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Executive Summary 

SRK Consulting (Canada) Inc., in cooperation with Azimuth Consulting Group Partnership, were 

contracted by Indigenous and Northern Affairs Canada (INAC) to evaluate the causes and 

potential risks associated with recent changes observed in water quality at the Arctic Gold and 

Silver tailings site, near Carcross, Yukon.  

The first phase of the work included a detailed review of available information, a site 

reconnaissance, and an initial workshop to identify critical information gaps. Based on the 

findings of these activities, a more detailed work plan was developed. The second phase of work 

included targeted field investigations to address critical information gaps and a qualitative human 

health and ecological risk assessment.  The overall objective of this work was to determine what 

level of remedial action may be required to address known and potential risks at the site. A 

conceptual site model was also prepared to help inform the risk assessment and remedial 

planning. 

Field Investigation. The field program included groundwater investigations, and sampling and 

analysis of surface and groundwater quality, soil, lake sediments, aquatic invertebrates, and 

berries. 

Groundwater flow. Groundwater flow is generally from east to west towards the Unnamed Lake, 

and travels in a uniform flow path, through moderate to low hydraulic conductivity soils. 

Monitoring data indicate that groundwater interaction with tailings is mainly due to infiltration 

through the cover leading to localised mounding.  This vertical flow is likely mobilizing 

contaminants from the oxidized tailings and picked up by underlying lateral groundwater flow 

system.  The interaction and subsequent flushing of the constituents from the tailings by the 

groundwater does not appear to be significant, but requires further definition. 

Surface and groundwater quality. The majority of historical sampling locations have relatively few 

changes in water quality, with few signs of increasing concentrations over time. The only 

significant changes over time are increasing trends in concentrations of arsenic and cadmium in 

MW-2 and MW-4 in recent years, and a slight increase in copper concentrations in AGS-2 starting 

in 2010.  These are attributed to breakthrough of the attenuation capacity for these metals in the 

soils below the tailings. 

Soil. Soil in the areas surrounding the tailings impoundment, primarily the historical spill locations 

and the animal burrow areas on the tailings cover, has arsenic concentrations that exceeds the 

Canadian Council of Ministers of the Environment (CCME) soil quality guidelines for the 

protection of environmental and human health by factors by more than 100-fold. Exceedances of 

applicable guidelines also exist to a lesser degree for other metals, including antimony, cadmium, 

iron, lead, silver, and zinc. 

Lake sediment. Sediment in the Unnamed Lake contains concentrations of arsenic and cadmium 

in excess of the CCME sediment quality guidelines for the protection of aquatic life (probable 

effect level) by up to a factor of 10. Copper and zinc also exceed their respective sediment quality 

guidelines, to a lesser degree. 
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Aquatic invertebrates. Some, but not all, aquatic invertebrates in the Unnamed Lake have higher 

concentrations of arsenic, cadmium, lead and zinc in comparison to upstream reference samples. 

Berries. Lowbush cranberry tissue samples collected from the shoreline of Unnamed Lake 

downgradient of the tailings impoundment contained elevated concentrations of arsenic relative to 

samples collected from reference locations.  

Preliminary Risk Assessment. A preliminary qualitative human health and ecological risk 

assessment was undertaken to systematically evaluate and characterize the potential human 

health and ecological risks associated with environmental contamination at the site.  The level of 

detail of the preliminary risk assessment would not satisfy all of the requirements for risk 

assessments submitted for review under federal or territorial contaminated sites regulatory 

frameworks, but are sufficiently rigorous to identify relative priorities in the context of remedial 

planning and site management decisions. Risks were characterized as the likelihood, based on 

available data and best professional judgement, that the findings of a detailed quantitative risk 

assessment would trigger the need for risk management. 

 Risks that were categorized as likely to require management action were (1) risks to human 

health from direct contact with contaminated soils at locations of historical tailings spills or 

where burrowing ground squirrels have brought tailings material to the surface of the tailings 

cover and (2) risks to frogs, or other small animals, from direct contact with puddles of acidic, 

tailings-impacted water on the shore of Unnamed Lake.   

 There is some potential for risks to human health from the consumption of plants or small 

animals as food or other traditional uses and risks to wildlife species that frequent the site 

and eat insects or burrow into tailings. However, there is currently not enough information 

exists to determine, with sufficient certainty, if management actions are required to address 

these issues.  

 Risks that were characterized as unlikely to require management action include risks to 

humans from consumption of drinking water or large animals and risks to fish, terrestrial plant 

and invertebrate communities, and large or herbivorous animals.   
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1 Introduction 

SRK Consulting (Canada) Inc. has been retained by Indigenous and Northern Affairs Canada 

(INAC) to prepare an Operations, Maintenance, and Surveillance (OMS) manual for the covered 

tailings impoundment located at the reclaimed Arctic Gold and Silver (AGS) tailings site in the 

Yukon, Canada (Figure 1). Reclamation of the site was completed in five phases between 1999 

and 2001 by Tetra Tech Inc., formerly EBA Engineering Consultants Ltd. (EBA). Completed work 

was administered by the Environmental Services Directorate of Public Works and Government 

Services Canada (PWGSC).   The AGS site has since been monitored by the Waste 

Management Program by INAC and its agents.  

This manual is prepared in accordance with the guidelines provided by the Mining Association of 

Canada (MAC 2011) and the Canadian Dam Association (CDA) publication Dam Safety 

Guidelines (CDA 2013), and the technical bulletin (CDA 2014) prepared by the CDA Mining Dams 

Committee.  

