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Disclaimer

Intrinsik Corp., Wood Canada Limited, Klohn Crippen Berger Ltd., and EcoMetrix Incorporated
(the Intrinsik Team) provided this report for Nova Scotia Lands Inc. (NS Lands Inc.) solely for the
purpose stated in the report. The information contained in this report was prepared and interpreted
exclusively for NS Lands Inc. and may not be used in any manner by any other party. The Intrinsik
Team does not accept any responsibility for the use of this report for any purpose other than as
specifically intended by NS Lands Inc. The Intrinsik Team does not have, and does not accept,
any responsibility or duty of care whether based in negligence or otherwise, in relation to the use
of this report in whole or in part by any third party. Any alternate use, including that by a third
party, or any reliance on or decision made based on this report, are the sole responsibility of the
alternative user or third party. The Intrinsik Team does not accept responsibility for damages, if
any, suffered by any third party as a result of decisions made or actions based on this report.

The Intrinsik Team makes no representation, warranty or condition with respect to this report or
the information contained herein other than that it has exercised reasonable skill, care and
diligence in accordance with accepted practice and usual standards of thoroughness and
competence for the profession of toxicology and environmental assessment and closure
engineering to assess and evaluate information acquired during the preparation of this report.
Any information or facts provided by others and referred to or utilized in the preparation of this
report, is believed to be accurate without any independent verification or confirmation by Team
Members. This report is based upon and limited by circumstances and conditions stated herein,
and upon information available at the time of the preparation of the report.
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EXECUTIVE SUMMARY

This report presents a high-level conceptual closure plan for the mine tailings that have been
deposited in the Montague gold district area referred to as the former Montague Mine site. The
Montague Mine was an historical gold mining operation that produced gold from 1865 to 1940
and involved several different mines using open pit and underground mining methods. The site
produced over 68,000 ounces of gold, from nearly 122,000 tonnes of mined ore. Ore was milled
on-site, using a variety of stamp mills to crush and pulverize mined rock and utilizing mercury
amalgamation to recover gold from the crushed ore. As a result, the area remains heavily
disturbed with numerous open mine shafts, subsidence features and a number of uncontained
tailings disposal areas. The collective of former mines and tailings disposal areas is referred to
as “the Site” in this report.

There are environmental legacies associated with past mining activities at the Site, largely
related to the presence of elevated levels of arsenic and mercury in the uncontained tailings
areas as well as physical hazards from open mine workings. Arsenic is a naturally occurring
element in the rocks from many parts of Nova Scotia at elevated levels due to the natural
geologic conditions of the area. The Montague gold deposit contains naturally occurring
arsenopyrite, an iron-arsenic-sulphide mineral. The tailings have arsenic contents ranging from
several hundred up to 41,000 mg/kg (4.1%) over the tailings area. By comparison, the NS
Environment (2014) human health soil quality guideline is 31 mg/kg. Mercury was added during
the mine extraction process and is also present in the tailings, but at concentrations that are
typically lower than the human health and ecological soil quality guidelines of 6.6 mg/kg (NS
Environment, 2014). Government warning signs on the site provide a health warning indicating
that high levels of arsenic are present, as well as the presence of hazards relate to mine shafts.

There has been considerable geochemical characterization of the main tailings area and
surrounding soils present at this site, with early studies starting in the late 1970s and early
1980s, and extensive research from 2005 to present. Pivotal studies include the 2005 — 2006
geochemical characterization work conducted by the Geological Survey of Canada (Parsons et
al, 2012), subsequent studies stemming from this early work through 2015 - 2016, which include
a 3 year study examining potential remediation strategies for the site.

NS Lands Inc. issued a request for proposal in 2018 that called for the development of a
conceptual closure plan for the Site with a focus on the portions of the property that are owned
by the Crown. The objectives of this project were as follows:

¢ Identify gaps in the available information.
o Conduct additional field investigations to address the information gaps.
e Develop criteria for closure.

¢ Develop a conceptual closure plan for the Site with a Class D cost estimate and level 1
schedule, recognizing that there may be more than one option available to close the site.
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The Project was awarded in October of 2018. Detailed investigative field studies were
conducted to further the understanding of arsenic and mercury in the tailings, shallow
groundwater, and nearby wetland and stream environments. In addition, sampling in tailings
areas which were previously uncharacterized was also conducted. Closure criteria for both
human health, and ecological health were developed using a tiered approach, and standard
methods. The selected criteria can affect the size of the area requiring remedial or reclamation
attention, and hence have an important role when examining options, and costs associated with
options. The development of the criteria was conducted using a tiered approach, with the
starting point (Tier 1) being the most conservative or protective criteria. The Tier 1 closure
criteria were selected from the NSE (2014) contaminated sites regulations. It was assumed that
any chemical constituent below these standards will not require further assessment. The Tier 2
criteria were established for areas that exceed the Tier 1 criteria. The approach for the
development of Tier 2 criteria varied, and included either risk-based approaches, modifications
with site specific data, use of background, or selection of alternative guidelines from other
jurisdictions, depending on the issues and chemical constituent considered. In addition to field
work and development of closure criteria, a conceptual closure plan was developed based on
implementing a decision analysis process to identify, develop and select a preferred option (or
options) for the closure of the mine site. As the project progressed, the Site conditions better
understood, and the closure objectives and overall closure goal was identified, the preferred
closure options became evident without the requirement to fulfill all the defined tasks.

The investigative field studies on the tailings areas on Crown lands provided the following
results:

¢ Concentrations of arsenic and mercury in the main tailings area were similar to those in
previous studies.

e The concentrations of arsenic in the tailings solids and in water, associated with the
solids, typically represent the primary sources of risk and therefore drive the reclamation
strategies at the Montague site.

¢ The concentrations of mercury in the tailings solids were typically below Tier 1 human
health levels except for a few samples in close proximity to the former stamp mills
where levels of mercury in some samples exceeded the Tier 1 level but lower that the
Tier 2 value.

¢ Some of the tailings on site that remain exposed at the surface have developed acidic
waters as a result of sulphide mineral oxidation and the majority of tailings that had a
neutral pH in 2018 have the potential to develop acidic conditions in the future if
unmitigated.

e Elevated arsenic levels in tailings solids and in water on the site have been transported
downstream by erosion of the uncontained tailings and runoff and drainage,
respectively.

e Tailings that have been deposited underwater downstream of the site are at a very low
to negligible risk of acid generation and appear to represent a small to negligible source
arsenic in the associated surface waters.
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The arsenic in the tailings on site as well as downstream appears to be associated with
the primary mineral arsenopyrite as well as in secondary iron hydroxide solids that are
visible as the rusty colored coatings.

There appear to be some effects on arsenic levels in sediments in Lake Charles that
may be related to migration of arsenic from the site.

Overall, the findings of this investigation provide a basis for developing reclamation
strategies on site to reduce the risks associated with arsenic and mercury levels as well
as the mitigation of current acidic conditions and potential acidification of tailings in the
future.

The conceptual closure plan comprises the following key considerations and design elements:

Provide protection for both human and ecological health;

Reduce human and ecological exposure to elevated levels of arsenic and mercury
contained in exposed surface tailings, shallow groundwater, wetland areas, and
streams;

Delineate the tailings at the Site into different Areas based on known levels of
contamination, presence of exposed tailings, location of wetland and forested areas,
and if tailings are on Crown or non-Crown land;

Prioritize the remediation of the designated Areas into Construction Stages (i.e. Stage 1,
Stage 2, Stage 3 etc.) based on known levels of contamination, presence of exposed
tailings, and if tailings are on Crown or non-Crown land;

Construction Stage 1 involves high priority areas that are on Crown land and where
tailings are exposed, and/or the level of contamination generally exceeds the Tier 2
criteria. Areas designated for Construction Stage 1 are the current focus of this
conceptual closure plan;

Two closure strategies are recommended for Areas prioritized for Construction Stage 1:

o Containment cell: excavate, consolidate, and cover within a lined containment
cell exposed tailings where arsenic levels exceed the Tier 2 criteria by more than
ten times. This will remove the major source of arsenic from entering the
environment via direct contact, surface water flow, and groundwater leaching;

0 Low permeability cover: leave tailings in place that are currently contained within
wetland areas and where arsenic levels are between the Tier 2 criteria and 10
times the Tier 2 criteria, cover tailings with a low permeability cover system. This
will reduce precipitation infiltration into the underlying contaminated soils, and
the capillary rise of the groundwater into the surface water therefore reducing the
mobilization of arsenic into the surrounding environment.

Two containment cells are required to store the excavated tailings. The containment
cells will be constructed on Site and will measure approximately 95 m by 95 m at the
base and will be approximately 5 m tall. The containment cells will consist of
containment berms, an impermeabile liner, leachate collection system, deposited
tailings, and an impermeable cover system;
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o A water treatment system will be required to dewater the tailings placed in the
containment cells, in support of construction;

o The low permeability liner system will comprise a low permeability geosynthetic clay
liner placed overtop of the tailings followed by soil, a vegetative medium, and
hydroseed,;

e Ditches and access roads will be required on Site as part of closure measures;

e Site control measures will be required after the construction of the containment cells and
cover systems to restrict public access to the Site. Site control measures may consist of
signage, gates, fencing, or other deterrence to traffic such as boulders etc.; and,

The Site will need to be managed in perpetuity and will require routine maintenance and
surveillance.
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Glossary of Terms and Acronyms

Acid Base Accounting (ABA) — A series of chemical analyses and calculated values used to
estimate the magnitude of the acid generation potential and acid neutralization potential of a
sample. Acid potential (AP) is related to the sulphide mineral content and the neutralization
potential (NP) is related to carbonate mineral content and to some other minerals that can
consume acid.

Acid Potential (AP) — The total acid a material is capable of generating, including acid that
dissolves, is neutralized, and forms acid salts as a result of oxidation of iron sulphide minerals.

Acid Drainage (AD) — A general term applied to any drainage with an acidic pH or excess acidity
resulting from sulphide mineral oxidation.

Arsenopyrite — An iron-arsenic-sulphide mineral. It is the most common arsenic-bearing mineral
found worldwide.

Biomagnification — Increasing accumulation of concentrations of a substance in the tissues of
tolerant organisms at successively higher levels in a food chain.

Carbonate-NP (Carb-NP) — The NP resulting from calcium and magnesium carbonates.

Conceptual Site Model — A representation of ways that chemical substances move from sources
through the environmental media, such as water and air, to environmental receptors through
biological, physical and chemical processes.

Constituents of Potential Concern (COPC) — A chemical constituent that is site-related and of
sufficient concentration in one or more environmental media to represent a risk concern.

Contaminant — Species or materials introduced by humans which were either not previously
present that contaminates other substances.

Crown Lands — Any part of land under the administration and control of the Minister.

Drainage — The manner in which the waters of an area exist and move, including surface runoff,
streams and groundwater pathways.

Ecological Risk Assessment (ERA) — A process to determine the likelihood of adverse
ecological effects posed by one or more environmental stressors, such as physical and chemical
factors during mining activities.

Geosynthetic Clay Liners (GCL) — Geotextile and bentonite clay composites engineered for a
variety of environmental containment applications. A GCL layer has a very low permeability to
water and is designed to restrict water flow through it.

Hardpan — A dense layer of soil or tailings, potentially formed due to the accumulation of certain
mineral salts, most notably iron and calcium, to form hard cohesive complexes with soil particles,
sometimes formed under acidic conditions.
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Leachate — A solution obtained from percolating solvent, such as water, through solids
substances, during which soluble chemical constituents are extracted into the solvent.

