis.
Assist with any investigation resulting from the emergency.

ALL EMPLOYEES:

All employees are responsible for:

2.5

Reporting to the nearest Muster Station when an fire alarm is sounded;;

Employees reporting to the Muster Station need to assemble at the placard that has their
department name.

Employee’s must be quiet and await the “head count”.

Reporting any emergency by either using the radio on the dedicated emergency channel (#1)
or using the telephone to call 6911, to describe the type, the location, and nature the
emergency, including possible injuries, trapped personnel, and the presence of any chemical
or explosive hazards.

SUPERVISOR:

The Supervisor is responsible for:

2.6

Ensuring the “Code One” call in, is accurate and that all the pertinent information is available
for the official-in-Charge. (providing details regarding the type, the location, and the nature of
the emergency, including possible hazardous materials involved and health and safety
concerns);

Ensure all workers on his shift are accounted for:

OTHER PERSONNEL:

Depending on the nature of the emergency (medical, electrical, mechanical, fire, etc.) other site
personnel, including the Site Electrician, Site Mechanic, and others, may be called upon to play key

roles.

2.7

EMERGENCY RESPONSE CONTACT INFORMATION — INTERNAL & EXTERNAL

AEM internal emergency response personnel, their duties, and phone numbers has been compiled in
Table 2.1, Important external contacts such as regulatory agencies, health organizations and
transportation companies providing evacuation support are listed in Table 2.2.
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NOTE: 867-793-4610 may be replaced by 819-759-3555

DEPARTMENT

NAMES

CONTACT

GENERAL MANAGER

Jean Beliveau

P: 867-793-4610 ext: 6901

Pager 404

C: 819-277-4080

C: 416-315-6745

INCIDENT COMMANDER

Pager 402 Andre Rouleau P: 867-793-4610 ext: 6809
C: 819-355-2191
Pager 405 Philippe Beaudoin P: 867-793-4610 ext: 6809
C:450-847-4214
MAINTENANCE GENERAL SUPER. Richard Grenier P: 867-793-4610 ext: 6914
Pager 451 C: 819-354-9531
GENERAL SERVICES SUPER. Alain Hamel P: 867-793-4610 ext: 6771
Pager 406 C: 819-856-5411
OPERATIONS GENERAL SUPER. Alexandre Proulx P: 867-793-4610 ext: 6915
Pager 421 C: 819-860-6389
HEALTH & SAFETY SUPERINTENDENT Norman Ladouceur P: 867-793-4610 ext: 6720
Pager 407 C:819-860-6258
ASSISTANT H & S SUPER. Yves Levesque P: 867-793-4610 ext: 6720

Pager 407

C:819-856-9051
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INFORMATION TECHNOLOGY Phillip Quessy P: 867-793-4610 ext: 6730
Pager 282 C: 819-856-8536
Bruno Poirier P: 867-793-4610 ext: 6824
C: 514-232-8358
Jerome Lamarre P: 867-793-4610 ext: 6785
C: 450-917-0649
Steve Petit P: 867-793-4610 ext: 6785
C: 514-718-1179
SECURITY Denis Roy P: 867-793-4610 ext: 6748
Pager 468 C: 819-847-4460
Charles Blouin P: 867-793-4610 ext: 6748
C: 819-564-0357
Gatehouse: 6817
ENGINEERING Julie Belanger P: 867-793-4610 ext: 6721
LOG RECORDER (scribe) C: 819-856-1667
Pager 486 Stephane Frechette P: 867-793-4610 ext: 6881
C: 819-856-3152
Erika Voyer or P: 867-793-4610 ext: 6837
Thomas Lepine
GEOLOGY Bernard Waitzenegger P: 867-793-4610 ext: 6711
MUSTER STATION — (tally) C: 819-856-7829
Pager 481 Lisa Ragsdale P: 867-793-4610 ext: 6790
Robert Badiu P: 867-793-4610 ext: 6790
Jean-Francois Desmeules P: 867-793-4610 ext: 6856
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MINE DEPARTMENT Martin Beausejour P: 867-793-4610 ext: 6832
Pager 495 C: 819-355-2913
Brock Johnston P: 867-793-4610 ext: 6832
C: 480-652-9775
Joey Audet P: 867-793-4610 ext: 6735
C: 819-856-1276
Charlie O'Hara P: 867-793-4610 ext: 6735
C: none
ENVIRONMENT DEPARTMENT Kevin Buck P: 867-793-4610 ext: 6838
Pager 492 C: 819-856-1956
Jeffrey Pratt P: 867-793-4610 ext: 6728
C: 819-856-1475
Martin Theriault P: 867-793-4610 ext: 6747
C: 450-904-1390
Robin Allard P: 867-793-4610 ext: 6747
C: 819-604-1417
PROCESS PLANT DEPARTMENT Michel Fortin P: 867-793-4610 ext: 6814
Pager 418 C: 819-355-0460
Guillaume Gemme P: 867-793-4610 ext: 6831
C: 819-856-3073
Luc Tremblay P: 867-793-4610 ext: 6831
C: None
Nathalie Ledoux P: 867-793-4610 ext: 6755
C: None
Guillaume Blanchette P: 867-793-4610 ext: 6862
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C: None
Pathies Nawej Mteb P: 867-793-4610 ext: 6862
C: None
HEALTH & SAFETY DEPARTMENT Ken Ludwig P: 867-793-4610 ext: 6756

C: 705-929-5156

Charlie Tautuajuk

1 867-793-4610 ext: 6756

C: 867-446-0964

SITE SERVICES DEPARTMENT

Eric Trudel

1 867-793-4610 ext: 6953

Pager 483 C: 819-355-9111
Roger Sauve P: 867-793-4610 ext: 6822
C: None
Rene Baril P: 867-793-4610 ext: 6822
C: None
HUMAN RESOURCES DEPARTMENT Krystel Mayrand P: 867-793-4610 ext: 6723
Pager 434 C: 819-856-9556
Louise Garon P: 867-793-4610 ext: 6890
C: None
Audree Belisle P: 867-793-4610 ext: 6890
C: None
LOGISTICS & WAREHOUSE Monique Cossette P: 867-793-3555 ext: 6903
Pager 478 C: 819-444-6023
Andre Racicot P: 867-793-3555 ext: 6813

C: 867-793-1332
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Yves Samuel

1 867-793-4610 ext: 6812

: None

Sebastien Byles

: 867-793-4610 ext: 6812

MAINTENANCE DEPARTMENT Lonny Syvret

. 867-793-4610 ext: 6722

Pager 451

: 819-354-6819

Sylvain Portelance

. 867-793-4610 ext: 6825

: None

Stephane Boucher

. 867-793-4610 ext: 6825

: 519-525-7505

Pierre Laberge

: 867-793-4610 ext: 6825

: None

Table 2.2: External Emergency Phone Numbers

Organization / Authority

Telephone Number

Fax Number

NT-NU 24-HOUR SPILL REPORT LINE

867.920.8130

867.873.6924

Nunavut Water Board

867.360.6338

867.360.6369

Environment Canada, Environmental Protection Branch

867.669.4700

867.873.8185

Environment Canada: 24-hour emergency
pager monitored by Emergency and Enforcement

867.920.5131

Manager Pollution Control & Air Quality
Environmental Protection, Government of Nunavut

867.975.7748

867.975.5981

General Inquiry
Department of Environment, Government of Nunavut

867.975.7700

Indian and Northern Affairs Canada (INAC) —
Water Resources Manager, Nunavut Regional Office

867.975.4550

867.975.4585

Indian and Northern Affairs Canada (INAC) —
Manager, Land Administration, Nunavut Regional Office

867.975.4280

867.975.4286

Kivallig Inuit Association — Reporting Line

867.645.2810 or

867.645.2800
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Department of Fisheries and Oceans (DFO) —
Nunavut Regional Office

867.979.8000

867.979.8039

Workers Safety and Compensation Commission
Mine Inspector: Martin Van Rooy

800.661.0792
867.979.8527

Keewatin Health Services — Baker Lake

867.793.2816
867.793.2813

Keewatin Air Ambulance (Medevac)
24h/7 — Rankin Inlet dispatch

867.645.4455

Baffin Regional Hospital (Igaluit)

867.979.7300

Baker Lake RCMP

Baker Lake RCMP — emergency number
Cambridge Bay RCMP

867.793.0123

867.793.1111
867.983.2111

Baker Lake Hamlet Office

867.793.2874

Baker Lake Fire Emergency

867.793.2900

Baker Lake Fire Marshall's Office

867.873.7944

Baker Lake Radio Station

867.793.2962

Baker Lake Airport

867.793.2564

Department of Environment Health

867.983.7328

Poison Control Centre

867.920.4111

Search and rescue — Artic Armed Forces
Rescue Coordination Centre Trenton

800.267.7270
613.965.3870

NAVCAN (Flight Information Center North Bay)

866.541.4109

CANUTEC (Spill Support Information)

613.996.6666

Charter Aircraft (for Evacuation)

Keewatin Air Ambulance (Medevac)
24h/7 — Rankin Inlet dispatch

867.645.4455

Calm Air

204.677.0513
204.677.0519

Nolinor

450.476.0018
888.505.7025

First Air

867.669.6694
867.444.2002

Helicopter Transport Services

613.839.5868

Nunavut Emergency Management — Rankin Inlet

1-867-645-6803

Nunavut Emergency Management — lgaluit

1-800-693-1666
1-867-979-6262

2.8 EMERGENCY COORDINATION CENTRE

Emergency operations will be directed out of the Emergency Control Centre (ECC). The ECC is
located in the 3rd Floor of the Service Building Conference Room, or in the Training room on the main
floor, or in the Security Guard Building by Air Strip from where the following will take place:

o Key decisions will be made and operations will be managed;

45



Emergency Response Plan
Version 6; August 9, 2013

e Technical information to direct emergency activities will be provided;

e A communications centre will be established for emergency operations and to communicate
with other organizations;

e Resource procurement will be provided and resource use will be directed;
e Any damage will be assessed and long-range objectives and plans will be developed; and

¢ Information on the emergency will be stored and disseminated to all necessary internal and
external parties.

The following information is available at the centre:
e Shutdown procedures for operations;
e Locations of hazardous material storage areas;
e Locations of emergency and safety equipment;
e Locations of first aid stations and muster areas;
e Maps of communities and environmental maps;
e Information on location of other communications equipment, including portable sets;
e Information on emergency power;
e Contacts for other utilities;
e Operating manuals;
e Materials Safety Data Sheets (MSDS);
e List of personnel with alternate skills for use in emergencies;
e Type and location of alarm systems;
e Accident report forms;
e Accident status board and log book;

e Notification lists, staff lists, contact lists, with regular and emergency telephone/pages
numbers, etc.

The ICC will be located at a safe and secure place near the site of the emergency. All responses and
mitigation efforts developed at the ECC will be implemented through the ICC.
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In the event of an emergency, security personnel may be required to establish and maintain a
security perimeter to prevent or minimize injury to personnel, to preserve evidence for investigation,
or to prevent unauthorized access to the scene.

2.9 TRAINING
The HR Superintendent is responsible for documenting, tracking, and updating all training activities.
Record of training requirements and training attendance will be kept, tracked and updated for all
employees by the HR Superintendent to ensure that retraining occurs as required.
For mine operations, AEM will ensure a sufficient number of trained ERT team members are on site
at all times. All members of the ERT will be trained and familiar with emergency and spill response
procedures. Emergency training will be conducted annually to ensure that a sufficient number of
team members are available and that their training is up-to-date. The following will be included in the
training:

e Areview of the SCP and responsibilities of the team members;

e The nature, status, and location of fuel and chemical storage facilities;

e The location of on-site and off-site spill response equipment, and how to use it;

e Emergency contact lists;

e Desktop exercises of “worst case” scenarios; and

e The likely causes and possible effects of spills.

Emergency Response Equipment

The Emergency Measures Counsellor will ensure that site drawings and equipment lists are posted
conspicuously in key locations throughout the site so that important information is always readily
available. This will include the following:

e Location and isolation points of energy sources;

e Location of emergency equipment (e.g., fire water pumps, fire extinguishers, monitors, self-
contained breathing apparatus);

e Emergency procedures outlines, such as specialist firefighting, chemical neutralization;

e Location of equipment for combating pollution (e.g., booms, skimmers, pumps, absorbents,
dispersants);

e Availability of internal and external emergency medical support (e.g., hospitals, clinics,
ambulances, medical supplies, personnel with medical or first aid training);
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e Location of toxicity testing facilities (e.g., gas and water);

e Location of wind direction / speed indicators;

e Directions on how to contact the local or regional weather forecasting service;

e Location of personal protective equipment and directions on its proper use; and

e Location of first aid stations and muster areas.
The Incident Commander, EMC, and Health and Safety Superintendent will know where, throughout
the project site, all of this information is posted and where emergency equipment is stored. These

individuals will also be trained in the proper use of emergency equipment.