1.1 Purpose of OMS Manual 

This OMS manual provides the framework for the monitoring and maintenance of the tailings 

impoundment and water management structures. This manual defines and describes the 

following: 

 Roles and responsibilities of parties associated with the monitoring and maintenance of 

the site  

 Procedures and processes for managing change 

 Key components of the facility 

 Procedures to monitor the performance of, and maintain the facility to ensure that it 

functions in accordance with its design, and meets regulatory obligations 

 Procedures of the emergency and preparedness and response plan 

 Requirements for analysis and documentation of the performance of the facility 

 

1.2 OMS Manual Updates 

This OMS manual is the property of INAC, which has sole authority on the distribution of this 

document. INAC, specifically the Site Manager, is responsible for revisions to the manual or to 

contract a third party to accomplish the revisions.  

This OMS manual should be reviewed as part of the routine environmental monitoring and annual 

inspections. Furthermore, the OMS manual should be referenced if significant changes on site 

occur to assess the validity of the content under the prevailing conditions at the time of the 

review. Revisions to the manual should be undertaken within a reasonable time frame (e.g. six 

months) and re-issued. 

As far as practical, revision to the OMS manual should be made in advance of major changes to 

the closure monitoring and maintenance plans or regulations. Should any changes to these plans 
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be required, the OMS manual will require an update. Table 1 summarizes the revision history of 

this document.  

Table 1: OMS Manual Revision Control 

Revision Prepared By Primary Author(s) Changes 

2017-1 SRK 
Consulting 
(Canada) Inc. 

Stuart McPhee, EIT; 
Peter Mikes, PEng;  

Reviewed by  
Michael McIsaac 

Initial version 

The OMS manual is to be distributed as follows: 

 One copy to the INAC Project Manager/Representative 

 One copy to the Engineer of Record 

 One copy to the Environmental Coordinator 

 One copy to the Carcross Tagish First Nations 

 One copy to the Yukon Emergency Measures Office 

 

1.3 Related Documents 

The following documents listed in Table 2 are expected to be referenced and utilized in 

conjunction with the OMS Manual. 

Table 2: List of Documents Related to the OMS Manual 

Document Title Year Relevance 

Site Characterization and Risk Assessment in 
Support of Remedial Planning for the Arctic Gold and 
Silver Tailings Site 

2017 
Evaluates the causes and potential risks 
associated with recent changes 
observed in water quality. 

Monitoring Plan for DTA � Contained Sites: Venus 
Mine Tailings and Arctic Gold and Silver Tailings 

2015 
Describes the monitoring plan for the 
site. 

Summary Report Arctic Gold and Silver Tailings Site 
Remediation 

2001 
Provides the as-built details of the 
remediation measures implemented 
between 1999 and 2001  

Assessment of Remedial Measures for Arctic Gold 
and Silver Tailings Site. 

1999 
Summarizes the investigations and 
remedial measures for the site. 
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Executive Summary 

INAC, in cooperation with the Carcross/Tagish First Nation (CTFN) contracted SRK Consulting 

(Canada) Inc. to identify and develop costs for a range of potential remedial actions that could be 

implemented to address potential human health or ecological risk identified for the Arctic Gold 

and Silver site near Carcross Yukon.  The objective of defining example remediation options was 

to provide a basis for evaluating the cost-benefits of further investigation versus implementation 

of remediation measures.  The example options were also intended to form a basis for gathering 

input from various stakeholders, including CTFN on potential remediation measures for this site.   

Example options are described as follows: 

 Example 1 addresses likely risks identified in the risk assessment, and includes removal and 

on-site consolidation of the contaminated soils on-site, and construction of a physical barrier 

to prevent exposure of terrestrial and aquatic wildlife to seepage water discharging along the 

shoreline.

 Example 2 addresses likely risks, as described above, as well as uncertain risks associated 

with contaminant loading to Unnamed Lake.  Reductions to contaminant loading would be 

achieved through improvements to the existing cover system and improved drainage around 

the perimeter of the facility. 

 Example 3 addresses the both likely and uncertain risks by relocating these materials to an 

off-site engineered containment facility.  This alternative includes the costs of relocating the 

materials to a new facility and reclaiming the existing site. 

Estimated costs for these options ranged from $2.2 million for Example 1 to $14.3 million for 

Example 3. 

It is emphasized that further work to address some of the uncertainties identified in the risk 

assessment is required before final decisions regarding remedial actions can be made.  

Additionally, there are many other possible remediation measures that could be considered.   

However, the project is now at a stage where further input from other stakeholders, including 

clarity on future land use objectives is required to support further evaluation of options.    
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EXECUTIVE SUMMARY

Azimuth Consulting Group Partnership (Azimuth) has been working on behalf of the Carcross Tagish 

Management Corporation (CTMC) to determine if environmental contamination associated with the 

former Arctic Gold and Silver (AGS) mill and tailings storage facility (the Site) pose risks to human health 

or the environment. The studies and information summarized in this report will help guide decisions on 

how best to manage the Site to ensure people and the environment are protected from the potential 

harmful effects of the contamination. This report presents our current understanding of the potential 

risks associated with current conditions at the Site, but we caution that investigations are ongoing and 

the extent of contamination is not yet clearly defined and that Site conditions may change in the future.  

This Executive Summary should be read in conjunction with the remainder of the report and is subject to 

the same limitations as described therein.