LiDAR — A aerial surveying method that measures distances to a target by illuminating the target
with laser light and measuring the reflected light with a sensor, typically to determine elevations of the
land surface over a specified area.

Life of Mine (LOM) — The time in which, through the employment of the available capital, the ore
reserves--or such reasonable extension of the ore reserves as conservative geological analysis
may justify--will be extracted.

Mercury Amalgamation — A concentrating process in which metallic gold or silver is mixed with
mercury to form the metal laden mercury amalgam and gets concentrated. Historically used to
extract gold and silver from ore. The gold and silver were recovered by heating and evaporating
the mercury.

Modified Sobek neutralization potential (Modified Sobek-NP) — The NP quantified using
method modified from Sobek, treating a sample with a known quantity of hydrochloric acid (HCI)
to a pH of 2 to 2.5 and allowing the sample to react and consume some of the acid added. The
acid solution is then titrated to determine the amount of acid consumed. The method was
developed to estimate the carbonate mineral content as a representation of NP.

Neutralization Potential (NP) — The total acid a material is capable of neutralizing.

Ore — Rock, sediments, or non-lithified materials that contain economically recoverable levels of
coal, metals, or minerals.

Neutralization Potential Ratio (NPR) — Effective neutralization potential (NP) divided by
acid potential (AP) of a solid sample.

Rinse pH — The pH of the solution created when a non-pulverized sample is mixed with
distilled/deionized water. Pulverizing is avoided to ensure only the weathered surfaces contribute
to the measured pH. This can provide an estimate of drainage pH.

Porewater — Water that fills the voids between the grains of sediment and soil.

Potentially Acid Generating (PAG) — Describes material that is predicted to become net acidic
in the future as a result of the depletion of neutralization potential while sulphide mineral oxidation
continues.

Severe Effect Level (SEL) — The level of chemical constituent(s)of sediment above which it is
considered heavily polluted and likely to affect the health of sediment-dwelling organisms.

Soil Cement Bentonite (SCB) cut off wall — A slurry cutoff wall constructed with soil, cement
and bentonite. It is typically used to restrict the flow or movement of contaminated groundwater.

Species Sensitivity Distribution (SSD) — cumulative probability distributions of toxicity values
for multiple species.
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Stamp Mill — A type of mill machine that crushes ore materials by pounding rather than grinding.
Historically used to prepare ores for extraction of economic metals or minerals.

Tailings — The ground rock waste product from a mine mill or process plant; the materials
remaining after the economically valuable elements are removed from ore.
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1.0 INTRODUCTION

This report presents a high-level conceptual closure plan for the mine tailings that have been
deposited in the Montague gold district area referred to as the former Montague Mine site. The
Montague Mine was an historical gold mining operation that involved several different mines
using open pits and underground mining methods. As a result the area remains heavily
disturbed with numerous unreclaimed open mine shafts, subsidence features and a number of
uncontained tailings disposal areas. The collective of former mines and tailings disposal areas
is referred to as “the Site” in this report.

Gold was discovered at this site in 1862. Mining was carried out continuously from 1865 to
1928 and then intermittently until 1940 (Parsons et al., 2012a). The Site has a storied past
producing over 68,000 ounces of gold from nearly 122,000 tonnes of mined ore.

Montague Mines is one of 64 abandoned historic gold mining districts across Nova Scotia
(Drage, 2015). Ore was milled on-site, using a variety of stamp mills to crush and pulverize
mined rock and utilizing mercury amalgamation to recover gold from the crushed ore. There are
environmental legacies associated with past mining activities at the Site, largely related to the
presence of elevated levels of arsenic and mercury in the tailings as well as physical hazards
from open mine workings. Arsenic is a naturally occurring element in the rocks from many parts
of Nova Scotia at elevated levels due to the natural geologic conditions of the area. The
Montague gold deposit contains naturally occurring arsenopyrite, an iron-arsenic-sulphide
mineral. Mercury was added during the mining process. Section 2 provides a detailed overview
of the site history and description.

This project was undertaken by Intrinsik, who led a team of specialist consultants (Ecometrix,
Wood, and Klohn Crippen Berger), for Nova Scotia Lands Incorporated (NS Lands Inc.) in
accordance with a contract established between Intrinsik and NS Lands Inc. in October 2018.

This report describes the Site and the objectives of this project; the scope of services that was
undertaken; the closure criteria that were developed; the results of a field program; and possible
closure options for the tailings developed to a conceptual level. Approximate costs and an
implementation schedule are also included.
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2.0 SITE HISTORY AND GENERAL DESCRIPTION
2.1 Background on Site

The Montague gold district is located in the community of Montague Gold Mines, within the
Halifax Regional Municipality (HRM), Nova Scotia. Figure 2-1 provides the location of Montague
Mines, while Figure 2-2 provides a closer view of the Montague Mines site, with Crown lands
identified. In Figure 2-2, the main tailings area is clearly identified, as well as more distant
tailings areas which are part of the current scope of this project.

This section focuses on the main tailings area at Montague Mines, since all previous studies in
this historic mining district have been conducted in this area, with a few older studies studying
downstream areas such as Barry’s Run and Lake Charles. The main tailings area appears as
an open wetland, with tailings distributed throughout the wetland. The wetland is largely
submerged in high flow periods, but also has open dry areas which can generate dust. Drage
(2015) reported that approximately 122,000 tonnes of tailings are present in this area, within a
tailings field of approximately 0.1 km?.

Government warning signs are present indicating high levels of arsenic on some areas of the
site, but there continues to be evidence of trail biking activities at this site. Photos 1 to 5
illustrate the variety of conditions and aspects of the main tailings area, while a memo outlining
background data and research on Montague Mines is provided in Appendix A, and a summary
of information is presented herein, with additional details in Section 4.

There has been considerable geochemical characterization of the main tailings area and
surrounding soils present at this site, with arsenic concentrations ranging up to 41,000 mg/kg.
The arsenic concentrations are elevated over a wide area throughout the tailings, relative to the
NS Environment (2014) human health soil quality guideline of 31 mg/kg. Mercury contents in
the tailings range up to 8.4 mg/kg in the main tailings with three samples exhibiting higher
mercury concentrationsat the former Stamp Mill location (Parsons et al., 2012a). The mercury
contents across the main tailings area generally meet the human health and ecological soil
quality guidelines established for inorganic mercury (6.6 mg/kg, CCME, 1999; NS Environment,
2014), with some elevated mercury results being reported in locations of the former Stamp Mill
and central tailings areas, whereas wooded and soils near residential areas were generally less
than 1 mg/kg Hg (Maritime Testing, 2009).

Groundwater data collected as part of the Maritime Testing (2009) study within the main tailings
area found that all samples collected from the 3 groundwater wells were less than the applicable
mercury drinking water guideline of 1 ug/L, but all arsenic data exceeded the drinking water
quality guideline of 10 pg/L, and ranged up to 3,100 ug/L.
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Figure 2-1: Location of Montague Mines
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Figure 2-2: Montague Gold Mines — Study Area
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Photo 1: Panorama of Main Tailings Area, with Dirt Bike/ATV tracks in Foreground. Dry
Conditions (2018)

Photo 2: Montague Mines Main Tailings Area with Dirt Bike Ramp and Shovels (2018)
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Photo 3: Montague Mines Main Tailings Area During High Water Events (photo curtesy of
Dr. M. Parsons)

Photo 4: Government Health Warning Signs, Montague Mines, at Entry to Site (2018)
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Photo 5: Main Tailings Hardpan Area, Montague Mines (2018)

A 3-year NSERC research grant (2009 — 2011) called “Optimal remediation of arsenic-
contaminated mine sites to protect human and ecosystem health” was conducted at the Site
involving several universities including Queen’s University, Trent University, University of
Ottawa, as well as NRCan. This project was led by Dr. Heather Jamieson of Queen’s, and
included NS Environment, SRK Consulting and Amec Earth and Environmental (now Wood).
This research project focused on the Montague and Goldenville sites, and is highly relevant to
the current project.

Key findings of the NSERC research grant are as follows (Jamieson, 2012; Parsons et al.
2012b; Rowe and Hosney, 2012):

¢ Traditional remediation approaches are unlikely to be successful, due to the complex
geochemistry of the tailings, which has been altered due to chemical weathering over
the last 70 years. The original mineral hosts for arsenic have been altered over time,
which has resulted in new arsenic-bearing minerals with varying solubility and stability.
Also, deposition of the tailings in wetland areas present additional complications, with
respect to possible remedial approaches.

e These sites are close to residential areas and have been used, and in some cases,
continue to be used for recreational purposes, despite noticeable warning signs related
to high arsenic concentrations. Reclamation must protect both human and ecological
health and consider community interest in using the sites into the future.

¢ The project team developed a characterization tool to classify the tailings into four main
types based on their distinct geochemical and mineralogical properties. These types
include (as described by Jamieson, 2012):
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0 Wetland tailings (permanently saturated, unoxidized, arsenopyrite-bearing
tailings - vegetated);

o Okxic surface tailings (near-surface, weathered, arsenopyrite partially oxidized to
various Fe-As minerals — normally unvegetated);

o High CalAs tailings (different original host rock, Ca-Fe-As minerals, fine-grained;
note — not present at Montague, but present at Goldenville);

0 Hardpan (cemented, high As, Fe-As minerals, partially oxidized sulfide
concentrate)

o The research concluded that each of these tailing types require a different remediation
approach, based on both field and laboratory testing. The authors concluded that tailings
located in wetland areas are relatively unreactive if left undisturbed and below water.
These tailings represent a large portion of the affected area at Montague. When
disturbed and exposed to the atmosphere, they tend to generate acid drainage, and
release high concentrations of arsenic. This research also suggested that hardpan
tailings will continue to produce acidic, metal-rich waters under current field conditions,
as well as when a shallow soil cover is applied (30 cm), without a hydraulic barrier, such
as a GCL. Under current field conditions, reaction with the surrounding tailings is helping
to prevent severe impacts on surface water. The authors point out that attempts to re-
process tailings in mining could have significant adverse impacts, particularly if wetland
located tailings are disturbed.

e The research also concluded that unsaturated tailings will continue to release arsenic to
surface and ground waters under existing field conditions. In addition, this will also occur
under a shallow soil cover without a hydraulic barrier. Laboratory testing examining
leachate generated with a 30 cm till cover, in the absence of a hydraulic barrier (e.g.
geosynthetic clay liners (GCL)) may slow sulphide oxidation during wet periods but may
also destabilize As-bearing oxide minerals over time. The inclusion of a GCL assists to
limit the transport of contaminants from the tailings to local surface waters (Parsons et
al, 2012b). In June 2012, Rowe and Hosney (2012) presented NS Environment with a
range of recommended remediation strategies for these sites, that enables a selection of
the most effective and cost-effective approaches to reclaiming tailings at these sites.

Much of this research and data collected in earlier studies have been reviewed and considered
in the current project.
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2.2 Key Considerations and Challenges

As shown in the above sections, the Montague site is complicated, with respect to the existing
conditions at the sites and determining effective and cost-efficient closure strategies.
Challenges include the following:

Size of Tailings Area(s) is large with seasonal flooding: The main tailings area of
Montague Mines cover a vast wetland area as the tailings were sluiced from a number of
mining areas into Mitchell Brook, and subsequently spread out over a large wetland,
likely extending downstream into Lake Charles. The extent of the tailings areas at the
Site presents a significant challenge, relative to finding cost effective closure strategies.
In addition, there is a considerable amount of water at this site, with seasonal flooding.
This adds to the complexities of the site, due to water management issues, and the
moisture content of the tailings.