External emergency response equipment includes the mobile emergency response equipment
described in the SCP.

SECTION 3 COMMUNICATION SYSTEMS

The primary basis for communication will be the phone system; back-up communication will be
available via satellite phone. For on-site communication, hand-held radios will be mandatory for all
employees working or travelling in remote areas from the main camp. Cell phones can be used as an
additional means of communication. Back-up power sources and replacement batteries for
communications equipment will be available to provide continuous, uninterrupted operation either at
fixed facilities or at emergency sites.

Key site personnel will be accessible at all times by either portable radios, radios in vehicles, or office
radios. The Health Care Professional will carry a hand-held radio and will be available at all times.
Security personnel will monitor the emergency channel twenty-four hours per day. Senior
management personnel will rotate as “On-Call Managers” for after-hour emergencies. An
accommodations list that highlights key personnel will be posted and updated as required.

Lists of employees trained in first aid, mine rescue, and Emergency Response will also be posted.
Employees and contractors who will be on site for extended periods will be trained initially and then
retrained annually. This training will include the locations and use of emergency equipment,
terminology used, and who needs to be contacted immediately in the event of an emergency.
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. EMERGENCY MEASURES

Appendix MBK-HSS-3001-F-B Emergency Measures Response Flowchart

In the event of an emergency, the employee will have to follow our emergency procedure:

>

>

Emergency is initiated - by calling 6911 on desk type phones, or calling on Two-way
radio on “Working Channel” — Code 1 — Code 1 — Code 1.

All communication stops except for those involved with the Emergency — l.e.: First
Aid Room attendants, Medics, ERT as required.

All work stops in First Aid Room / Clinic — and in affected area — depending on
seriousness of Emergency — the whole site.

First Aid Room Attendant / Medic will answer the phone and/or radio.

Note: if the First Aid Room Attendant / Medic do not answer, then Security Guard will
answer and/or a Supervisor on radio will answer so that Emergency Response can
be initiated.

Responder — will ask where the medic is required?

Caller — will give a brief description of the Emergency — name, location and what is
wrong and/or required.

Responder — will confirm location and details of incident and activate the ERT team.
Security will be notified by responder and a page will be sent out to all ERT team
members on site. (All ERT team members on site now carry pagers).

The person at the casualty(s) will administer First Aid if trained to do so.

Incident Commander Center will be immobilized as to ensure that communications,
transportation, and effective deployment of ERT resources are conducted. Itis
mandatory that the Official In-Charge be notified immediately.

< Transportation will be arranged to meet at the ERT hall by the two large
doors for medical gear and ERT team members.

The ERT team (minimum of 6 team members) will assemble as quickly as possible. (Expectation —
when the page goes off — all ERT team members will make their way expediently to the ERT hall.
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An incident occurs and a
“Code 1" is in effect —
Securityv is notified.

A 4

Security will page the following:

e ERT Team members / H&S Superintendent — 401

e General Manager on Duty — 404

A\ 4

Health and Safety Superintendent / Incident
Commander to determine degree of severity

A 4

\ 4

Advise General Manager of severity
and decision is made to either:

If Severity is great — then General
Manager will call to have Full
Management team called out.

A 4

PAGER 408

Security will page all Management
Group and advise them to respond
to Emergency Control Room.

\ 4

If Severity is not bad, then Incident
Commander and ERT teams will manage
scene until stand down.

the Emergency.

Management will gather in
Emergency Control room to manage

v

Log Recorder —
Engineering
486

y

'

Information
Technology
242

Medical Clinic
First Aid Room
501

Muster Station
Coordinator
(Geology) 481

'

Security Officer
468

v

Maintenance — General
General Services
Superintendent Superintendent
451 421

Operation Mill Superintendent
General 418
Superintendent |
421
Mine Superintendent Maintenance
495 - Superintendent
451

Environment
Superintendent

Human Resources
Superintendent

492 434
Camp Manager Site Services
406 | Superintendent
4823

Procurement &
Logistics
Coordinator 478
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FIRE

The Camp Complex and Process Plant is equipped with a fire detection and audible fire warning
system. All site operating personnel receive basic training in the use of fire extinguishers. This
training is tracked by the HR Superintendent.

For any situation involving fires, the first action will be to extinguish the fire if it is safe to do so and
then report the incident. If the person cannot safely put out the fire, it must be reported as quickly as
possible. In the event of a fire alarm, all employees not directly involved with fighting the fire will
report to the designated muster location (section 5.2). Employees will remain in this area until
assigned other duties by the ERT or until given clearance that the emergency is over.

In the event that a fire causes damage to mining equipment, site buildings, or chemical containers,
particulates and/or gases could be released into the air, and hazardous materials and/or other
chemicals (e.qg., fuels, oils, battery acid, lime, etc.) could be spilled. In the short-term, this could result
in air quality degradation, and potentially affect the local vegetation in the case of a spill or burn scar.
Should such scenarios occur, the following actions will be taken, as required and WHEN IT IS SAFE
TO DO SO:

e Air quality monitoring for airborne emissions;
e Collection and incineration of all putrescible (food items);

e Removal of debris and contaminated soil for disposal on-site or off-site at a licensed disposal
facility;

Further details on the cleanup of chemical spills are provided in the Spill Contingency Plan.

The incident commander will;

e Locate the source of fire.

e Dispatch the evacuation at the safest muster point.

e Assign a captain and his team.

e Ensure the security of all the ERT’s members or any other service persons (medics, security
guard, electricians, etc...).

o If the intervention of the mine inspector is necessary for a special investigation, he will ask to
the security department to ensure the integrity of the scene.

e Call the end of the emergency measures and invites everyone evacuated to reintegrates their
original locations.

General Manager or designate can decide to use any available machinery to separate all or
part of a building to protect people or minimize losses.

Incident Reports are to be filed detailing the causes of the fires and responses undertaken. This
information will be used by the EMC in subsequent fire prevention activities
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MUSTER POINT

In the event that an evacuation is necessary, it is important that all affected personnel leave the
emergency area and congregate at a pre-determined area or Muster point so that a head count can
be taken to determine if there are any missing persons. Employees must remain at the muster point
until the supervisor of the emergency area gives permission to return to work.

Upon hearing a fire alarm, smoke alarm, or evacuation alarm you shall ....

Do Not Panic — Always ensure that you are prepared for the weather conditions — Dress
appropriately — (Winter clothing during winter months).

DO NOT delay and DO NOT stay and finish work before taking the proper steps to evacuate.
Always close windows/doors as you leave your office etc.

Always head to the closest EXIT door and follow EXIT signs to the closest outside door.
Once outside head to the closest “Muster Station”.

Once in “Muster Station” — Stay put until relieved or instructed otherwise by your
Supervisor.

Your Supervisor and/or Senior Management person in your dept. will conduct a tally (head
count) of everyone in his/her department. Ensure that you get your name on the tally form.
Note: on nightshift, the highest level of Management may be a front line Supervisor.

DO NOT enter a building when the alarm is sounding. Head straight to a “Muster Station”.
Never go through a building to get to a “Muster Station”. Once you are outside, the first
door you open should be the one to the “Muster Station”.

Never disregard an evacuation alarm. We understand that the system goes off without
incident on occasion, but to disregard an alarm is to endanger your life and the lives of
others.

Stay in “Muster Station” until you are instructed to “Stand Down"” by the Incident
Commander.

Do Not leave “Muster Station” to go outside for a smoke. It is important for your Supervisor
to know where you are at all times — especially during an “Emergency”.

The only person authorized to initiate a “Stand Down” is the incident commander or the
General Manager or designate.

Failure to follow proper Evacuation Procedures will result in Discipline.

The following areas are considered “Muster Stations” (see Figure)
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Muster Stationtecations—

- MUSTER STATIONS

Main Muster stations: #1: New kitchen
# 2: Gymnasium coverall
#3: Arctic corridor (Mill/South camp)

Alternate Muster station: Truck shop

Nova Camp: Use Gymnasium coverall

4.2 MEDICAL EVACUATION PLAN

In the event of serious injury, it may be necessary to remove the individual from the source of the
danger and to administer emergency first aid. The Health Professional will be notified immediately in
order to take charge of the situation and ensure the safe removal of the injured person to the first aid
room if possible.

e The ERT team will respond with (Nurse / Medic) and assist as necessary with equipment,
treatment etc.

e The (Nurse / Medic) and as many ERT team members as required will respond to the
incident site. When the (Nurse / Medic) arrives at the scene, they will notify the First Aid
Treatment Room.

o First Aid will be administered to casualty(s); the casualty(s) will be secured and transported to
the First Aid Room. Vehicles transporting casualty(s) will have priority over any other vehicle
on site.

e Once the “Mechanisms of Injury” and the patient’s condition have been assessed, a decision
will be made by the (Nurse / Medic) whether a Medevac is required and decide on ground or
air transportation. There are guidelines to follow to make this determination.
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e As per guidelines for transportation, the “Mechanism of Injury” and/or patient condition, the
(Nurse / Medic) will contact one of the following Medical facilities:

Winnipeg Health and Science Centre
Trauma team 204-774-6511 or 204-787-3901
Main ER doctor in charge 204-774-6511

Baker Lake Health Centre 867-793-2816

Churchill Hospital 204-675-8881

Rankin Inlet Health Care Centre - 867-645-2816

In addition: Dr. Lee (AEM — MBK) Medical Director - will be notified.

If a MEDEVAC is required, the Health Care Provider, will call one of the following airlines::
«» Baker Lake Medical Clinic (867)-793-2816
< Rankin Inlet Medical Clinic (867)-645-2816

The following INFORMATION will be relayed to Medical Facility that you have reached and to
MEDEVAC dispatcher:

R/

« Give Patient's Name, Age, Mechanism of Injury, Nature of Injuries, and Medical
Condition. Give all tests, treatment which you have done as well as ALL of the
medication that has been administered to patient including the patient’s past
medical history and medications that he/she is taking.

« The TRANSFER sheet should be included and if possible FAX: to the Health
Care Facility who will be receiving the MEDEVAC and patient.

If a MEDEVAC is required and decision is made to go with one:
% The patient will STAY in First Aid Room until his/lher Condition is stabilized.

« Unnecessary delays will be avoided in transportation of Patient to Receiving
Health Care Provider.

< When MEDEVAC personnel arrive on site — they will help establish the patient for
air transportation.

% (Nurse / Medic) will take instructions from Medical Director and act according to
his/her instructions.

«+ All decision/interventions will be documented with time lines.
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Depending on the MEDEVAC Company that has been chosen, the (Nurse / Medic) may have to
escort the patient to the receiving Health Care Facility.

The Official In-Charge will notify the (Nurse / Medic) when the MEDEVAC has arrived and landed.
The (Nurse / Medic) with the help of the ERT team will transfer the patient into the ambulance, to the
aircraft.

If the MEDEVAC comes to site with a Medical crew:
< The MEDEVAC team will call ahead to notify their ETA.

+ The Manager on Duty or designate will ensure that a vehicle is sent to the airstrip
at the ETA.

« The Medical crew with their equipment will be brought to the First Aid Room.

« Once the MEDEVAC equipment is in place, the ERT team will assist the
MEDEVAC Medical crew, and (Nurse / Medic) with the transfer of the patient to
the ambulance, and into the aircraft.

After the aircraft has left AEM — MBK site, the (Nurse / Medic) will notify the receiving Medical facility
with the ETA to their closest airport. The MEDEVAC pilot will advise receiving airport air traffic
controller that an ambulance is required for transportation to receiving Medical facility.

All Operations type work will be suspended until (Nurse / Medic) are back in First Aid Room. The
incident scene, materials, machinery, medical equipment etc. will remain undisturbed until the
investigating team has conducted the investigation. This type of incident is considered a “Reportable
Incident” therefore the Mines Inspector shall be notified (without delay). The Official In-Charge will be
responsible for ensure that this occurs. Under no circumstances shall any person move, or otherwise
interfere with any wreckage or equipment at the scene of a “reportable incident” until an inspector has
conducted an investigation of the incident and has given permission to do so.

The Official In-Charge will make all necessary calls to the outside for notification purposes: l.e.:
Corporate Office notification, Mines Inspector, RCMP, etc.

If the incident is of a fatality, it is CLEAR that the Coroner or in his/her absence, the RCMP are in total
control of the incident scene. The scene is to remain undisturbed until orders have been issued by
either of these two authorities.

The scene will then be released to the local authorities such as the Mines Inspector for their portion of
the investigation.

