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INTRODUCTION
The Sä Dena Hes (SDH) mine was a lead/zinc mine located 45 km north of Watson Lake in
southeastern Yukon within the Traditional Territory of the Kaska First Nation. Teck Resources
Limited (Teck), on behalf of the Sä Dena Hes Operating Corporation (SDHOC), recently
completed decommissioning, closure and reclamation activities to permanently close the SDH
mine in accordance with the licenced and approved Detailed Decommissioning and
Reclamation Plan (DDRP August 2015).
In December 2015, Teck amended its Quartz Mining License (QML) QML-0004 for the
proposed 25 year post-reclamation phase (the Project)1. The amended QML expires on
December 31, 2040 and the Environmental Monitoring, Surveillance and Reporting Plan
(EMSRP) is a requirement under Section 7.0.
The QML defines the EMSRP as “a plan that describes methods and techniques for collecting
monitoring information regarding environmental conditions at the Undertaking, as well as
quantitative thresholds which trigger the implementation of adaptive management strategies.
The purpose of the EMSRP is to outline the strategy for site monitoring in the short and long
term and includes the conditions related to the water monitoring program, physical monitoring
program, aquatic environmental monitoring program, terrestrial environment monitoring
program, and reclamation effectiveness monitoring program.
In addition, an Adaptive Management Plan (AMP) (ACG, 2016) has been developed and will
part of the data evaluation of the EMRSP.
Additionally, Teck is seeking to amend QZ15-082 to a Type B Water Use Licence which would
authorize activities during the 25 year post reclamation phase. As the SDH mine is no longer in
production (e.g. no milling), activities during the post-reclamation phase meet the Type B criteria
outlined under Schedule 7 of the Water Board Regulations.
Project Overview
The SDH mine was constructed in 1991 and operated between August 1991 and December
1992 by Curragh Resources Inc. under Water Licence IN90-002 pursuant to the Northern Inland
Waters Act. Approximately 700,000 tonnes of ore were mined and processed onsite during the
16-month operation of the mine. The mine has not been in operation since that time.
After 14 years in Temporary Closure, on January 26, 2012, the decommissioning, closure and
reclamation activities to permanently close the SDH mine were conducted from 2013 to 2015 in
accordance with the licensed and approved DDRP.
During the 25-year post-reclamation phase, Teck proposes:


to continue to discharge neutral mine drainage;



to decommission the Main Access Road and Site Access Road; and,

1 This Project Proposal uses the term “post‐reclamation” to describe the phase that will commence upon completion of the implementation of
the SDH Detailed Decommissioning and Reclamation Plan in January 2016. Other documentation provided with this submission may refer
to “post‐closure”; these two terms are synonymous.
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to undertake post-reclamation monitoring and adaptive management, inspections and
maintenance of constructed/engineered structures.
SDH Mine Site Decommissioning, Closure and Reclamation

Teck’s closure philosophy is described in the DDRP, Section 1.1. In keeping with this
philosophy, the following objectives have guided development and implementation of the DDRP:


Protection of public health and safety;



Implementation of environmental
environment impacts;



Ensuring land use commensurate with surrounding lands;



Post-reclamation monitoring of the site to assess effectiveness of closure measures for
the long term; and,



Passive post-reclamation monitoring and management of the site where applicable.

protection

measures

that

minimize

adverse

Development of the DDRP has always been and continues to be a collaborative, iterative
process. The DDRP was first compiled in 2000 after extensive consultation with regulators and
First Nations, the DDRP was assessed under CEAA and subsequently approved and licenced
under the Type A WUL QZ99-045 and QML-0004. Despite the fact that the property remained in
temporary closure, the DDRP was updated in January 2006, January 2010, and January 2012,
in accordance with regulatory requirements and based on the findings of the numerous ongoing
closure studies undertaken for the site. The DDRP was released for review by regulators and
Liard First Nation (LFN) in July 2013 (officially the March 2013 Update version) with the most
recent update being released in August 2015.
Teck began to implement the DDRP on January 29, 2013. Through engagement with LFN,
regulators and third-party reviewers, Teck and their technical consultants have undertaken
several more closure studies to guide the final closure and reclamation plans. Teck and the
various interested parties continue to use the findings of new and ongoing studies to inform
decision-making about the most appropriate, sufficiently protective site closure and reclamation
measures. As explained below, the human health risk assessment (HHRA) and ecological risk
assessment (ERA) and their supporting studies have played a key role in guiding site closure
and reclamation.
Teck has worked closely with LFN on the refinement and implementation of the DDRP. To
support their collaboration and cooperation, the two parties formed the Sä Dena Hes Project
Working Group to provide strategic guidance to Teck and LFN on the advancement of the site
closure and remediation. Further, Teck and LFN established a Communication and
Engagement Plan to facilitate cooperative implementation of the DDRP.
After Teck’s decision to put the SDH mine into permanent closure, additional site assessment
and studies were conducted through 2015 to provide additional information to refine the DDRP.
The final DDRP (issued in August 2015) incorporates the studies completed to date, addresses
comments raised by regulators and LFN and was used to implement closure activities.
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Human Health and Ecological Risk Assessments
The Yukon Mine Site Closure and Reclamation Policy (YG Energy, Mines & Resources, 2006)
formally recognizes that “risk management may be utilized in the development of the
reclamation and closure plan by the mine operator. This approach should take into
consideration ecological, human health, socioeconomic considerations and engineering factors
and be designed to enable the mine operator and Yukon government agencies to fully
understand the likelihood and consequence of failure in order to assess reclamation and closure
options and to ensure that risks associated with implementing the mine DDRP are addressed to
the satisfaction of the Yukon government.”
The HHRA and ERA commissioned by Teck have played a key role in guiding closure and
reclamation planning. A comprehensive, collaborative approach to development of the Risk
Assessments has been taken, involving Teck and their technical consultants, LFN and several
YG departments/branches, and their third-party reviewers. Numerous additional studies have
been and continue to be undertaken to support the Risk Assessments.
Figure 1-1 depicts the DDRP development and implementation process in the context of the
HHRA and ERA.
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Figure 1-1 Overall Risk Assessment and Risk Management Process for the SDH Mine Site
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Closure and Reclamation Overview
Figure 1-2 shows the main features of the SDH mine site. The site includes underground workings and open
pits associated with three ore bodies: the Main Zone and Jewelbox ore bodies located adjacent to each
other, on the south end of the site and immediately west of the Mill Site; the Burnick ore body located in the
northwestern corner of the site. The Mill Site is located in the southern portion of the site, southwest of the
Tailings Management Facility. The Facility comprises the Main Tailings Pond and associated North and
South Dams, and the Reclaim Pond and Dam. Camp Creek is diverted around the Reclaim Pond. The main
Borrow Source and Landfill Area is located in the northern portion of the site. The 25 km long Main Access
Road connects the SDH mine site to the Robert Campbell Highway; there is a network of minor roads
throughout the site.
Although decommissioning is, with the exception of decommissioning of the Main Access Road, outside the
scope of this project, Table 1-1 summarizes the decommissioning, closure and reclamation plans detailed in
the DDRP in order to provide an overall picture of the post-reclamation conditions of the SDH mine site.
These plans are also shown in Figure 1-2 taken from the DDRP.
In general, the plans include decommissioning all buildings and other infrastructure on the site; draining and
capping the tailings ponds; breaching the South and Reclaim dams; sealing portals; re-contouring waste rock
dumps and re-sloping pit walls; as well as remediation and natural revegetation. Decommissioning and
reclamation commenced in 2013 and was completed during the summer of 2015 (with the exception of
decommissioning of the Main Access Road).
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1-2

Table 1-1 Summary of Closure and Reclamation Measures
Mine Site Feature (DDRP
Section)

Closure and Reclamation Overview

Jewelbox Ore Body

 Seal the 1408 and 1250 portals. Neither portal discharges.

(Sec. 3.2.1)

 Re‐slope to stabilze open pit walls; fill base of pit with coarse waste rock.
 Re‐contour waste rock dump; cap with 20 cm of clean material and revegetate where
possible.

Main Zone Ore Body
(Sec. 3.2.2)

 Seal 1380 portal; allow portal to infiltrate into waste rock dump. The fate and potential
environmental effects of portal discharge addressed in Section 3.6.3 of the DDRP.
 Re‐slope to stabilze open pit walls; fill base of pit with coarse waste rock.
 Re‐contour waste rock dump; cap with 20 cm of clean material and revegetate where
possible.

Burnick Ore Body
(Sec. 3.3.3)

 Seal the 1200 portals (2) and 1300 portal. No significant environmental effects predicted for
drainage from the 1200 ventilation portal; the other two portals do not discharge.
 Re‐contour 1200 and 1300 level waste rock dump; decompact and revegetate where
possible.

Tailings Management
Facility (Sec. 3.3)

 Drain and cap the North and South tailings ponds with a minimum of 50 cm of material and
revegetate.
 Drain and cap Reclaim Pond with a minimum of 50 cm of material (in areas of elevated metal
concentrations) and revegetate.
 Remove South Dam and Reclaim Dam. A small sediment retaining structure remains in place
at the former South Dam to provide a barrier to any tailings migration.
 Dismantle and remove or bury associated infrastructre (e.g., decanter tower, pipelines).

Camp Creek Diversion
(Sec. 3.3.4.7(ii))

 Redirect Camp Creek back into its original channel.

Buildings and
Infrastructure (Sec.3.4 and
3.5)

 Dismantle and salvage non‐hazardous materials, or bury non‐hazardous materials in situ or in
the site landfill facility; remove hazardous materials from site in accordance with applicable
regulations.

 Contour diversion to provide natural drainage.

 Cap, scarify, recontour and revegetate disturbed areas.
 Remove North Creek dyke and culverts; re‐contour and armour the drainage channel to
stabilize.
Main Access Road, Site
Access Roads and Trails
(Sec. 3.7.1)

 Remove safety berms and culverts; scarify, decompact and recontour to promote natural
revegetation.
 Stabilize trails where required.
 Place a gate at the mine entrance and signage to discourage public use.

General

 Risk manage hydrocarbon‐contaminated areas: remove from or remediate contaminated
soils in discrete areas (e.g., settling ponds) in accordance with applicable regulations.
 Place signage in areas that have residual unstable rock faces or have the potential for surface
subsidence.
 Conduct Ecological Restoration through reclamation, and natural and active revegetation.
 Risk manage areas with residual metal concentrations.
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ENVIRONMENTAL MONITORING PROGRAM
Environmental Monitoring and Adaptive Management Planning are part of a comprehensive
system of identifying and managing potential adverse effects through the post-reclamation phase
of the SDH Mine. Post-reclamation environmental monitoring, physical/geotechnical inspections,
and maintenance of constructed/engineered structures will be undertaken at the site in the postclosure period. Monitoring will also be prescribed in the terms of the amended WUL.
This section outlines the proposed post-reclamation monitoring and adaptive management
framework for Surface Water Quality, Groundwater, Aquatic Resources, and Terrestrial
Resources.
Table 2-1 presents the comprehensive monitoring schedule and summary of the various
monitoring programs for the post-reclamation period.
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Table 2-1: Summary of Proposed Post-Reclamation Monitoring Programs
Monitoring
Program

Surface Water

Monitoring Locations

MH‐02, MH‐04, MH‐11,
MH‐12, MH‐13, MH‐15,
MH‐22, MH‐29, MH‐30,
SDH‐S2

MW13‐01, MW13‐06,
MW13‐13

Groundwater

Aquatic
Resources:
Benthos/Sediment

Aquatic
Resources:
Fisheries

Timing
BM –
bimonthly
S – Freshet
(spring) and
low flow (fall)
A ‐ low flow
(fall)
S – Freshet
(spring) and
low flow (fall)
A ‐ low flow
(fall)

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

2035

2036

2037

2038

2039

2040

Y1

Y2

Y3

Y4

Y5

Y6

Y7

Y8

Y9

Y10

Y11

Y12

Y13

Y14

Y15

Y16

Y17

Y18

Y19

Y20

Y21

Y22

Y23

Y24

Y25

Field
measurements and
laboratory analysis

BM

BM

S

S

S

A

A

A

A

A

‐

A*

‐

A*

‐

A*

‐

A*

_

A*

‐

A*

‐

A*

‐

Field
measurements and
laboratory analysis

S

S

S

S

S

A

A

A

A

A

‐

A*

‐

A*

‐

A*

‐

A*

_

A*

‐

A*

‐

A*

‐

Summary

MW13‐04, MW13‐05,
MW13‐10, MW13‐07

Low flow (fall)

Field
measurements and
laboratory analysis

A

A

A

A

‐

A

‐

A

‐

A

‐

A**

‐

A**

‐

A**

‐

‐

A**

‐

‐

A**

‐

‐

A**

MW14‐01, MW14‐02,
MW14‐03, MW14‐04

S – Freshet
(spring) and
low flow (fall)
A ‐ low flow
(fall)

Field
measurements and
laboratory analysis

Q

Q

S

S

S

A

A

A

A

A

‐

A**

‐

A**

‐

A**

‐

‐

A**

‐

‐

A**

‐

‐

A**

MH‐04, MH‐11, MH‐12,
MH‐13, MH‐29, MH‐30

Low flow (fall)

CABIN protocol
field collection and
laboratory
taxonomy,
laboratory analysis
for sediments

A

‐

A

‐

A

‐

‐

‐

‐

A

‐

‐

‐

‐

‐

A

‐

‐

‐

‐

‐

A

‐

‐

‐

MH‐30, MH‐13

Low flow (fall)

Population and fish
size

A

‐

A

‐

A

‐

‐

‐

‐

A

‐

‐

‐

‐

‐

A

‐

‐

‐

‐

‐

A

‐

‐

‐

A

A

A

A

A

‐

‐

‐

‐

‐

‐

‐

‐

‐

‐

‐

‐

‐

‐

‐

‐

‐

‐

‐

‐

Terrestrial
Resources:
Revegetation
Success

Specific locations
where reclamation/re‐
vegetation occurred
and other discrete
locations.

Mid‐summer

Seedling survival,
height growth,
germination
success,
composition,
natural succession

Terrestrial
Resources: Metals
Concentrations
Monitoring

Specific locations
where soil covers were
applied and other
discrete locations.

Mid to late
summer

Monitoring of
metals in soil and
biota

‐

‐

‐

‐

‐

‐

‐

‐

‐

A#

‐

‐

‐

‐

‐

‐

‐

‐

‐

A#

‐

‐

‐

‐

‐

Relevant mine
components.