Tsélgi shaa AGS is located on a sub-alpine plateau on the shoulder of Tsélgi shaa (Montana Mountain) 

in the traditional territory of the Carcross / Tagish First Nation (C/TFN). Montana Mountain and the 

surrounding region is a culturally important area for the C/TFN and was used traditionally for hunting 

wildlife and birds and harvesting plants for food and traditional medicines. In recent years, the C/TFN 

have developed a world-class network of recreational mountain biking and hiking trails. AGS is located 

on Category A Settlement Land, meaning the C/TFN owns and governs the land (surface and subsurface 

rights) and has the final authority and decision body regarding how the land is reclaimed and used.

Mining In addition to its cultural significance, Tsélgi shaa is also a highly mineralized area, and several 

mining claims were established on the mountain during the Windy Arm gold rush at the end of the 19th

century. Big Thing Mine, along with Venus on Tagish Lake, were the two most developed and heavily 

worked claims in the region. During the early mining phase (1905 to 1917), ore from Big Thing Mine was 

transported to Carcross and shipped by rail to Skagway on the White Pass Rail Line for milling in 

-

operations was brief, and by 1970 the mill at AGS had ceased operating.

1999-2000 Rehabilitation ore from the Big Thing Mine was milled for gold and silver, but was also 

naturally elevated in other metals such as arsenic, cadmium, lead, and zinc. Processing, handling, and 

stockpiling of ore, dispersion of tailings by wind, and leaching of metals from tailings resulted in elevated 

metals in concentrations of metals in soils and groundwater near the Site and in sediments in the Mine-

Made Lake. Some Site rehabilitation work was undertaken in 1999 and 2000. Tailings, some 

contaminated soils, and a limited amount of sediment from Mine-Made Lake were consolidated and 

covered to form a tailings storage facility with the goal of containing the contamination and preventing 

metals from leaching into groundwater and migrating to Mine-Made Lake. The soils around the Site 

were, not remediated. Tailings-contaminated sediments in Mine-Made Lake were also left largely un-
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remediated. These areas were the focus of environmental investigations in 2015 and 2018 to identify if 

humans and wildlife using the Site are at risk from exposure to contaminants.

Human Health

Metals Contamination in Soils A soil-sampling

program was completed in 2016 and 2017 to 

determine how far metals contamination extends and 

the concentrations of various metals in the soil. Several 

metals, most notably arsenic, exceeded concentrations 

associated with risks to human health. Importantly, 

soils in the area are naturally high in metals, which is 

often the case in mine settings. In the case of arsenic, 

the natural level exceeded the human health guideline. A site-specific human health guideline was 

calculated based on quantitative human health risk assessment methods and taking into consideration 

different health endpoints, different routes of exposure and differences between adults and toddlers. 

The lowest Site-specific soil criterion for protecting human health was 300-mg/kg arsenic in soil

(Azimuth, 2017). This guideline will help identify areas of the Site that require active remediation or 

other types of management to protect human health. By remediating/reclaiming the soils, health risks 

to people using the Site for traditional purposes, such as collecting berries or traditional medicines, will 

also be reduced. 

Ecological Health

Terrestrial Environment Contaminated soil in the areas surrounding the former mill site and tailings 

area require remediation to protect human health. If these soils are cleaned up and the tailings cover is 

restored to its original design, the plants growing on Site and the resident Arctic ground squirrel colony 

and other animals that periodically use the land will also be protected. 

Aquatic Environment Mine-Made Lake is the closest aquatic habitat to the Site and is home to several 

aquatic birds during the open water season. Water levels (and flow) fluctuate seasonally and overall the 

lake does not support a fish population. Water flows from the outlet of Mine-Made Lake through a 

culvert into Tank Creek. 

The metals entering the Mine-Made Lake will be reduced or eliminated when the contaminated soil and 

tailings storage facility are remediated. What was unclear is whether current concentrations of metals in 

the Mine-Made Lake pose risks to wildlife that live in or use the lake. The goal of the ecological risk 

assessment is to determine if the risks are high enough to require remediation of the Mine-Made Lake in 

addition to tailings storage facility and contaminated soil.   

Human Health Risks

Processing ore at the AGS resulted in high 

concentrations of arsenic and other metals 

in the soil. Measured concentrations of 

arsenic exceed concentrations that are safe 

for people using the Site.
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2015 Investigation

Background A reconnaissance-level sampling program was completed in 2015 to better understand 

risks to birds and wildlife that use the Site. One of the main objectives of the 2015 investigation was to 

determine if metals are accumulating in the freshwater food web compared to the lake upstream that is 

not affected by the AGS. Aquatic plants and invertebrate communities in the Mine-Made Lake form the 

base of the aquatic food web, providing food for a variety of bird species. Most metals in aquatic 

environments are taken up (accumulated) by invertebrates to higher concentrations than aquatic plants, 

meaning species that feed primarily on aquatic invertebrates from the Mine-Made Lake are likely more 

exposed to metals than aquatic birds that feed mainly on plants.

Preliminary Results Sediment collected from the Mine-Made Lake have high concentrations of metals, 

and metals concentrations in aquatic invertebrates from the Mine-Made Lake were higher than the 

Upstream Reference area. Several aquatic bird species at the Mine-Made Lake feed on invertebrates, 

but the rusty blackbird, was the only aquatic bird species observed on Site that has special conservation 

status in the Yukon Territory. Furthermore, rusty blackbirds have a relatively small home range and feed 

primarily on aquatic invertebrates, meaning they are likely more exposed to metals than semi-aquatic 

bird species or species that feed on plants. Based on 

the measured concentrations of metals in sediment 

and invertebrate prey items, and the listed status of 

the rusty blackbird, preliminary risk conclusions in the 

2015 report were likely, but uncertain for listed 

aquatic bird species at AGS. Risks to listed 

amphibians, if they occur on Site, were also 

considered likely, but uncertain. Risks to common 

aquatic bird species and other receptors were 

unlikely, but uncertain. 