Upon arrival of the aircraft to the airport of the Receiving Medical Facility (other than Baker Lake), the
receiving team will be notified and a designated person will call the Incident Command (control
center) and update them on their arrival and the next steps to be taken. l.e.: transportation to
Receiving Medical Facility.

The Receiving Medical Facility will communicate with AEM — MBK Division (Nurse / Medic) on
frequent basis to update site on patient’'s condition and treatment. Such as surgery required,

As soon as steps have been implemented to properly attend to the injuries, the Incident Commander
will notify the appropriate authorities of the accident by telephone, providing as much information as
possible. A complete accident description and investigation form is required to be submitted as soon
as possible. The accident description and investigation form will be completed and submitted by the
General Mine Manager. Unless some action is required to remove an immediate hazard, the site of
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any serious accident will be cordoned off and remain unchanged until clearance is received from the
appropriate authorities.

4.3 AIRPLANE CRASH DISASTER

Emergency Response begins as soon as an air crash is identified or reported.

e When the Meadowbank Air Traffic Controller or Meadowbank Security is notified that an
approaching aircraft is having difficulty, they will imnmediately notify the General Manager or
Designate.

¢ Inthe event of reported air crash off-site the Meadowbank Air Traffic Controller or
Meadowbank Security will notify the General Manager or Designate.

e Emergency Response procedure will be initiated if required for response by ERT
e The ERT Team on scene will make a preliminary assessment and notify the Nursing Clinic.

e The Nurse or Medic, with the ERT Team, shall establish triage, treatment, transportation,
communication, and staging.

e The ERT Incident Commander will direct all emergency response actions, and assess the
need for additional resources keeping the Command Post updated as to all actions

e The RCMP will establish access and traffic control and assist the Coroner in body recovery
and identification, if necessary.

e The Incident Commander will instruct emergency response personnel to not move debris
associated with the wreckage, ie. cargo, plane remnants, passenger belongings, unless there
is imminent danger of items being destroyed, or unless they inhibit access to passenger
rescue.

e The Coroner/RCMP is responsible for the identification, movement and/or removal of the
fatality. Unauthorized personnel are not to move the dead without express approval of the
Coroner/RCMP, except when there is a question of whether the person is deceased or if the
body is in danger of being destroyed. In all cases involving the movement of a body,
personnel moving the body shall make careful note of the location and condition of the body
for the Coroner/RCMP.

e Upon notification of an air disaster, NAV Canada will be responsible for air traffic in proximity
to the scene, with immediate regulatory control of airspace around the area.

They will keep the airspace clear of intrusive air traffic, to the limits of the regulations.
Recovery:

¢ Recovery immediately follows emergency response. It involves direction from the General
Manager or Designate.
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Maintaining access control to the scene.

e Providing emergency social services (critical stress debriefing), for employees and rescue
workers.

e Investigating the accident.
e Clean-up of the crash site.

4.4 PIPELINE BREAKAGE

Pipelines will be used to transport tailings solids, reclaim water, freshwater, and domestic sewage on
site. Pipeline breakage could lead to localized, short-term smothering of vegetation, the release of
poor-quality water, and potentially exposure of mine personnel to infectious or toxic substances. In
the event of a pipeline breakage, the following actions will be taken as required and when it is safe to
do so:

e Shut off the feed to the pipeline;

e Physically contain the spill through the construction of dikes, berms, sumps and collection
ditches;

e Pump collected water to the tailings reclaim pond or sewage treatment plant;

e Collect and remove solids for disposal in the tailings facility, incineration, or off-site disposal
at a licensed disposal facility; and

e Monitor for residual contaminants on land and in surface water.

A general response procedure for the handling of spilled domestic sewage (infectious substances) is
provided in the Spill Contingency Plan.

4.5 TOXIC GAS RELEASES
In the event of a toxic gas release, the following actions will be taken:
e Immediately evacuate the area/building and notify the incident commander;

o If possible and safety permits, turn off the source of the gas and ventilate
(i.e., open windows/doors to outdoors) the area;

e |solate the area and restrict access to ERT personnel only; and
¢ Implement air quality monitoring

For the mill, refer to the specific procedure Toxic gas alarm emergency evacuation procedure. A
general response procedure for the release of compressed gases is provided in the SCP.
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4.6 DIKE FAILURE

A detailed Emergency Preparedness Plan (EPP) was developed to address the consequences of
failure of any of the dikes on site. The procedure was developed by the Geotechnical Engineering
team with the assistance of the dike designer (Golder Associates provided the first version of the dike
OMS and EPP, which was then elaborated upon by AEM) and the review of the EMC and the Satety
Superintendent. The EPP for the dewatering dikes and Tailings Storage Facility are available in the
Operation, Maintenance and Surveillance Manual (OMS manual) for the Tailing Storage Facilities and
the Dewatering Dikes. Background information and potential failure scenarios of the dewatering
dikes and Tailings Storage Facility are provided in Appendix A.

4.7 EMULSION PLANT

A detailed Emergency Response Plan (ERP) was prepared by Dyno Nobel and addresses incidents
and potential incidents involving the manufacturing, handling and storage of explosives and related
products in Dyno Nobel Canada Inc.” magazines, emulsion plants and worksites at Meadowbank. The
ERP for Dyno Nobel emulsion plant is provided in Appendix B.

4.8 BAKER LAKE MARSHALLING FACILITY

The Baker Lake Marshaling facilities is located 2 Km., east of the Hamlet of Baker Lake and is used
for the interim storage of supplies, including hazardous materials, prior to being transported to the
mine site. The fuel farm at the Facility is used for bulk storage of:

60,000,000 liters of fuel
900,000 liters of Jet “A” fuel.

By the summer of 2013, 10 more tanks will be installed, in order to increase the Jet "A” fuel storing
capability to a total of 1,900,000 liters.

Spill emergencies occurring at the Marshaling Facility will be handled according to the Spill
Contingency Plan.

In case of any other major disaster, the primary Emergency procedures will fall under the Hamlet of
Baker Lake authorities’ responsibility.

By-Law no 212 (Emergency Response Plan) has already been adopted by local authorities. This By-
Law for Baker Lake Hamlet's ERP plan is provided in Appendix C.

Maps and drawings of the Baker Lake fuel farm installations are also provided under Appendix C.1.
and C.2.

Also, it is understood that major disaster occurring to Agnico Eagle Mines installations in Baker will be
managed by RCMP’s Baker Lake detachment, under Hamlet's governance as required under their
contingency plans as revised on 2013-01-17
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4.9 EMERGENCIES DEALING WITH REAGENTS

At Meadowbank mine site, we carry the following reagents:
Cyanide (Sodium Cyanide)

Copper Sulphite

Lime (Calcium Oxide) (Quick Lime)
Sodium Metabisulphite

Caustic Soda (Sodium Hydroxide)
Sulphur (Prill form)

Nitric Acid

Calcium Chloride (Dust Suppression)
Flocculants

Lead Nitrate

Milsperse (Antiscalant)

Emergency Procedures for dealing with these reagents are found in Appendix B of this Emergency
Response Plan.

SECTION 5 - REFERENCES

AMEC. December 2003. Meadowbank Gold Project Baseline Hydrology Report
Canadian Dam Association (CDA) 1999. Dam Safety Guidelines.

Canadian Standards Association. 1995. Emergency planning for industry: A national standard for
Canada (CAN/CSA-Z731-95). Toronto: Canadian Standards Association.

Echo Bay Mines Ltd. 2001. Lupin Winter Road Spill Contingency Plan.
Echo Bay Mines Ltd. 2000. Winter Road Rules and Regulations.
Emergency Response Guidebook. (2008) Transport Canada

Environment Canada’s Guidelines for Preparing or Reviewing an Emergency Response Plan for a
Canadian Pulp and Paper Mill.

Environment Canada’s Implementing Guidelines for Canadian Environmental Protection Act, 1999
Section 199 - authorities for requiring environmental emergency plans; the Government of the
Northwest Territories’ Spill Contingency Planning and Reporting Regulations; and, the
Government of the Northwest Territories’ Mine Health and Safety Regulations.

59



Emergency Response Plan
Version 6; August 9, 2013

Environment Canada. 1994. Guidelines for preparing or reviewing an emergency response plan for a
Canadian pulp and paper mill. Environmental protection series report EPS 1/PF/2. Renewable
Resources Division, Industrial Sectors Branch, Environment Canada.

Environment Canada. 2001. Implementation guidelines for Canadian Environmental Protection Act,
1999, Section 199 — authorities for requiring environmental emergency plans. Environmental
Emergencies Program, Environment Canada.

GNWT Consolidation of Mine Health and Safety Regulations R-125-95. GNWT Spill Contingency
Planning and Reporting Regulations R-068-93.

Golder Associates Ltd. November 2006. Report on Bathymetric Surveys, Meadowbank Project,
Nunavut.

Golder Associated Ltd. October 2008. Draft Report on East Dike Design, Meadowbank Gold Project,

Golder Associated Ltd. March 2007b. Final Report Detailed Design of Central Dike, Meadowbank
Gold Project, Volumes 1 to 3.

ICOLD. 1995. Dam failures statistical analysis — International Commission on Large Dams, Paris,
Bulletin 99.

NWT Water Board. January 1987. Guidelines for Contingency Planning. Government of the
Northwest Territories.

60



SECTION 6 - LIST OF ACRONYMS

Emergency Response Plan
Version 6; August 9, 2013

AEM

AWPAR

CDA

DFO

ECC

EIA

EMS

EPP

ERG

ERP

ERT

FoS

GN

HAZCOM

HMMP

HR

HSC

IATA

ICC

INAC

KIA

MMER

Agnico-Eagle Mines Limited — Meadowbank Division
All Weather Private Access Road
Canadian Dam Association

Fisheries and Oceans Canada
Emergency Coordination Centre
Environmental Impact Assessment
Environmental Management System
Emergency Preparedness Plan
Emergency Response Guidebook
Emergency Response Plan

Emergency Response Team
Factors-of-Safety

Government of Nunavut

Hazard Communication

Hazardous Materials Management Plan
Human Resources

Occupational Health & Safety Committee
International Air Transport Association
Incident Command Centre

Indian and Northern Affairs Canada
Kivallig Inuit Association

Metal Mining Effluent Regulations
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MSDS

MSHA

NWB

OHSA

OHSP

PPE

SCP

TDG

TSF

WCB

WHMIS

Materials Safety Data Sheets

Mine Safety and Health Administration
Nunavut Water Board

Occupational Health and Safety Administration
Occupational Health & Safety Plan

Personal Protective Equipment

Spill Contingency Plan

Transportation of Dangerous Goods

Tailings Storage Facility

Worker's Compensation Board

Workplace Hazardous Materials Information System
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APPENDIX A

Dike Failure Scenarios

A.1 Dewatering Dikes
A.2 Central Dike
A.3 Saddle Dams
A.4 Storm water Dike
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Appendix A.1

Dewatering Dikes




Emergency Response Plan
Version 6; August 9, 2013

Dewatering Dike System

The Dewatering Dike System includes the East Dike, Bay Goose Dike, South Camp Dike and Vault
Dike as shown on the general mine site plan provided at the beginning of this document. The dike
construction for East Dike and Bay Goose Dike involved the dumping of rockfill into water to create
the shells of the dikes, excavation through rockfill and lakebed soils to bedrock, placement of granular
filter and core materials, dynamic compaction, construction of the cut off wall using slurry supported
trench techniques and grouting of the bedrock and contact between the cut off wall and bedrock using
cementitious grout. South Camp Dike and Vault Dike both include a bituminuous liner and a key
trench cut-off to make the structure impermeable. East Dike and Bay Goose Dike have crest widths
in excess of 50 m and are not used by haul trucks during normal mine operation. South Camp Dike
and Vault Dike have crest widths in excess of 25 m and may be used as haul roads during normal
mine operation.

East Dike and Bay Goose Dike are considered high consequence structures, based on Canadian
Dam Association (CDA, 2007) Dam Safety Guidelines. South Camp Dike is considered to be a
significant consequence structure, based on Canadian Dam Association (CDA, 2007) Dam Safety
Guidelines. Vault Dike is considered to be a low consequence structure, based on Canadian Dam
Association (CDA, 2007) Dam Safety Guidelines. The dikes are relatively low, wide structures that
exceed the minimum design criteria factors-of-safety (FoS) for stability for pre-drawdown conditions,
operation conditions with maximum head difference across the dikes, pseudo-static earthquake
conditions, and post closure conditions. Consequently, the probability of dike failure is considered to
be low provided that the dikes are constructed according to the design. Mitigation against failure of
the dikes includes a quality control and quality assurance program during construction, and an
ongoing program of dike surveillance and monitoring during operations, as specified in the design.