Presence of Uninvestigated Additional Tailings Deposits: The main tailings areas at
Montague have undergone considerable geochemical characterization, but
uncharacterized tailings deposits are evident in the area, which required investigation in
this study. The potential contributions of these uncharacterized areas to overall loadings
of constituents to the environment, including arsenic and mercury, are as yet unknown.

Geochemistry related to Arsenic: Due to the extremely elevated levels of arsenic in
some of the tailings, closure of the Site must proceed with caution. The tailings have
been weathering for more than 70 years. Geochemical studies have already been
conducted on this site (e.g., Parsons et al., 2010), and found that the mobility of arsenic
under various cover scenarios is strongly controlled by the mineral hosts for arsenic in
the tailings. When leached with natural rainwater, highly weathered tailings containing
secondary minerals such as scorodite produced acidic drainage (pH ~ 2.5) with high
arsenic concentrations. In contrast, weathered tailings with relatively high
calcium/arsenic ratios and calcium-iron arsenates such as Yukonite produced water with
near-neutral pH values and moderate arsenic concentrations. Additional testing revealed
that tailings containing arsenic mainly as arsenopyrite oxidized within six months to
generate acidic leachates (pH < 3) with extremely high concentrations of arsenic.
Consideration of these results is critical relative to the potential options for closure.
Based on this, and other research, the levels of arsenic at these sites and the potential
for local generation of acidic waters represent considerable challenges relative to finding
a pragmatic, cost effective closure solution.

Closure options: Closure options must be compatible with the unique geochemical
conditions related to weathered sulphide tailings containing arsenic. Closure strategies
for tailings typically involve the application of soil or alternate covers to reduce water
infiltration and/or oxygen entry to the tailings. The presence of arsenic in secondary
forms in these weathered tailings pose additional geochemical challenges for closure.
Closure options involving an organic rich soil cover or liming could increase the
bioaccessibility and mobility of arsenic in the environment, leading to greater
environmental risks than currently present at the Site (DeSisto et al., 2017). Although
organics may be helpful for growing vegetation, the carbon can also act to dissolve the
iron oxides that currently contain the secondary arsenic and thereby release greater
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loadings of arsenic to enter that groundwater below the tailings. Closure planning needs
to consider the complex geochemical constraints in order to mitigate downstream
environmental effects.

Tailings are present off Crown lands. Tailings areas present in non-Crown lands areas
and may have influenced the soil or groundwater chemistry on private lands. This issue
is not part of the current project, as the scope was limited to Crown land, but this
remains an important consideration for future Stages, and costing estimates for closure.

Potential for biomagnification of mercury. Tailings are present in terrestrial and aquatic
habitats at the Site. While the tailings are reasonably well characterized, less is known
with respect to aquatic exposures. While mercury in the tailings is less of a concern from
a human health perspective (relative to arsenic), inorganic mercury can methylate in the
environment and bio-magnify in the food chain. As a result, mercury could become a
driver in terms of ecological protection. Research related to this issue at Montague
Mines is currently on-going and has revealed some biomagnification of mercury in
emergent insects (LeBlanc et al, 2018).

2.3 Objectives of this Project

NS Lands is interested in building on the previous work and determining the possible costs and
schedule for closing the tailings at the Site. To that end, NS Lands Inc. issued a request for
proposal in 2018 that called for the development of a conceptual closure plan for the Site with a
focus on the portions of the property that are owned by the Crown. The objectives of this
project were as follows:

Identify gaps in the available information.
Conduct additional field investigations to address the information gaps.
Develop criteria for closure.

Develop a conceptual closure plan for the Site with a Class D cost estimate and level 1
schedule, recognizing that there may be more than one option available to close the site.
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3.0 SCOPE OF SERVICES

3.1 Summary of Scope that was Executed

In undertaking this Project, the Intrinsik team referred to this as Design Stage 1 — Conceptual
Closure Plan. Subsequent design stages would involve developing feasibility designs that have
an improved cost estimate and implementation schedule and utlimately moving into
construction. Also, subsequent design stages would also address the property that is not
owned by the Crown.

As noted above, the objective Design Stage 1 involved the development of a conceptual closure
plan for the historic tailings at Montague Mines within Crown land and provide an associated
cost estimate and schedule.

When developing the conceptual closure plan for the Crown land, the Intrinsik team also
considered the closure plan for all of the tailings (whether on Crown land or on private property),
so as to provide adequate context when dealing with the Crown land tailings.

The scope of services for Design Stage 1 involved the following tasks:
e Background information review;
e Site visit;
e Gap Analysis;
e Field investigation program;
e Closure Criteria development;
e Option development and assessment;
e Option selection;
e Closure Cost estimate and scheduling;
e Stakeholder engagement strategy; and,
e Reporting.

The specific areas that were investigated in this Project are outlined in Figure 3-1. These areas
included the main tailings area that has been the focus of several previous investigations, as
well as several additional tailings areas that have never undergone previous geochemical
characterizations. Some of these additional tailings areas reach off Crown lands, and were not
sampled in this Project, as they were not considered within the scope of the investigations at
this time. Tailings areas off Crown lands, and private properties which may have been
influenced by historic tailings (e.g., through wind blown dusts), were excluded from this stage if
investigation but would be considered in Design Stage 2.

At the completion of Design Stage 1, a scope of work was developed for Design Stage 2. The
term Design Stage 2 is used in this report, so as not to be confused with the different stages of
construction. Design Stage 2 will focus on advancing the closure designs for Construction
Stage 1 (the high priority areas that are on Crown lands), as well as collection of additional data
and further study for areas that have only undergone a cursory sampling effort in Design Stage
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1, as well as areas which have not yet been sampled (non-Crown lands areas). As part of this
exercise, conceptual designs will be developed for the other areas that require remediation that
are now on Crown lands and are a lower priority, but still exceed the remediation criteria. Design
Stage 2 will involve both human health and ecological risk assessment approaches to assist in
determining the need for remediation of these, and non-Crown lands areas, and to enable
refinement of the current closure criteria, based on risk.

3.2 Deviation from Scope in the Proposal

As noted above, a contract was established between NS Lands Inc. and Intrinsik in October
2018 for the execution of this project. The scope of services was completed mainly as
described in the contract, although, there were a couple of deviations from the original contract
as the Project progressed. The following tasks were not completed as originally defined:

o The site-wide water quality model was not developed to provide contaminant
loadings, water quality and quantity predictions to assist in the evaluation of the
impacts of potential closure options. The assessment focused on the
development of the conceptual site model at this stage, as well as the
characterization of the source terms. This level of detail was sufficient to support
a conceptual closure options selection. More detailed modelling and predictions
will be used to refine and support a risk-based investigation of closure options as
part of Stage 2.

e Options selection task consisted of implementing a formal decision analysis
process, utilizing a closure planning model based on the Kepner Tregoe decision
making tool to identify, develop and select a preferred option (or options) for the
closure of the mine site. This process had defined 10 activities of which four (4)
of the activities were completed. As the Project progressed, the Site conditions
better understood, and the closure objectives and overall closure goal was
identified, the preferred closure options became evident without the requirement
to fulfill all the defined tasks. In addition, there was not an opportunity to engage
additional stakeholders beyond the project team to advance the decision
analysis. There may become a need for a formal decision analysis in the future
when additional stakeholders are involved in the mine closure project.
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Figure 3-1: Montague Gold Mines — Study Area

Notes:
1) Blue shaded areas from Messervey (1938).
2) Orange shaded areas from Smith and Goodwin (2009).
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4.0 SITE SETTING

This section provides details on the Site that were available prior to the execution of this
Project. As noted above, Appendix A contains additional background information.

4.1 Mining and Tailings Production

The historic mining approaches used involved extraction and milling of ore on site and
treatment with mercury to extract gold at a variety of Stamp mills, with the subsequent
release of “tailings”, the residual processed ore to the environment. At Montague Mines, the
tailings were directly deposited into Mitchells Brook and/or adjacent wetland areas. The
abandoned mine area has considerable volumes of tailings covering many hectares of the
surrounding environment, including areas which have been characterized and studied quite
extensively (e.g., Parsons et al., 2012a) and tailings areas which have never under gone any
sampling and chemical analysis, or quantification of approximately volumes.

The primary issues of concern at Montague Mines relate to arsenic and mercury in the
receiving environment. Arsenic is naturally enriched in the rocks, soil, sediment, surface
water and groundwater of many areas of Nova Scotia, due to the natural geology of this
province, which are underlain by bedrock of the Meguma Supergroup (see Parsons and
Little, 2015; Goodwin et al., 2010). This gold deposits contain naturally occurring
arsenopyrite, an iron arsenic mineral, at elevated concentrations (up into the percent range).
The presence of mercury in the tailings is related the extraction process used at the time,
which involved mercury amalgamation to collect the gold. This process resulted in the
release of mercury at elevated levels, relative to current soil and sediment quality guidelines.
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4.2 Soils and Tailings Chemistry

Tailings geochemistry studies by Parsons et. al. (2012a) are mentioned in Section 2.0 and are
discussed further in Appendix A. Historical studies prior to the Parsons et al (2012a) work are
limited and are similarly discussed in Appendix A. Additional soils characterization within and off
the main tailings area and some preliminary groundwater characterization within the main
tailings area has also been conducted (Maritime Testing (1985) Ltd., 2009). The Maritime
testing study (2009) was focused on gathering supplementary soils data in areas of the tailings
that had not yet been characterized in earlier studies, as well as in areas between the main
tailings areas and nearby residential properties (sampling on Crown lands only). Arsenic
concentrations ranged from 7 mg/kg to 12,000 mg/kg in the < 2mm fraction, with one sample
taken from within the tailings are measuring 17,000 mg/kg (Maritime Testing, 2009). Mercury
results from within the < 2 mm fraction sized samples ranged from 0.02 mg/kg up to 25 mg/kg
(sample taken in tailings area). The sampling protocol involved sampling at a 0 to 5 cm soil
depth (the public health layer), as well as coring to deeper depths, with soil samples being
fractionated to 2 mm size, as well as a smaller fraction of < 150 um. A total of 54 locations were
sampled with a total of 77 samples being collected (including surface and cored samples).
Arsenic in the < 150 um fraction ranged from 6 mg/kg up to 35,000 mg/kg, with the highest
samples being taken from within the tailings area (Maritime Testing, 2009). Drage (2015) cites
an average arsenic concentration for the main tailings of approximately 13,000 mg/kg.
Additional solids investigations have been conducted in other studies within the NSERC grant
previously mentioned.

In addition to site-related investigations, Parsons and Little (2015) conducted a study to
determine possible background levels of arsenic in the Montague Mines area. Arsenic (0 -5
cm; <2 mm size fraction) ranged from 4-273 mg/kg (median 42 mg/kg; median + 2 median
absolute deviations 139 mg/kg; 98" percentile 264 mg/kg), with mercury ranging from 0.072—
0.490 mg/kg (median 0.164 mg/kg; median + 2 median absolute deviations 0.374 mg/kg; 98"
percentile 0.447 mg/kg).

4.3 Geology

A detailed description of the geological site conditions can be found in Parsons and Little (2015) and
is summarized below.