Spring/early
Summer

Geotechnical
engineering
inspections

A

A

A

A

A

A

A

A

A

A

‐

‐

‐

‐

A

‐

‐

‐

‐

A

‐

‐

‐

‐

A

Geotechnical

Notes:
Y – Year; S ‐ Semi‐annual; A ‐ Annual
* The data collected to Y10 will be evaluated to determine whether a reduction in monitoring frequency is appropriate.
** MH13‐01, MW13‐06 and MW13‐13 will continue to be monitored after Year 10 as part of the Adaptive Management Plan; an evaluation will be conducted after Year 10 to determine whether the other wells will continue to be monitored.
# Timing of initial terrestrial metals concentrations monitoring to be confirmed based on revegetation success monitoring.
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Surface Water
The Surface Water Quality Monitoring Program is a key monitoring program for the postreclamation condition of the SDH mine site. Water quality monitoring has been
conducted as a condition of the current Water Use Licence (WUL) since 1991. The
ongoing monitoring has been used to identify existing mine sources that discharge water
with elevated concentrations of zinc, cadmium and lead. These sources are:


North Tailings Dam Seepage (MH-02);



Burnick Portal (MH-22); and



1380 Portal (SDH-S2 as MH-25 has been decommissioned).

Discharge from both the 1380 Portal and Burnick Portal flow through the downgradient
waste rock dumps, after which the flow infiltrates into the ground and is naturally
attenuated. Groundwater from these sources ultimately discharges to False Canyon
Creek.
The surface water monitoring program includes monitoring of the discharge sources,
downstream stations which are potentially influenced by mine discharge (compliance
stations), and downstream reference stations which are not exposed to effluent. Figure
2-1 shows post-closure surface water sampling locations that will be routinely monitored.
Table 2-2 lists coordinates and the purpose of the monitoring locations. Two of the ten
stations are proposed compliance points (MH-11 and MH-12).
Table 2-2: Description of Water Quality Sampling Stations (from SRK, Water
Quality Monitoring Plan, 2014)
Station
Category
Compliance
Point

Discharge
Source
Downstream
Receiving
Environment

Reference
Station

Coordinates

Station
ID

Northing

Easting

MH-11

509460

6707788

MH-12

509688

6712755

Station Description
Camp Creek located 2 km downstream of the Reclaim
Pond (Upper False Canyon Creek)
East Fork of Tributary E – of False Canyon Creek,
approximately 2 km downstream of the north tailings dam

MH-02

508060

6711477

North Dam seepage

MH-22

506767

6712946

Burnick 1200 Portal discharge

SDH-S2

506325

6709558

Drainage from the 1380 Portal, present as a seep in the
downslope waste rock dump

MH-13

512541

6709113

False Canyon Creek main channel located 10 km
downstream of the mine site

MH-04

507267

6710292

Located near the Camp Creek headwaters above the
former Reclaim Pond

MH-15

510041

6718408

West Fork of Tributary E

MH-29

509146

6708895

Access Creek Upstream of Camp Creek

MH-30

510985

6707568

Unnamed Tributary Upstream of False Canyon Creek
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The proposed frequency is to sample bi-monthly in 2016-2017, semi-annual in 20182020, annual from 2021-2025 and every other year from 2026-2040. If Teck can show
that the reclamation works at the site have stabilized and that sediment mobilization from
the site has been mitigated, Teck will recommend that monitoring move to the proposed
bi-annual (freshet and low-flow fall) frequency presented in Table 2-1 above.
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Groundwater Monitoring Program
There are three post-reclamation groundwater monitoring programs for SDH: the first is designed to
monitor downgradient of mine-influenced loading sources and is linked to the AMP (Appendix A), the
second is designed to monitor areas where soil contamination has been identified as part of the
Contaminated Site Assessment process (Appendix B), and the third is to monitor the landfill area. The
wells listed in Table 2-3 and shown in Figure 2-2 will be monitored during the post-reclamation phase for
both programs.

Table 2-3: Groundwater Monitoring Wells
Station ID

Station Description

MW13-01

Jewelbox/Main Zone – in
downgradient of 1380 Portal.

Purpose
1380

Gully,

To monitor groundwater flow and quality from
Jewelbox/Main Zone towards Camp Creek.

MW13-04

Main Access Road

Background reference well

MW13-05

Main Access Road – south of the Mill Site on the
Main Access Road.

To monitor groundwater flow and quality from
Jewelbox/ Main Zone.
To monitor groundwater flow and quality from
Burnick Zone.
To monitor groundwater flow and quality from the
tailings pond area.
To monitor groundwater flow and quality from the
Mill Site and Jewelbox/ Main Zone.
To monitor groundwater flow and quality from
Jewelbox/Main Zone towards Camp Creek

MW13-06

Burnick 1200 Portal

MW13-07

North Dam – north of the North Dam and tailings
pond area.

MW13-10

Mill site - northeast of the Mill Site

MW13-13

Downgradient of 1380 Portal

MW14-01

In proximity to the landfill.

To monitor groundwater flow from the landfill.

MW14-02

In proximity to the landfill.

To monitor groundwater flow from the landfill.

MW14-03

In proximity to the landfill.

To monitor groundwater flow from the landfill.

MW14-04

In proximity to the landfill.

To monitor groundwater flow from the landfill.

The frequency of the monitoring and sampling is shown in Table 2-1. In summary, monitoring
wells MW13-01, MW13-06 and MW13-13 will be sampled and analyzed semi-annually for five
years (i.e., 2020) then reducing the monitoring to annually for the following 5 years. The
monitoring is consistent with the proposed surface water monitoring schedule and will better
assist in evaluating to the data.
The landfill monitoring program was developed in response to Compliance Monitoring and
Inspections (CMI) request for an adequate plan to ensure the bottom of the SDH landfill cells
are not within 3 m of groundwater as part of Waste Management Permit 81-020. The
monitoring plan was provided to CMI on Nov. 18, 2015. The plan includes monitoring the water
table elevation and water quality in the monitoring wells within the landfill quarterly for two years
and then semi-annually for the next three years (i.e., 2020) and then reduce to annually for five
years. In 2025, the 10 years of data will be evaluated to determine whether a further reduction in
monitoring frequency is appropriate.
Samples from monitoring wells MW13-01, MW13-04, MW13-05, MW13-06, MW13-10 will be
sampled and analyzed annually for hydrocarbons, dissolved metals, and anions. Samples from
MW13-07 and MW13-13 will be analyzed for dissolved metals and anions. Groundwater
samples from the landfill wells will be analyzed for hydrocarbons, dissolved metals, nutrients
and anions.
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Aquatic Resources Monitoring Program
Monitoring of aquatic biological resources and stream sediments has been ongoing in the SDH study
area in various forms since the initial baseline biophysical resource characterization work prior to
development of the mine. Teck proposes to continue the monitoring of these conditions in the postreclamation period to provide context to the ongoing water quality results and to provide additional
comparison points for the ongoing evaluation of the potential for effects to aquatic resources. The
monitoring programs for these resources have been modified to focus on the potential for effects nearer
to the mine – as opposed to the very far downstream stations that have been monitored historically.
Should triggering of AMP thresholds warrant a re-evaluation of this network or the program frequencies,
this can be conducted.

Stream Sediment Quality Monitoring
Monitoring of stream sediment quality will be conducted at the same time and same frequency as the
benthic community monitoring – in the fall in low flow conditions. Harmonized monitoring of these
programs will allow for more meaningful interpretation of results, and sediment quality is a key link
between water column contaminant concentrations and benthic community health.
The sample locations include the compliance locations (MH-11 and MH-12), AMP indicator stations (MH04, MH-13) and reference stations (MH-29 and MH-30). The proposed methodology for conducting
stream sediment quality monitoring is presented in Appendix C.

Fisheries Monitoring
Monitoring of fisheries resources will be conducted in the fall, which is when fish have historically been
observed the highest up in the receiving environment watercourses, and individuals are developed to a
size which allows for on the same frequency and timing as the benthic and sediment monitoring
programs.
The proposed methodology for conducting fisheries monitoring is presented in Appendix C. The fisheries
monitoring will be conducted at MH-13 and reference location MH-30.

Benthic Invertebrate Monitoring
Monitoring of benthic invertebrate communities will be conducted at the standard collection time – in the
fall in low flow conditions. This ensures that organisms are developed sufficiently to effectively identify to
appropriate taxonomic levels.
The sampling frequency for the monitoring of benthic invertebrate communities will follow the same
frequency as the current licence monitoring program (every two years, even years) until 2020, at which
point it will reduce to be conducted in 2025 (Y10) to coincide with the last annual surface water sampling
event. The sampling would then be conducted every 6 years for the duration of the licenced monitoring
period such that monitoring of benthic invertebrate communities will always be conducted in a year during
which water quality monitoring is conducted. Harmonized monitoring of these programs will allow for
more meaningful interpretation of results.
The proposed methodology for conducting benthic invertebrate sampling is presented in Appendix C.
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Terrestrial Monitoring Program
Reclamation/Re-vegetation Success Monitoring
Assessments of the revegetation program will be conducted in midsummer for a minimum of
five years. The main focus of the monitoring will be to ensure that the prescriptions applied to
the disturbed sites on the mine are successful. During the assessments, assessments will be
made on seedling survival and height growth, seeded germination success, composition and
natural succession.
There are three main areas that have been seeded with a native seed mixture; Jewelbox waste
dump, Burnick 1200 waste dump, and the decommisioned access roads. Overall assessments
will be conducted at the waste dumps and permanent vegetation plots will be established.
Jewelbox covers the largest area, approximately 8.2 ha, and it is proposed to set up three 5m x
5m plots here to represent the overall area plus the various aspects. One will also be
established at Burnick 1200. Vegetative cover, seeded species composition, natural
colonization of other species, UTM coordinates, aspect, elevation, and photographs will be
taken at each plot. The decommissioned roads will be flown to assess the success of the
seeding program.
All the areas planted with tree seedlings in the summer season of 2015 will be assessed. A
total of 14 permanent monitoring plots were established throughout the planting areas and each
one will be assessed following Forestry protocols. Specifically survival rates, height growth,
plant health indications, species composition, ground cover and general observations (soil
conditions, browse sign, etc.) will be noted. Photographs will be taken for further documentation.
Maintenance will be undertaken at the plots where required, i.e. stake dislodgement, relabeling,
reflagging, etc. In addition, overall observations will be made at each of the areas to determine
areas of stress, healthy growth, natural succession, productivity, animal and bird usage, etc.
Analysis for metals uptake will be conducted as per the Terrestrial Effects Monitoring (below).
Terrestrial Effects Monitoring
Remediation of the mill site and tailings management facility conducted will decrease
contaminant exposure for wildlife using the property. To confirm that the contaminant pathway
has been cut and exposure has been reduced or eliminated in these areas, concentrations of
metals in soil and various biota tissues will be monitored periodically to confirm risk predictions.
The monitoring requirements including sampling locations, parameters, and monitoring
frequency are included in Sa Dena Hes Mine Site Long-term Monitoring Plan for Terrestrial
Environment Related to Human Health and Ecological Risks, dated June 27, 2016 prepared by
Azimuth Consulting (Appendix D).
Invasive Plant Species Monitoring Program
Throughout the revegetation assessment any invasive plants will be identified and recorded
following the protocols as set out by the Yukon Invasive Species Council’s Spotter’s Network.
Early detection and rapid response are the best defense against the spread of invasive species.
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Depending on the invasive species identified and the extent of the growth, immediate action
while on site may be taken. Otherwise a plan will be drawn up accordingly.
PHYSICAL MONITORING PROGRAM
Physical/geotechnical inspections and maintenance of constructed/engineered structures
remaining at the site will be conducted throughout the post-closure phase. Geotechnical
monitoring, inspections and maintenance is outlined in Appendix E. The focus of the inspections
include the North Dam, the Sediment retaining structure (SRS) and spillway, soil covers,
diversions and waste rock dumps.
Additionally, the Main Access Road will be routinely inspected and maintained for four-wheel
drive access until it is decommissioned. Maintenance activities may include: debris removal,
drainage re-establishment, embankment re-stabilization, surface compaction, and general
culvert maintenance (debris removal, bank re-stabilization, erosion and sediment control, etc.).
Land use monitoring will also include sign inspection and observation of human access.
DATA EVALUATION AND REPORTING
EMSRP data evaluation and reporting will be conducted in accordance with the WUL and QML.
The QML Annual Report will include:
 a summary of decommissioning and reclamation activities undertaken;
 a summary of decommissioning and reclamation activities planned for the upcoming
year;
 the effectiveness of the remediation measures implemented;
 a map showing the status of all decommissioning and reclamation activities;
 details respecting any action taken as a result of the recommendations made by the
engineer in relation to the inspection referred to in 11.2 of QML -0004;
 a summary of the programs undertaken for environmental monitoring and surveillance,
including an analysis of data and any action taken or adaptive management strategies
implemented to monitor or address any changes in environmental performance;
 a summary of invasive plants that have been identified on site and measures taken to
control or remove invasive plants;
 a summary of spills and accidents that occurred at the site and measures taken to
respond to any spills or accidents;
 a summary of wildlife incidents and other accidents, and any upgrade or maintenance
 work planned for the upcoming year; and
 a summary of any site improvements undertaken to address sediment and erosion
control.
The Adaptive Management Plan (AMP) (ACG, 2016) is also a critical component for evaluating
and responding to emerging or changing conditions on site. Receiving environment surface
water quality, mine source water, groundwater quantity and quality, physical stability and soil
covers are the AMP components that have been identified as having the potential for
unexpected conditions during the post-reclamation period for which the DDRP may not provide
adequate mitigation against potential effects to the environment or human health and safety.
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All data collected in the previous year is submitted to the Yukon Government, Energy, Mines
and Resources Branch and to the Yukon Water Board as a single report by March 31st of the
following year.
RECLAMATION LIABILITY COST ESTIMATES
The estimate of costs to conduct the post closure management of the site is based on the
following:


to decommission the Site Access Road; and



to undertake post-reclamation monitoring and adaptive management, inspections and
maintenance of constructed/engineered structures.

At this time is it unclear if the Main Access Road will be required to be decommissioned or if it is
considered a public road. As such, the estimated cost to decommission the Main Access Road
is not included within the cost estimate table. However, if the road were to be decommissioned,
the additional estimated cost is $3,850,000.
Table 5-1 Sa Dena Hes Mine ‐ Estimated Post Closure Site Management (2016- 2040)
Post Closure Maintenance and Reclamation

Units

Quantity

Unit Cost

Site stabilization / revegetation

Lump sum

2

$

50,000

$

100,000

Geotechnical upgrades

Lump sum

1

$

130,000

$

130,000

Misc. maintenance

per event

5

$

10,000

$

50,000

Fertilization for revegetation areas

per event

3

$

15,000

$

45,000

Invasive Plant Management/Control

per event

3

$

10,000

$

30,000

$

355,000

$

630,000

$

630,000

Subtotal

Cost

Road Decommissioning
Site Access Road

Lump sum

1

$

630,000

Subtotal
Compliance Monitoring and Reporting
Water Quality monitoring and reporting (analytical,
collection, heli./travel)

per event

30

$

30,000

$

900,000

Aquatic Resource monitoring

per event

6

$

60,000

$

360,000

Geotechnical Dam inspections and cover
performance monitoring

per event

13

$

35,000

$

455,000

Revegetation assessments

per event

5

$

25,000

$

125,000

Terrestrial Ecological Risk Assessment monitoring

per event

2

$

100,000

$

200,000

$

2,040,000

Subtotal
Site Management
Staff site management, reporting, documentation

Yearly

25

$

30,000

$

750,000

Local site caretaker

Yearly

25

$

10,000

$

250,000

Subtotal

$

1,000,000

TOTAL COST FORECAST

$

4,025,000
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Introduction
The Sä Dena Hes lead/zinc mine (SDH) operated from 1991 to 1992 and is currently owned by
Teck Resources Limited and Korea Zinc. The mine was in care and maintenance from 1992 to
2013. Permanent closure of the mine is currently underway in 2014 and 2015. Closure activities
completed in the summer of 2014 include demolishing of the mill and other site buildings,
backfilling of portals, removing the South Dam and Reclaim Dams, reconstructing a portion of the
Camp Creek channel and selectively covering portions of the site. Work in 2015 includes
decommissioning site roads, final resloping and capping, and revegetation. Following
reclamation, the site will be monitored to ensure objectives have been met.