For information on the consequences and monitoring/action for the various embankment failure
modes possible at the Dewatering Dikes see Table A.1 below.

East Dike

The East Dike was constructed in 2008, with foundation grouting continuing into early 2009. The
East Dike has a crest length of 800 m, including abutments, and was constructed in water with a
maximum water depth to bedrock at the cut off of 7.2 m. The crest of the East Dike is at elevation
137.1 m and the average lake level along the dike is 133.1 m. The main components of the East Dike
include a rockfill shell, a granular core with downstream filter zone, a soil-bentonite cut-off wall
through the densified granular core zone to the underlying foundations, and a grout curtain from the
base of the cut-off wall into the underlying bedrock.

During operations, the East Dike separates the eastern portion of Second Portage Lake from the
Portage Pit and the Tailings Storage Facility behind the Central Dike. Following closure, the East
Dike will remain as a permanent structure that will separate Third Portage Lake (El. 134.1 m) from
Second Portage Lake (El. 133.1 m) and maintain the existing water elevation difference of 1 metre.

The East Dike is approximately 800 m in length through an average water depth of approximately 2.3
metres, and a maximum water depth to bedrock of about 7.2 m. Crest width is approximately 55
metres. Minimum setback from the Portage Pit (distance between dike toe and pit crest) is greater
than 170 metres.
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Bay Goose Dike

The Bay Goose Dike together with the South Camp Dike isolates the Bay-Goose Pit from Third
Portage Lake. The Bay Goose Dike acts as a permanent structure to allow mining of the Goose Pit
and the southern portion of Portage Pit. The main components of the Bay Goose Dike include a
rockfill shell, a granular core with downstream filter zone, a soil-bentonite and cement-soil-bentonite
cut-off wall through the densified granular core zone to the underlying foundations, a jet grouted wall
between the base of the cut-off wall and bedrock where the cutoff wall was not constructed on
bedrock, and a grout curtain from the base of the cut-off wall or jet grouted wall into the underlying
bedrock.

The Bay Goose Dike is approximately 2,200 m in length, and was constructed in water depths less
than 9 metres at the cut off. Crest width varies between approximately 85 and 100 m. Minimum
design setback from the Portage and Goose Pit is 70 metres.

South Camp Dike

The South Camp Dike covers a narrow channel within Third Portage Lake and in conjunction with the
Bay Goose Dike isolates the Bay Goose Pit from Third Portage Lake.

The South Camp Dike is located south of the plant site area and is used to connect the mainland to
South Camp Island. It covers a narrow channel, approximately 60 m in width, where water depths
were between 0.5 and 1 m.

The South Camp Dike was primarily constructed between April and June of 2009, prior to ice
breakup. During the winter of 2009-2010 additional thermal capping material and rockfill for the haul
road was added to the dike. The South Camp Dike has a broad rockfill shell with a bituminous
geomembrane liner installed on the upstream side of the shell. The liner was founded on native
frozen (permafrost) till material, in a trench approximately 3 to 5 m below the lakebed surface.
Compacted granular material mixed with bentonite was placed above the toe of the liner. The haul
road is located on the downstream side of the dike. The South Camp Dike is approximately 85 m in
length through water depths between 0.5 and 1m. Crest width is approximately 25 metres.

Vault Dike

The construction of the Vault Dike at Meadowbank was conducted from February 2013 to March
2013. Vault Dike is located across a shallow creek which connects Wally Lake and Vault Lake, at the
Vault Pit area approximately 8 km north of the main Meadowbank site. Vault Dike is essential to
allow the dewatering of Vault Lake and to isolate Vault Pit from Wally Lake during mining activities.

Vault Dike is designed and constructed as a zoned rockfill dam with filter zones, an impervious
upstream liner consisting of a bituminous membrane, and an upstream key trench made of aggregate
mixed with bentonite. The filter zones minimize seepage and internal erosion and facilitate seepage
collection. Vault Dike includes a key trench at the base of the upstream side filled with a 0-25 mm fill
amended with bentonite surrounding the liner. Coarse and fine filter material was placed on the
upstream slope as geomembrane bedding. The bulk part of the dike consists of coarse rockfill
material. The embankment crest is at El. 142.4 m and the upstream toe is at approximately El. 139.4
m. The downstream toe is at approximately El. 139.6 m and the bottom of the key trench ranges from
El. 135.6m to El. 142.3m, with an average height of El. 137.0m. The upstream and downstream fill
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slopes of the dam are 1.5H: 1V. The Vault Dike is approximately 275 m in length through a maximum
water depth of 1 m. The crest width is approximately 25 metres.
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Table A.1: Meadowbank Dewatering Dikes Summary of Consequences and Proposed Monitoring/Action
for Rare Events Based on Water Retaining Embankment Failure Modes Identified in ICOLD Study (1995)

Failure Scenario Consequence Monitoring/Action
Mode
Water spilling over the crest. Lake Igvels ShQUId be part of
L9 .___|safety information provided to
The crest is wide and comprises| .
. T mine management.
coarse rockfill. Significant
(1) Lake level rise because of damage to the dike is not Outflow channels should be
: ) credible, based on performance |. .
restricted outflow from Third . inspected weekly during thaw,
of other rockfill structures X
Portage, Second Portage Lake . . open water season, and during
. subjected to overtopping or flow |.
or Wally Lake (excessive o ice break-up.
) . . through events. Mining
inflow is a far less likely . .
; operations might need to be L
scenario). . If overtopping is likely, a
suspended, but there will be 4
) S . temporary spillway could be
considerable warning time given
. constructed and armoured to
the design freeboard and the .
o control and localize flow at
storage volume within the lakes. . ;
shallow dike sections.
Overtopping |(2) Dam crest settles more
than 2m over a distance of
(say) 50m or so. This scenario The situation envisaged in this
requires extensive loss of scenario should develop slowly
support in the foundation since with crest settlement evident at
the rockfill of the dikes is least several weeks before a
essentially not settlement run-away event develops.
prone itself. For foundation Same as (1) Easily observed cracks should
settlement of this magnitude to ’ be evident. Monitoring of crest
occur, a piping event must settlement is appropriate, and is
develop and which in itself included in the design. Rockfill
might be a failure mode. Or, and till available from the mining
there would have to be an operation can be placed to raise
unexpected layer of the dike crest.
compressible soil in the
foundation.
Monitor seepage from
(1) Dike Section: Cut off wall, downstream face for rate of
cut off key trench or The cut off wall will develop a  [seepage, and for presence of
bituminuous liner is defective, [progressively increasing void  |sediment in seepage. Will
allowing high water flow acrossjratio, thereby increasing the ratelbecome evident as localized
the wall. This defect occurs at |of water flow through the dike. |intensive seepage at dike toe
a deep water location where  [This is not a catastrophic failure [and can be repaired. May also
the core backfill and filters are |mode as the rockfill shoulders of|see settlement in the cut off
segregated and permeable;  [the dike will be stable, and at its jwall. Will be most likely in deep
Internal e : : -
Erosion the combination allows erosion |worst, would lead to temporary |water sections. Gradients

of the cut off wall and
increasing seepage.

suspension of mining.

across the cut off wall in shallow
water are not high enough to
cause piping.

(2) Dike Section: Cut off wall
loses bentonite because of
improper construction.

Same conseguences as erosion
because of defect, as above.

Bentonite makes up 2% of the
cut off wall fill. Loss of this
material will increase the
permeability of the cut off wall
and increase the rate of

seepage.
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Fﬁgléree Scenario Consequence Monitoring/Action
No particular instrumentation is
needed as this failure mode will
(3) Foundation: Till is possibly show itself as localized and
non-uniform with more increasing seepage. It could be
transmissive zones and not detected by walk-over
self-filtering. It is possible that inspection by an experienced
one of these zones may align |Limited seepage at the toe or  |engineer or technician.
with defective construction of |into the rockfill would accelerate |Remedial action could comprise
the core backfill and defective |[into a large inflow, and could a reverse filter and rockfill
construction of the cut off wall |lead to the undermining of the |buttress depending on location
allowing high flows. Seepage |dike if no action was taken. of the flow and configuration of
along the transmissive zone  [This is a credible catastrophic [the foundation, freezing, or
beneath the downstream failure mode if increased grouting if identified in time.
rockfill section could erode the |seepage is not detected in time. |Quality control of cut off is
foundation tills at the important, and most important
downstream toe or flow into for deep water sections. In the
the downstream rockfill worst case, the pit may be
because of the lack of filtering. deliberately flooded in a
controlled manner, the cut off
repaired, and the pit dewatered.
Seepage on its own is not a
credible failure scenario. The
downstream rockfill shell has No credible consequences
extremely high flow through M - de of th ;
Seepage |capacity. The rockfill zone is ay require upgrade ot the
- . seepage collection system. N
within both large and pervious, so Mav need to suspend minin Seepage monitoring program.
Embankment [that seepage will daylight on yn . penc 9
activities while reducing
the downstream face and lead seepage
to instability. Any seepage '
related failures must include
internal erosion, see above.
This failure mechanism has
caused embankment failures
elsewhere because of
Defective construction of cut §traightfqrwarq pore pressure.
off leading to transfer of !ndude |ntsrt]ai3lllt|ty. I|—(|jowever, it If this mechanism arises it
Seepage |unexpectedly high fraction of :gs _lunc e?rth aD' CO;’ .Callgs.ﬁ should show itself during initial
within the reservoir head into the ba' ure otthe Dewatering DIKES dewatering or very shortly
. . ecause of their large width
Foundation |downstream part of the dike thereafter.

foundation, or leading to a
piping event as above.

compared to the retained water
head. The most likely
consequence is downstream toe
slumping requiring a localized
stabilizing berm before the crest

roadway could be reinstated.
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Fﬁgléree Scenario Consequence Monitoring/Action
Internal There are no water off take
Conduit  \works or other structures Not applicable. Not applicable.
Rupture extending through the dikes.
(1) Normal Operation: The This mechanism should develo
rockfill shoulders of the dikes during construction or P
are wide and have high shear dewagtJerin due to increase in
strength, making it a A foundation failure would load and z%sociated ore water
conservative design. Slope cause a rotational slip or sliding ressure increase Ir?itial stages
failure requires failure in the  [failure until equilibrium was gf failure should b'e observab?e
foundation and which would [reached. This mechanism s tension cracks in the dike
then extend into the overlying |would limit access along the crest. Walk-over inspection of
dike. Sliding failure is dike until repaired. Failure : Inspe
) ) : X the dikes by a trained inspector
considered unlikely given the [through the rockfill shoulders is an aporopriate monitorin
low horizontal forces will not necessarily compromise pprop 9
. e X strategy. Survey of crest, face,
generated by water and ice the water retaining function of and toe is also appropriate
forces relative to the normal  [the dikes. Failures which reach Stabilizin bermspganpbe I.aced
frictional force due to the the core may cause failure. - 99 p
weight of the dikes and the inside the dikes or through
Slope ltriction angles of foundation w;te:dalong the upstream
Instablllty materials shoulaer.

(2) Earthquake Induced:
Occurrence of an extreme
earthquake, much in excess of
the current understanding of
seismicity of the area.

The extreme earthquake
loading for this site is a low
magnitude. Settlement of the
dikes could occur in the event of
a large earthquake. Dynamic
compaction of the core during
construction may have
subjected the rockfill shells to
accelerations equivalent to the
expected earthquake loading.
This would not be a failure
situation. The crest is also
erosion resistant for any
earthquake induced wave action

in the impounded water.

Dike inspection following
earthquakes felt on site.
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Failure
Mode

Scenario

Consequence

Monitoring/Action

Failure of Cut

Differential horizontal
movement of dikes due to
water or ice loading, or pit wall
failure. Creates a breach in
the cut off wall, cut off key
trench or bituminuous liner.