“Orogenic lode gold deposits occur throughout southern mainland Nova Scotia, and are hosted by
turbiditic metasedimentary rocks of the Cambro-Ordovician Meguma Supergroup. This supergroup
consists of the lower metasandstone-dominated Goldenville Group and the overlying slate-
dominated Halifax Group, with a combined vertical thickness of at least 11 km. These sediments
were deformed and regionally metamorphosed to greenschist and upper amphibolite facies during
the mid- to late- Devonian Neoacadian Orogeny, and subsequently intruded by large volumes of
mainly peraluminous granitoid rocks at ca. 385-357 Ma. Most of the auriferous quartz veins are
located within the Goldenville Group, are structurally controlled, and generally occur near anticlinal
fold hinges. The most abundant accessory minerals in the quartz veins include chlorite, biotite,
muscovite, and plagioclase. Carbonates (ferroan dolomite to ankerite and calcite) and sulphide
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minerals are associated with all types of auriferous veins. Arsenopyrite is the predominant sulphide
mineral, with variable amounts of pyrrhotite, pyrite, chalcopyrite, galena and rare sphalerite, and
molybdenite (Kontak and Jackson 1999).”

4.4 Geochemistry and Groundwater

Remedial strategies at these types of sites can typically involve the application of a soil cover to
remove exposure pathways. While this approach has been successful at many sites, the high
levels of arsenic at this site under a soil cover (with organic matter) could result in dissolution of
arsenic and high arsenic mobility. Understanding pathways for arsenic mobilizing in the
environment from the tailings to the receiving environment is critically important in terms of
determining remedial strategies. The pathways are relatively straightforward and are
represented by surface runoff and surface water flow as well as subsurface flow through the
groundwater that will discharge locally to the surface water. The interaction between tailings
minerals and water, specifically porewater that will migrate away from the tailings through
surface and subsurface pathways, is critical to understand, for the purposes of defining
chemical source terms to describe existing conditions and predict future water quality in support
of closure options identification and selection.

Previous field investigations that have been reported by DeSisto (2014, 2017) indicated that the
Montague tailings are typically shallow in the main areas ranging up to 1.5 to 2.0 m for
maximum depths. The tailings are known to be highly weathered at the surface and typically
contain water table condition within the tailings, preserving unweathered tailings below. As
described in more detail below, the DeSisto (2014) thesis examined arsenic mobility at
Montague Mines and Goldenville and yielded important information on:

1) characterization of pre-remediation geochemical controls on arsenic mobility in subsurface
tailings;

2) establishing hydrogeological influences on arsenic mobility; and

3) identifying geochemical changes that result when a low organic soil cover is applied to the
tailings.

As summarized in DeSisto (2016), several mechanisms were identified for arsenic under both
reducing and oxidizing conditions. Under reducing conditions, dissolved As concentrations are
also controlled by desorption of arsenic from the dissolution of iron (hydr)oxides and the
sorption or co-precipitation with carbonates. Under oxidizing conditions, arsenic mobility was
suggested to be controlled by the oxidation of primary arsenopyrite and the subsequent
precipitation of iron arsenates, iron oxyhydroxides and secondary calcium-iron arsenates, and
sorption onto iron oxyhydroxides and gangue minerals.

According to DeSisto (2011), the interaction between the groundwater and surface water at the
Montague site was found to be minimal as horizontal flow dominated at the time of sampling in
the streams that cross-cut the tailings.

Results from the DeSisto (2017) study suggest that the use of a low-organic content soil cover
would not create reducing conditions that could destabilize oxidized, secondary phases of
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arsenic that are present in the Montague tailings. However, the results of this study suggested
that oxygen penetration through the cover during dry seasons could continue to release arsenic
to tailings pore waters via sulfide oxidation.

Several additional studies have been completed surrounding the potential application of reactive
covers (Kavalench, 2012), as well as the application of covers that reduce infiltration into the
tailings (Rowe and Hosney, 2012).

An investigation of the geochemical effects surrounding the usage of physical barriers to reduce
human exposure to the Montague tailings was completed by Kavalench (2012). A laboratory
column study was used to investigate arsenic mobility from the tailings solids under three
different scenarios: un-remediated tailings exposed to acid rain; tailings remediated with a
crushed limestone cover; and tailings remediated with a vegetative cover. Results from this
study suggest that the application of a vegetative cover on the tailings may enhance arsenic
mobilization by reductive dissolution, whereas the limestone cover did not. However, there is no
evidence that a limestone cover had any mitigating effects.

An additional thesis by Hosney is also critical to the current project. The objective of the study
was to test the effectiveness of 3 geosysnthetic clay liners (GCLs) for the tailings at Montague
Mines, as well as Goldenville. The research involved actual placement of test covers at
Montague Mines in August of 2009, with subsequent site visits and sampling in August 2010,
2011, and 2012. In addition, additional sampling is projected for 2019, to investigate the 10-
year outcomes of the placement of these test covers (Rowe and Hosney, 2012; Hosney and
Rowe, 2013). This work addressed the effectiveness of geosynthetic clay liners (GCL) for
limiting water flow through the tailings as a potential rehabilitation option. The investigation was
specific to GCL materials and the results can be used to support options selection using that
type of liner material.

4.5 Human and Environmental Risk Work

No human health risk assessments have been conducted for the Site, or the adjacent
uncharacterized tailings areas. A considerable amount work was completed to characterize the
bioaccessibility of arsenic within tailings samples at Montague Mines as well as several other
historic tailings sites (e.g., Royal Roads University, 2007; Laird et al., 2007; ESG, 2009; Walker
et al., 2009; Meunier et al., 2010; Meunier et al., 2011a; 2011b; as well as other publications).
The percentage of bioaccessible arsenic varied from less than 1% to 49% at the tested historic
gold districts, with a median of 7.3%. Specific results for Montague tailings ranged from 1.1 to
25 % bioaccessible arsenic.

Air quality has also been studied at Montague (Corriveau et al., 2011). Arsenic concentrations at
Montague ranged from 13.3 ng/m3 (1 — 0.5 ym particles) to 8,200 ng/m? (particles > 16 um) (10
hour sampling interval, at 1.0 L/min flow rate).

With respect to ecological risk studies, some early studies of the potential environmental impact
of tailings within the wetland environment on stream waters, sediments, vegetation, fish and
aquatic organisms in this district have been published by EPS (1978), Brooks et al. (1981,
1982), and Dale and Freedman (1982). But there is a considerable gap in time before additional

Conceptual Closure Study for Montague Mine July 2019
Page 17



studies were found in the published literature. For example, terrestrial wildlife studies at
Montague have included investigations of arsenic speciation in meadow voles (Microtus
pennsylvanicus) collected at Montague (Saunders et al., 2010), as well as a second study
wherein an ecological risk assessment on meadow voles was conducted at three (3) Nova
Scotia tailings sites, one of which was Montague Mines (Saunders et al, 2011). This study
involved the application of soil bioaccessibility data to the risk assessment and compared these
outcomes to results based on an assumption that arsenic in soils was 100% bioaccessible, as
well as exposure estimates derived through the analysis of arsenic concentrations in stomach
contents (Saunders et al., 2011). Arsenic speciation work has also been conducted on eight (8)
orders of terrestrial invertebrates collected at three (3) historic gold mining sites, including
Montague Mines (Moriarty et al., 2009). Several studies have been conducted in the Montague
Mines site (stamp mill location), most recently by Dr. Linda Campbell’s group at Saint Mary’s
University. These studies included investigations into whether low-dose selenium could reduce
environmental toxicity of both arsenic and mercury in tailings samples from the Old Stamp Mill
at the Montague site (Chapman et al., 2016) as well as ecological investigations of uptake of
mercury and arsenic in benthic and emergent insects in Mitchell Brook and the Old Stamp Mill
(Montague) (LeBlanc et al, 2018); toxicity testing of sediments to mayflies, Hexagenia sp.
(survival and growth) and a freshwater snail species (Cipanopaludine sp.; survival, growth,
fecundity and reproduction); abundance and diversity of benthic and emergent insects; and
chemistry of sediments in Muddy Pond, which is another historic gold mine district (Chapman et
al., 2018). As part of this work, a risk assessment framework was developed to guide wetland
assessments from within the various gold districts. In addition, preliminary testing of the
potential for low dose nanoscale zero valent iron treatments to reduce toxicity of wetland
sediments to mayflies and snails has also been undertaken (Chapman et al., 2018). These
studies are on-going under several research grants awarded to Dr. Linda Campbell, of Saint
Mary’s University.
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5.0 DEVELOPMENT OF CLOSURE CRITERIA
5.1 Approach

This section discusses the closure criteria that are to be met by the closure plan for the
identified tailings areas. The criteria can affect the size of the area requiring remedial or
reclamation attention, and hence have an important role when examining options, and costs
associated with options. Criteria were developed for:

e Terrestrial soil quality
e Surface water and sediment quality
e Groundwater quality

The criteria should provide protection for both human health and ecological health. The
development of the criteria was conducted using a Tiered approach, with the starting point (Tier
1) being the most conservative or protective criteria. The Tier 1 closure criteria were selected
from the NSE (2014) contaminated sites regulations. Any contaminant below these standards
will not require further assessment, relative to closure of these two sites. The NSE (2014)
criteria consider both human and ecological health.

The Tier 2 criteria were established for areas that exceed the Tier 1 criteria. The approach for
the development of Tier 2 criteria varied, and included either risk-based approaches,
modifications with site specific data, use of background, or selection of alternative guidelines
from other jurisdictions, depending on the issues and inorganic compound.

Based on the historical data for the Site (e.g., Parsons et al., 2012a; Maritime Testing Ltd.,
2009), and other available data from various graduate theses and research projects (e.g,
DeSisto, 2014, 2017; Rowe and Hosney, 2012; Hosney and Rowe, 2013 ), the predominant
inorganics of concern are arsenic and mercury, and therefore closure criteria focused on these
two elements and the approaches taken are discussed in Section 5.1. To examine whether
criteria were needed for other constituents of potential concern (COPCs), some historic data
(Parsons et al., 2012a and Maritime Testing Ltd, 2009), as well as the 2018 field data, were
screened against the NS Tier 1 EQS, and discussed further (See Section 5.2).

5.2 Closure Criteria for Arsenic and Mercury

For arsenic and mercury, the following standards currently exist (see Table 5-1) and were
applied to the Site as Tier 1 closure criteria.