2018 Investigation

Follow-up work was recommended to inform risk management decisions (i.e., remediate or not) with an 

emphasis on high priority receptors with likely, but uncertain risk ratings in the 2015 investigation. The 

2018 investigations involved the following tasks:

Collecting sediment and aquatic invertebrate (aquatic and emergent life stages) samples from Mine-

Made Lake and off-Site reference areas to determine which metals are accumulating in the food 

web at the Mine-Made Lake. These data were used as inputs in a simulated food chain model to 

estimate the dose of metals for adult and juvenile rusty blackbirds. The estimated dose was 

compared against toxicity data reported in the scientific literature to determine whether current 

conditions have the potential to cause adverse effects to survival and reproduction. 

Aquatic ERA Strategy

The investigation of potential risks to listed 

aquatic bird species and the Columbia 

spotted frog were identified as high priority 

data gaps in the 2015 ERA. The focus of the 

2018 HHERA Update was further refined to 

focus on the rusty blackbird. (i.e., Columbia 

spotted frog and horned grebe are unlikely 

to occur at AGS based on results of the 2018 

investigations)
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Bird and wildlife surveys with an emphasis on 1) determining if the horned grebe (a listed aquatic 

bird species) uses Mine-Made Lake, and 2) recording information on the reproductive success and 

foraging behaviour of the rusty blackbird. 

Determining the presence or absence of Columbia spotted frog (a listed species) using physical 

searches of the area and environmental DNA analysis.

Supplemental sediment investigations were also conducted to better understand how metals 

accumulate and partition in the Mine-Made Lake and the spatial extent of metals concentrations 

downstream of AGS in Bennett Lake. 

Food chain model (effects to rusty blackbirds) The food chain model takes into consideration the 

concentration of metals from three sources: diet (aquatic invertebrates), incidental sediment ingestion, 

and water. Of the metals that occur on Site, only arsenic was predicted to cause adverse effects to 

survival and reproduction under current conditions. Incidental sediment ingested during feeding 

contributed over 90% of the arsenic dose to the adult and juvenile birds in the food chain model. 

Juvenile rusty blackbirds were more sensitive to effects on survival compared to the adults. The 

combined dose of arsenic in the simulated food chain model was estimated to cause 100% mortality to 

juvenile rusty blackbirds. 

Rusty blackbird field observations biologists visited the Site five times in July and August; key findings 

were:

The horned grebe, a listed species with the potential to occur on Site, was not observed in 2018. 

Horned grebes are piscivorous and are unlikely to use the Site because the Mine-Made Lake is not 

fish bearing. 

Rusty blackbirds were recorded at the Mine-

Made Lake and the Upstream Reference Area 

during multiple site visits in 2018

from the survey if the adult rusty blackbird has 

a preference for one lake more than the other. 

What is certain is that they feed along the 

shoreline of both lakes and forage for organic 

debris (e.g., sticks and reeds) to build and 

maintain their nest. The nest was not observed 

directly, but its location in a patch of short 

scrubby spruce located in the wetland complex 

to the south and west of the Mine-Made Lake was inferred from flight behaviour. 

Two rusty blackbird chicks successfully fledged and left the nest. During one field visit, the biologists 

observed chicks being fed by the adults along the shoreline of the Mine-Made Lake.
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Risk conclusion for the rusty blackbirds The field observations from 2018 provide direct evidence that 

the rusty blackbirds are reproducing and rearing chicks that are surviving to fledge. The sensitivity of the 

field observations to determine if the local population is adversely affected by metals in Mine-Made 

Lake is low. More data is needed to understand if the successful fledging of two chicks is within the 

normal range for rusty blackbirds in the region. 

Based on results of the food chain model, current concentrations of arsenic in sediment and 

invertebrate prey pose a significant risk to juvenile rusty blackbird survival. There is high uncertainty 

associated with the food chain model results based on conservatism and uncertainties in the model, 

namely: 1) the bioavailability of arsenic in sediment is assumed at 100%, 2) sediment arsenic 

concentrations are from samples collected away from the shoreline where the birds were observed 

foraging, and 3) the relative time spent foraging at Mine-Made Lake vs. Off-Site reference areas are not 

fully understood. 

Taking into consideration all the available evidence collected in 2018, risks to the rusty blackbirds on Site 

were high, with high uncertainty. The apparent discordance between field observations (chicks survived 

to fledge) and food chain model results (100% mortality for juvenile birds) highlights the need for 

additional monitoring to assess the health of the rusty blackbirds. 

Amphibians Columbia spotted frog was not observed during physical searches of Mine-Made Lake or in 

analysis of water samples for eDNA. Wood frogs were observed at the Upstream Reference Area but not 

at Mine-Made Lake in 2018. Because the wood frog is common and abundant, potential risks to this 

species are unlikely, but uncertain. The conclusion is uncertain because it is not known whether the 

C/TFN consider potential impacts to a small number of common frogs acceptable or not. 

Risk to other aquatic receptors aquatic plants and invertebrates and common wildlife species were 

considered low priority for further risk assessment based on unlikely, but uncertain risk conclusions in 

the 2015 ERA.  The risk conclusion for aquatic plants and invertebrates is uncertain because it is not 

known whether the C/TFN consider potential impacts to aquatic invertebrates and plants in a portion of 

the Mine-Made Lake acceptable or not. The risk conclusions for common wildlife species are uncertain 

because the rusty blackbird is the sentinel receptor for the wildlife risk assessment and, as discussed 

above, the risk conclusions for the rusty blackbird remain uncertain. If future risk assessment 

determines that risks to the rusty blackbird are acceptable, risks to other wildlife species would also 

likely be acceptable.  