Large inflows through the

No enhanced monitoring. Prism

off Wall or ice and water forces are ot breach. Pit would flood monitoring program sufficient. If
Bituminuous |[credible due to the ratio of . : - toring prog ) '
. o requiring suspension of mining [the pit floods, then repairs to cut
Liner Due to ([frictional forces generated by — P Al for | £ loff or bitumni i d
the weight of the dike versus activities. Potential for loss of |off or bituminuous liner wou
Movement | life for workers inside dikes. be done prior to dewatering.
of the Dikes lice loads and water pressure.
Pit wall failure involving the
dike unlikely based on
assessments of pit wall
stability and setback distance
between the pit and the dikes.
Unexpected foundation soils No e.nhanced monitoring
. . . required, as settlement would
consolidate during dike .
. J 2 m of core settlement would be |be apparent from prism
construction. A significant : U .
. required to allow water flow monitoring data and visual
quantity of clay that was not : X . .
recognized during foundation through the rock_flll and over the finspection. Excessive _
Unexpected excavation would be required settled core. This flow would |settlements may be remediated
Settlements q not cause failure of the rockfill |by excavating rockfill above the

to generate settlement
required for a water release
event. Settlement of the core
will be limited by dynamic
compaction.

shells. It would also be readily
repaired by placing more end-
dumped till into the settled zone.

core and placing more till. Soil
conditions will be observed
during construction, and design
revised to accommodate actual
conditions.
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A.1.1 Failure Scenario during Operations

The ‘worst-case’ scenario for failure of the dewatering dikes during operations would involve a
movement of the dikes that compromises the integrity of the cut off wall, cut off key trench or
bituminous liner. However, the rockfill has a very high flow-through capacity and a high strength and
will not move unless the foundation is involved. The water will flow through the upstream rockfill first,
then through the core and cut off wall, cut off key trench or bituminous liner, and finally through the
downstream rockfill berm. Flow through cracks opening in the foundation may erode the foundation
soils and the core. The upstream rockfill will choke the flow to some degree, and flow will decrease
once the downstream toe of the dike is inundated and the head difference across the dike begins to
reduce.

Although this describes a ‘worst-case’ scenario, a catastrophic failure of the pit dewatering dike
system is not considered a credible failure mode. Elements of the dike design, including the width of
the dike section, and the inclusion of filters, in addition to the cut off wall, cut off key trench and
bituminous liner make catastrophic failure of the dike highly unlikely. However, for the purposes of
this document, the effects of such a failure are described below.

Potential Effect

In the case of East Dike, the worst-case scenario would be associated with the short portion of the
dike through the deepest water along the alignment at the centre of the dike. In this area the water
depth is as much as 7 m to bedrock at the cut off wall within the dike. This inflow could potentially
result in loss of workers caught in flowing water. Breach of the East Dike would be unlikely to trap
workers in the pit when access ramps are on the west side, opposite the inflows. Breach of the East
Dike would result in cessation of mining, either temporarily or permanently.

Upon completion of the East Dike and dewatering of the northwest arm of Second Portage Lake,
there was approximately 17 million m®> (Mm®) of water remaining in Second Portage Lake. If the
segment of dike at the deepest portion were suddenly removed, flow from Second Portage Lake into
the pit would continue until the elevation of the lake drops by several metres, at which time the
current lake bottom would be exposed and would act as a barrier to flow towards the pit. This
scenario is the worst in the final year of pit operation when pit volume is the largest. The volume of
water associated with this drawdown would be on the order of about 10 Mm®. Some erosion of the till
between the pit crest and dike toe would be expected, so the depth of water loss from the lake may
be larger, but this would take some time to fully develop.

Inflow to the pit could expose large amounts of shoreline and shoal habitat around the lake. Water
flowing into the pit could entrain suspended solids and dissolved constituents from the dike material
and pit walls. If necessary, the water could be retained within the pit and diked area and would be
amenable to treatment (e.g., particle settling, in-situ amendment) before discharge, should it be
required.

The ecological effects of the exposure of shoreline and shoal habitat on fish and fish habitat would be
to temporarily eliminate spawning areas and result in reduced water quality from exposure of
sediment to wave and wind induced erosion. The effect of this would last approximately one year as
inflow from Third Portage Lake to Second Portage Lake averages 10 Mm?® annually (AMEC, 2003).
Presuming that the dike breach is repaired, water levels in Second Portage Lake would rise over the
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spring and summer to return to pre-breach elevations and would re-fill the lake in the event of a
‘worst-case’ scenario.

In the case of Bay Goose Dike, the worst-case scenario dike breach that could allow the greatest
amount of water inflow would be associated with the southeast segment of the dike through the
deepest water along the alignment. In this area, water depth is as much as 20 m deep at the cut off,
and the pit could be as deep as 130 m. This inflow could potentially result in loss of workers caught
in flowing water. Breach of the Bay Goose Dike would be unlikely to trap workers in the pit when
access ramps are on the northwest side, opposite the inflows. Breach of the Bay Goose Dike would
result in cessation of mining of the Goose Pit, either temporarily or permanently.

In the unlikely event that such a failure of the Bay Goose Dike were to occur, the rate and volume of
water entering the downstream pit would depend on the magnitude of the breach and the length of
time to repair the breach. Third Portage Lake has an estimated volume of 446 Mm?® (Golder, 2006).
The final volume of Portage Pit (30.0 Mm3) is roughly 6.7% of the volume of the lake, while Goose Pit
(14.8 Mm°) is approximately 3.3% of the volume. In the case of a catastrophic breach of the Bay
Goose Dike, the estimated Third Portage Lake water level drawdown would be approximately 1.0 m
and 0.5 m, respectively assuming that the failure occurs when the pits are completely excavated and
a complete filling of the pits. These estimated worst-case scenario changes in water level are
comparable to the mean average annual difference between high and low water (0.3 m) on Third
Portage Lake.

There would be a small impact to fish and fish habitat in Third Portage Lake in the event of a 0.5 m to
1.0 m drop in water level. Areas used for spawning may be slightly nearer to the ice cover and a
small amount of habitat might be vulnerable to freezing. Water quality within the pit would be
temporarily impaired from an increase in suspended and dissolved solids, although water quality
would return to near background during the first winter as sediment would settle under the ice cover.

In the case of South Camp dike, the worst-case scenario dike breach that could allow the greatest
amount of water inflow would be associated with the centre segment of the dike through the deepest
water along the alignment. In this area, the water depth is only a maximum of 1 m. This inflow could
put the workers at risk at the site on a temporary basis and a potential loss of life between 0 and 10
due to workers caught in flowing water. Breach of South Camp Dike could eventually result in
cessation of mining, either temporarily or permanently.

If the segment of dike at the deepest portion were suddenly removed, flow from Third Portage Lake
into the pit would continue until the elevation of the lake drew down slightly as South Camp Dike
retains a maximum depth of 1 m of water. The impact of a potential failure would likely be limited.

Inflow to the pit could expose a limited amount of shoreline and shoal habitat around the lake. Water
flowing into the pit could entrain suspended solids and dissolved constituents from the dike material
and pit walls. If necessary, the water could be retained within the pit and diked area and would be
amenable to treatment (e.g., particle settling, in-situ amendment) before discharge, should it be
required.

The ecological effects of the dike failure will probably have no significant fish or wildlife habitat,
affected or deteriorated. Presuming that the dike breach is repaired, water levels in Third Portage
Lake would rise over the spring and summer to return to pre-breach elevations and would re-fill the
lake in the event of a ‘worst-case’ scenario.
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In the case of Vault dike, the worst-case scenario dike breach that could allow the greatest amount of
water inflow would be associated with the centre segment of the dike through the deepest water
along the alignment. In this area, the water depth is only a maximum of 1 m. This inflow could put the
workers at risk at the site on a temporary basis and a potential loss of life between 0 and 10 due to
workers caught in flowing water. Breach of the Vault Dike could eventually result in cessation of
mining, either temporarily or permanently.

If the segment of dike at the deepest portion were suddenly removed, flow from Wally Lake into the
pit would continue until the elevation of the lake drew down slightly as Vault Dike retains a maximum
depth of 1 m of water. The impact of a potential failure would be limited.

Inflow to the pit could expose a limited amount of shoreline and shoal habitat around the lake. Water
flowing into the pit could entrain suspended solids and dissolved constituents from the dike material
and pit walls. If necessary, the water could be retained within the pit and diked area and would be
amenable to treatment (e.g., particle settling, in-situ amendment) before discharge, should it be
required.

The ecological effects of the dike failure will probably have no significant fish or wildlife habitat,
affected or deteriorated. Presuming that the dike breach is repaired, water levels in Wally Lake would
rise over the spring and summer to return to pre-breach elevations and would re-fill the lake in the
event of a ‘worst-case’ scenario.

Mitigation, Management, and Monitoring

A major cut off breach scenario due to pit wall movement, while possible, has a low probability of
occurrence in East Dike or Bay Goose Dike. If foundation movement was sufficient to compromise
the cut off wall, then the core backfill would act as a semi-permeable element and limit flow. Water
would first need to flow through the rockfill shell, the core backfill, the damaged cut off wall, and then
through more of the core, filters, and the downstream rockfill. Provided that the downstream filter
elements against the rockfill shell are properly constructed, then migration of the core and cut off wall
into the rockfill will not occur. Some additional seepage may occur due to failure of the cut off wall;
however this would be noted during regular monitoring. Mitigation could be by jet grouting, freezing,
or installation of sheet piling through the cut off wall.

The use of appropriately graded filters in the design of dikes and dams is standard engineering
practice, and is the key to preventing internal erosion. The dike design includes the use of a two
zone filter on the upstream face of the pit side rockfill. During the construction of the dikes a quality
control and quality assurance program was undertaken.

Routine visual inspection of the dikes is to be conducted on a regular basis to document any changes
in the dikes.

During the operation of the dikes, a series of monitoring instrumentation will be installed, including:
e Thermistors to monitor the thermal regime in the dike and foundations;
e Slope inclinometers and prisms to monitor deformations within the dikes; and

e Piezometers to measure pressure and to infer flow through the dikes.
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Piezometers downstream of the cut off wall would be monitored for pressure changes as the pits are
deepened. Increasing pressure would indicate that less head loss is occurring across the seepage
cut off, which might indicate that a crack has formed, permeability is increasing, or the pit is
experiencing inflows from some other potential flow pathway. The instrumentation will be monitored
to identify any potentially problematic areas relating to dike instability. Mitigation measures for
seepage and piping could include:

e Additional pressure grouting of bedrock materials;

e De-pressurization wells;

e Construction of a slurry cut off wall within the core just upstream of the suspected seepage
area;

e Jet grouting of the core and foundation in the suspected seepage or crack area;
e Construction of a cutter soil mixing (CSM) wall in the suspected crack area;

e Freezing;

¢ Installation of toe drains; and

e Construction of interceptor ditches within the down-stream overburden materials.

¢ Allow pit to flood, install new cut off or bituminous liner under no-flow conditions, then dewater
and resume mining.

Specific monitoring and mitigation strategies have been be developed as part of an Operations Plan
(OMS Manual) for the dewatering dikes.
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A.1.2 Failure Scenario during Closure

At end of mine life, once the water quality of the pit lake has been determined to be suitable for
release, a portion of the south end of the Bay-Goose Dike will be removed resulting in a hydraulic
connection between the Goose/Portage Pit Lake and Third Portage Lake. The East Dike will be the
only dike that will remain in service. The elevation of the pit lake will be equal to Third Portage Lake.
The elevation difference between the pit lake and Second Portage Lake will be approximately 1 m.
Consequently, there will be a low hydraulic gradient from the pit lake towards Second Portage Lake.
During the closure and post-closure period, the natural central and east channel outlets that connect
Third Portage to Second Portage Lake will continue to carry the entire flow between the two lakes.

Potential Effect

A breach of the East Dike would create an additional outlet and cause water to leave the
Portage/Goose pit area and spill into Second Portage Lake at a greater rate, partly at the expense of
flow from the central and east channel outlets. This would cause a rise in water level in Second
Portage Lake and a reduction in level in Third Portage Lake. The additional water would flow through
the channel connecting Second Portage Lake to Tehek Lake until the water elevations in Second and
Third Portage lakes equilibrated.

In the event of such a scenario, water would flow from Third Portage Lake, northward through the pit
lake area, and then east through a potential East Dike breach and into Second Portage Lake. There
is a naturally large outlet capacity via the connecting channel from Second Portage to Tehek Lake.
Water residence time in Second Portage Lake during and after mine development is less than one
year. Thus, in the event of an East Dike breach, any additional water added to Second Portage Lake
would leave the system relatively quickly. Given the flow-through nature of the lake there would be
little net change in Second Portage Lake volume or lake elevation as water would easily be absorbed
into the much larger Tehek Lake.

Drawdown of Third Portage Lake would be limited, given the large size of the lake (33 km?) and the
constriction points within the system that would slow drawdown. Specifically, the magnitude of
drawdown in the event of a breach would depend on the magnitude and depth of the breach, time of
year (winter ice cover would prevent loss of water), response time, flow rate (i.e., the loss of water
depends on the location of the breach and friction through the system), and the outlet capacity of
Second Portage Lake. For example, total annual average discharge from Third Portage to Second
Portage Lake is approximately 10 Mm® with a mean annual difference in water level between spring
and fall of 0.3 m. Given the large size of Third Portage Lake, a breach resulting in the loss of 10 Mm?®
of water, which is equivalent to an entire open water season of runoff through all discharge channels
would result in a drawdown of only about 0.3 m. Maximum drawdown would be one metre.