1.1

Regulatory Context
Operation and closure of the site is authorized by a Quartz Mining Licence issued by the Yukon
Department of Energy, Mines and Resources. The Quartz Mining Licence expires
December 31, 2015. A Detailed Decommissioning Reclamation Plan (Teck 2013) describes
closure objectives and activities.
Water use and discharge is regulated by the Yukon Territory Water Board under the Water Use
Licence (WUL) QZ99-045, which expires on December 31, 2015. Water quality and flow have
been monitored according to the licence since 1991. The licence requires monthly data reports
and an annual report. The most recent annual report was submitted to the Yukon Water Board in
April 2014 (SRK 2014a).
A WUL will continue to govern water discharge after closure. The application for a new licence or
renewal of the existing WUL will include this adaptive management plan (AMP) and a water
quality monitoring plan (WQMP). The WQMP for surface water and groundwater is presented in
Attachment 1. Biological monitoring of the site will also occur and is described in the YESAB
Project Proposal for Post-Reclamation Activities, in Section 7 (Access, 2014)
The AMP and WQMP are companion documents. The WQMP describes the monitoring
locations, frequency, and parameters for the post-reclamation WUL application. Monitoring
locations for the WQMP and referenced in the AMP are shown on Figure 1. The WQMP provides
the data necessary for evaluating if water quality conditions are changing. The AMP describes
how these data are evaluated, thresholds that trigger additional action, potential management
actions and reporting requirements for the AMP. The connection between the WQMP and the
AMP is presented in Figure 2.

1.2

Problem Statement
Water quality monitoring has been conducted as a condition of the current water licence since
1991. The ongoing monitoring dataset has been used to identify existing loading sources that
discharge water with elevated concentrations of zinc, cadmium, and lead. These sources are:
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Burnick Portal (MH-22)



1380 Portal (MH-25)

Figure 3 is a conceptual loading diagram for each of these sources, including flow paths,
attenuation mechanisms and AMP water quality monitoring stations. Water from these sources
infiltrates to groundwater near the source and then migrates downgradient as groundwater to
areas of groundwater discharge (i.e., surface water features). Discharge from both the 1380
Portal and the Burnick Portal drainage flow through the downgradient waste rock dumps, after
which the flow infiltrates into the ground. Monthly and quarterly water quality monitoring results
currently meet the effluent quality limits in the WUL at the receiving water bodies (Camp Creek,
False Canyon Creek, and Tributary E).
SRK conducted previous investigations (SRK 2014b) that demonstrated that the loads (mass per
time or kg/day) of dissolved zinc, cadmium, and lead from the Burnick and 1380 portals are not
observed at the downstream monitoring locations, indicating that these loads are attenuated
along the migration pathway or have not yet arrived at the monitoring location. Additional
information about the attenuation mechanisms and water quality predictions is provided in the
Water Quality Loading Assessment report (SRK 2014b).
Drainage from all three loading sources travels as groundwater ultimately discharging to False
Canyon Creek. Consequently, the rate at which surface water concentrations change is a function
of reactive transport along the groundwater flowpath. Any potential concentration increase in the
receiving waters would be gradual and would depend on many factors, including mixing with
other groundwater, dispersion, attenuation, the subsequent consumption of attenuation capacity,
and the travel time between the source and discharge locations. The lag time between the initial
increase in concentration and the maximum predicted concentration could be tens to hundreds of
years (SRK 2014b).

1.3

Purpose
Surface water quality will be monitored after reclamation to observe any potential changes
indicative of indicative of loading from the North Dam, Burnick Portal and 1380 Portal. The
objective of the AMP is to detect changes from existing conditions and ensure that water quality
does not exceed post-reclamation WUL limits.

1.4

Approach
Site water quality has remained relatively constant over the last twenty years and is expected to
remain the same as in the past. The AMP is a tool to identify changes in water quality from
current and historical conditions. It provides a framework describing the process to identify,
evaluate, and manage/mitigate potential changes to water quality. If water quality changes from
current conditions, the AMP describes the process for developing a plan to understand why the
change has occurred and how it may be addressed.
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Monitoring data is collected and evaluated relative to prescribed thresholds to assess if additional
action is warranted. Changes in water quality that exceed thresholds trigger action as described
in Section 2.
The general method and objectives are the same for the three potential loading sources (North
Dam seepage, Burnick Portal discharge and 1380 Portal discharge), and is described as follows:
1. Description of AMP Loading Sources and Objectives of the AMP monitoring (developed from
the conceptual model for each source),
2. Identification of specific indicators to be monitored,
3. Establishing thresholds for triggering action,
4. Evaluation of monitoring results, and
5. Description of a framework for escalating response if thresholds are exceeded.

1.5

Implementation Process
This AMP will be in effect for the duration of the post-reclamation water licence. It is a living
document and can be revised as additional data and information become available over time. The
AMP was prepared in support of the application to renew the water licence. It is anticipated that
the AMP will be revised to incorporate other relevant permit requirements as the regulatory
process proceeds to the water use licensing phase.

1.6

Annual Reporting
Reporting of the results of the WQMP monitoring and interpretation and recommendations from
the AMP will be included in the annual report, submitted to the Water Board each March.
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Adaptive Management Plan
As discussed in Section 1.2, the AMP applies to three loading sources from the mine site,
specifically:

2.1



North Dam Seepage (MH-02)



Burnick Portal (MH-22)



1380 Portal (MH-25)

Description of AMP Loading Sources and Flow Paths
Loading from each of the three mine site loading sources (North Dam Seepage, Burnick Portal
and 1380 Portal) could increase mining related constituent concentrations. Currently geochemical
attenuation, groundwater transport and mixing with other surface water and groundwater limit
these potential changes. This section describes each loading source, the geochemical conceptual
model and the drainage/seepage flow path.

2.1.1

North Dam Seepage
During operations, most tailings were discharged to the North Tailings Pond. Currently, there is
no ponded water in the pond, but the tailings are saturated at depth. There is seepage from the
toe of the North Dam, which is routinely monitored at MH-02 as required by the WUL. The
seepage at MH-02 is tailings porewater that has been diluted by groundwater from the valley
sides and runoff from the North Dam face (SRK 2000). The seepage quality at MH-02 is routinely
in compliance for all WUL parameters.
Seepage from the North Tailings Dam flows throughout the entire year. Flow at MH-02 is highest
during freshet and lowest during the winter. The seepage flows aboveground for a short distance
from the North Dam before infiltrating the ground. It then flows as groundwater before discharging
to North Creek and the headwaters of the East Fork of Tributary E. From the East Fork of
Tributary E, the water flows to Tributary E and then to False Canyon Creek (Figure 1 and Figure
3).
Metal attenuation along this pathway has not been evaluated. The flowpath is relatively short
compared to the groundwater pathways downgradient of the Burnick Portal and 1380 Portal. For
the purposes of the post-reclamation water quality predictions, it was conservatively assumed
that the entire constituent load from the seepage discharges to North Creek above MH-12 and
that there was no attenuation of metals by the soil (SRK 2014b).
Specific Issues
The objective of the AMP for the North Dam seepage is to detect any deterioration in water
quality in the tailings dam seepage and manage and mitigate these changes before any effects
are observed in the downstream receiving surface waters. AMP monitoring locations include
tailings seepage monitoring at MH-02 located at the toe of the dam and surface water monitoring
station MH-12 in North Creek.
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Monitoring MH-02 would detect any changes in water quality proximal to the loading source.
Downstream of these stations, tailings seepage flows as groundwater. Any potential change in
surface water quality in the receiving waters would therefore be a function of groundwater
reactive transport. Any water quality changes are expected to be slow and would be detected by
monitoring over multiple years for a statistically significant increasing trend.
2.1.2

Burnick Portal Discharge
The Burnick Portal is located 3 km from the SDH mill and was constructed to access the Burnick
Zone ore body. There are two portals (1200 and 1300) at the Burnick Zone. The lower portal
previously discharged continuously and has been routinely monitored during temporary closure at
MH-22 as part of WUL QZ99-045. Now discharge from MH-22 is ephemeral (June to November).
The discharge water quality exceeds the WUL limits for zinc during low flow months.
MH-22 discharge flows through a buried culvert, cascades over the crest of the Burnick waste
rock dump, and then infiltrates under the waste rock dump. It then flows downgradient to the eastnortheast as groundwater) to the headwaters of the West Fork of Tributary E, which is more than
1.5 km downgradient of the portal (Figure 1). The headwaters of the West Fork of Tributary E are
marshy and channeled surface flow is intermittent. Surface water flows to the east-northeast from
the West Fork of Tributary E to Tributary E and then to False Canyon Creek. There is currently no
evidence that the zinc load from the Burnick Portal is observed in Tributary E or False Canyon
Creek (SRK 2005). From this observation, SRK concluded zinc is attenuated through extensive
contact with the soils between the Burnick Portal and the West Fork of Tributary E.
Column experiments using discharge from the Burnick Portal and downstream soils were used to
evaluate the attenuation mechanism (SRK 2005). The testwork concluded that downgradient soils
have the potential to significantly attenuate zinc concentrations at the levels observed in the
discharge for much longer than 200 years. Column tests showed the attenuation capacity was not
exhausted and no secondary minerals were formed. The studies confirmed that zinc is passively
removed by contact with downgradient soils.
Because the zinc attenuation mechanism has more than 200 years of capacity, the attenuation
capacity of the soils was considered to last for the duration of the licenced post-reclamation
period.
Specific Issues
The objective of the AMP for the Burnick Portal discharge is to detect any deterioration in water
quality in the drainage flowing from the Burnick Portal and downgradient surface water. AMP
monitoring locations include the Burnick portal drainage (MH-22), groundwater monitoring well
MW13-06 downgradient of the Burnick portal and surface water monitoring stations and MH-15 in
the West Fork of Tributary E (Figure 1).
Monitoring at MH-22 and MW13-06 would detect any changes in water quality in the portal
drainage or groundwater near the portal. Downstream of these stations, the drainage flows as
groundwater. Any potential change in surface water quality in the receiving waters would be a
function of reactive transport along the groundwater flowpath. Any changes are expected occur

LMC/LNB/TRS

Adaptive_Management_Plan_1CT008_043_DRAFT_LC_LB_TRS_20141023

October 2014

SRK Consulting
Adaptive Management Plan

Page 9

slowly and would be detected by monitoring over time to establish statistically significant
increasing trend.

2.1.3 1380 Portal Discharge
The Main Zone Pit is a box cut located in the headwaters of Camp Creek. The 1380 Portal is
located at the south end of the cut. In June 1999, drainage from the portal was observed. The
drainage is routinely monitored at MH-25 as part of WUL QZ99-045. MH-25 was sampled for the
first time in 1999 to support the closure plan and was found to contain 41 mg/L dissolved zinc.
Drainage from MH-25 is ephemeral (June to October) and consistently exceeds the WUL limits
for zinc and cadmium and less frequently for lead. The zinc is leached from oxidizing exposed
rock and talus around the portal area, which contain sphalerite. The source water is likely shallow
groundwater with minor contributions from Jewelbox Pit (SRK 2000).
In 2000, MH-25 was monitored continuously for two months to assess variations in flow and
chemistry. SRK (2000) reported that the drainage from the Main Zone pit portal contained
elevated zinc, cadmium, and lead concentrations. Flow was estimated at 1 L/s. Flow decreased
following freshet, but constituent concentrations were relatively constant. The constituent load
associated with this flow was not detected in Camp Creek or False Canyon Creek at any time
during the summer, suggesting attenuation along the flow path.
The 1380 Portal drainage flows through the marble Main Zone waste rock dump immediately
downstream of the portal. Flow within the waste rock dump is audible but difficult to locate and/or
access, resulting in infrequent monitoring. The dissolution of the marble attenuates zinc,
cadmium, and lead by precipitation of metal carbonates. This attenuation mechanism of drainage
from MH-25 is considered to last in perpetuity. Station SDH-S2 located within the waste rock
below the 1380 Portal characterizes concentrations after attenuation by the waste rock. MH-25
and SDH-S2 have similar sulphate levels, but the zinc concentration is approximately four times
lower at SDH-S2 than at MH-25, the level of cadmium is approximately five times lower, and the
level of lead is approximately 1.5 times lower. Geochemical modelling indicates that that
precipitation of zinc, cadmium, and lead carbonates is the probable attenuation mechanism
resulting from the interaction of MH-25 drainage with marble waste rock (Day and Bowles 2005).
After passing through the waste rock dump, the 1380 Portal drainage is further attenuated
downstream as groundwater flows through the soils along the flow path to Camp Creek. Studies
indicate that there may eventually be a loss of attenuation capacity in the soils. The groundwater
flow discharges to surface as a spring near the headwaters of Camp Creek. The length of the
flow path from the 1380 Portal to the spring near the headwaters of Camp Creek is approximately
900 m. The spring is relatively large and is located where the southern fork of Camp Creek
originates which mixes about 100 m downstream with water from a second groundwater spring
on the southwestern flank of Mt. Hundere. Camp Creek flows to the south and is a tributary to
False Canyon Creek (Figure 1 and Figure 3).
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Specific Issues
The objective of the AMP for the 1380 Portal drainage is to detect any deterioration in the portal
drainage water quality within the waste rock dump and monitor for the potential loss of
attenuation capacity of the soils upstream of Camp Creek. AMP monitoring locations include:


Seepage monitoring at station SDH-S2 within the Main Zone waste rock dump,



Groundwater monitoring at MW13-01 and MW13-13 located downgradient of SDH-S2 and
upstream of Camp Creek, and



Surface water monitoring at MH-04 in lower Camp Creek and MH-11 and MH-13 in upper
False Canyon Creek

All the locations are shown in Figure 1 and Figure 3.
Any potential change in surface water quality in the receiving waters would be a function of
reactive transport along the groundwater flowpath. Any changes are expected to be slow and
would be detected by monitoring over time to establish statistically significant increasing trend.

2.2

Indicator Parameters
The surface water and groundwater monitoring programs for the North dam seepage, Burnick
portal and 1380 portal are outlined in the WQMP and include monitoring of relevant downstream
stations (Figure 1). Figure 3 shows a loading schematic of the sources and each water
monitoring station to the loading sources. The AMP indicator parameters for the WQMP stations
are zinc, lead, cadmium, and sulphate.