Conceptual Closure Study for Montague Mine July 2019
Page 19



Table 5-1: Tier 1 Closure Criteria for Arsenic and Mercury, Based on Pathway Specific
Standards Established for Various Media for Protection of Human and
Ecological Health (NSE, 2014)

Contaminant Soil Standards Sediment Surface Water Groundwater Tissue
(mg/kg) Standards (mg/kg) (ng/L) (mg/L) Residues
(ng/kg)
Human Ecological Human Ecological Human Ecological Human Aquatic Protection of
Health health Health Health Health Health Health Life Wildlife
(aquatic (aquatic (consumption of
life) life) aquatic biota)
Arsenic 312 17°/380¢° NA 17 NA 5 108 5f
Mercury (total) 6.62 12b NA 0.486 NA 0.026 1¢e 0.026f
Methyl mercury 1.62 1/0.8b-d NA NA NA 0.004 0.3¢° 0.004f 339

a Human health soil contact/ingestion (NSE, 2014)

b Ecological soil contact (NSE, 2014)

¢ Ecological soil and food ingestion (NSE, 2014)

d Ecological soil contact for fine and coarse soils, where values differ due to soil texture (NSE, 2014)

e Value only applies for potable groundwater

f Value applies where source is 0 — 10 m from surface water body; otherwise, a 10-fold dilution factor can be applied.
g CCME, 2000 (established for storm petrol, a small ocean-feeding avian species)

NA: not available

Where arsenic or mercury exceed these standards, or if attaining these standards relative to
closure options is found to be challenging, risk-based (Tier 2) closure criteria can be applied for
the receptor groups of interest. The risk-based approaches vary by receptor group and are
explained below. The Tier 2 closure criteria for arsenic and mercury are provided in Table 5-2.
Details on the development of these values are as follows:

5.2.1 Soils Tier 2 Values

The human health Tier 2 criteria for arsenic and mercury were developed using the CCME soil
quality guideline equation, modified with site specific background data for arsenic and mercury,
as summarized in Parsons and Little (2015). The statistical metric selected to represent
background was median + 2 median absolute deviation (MAD), as per Parson and Little (2015).
In addition, site specific bioaccessibility data for arsenic was used; no such data exist for
mercury, so it was assumed to be 100% bioaccessible in soils in the Tier 2 calculations. The
95" Upper Confidence Limit of the mean (95UCLM) of bioaccessibility from work conducted on
tailings samples from the Site, was selected for arsenic (ESG, 2009). Since the Stage 1 project
only pertains to areas within Crown lands, a recreational land use scenario was applied. While
there are multiple warning signs at this Site which state the following: “Health Warning. Soils on
this site contain high levels of arsenic. Keep off this Site at the request of the Chief Medical
Officer of Health.”, there is evidence of active site use, related to walking and dirt biking. For
arsenic, the Tier 2 criteria for recreational land use only consider the adult life stage, as per
CCME. Therefore, the development of closure criteria assumed some recreational land use, as
follows:
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e 2 hours per day, 2 days per week, for 35 weeks per year of usage for adults; and,

e 10 hours per day for 5 days per week in the summer (8 weeks) and 10 hours per
day for 2 days per week in the spring and fall (27 weeks) per year for children.

In Stage 2 of this project, a Tier 2 closure criteria for a residential scenario may be required for
areas off Crown lands, in the instance that tailings may have impacted third party properties.

The ecological health Tier 2 closure criteria for arsenic were based on background data, since
background exceeded the available Tier 1 NSE environmental quality standards. Alternative
values were considered based on the Ontario Ministry of Environment and Climate Change
(MOECC) (2016) soil component values (Table 3; Full Depth, non-potable water scenario;
residential/parkland scenario) for arsenic (20 mg/kg for soil invertebrates, and 50 mg/kg for
mammals and birds), but at Montague, background is elevated relative to these values, and
hence, background was selected (see Table 5-2). For mercury, the MOECC (2016) soil
component values of 10 mg/kg (plants and soil organisms) and 20 mg/kg (birds and mammals)
were evaluated. The NS Tier 1 value of 12 mg/kg was applied as the Tier 2 criteria, with the
application of the MOECC value for birds and mammals for inorganic mercury (20 mg/kg).
Comparison of the historical data (Parsons et al., 2012a; Maritime Testing, 2009) as well as the
2018 field data, are provided in Appendix B.

5.2.2 Sediment Tier 2 Values

Sediment quality criteria are difficult to revise without conducting a site specific risk assessment
to gather data on toxicity and bioavailability of contaminants, using multiple lines of evidence.
The only generic regulatory values that are available, apart from CCME (NS Tier 1 standards
are based on CCME), are the Severe Effect Level (SEL) values from OMOE (2008), but it is
uncertain as to whether these will be accepted by NSE, and how applicable they are for the
Site, as they do not account for site specific bioavailability of either arsenic or mercury.
Exceedance of the SEL values suggests a level of contamination that is expected to be
detrimental to the maijority of sediment-dwelling organisms (OMOE, 2008). Since the Site
consists of tailings, which can have lower bioavailability of metals, exceedance of this level of
guideline at Montague may have a more limited potential for adverse effects, then at sites with
bioavailable contaminants. Additional data are not available at this time but can be captured as
part of Stage 2.

5.2.3 Surface Water Tier 2 Values

Tier 2 protection of aquatic life values were derived for arsenic, using a Species Sensitivity
Distribution (SSD) approach, as per CCME (2007). The derived value of 30 ug/L is a hazardous
concentration to 5% of species (HC5) (In addition, HC10 and HC20 values are also provided
(HC10: 68 ug/L; HC20: 163 pg/L). Details are provided in Appendix B. For mercury, the CCME
guideline was also used in Tier 2, as this guideline does not consider biomagnification. The
receiving environments at the Site include wetland areas which have a potential to result in
biomagnification of mercury. As a result, a more relaxed criteria was not selected. A more
advanced approach will be undertaken in Stage 2 to determine a mercury Tier 2 surface water
criteria.

Conceptual Closure Study for Montague Mine July 2019
Page 21



Human health surface water values are not required and would be less stringent than those
used to protect aquatic life.

5.2.4 Groundwater Tier 2 Values

For human health, it is currently not confirmed whether there are linkages between the site
groundwater in the wetland areas and nearby groundwater drinking water wells. Hence, at this
time, the human health Canadian drinking water quality guidelines for arsenic and mercury
(cited as NS Tier 1 values) are recommended, until groundwater flow can be determined, and it
can be confirmed if nearby groundwater wells are impacted by the tailings.

For aquatic life, wells that are in close proximity to surface water sources require the
implementation of protection of aquatic life values. Deeper wells could have more relaxed
criteria, and could include a 10-fold dilution factor, if wells are > 10 m from a surface water
source.

5.2.5 Tissue Residue Tier 2 Values

No site-specific tissue residue values for protection of human or ecological health have been
developed at this time, as no tissue sampling has been conducted under Stage 1 of the project
(e.g. fish tissue analysis). For methyl mercury, the CCME tissue residue guideline of 33 ug/kg
can be modified for a more representative species (such as a blue heron, or other avian wetland
species), rather than the current storm petrol used in the guideline development. The storm
petrol is a small ocean feeding bird, and therefore is not relevant to the site.

5.2.6 Tier 3 Criteria

A Tier 3 level of criteria may also be considered for development. This type of criteria may
include a less stringent degree of protection for some receptor groups and would be built on the
concept of setting goals for the overall closure project which are striving to see improvement in
the ecosystem, relative to current conditions.

The purpose of the alternative criteria is to illustrate the sensitivity of the potential closure
options to variations in the criteria. This is discussed further in the subsequent sections. If NS
Lands Inc. determines that the preferred closure option will meet the Tier 2 or a more relaxed
Tier 3 criteria, then regulatory acceptance relative to the NSE (2014) requirements will have to
be discussed with appropriate government departments, which can be undertaken in Stage 2.
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Table 5-2:

Tier 2 Closure Criteria for Arsenic and Mercury for Protection of Human and Ecological Health

: Tissue
Soil Standards (mg/kg) SRS SIEEEIRS || SUEES U] Groundwater (ug/L) Residues
(mg/kg) (Hg/L)
(Hg/kg)
Contaminant | Hyman Ecological Ecological eniiallis wﬁ;ﬁglon el
Health Ecological | Human | Health Human | Health Human (s%allow (consumption
(Recreational | health Health | (aquatic Health | (aquatic Health P
Land Use) lfe) life) groundwater) | of aquatic
biota)
Arsenic 7502 139%/380° | NA 33¢ NA 30"68/163 | 10 30"/68/163 NP
Mercury 297 12/20¢ NA 20 NA 0.0269 1 0.0269 NP
(total)
Methyl NA NA NA NP NA NP NP NP NP
mercury

NA - Not applicable;

NP - Not provided at this time, as no chemistry data available for this media.

A Montague Mines site specific value; recreational land use

B Montague Mines site specific value, based on background (median + 2 MAD; Parsons and Little, 2015)
C Ecological soil and food ingestion (NSE, 2014)

d Tier 1 NSE (2014) guideline; and OMOE bird and mammal value (OMOE,2008)

e These values are Severe Effect Level sediment quality guidelines (OMOE, 2008)

f Species Sensitivity Distribution Water Quality Objective, as per CCME, 2007; (HC5/HC10/HC20); Intrinsik, 2019; see Appendix B
g The CCME guidelines are retained for Tier 2, as in light of the receiving environment (wetland at both sites), this value may not be adequately protective relative

to biomagnification (which is not accounted for in the CCME guideline).
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Screening of the historic data against the Tier 1 And 2 criteria for arsenic and mercury was
conducted and is presented in Appendix B. Based on the screening, arsenic is considered the
primary constituents of potential concern (COPC), considering both the frequency of
exceedances over the NS Tier 1 and project specific Tier 2 guidelines, as well as the degree of
exceedance. Mercury is also confirmed as a COPC, but to a lesser extent than arsenic. It is
retained as a COPC due to the presence of mercury related to historic mining releases in the
wetland areas, wherein it has a propensity to biomagnify in food chains. It is not a dominant
human health concern through soil exposure pathways, as evident from the outcomes of the
screening, with similar conclusions related to terrestrial wildlife.

5.3 Closure Criteria for Other Inorganics (apart from Arsenic and Mercury)

Historical data from Parson et al. (2012a), as well as the 2018 field sampling data were
screened against NS Tier 1 standards to identify whether other metals exceeded these
standards, and merited development of Tier 2 closure criteria. Appendix B provides a summary
of screening outcomes for metals in soils (tailings), sediments and surface waters, against NS
Tier 1 EQS for both human health and ecological health, for all elements analyzed. Table 5-3
further summarizes that information relative to screening against soil quality standards. With
regard to human health, iron most frequently exceeded the Tier 1 standards, followed by
antimony and cobalt. Other elements exceeded the standards on a more sporadic basis, as
seen in Table 5-3. For ecological health comparisons, antimony, cobalt and copper most
frequently exceeded the Tier 1 values. The degree of exceedance in both human and
ecological health screenings, relative to arsenic, was far lower (see Appendix B for screening
tables).
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Table 5-3: Screening of Remaining Inorganic Compounds Against NS Tier 1 Soil Quality
Standards: Number of Samples Exceeding Standards (# samples exceeding
standard/number of samples taken)

Soils/Tailings
Metals/Metalloid | parsons,2012a | 2018 Field Data- | | ao0ns 2012a | 2018 Field Data-

_ Human Health | Human Heath | - cco.odical Sl

Health? Health?

Aluminum 3/46 4/30 NGA NGA
Antimony 30/46 15/30 19/46; NGA 3/30; NGA
Barium 0/46 0/30 0/0 0/30; 2/30
Cadmium 0/46 0/30 0/0 0/30; 1/30
Chromium 0/46 0/30 0/NGA 1/30; NGA
Cobalt 11/46 12/30 13/46; NGA 14/30; NGA
Copper 0/46 0/30 19/46; 0/46 17/30; 0/30
Iron 45/46 29/30 NGA NGA
Lead 7146 3/30 1/46; 17/46 1/30; 19/30
Nickel 0/46 0/30 8/46; 0/46 8/30; 0/30
Selenium 0/46 0/30 7/46; 0/46 10/30; 0/30
Tin 0/46 0/30 1/46; NGA 0/30; NGA
Vanadium 2/46 5/30 1/46; NGA 1/30; NGA
Zinc 0/46 0/30 10/46; 0/46 9/30; 0/30

a NGA: no guideline available; first numbers are the Soil contact guideline screening outcomes; second numbers are the Soil and
Food Ingestion screening outcomes; shaded cells indicate where samples > NS Tier 1 EQS
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The 2018 wetland samples were screened and comparisons of the data to NS Tier 1 guidelines
is presented in Table 5-4. Most samples taken by Parsons et al (2012a) were located on the
main tailings, and hence, the comparison against sediment quality guidelines was not
undertaken for that dataset.