Reductions in water level would therefore be small and have only minor impacts to fish habitat in
Third Portage Lake. Adverse impacts to water quality would not be expected given that water quality
within Goose/Portage pits is expected to be very high.
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Mitigation, Management and Monitoring

Internal erosion of the cut off wall could result in an increase of the rate of water flow through the East
Dike. However, this is extremely unlikely due to the low hydraulic gradient across the East Dike (~ 1
m of head difference) and the filter effect of the core backfill. Such a scenario is more likely to occur
during the operational phase of the East Dike when the hydraulic gradient across the dike section is
much higher, though in the opposite direction. If such a scenario were to occur, it would not be
considered a catastrophic failure mode due to the stability of the rockfill shoulders comprising the
outside structural elements of the dike.

A breach in the East Dike during closure could be managed by the placement of material to reduce
the flow of water and reduce potential erosion of the till core. The hydraulic gradient across the dike
at closure is low. The dike could be repaired and hydrologic conditions restored without any danger
to the overall stability of the dike, provided annual monitoring is carried out following closure.
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Appendix A.2

Central Dike
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Central Dike

The Central Dike system is comprised of a Central Dike, a series of perimeter dikes, and the natural
basin of the northwest arm of Second Portage Lake, as shown on the general mine site plan provided
at the beginning of this document. The Central Dike cross-section consists of:

e A rockfill embankment, constructed from run-of-mine waste rock, placed in lifts and
compacted, with the upstream face designed at 3H:1V and 2H:1V and the downstream face
designed at a 1.5H:1V slope;

e An upstream two zone granular filter and inverted granular filter along the foundation;

e A bituminous liner with appropriate cover on the upstream face and part of the foundation;
A central or upstream key trench; The Central Dike is a high consequence structure, based on Dam
Safety Guidelines (CDA, 2007). Slope stability analyses show that the dike will meet or exceed
design FoS for stability under static and pseudostatic earthquake load conditions. Consequently, the

probability of failure of the Central Dike is considered to be very low.

For information on the consequences and monitoring/action for the various embankment failure
modes possible at the Central Dike see Table A.2 below.
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Table A.2: Meadowbank Tailings Storage Facility Summary of Consequences and Proposed Monitoring /
Action for Rare Event Based On Water Retaining Embankment Failure Modes Identified in ICOLD Study

(1995)
Failure Scenario Consequence Monitoring/Action
Mode
\Water spills over the crest but,
(1) Pond Level rises because ofjas this crest is both wide and
restricted outflow (excessive  |comprises coarse compacted . .
5 X ; ) L )Adjust decant and/or deposition
inflow is a far less likely rock fill, minimal damage to the - .
: X . o . . rate. Add spillway in Central
scenario). Water will spill at the(dike is credible. There will be .
. . . T . |Dike, Saddle Dam, or natural
low point on the dike system, |considerable warning time prior round
which will depend on the to overtopping given the design 9 ’
construction schedule. freeboard and the storage
\volume.
The situation envisaged is
unlikely. This scenario would
develop slowly during
construction of the dike. Crest
settlement would be evident at
least several weeks before an
(2) Dam crest settles more than overtopping event occurred.
Overtopping available freeboard over a Easily observed cracks should

distance of (say) 50m or so.
This scenario requires
unexpected foundation
condition, such as glacial lake
clay deposit. Settlement would
occur upon placement of rock
fill during dike raise
construction. Freeboard is
greatest immediately after a
raise and this scenario is
therefore unlikely to occur.

\Water and tailings spill over
crest and if settlement was
rapid might erode the crest.
Travel of tailings will be
dependent on volume of water
available, and level of thaw.
Tailings would only go to the
pit, and not reach the lake.

be evident during summer
period, but could be hidden
during the winter. Systematic
crest settlement monitoring is
appropriate, and included in the|
design. Production and
addition of tailings to the
Tailings Storage Facility could
be stopped to maintain
freeboard. A spillway could also|
be constructed.

The tailings deposition plan
maintains a long beach
between the dike and the pond,
which provides additional
freeboard to overtopping of the

dike by pond water.
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(1) Dike Section: Upstream
bituminous liner contains
defects arising from undetected
damage during installation.
May lead to loss of water, but
filter retains tailing.

Loss of water into the rock fill.
This is not a catastrophic failure
mode, because the rock fill of
the dike will be stable, and at
its worst, would lead to
temporary suspension of
mining. Plus the bituminous
liner does not propagate a tear
like a plastic liner, so
undetected damage is typically
small and does not grow. Also,
the foundation slopes down
towards the tailings, so
seepage impounds in the rock

Not necessary to monitor
directly. Will become evident
as possible seepage at dike
toe. QA/QC program during
construction is the main
defence against this scenario.

Internal fill and will tend to reduce
Erosion further seepage
Loss of tailings and water into
the rock fill. This is not a
catastrophic failure mode, Not necessary to monitor
. o because the rock fill of the dike [directly. Will become evident
(2) Dike Section: Upstream . X S .
bituminous liner contains will be stable, and at its worst, |as possmle intensive seepage
defects arising from undetected would Iegd to temporary at.qllke tqe, anql p'otentlally as
9
damage during installation. suspension of mining. tailings fines within seepage
. IAccumulation of ponded water |[downstream of the toe. QA/QC
This defect occurs at the same | " " . S
location as a filter defect. within the rock fill wo_uld program during construction is
decrease the head difference [the main defence against this
driving flow, thereby limiting the|scenario.
potential for a catastrophic
failure.
Seepage on its own is not a
credible failure scenario. The
rock fill is pervious so seepage
Seepage |will daylight on the downstream ) . o
o ) . No scenario specific monitoring
within face. Flow through the rock fill |No credible consequences. required
Embankment |will not lead to instability. Any q ’
seepage related failures must
include internal erosion, see
above.
If this mechanism arises it
should show itself gradually as
the tailings and water level
increase in the basin by buildup|
If the till foundation had a zone ([This failure mechanism has of pore water pressures in the
of more pervious soil (e.g. caused other embankment foundation. This would be
gravel seams) and the more  [failures elsewhere because of |detected during routine
pervious zone was straightforward pore pressure |monitoring of piezometers
preferentially exposed to water finduced instability. However, it [installed in the foundation.
Seepage pressure, then normal seepage |is unclear that it could cause  |Pressure relief wells could be
within would transmit an unexpectedly|failure of the Central Dike installed in the foundation
Foundation |high fraction of the reservoir because of its large width during operations.

head into the downstream part
of the dike foundation. This
scenario requires construction
defects in filters, liner, and cut
off trench fill.

compared to the retained water
head. The most likely
consequence is downstream
toe slumping requiring a
localized stabilizing berm.

The tailings deposition plan
maintains a long beach
between the pond and the dike.
This will reduce seepage
gradients beneath the dike. In
addition, the tailings act as an
upstream blanket on the bottom
of the TSF to limit seepage into
the foundation.
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Internal  [There are no water off take
Conduit works or other structures Not applicable. Not applicable.
Rupture extending through the dikes.
Initial stages of failure should
be observable as tension
cracks in dike crest and
movement at dike toe. Walk-
A foundation failure would over inspection of dikes by a
(1) Normal Operation: The cause a ro_tatlor_rql s_Ilp or slidingtrained inspector is an
) . o failure until equilibrium was appropriate monitoring
rockfill has high frictional ) )
; . reached. This mechanism strategy. Survey of crest, face
strength and the design widths L . ;
. . would limit access along the  |and toe is also appropriate. If
make it conservative. Slope . : ; . X )
; A . . dike until repaired. Failure movements associated with
failure requires failure in the S h ; .
) ) through the rock fill will not increases in foundation pore
foundation, which would then . . .
. . . necessarily compromise the  |pressures are discovered, then
extend into the overlying dike. o L X
tailings or water retaining construction could be stopped
function of the dike. or staged to allow pore
pressure dissipation.
Slope Placement of rockfill as a
Instability downstream toe berm could
help prevent failure.
The extreme earthquake
loading for site is a low
magnitude event. A large
earthquake would not be
expected to cause a
catastrophic failure, rather the No monitoring is necessar
(2) Earthquake Induced: dike would settle. The Central |-. g1s Y-
- o . Dike should be inspected
Occurrence of an extreme Dike rock fill is placed in the dry .
. following any earthquakes felt
earthquake, a very rare event. [and compacted, and will .
L 7 on site.
therefore have limited
settlement. This would not be
a failure situation. The crestis
also erosion resistant for
earthquake induced wave
action in the impounded water.
Differential horizontal
movement of the dike due to pit|_... . No enhanced monitoring.
. Tailings and water escape into | - o
wall failure. Creates a breach . 8 Prism monitoring program and
. ) : : the dike rock fill, but pond there| . . . !
) ) in the liner and filter. Pit wall because the foundation slones visual inspection sufficient.
Liner Failure failure is unlikely based on . PES \tlovement would be evident in
: ... towards the dike, rather than ;
Due To assessments of pit wall stability . . setback area between dike and
. the pit. Itis noted that the - . .
Foundation |and the setback between the ailinas pond is operated pit. Tailings at face of dike may|
Movement [pit and the toe of the dike. 9s b p be excavated to allow repair of
; . approximately 500 metres . '
Also, the liner and rock fill can ; liner, or placement of filter
. I away. Rapid escape of water - . )
withstand significant . e material. Other options include
. - . will therefore be limited. . . .
deformation, making this an freezing tailings at face of dike.
unlikely scenario.
The foundation till is expected |A large settlement could lead to
to consolidate during water flowing through the rock
construction and operations.  ffill, but this would not cause No enhanced monitoring
Unexpected There is no credible failure of the rock fill. It could [required, as excessive

Settlements

mechanism for a large degree
of unexpected settlement
following construction required
to eliminate freeboard and
release tailings/water.

also be readily repaired by
placing more end-dumped rock
fill, and extending the liner, in a
manner similar to the periodic
raise.

settlement would be apparent
from prism monitoring data,
and visual inspection.
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A.2.1 Failure Scenario during Operations

In the case of failure of the Central Dike during operations, the ‘worst-case’ scenario would involve a
flow of unfrozen water and tailings in association with a catastrophic failure of the dike in the later
stages of mining when personnel and machinery are working in the open pit directly down-stream of
the Tailings Storage Facility (TSF).

Potential Effect

The failure of the Central Dike could result in the sudden release of dike material and tailings from the
TSF into that portion of the Portage Pit immediately adjacent to the dike. This could potentially result
in loss of life. This would result in cessation of mining activities, either temporarily or permanently.
There would be no effect on the receiving environment water quality, fish or fish habitat because
tailings would be contained within the pit and the dewatering dikes and the area would not yet be

flooded.

Mitigation, Management and Monitoring

The calculated FoS for this failure mode, under static and pseudo-static conditions, are above design
criteria in the Dam Safety Guidelines (CDA, 2007). Consequently, the probability of such a failure
developing is low. Based on the tailings deposition plan, it is expected that the tailings pond will
typically be 500 m or more from the face of the Central Dike. Furthermore, thermal modeling
indicates the tailings and Central Dike will be frozen or partially frozen, and that the facility will tend to
the frozen state in the long term. Therefore, a catastrophic failure of the Central Dike without some
form of prior dam distress providing a warning of deteriorating conditions is not considered a credible
catastrophic failure mode.

Mitigation against such a failure mode occurring will be to construct the Central Dike to design so that
it is physically stable under all loading conditions. A comprehensive quality control and quality
assurance program will be undertaken during dike construction to confirm foundation conditions,
material type and quality, and to adjust designs as necessary to accommodate actual or unexpected
conditions found at site.

e A management plan was developed for the operation of the tailings facility, and includes
appropriate operational controls and monitoring activities. During operations, instrumentation
will be installed to monitor not only the physical performance of the Central Dike itself, but
also the performance of the TSF. The instrumentation installed and to be installed includes
thermistors to monitor the thermal regime in the dike and foundations, and deposited tailings.

e Piezometers to measure pressure and to infer flow through the dike and foundation materials
e Prisms to monitor deformations within the dike.

If necessary, the stability of the foundation materials and of the dike during operations can be
enhanced through the construction of a stabilizing toe berm or through freezing.
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A.2.2 Failure Scenario during Closure

In the case of failure of the Central Dike during or following closure, the ‘worst-case’ scenario would
involve a catastrophic failure of the dike and the release of tailings into the lake.

Potential Effect

Failure of the Central Dike during or following closure is not expected to result in loss of life, as mining
operations will have finished.

Under this scenario, a catastrophic failure of the Central Dike could result in the sudden and
unexpected release of dike material and tailings into the Portage Pit lake area. This could potentially
produce a wave of sediment laden water that could over-top the East Dike.