Results Sediment investigations

Sediment investigations in Mine-Made Lake helped provided additional insight regarding metal 

concentrations in Mine-Made Lake and the potential for off-Site migration and accumulation of metals 

to Bennett Lake. Key findings from the 2018 investigation include:
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Evidence of tailings were measured at depth (20-25 cm) in an area of Mine-Made Lake that was not 

remediated in 2000. Tailings were not evident in the core collected from within the area that was 

remediated.

Sedimentation rates for Mine-Made Lake were calculated to help inform rates of recovery in the 

lake. Arsenic and lead concentrations were highest in the sediment core horizons between 4 and 13 

cm. Loading of arsenic and lead relative to the natural rate of sedimentation appears stable or 

decreasing. Cadmium, copper, iron, and zinc concentrations are highest in the surficial sediment 

layer in cores from the remediated and un-remediated areas. These results suggest ongoing source 

loading is occurring.

Arsenic, cadmium and zinc were elevated above the sediment quality guidelines at the outlet of 

indicative of off-Site migration of metals. Relative to Mine-Made Lake, concentrations are low. 

Site Management Considerations

Azimuth understands that remedial activities will be implemented to eliminate human exposure to 

contaminated soil and that the tailings storage facility (TSF) will, if not be removed or replaced, will at 

least be restored to meet the original design objectives to limit the release of acidic, metals-rich 

leachate to Mine-Made Lake. Remediation of contaminated soils will also eliminate risks to land-based 

plants and animals and humans that might consume those plants or animals. Therefore, the primary 

purpose of the 2018 HHERA update was to help the C/TFN decide if any action, beyond monitoring, is 

required in the aquatic receiving environment in Mine-Made Lake.

Mine-Made Lake does not support a resident fish population. Therefore, contaminated water, sediment 

and biota in Mine-Made Lake can potentially present risks to humans and aquatic plants and 

invertebrates and aquatic wildlife.

Previous assessments concluded that risks to humans from drinking water from Mine-Made Lake, direct 

contact with contaminated sediment, or consuming plants or animals from Mine-Made Lake were 

unlikely, but uncertain. These risks only require limited additional assessment or monitoring to confirm 

that risks are acceptably low. 

We recommend conducting additional sediment sampling and a quantitative HHRA to define the extent 

of sediment in the near-shore of Mine-Made Lake that may require risk management. Alternatively, it 

may be more cost effective to simply assume all the accessible sediments in Mine-Made Lake higher 

than water 1 m deep (at seasonal low water levels) require risk management.

To the extent that uncertainty about potential risks from consuming biota remains a community 

concern, we recommend completing a study of contaminant levels in the tissue of Arctic ground squirrel 

and aquatic plants and animals that are traditionally consumed by C/TFN Citizens. 
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The rusty blackbird was selected as the wildlife species likely to be the most sensitive to the potential 

adverse effects of contaminated water, sediment and biota in Mine-Made Lake. The 2018 HHERA 

Update concluded that potential risks to the rusty blackbird were high, but the conclusion also had high 

uncertainty because the results of the observational study, to some degree, contradicted the results 

from the predictive food chain model. 

Given the high level of uncertainty associated with the conclusion about potential risks to rusty 

blackbirds, we do not recommend making a decision on the need to remediate Mine-Made Lake on the 

basis of the conclusion of the 2018 HHERA update. Rather, we recommend that consideration be given 

to the value of further risk assessment to refine the risk conclusion for rusty blackbirds. This would 

involve further observational studies on the reproductive success of rusty blackbirds. Depending on the 

level of confidence desired by C/TFN, several years of monitoring may be necessary to provide enough 

certainty about the potential risks to rusty blackbirds. 

The potential costs and time-delays associated with further risk assessment must be weighed against 

the costs and potential environmental impacts of remediation. Unless a risk assessment clearly shows 

that environmental contamination exceeds acceptable levels of risk, the environmental and health 

benefits remediation of that contamination are uncertain. Without reasonably certain conclusions about 

the risks from leaving contamination in place, the possibility that remediation could cause more damage 

than good cannot be ruled out.
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Executive Summary 

In 1998, the Government of Canada implemented a closure design for the Arctic Gold and Silver Site (the 
Site) to cap and isolate the tailings, with the design intent being to keep the tailings dry. In 2001, the Site 
was transferred to the Government of Yukon and subsequently to the Carcross/Tagish First Nation 
(C/TFN) through a Settlement Agreement as originally enacted via the Yukon Northern Affairs Program 
Devolution Transfer Agreement (DTA). The Site is located on Category A Settlement Land.  

Acid-generating tailings are present at the Site. Some of the tailings are in contact with water, resulting in 
metal leaching from the tailings left on-site and the naturally occurring till materials. Historic mining 
process activities and the ore body type making up the tailings have resulted in exposure of shallow soils 
with elevated metals concentrations, groundwater with low pH, and elevated dissolved metals discharging 
to surface water, creating potential environmental and human health risks requiring remediation. Human 
health risks from contaminated soil require remediation (exceed risk-based standards). The extent and 
magnitude of potential ecological risks are still under investigation. 

When the Site was transferred via the Devolution Transfer Process, it was considered ‘Contained’ where 
‘Contained’ is defined as a site where an impact was remediated by containment only. 