Table 5-4: Screening of Remaining Inorganic Compounds Against NS Tier 1 Sediment
Quality Standards: Number of Samples Exceeding Standards (# samples
exceeding standard/number of samples taken)

Metals/Metalloid Number of samples >NS Tier 1 Sediment
Standards?
Cadmium 1/23
Iron 6/23
Lead 11/23
Manganese 9/23
Nickel 3/23
Selenium 2/23
Zinc 4/23

Note: shaded cells indicate where samples >NS Tier 1 EQS

Screening of total metals and dissolved metals concentrations in the surface water was also
undertaken. The results of this screening are presented in Table 5-5, with details provided in
Appendix B.
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Table 5-5: Primary Chemicals of Potential Concern, Based on Surface Water Data (2018) -
Montague

COPCs

Main Tailings

Ponds Atop
Main Tailings

Off Site Tailings

(Gold Lane and

Vaughan Lane
areas)

Far Field Tailings

Primary COPC

As; Hg; Cu

As; Hg

SW17 (near Gold
Lane) has no
surface water
COPCs, based on
available data;
SW18 (near
Vaughan Lane)
appears elevated
for a number of
parameters, due to
suspended
particulate.

As

Secondary
COPC

Pb; Al (?)

Cu (?)

none

With respect to inorganics other than arsenic and mercury exceeding NS Tier 1 soil, sediment
and surface water standards for either human health or ecological health, these substances will
be re-evaluated in the closure program once specific areas for cleanup (based on arsenic
concentrations) have been identified. Exceedances of other contaminants will be investigated
to evaluate whether that the specific areas exceeding guidelines are either captured in the
closure program, or a site specific (risk based) Tier 2 guideline based on appropriate land merits
development. In general, the degree of exceedance for other inorganics (such as antimony,
cobalt, lead, vanadium, etc.), is small in comparison to that which occurs for arsenic; therefore,
arsenic is considered the toxicity driver with respect to tailings. Additional development of Tier 2
and/or Tier 3 criteria will be captured in Stage 2 and may include other data in order to
incorporate bioavailability issues, and/or toxicity potential.
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6.0 SITE CHARACTERIZATION
6.1 Hydrology

High level hydrological assessment was completed at the Montague Site. The area within and
around the site boundaries is relatively flat and is dominated by wetland, making it challenging
to determine flow direction and flow connections. High resolution LiDAR survey and aerial
photography was used to make assumptions on flow direction and location of hydraulic
connections. Figure 6-1 shows the general surface water sub catchment areas within the
Montague Mines area. In general, surface water flows from Loon Lake northwest via Mitchell
Brook through Montague Mines and continues via Mitchell Brook that flows south through
discharging into Lake Charles (not shown on figure). As previously noted the area is relatively
flat and floods seasonally, during seasonal flooding a portion of the northern section of the Site
flows north. Verification of flow direction and / or water monitoring will be required to support
future work.

High level hydrological assessment was completed at the Montague Site. The area within and
around the site boundaries is relatively flat and is dominated by wetland, making it challenging
to determine flow direction and flow connections. High resolution LiDAR survey and aerial
photography was used to make assumptions on flow direction and location of hydraulic
connections. Figure 6-1 shows the general surface water sub catchment areas within the
Montague Mines area. In general, surface water flows from Loon Lake northwest via Mitchell
Brook through Montague Mines and continues via Mitchell Brook that flows south through
discharging into Lake Charles (not shown on figure). As previously noted the area is relatively
flat and floods seasonally, during seasonal flooding a portion of the northern section of the Site
flows north. Verification of flow direction and / or water monitoring will be required to support
future work.
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Figure 6-1: Montague Mines Surface Water Catchment Areas
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6.2 Field Program

The field sampling program was completed in the period 22 to 30 November 2018. The
sampling program included the collection of water and solids across the site as well as
upstream and downstream locations. Where available, water samples were collected at the
ground surface and in local water bodies and at ponds and lakes both upstream and
downstream of the site. Solid samples were collected across the site with a hand Auger to
provide samples from discreet depths down to 2 m below ground surface. Selected solid
samples were also processed to extract the porewater that was also analysed. Several
piezometers were installed at selected locations, typically with shallow (less than 1 mbgs) and
deep (less than 2 mbgs) screens. Water samples were collected from the many piezometers
and analysed. Sediments below ponded water were collected by coring to depths of about 0.5
m. The sediments were also processed to extract porewater that was also analysed. Solid
samples from the area in the immediate vicinity of the surface exposed tailings were also
subjected to rinse pH measurements.

6.3 Summary of Field Program Results

The following sections provide a summary of the field sampling and analytical results for the
Montague site, including downstream and upstream locations. More detailed information can be
found in Appendix C.

6.3.1 Rinse pH

Figure 6-2 displays all sample sites with a visual depiction of the rinse pH measurements, where
the green symbols indicates pH values that are greater than 6, yellow indicates pH values
between 4 and 6, and red indicates pH values that were less than 4. Rinse pH values were
obtained in order to review the potential for acidic conditions and the presence of hardpan
materials.

The lowest rinse pH values of 3.2 and 3.7, were observed to be within the hardpan portion of
the lower Montague tailings (Figure 6-2). The hardpan refers to tailings that have been
cemented by the formation of chemical precipitates. This condition is typically attributed to
sulphide tailings that are highly oxidized and have formed iron hydroxide solids that has acted to
cement the tailings particles together. The hardpan area tailings were also observed to be
coarser grained, sand-like particles that would be expected to be well drained and therefore be
exposed to oxygen in the air, resulting in oxidation of the sulphide minerals.
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Figure 6-2: Montague Mines - Surficial Solids Rinse pH
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Figure 6-3: Montague Mines — Distribution of Near-Surface Tailings Types at Montague (DeSisto 2014)
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6.3.2 Acid Base Accounting (ABA)

The solid samples were analysed for acid base accounting (ABA) characteristics, including total
sulphur and sulphide-sulphur, modified Sobek neutralization potential (Sobek-NP) and
carbonate content. The ABA results provide information on the potential for acid generation as
a result of sulphide mineral oxidation. The acid potential (AP) is derived from the
sulphide-sulphur content and is expressed in units of kilograms of CaCOs per tonne of tailings
(kg-CaCOgs/t). The neutralization potential (NP) was measured with a modified Sobek method
(Lawrence, 1991) as well as calculated from the carbonate content and expressed in the same
units as those of AP. The ratio of NP/AP is used to determine the potential for acid generation if
all of the sulphide is oxidized at some time in the future. Sulphide oxidation creates sulphuric
acid that can lower the pH of any contact water if there is insufficient NP to neutralize the acid
produced. The NP/AP ratio is also referred to as the neutralization potential ratio (NPR). When
mine materials contain sulphide and have NPR values less than one, the material would be
expected to generate free acidity at some time in the future if oxidation is not mitigated. These
materials are referred to as potentially acid generating (PAG). Materials with NPR values
greater than 2 and that have NP that is effective at neutralizing water to pH values of 6 and
greater would not be expected to generate free acidity. These materials would remain neutral
into the indefinite future and are referred to as non-potentially acid generating (non-PAG).
Materials with NPR values greater than one and less than 2 may or may not produce free acid
and therefore are characterized as uncertain with respect to the potential for acid generation.

The Sobek-NP was analysed on a subset of samples and carbonate was measured on all
samples. The Sobek-NP results were compared to the carbonate-NP (Carb-NP) results and the
results are displayed graphically in Figure 6-4. The results show that the Sobek NP values
ranged from about -30 to +10 kg-CaCOs/t and the Carb-NP values ranged from about 0 to 4
kg-CaCOas/t. The negative values are the result of materials that have already generated free
acidity and have pH values less than 6. With these tailings, it was assumed that the Carb-NP
values represented the effective NP. Therefore, all NPR values were calculated using the
Carb-NP.

The Carb-NP/AP ratios were plotted with the sulphide-sulphur contents in Figure 6-5. This
figure also shows the NPR criteria for PAG and non-PAG materials. These results indicate that
the majority of samples will be characterized as PAG with insufficient NP to maintain neutral
conditions. It is also evident from the results that the lower Carb-NP/AP values are associated
with the higher sulphide-sulphur contents. These results imply that although only a few samples
exhibited acidic rinse pH values, the majority of the tailings are likely PAG as summarized in
Table 6-2 and are expected to generate acid at some time in the future in the absence of any
mitigating factors.
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Figure 6-4: Montague Mines - Carb-NP vs. Modified Sobek-NP

Figure 6-5: Montague Mines - Carb-NP/AP vs. Sulphide
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Table 6-1: Montague Mines — Classification of Acid Generation Status

Carb-NPR
Location Count PAG Uncertain Non-PAG
Carb-NPR <1 (1< Carb-NPR< 2| Carb-NPR=2
38 8 6
Montague 52 73% 15% 2%

As will be elaborated later in this report, where tailings are currently saturated, this has been a
benefit with respect to limiting sulphide oxidation. Sulphide minerals in the tailings that occur,

either underwater in ponds and wetlands, or below the water table will be protected from

oxidation and would not be expected to generate acid in the future.

The sample locations and the Carb-NPR results are displayed in Figure 6-6. The red symbols
represent PAG material, green symbols represent non-PAG materials, and orange symbols

represent materials with an uncertain potential for acid generation. It is evident from the

distribution that PAG materials occur at all areas that were sampled, including the sediments in
Loon Lake, upstream, and those in Barry’s Run, Lake Charles and Lake Major. Even though

the lake sediments have not yet been positively identified as tailings, the presence of

sulphide-sulphur and the low Carb-NP values result in characterization of the sediments as

PAG. Overall, these results imply that the PAG characteristics of the tailings require

consideration for any proposed mitigation strategies.
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Figure 6-6: Montague Mines — Carb-NPR
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6.3.3 Arsenic and Mercury Contents in the Tailings Solids

The results for the solids samples are summarized in a series of images of the site that show
the concentrations of arsenic and mercury relative to the Tier 1 and Tier 2 risk criteria for human
health as presented in Section 5.1. The results from this study that are shown in the figures
represent the surface-most solids contents measured at each sampling station. The detailed
results can be found in Appendix C. The results from historical sampling completed between
2003 and 2008, representing surface samples, were included in the figures to complement the
results from the study (i.e., Parsons et al, 2012a, Maritime Testing, 2009, Parsons and Little,
2015 datasets are included in the figures).

The results for arsenic in the surface solids across the entire site are shown in Figure 6-7,
including the sediments in Loon Lake, Lake Charles and Lake Major and those for the central
area of the site are shown in Figure 6-8. In these figures, the red symbols represent
concentrations of arsenic that are greater than 10 times the Tier 2 criterion, orange symbols
represent arsenic values between the Tier 2 criterion and 10 times the tier 2 value, yellow
symbol represents values between the Tier 1 and Tier 2 criteria, and green symbols represent
arsenic concentrations that are less than the Tier 1 criterion. The diamond symbols represent
samples from this study and circles represent the historical data.

It is evident from these results that there is a clustering of samples with the highest values within
the central area of the main tailings deposition area. There are a few additional locations that
have arsenic concentrations above the Tier 2 criterion (i.e. in the vicinity of Gold Lane road and
beyond the Hydro corridor to the northeast) and several locations that have levels between the
Tier 1 and Tier 2 criteria. These results provide an indication of the priority tailings areas and
also indicate the areas adjacent to the highest concentrations that should be considered for
further assessment at Stage Il of the site investigation.