2.3

Thresholds
Exceedance of a threshold triggers action. There are two threshold levels.
A Level One threshold is a statistically significant increasing trend of zinc, cadmium, lead and/or
sulphate concentrations at surface water or groundwater WQMP monitoring locations. Detecting
an increasing concentration trend earlier will allow for sufficient time to reduce the likelihood of
exceeding a Level 2 threshold.
A Level Two thresholds are the WUL limits at surface water monitoring stations MH-11 and MH12. These are water quality compliance points for the site. These licence limits will be defined in
the post-reclamation WUL. The locations of the surface water compliance points are shown on
Figure 1 and their relationship to the loading sources is shown in Figure 2. MH-11 and MH-12
define the boundary where site-influenced water enters the receiving environment, and are
proposed to be specified as such in the WUL.
Exceedance of the thresholds should occur sequentially from statistically significant increasing
trends at monitoring locations most proximal to the loading sources (Level 1) that may eventually
lead to an exceedance of limits at the two surface water compliance point monitoring stations
(Level 2).
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Evaluation of Monitoring Results
This section provides the details of how the data are evaluated in the context of Level 1 and Level
2 triggers.

2.4.1

Level 1
The Level 1 trigger is a statistically significant increasing trend in concentrations of zinc,
cadmium, lead and/or sulphate at surface water or groundwater monitoring locations. Trends
observed at multiple monitoring locations downgradient of a loading source provide more
evidence than an increasing trend at a single location. Statistical significance of the trend will be
tested using a Mann-Kendall test or other predetermined criteria to assess an increasing trend in
the data will be used to evaluate water quality data for surface water and groundwater monitoring
locations. The large existing dataset from 1991 to 2014 supports using trend analysis to identify
statistically significant changes in water quality.
The Mann-Kendall test is a statistical test that used to evaluate a dataset to test for statistically
significant trends in time series data. The test does not require data to have a normal distribution.
This statistical test is commonly used in monitoring data analysis programs (Helsel and Hirsch
2002). There are a variety software packages, including the publically available ProUCL software
from the United States Environmental Protection Agency (USEPA 2013) that can perform the
test.
A statistically significant increasing trend in concentrations may trigger further action. The results
of the statistical test from multiple stations will be used to assess the appropriate level of
response. An upward trend for a single AMP indicator or compliance station will trigger a lower
level of response than multiple stations showing upward trends. Similarly an upward trend that
continues for multiple years will trigger a greater response than if the trend were observed in a
single year. The details of the response will be defined during permitting.

2.4.2

Level 2
The Level 2 threshold is the exceedance of WUL limits for surface water stations MH-11 and MH12. Water quality at MH-11 and MH-12 will be compared to the standards for lead, zinc and
cadmium as indicated in the WUL.

2.5

Response and Actions
Action is triggered when thresholds are exceeded. When a Level 1 or Level 2 threshold is
exceeded, a step-wise plan of responses and actions will be followed. The sections below
describe the types of action that may be taken and are presented as a framework in order of
escalating action, as presented in Figure 4.
Each level of action includes documentation of the steps undertaken and resulting
recommendations and responses that would result in escalation to the next level of action, as
appropriate. Each section notes the type of report and distribution.
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Verification of Data
When a threshold (Level 1 or Level 2) is exceeded, the result needs to be verified. The first step
includes confirmation of the result with the lab. If the result is confirmed, the subsequent step is
to verify the initial result by resampling the site within 60 days. If resampling confirms the initial
result and Level 1 or Level 2 thresholds are exceeded, then the nature and extent of the
exceedance needs to be investigated (Section 2.5.2).
In the case of an exceedance of a Level 1 or Level 2 threshold, management will be notified in
writing, including a summary of the outcome of the verification program and if escalation of action
is warranted.

2.5.2

Investigate Nature and Extent of the Threshold Exceedance
Any threshold exceedance will be assessed and a monitoring plan created to investigate the
nature and extent of the exceedance. The plan may include more frequent sampling of existing
stations and/or the addition of new monitoring stations, and would take into consideration various
factors, including but not limited to:


Magnitude of threshold exceedance,



Duration of an increasing trend for a Level 1 threshold,



Number of stations within a source load flow path that have exceeded a threshold,



Location of station that has exceeded a threshold (source load, groundwater, surface water,
or compliance point),



Which level of threshold has been exceeded (Level 1 or Level 2), and



Results of biological monitoring

Depending on the findings of the investigation, the water quality model may be revised to reevaluate potential changes to downstream water quality.
The Water Board would be notified in writing of any changes in monitoring and the outcome of the
investigation.
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Revise Water Quality Predictions
As additional data become available from the increased monitoring, the data could be used to
validate the water quality prediction model (SRK 2014b). Model validation may indicate the
conceptual model for constituent loading be re-evalated and potentially revised. The loss of
attenuation capacity or more rapid groundwater transport may warrant model revision. A revised
model could then be used to reassess the situation and/or develop further action plans. This
could include assessing if increasing constituent concentrations could impact aquatic life.
Additional biological monitoring could also be undertaken. The results from additional monitoring
could be used to verify if increasing concentrations are affecting aquatic life.
A report outlining the revised water quality predictions would be submitted to the Water Board.

2.5.4

Mitigation Options Assessment
If the revised water quality predictions indicate that water quality will exceed WUL water quality
limits or suggest that there could be effects to the aquatic receiving environment a plan outlining
mitigation will be developed. Potential mitigation measures would include source control,
migration control and treatment options. These options will be based on data collected as part of
the escalating response to increasing constituent concentration and are dependent on the
magnitude, timing and potential impact of increasing concentrations.
A report outlining the mitigation options analysis with mitigation recommendations would be
submitted to the Water Board.

2.5.5

Implement Mitigation
If mitigation is warranted, the preferred option recommended from the options analysis would be
implemented. Any proposed mitigative actions, including any associated monitoring, would be
documented and reported to the Water Board before works are undertaken.

3

Conclusion
The AMP describes how to use data collected by the WQMP to identify and evaluate increasing
concentrations in sources and receiving water during post reclamation at the Sä Dena Hes mine.
The AMP also provides a framework to develop plans for understanding the processes
responsible for increasing concentrations, their potential impact and their mitigation if needed.
Results of the AMP will be reported in the WUL annual report.
The AMP is living document and is expected to be revised as needed in response to any
significant changes in water quality resulting from loading sources at the site. Additional detail will
be added to the AMP as it becomes available. This may include new or revised conditions (e.g.
WUL water quality limits) within the WUL. Implementing the AMP will ensure post reclamation
water quality in receiving water downgradient of the Sä Dena Hes mine site is protected.
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1

Introduction
This memorandum presents the post-reclamation water quality monitoring plan (WQMP) for the
Sä Dena Hes (SDH) Mine property and immediate receiving environment. The WQMP collects
surface water and groundwater quality data to be evaluated by Sä Dena Hes’ water quality
Adaptive Management Plan (AMP).
Surface water and groundwater quality monitoring is discussed in Section 2 – including sampling
locations and frequency, field measurements, and laboratory analyses. Section 3 discusses the
integration of the water quality monitoring program within the context of the AMP.

2

Water Quality Sampling
Figure 1 presents the post-closure surface water and groundwater monitoring locations that are
within the scope of the AMP. The surface water and groundwater sampling programs are
discussed separately because there are variations in the monitoring requirements.
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2.1

Surface Water Sampling

2.1.1

Stations
Table 1 lists the location and purpose of the surface water monitoring stations.
There are three categories of surface water monitoring stations, which are described as follows:
1. Compliance Points: These locations define the boundary of where site-influenced water
enters the receiving environment, and would be specified as such in the WUL. Water
quality at these stations will be compared to the standards indicated in the WUL. Two
stations, MH-11, and MH-12 are the proposed compliance point stations.
2. AMP Loading Source: These stations are surface water monitoring locations most
proximal to the identified mine site loadings sources (SRK 2014). These three stations
monitor the seepage from the North Dam (MH-02) and drainage from the Burnick Portal
(MH-22) and 1380 Portal (SDH-S2).
3. AMP Indicator: These stations are downstream of the mine site loading sources and are
not permitted compliance points. The objective of monitoring at stations MH-04, MH-13
and MH-15 is to provide data for evaluation by the AMP to evaluate if water quality has or
is changing. Water quality data collected at MH-29 and other biological monitoring
locations support the biological monitoring program of the AMP, however the data will be
evaluated as described in the AMP water quality data assessment process.
Table 1: Surface Water Quality Sampling Stations
Station
Category

Station
ID

Coordinates
Northing

Easting

Station Description

Compliance
Point

MH-11

509460

6707788

Upper False Canyon Creek

MH-12

509688

6712755

East Fork of Tributary E

AMP Loading
Source

MH-02

508060

6711477

North Dam seepage

MH-22

506767

6712946

SDH-S2

506325

6709558

MH-04

507267

6710292

Burnick 1200 Portal discharge
Drainage from the 1380 Portal, present as a seep in
the downslope waste rock dump
Camp Creek

MH-13

512541

6709113

False Canyon Creek main channel

MH-15

510041

6718408

West Fork of Tributary E

MH-29*

509146

6708895

Access Creek Upstream of Camp Creek

MH-30*

510985

6707568

Unnamed Tributary Upstream of False Canyon Creek

AMP Indicator

\\VAN-SVR0\Projects\01_SITES\Sa_Dena_Hes\1CT008.043_Sa Dena Hes Water Licence Support 2014\Post-Closure AMP &
EMP\EMP\[SDH_EMP_Tables_rev00_sjn.xlsx]
Notes:
*Denotes biological AMP station but the associated water quality data will be interpreted as part of the AMP.
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Surface Water Sampling Frequency
For the first five years of post-reclamation, from 2016 to 2020, surface water sampling will be
conducted semi-annually to capture freshet flow (June to July) and baseflow (September or
October). In 2014, the South and Reclaim dams were removed and Camp Creek channel
reconstructed. Sampling during the freshet in the first five years is proposed to monitor for
erosion of the channel or runoff from these reclaimed areas, which is most likely to occur during
freshet.
After this initial five year period, surface water quality data will be evaluated to determine if annual
sampling would be appropriate in the following years. It is anticipated that monitoring will
demonstrate that water quality will be stable and annual monitoring would be appropriate. The
potential effects of groundwater discharge on surface water quality are most observable during
baseflow when groundwater contributes a larger portion to the flow than surface water runoff.
The loading source migration pathways that can potentially impact surface water are via
groundwater, so surface water would be monitored annually during baseflow after the first five
years.
After 10 years of post-reclamation water quality monitoring, the data would be further assessed to
determine if further reductions in the sampling frequency, e.g. every second year, are warranted.

2.1.3

Field Measurements
The following field measurements will be taken at each surface water station:

2.1.4



Temperature,



pH,



Specific conductivity,



Oxidation-Reduction Potential (ORP),



Turbidity, and



Flow rate.

QA/QC Program
Each sampling event will include the following QA/QC samples:


10% sample duplicates;



1 field blank; and



1 travel blank.

The QA/QC program for the surface water sampling can be combined with the groundwater
program if conducted at the same time.
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Laboratory Analytical Requirements
For each surface water station and QA/QC sample, multiple sample bottles will be collected and
shipped to a laboratory to be analysed for general parameters, anions and nutrients, total
elements and dissolved elements. Details of the analyses are provided in Table 2.
Table 2: List of Laboratory Analyses for Surface Water Stations
Category

Parameter
pH
Conductivity

General Parameters

Method of Analysis
Electrode

Acidity

Potentiometric Titration

Alkalinity

Titration

Total Organic Carbon

Combustion

Dissolved Organic Carbon

Combustion

Total Dissolved Solids

Gravimetric

Total Suspended Solids

Gravimetric

Turbidity

Nephlometer

Chloride
Fluoride
Anions and Nutrients

Nitrite
Nitrate

Ion Chromatography

Sulphate
Bromide
Trace Elements

Total Concentrations
Dissolved Concentrations

Inductively Coupled Plasma
Mass Spectrometry (ICP-MS)

\\VAN-SVR0\Projects\01_SITES\Sa_Dena_Hes\1CT008.043_Sa Dena Hes Water Licence Support 2014\Post-Closure AMP &
EMP\EMP\[SDH_EMP_Tables_rev00_sjn.xlsx]
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Groundwater Sampling Program
There are two post-reclamation groundwater monitoring programs for SDH. The scope of the
EMP program is to monitor the groundwater downstream of the mine-influenced loading sources
presented in Table 1. These data will be evaluated by the AMP. Golder (2014) also outlines a
groundwater monitoring program, however the scope of monitoring is in the context of a closed
contaminated site.

2.2.1

Stations
Table 3 lists the location and purpose of the groundwater monitoring stations. All groundwater
stations are AMP indicator stations in that they monitor downgradient flow from the AMP loading
sources identified in Table 1 and the purpose is to evaluate the data collected as described in the
AMP.
Table 3: Groundwater Quality Sampling Stations

2.2.2

Station Category

Station ID

Station Description

AMP Indicator

MW13-06
MW13-01
MW13-13

Adjacent to Burnick Portal
Downstream of 1380 Portal

Sampling Frequency
Groundwater sampling will be conducted during baseflow groundwater periods (August to
September). The limited sulphate data suggest that there is dilution during freshet when there is
increased groundwater flow and that concentrations are slightly higher during baseflow.
Furthermore, the loading source migration pathways that can potentially impact surface water are
via groundwater. The potential effects of groundwater discharge on surface water quality are
most observable during baseflow when groundwater contributes a larger portion to the flow than
surface water runoff.
The long-term sampling scheduling is parallel to the surface water quality monitoring program,
specifically annual sampling for the first ten years of post-reclamation, after which the data would
be further assessed to determine if further reductions in the sampling frequency, e.g. every
second year, are warranted.

2.2.3

Field Measurements
The following field measurements will be taken at each groundwater station after purging three
times the well volume:


Temperature,



pH,



Specific conductivity,
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Oxygen-reduction potential,



Turbidity, and



Water level.

QA/QC Program
Each sampling event will include the following QA/QC samples:


10% sample duplicates;



1 field blank; and



1 travel blank.

The QA/QC program for the groundwater sampling can be combined with the surface water
program if conducted at the same time.
2.2.5

Laboratory Analytical Requirements
For each groundwater station and after purging three times the well volume, multiple sample
bottles will be collected and shipped to a laboratory to be analysed for general parameters,
anions and nutrients, and dissolved elements. The analytical suite for the QA/QC program will be
the same. Details of the analyses are provided in Table 4. The list of required analyses outlined
in Table 4 differs slightly from the historical groundwater monitoring conducted by Golder.
Table 4: List of Laboratory Analyses for AMP Groundwater Stations
Category

Parameter
pH
Conductivity

General Parameters

Method of Analysis
Electrode

Acidity

Potentiometric Titration

Alkalinity

Colourimetry

Total Dissolved Solids

Gravimetric

Turbidity

Nephlometer

Chloride
Fluoride
Anions and Nutrients

Nitrite
Nitrate

Ion Chromatography

Sulphate
Bromide
Trace Elements

SJN/LNB/TRS
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Integration with the Adaptive Management Plan
Surface water and groundwater quality data collected as part of the EMP will be analyzed using
the methods outlined in the AMP. The sampling locations and frequencies discussed herein are
subject to change based on specifications presented in Sä Dena Hes’ AMP. The AMP specifies
various thresholds for water quality that if exceeded, would result in the re-evaluation of the EMP
in the context of the management issue identified.