As part of the 2019 field program, the CH2M HILL Canada Limited, a wholly owned subsidiary of Jacobs 
(Jacobs) team installed drive points (DPs), drilled boreholes, and installed monitoring wells (MWs) at each 
drilled location. Some wells were nested (that is, two wells were drilled within close proximity to one 
another or a second well was added near an existing well). The intention of nesting the wells was to 
obtain groundwater and soil information from different vertical depths at the same location. Additionally, 
the team added two surface water gauge locations. Single-well hydraulic response testing was completed 
at all newly installed wells.  

Regular monitoring and sampling of the existing sampling points was completed by others in 2019. These 
data were included in the Jacobs database and data up to and including January 2020 were included in 
interpretations completed for the hydrogeological and geochemical understanding of the Site.  

The data were used to construct a three-dimensional groundwater model, and a one-dimensional 
geochemical model. Together, these models were used to further a Conceptual Site Model of the Site to 
identify groundwater flow and contaminant transport.  

Jacobs used the data collected during the 2019 field season and integrated it with previous data to further 
the understanding of environmental conditions (geology, hydrogeology, and the presence and migration 
of contamination relating to the former mining activities) at the Site. From this understanding, we have 
drawn conclusions and made recommendations for further work based on our technical understanding of 
Site conditions.  

Background Conditions 

 The Site is in a mining area, and as such is metal-rich. Background metals concentrations are high, 
and for some metals, soil, groundwater and sediment concentrations may exceed Canada Council of 
Ministers of the Environment (CCME) and/or Yukon-based guidelines/standards.  

 Contaminant sources at the Site include tailings in the storage facility, tailings in the spill areas, 
tailings in the mine-made lake, sediment in the lake with elevated metals concentrations, and shallow 
surface soils susceptible to wind, with high arsenic concentrations. 

Surface Water 

 Tank Creek starts at the mine-made lake as numerous twisted and braided alignments flowing in a 
basin, converging to a single main channel at surface water monitoring location AGS-4.  
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Geology and Geochemistry  

 The geological sequences at the Site include glacial overburden with fill deposits.  

 Sonic drilling provided superior core samples from the boreholes, enabling identification of significant 
variations within the glacial geology not previously identified; discrete gravel lenses cross-cutting the 
bulk till and glacial outwash deposits.  

 Tailings material; lack neutralization potential, are actively generating acid, and have high 
concentrations of arsenic, copper, iron, lead, and zinc.  

 Overburden material (till) has been impacted by contamination from drainage of upgradient sources 
and by windblown dust or spilled tailings. The extent of surface impacts from mining activities has not 
been fully delineated (either laterally or vertically).  

 Till materials are described as non-acid-generating, with a limited buffering capacity.  

 The glacial till covers the majority of the Site with hydraulic conductivity values ranging from 2.2 to 
8.3x10-7 metres per second (m/s). 

 The glacial outwash underlies the glacial till and is more coarse-grained than the overlying till, 
comprised of silt and sand, with a hydraulic conductivity mean of 4.6x10-6 m/s. 

 The glaciofluvial channel fill material are discrete intervals of coarse-grained material at or near the 
contact between glacial till and the underlying glaciofluvial outwash. The materials are comprised of 
gravel with sand, with a mean hydraulic conductivity of 1.5x10-5 m/s.  

 Sulphate percentage in groundwater provides an effective contrast between background groundwater 
and groundwater affected by acid rock drainage. Shallow wells beneath the Tailings Storage Facility 
(TSF) show influence of the tailings.  

 Wells screened in the deeper glacial outwash show sulphate presence while their shallow equivalents 
do not. This suggests the higher permeability glacial outwash serves as a preferred pathway 
compared to the less permeable till.  

 Various geochemical interactions along the flow path result in different break through times for 
dissolved constituents from the tailings. Simple geochemical modelling showings that sulphate is the 
most mobile and is the first to emerge downgradient of the tailings. Zinc breakthrough follows, and 
cadmium and arsenic are next.  

 Elevated zinc concentrations in the permeable channel fill deposits downgradient of the TSF indicate 
that contamination is reaching this unit, and based on modelling results, arsenic will follow, if sources 
remain unchanged.  

 Despite dissolved metals concentrations that meet the standards/guidelines, MWs, and DPs near and 
along Tank Creek show influence of acid rock drainage with sulphate. Dilution, buffering, and 
attenuation are moderating the water quality impacts at present.  

Groundwater 

 Groundwater flow is to the west (towards the mine-made lake) and to the northwest (towards Tank 
Creek). There is a groundwater divide between these two flow paths that may be seasonally variable.  

 Groundwater in all three units (glacial till, glacial outwash, and glaciofluvial channel fill) exceeds the 
Yukon Contaminated Sites Regulation and CCME standards/guidelines. There is geochemical 
evidence that indicates that the more permeable glacial outwash and channel fill are acting as 
preferred pathways for contaminant migration. 

Summary  

 The TSF is not functioning as designed. Tailings in the storage facility are being exposed to water 
and oxygen, are generating acid, and leaching metals.  

 The full extent of contamination resulting from the TSF has not been delineated.  
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 Based on the geology and hydrogeology evidence, three hydrostratigraphic units are identified at the 
Site. These are described as glacial till, glacial outwash, and glaciofluvial channel fill.  

 Site conditions indicate that the tailings in the storage facility and likely the spilled tailings both 
constitute a substantial source of continued acid generation and metals mobilization.  

 Preliminary geochemical modelling results indicate the likelihood that further northwest migration of 
trace elements and low pH will continue if conditions are not changed. 