Conceptual Closure Study for Montague Mine July 2019
Page 37



Figure 6-7: Montague Mines — Near-Surface Arsenic Contents — All Locations

Note:
Tier 1 Arsenic Criteria = 31 mg/kg
Tier 2 Arsenic Criteria = 750 mg/kg
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Figure 6-8: Montague Mines — Near-Surface Arsenic Contents — Central Region

Note:
Tier 1 Arsenic Criteria = 31 mg/kg
Tier 2 Arsenic Criteria = 750 mg/kg
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The results for mercury concentrations in the solids are summarized for the entire site and
focused on the central tailings area in Figures 6-9 and 6-10, respectively. The results are
presented in a similar manner to those of arsenic with colour schemes relating to the Tier 1 and
Tier 2 human health risk criteria for mercury in soils. In contrast to the results for arsenic, the
majority of samples have concentrations of mercury that are less than that of the Tier 1 criterion.
Though a few samples had concentrations greater than the Tier 2 criterion, the majority of the
samples that exceeded the Tier 1 criteria were less than the Tier 2 value. The samples with
mercury contents greater than the Tier 2 criterion were in locations in close proximity to
historical mills. Based on the mercury results in solids, it is evident that mitigation of areas or
zones of risk defined by the arsenic levels will incorporate those areas with risks related to
mercury.
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Figure 6-9: Montague Mines — Near-Surface Mercury Contents — All Locations

Note:
Tier 1 Mercury Criteria = 6.6 mg/kg
Tier 2 Mercury Criteria = 29 mg/kg
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Figure 6-10: Montague Mines — Near-Surface Mercury Contents — Central Region

Note:
Tier 1 Mercury Criteria = 6.6 mg/kg
Tier 2 Mercury Criteria = 29 mg/kg
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6.3.4 Surface Water — Arsenic and Mercury

The results for total arsenic concentrations in surface water are summarized in Figure 6-11.
Locations included in the surface water analysis are: Loon Lake, Mitchell Brook, Barry’s Run,
Lake Charles, the Gold Lane road pond, and Lake Major. The colour scheme for the symbols
are based on the Tier 1 and Tier 2 criteria for risk to aquatic organisms in water. The
concentrations for total and dissolved arsenic are also summarized in Table 6-2. The
concentrations of total arsenic were less than the Tier 1 criterion in Loon Lake and Lake Major.
Arsenic concentrations in the other surface water samples exceeded the Tier 1 value and
remained less than the Tier 2 criterion.

The results for total mercury concentrations in surface water are summarized in Figure 6-12 and
the total and dissolved concentrations are provided in Table 6-2. All surface water samples had
mercury concentrations less than the Tier 1 criterion.

The total and dissolved concentrations of arsenic and mercury were analysed in order to
distinguish concentrations that may be associated with suspended solids that can implicate
erosion for migration of COPCs. Assessment of the values shown in Table 6-2 indicates that
the concentrations of total and dissolved constituents are similar in all but one location, Mitchell
Brook. The total arsenic concentration in Mitchell Brook was about four times higher than the
dissolved concentration. The Brook had a high flow rate at the time of sampling and would be
expected to include suspended solids. The Gold Lane road pond sample analyses indicated
that the total arsenic and mercury concentrations were marginally lesser than their measured
dissolved contents; however, this QA/QC discrepancy does not affect the Tier 1 and Tier 2
criteria classification for this sample.

Table 6-2: Surface Water: Total and Dissolved Arsenic and Mercury

. Arsenic (mg/L) Mercury (mg/L)
Location Sample ID

Total Dissolved Total Dissolved
Loon Lake M-SW12 0.000537 0.000505 <0.000002 <0.00002
Mitchell Brook M-SWMB 0.0124 0.00289 <0.000002 <0.000002
Barry's Run M-SW11 0.026 0.0215 0.0000023 <0.00002
Lake Charles M-SW10 0.0171 0.0153 <0.000002 <0.00002
Gold Lane Road Pond M-SW17 0.0216 0.024 0.000003 0.000004
Lake Major M-SW9 0.00076 0.000626 <0.000002 <0.00002
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Figure 6-11

Note:
Tier 1 Arsenic Criteria = 0.005 mg/L
Tier 2 Arsenic Criteria = 0.03 mg/L

: Montague Mines — Surface Water Total Arsenic Concentrations
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Figure 6-12: Montague Mines — Surface Water Total Mercury Concentrations
Note:
Tier 1 and Tier 2 Criteria = 0.000026 mg/L
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6.3.5 Porewater — Arsenic and Mercury Concentrations in Porewater

The maximum concentrations of dissolved arsenic in porewater, from any sample depth
collected at each sampling location, are summarized for the entire site and with a focus on the
main tailings area in Figures 6-13 and 6-14. There are no established risk criteria for COPCs in
porewater. However, the arsenic Tier 2 criterion for protection of aquatic life in surface water
was used for illustrative purposes. The colour scheme in the figures shows green symbols for
concentrations less than the tier 2 criterion, yellow for values between Tier 2 and 10 times the
Tier 2 criterion, orange for values between 10 times and 100 times the Tier 2 value and red for
concentrations greater than 100 times the Tier 2 criterion. The maximum arsenic
concentrations in porewater were typically in the range of 1 to 10 mg/L with one value as high
as 62 mg/L. In general, elevated porewater concentrations occur in similar locations having
elevated concentrations in the solids.

Porewater concentrations from sediment core samples from surface water locations including
Loon Lake, Barry’s Run, Lake Charles, the Gold Lane road pond, and Lake Major) are also
shown in these figures. Porewater in the Loon Lake and Lake Major sediments had arsenic
concentrations that were less than the Tier 2 criterion whereas the arsenic concentration in the
Lake Charles sediment porewater was greater than the Tier 2 criterion. The porewater at
Barry’s Run was between 10 times the Tier 2 value and 100 times the Tier 2 value whereas the
porewater at the Gold Lane road pond was greater than 100 times the Tier 2 value.
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Figure 6-13: Montague Mines — Maximum Porewater Arsenic Concentrations — All Locations

Note:
Presented in comparison to Tier 2 Surface Water Criteria of 0.03 mg/L (e.g. 10x Tier 2 = 0.3 mg/L, 100x Tier 2 = 3 mg/L).
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Figure 6-14: Montague Mines — Maximum Porewater Arsenic Concentrations — Central Region

Note:
Presented in comparison to Tier 2 Surface Water Criteria of 0.03 mg/L (e.g. 10x Tier 2 = 0.3 mg/L, 100x Tier 2 = 3 mg/L).
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The maximum concentrations of dissolved mercury in porewater, from any sample depth
collected at each sampling location, are summarized for the entire site and with a focus on the
main tailings area in Figures 6-15 and 6-16, respectively. The colour scheme for the symboils in
the figures is the same as that used for arsenic and is based on the mercury Tier 2 surface
water criterion for risk to aquatic organisms. The dissolved mercury concentrations in porewater
have similar relative concentrations to the Tier 2 criterion as those for arsenic.

Porewater concentrations from sediment core samples from surface water locations including
Loon Lake, Barry’s Run, Lake Charles, the Gold Lane road pond, and Lake Major) are also
shown in these figures. The mercury porewater concentrations in the sediments were less than
the surface water Tier 2 criteria for Loon Lake, Barry’s Run, and Lake Charles. At Lake Major
the mercury porewater concentration was between the Tier 2 value and 10 times the Tier 2
value. The Gold Lane road pond sediment mercury porewater concentration was between 10
times the Tier 2 value and 100 times the Tier 2 value.
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Figure 6-15: Montague Mines — Maximum Porewater Mercury Concentrations — All Locations

Note:
Presented in comparison to Tier 2 Surface Water Criteria of 0.000026 mg/L (e.g. 10x Tier 2 = 0.00026 mg/L, 100x Tier 2 = 0.0026 mg/L).
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Figure 6-16: Montague Mines — Maximum Porewater Mercury Concentrations - Central Region

Note:
Presented in comparison to Tier 2 Surface Water Criteria of 0.000026 mg/L (e.g. 10x Tier 2 = 0.00026 mg/L, 100x Tier 2 = 0.0026 mg/L).
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6.3.6 Piezometers - Shallow Subsurface Water

Eight mini piezometers were installed at four stations across the site as shown in Figure 6-17.
The mini piezometers provide samples of shallow groundwater near the water table and
somewhat below the water table at each of the locations. The results from the subsurface
piezometer samples were also compared to the water chemistry associated with porewater and
surface water at similar locations. The results for dissolved arsenic and mercury as well as the
installation depths of each piezometer are summarized in Table 6-3. The concentrations of
dissolved arsenic and mercury were in ranges similar to those observed for porewaters within
tailings across the site.

Figure 6-17: Montague Mines — Mini Piezometer Locations
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Table 6-3: Shallow Subsurface Water: Dissolved Arsenic and Mercury

Screened Depth |Dissolved Arsenic |Dissolved Mercury
Sample ID
Range (cm-bgs) mg/L
M-Pr1 Shallow 47 to 60 N/A' <0.00002
Deep 177 to 190 19.8 0.000029
M-P22 Shallow 47 to 60 0.985 <0.00002
Deep 87 to 100 12.5 0.000238
M-P23 Shallow 47 to 60 0.127 <0.00002
-Pz
Deep 167 to 180 0.0436 <0.00002
Shallow 47 to 60 0.178 0.00003
M-Pz4
Deep 87 to 100 0.0968 0.000048

Note:
1) No arsenic results available, sample was destroyed in transit.

The dissolved arsenic concentrations in surface water, porewaters and subsurface piezometer
samples at each station are summarized in Figures 6-18 to 6-19. For reference, the water
concentrations were also compared to the solids arsenic contents at each depth at all mini
piezometer stations.

The results for M-Pz1, located southeast of upper main tailings area, are presented in Figure 6-
18. At this station, the dissolved arsenic concentration in the water at surface was less than 1
mg/L while the concentrations in porewaters ranged from about 11 mg/L near surface to less
than 1 mg/L at a depth of almost 2 m below ground surface. The concentration of dissolved
arsenic in the subsurface piezometer sample at the 2 m depth was on the order of 20 mg/L.
The arsenic contents in the solids varied from a low of about 700 mg/kg to 2100 mg/kg. At this
station, the dissolved arsenic concentrations in porewater were highest at the surface and
lowest at depth. In contrast, the piezometer subsurface water sample exhibited a concentration
of 20 mg/L for dissolved arsenic that was not in good agreement with the concentration in the
porewater at the same depth. Additional samples from this piezometer are warranted to
determine the potential causes of this discrepancy.
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Figure 6-18: Montague Mines — M-Pz1 Arsenic Chemistry

The results from the core at piezometer station M-Pz2 are shown in Figure 6-19. The trends in
the results at the station were similar to those at station M-Pz1. The concentration of dissolved
arsenic in water at the surface was less than 1 mg/L while the concentrations in porewaters
ranged from about 13 mg/L in the shallow subsurface to about 1 mg/L in porewater at a depth of
90 cm. The two piezometer samples exhibited dissolved arsenic concentrations of about 1

mg/L at a depth of 50 cm and 12.5 mg/L at a depth of 90 cm below ground surface, respectively.
While the concentration of arsenic in the porewater agrees reasonably well with the piezometer
sample at a depth of 50 cm, there is a discrepancy between the concentrations in the porewater
at 90 cm depth and the piezometer sample at the same depth. Again, additional sampling of the
piezometers is warranted to evaluate the discrepancy between these results.