4
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Disclaimer—SRK Consulting (Canada) Inc. has prepared this document for Teck Resources Ltd.. Any use or decisions
by which a third party makes of this document are the responsibility of such third parties. In no circumstance does SRK
accept any consequential liability arising from commercial decisions or actions resulting from the use of this report by a
third party.
The opinions expressed in this report have been based on the information available to SRK at the time of preparation.
SRK has exercised all due care in reviewing information supplied by others for use on this project. Whilst SRK has
compared key supplied data with expected values, the accuracy of the results and conclusions from the review are
entirely reliant on the accuracy and completeness of the supplied data. SRK does not accept responsibility for any errors
or omissions in the supplied information, except to the extent that SRK was hired to verify the data.
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(Golder Associates, 2015)
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Project No. 1210210006-032-L-Rev0

Michelle Unger, B.Sc.
Teck Resources Ltd.
Bag 2000
Kimberley, BC
V1A 3E1
LONG TERM GROUNDWATER MONITORING PLAN, SÄ DENA HES MINE, YUKON TERRITORY

Dear Michelle;
Golder Associates Ltd. (Golder), on behalf of Kēyeh Nejéh Golder Corporation, is pleased to present this plan for
long term groundwater monitoring to Teck Resources Limited (Teck) for the Sä Dena Hes Mine (the “Site”),
located approximately 70 km by road from Watson Lake, Yukon.

1.0

BACKGROUND

The Sä Dena Hes mine operated as a lead-zinc mine for a 16 month period between August 1991 and
December 1992, by Curragh Resources. A decline in zinc prices, in December 1992, forced a temporary closure
of the mine. The Sä Dena Hes Operating Corporation purchased the mine in April 1994. However, the mine has
remained closed since December 1992 due to low demands in the zinc market. Teck Resources Limited (Teck)
is an operating partner of the mine.
Sä Dena Hes mine is permitted under a Yukon Quartz Mining Act Production License and a Type A Water Use
License. Both permits are to expire on December 31, 2015. The conditions of both licenses allow for
“Temporary Closure” of the mine, as it has resided since 1992; however, this status expired on
January 28, 2013, and the mine has now entered a “Permanent Closure” phase.
In 2012, a Phase I and II Environmental Site Assessment (ESA) for the Site was completed by Golder on behalf
of Kēyeh Nejéh Golder Corporation (KNG) and Teck. The results of the Phase II ESA identified eight Areas of
Environmental Concern (AECs) at the Site. Four of the AECs (Jewelbox Hill, Burnick, Mill Site, and the Tailings
and Reclaim ponds) identified indicated a potential for impact to groundwater. Based on the results of the Phase
II ESA, in 2013 a groundwater evaluation was completed to assess the concentrations of the contaminants of
concern at:



each of the four AECs;



in other areas for coverage across the site; and



in background areas.

Golder Associates Ltd.
Suite 200 - 2920 Virtual Way, Vancouver, BC, V5M 0C4
Tel: +1 (604) 296 4200 Fax: +1 (604) 298 5253 www.golder.com
Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America
Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation.
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The monitoring well network is shown on Figure 1, attached.
In 2014, Golder also completed a Phase II ESA of the Site landfill, including an evaluation of groundwater
quality. An assessment of the groundwater quality at the landfill was considered warranted based on the
observation of sheen on surface water in the landfill vicinity, analytical results for surface water samples that
were analyzed, and concerns from the local community. The results of the landfill assessment are documented
in Golder’s letter report entitled “Environmental Site Assessment – Site Landfill, Sä Dena Hes Mine,
Yukon Territory” (dated December 18, 2014). Monitoring well locations completed as part of the landfill
assessment are also shown on Figure 1 (MW14-01 to MW14-04).

2.0

REGULATORY FRAMEWORK

It is our understanding that Teck met with representative of Yukon Energy Mines and Resources and
Environment Yukon on May 23, 2013 to determine which department would take a lead on the closure of the
mine. Based on the outcome of this meeting it was determined that Yukon Energy Mines and Resources would
be the lead government department for the closure work and that a technical advisory committee, that includes a
representative from Environment Yukon, would be set up to review the project.
The Yukon Contaminated Sites Regulation (CSR) contains standards to ensure that the quality of water at a site,
or which flows from a site, is suitable for direct use and is protective of water uses on adjacent properties. The
CSR contains standards based on the following four types of water use:



Aquatic Life water use standards apply to water used as a habitat for components of the freshwater or
marine ecosystem;



Drinking Water use standards apply to water used for consumption by humans;



Irrigation water use standards apply to water used to produce agricultural products; and



Livestock water use standards apply to water used for consumption by livestock.

The standards for a variety of contaminants in water for each of these uses are listed in Schedule 3 of the CSR.
Drinking water, irrigation and livestock water use standards are not applicable to the site because these water
uses are not currently being used, and the absence of a reasonable probability of them being used in the future,
on site or in the vicinity of the site. Aquatic Life standards are applicable at the Site as freshwater aquatic
environments are present within 1.5 km of the mineral surface lease boundary.
Special Waste Regulations (SWR) will also apply to contaminated water.

3.0

CONSIDERATIONS FOR ON-GOING MONITORING

On-going groundwater monitoring is recommended in specific locations at the Site to:



Continue to assess potential source locations at the identified AECs and/or along potential pathways;



Monitor temporal changes in groundwater quality at the Site landfill; and



Monitor groundwater prior to discharge into the down-gradient receptors.
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Source Locations

The following locations and AECs were identified at the Site in the 2012 Phase I and II ESA completed by Golder
and in subsequent investigations, as having concentrations of petroleum hydrocarbons and metals in soil in
excess of the Yukon CSR standards included:



Jewelbox Hill (AEC 1);



Burnick (AEC 2);



Mill Site (AEC 3); and



Tailings and Reclaim ponds (AEC 8).

In addition, the Main Zone Portal has been added as an AEC and metals concentrations in groundwater are
being assessed along with surface water by SRK Consulting.

3.2

Site Landfill

A landfill was constructed near the former North Creek pump house, as part of the overall decommissioning of
the Site. The landfill contains demolition debris from the Mill Site, former camp and office buildings and
miscellaneous Site debris.
It is inferred that groundwater in the vicinity of the landfill occurs within a shallow, unconfined aquifer composed
primarily of unconsolidated sand with silt, gravel, and cobbles. Based on existing data for the landfill,
groundwater flow direction is inferred to be to the east and groundwater is inferred to discharge into North Creek.

3.3

Down-gradient Receptors

The groundwater conceptual site model indicates that groundwater flows from Jewelbox Hill to the Reclaim
Pond. The overburden thickness at Jewelbox, and the area between Jewelbox and the Mill site, is less than a
few metres and groundwater was encountered within fractured bedrock. Between the Mill site and the Reclaim
Pond, the water table is within unconsolidated sediments consisting of a silty sand layer between the thin
Sand and Gravel unit and the bedrock. Groundwater discharges to surface water at the Reclaim Pond, which is
part of Camp Creek. Therefore groundwater from Jewelbox Hill and the Mill Site flow towards and discharges at
Camp Creek, which flows towards the southeast.
There is a groundwater flow divide on the Site. The groundwater flow divide is located between the North Dam
and former South Dam, and groundwater in this area flows towards the north and south. The groundwater flow
direction north of the North Dam is north towards North Creek. The groundwater flow direction from Burnick is to
the northeast and east towards the West Fork of Tributary E and southeast towards North Creek, and east along
North Creek.
Based on the groundwater conceptual site model, Camp Creek is the surface water receptor for groundwater
originating at Jewelbox, the Mill Site and the Reclaim Pond. North Creek is the surface water receptor for
groundwater originating at Burnick, the Tailings Pond, and the Site landfill.
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RECOMMENDED MONITORING LOCATIONS AND FREQUENCY

Based on the groundwater conceptual site model developed for the site we recommend:



To monitor annually groundwater flow and quality originating from Jewelbox: monitor wells MW13-01
and MW13-05 to assess groundwater quality prior to it reaching Camp Creek from the north and east
directions;



The Mill Site is located between Jewelbox and Camp Creek in the northeast direction: monitor annually
groundwater flow and quality originating from either source location at monitoring well location
MW13-10;



To monitor annually groundwater flow direction and quality from Burnick towards North Creek and the
landfill area: monitor MW14-04;



To monitor annually groundwater flow direction and quality the tailings pond area: monitor MW13-07;
and



To monitor groundwater quality in the landfill area: monitor MW14-01, MW14-02, and MW14-03,
(in addition to MW14-04, above) semi-annually.

It is assumed with this plan that surface water will also be sampled at Camp Creek, North Creek and West Fork
of Tributary E (the receptor locations). Groundwater is currently being monitored and sampled twice per year
during spring freshet, and in the fall prior to winter conditions in order to capture the annual high and low
groundwater periods. Going forward it is recommended that groundwater be sampled annually at low
groundwater periods (approximately September) to coincide with the long term plan for surface water sampling
so that trends and interactions can be compared. Water quality results will be reviewed upon receipt and a trend
analysis completed with the previous data. If concentrations are observed to be increasing and approaching an
applicable standard, additional sampling will be recommended for that year to confirm the results.
The estimated groundwater flow velocity through the overburden from the Mill Site to Camp Creek was
measured to be 80 m/yr. The distance between the Mill Site and Camp Creek is approximately 800 m and using
the estimated groundwater velocity, contamination that originated at the Mill Site would arrive at Camp Creek
within 10 years. We recomend to monitor the groundwater wells for a period of 10 years considering that any
discharges from the Mill Site would have occurred between twenty two years ago and up to 2014
when contamination was removed. It is likely that if any contamination had reached groundwater it would already
be detected in previous sampling rounds, however the additional ten years is being proposed as a conservative
measure. Sampling will be conducted annually for four years, then biennially in years six, eight and ten. This
frequency will be reviewed following the evaluation of each data set and assumes that there is no change in
conditions. A review of concentrations and trends following the receipt of data in year ten will determine if the
groundwater sampling program should continue.
The estimated groundwater flow velocity at the Site landfill was measured to be approximately 60 m/yr, towards
the east, based on data collected in September, 2014. Based on the distance from the eastern limit of the
landfill to the intersection with North Creek (inferred to be in the vicinity of historical well locations TH91-09
and TH91-10), it is estimated that groundwater would discharge to the creek after a period of approximately 2 to
3 years. It is recommended that sampling be conducted on a semi-annual basis for two years, following which
the data will be reviewed to document any changes in groundwater conditions. The frequency of monitoring may
be revised following two years of additional data collection, depending on the monitoring results.
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METHODOLOGY

During the groundwater monitoring program, groundwater samples should be collected using consistent
methods and procedures. The depth to groundwater at each well would be measured prior to sampling to
calculate the volume of water in the well. Due to the depth to water in the majority of the wells a dedicated
disposable bailer has been used to purge and sample water from each well. Approximately three well volumes
should be removed with the bailer. Water is collected from the outflow at regular intervals and parameters
consisting of pH, temperature and electrical conductivity are measured using a handheld meter. Once more than
three well volumes have been removed and the parameters have stabilized (i.e., changes in pH, temperature
and electrical conductivity measurements between three successive readings were less than 10%), samples
should be collected in pre-cleaned containers supplied by the laboratory. Samples from monitoring wells MW1301, MW13-04, MW13-05, and MW13-10 will be analyzed for Benzene, Toluene, Ethylbenzene, Xylenes (BTEX),
Volatile Petroleum Hydrocarbons (VPHw), Light and Heavy Extractable Petroleum Hydrocarbons
(LEPHw/HEPH), Polycyclic Aromatic Hydrocarbons (PAH), and dissolved metals and anions. The sample from
MW13-07 will be analyzed for dissolved metals and anions. Groundwater samples at the Site landfill should be
monitored for BTEX, VPHw, LEPHw/HEPH, PAHs, anions and nutrients, and dissolved metals.
During each sampling round, a field duplicate of one of the samples will be collected for each parameter for
Quality Assurance and Quality Control purposes. In addition, a trip blank for the volatile parameters will travel
with the samples. The collected samples are to be stored in coolers with ice and shipped to the laboratory within
the required hold times under standard Chain-of-Custody procedures.

6.0

CLOSURE

We trust that the information contained in this work plan is sufficient for your current needs. If you require any
further information, please do not hesitate to contact Tamra Reynolds at 867-633-6076.
Yours very truly,
GOLDER ASSOCIATES LTD.

Tamra Reynolds, M.Sc., P.Geo.
Senior Hydrogeologist

Gary Hamilton, P.Geo.
Principal, Project Director

TR/GJH/ch

Attachments: Figure 1 Monitoring Well and Test Hole Locations
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APPENDIX C
Proposed Methodologies for Aquatic Resources Monitoring
(ACG 2014)

1 PROPOSED METHODOLOGIES FOR BENTHIC INVERTEBRATE, STREAM SEDIMENT AND FISHERIES
MONITORING
1.1 PROPOSED BENTHIC INVERTEBRATE MONITORING METHODOLOGY
The Canadian Aquatic Biomonitoring Network (CABIN) protocol is designed to assess changes in the benthic
invertebrate communities at multiple long-term monitoring locations. CABIN uses the Reference Condition
Approach (RCA) for assessing the overall health of the biological community (in this case benthic invertebrates)
at the test sites being monitored. A bioassessment model is developed from the available reference site data,
and this model defines the range of biological communities that should be found at a site if the site is not
affected by human activities. Test sites are assessed against reference sites using the bioassessment model and
the divergence between the benthic macroinvertebrate communities at reference sites and a test site indicate
the extent of potential impairment. Habitat and stream characteristic data from the test site are combined with
GIS and climate information for the area to determine the appropriate group of reference locations for
comparing to the test location. All of this information, along with the taxonomy data, is entered into the CABIN
database (ec.gc.ca/rcba-cabin) where users also have access to analytical tools for interpreting the data and
preparing reports for each test site.
The standard protocol dictates that benthic invertebrate samples are collected over a three minute period of
time using a kick net (Environment Canada 2012). A zigzag sampling pattern is used across the stream to
integrate benthic invertebrates from various stream microhabitats within the erosional zone (for example,
areas around large boulders, riffle, runs, bank overhang) in proportion to their occurrence in a sample reach.
The following is a description of the collection, transfer, and preservation of benthic invertebrates specific to
CABIN:
•

Ensure that you are in the correct location (using a GPS) for the targeted station. Define the kick area
and path in the erosional zone of the sampling reach (calculated as 6 times the estimated bankfull
width) before entering the stream. Inform field team members so that this area is not disturbed. At
least 2 people are required; one kick-netter and one observer/timer.

•

Use a 400 um triangular net designed for this purpose

•

Use a watch to time the amount of time that the bottom is being actively disturbed for 3 minutes. If you
have to stop or move locations in the event of impediment by roots or falls, the observer will pause the
timer; re-position yourself in the stream, start again and re-start the clock.

•

Start sampling at the downstream end of the kick area, place the kick net downstream of the sampler,
flat side of the triangle resting on the substrate of the stream.

•

Walk backward in an upstream zigzag direction, dragging the net along the bottom of the stream while
walking.