As defined in the DTA, the Site is classified as Contained. The containment design at the Site was 
identified to have a 150-year design life. Analytical results and the subsequent conclusions drawn from 
the data indicate that the remedial works implemented to contain the Site are not preventing contaminant 
migration, containment at the Site is not functioning as designed and contamination is migrating into the 
environment. These conditions indicate that the site is not contained.  

Contamination at the Site is not contained, and a long-term, permanent closure strategy is required to 
protect human health and the environment and return the Site to a land use suitable by the current owner 
C/TFN. This can be accomplished by invoking the Site warranty as outlined in the DTA.  

To support ongoing care and maintenance activities, Jacobs recommends the following further work be 
completed at the Site.  

 Continue monthly monitoring surface water elevations and flow at established stations – with specific 
focus on the seasons when surface water conditions change.  

 Continue routine monthly monitoring of surface water, and groundwater, including DPs and MWs, 
with specific focus on months when water elevations may change substantially.  

To support developing an effective containment strategy that addresses all sources of contamination at 
the Site, Jacobs recommend the following to further the understanding of Site conditions:  

 Complete characterization of background soil and groundwater conditions to support developing Site-
specific standards.  

 Continue characterization and delineation of Site-related contamination on-Site and in the aquatic 
receiving environments (mine-made lake, Tank Creek and Bennett Lake) until sufficient data are 
available to support a comprehensive and final remediation plan.  

 Better definition of the glaciofluvial channel fill material my help identify potential preferential 
pathways.  

 Include meteorological monitoring to the regular monthly monitoring already underway at the Site, to 
address data gaps relating to the water balance (specifically addressing understanding of 
precipitation and infiltration through the existing cap).  

 Continue to advance the understanding of the Site using the hydrogeological model and adding Site-
specific meteorological information.  

 Expand the geochemical model to a three-dimensional format to account for groundwater mixing, 
lateral dispersion, and effects of additional sources of potential contamination. This will allow proper 
assessment and comparison of remedial action alternatives. 
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EXECUTIVE SUMMARY

Azimuth Consulting Group Partnership (Azimuth) has been working on behalf of the Carcross 

Tagish Energy Corporation (CTEC) to determine if environmental contamination associated with 

the former Arctic Gold and Silver (AGS) mill and tailings storage facility (the Site) poses risks to 

human health and/or to the environment. Previous human health risk assessment for the Site 

reported that concentrations of metals in the soil pose unacceptable health risks for people 

using the Site over the long term (chronic exposure). Remedial options to address long-term 

health risks are being developed; however, the timeline for remediating the Site to conditions 

that are safe for people to use is likely several years. 

At the request of the Carcross/Tagish First 

Nation (C/TFN), Azimuth was tasked with

determining if current Site conditions pose 

acute public health risks between now and 

when the Site is remediated. If conditions do 

pose a risk to the health of people accessing 

the Site during the interim period, additional 

risk management measures will be required 

to prevent unauthorized access to areas at 

AGS where contaminant concentrations pose 

unacceptable risks to human health.

Current Risk Management Measures and Risks

Historical mining and milling activities contributed to elevated concentrations of metals 

throughout the Site area, particularly of arsenic and lead. To warn the public that high metals 

concentrations exist, signs have been placed on the Montana Mountain road leading to AGS and

on the tailings impoundment. A locked gate and fence partially restrict access to the Site from a 

popular parking area for people using Montana Mountain for recreational purposes. 

The current risk management measures do not, however, prevent people from accessing areas 

of the Site where metals concentrations are high. The gate does not restrict foot traffic, and the 

fence does not surround all the areas where concentrations of metals in soil are high. In 

addition, segments of the extensive trail network CTEC developed for hiking and mountain 

biking on Montana Mountain lead past northern areas of the Site where access is unrestricted.

Acute Public Health Risk

If conditions pose an acute public health risk, 

additional risk management measures will 

be required.

Note: Acute exposure is defined as being 

exposed only once or being exposed

repeatedly over a period no longer than 14 

days.
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Site Use

Members of the C/TFN were surveyed in November 2019 about their past and present use of 

the Site. This information, along with anecdotal evidence of how the public uses the surrounding 

area, was used to develop exposure scenarios. The scenarios were broadly classified as either 

unauthorized public access or invited guest visits and were used to assess acute risks from Site-

related contaminants. 

Unauthorized public access was the catch-all term for any person accessing the Site without 

formal consent of the C/TFN. Members of the C/TFN who participated in the Site-Use Survey 

indicated that AGS was an important area for activities ranging from mountain biking and hiking 

to hunting and gathering country foods. 

Among the activities, berry picking and 

picnicking were the two activities that 

questionnaire respondents most commonly 

engage in at AGS. Respondents indicated 

people of all ages were likely to participate in 

berry picking and picnics, including infants 

and young children accompanying adults. 

Knowing that young children are potentially 

accompanying adults to AGS was significant

for the Interim Site Risk Management HHRA 

because, on average, children are more highly 

exposed to environmental contaminants than 

adults are. This is because their behaviour 

causes them to have closer contact with the 

ground and because the rate at which they 

ingest food and water is comparatively high relative to their body size. For the unauthorized 

public access exposure scenario, the critical receptors (people most at risk) are children younger 

than 5 years old.

Invited guest visits was included as an exposure scenario in the Interim Site Risk Management 

HHRA to provide the C/TFN with information on the potential risks to people who visit the Site 

for cultural and education purposes. Under this exposure scenario, we assumed that member(s) 

of the CTEC or C/TFN would provide access and supervision while invited public are on Site, and 

that children younger than 5 years old would not be included. 