Such a scenario would destroy fish habitat along the dike face and smother benthic habitat outwards
from the failure area. Suspended solids and dissolved metals would increase in the water column
and would cause displacement of fish and possible toxicity of some bottom sediments, depending on
how much tailings material was lost. The new face would be subject to chronic erosion of fine tailings
material until such time as a new, stable dike face could be established. Failure of the dike would not
cause a change in water level. Impacts would be localized because the Central Dike is situated in the
upper part of a blind arm of the lake with an extremely limited drainage area and low turnover.
Consequently, transport of suspended sediment away from the area would be restricted and the area
of impact would be relatively small.

Mitigation, Management, and Monitoring

The calculated FoS for the Central Dike design are greater than design criteria for post closure for
static and pseudo-static (earthquake) conditions. Consequently, the likelihood of a failure occurring is
low. Furthermore, thermal modeling indicates the tailings and Central Dike will progressively freeze,
and that the facility will tend to the frozen state in the long term. Freezing will increase dike and
tailings stability and decrease tailings mobility, and therefore this is not considered a credible
catastrophic failure mode.

Mitigation against such a failure mode occurring will be to construct the Central Dike to the design so
that it is physically stable under static and pseudo-static loading conditions, and to monitor during the
mine life to assess the overall performance of the dike and the TSF. Data gathered during the
operational period of the TSF can be used to re-evaluate the performance of the Central Dike
structure in the context of longer term stability post closure.
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Appendix A.3

Saddle Dams
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Saddle Dams

Five Saddle dams will be constructed around the limits of the tailings basin. Two Saddle Dams were
built between 2009 and 2011, the three other Saddle Dams will be built later during the mine
operation. The saddle dam locations are shown on the general mine site plan provided at the
beginning of this document. The saddle dams will be constructed by dumping a rockfill berm with a
crest width of 30 m to allow haul truck traffic. The Saddle Dams will be re-sloped, with a minimum 6
m crest width. The downstream face will be angle of repose, or 1.32H:1V (Horizontal:Vertical), and
the upstream face will be 3H:1V. The Saddle Dams will have an upstream two-zone granular filter
and a liner. There is a potential for release of attenuation water, reclaim water, or tailings to Third
Portage Lake in the event of an overtopping or catastrophic failure.

For information on the consequences and monitoring/action for the various embankment failure
modes possible at the Saddle Dams see Table A.2 for the Central Dike.

A.3.1 Failure Scenario during Operation

Depending upon the phase of operations, breach or complete failure of a Saddle Dam could result in
the uncontrolled release of Attenuation Pond water, Reclaim Pond water or tailings to Third Portage
Lake. There is also the possibility of the Saddle Dams being overtopped through the formation of a
wave resulting from a slope failure within the Portage Waste Rock Storage Facility and the sudden
release of waste rock into the TSF.

A tailings beach will be formed on the toe of each Saddle Dam. As a result, the Reclaim Pond will be
pushed away from the Saddle Dams. As the tailings and Saddle Dams are expected to freeze, and
freezing will reduce the chance of tailings reaching Third Portage Lake, failure of the Saddle Dams
with release of tailings to Third Portage Lake is not considered to be credible.

An overtopping or breach failure of the section of the Saddle Dams located just south of the
intersection with the Stormwater Dike could potentially result in flow of Reclaim Pond water and/or
tailings toward Third Portage Lake.

Potential Effect

Should an overtopping event or breach occur in a Saddle Dam, water flowing toward Third Portage
Lake would consist of Reclaim Pond water which is predicted to exceed Metal Mining Effluent
Regulations (MMER) guidelines for a number of constituents.

As a worst case of failure resulting in a dam breach, the total predicted Reclaim Pond volume of 0.75
Mm? could be released towards Third Portage Lake. The Saddle Dams would not be expected to fail
due to overtopping. This failure mode is not expected to release a considerable volume of water to
Third Portage Lake. Given the size of Third Portage Lake, the impacts to water quality and on fish
from a release of Reclaim Pond water would likely be localized.
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A worst case scenario would also involve the flow of non-frozen tailings into Third Portage Lake. The
distance between the toe of the Saddle Dams and Third Portage Lake is on the order of 150 m to 300
m. Such a scenario would destroy fish habitat and smother benthic habitat outwards from the failure
area. Suspended solids and dissolved metals would increase in the water column and would cause
displacement of fish and possible toxicity of some bottom sediments, depending on how much tailings
material was lost.

Mitigation, Management, and Monitoring

The dams are designed according to Dam Safety Guidelines (CDA, 2007), and were and will be
constructed under controlled conditions. A comprehensive quality control and quality assurance
program was and will be undertaken during construction to confirm foundation conditions, material
type and quality, and to adjust designs as necessary to reflect actual conditions found at site. The
dams are predicted to eventually freeze, which will enhance stability. Therefore, failure of Saddle
Dams by overtopping, full breaching or foundation and slope failure is not considered to be credible.

With respect to slope stability failure, the Saddle Dams are constructed of rockfill, which has high
shear strength. Slope stability failures must therefore occur through foundation soils. The calculated
FoS for slope stability failure modes through foundation soils are above the design criteria in the Dam
Safety Guidelines (CDA, 2007) for static and pseudo-static conditions. Consequently, the probability
of such a failure developing is low.

The tailings are expected to freeze, and freezing will reduce the chance of tailings reaching Third
Portage Lake. The distance from Saddle Dam 1 to Third Portage Lake is about 300 m at its closest
point. Leaks of supernatant water and or tailings from the South Saddle Dam would be most likely to
occur during operations. Leaks would be visible, and could be mitigated during operations.

A.3.2 Failure Scenario during Closure

At closure Reclaim Pond water will be pumped to an Attenuation Pond, the basin behind the Saddle
Dams will be drained and filled with run-of-mine, acid-buffering ultramafic waste rock (NPAG). The
rock is expected to freeze over time. Failure of the Saddle Dams following closure is not considered
to be credible. Further, the lack of water will reduce mobility of tailings if failure occurs.

Potential Effect

No effects to water quality, fish or fish habitat is expected.

Mitigation, Management, and Monitoring

As described previously, the dams were and will be designed to meet Dam Safety Guidelines (CDA,
2007). The dams were and will be constructed under controlled conditions. During the construction
of the dams a comprehensive quality control and quality assurance program was and will be
undertaken to confirm foundation conditions, material type and quality, and to adjust designs as
necessary to reflect actual or unexpected conditions found at site. Monitoring during operations will
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ensure the Saddle Dams perform as intended. The dams will eventually freeze, which will enhance
stability. Therefore, post-closure failure of the Saddle Dams by full breaching or foundation and slope
failure is not considered to be credible.
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Appendix A.4

Stormwater Dike




Emergency Response Plan
Version 6; August 9, 2013

Stormwater Dike

The Stormwater Dike is located at the northwest end of Second Portage Lake, within the TSF as
shown on the general mine site plan provided at the beginning of this document. The location of the
Stormwater Dike was selected to optimize the storage capacity of the main tailings basin, and of the
Portage Attenuation Pond. The dike separates the tailings basin from the Attenuation Pond until
approximately 2014 at which point the tailing deposition will start in the South tailing Cell. At the end
of mine life, any remaining water will be treated within the TSF and released once discharge criteria
are met.

The Stormwater Dike was constructed using rock fill, with a upstream slope of 3H: 1V and a
downstream slope at angle of repose for rock fill. The minimum crest width is 6 m. Final crest is at
elevation 150.0 m. The dike has a filter zone placed on the south face, underlying an impermeable
element of bituminous geo-membrane. The maximum height of the dike is about 13 m. At the
maximum cross section, the width of the base of the dike is approximately 95 m.

For information on the consequences and monitoring/action for the various embankment failure
modes possible at Storm water Dike see Table A.2.

A.4.1 Failure Scenario during Operation

If slope failure of the Stormwater Dike were to occur when tailings are at their maximum elevation in
the main tailings basin, and if the tailings are not frozen, this could potentially result in the sudden
flow of tailings into the Attenuation Pond area. This in turn could potentially result in the development
of a wave which overtops the Saddle Dam at the northwest end, releasing tailings and reclaim water
to Third Portage Lake.

Potential Effect

A breach or failure of the Stormwater Dike may cause a wave-induced overtopping of the Saddle
Dam at the northwest end. The Saddle Dam would not be expected to fail due to a single
overtopping wave event.

This failure mode is not expected to release water to Third Portage Lake. The distance between the
toe of the Saddle Dam and Third Portage Lake is on the order of 150 m, so tailings would likely settle
out. The potential impacts on Third Portage Lake water quality, fish and fish habitat would likely be
minor, localized and short-lived.

Mitigation, Management, and Monitoring

The Stormwater Dike was designed to meet Dam Safety Guidelines (CDA, 1999). The upstream side
slopes were designed to allow machine traffic, and are therefore highly conservative with respect to
slope stability. The dike was constructed in the dry under controlled conditions. During the
construction of the dike a comprehensive quality control and quality assurance program was
undertaken to confirm foundation conditions, material type and quality, and to adjust designs as
necessary to reflect actual conditions found at site. The dike will eventually freeze, which will
enhance stability. Therefore, failure of the dike due to overtopping is not considered to be credible.
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A.4.2 Failure Scenario during Closure

The Stormwater Dike will be covered by tailing on both upstream and downstream side, to equal out
the different elevations. At closure Reclaim Pond water will be pumped to an Attenuation Pond, the
basin behind the Saddle Dams and Stormwater Dike will be drained and filled with run-of-mine, acid-
buffering ultramafic waste rock (NPAG). The rock is expected to freeze over time. Failure of the
Stormwater Dike following closure is not considered to be credible. Further, the lack of water will
reduce mobility of tailings if failure occurs.

Potential Effect
No effects to water quality, fish or fish habitat is expected.

Mitigation, Management, and Monitoring

The Stormwater Dike was designed to meet Dam Safety Guidelines (CDA, 1999). The dike was
constructed under controlled conditions. During the construction of the dike a comprehensive quality
control and quality assurance program was undertaken to confirm foundation conditions, material
type and quality, and to adjust designs as necessary to reflect actual or unexpected conditions found
at site. Monitoring during operations ensure the Stormwater Dike performs as intended. The dike will
eventually freeze, which will enhance stability. Therefore, post-closure failure of the Stormwater Dike
by full breaching or foundation and slope failure is not considered to be credible.
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APPENDIX B

Emergencies involving Reagents.

Emergencies involving reagents might be addressed by first responders,
by using EMERGENCY RESPONSE GUIDEBOOK

-

ERG2012. pdf

In an emergency, CANUTEC may be called collect at
613-996-6666 (24 hours)
*666 cellular (Press star 666, Canada only)

B.1: Cyanide (Sodium Cyanide)

UN #: 1689 (Guide 157)

Common Names:

. Sodium salt of hydrocyanic acid

Agent Characteristics

» APPEARANCE: White crystalline or granular powder.

» DESCRIPTION: Sodium cyanide releases hydrogen cyanide gas, a highly toxic chemical
asphyxiant that interferes with the body's ability to use oxygen. Exposure to sodium cyanide
can be rapidly fatal. It has whole-body (systemic) effects, particularly affecting those organ
systems most sensitive to low oxygen levels: the central nervous system (brain), the
cardiovascular system (heart and blood vessels), and the pulmonary system (lungs). Sodium
cyanide is used commercially for fumigation, electroplating, extracting gold and silver from
ores, and chemical manufacturing. Hydrogen cyanide gas released by sodium cyanide has a
distinctive bitter almond odor (others describe a musty "old sneakers smell"), but a large
proportion of people cannot detect it; the odor does not provide adequate warning of
hazardous concentrations. Sodium cyanide is odorless when dry. Sodium cyanide is shipped
as pellets or briquettes. It absorbs water from air (is hygroscopic or deliquescent).

» METHODS OF DISSEMINATION:

0 Indoor Air: Sodium cyanide can be released into indoor air as fine droplets, liquid spray
(aerosol), or fine particles.

0 Water: Sodium cyanide can be used to contaminate water.
0 Food: Sodium cyanide can be used to contaminate food.
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Outdoor Air: Sodium cyanide can be released into outdoor air as fine droplets, liquid
spray (aerosol), or fine particles.

Agricultural: If sodium cyanide is released as fine droplets, liquid spray (aerosol), or fine
particles, it has the potential to contaminate agricultural products.

» ROUTES OF EXPOSURE: Sodium cyanide can affect the body through ingestion, inhalation,

skKi

Personal

n contact, or eye contact.