•

Kick the substrate to disturb it to a depth of ~5 to 10 cm if possible. For large cobble, turn over and
rub your foot over the surface to dislodge macro-invertebrates clinging to the interstitial spaces. Brush
the surface of large boulders with your hand or foot.
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•

The net should always be held close to the area that is being disturbed to ensure that most of the
disturbed substrate and organisms are swept into the net by the current.

•

Continuously zigzag over the stream bottom from bank to bank in an upstream direction. Stop once
you have reached 3 minutes of kick time.

•

Remember that if the sampler needs to stop to get around an obstruction, take a rest, or remove large
cobbles from net, the timer must stop timing while the sampler lifts the mouth of the net from the
water. The stopwatch is restarted when the sampler is ready to continue sampling.

•

It is the responsibility of the timer to spot the sampler and alerts them of any upcoming obstructions
while the sampler is traveling backwards and can't always see where they are going.

•

Splash the side of the net in the river to transfer all material to the collection cup at the end of the net
(ensure that the mouth of the net is out of the water).

•

Remove the collection cup attached to the end of the net and empty the contents directly into a widemouth plastic sample jar, pail or sieve. Always work over a pail or tray in case of an accidental spill.

•

Wash any material remaining in the cup/net into the sample jar/pail/sieve using a squeeze bottle and
forceps to remove any clinging animals.

•

Carefully rinse and discard any stones and large green leaves that have fallen into river and are not
invertebrate habitat.

•

Transfer sample from pail/sieve (if using) to one or more sample jars, depending on sample volume.
Check pail/sieve to ensure that no organisms remain. The total volume of the sample should not exceed
50% of the volume of the sampling container to ensure there is enough space for the addition of a 10%
formalin solution (Environment Canada, 2012a); use additional jars if more space is needed.

•

Preserve the sample by adding buffered formalin to quickly fix the samples for future identification.
Seal the jars well and circle the lids with electrical tape to prevent leakage of formalin, especially during
shipping.

•

Package and seal the benthic samples in a cooler or similarly sturdy transport container; advise the lab
that the samples are on their way and ship with a completed chain-of-custody form.

1.2 PROPOSED STREAM SEDIMENT QUALITY MONITORING METHODOLOGY
A hand-held bilge-pump (Guzzler method) should be used to collect sediment samples from stream habitat as
part of the long-term monitoring plan for Camp Creek and False Canyon Creek. This method is ideal for
moderate to high gradient streams where there are few if any true depositional areas. Large grain size substrate
(i.e., sand or coarser) has low metals concentrations because of the small surface to volume ratio and the low
surface area to which benthic invertebrates are exposed. The Guzzler method uses suction to pump fine
sediments from interstitial spaces within the gravel/cobble substrate of the stream. Sediments are
preferentially collected from the middle of the stream, away from the edges or bottom of the stream bank to
avoid ‘bank material’ and to target fine sediment within the hyporheic zone, below the gravel.
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Below is an outline of the step-by-step sampling procedure:
•

At the downstream edge of the sampling station, select a location where there is suitable gravel/cobble
substrate in riffle or runs where fines are expected to occur. Avoid sampling in areas that are
excessively steep where there may be very large material and a paucity of fine material.

•

Use a clean pump to suction sediment and water from the substrate into one or two pre-cleaned 20-L
buckets. Use short pump strokes to reduce the amount of water and maximize sediment volume
recovered. Push intake end of pump into the substrate, dislodging gravel and cobble while pumping
the fines that are dislodged. Limit the depth of penetration of the pump tip to the upper 2 to 3 cm the
stream surface and avoid pockets of accumulated fines that may have been deposited from the adjacent
bank. Continue moving upstream and pumping from the thalweg of the stream until the bucket is full
of water/sediment. A distance of 10 – 15 m of stream is typically covered. Collect a second bucket if
you do not feel that you acquired a decent enough sample of fine sediment … usually about 0.5 L.

•

Using your arm or a clean stainless steel spoon, completely re-suspend the sediment in the bucket,
stirring for 15 seconds.

•

Let sit for 10 seconds, gently pour off or decant the water with suspended fines into a second bucket,
leaving the coarse material (sand, gravel) at the bottom of the first bucket. Be careful to pour off only
the silt size material or smaller

•

Stow the buckets someplace where they will be moved as little as possible for a minimum of 30 to 60
minutes. This will allow fine material to settle out. Be careful not to disturb this material while allowing
to settle. The longer the settling period the better. You can choose to leave overnight if you wish; to
minimize differences due to sampling methodology, leave all buckets to settle for a similar amount of
time.

•

At the end of the settling period, carefully pour off and discard as much of the overlying water as
possible from each bucket. Avoid re-suspending or losing any of the sediment that has settled at the
bottom of the bucket. Retain as little water as possible

•

Use a spoon to move the top layers of sediments from each bucket into a stainless steel bowl and
homogenize the sediment. Avoid any sand at the bottom of the bucket when removing the fines. Using
the spoon, put sediment into 2 x 250 ml glass jars supplied by the laboratory. One jar is for analysis of
grain size and the other for total metals and total organic carbon.

•

Determine from the analytical lab(s) the minimum acceptable sample volume or mass. If you have less
than 250 ml per jar, that is probably fine. While the lab can get away with much less, it is important
that you collect sufficient sediment to be representative of what is in the stream.

•

Sediment samples should be kept cool in coolers with ice packs. Samples are shipped on ice to the
laboratory for analysis of metals, total organic carbon (TOC), and particle size. The laboratory must be
instructed to homogenize the contents of each sampling jars for a given replicate, prior to any analyses
and prior to sending out any subsamples that are subcontracted (e.g., particle size and TOC). Metals
analysis is conducted on the < 2 mm fraction of the sediment unless the laboratory is specified
otherwise.

3

1.3 PROPOSED FISHERIES MONITORING METHODOLOGY
It is proposed that the methodology that has been employed in the water use licence monitoring program
(EEM) be continued for continuity in the post-reclamation period. This includes electroshocking with
consistent effort to collect number, species, sex and size of fish captured. Fish tissue collection could be
initiated should a response to an AMP trigger dictate.
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1 Background
Azimuth conducted terrestrial and aquatic Ecological Risk Assessments (TERA and
AERA, respectively) and a Human Health Risk Assessment (HHRA), for the Sä Dena
Hes Mine Site (the Site) on behalf of Teck from 2013 - 2015. The goal of this work was
to support mine closure, including providing feedback to Teck over the course of mine
remediation and reclamation. A series of risk assessment reports were prepared for the
Site (Azimuth 2013, 2014a,b,c,d,e, and 2015a,b,c,d) alongside site investigation,
engagement with local First Nations, and site closure activities (2013-2015). All the risk
assessments and the final Detailed Decommissioning and Reclamation Plan (DDRP)
guiding closure (Teck 2015) have been submitted to the regulatory agencies. An
Adaptive Management Plan [AMP] is under preparation and permitting related to the
Water Licence and the Quartz Mining Licence [QML] is in progress, anticipated to be
completed in 2016.
As part of Site closure, on-going risks to people and wildlife will be minimized through
risk management and monitoring programs being developed as described by the Sa
Dena Hes DDRP (Teck 2015). For the aquatic environment, recommendations based on
the AERA will be incorporated into the water licence/AMP, which will specify aquatic
monitoring requirements for the former mine site. For the terrestrial environment, a Longterm Monitoring Plan (LMP) is presented here. Results of the various monitoring
programs will be evaluated in light of the risk assessment findings, to verify that risk
predictions for the site remain valid and confirm that exposure to contaminants in
receiving environment soil, water, plants and animals is diminished. This LMP supports a
larger “Sä Dena Hes Environmental Monitoring, Surveillance and Reporting Plan”
(Environmental Monitoring Plan) for the overall Mine Site that is being prepared by Teck.
The Environmental Monitoring Plan will cover various other components of long-term
monitoring and site management, such as public safety, geotechnical, and monitoring
stemming from risk management.

2 Objectives
The overarching goal of this terrestrial LMP is to ensure that risk management of the site
is consistent with the assumptions in the TERA and HHRA and remains protective of
human health and ecological receptors. Specific objectives are to:
1. Support long-term environmental management of the Sä Dena Hes Mine Site,
2. Confirm that specific assumptions of the TERA remain valid, i.e.,
a. Soil covers remain intact and act as a barrier to wildlife exposure to
elevated COPCs in soils and tissues (i.e., invertebrates and small
mammals).
b. Application of soil covers would result in soil and tissue (except plants)
concentrations in reclaimed areas that are consistent with local
“background/reference”1 concentrations.
1

Background/reference was determined based on sampling three reference areas (FF-1, FF-2 and NC-Ref);
see Azimuth 2014a and 2014e for details.
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c. COPC concentrations and spatial extent of contamination in residual
areas (e.g., 1380 Gully, and toe of waste rock piles) are assumed to be
stable or improving in the future.
d. Revegetation at the Site occurs as expected based on the DDRP.
3. Confirm that the site and land-use conditions remain consistent with the
assumptions and recommendations of the HHRA; specifically:
a. Ensure that remediation covers remain intact and act as a barrier to
prevent human contact with the underlying contaminated soil.
b. Confirm that the efficacy of administrative and engineered controls to
restrict public access or restrict the harvesting of plants and small
animals for human consumption.
c. Verify that concentrations of metals in water, berries or other
environmental media that may be consumed by humans are sufficiently
low that they do not present an unacceptable exposure risk.
The LMP provides a framework for collecting and evaluating monitoring data for the
terrestrial environment and a process for adapting the LMP, based on trends and
findings. This memorandum summarizes the TERA and HHRA findings, as well as high
level information on closure/risk management measures taken to address risks, to
provide context for the LMP. Readers are referred to Teck’s DDRP (Teck 2015) for more
information on closure/risk management activities.

3 Long-term Monitoring Guidance
As risk assessment and management become more widely used, so do long-term
monitoring requirements. In recent years, various jurisdictions have been developing
approaches to monitoring but guidance is not widely available, rather monitoring plans
are developed site-specifically. While not directly applicable to the Sä Dena Hes Site,
Environment Canada (EC) has recently developed Long-term Monitoring Planning
Guidance for federal contaminated sites as part of the Federal Contaminated Sites
Action Plan (FCSAP LTM Guidance; EC 2013). This guidance is typically required at
federal sites relying on “elimination of contaminant transport pathways to receptors
rather than physical removal or treatment of contaminants”. This Sä Dena Hes terrestrial
LMP has three general components/activities/objectives that are consistent with the
FCSAP guidance:


Evaluate risk assessment and/or risk management assumptions (i.e., collect data
to ensure that exposure pathways, contaminants, and receptors have not
changed and the site continues to meet risk assessment criteria).



Inspect stabilized structures such as soil covers and successful revegetation.



Confirm institutional and administrative controls (e.g., fencing, signage, site
access barriers.)
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The Sä Dena Hes terrestrial LMP is also consistent with the process outlined in the
FCSAP LTM guidance (i.e., six-step process based on US EPA 2004; initial steps are
covered in this memorandum; latter steps would be part of implementing the LMP):
Steps for LMP

TERA

HHRA

1. Identify monitoring
plan objectives

Section 2

Section 2

2. Develop monitoring
plan hypotheses

Section 5 and Table 4

Section 5 and Table 4

3. Formulate monitoring
decision rules

Guiding decision-rules
provided in Table 4

Guiding decision-rules
provided in Table 4

4. Design the monitoring
plan

Section 5 and Figure 2 (as
well as planning phase prior
to sampling)

Section 5 and Figure 3 (as
well as planning phase prior
to sampling)

5. Conduct monitoring
analyses and
characterize results

Future activity during
implementation of LMP

Future activity during
implementation of LMP

6. Establish the
management decision

Future activity during
implementation of LMP

Future activity during
implementation of LMP

4 Summary of Risk Assessment Findings
4.1 TERA Findings
The TERA for the Sä Dena Hes Mine evaluated risks to terrestrial ecological receptors
from exposure to metal-contaminated soils, water and other media (i.e., food sources
such as plants, invertebrates and small mammal prey that may have accumulated higher
levels of metals from areas with contaminated soil). Readers are referred to more
detailed information in various TERA reports (e.g., most up-dated information can be
found in the TERA Addendum; Azimuth 2015b). Key information on the TERA is as
follows:


Contaminants of potential concern (COPCs) in Site soils included antimony,
arsenic, cadmium, copper, lead, molybdenum, nickel, selenium, silver, vanadium,
and zinc. Lead and zinc were considered priority COPCs based on the risk
assessment findings.



Hydrocarbon contamination was present in deeper soils in some areas; these
areas were covered with a 60 cm soil cover), so pathways to plants and animals
were closed. Based on site assessment work, hydrocarbons have not impacted
groundwater. A groundwater monitoring plan addresses hydrocarbons (Golder,
2015a) and will be part of the Water Licence monitoring.



Ecological receptors evaluated in the TERA were microbial communities,
terrestrial plant communities, terrestrial invertebrate communities, birds (17
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species, e.g., Wilson’s warbler, American kestrel and boreal chickadee),
mammals (16 species, e.g., common shrew, hoary marmot, and moose) and
terrestrial amphibians2 (i.e., Western toad). The wildlife selection process
targeted species that are both common and rare or endangered (“listed”), to
cover a spectrum of species with different diets (e.g., herbivorous, omnivorous,
carnivorous) and foraging strategies.


Based on Golder 2015b, the Areas of Environmental Contamination (AECs) that
were investigated in the TERA included (Figure 1):
o

AEC 1: Jewelbox Hill3

o

AEC 2: Burnick, including AEC 2.1: Burnick Waste Rock Pile and AEC
2.4: 1300 Portal

o

AEC 3: Mill Site

o

AEC 5: Boneyard

o

AEC 8: Tailings and Reclaim Ponds

o

AEC 9: Main Zone, including AEC 9.1: Waste Rock Dump, AEC 9.2: 1250
Portal, and AEC 9.4: 1380 Gully



The TERA provided a risk and uncertainty rating under post-closure conditions
for each receptor group and AEC. Risks were categorized as “negligible”, “low”,
“moderate” or “high”, based on the totality of available data.



The post-closure scenario assumed site conditions and habitats 25 years after
mine closure completion. This included capping of the Tailings Management
Facility and Mill Site, recontouring and reclaiming the Burnick areas [not
capping], and recontouring and partially covering the Jewelbox/Main Zone
areas).



In the post-closure scenario, it was assumed that application of soil covers would
result in soil and tissue (except plants) concentrations in reclaimed areas that are
consistent with local “background/reference” concentrations.



COPC concentrations and spatial extent of contamination in residual areas (e.g.,
1380 Gully and toe of waste rock piles) are assumed to be stable or improving in
the future.

Overall findings for the TERA are summarized by AEC in Table 1 below.
Observations regarding post-closure risk conclusions (uncertainty ratings varied by
receptor group and AEC) are provided below for context:


Risks to microbial, plant and invertebrate communities are considered negligible
or low in all AECs.



Overall, risks to mammals and birds with large home ranges and/or plant-based
diets are generally considered negligible or low. The exceptions were willdlife with
small home ranges and carnivorous diets in AEC 1/9 and 2 (see below).