Unauthorized Public Access vs Invited Public 

Visits

Unauthorized public access refers to people 

accessing the Site without consent from the 

CTFN. Unauthorized public access includes all 

age groups, including young children. 

Invited public access refers to people 

participating in Site visits for cultural or 

educational purposes under the direction of 

the C/TFN or CTEC. Authorized visits do not 

include young children because they are the 

age group most at-risk from being exposed 

to contaminants in soil.
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Acute Health Risks and Recommended Interim Risk Management Measures 

Approach  

Previous investigations at AGS showed arsenic is both the most wide-spread contaminant of 

concern in soils and that it is the contaminant that exceeds soil quality guidelines for protecting 

human health more than any other Site-related metals. Therefore, assessing risks from exposure 

to arsenic was used to assess whether current Site conditions pose acute health risks. 

Implementing interim risk management actions based on risks from exposure to arsenic means 

that outstanding risks from other contaminants of potential concern (COPCs) will also be 

addressed. 

Incidental Soil Ingestion  

Based on the available toxicological data, soil arsenic concentrations higher than 450 µg/g are 

enough to pose acute (short-term) health risks to children younger than 5 years old. Previous 

studies at AGS showed that soil arsenic concentrations in excess of 450 µg/g are wide-spread at 

AGS, and the highest concentrations of arsenic are found in soils surrounding the former mill 

and between the tailings impoundment and Mine-Made Lake. We recommend additional 

fencing to prevent unauthorized public access to areas where soil arsenic concentrations 

exceeded 450 µg/g. 

Adults and older children who visit AGS as invited guests for cultural, educational, or other CTFN 

sanctioned events are at low risk of acute health effects from incidental soil ingestion. We 

recommend that invited guests not include young children because they are more likely to be in 

contact with soil and are more prone to frequent hand-to-mouth contact. 

Dust Inhalation  

Acute health risks from inhaling dust were evaluated using 1-hour and 24-hour exposure 

scenarios, assuming dusty conditions on Site. Dusty conditions are defined as 250 µg/m3 of 

respirable particulate matter. The soil screening value defined as the concentration below 

which no additional regulatory attention is needed to protect human health for the acute dust 

inhalation pathway was calculated by dividing the air quality screening value for arsenic (0.2 µg 

As/m3) by the concentration of respirable matter under dusty conditions. The lowest air quality 

screening value for soil arsenic was 800 µg/g (or parts per million) for 1 hour of exposure.  

Under dusty conditions, dust from Site areas with arsenic concentrations greater than 800 µg/g 

could pose health risks to people if the exposure was 1 hour or longer. Research on dust 

dispersion suggests people could be exposed to up to 250 µg/m3 of dust as far away as 200 m 

from the source, depending on the wind speed and direction.  
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The primary objective of risk management measures to protect the public against acute health 

effects caused by inhaling dust is to prevent them from being continuously exposed to dust 

originating from the Site for 1 hour or more. For invited guests, we recommend restricting

vehicle access to avoid creating dusty conditions. Where invited guests with mobility issues 

require vehicle support (ATV or truck), we recommend other invited guests keep a safe distance 

away and stay downwind from vehicles that can create dust emissions. There is no risk of acute 

health effects to the general public exposed to dust for a few minutes while transiently passing 

the Site or using the trail network in the area. 

Berry Collection

Concentrations of arsenic in berry samples

collected from AGS do not pose acute health 

risks to toddlers or adults, even if atypically 

large quantities of berries are consumed

(more than 800 g for toddlers and 3,500 g 

from adults).

Installing additional fencing to restrict public 

access to areas where soil arsenic is greater 

than 450 µg/g will also limit access to areas 

of the Site used for collecting berries and 

other country foods/traditional medicines 

(e.g., spruce pitch). 

Drinking Water Consumption

Water quality guidelines that address acute risks from inorganic substances in the short term are 

not well developed. To our knowledge, only nitrate, nitrite, and copper have guidelines meant 

to protect against potential effects from short-term exposure. The available data from Mine-

Made Lake and the outlet to Tank Creek show concentrations of metals and other constituents

are below health-based guidelines for short-term and long-term (chronic) exposure. In general, 

guidelines to protect against long-term health risks are more conservative (i.e., the acceptable 

limits are lower) than guidelines meant to protect short-term effects. This means people who fill 

a water bottle from Mine-Made Lake or Tank Creek are not at risk of effects to their health from 

Site-related contaminants. 

Summary

AGS will eventually be remediated to ensure that human exposure to residual environmental 

contamination will not present a public health risk. In the interim, it is imperative that 

CTEC Land Steward collecting berries for 

metals analysis
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unauthorized access to the Site be restricted to prevent potential health risks from acute 

exposure to contaminants: 

 Children less than 5 years old must be prevented from contact with arsenic-

contaminated soil or sediment at the Site, even for very brief periods of time. 

 Children and adults must be prevented from inhaling airborne dust from arsenic-

contaminated soil at the Site for durations of 1 hour or longer. 

It is ultimately up to CTFN and CTEC to determine suitable risk management measures to 

address the acute health risks identified in this report. These measures may include: 

 Expanding the existing fence infrastructure to prevent the public from accessing arsenic-

contaminated soil or sediment at the Site and installing a more secure gate, and 

 Implementing policies and procedures  

o to prevent children less than 5 years old from visiting the Site, and 

o to prevent invited older children and adults from being exposed to dusty conditions 

at the Site. 

 


