Protective Equipment

» GENERAL INFORMATION: First Responders should use a NIOSH-certified Chemical,
Biological, Radiological, Nuclear (CBRN) Self Contained Breathing Apparatus (SCBA) with a
Level A protective suit when entering an area with an unknown contaminant or when entering

an

area where the concentration of the contaminant is unknown. Level A protection should be

used until monitoring results confirm the contaminant and the concentration of the
contaminant.
NOTE: Safe use of protective clothing and equipment requires specific skills developed

thr

ough training and experience.

» LEVEL A: (RED ZONE): Select when the greatest level of skin, respiratory, and eye
protection is required. This is the maximum protection for workers in danger of exposure to
unknown chemical hazards or levels above the IDLH.

(0]
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A NIOSH-certified CBRN full-face-piece SCBA operated in a pressure-demand mode or
a pressure-demand supplied air hose respirator with an auxiliary escape bottle.

A Totally-Encapsulating Chemical Protective (TECP) suit that provides protection
against CBRN agents.

Chemical-resistant gloves (outer).

Chemical-resistant gloves (inner).

Chemical-resistant boots with a steel toe and shank.

Coveralls, long underwear, and a hard hat worn under the TECP suit are optional items.

LEVEL B: (RED ZONE): Select when the highest level of respiratory protection is
necessary but a lesser level of skin protection is required. This is the minimum protection
for workers in danger of exposure to unknown chemical hazards or levels above the IDLH.
It differs from Level A in that it incorporates a non-encapsulating, splash-protective,
chemical-resistant splash suit that provides Level A protection against liquids but is not
airtight.

A NIOSH-certified CBRN full-face-piece SCBA operated in a pressure-demand mode or

a pressure-demand supplied air hose respirator with an auxiliary escape bottle.

A hooded chemical-resistant suit that provides protection against CBRN agents.
Chemical-resistant gloves (outer).

Chemical-resistant gloves (inner).

Chemical-resistant boots with a steel toe and shank.

Coveralls, long underwear, a hard hat worn under the chemical-resistant suit, and
chemical-resistant disposable boot-covers worn over the chemical-resistant suit are
optional items.
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LEVEL C: (YELLOW ZONE): Select when the contaminant and concentration of the
contaminant are known and the respiratory protection criteria factors for using Air Purifying
Respirators (APR) or Powered Air Purifying Respirators (PAPR) are met. This level is
appropriate when decontaminating patient/victims.

A NIOSH-certified CBRN tight-fitting APR with a canister-type gas mask or CBRN
PAPR for air levels greater than Acute Exposure Guideline (AEGL) L-2.

A NIOSH-certified CBRN PAPR with a loose-fitting face-piece, hood, or helmet and a
filter or a combination organic vapor, acid gas, and particulate cartridge/filter
combination or a continuous flow respirator for air levels greater than AEGL-1.

A hooded chemical-resistant suit that provides protection against CBRN agents.
Chemical-resistant gloves (outer).

Chemical-resistant gloves (inner).

Chemical-resistant boots with a steel toe and shank.

Escape mask, face shield, coveralls, long underwear, a hard hat worn under the
chemical-resistant suit, and chemical-resistant disposable boot-covers worn over the
chemical-resistant suit are optional items.

LEVEL D: (GREEN ZONE): Select when the contaminant and concentration of the
contaminant are known and the concentration is below the appropriate occupational
exposure limit or less than AEGL-1 for the stated duration times.

Limited to coveralls or other work clothes, boots, and gloves.

Emergency Response
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CHEMICAL DANGERS:
Sodium cyanide is water-reactive.

Sodium cyanide decomposes on contact with acids, acid salts, water, moisture, and
carbon dioxide, producing highly toxic, flammable hydrogen cyanide gas.

Sodium cyanide solution in water is a strong base; it reacts violently with acid and is
corrosive.

Sodium cyanide is incompatible with strong oxidants.

Carbon dioxide from the air is sufficiently acidic to liberate toxic hydrogen cyanide gas
on contact with sodium cyanide.

EXPLOSION HAZARDS:

Sodium cyanide reacts violently with strong oxidants such as nitrates, chlorates, nitric
acid, and peroxides, causing an explosion hazard.

Upper and lower explosive (flammable) limits in air are not available for sodium cyanide.
Containers may explode when heated or if they are contaminated with water.

FIRE FIGHTING INFORMATION:
Sodium cyanide is non-combustible.
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The agent itself does not burn.

Sodium cyanide releases highly flammable and toxic hydrogen cyanide gas on contact
with acids or water.

Fire will produce irritating, corrosive, and/or toxic gases.
Note: Most foam will react with the agent and release corrosive/toxic gases.

For small fires, do not use carbon dioxide; use dry chemical, dry sand, or alcohol-
resistant foam.

For large fires, use water spray, fog, or alcohol-resistant foam. Move containers from
the fire area if it is possible to do so without risk to personnel. Use water spray or fog;
do not use straight streams. Dike fire control water for later disposal; do not scatter the
material.

For fire involving tanks or car/trailer loads, fight the fire from maximum distance or use
unmanned hose holders or monitor nozzles. Do not get water inside containers. Cool
containers with flooding quantities of water until well after the fire is out. Withdraw
immediately in case of rising sound from venting safety devices or discoloration of
tanks. Always stay away from tanks engulfed in fire.

Run-off from fire control or dilution water may be corrosive and/or toxic, and it may
cause pollution.

If the situation allows, control and properly dispose of run-off (effluent).

INITIAL ISOLATION AND PROTECTIVE ACTION DISTANCES:

If a tank, rail car, or tank truck is involved in a fire, isolate it for 0.5 mi (800 m) in all
directions; also consider initial evacuation for 0.5 mi (800 m) in all directions.

Small spills (when spilled in water)
e Firstisolate in all directions: 200 ft (60 m).
e Then protect persons downwind during the day: 0.1 mi (0.2 km).
e Then protect persons downwind during the night: 0.4 mi (0.7 km).
Large spills (when spilled in water)
e Firstisolate in all directions: 1300 ft (390 m).
e Then protect persons downwind during the day: 0.8 mi (1.3 km).
e Then protect persons downwind during the night: 3.0 mi (4.9 km).

» PHYSICAL DANGERS:

o
o

Vapors may collect and stay in confined areas (e.g., sewers, basements, and tanks).

Hazardous concentrations may develop quickly in enclosed, poorly-ventilated, or low-
lying areas. Keep out of these areas. Stay upwind.

Hydrogen cyanide gas produced from sodium cyanide mixes well with air; explosive
mixtures are easily formed.

> NFPA 704 Signal:
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Health: 3
Flammability: O
Reactivity: 0
Special:
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Signs/Symptoms

» TIME COURSE: Effects occur rapidly following exposure to sodium cyanide. Inhalation
exposure to hydrogen cyanide gas released from sodium cyanide produces symptoms
within seconds to minutes; death may occur within minutes.

» EFFECTS OF SHORT-TERM (LESS THAN 8-HOURS) EXPOSURE: Early symptoms of
cyanide poisoning include lightheadedness, giddiness, rapid breathing, nausea, vomiting
(emesis), feeling of neck constriction and suffocation, confusion, restlessness, and anxiety.
Accumulation of fluid in the lungs (pulmonary edema) may complicate severe intoxications.
Rapid breathing is soon followed by respiratory depression/respiratory arrest (cessation of
breathing). Severe cyanide poisonings progress to stupor, coma, muscle spasms (in which
head, neck, and spine are arched backwards), convulsions (seizures), fixed and dilated
pupils, and death. The CNS is the most sensitive target organ of cyanide poisoning.
Cardiovascular effects require higher cyanide doses than those necessary for CNS effects.
In serious poisonings, the skin is cold, clammy, and diaphoretic. Blue discoloration of the
skin may be a late finding. Severe signs of oxygen deprivation in the absence of blue
discoloration of the skin suggest cyanide poisoning.

» EYE EXPOSURE:
0 Redness, pain, and severe deep burns.

o Contact with the eyes can contribute to whole-body (systemic) toxicity. See Inhalation
Exposure.

» INGESTION EXPOSURE:

o Nausea, vomiting (emesis), abdominal pain, and irritation or corrosion of the lining of the
esophagus and stomach.

0 Whole-body (systemic) toxicity can occur. See Inhalation Exposure.

» INHALATION EXPOSURE:
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Mild to moderate: Central Nervous System (CNS) effects: headache, confusion, anxiety,
dizziness, weakness (malaise), and loss of consciousness. Cardiovascular effects:
palpitations. Respiratory effects: respiratory tract irritation, difficulty breathing or
shortness of breath (dyspnea), and transient increase in rate and depth of breathing
(hyperpnea). Gastro Intestinal effects: nausea and vomiting (emesis).

Severe: CNS effects: coma, seizures, and dilated pupils (mydriasis). Cardiovascular
effects: shock, abnormal or disordered heart rhythms (dysrhythmias), critically low blood
pressure, and cardiac arrest. Respiratory effects: abnormally rapid, followed by
abnormally slow respirations; accumulation of fluid in the lungs (pulmonary edema); and
respiratory arrest. Eye effects: dilated pupils, inflammation of the surface of the eye, and
temporary blindness.

» SKIN EXPOSURE:
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Irritation, tissue damage (ulceration), burning sensation, and pain

Absorption through the skin can contribute to whole-body (systemic) toxicity. See
Inhalation Exposure.

Decontamination
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INTRODUCTION: The purpose of decontamination is to make an individual and/or their
equipment safe by physically removing toxic substances quickly and effectively. Care
should be taken during decontamination, because absorbed agent can be released from
clothing and skin as a gas. Your Incident Commander will provide you with
decontaminants specific for the agent released or the agent believed to have been
released.

DECONTAMINATION CORRIDOR: The following are recommendations to protect the first
responders from the release area:

Position the decontamination corridor upwind and uphill of the hot zone. The warm zone
should include two decontamination corridors. One decontamination corridor is used to
enter the warm zone and the other for exiting the warm zone into the cold zone. The
decontamination zone for exiting should be upwind and uphill from the zone used to
enter.

Decontamination area workers should wear appropriate PPE. See the PPE section of
this card for detailed information.

A solution of detergent and water (which should have a pH value of at least 8 but should
not exceed a pH value of 10.5) should be available for use in decontamination
procedures. Soft brushes should be available to remove contamination from the PPE.
Labeled, durable 6-mil polyethylene bags should be available for disposal of
contaminated PPE.

INDIVIDUAL DECONTAMINATION: The following methods can be used to decontaminate
an individual:

Decontamination of First Responder:
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e Begin washing PPE of the first responder using soap and water solution and a
soft brush. Always move in a downward motion (from head to toe). Make sure
to get into all areas, especially folds in the clothing. Wash and rinse (using cold
or warm water) until the contaminant is thoroughly removed.

e Remove PPE by rolling downward (from head to toe) and avoid pulling PPE off
over the head. Remove the SCBA after other PPE has been removed.

e Place all PPE in labeled durable 6-mil polyethylene bags.
0 Decontamination of Patient/Victim:

e Remove the patient/victim from the contaminated area and into the
decontamination corridor.

e Remove all clothing (at least down to their undergarments) and place the
clothing in a labeled durable 6-mil polyethylene bag.

e Thoroughly wash and rinse (using cold or warm water) the contaminated skin of
the patient/victim using a soap and water solution. Be careful not to break the
patient/victim’s skin during the decontamination process, and cover all open
wounds.

e Cover the patient/victim to prevent shock and loss of body heat.

e Move the patient/victim to an area where emergency medical treatment can be
provided.

GENERAL INFORMATION: Careful observation, supplemental oxygen, and supportive
care may be sufficient therapy for the patient/victim who does not exhibit physical findings
of cyanide toxicity. For the patient/victim exhibiting physical findings of cyanide toxicity,
initial treatment consists of administration of antidotes under a physician's direction,
respiratory and circulatory support (oxygen and IV fluids), correction of chemical
imbalances in the blood, and seizure control. Speed is critical. Avoid mouth-to-mouth
resuscitation regardless of route of exposure. Avoid contact with vomitus, which may off-
gas hydrogen cyanide.

ANTIDOTE: Amyl nitrite, sodium nitrite, and sodium thiosulfate are antidotes for cyanide
toxicity; however, amyl nitrite and sodium nitrite should not be administered to
patient/victims suffering from smoke inhalation. In these cases, only administer sodium
thiosulfate. The described administration of nitrites is based on a patient having normal
hemoglobin levels. Below normal hemoglobin levels require titration of nitrites.

For mild to moderate physical findings such as nausea, vomiting, palpitations,
confusion, anxiety, dizziness (vertigo), and/or abnormally fast or deep respiration
(hyperventilation):

o0 Child (less than 55 Ibs. (25 kg) - Observe the patient/victim