2

Potential risks to amphibians were reported in the AERA; however, terrestrial amphibians (or lifestages)
are considered in this LMP.
3

AEC 1 and AEC 9 were evaluated together in the TERA because locations were overlapping/adjoining.
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Potential risks to amphibians in most AECs were considered negligible or low,
with the exception of the Jewelbox/Main Zone AEC (see below).



Reclamation/remediation actions such as applying soil covers reduced risk
ratings for many receptors under post-closure conditions.



When elevated risks (i.e., moderate to high) were predicted for birds and
mammals under post-closure conditions, they tended to be driven by incidental
ingestion of soil, as well as ingestion of ground invertebrates and small mammal
prey (but not vegetation).



After regrading the Burnick/1300 Portal area (AEC 2) in 2014, zinc in soils (which
were not capped) and invertebrate tissues still resulted in potentially elevated
risks to birds. However, the Burnick area is small (3.35 ha) and unlikely to
provide enough food or habitat to support populations of common species, or
many individual listed birds. Based on a wildlife analysis, two listed bird species
(i.e., yellow-bellied flycatcher and white throated sparrow) are likely to have 1 to
3 individuals exposed to contamination at Burnick at any one time. Based on the
literature, potential consequences for these birds include mortality and
substantial reductions in growth and reproduction.



Because applying a soil cover to the Jewelbox/Main Zone (AEC 1/9) waste rock
area was not initially planned, the initial post-closure risk predictions in this area
were based on characterization of 2014 conditions (i.e., after regrading but
before the cover was added [see next bullet]). Under these conditions, lead and
zinc concentrations were sufficiently high in soils and tissues to pose high risks
(with high uncertainty) to several wildlife species, including:
o

Arctic ground squirrel and common nighthawk are common species with
50% of the local mine site population exposed to AEC 1/9, and

o

Six listed bird species (yellow-bellied flycatcher, American kestrel, whitethroated sparrow, American redstart, Townsend’s warbler, and goldencrowned kinglet) were estimated to have 1 to 10 individual birds exposed.

o

Western toad (listed amphibian) based on soil toxicity thresholds from the
literature; however presence and abundance of the toad were not
evaluated.

Based on the literature, potential effects (pre-cover) include mortality and
substantial reductions in growth and reproduction.


Based on the above risk predictions in Jewelbox Hill/Main Zone AEC 1/9, Teck
applied a 0.20 m soil cover on the re-contoured waste rock and bench. The soil
cover on the re-contoured bench is expected to reduce exposure of birds and
mammals to elevated metals in soils and prey items, as well as reduce the
number of birds and mammals exposed, given a smaller contamination footprint.
However, primarily due to residual areas of contamination beyond the cover
footprint, potential risks to some birds and mammals are predicted to remain and
are uncertain.
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4.2 HHRA Findings
A HHRA was prepared for the Sä Dena Hes mine site in April 2014 and later updated in
November 2015 to reflect post-closure conditions at the site. The HHRA identified a
number of sources of metals exposure that exceeded the maximum permissible human
health risks under the YT CSR.
Samples of soil, water, berries, and key plants used as traditional medicines (caribou
weed and Labrador tea) were collected from various areas of the mine site. Members of
the LFN assisted in sample collection and elders were consulted to identify plants and
animals that might be used from the site as country foods or traditional medicines. The
samples were analyzed for metal concentrations.
In a series of meetings and site visits, LFN elders advised Teck and Azimuth how they
might use the site after the mine is closed. This is important because the amount of
exposure people can have to environmental contamination at the site depends on how
much time they will spend at the site and what kind of activities they are doing there.
This information was used to estimate exposure to metal concentrations from spending
time at the mine or consuming country foods or traditional medicines from the mine
following closure. Azimuth compared these estimates to the maximum levels of human
exposure allowed under Yukon environmental regulations.
The following summarizes findings for post-closure conditions:
Soil
Lead is a well-known contaminant and is one of the potentially more harmful
metals present in environmental media at the site. Consequently, the HHRA
focused on this metal and remediating the site to make it safe from exposure to
lead would also make it safe from exposure to other metals, such as copper or
zinc. During the mine closure process, it was identified that high concentrations
of lead in soil at the Mill Site, Tailings Management Facilities, Jewelbox/Main
Zone mining areas, Burnick ore zone, and the 1380 Gully are elevated
sufficiently that they could present a health risk to public that visit these areas.
Therefore, as described in the DDRP, soil covers were placed in the more
accessible areas where lead concentrations are greater than 400 ppm4. While
these remediation covers are an effective remedial option to manage potential
human exposures from direct contact with the underlying contaminated soil, the
cover may not mitigate human health risks from the consumption of plants or
small animals living in or on the cover that have bioaccumulated metals from the
underlying contaminated soil. In addition, there are less accessible areas of the
site with residual lead concentrations greater than 400 ppm, which means that
other risk management measures for the site are necessary. As discussed with
regulatory agencies and First Nations, these measures include signage, road
decommissioning and physical barriers to restrict public access. Another reason
to restrict access to the Jewelbox area is that there are physical hazards related

4

The YT CSR standard residential soil standard for lead for protection of human health is 500 ppm, but
Teck chose to use 400 ppm to be consistent with the recently amended BC CSR standard and in recognition
that some agencies are reviewing and revising their environmental standards for lead.
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to areas of potential subsidence and steep terrain (with drop-offs);Teck has
installed specific signage to discourage access to these areas.
Water
Current water testing shows that, the majority of the time, water quality in Camp
Creek (the main stream that flows through the site) is below the Guidelines for
Canadian Drinking Water Quality for all metals. Intermittently, there have been
water samples that exceed some of those guidelines. Putting aside the potential
for naturally occurring microbial pathogens, such as the microorganism that
causes “beaver fever”, this does not necessarily mean that the water is unsafe to
drink. In order for the water to be potentially harmful for drinking, guidelines must
be exceeded for an extended time period, conditions that are not observed in
Camp Creek. To track water quality, post-reclamation water quality monitoring
will occur. People should not use the water from on or near the site as a longterm source for drinking water unless there is regular testing to confirm that it
meets the Guidelines for Canadian Drinking Water Quality. Aside from concerns
such as beaver fever, occasionally drinking water from the site (e.g., filling a
water bottle from a creek) is not a health risk.
Country Foods
Berries from most areas of the mine site are safe for human consumption.
However, human consumption of berries collected from some areas of the
Jewelbox Hill, 1380 Gully, Mill Site, and a small area just north of the tailings
pond could result in exposure to more lead than is permitted under Yukon
environmental regulations. Testing has not been done for any other types of
plants or animals that people may consume as food and consumption of small
animals or other types of plant material from these same areas of the site may
also be a risk. Although they haven’t been tested, larger animals like moose and
deer are expected to be safe for humans to eat because they don’t spend a lot of
time at the site. Access to these areas will be limited as the majority of the on-site
roads will be deactivated and warning signage will discourage public use.
Remediation covers were placed over contaminated soil at the former North
Tailings Pond, South Tailings Pond, and Reclaim Pond. Over the long term
plants that grow in the remediation covers in these areas may bioaccumulate
metals from the underlying contaminated soil. Therefore, risk management
measures to prevent human consumption of plants and small animals as food or
traditional medicines are recommended for these areas until such time as future
monitoring data show that these potential risks are acceptable.
Traditional Medicines
Herbal teas made from samples of caribou weed and Labrador tea from the mine
site were tested. The levels of metals in herbal teas made from Labrador tea
leaves were all below the maximum levels allowed under Yukon environmental
regulations. The levels of metals in herbal teas made from caribou weed leaves
were also below the maximum levels allowed under Yukon environmental
regulations for all areas of the mine site except for Jewelbox Hill.
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Based on the results of the human health risk assessment, Table 2 below summarizes
conclusions for the mine site related to the need for risk management.

4.3 DDRP Closure Measures
Closure measures undertaken by Teck to address risks at the Site are summarized at a
high level in Table 1; more detailed information is provided in Teck (2015).
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Table 1: Summary of TERA conclusions for the Sä Dena Hes Mine Site, under post-closure condiƟons. (See Azimuth 2015b for further details).

Area
AEC 1/9
Jewelbox/Main Zone
AEC 2
Burnick
AEC 3
Mill Site
AEC 8
Tailings Facility

Microbial
Communities

Plant
Communities

Terrestrial
Invertebrate
Communities

Birds

Mammals

Terrestrial
Amphibians













Partial remediation in 2015 (soil cover of 0.20 m over
part of waste rock) may reduce exposure/risks.













Area recontoured in 2014.













Soil cover (0.20 ‐ 1.0 m) applied over disturbed
footprint in 2014/2015.













Soil cover of at least 0.5 m applied in 2014.

Notes on Closure/Remediation
(see Teck 2015 for details)

Legend:
 Risks to ecological receptor group are considered negligible or low under post‐closure conditions.

 Risks to ecological receptor group are considered moderate or high under post‐closure conditions (based on organism‐level effects); specific wildlife species and
approximate number of individuals are described in TERA.
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Table 2: Summary of Human Health Risk Assessment Conclusions for the Sä Dena Hes
Mine Site.

Direct contact with
residual contaminated soil

Area

Jewelbox Hill & 1380 Gully
1250 Portal & Waste Rock
Burnick Portal & Waste Rock
1300 Portal & Waste Rock
Mill Site
Boneyard
North Tailings Pond
North of North Tailings Pond Dam
West of North Tailings Pond
South Tailings Pond
Reclaim Pond
West of Reclaim Pond







Consumption of plants
and small animals1,2





?















?


?
?



Human health risks in excess of those allowed under the YT CSR - risk management measures required
Potential human health risks in excess of those allowed under the YT CSR - risk management measures may be
required, depending on future conditions
Human health risks within those allowed under the YT CSR - risk management measures not required
1
Plants includes mushrooms and small animals includes marmots and ground squirrels

?

2

Although they were not tested, the HHRA concluded that larger animals, such as lynx, deer and moose, are
likely safe for humans to eat because these animals don’t spend enough time at the Site to build-up
contaminants to levels that would present a potential human health risk.
*Risks from future long-term consumption of surface water or groundwater as drinking water are unknown
because the future water quality is uncertain. Occasional consumption of small quantities of water, such as
filling a water bottle from a creek, are not expected to present a health risks from exposure to metals, but
consumption of untreated surface water may present a risk to health from exposure to naturally occurring
microbial pathogens, such as Giardia lamblia (i.e., the protozoa responsible for "beaver fever").

6/27/2016

Azimuth Consulting Group

13

5 Long-term Monitoring Plan
5.1 Overview
The LMP recommends six monitoring components to confirm that assumptions of the
TERA and HHRA remain valid. The six components of the terrestrial LMP are:
1. Land use monitoring for HHRA (Section 5.2)
2. Monitoring soil cover integrity (HHRA and TERA; Section 5.3)
3. Monitoring metals chemistry in remediated areas for the TERA (Section 5.4)
4. Monitoring metals chemistry in areas with residual contamination for the TERA
(Section 5.5)
5. Monitoring metals chemistry for the HHRA (Section 5.6)
6. Monitoring revegetation and wildlife habitats for the TERA (Section 5.7)
Table 3 describes information to support design of the terrestrial LMP program (e.g.,
details on areas, parameters and timing) for each of the six monitoring components.
Figure 2 shows specific AECs, or portions of AECs, which are targeted for monitoring
for the TERA, including:


Jewelbox/Main Zone Waste Rock Pile/Bench; part of AEC 1



Tailings Management Facility (TMF); AEC 8



Mill Site; AEC 3



Toe of Jewelbox 1408 Waste Rock Pile (1408 WR); part of AEC 1



1380 Gully; AEC 9.4



Reference areas; it is recommended that at least two reference areas (e.g., FFRef1, FF-Ref2, NC-Ref) be sampled with the main program to provide
concurrent reference data.

Figure 3 shows HHRA restricted areas described in Table 2 that should be monitored
for land use (see Section 5.2 below). Figure 4 shows areas for HHRA-related metals
chemistry monitoring (see Section 5.6 below).
Prior to each monitoring event, a study design phase is recommended to ensure
monitoring objectives are met and sampling is in line with the best practice at that time.
The scope of the terrestrial monitoring program will be re-evaluated at periodic intervals
to assess site performance against the assumptions of the TERA and HHRA. Based on
the findings, various management actions may be triggered. The monitoring program
and “working” decision rules for adapting the program are described in Table 4 for initial
stages of the LMP (next 10-20 years).
The LMP described in this memorandum is based on current information and site
understanding. However, should site conditions change or new information with potential
to change risk conclusions become available, the terrestrial LMP may need to be reevaluated and adapted.
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5.2 Land Use
Monitoring is required to confirm effective restriction of public access to the following
areas of the site: Jewelbox Hill, 1380 Gully, 1250 Portal and Waste Rock, Burnick Portal
and Waste Rock, 1300 Portal and Waste Rock, Mill Site, and the area to the north of the
North Tailings Pond dam (TPN) and the forested strip to the west of the North Tailings
Pond. These areas are indicated by the red polygons on Figure 3.
Monitoring is required to ensure that humans are not harvesting plants, including berries,
and small animals for consumption from the following areas of the site: areas where
human access is restricted (see above), the North Tailings Pond, the South Tailings
Pond, and the Reclaim Pond. These areas are indicated by the yellow polygon on
Figure 3.
Surface water or groundwater from the Site must be tested and monitored to ensure that
it meets the Guidelines for Canadian Drinking Water Quality before being used as a
source of human drinking water. Water monitoring will be conducted under the Water
License.
Land use monitoring may include:


Inspection of signs,



Inspection for indicators of human access and use,



Assessment of awareness of land use restrictions among local community and
First Nations. This may include meetings or interviews with community members
to gauge their awareness of the potential environmental hazards at the former
mine site and the risk management measures in place to mitigate exposure to
these hazards.

We understand that Teck will be conducting an annual formal inspection and will include
sign inspection and observations of human access.

5.3 Soil Cover Integrity
Monitoring of soil cover integrity will confirm the stability and physical integrity of soil
covers placed over various areas on-Site. This aspect of site performance is important
because HHRA and TERA risk predictions may be invalid if soil cover integrity is
compromised. The key areas to cover for the HHRA and TERA risk perspectives are: (1)
JBX WR bench; (2) TMF (i.e., North Tailings Pond, South Tailings Pond and Reclaim
Pond); and (3) Mill Site.
Monitoring will be coordinated by Teck/consultants as part of annual
physical/geotechnical site inspection work. The proposed decision-rule for this
component is presented in Table 4.
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5.4 Metals Chemistry in Remediated Areas - TERA
Monitoring of terrestrial media in remediated areas will confirm post-closure assumptions
from the TERA and targets areas that underwent remediation to address risks identified
in the TERA (or HHRA). Specifically, soil covers were placed over the (1) JBX WR
bench, (2) TMF and (3) Mill Site of the site to reduce exposure by wildlife and humans to
elevated concentrations of contaminants such as lead and zinc. In the TERA, it was
assumed that application of soil covers would result in soil and tissue (except plants)
concentrations consistent with local background/reference concentrations. Given there is
some uncertainty regarding the actual decrease in contaminant exposure and potential
risks under post-closure conditions, concentrations of metals in soil and various
biological tissues will be monitored as shown in Table 3. The rationale for including (or
excluding) various media in the program is described below:


Soil – Incidental soil exposure was one of the key drivers of elevated exposures
and risks to birds, mammals and terrestrial amphibians. Once established in
areas with soil covers, it is recommended that the top humic layer of soil be
monitored over time to confirm post-closure assumptions in the TERA.