Figure 6-19: Montague Mines — M-Pz2 Arsenic Chemistry
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The results from piezometer monitoring station M-Pz3 are presented in Figure 6-20. While the
concentrations of dissolved arsenic in the porewaters and in the piezometer water samples are
typically much lower than those at stations M-Pz1 and M-Pz2, the arsenic contents in the solids
were in a similar range to those at the other stations, varying between about 2000 and

5,500 mg/kg. The dissolved arsenic concentration in surface water near station M-Pz3 was on
the order of 0.03 mg/L, while the concentrations in porewaters ranged from about 0.27 mg/L in
the shallow subsurface to a high of about 0.9 mg/L at a depth of about 60 cm below ground
surface. At this station, the concentrations from the piezometer samples were lower than those
exhibited by the porewaters. Again, further sampling of this piezometer is warranted to address
potential discrepancies.

Figure 6-20: Montague Mines — M-Pz3 Arsenic Chemistry

The arsenic results at piezometer station M-Pz4 are shown in Figure 6-21. Consistent with
other sampling stations, the dissolved arsenic concentration water at the surface was less than
1 mg/L while those in the porewaters ranged from approximately 0.7 mg/L to 11.5 mg/L,
increasing from the shallow subsurface to a depth of about 80 cm below ground surface. At this
station, the concentrations in the many piezometer samples were less than 0.2 mg/L and
exhibited concentrations that were lower than those in the porewaters at the corresponding
depths. The arsenic contents in the solids were similar to those at the other stations and ranged
from about 500 mg/kg to 11,000 mg/kg with the highest arsenic content in the shallow
subsurface sample. At this station, the arsenic concentrations in the piezometer samples were
less than those in the corresponding porewaters and additional piezometer sampling appears
warranted to further evaluate these potential discrepancies.
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Figure 6-21: Montague Mines — M-Pz4 Arsenic Chemistry

These results show that, at all stations, there are samples with solids arsenic contents that are
consistent with those expected for tailings materials. The dissolved arsenic concentrations in
the porewaters and the piezometer samples are consistently higher than those observed in the
water at surface. The higher concentrations in the waters from the shallow subsurface
compared to those in the overlying water indicate that dissolved arsenic can be transported by
diffusion from the shallow subsurface into the water column. This indicates that concentrations
of arsenic above background levels in the water at surface are likely to occur as a result of
arsenic transport from the shallow tailings materials. This represents a potential transport
pathway for dissolved arsenic from the tailings into the surface water environment.

With water overlying the tailings at these locations, it is very likely that the subsurface water is
moving upward to discharge into the overlying water as well. Upward movement of subsurface
water occurs as a result of higher hydraulic heads at depth and a lower hydraulic head in the
overlying water. This is typical of lake bottoms, wetlands, and shorelines along rivers and
streams where groundwater originates in higher ground with higher hydraulic heads and
discharges in lower topographic areas where water occurs on surface. This combination of
upward diffusion and upward flow of subsurface water would further contribute to arsenic
loadings into the overlying water.

At locations M-Pz3 and M-Pz4 the porewater arsenic concentrations increase from the very
shallowest sample to the next sample at depth. In these cases, the arsenic concentration
gradient is upward, in that the diffusive flux occurs from the higher concentration to the lower
concentration, in these cases upward. At the other stations, M-Pz1 and M-Pz2, the higher
concentration is near the water tailings interface followed by a lower concentration at depth. At
these stations, the arsenic concentration gradient is downward, in that the diffusive flux occurs
from the high concentration near the water tailings interface down to the lower concentration at
the deeper locations. The piezometer stations represent arsenic fluxes both up into the water
column above the sample and downward into the deeper porewater below the highest
concentration porewater.
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At locations with high concentrations near the water tailings interface it is likely that arsenic
leaching may be occurring in the shallow tailings, closest to the tailings surface. The arsenic
leaching may be occurring at periods when there is no water above the tailings during the dryer
summer season. Drying out of the tailings surface will likely result in seasonal oxidation and
release of arsenic prior to development of a water cover above the tailings during the wetter
seasons. This could reasonably explain the occurrence of the highest concentrations in
porewaters closest to the tailings surface.

6.3.7 Additional Characterization

The results of the water and solids characterization on samples from the field program allowed
further interpretation of the potential sources and forms of arsenic that are associated with
tailings and downstream sediments. A comparison between arsenic and sulphide contents in
the solid samples is summarized graphically in Figure 6-22. Although the correlations are not
strong between sulphide and arsenic contents, it is evident that they do correlate for
tailings-containing samples (e.g. ‘Main Tailings Surface’ and ‘Main Site Core’ in Figure 6-22).
The correlation would be expected if the primary source of arsenic was related to the common
iron arsenic sulfide mineral, arsenopyrite (FeAsS). Arsenopyrite was positively identified as an
abundant sulphide mineral in the Montague tailings by DeSisto (2014). Therefore, the
correlation between arsenic content and sulphide content is expected in these tailings. The
arsenic leaching occurs when the sulphide mineral is oxidized, releasing arsenic and other
oxidation products including sulphate and iron. The sulphate is moderately soluble and will
leach and the water whereas iron has variable solubility depending upon the pH and the
oxidation conditions. At neutral pH, iron will oxidize further and precipitate as ferric hydroxide
(Fe(OH)s) that visually presents as the rusty colour of oxidized tailings. In the absence of
oxygen, below the oxidation zone in tailings, some iron can remain as ferrous (Fe?*) in solution
and can be mobile. Under acidic conditions, iron in ferrous and ferric (Fe**) forms can remain in
solution and be transported by the subsurface porewater.

These findings indicate that mitigation of arsenic release from the tailings will require
consideration of oxidation of the primary and reduced form of arsenic, arsenopyrite. Eliminating
or limiting the oxidation of arsenopyrite will be required to limit the ongoing production of soluble
arsenic that can be transported by water.
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Figure 6-22: Montague Mines — Sulphide vs. Arsenic Contents in Tailings and Sediments

Additional assessment of elemental correlations show that arsenic and iron are associated in
the tailings solids as shown in Figure 6-23 (e.g. As seen in the ‘Main Tailings Surface’ and ‘Main
Site Core’ samples). This correlation is partly the result of the iron and arsenic together in the
primary form of arsenopyrite. However, it is well known that arsenic in water will be taken up by
the precipitation of ferric hydroxide solids that are relatively stable but can still be coincident with
arsenic water concentrations that are on the order of a few to tens of mg/L. Arsenic can
therefore be strongly correlated with iron because of the uptake during the formation of
secondary solids such as ferric hydroxide after the iron is released from the primary
arsenopyrite and other iron sulphide minerals such as pyrite (FeSz). These arsenic rich ferric
hydroxide solids were also positively identified by DeSisto (2014).

These results indicate that mitigation of arsenic leaching from the tailings will also need to
consider the oxidized form of arsenic in the solids. The mitigation strategies should not include
measures that could potentially reduce the ferric hydroxide solids and release arsenic in the
process. For example, an organic rich substance should not be used for a cover to be in direct
contact with oxidized tailings. The organic material can act as a reductant to transform ferric
hydroxide into soluble ferrous iron and result in the release of the associated arsenic in the
solids.
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Figure 6-23: Montague Mines — Iron vs. Arsenic Contents in Tailings and Sediments

The results of the 2018 field program provide a basis to refine the conceptual site model for
arsenic and mercury migration from the primary tailings deposition area into the receiving
environment. The arsenic originates from the primary mineral form, arsenopyrite, and can be
transformed to a secondary solid form incorporated into ferric hydroxide solids. The arsenic
concentrations in the porewaters associated with the tailings are typically highest near the
surface, whether on land or underwater. Tailings with no overlying water can represent a
source of arsenic to the runoff during rainfall and snowmelt events. This transport of dissolved
arsenic results in loadings to the downstream environment. In addition, runoff events can also
lead to erosion of solids and the transport of solid particulates containing arsenic to the
downstream as well.

Tailings that are seasonally or permanently under water cover can also represent a source of
arsenic to the water column. The evidence from this field investigation suggest that arsenic
transport into the water column can occur as a diffusion process, transporting arsenic from the
shallow depths containing high concentrations of arsenic to water column with lower
concentrations of arsenic. In addition, tailings that are permanently or are seasonally
underwater will likely represent discharge zones for subsurface waters and there can be
transport of arsenic with the upward flow of the subsurface water into the water column. These
transport pathways will need to be considered for any mitigation strategies. A more complete
conceptual site model for arsenic is presented in Section 6.2.

The evidence from the field program indicates that mercury occurs at higher contents in solids
near the historical mills where it would have been used in the processing of the gold ores. The
origin of mercury in the tailings is related to the processing of the ores and does not occur
naturally as does arsenic. The detectable concentrations of mercury in water were also
observed close to the former mill locations. Mercury concentrations in water are very limited
and therefore the loadings of mercury from the tailings to the environment are also limited.
Mercury tends to accumulate in organic materials and therefore small concentrations in water
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can become maghnified into larger concentrations in solid organic material such as sediments in
lakes, wetlands and ponds.

6.3.8 Historical Tailings Deposition Areas

The areas characterized in this Stage 1 investigation were those areas thought to have been
impacted by historical tailings deposition. However, following the conclusion of the Stage 1 field
program additional information pertaining to potential historical deposition areas was uncovered.

A figure showing areas that may have also been impacted by historical tailings deposition are
shown in Figure 6-24. These areas are sizable and are largely outside of the bounds of the
Stage 1 investigation. Efforts should be made to characterize these areas during additional
Stage 2 investigations.
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Figure 6-24: Indicated Historical Tailings Deposition Areas

Notes:
Blue shaded areas from Messervey (1938).

Orange shaded areas from Smith and Goodwin (2009).
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6.4 Development of a Conceptual Site Model

The conceptual model for the site is critical to understanding the sources from which the
chemical constituents of potential concern (COPC) originate, the pathways through which the
COPCs travel and the receptors that are potentially exposed to the COPCs. The conceptual
model therefore, includes a description of processes that release COPCs at the sources, the
processes that result in movement of the COPCs in the environment and the modes of
exposures of receptors to the COPCs. The objective of the conceptual model is to understand
the components that contribute to the potential risks associated with the sources of COPCs, as
well as to identify strategies that will mitigate the sources and/or connections between the
sources and receptors. A schematic of the conceptual site model is shown in Figure 6-25.

At the Montague site, the gold tailings originally deposited at the end of pipe from the milling
operations are the original source of COPCs. Although there were likely two or more milling
operations at the Site, the conceptual model does not require any differentiation of those source
areas. The tailings would have been discharged as a slurry into low-lying areas at the site.
There is no evidence of any containment structures for the original tailings deposition and
therefore the solids in the tailings were distributed downstream as far as the water flow carried
the solids load.

The key COPCs that were the focus of this investigation included arsenic and mercury. Only
arsenic is considered in Figure 6-25. Mercury has a distinctly different geochemical controls
and associated pathways and will be considered separately from arsenic.

Arsenic is a naturally occurring chemical constituent within the residual rock material that was
milled and then released as a non-economic by-product of the gold extraction process. The
original arsenic in the tailings solids was likely in the form of arsenopyrite (FeAsS). Arsenic can
be released from this primary mineral form during oxidation processes, resulting in the formation
of oxidation products that include dissolved iron, arsenic and sulphate.

Mercury was used as an amalgam in the gold extraction process. Although the mercury is
typically collected to recover the gold, some release of mercury typically occurs during the
process. Mercury would have originated in the 