Plants5 (willow and alder twigs) – Plants were generally not driving risks in the
TERA (even with elevated concentrations of COPCs in willow/alder in some
areas of the Site). However, collection of plant tissues are considered useful for
comparing pre and post-closure conditions (they integrate soil concentrations,
are easy to collect and provide additional point of comparison). These data will
provide a better understanding post-closure site conditions in general.



Berries – Berries were generally not drivers of risk to ecological receptors.
However, we note that one berry sample collected in 2015 from disturbed soils at
the Mill Site had very elevated concentrations of lead, zinc and other metals, far
outside the range of concentrations used in the TERA. While we expect this
sample will not reflect post-closure conditions, follow-up monitoring of berries is
recommended at the Mill Site.



Soil invertebrates – Ingestion of soil invertebrates was one of the main exposure
pathways driving potential risks to birds and mammals in the TERA. It is
recommended that, once habitat is established in these reclaimed areas, ground
invertebrates be monitored to confirm post-closure assumptions made in the
TERA.



Small mammals – Ingestion of small mammals was a driver of exposure and
potential risks for some carnivorous wildlife in the TERA (in AEC 1/9 in
particular). However, COPC concentrations in soil invertebrates tended to be
higher than small mammals, and therefore soil invertebrates serve as a surrogate
in this monitoring program. If other media (soils, invertebrates) show higher than
expected post-closure concentrations, small mammal sampling could be added
at a later time.

Details on the proposed chemistry sampling program (e.g., sampling locations,
parameters, number of samples, and monitoring frequency) are provided in Table 3.
5

It is recommended that willow and alder twigs be collected for long-term monitoring to be consistent with
plant tissues that were collected for the TERA. Other plant tissues (leaves/grasses) could be added to the
program if there is rationale at the time of monitoring.
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Sampling methods should generally follow procedures documented in the Data Report
(Azimuth 2014a) and Volume 2A TERA Addendum (Azimuth 2015b). In terms of
frequency, it is expected that it will take approximately ten years (or more)6 for plant root
systems to develop sufficiently to penetrate the cap layer and reach contaminated soils7.
Revegetation will be the first step in recolonization of these areas with other biota (see
additional revegetation monitoring in point 4 below). Thus, sampling of terrestrial media
from the three areas described above will be conducted in approximately 2025. Timing
of this program may be adjusted based on reclamation monitoring information collected
by Teck (see Section 5.7 below).
Future concentrations will be compared to concentrations measured during the TERA in
each AEC and, most importantly, to background/reference conditions to determine
whether site conditions meet TERA assumptions. The proposed decision-rules are
based on the outcomes of these comparisons as described in Table 4.

5.5 Metals Chemistry in Residual Areas - TERA
This monitoring will assess post-closure conditions and recovery (if any) in areas that
were not physically remediated but are downgradient of mine sources that were
remediated. The objective of this sampling is to confirm that conditions are stable or
improving.
Areas that were key risk drivers in the TERA will be targeted, specifically, the 1408 WR
and 1380 Gully8. Other areas with ‘residual’ contamination (e.g., TPN, JBX WR9) are not
considered priorities because concentrations were only moderately elevated (relative to
1408 WR and 1380 Gully) and were not key risk drivers in the TERA.
Limited follow-up monitoring (approximately two cycles) of these areas is recommended.
This program will include sampling soil, plants (willow and alder twigs), ground
invertebrates for comparison of future versus pre-closure chemistry. Small mammals
could be added to the program if concentrations in other media are higher than
expected). Further details on the proposed program are provided in Table 3, using
methods described in Azimuth (2014, 2015), and timing to coincide with the program for
remediated areas (Section 5.4). Follow-up monitoring beyond this time frame will be
considered based on the results of the initial two events, with proposed decision rules
shown in Table 4.

6

Plant root depths could be measured after approximately 5 years and compared to soil cover depths to
help inform timing for initiating the terrestrial LMP.
7

Vegetation concentrations measured during the TERA were not driving risks to ecological receptors; so the
soil covers are not required to serve as a barrier to plant root uptake of metals.
8

Information supporting the TERA indicated that natural background contamination was likely a source of
metals in the 1380 Gully, with additional contributions from the mine site not ruled out. This may be
important to consider when designing the monitoring program (i.e., locations) and interpreting monitoring
data.
9

Concentrations in JBX WR station were quite elevated, but not as high as 1408 WR and 1380 Gully; these
latter areas are targeted as priorities.
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5.6 Metals Chemistry - HHRA (Optional)
Pending decisions about increasing access to some areas of the former mine site,
monitoring of terrestrial media in specific areas is recommended to confirm post-closure
conditions for the HHRA. There would be two components to this optional program:


Soil - There are currently insufficient samples to calculate a representative
estimate of the average concentration of lead in soil in the forested strip to the
west of the North Tailings Pond (TPN West-berm and nearby areas) and the area
just north of the North Tailings Pond dam (TPN) (see pink polygons on Figure 4).
The recommended public access restrictions for these areas can be removed if
representative soil samples are collected and subsequent analysis shows that
human health risks are acceptable.
This soil sampling would involve a one-time program designed to meet the
requirements for calculating HHRA risk estimates. Sampling procedures should
generally follow those conducted for the HHRA (see Azimuth 2014a,b). There are
no constraints on the timing of this soil sampling – it can be conducted at any
time that it is efficient to do so.



Plants & Small Animals - The remediation covers placed on the TMF
(specifically the North Tailings Pond, South Tailings Pond, and Reclaim Pond;
see blue polygons on Figure 4) are expected to mitigate the bioaccumulation of
contaminants by plants and animals living in these areas. However, data are
required to verify this expectation. The recommended harvesting restrictions for
these areas may be removed if tissue samples are collected and subsequent
analysis shows that human health risks are acceptable.
Plant and small animal tissue monitoring supporting the HHRA could have a
similar scope (i.e., targeting berries, and small animals) and same frequency
(i.e., approximately 10 year cycles beginning in 2025) as the TERA program
documented in Section 5.4. The data would be analyzed to determine whether
human health risk based standards are met. Further details on the proposed
program are provided in Table 3, using methods described in Azimuth (2014a).
Monitoring would continue until the vegetation community has reached its climax
successional stage and there is sufficient evidence to establish that contaminant
concentrations in biota are stable or improving (i.e., not increasing over time).

5.7 Vegetation and Wildlife Habitat Monitoring
Vegetation and wildlife habitat monitoring consists of two components:


Reclamation monitoring: Assessments of the revegetation program will be
conducted Teck/ consultants in midsummer for a minimum of five years. The
main focus of the monitoring will be to ensure that the prescriptions applied to the
disturbed sites on the mine are successful. The assessments will be made on
seedling survival and height growth, seeded germination success, composition
and natural succession, with observations of bird and mammal usage. In year 5,
plant root depths could be measured and compared to soil cover depths in the
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various AECs. The information collected may be useful for updating the wildlife
habitat assessment (4b below) and determining timing of the terrestrial
monitoring (Section 5.4 above). The reclamation monitoring is part of Teck’s
Environmental Monitoring Plan.


Updated wildlife habitat assessment: The distribution and type of vegetation
that establishes across the Mine Site over time will influence how wildlife species
forage and may be exposed to COPCs. Depending on the outcome of chemistry
sampling program (see decision rules specified in point 2 above), re-assessment
of wildlife habitats may be conducted by an experienced wildlife biologist, to
confirm post-closure conditions in the reclaimed habitats. Essentially, if future
concentrations do not meet TERA assumptions, updating habitat units in restored
areas may be necessary to re-evaluate risk predictions in the TERA (i.e., re-run
food chain model).

The monitoring program described in this memorandum is based on current information
and site understanding. However, should site conditions change or new information with
potential to change risk conclusions become available, the terrestrial LMP may need to
be re-evaluated and adapted.
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Table 3: Information to support design of the terrestrial LMP for the Sä Dena Hes TERA and HHRA.
Study Component

Areas1 and Sample Information

Parameters

I. Land Use (Section 5.2)
Land Use ‐ Restricted Access & Restricted Jewelbox Hill; 1380 Gully; 1250 Portal; Burnick 1200; Burnick
Harvesting
1300; Mill Site; TPN; forested strip west of the North Tailings
Pond.
Land Use ‐ Restricted Harvesting
North Tailings Pond; South Tailings Pond; Reclaim Pond

II. Soil Cover Integrity (Section 5.3)
Soil Cover Integrity

Ground invertebrate chemistry

‐‐‐ (Teck described separately) ‐‐‐

‐‐‐ (Teck described separately) ‐‐‐

JBX WR bench; TMF (including North Tailings Pond, South
Tailings Pond and Reclaim Pond); Mill Site

III. Metals Chemistry in Remediated Areas ‐ TERA (Section 5.4)
Soil chemistry
JBX WR bench; TMF; Mill Site
Humic (and some inorganic) soils, all areas, synoptic with
tissues
Berry chemistry
Mill Site;
Three spatially independent samples over the soil cover
footprint
2
JBX WR bench; TMF; Mill Site;
Plant twigs (alder/willow) chemistry
One composite sample from each area (or subdivided area)
JBX WR bench; TMF; Mill Site;
One composite sample from each area (or subdivided area)

Small mammal chemistry [conditional on JBX WR bench; TMF; Mill Site;
findings from other monitoring; see text] Three‐five individuals from each area (or subdivided area)

Timing/Frequency

‐‐‐ (Teck described separately) ‐‐‐

Total metals, TOC, grain size, pH

Ten year cycle after remediation (2025, 2035, then to be
re‐evaluated)

Total metals, moisture content

Ten years after remediation (2025) then to be re‐
evaluated

Total metals, moisture content

Ten year cycle after remediation (2025, 2035, then to be
re‐evaluated)

Total metals, moisture content

Ten year cycle after remediation (2025, 2035, then to be
re‐evaluated)

Total metals, moisture content

Conditional; to be considered if metals concentrations in
other tissue types are higher than expected (see Table 4)
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Table 3: Information to support design of the terrestrial LMP for the Sä Dena Hes TERA and HHRA.
Study Component

Areas1 and Sample Information

IV. Metals Chemistry in Residual Areas ‐ TERA (Section 5.5)
Soil chemistry
1408 WR; 1380 Gully
Humic (and some inorganic) soils, all areas, synoptic with
tissues
2
1408 WR; 1380 Gully
Plant twigs (alder/willow) chemistry
One composite sample from each area (or subdivided area)
Ground invertebrate chemistry

1408 WR; 1380 Gully
One composite sample from each area (or subdivided area)

Small mammal chemistry [conditional on 1408 WR; 1380 Gully
findings from other monitoring; see text] Three‐five individuals from each area (or subdivided area)

V. Metals Chemistry ‐ HHRA [OPTIONAL; see text Section 5.6]
Soil chemistry
Forested strip west of the North Tailings Pond (TPN West‐
berm and nearby areas); north of the North Tailings Pond
dam (TPN)
Designed to support HHRA exposure estimates (i.e., as per
HHRA methods) ; sufficient sample numbers that areas of
elevated metals are delineated and representative average
metals concentrations can be calculated
Berry chemistry
North Tailings Pond; South Tailings Pond; Reclaim Pond; at
least three samples of each berry species present
Small mammal chemistry
North Tailings Pond; South Tailings Pond; Reclaim Pond; at
least three samples of each species
VI. Vegetation & Wildlife Habitat Assessment (pending; see text Section 5.7)
Reclamation (revegetation)
Reclaimed areas throughout mine site property
Wildlife habitat assessment
Entire mine site property

Parameters

Timing/Frequency

Total metals, TOC, grain size, pH

Ten year cycle after remediation, (2025, 2035, then to be
re‐evaluated)

Total metals, moisture content

Ten year cycle after remediation, (2025, 2035, then to be
re‐evaluated)

Total metals, moisture content

Ten year cycle after remediation, (2025, 2035, then to be
re‐evaluated)

Total metals, moisture content

Conditional; to be considered if metals concentrations in
other tissue types are higher than expected (see Table 4)

Total metals, TOC, grain size, pH

Optional, see text Section 5.6. No time constraints; one‐
time event

Total metals, moisture content

Optional, see text Section 5.6. Ten year cycle after
remediation, (2025, 2035, then to be re‐evaluated)
Optional, see text Section 5.6. Ten year cycle after
remediation, (2025, 2035, then to be re‐evaluated)

Total metals, moisture content

‐‐‐ (Teck described separately) ‐‐‐
Update habitat polygons, list of
receptors, habitat ratings for receptors

Annually for minimum of five years
Pending, see text Section 5.7; to be considered if metals
concentrations are higher than expected (see Table 4)

Notes
1

It is expected that areas will be subdivided into smaller sampling locations within the AEC.

2

Willow and alder twigs are recommended to be collected for sampling to be consistent with the TERA; other plant tissue types may be added with rationale at the time of monitoring.
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Table 4: Summary of guiding decision rules for the Sä Dena Hes terrestrial LMP supporting the TERA and HHRA.
Finding

Implication

Action

1. Land Use Monitoring (Section 5.2)
Restricted use following
HHRA recommendations
Signs of site use are
b) inconsistent with HHRA
recommendations
a)

Meets HHRA assumptions

Maintain regular inspections

May not meet HHRA assumptions;
implications for site management to be
evaluated

To be determined

2. Monitoring Soil Cover Integrity (Section 5.3)
a) Soil cover remains intact

Meets TERA/HHRA assumptions

AEC may not meet TERA/HHRA
Soil cover integrity
assumptions; implications for risk
b)
2
compromised (significantly ) conclusions and site management to be
evaluated

No additional monitoring triggered
Sample soil chemistry; consideration sampling
other media; risk assessor to make
recommendations on monitoring program (see
decision rules based on chemistry in #3 below)

3. Metals Chemistry Monitoring of Remediated Areas - TERA (Section 5.4)
Future concentrations
a) equivalent to or lower than
reference concentrations

Meets TERA assumptions

Monitor at regular cycle; cease monitoring once
stable conditions confirmed

AEC may not meet TERA assumptions;
Future concentrations
b) between reference and pre- implications for risk conclusions and site
closure AEC concentrations management to be evaluated

Depending on magnitude of concentrations,
continue monitoring but consider increased
frequency to confirm trends/conditions; consider
monitoring additional media; consider updating
wildlife habitat assessment; evaluate implications
for TERA and site management; cease
monitoring once stable conditions confirmed

Future concentrations above AEC does not meet TERA assumptions;
implications for risk conclusions and site
c) pre-closure AEC
management to be evaluated
concentrations

Actions as per 3b above with higher alert and
recommended increased monitoring frequency
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Table 4: Summary of guiding decision rules for the Sä Dena Hes terrestrial LMP supporting the TERA and HHRA.
Finding
Implication
4. Metals Chemistry Monitoring of Residual Areas - TERA (Section 5.5)
Future concentrations
equivalent to or lower than
a)
pre-closure AEC
concentrations

Conditions stable or improving

Future concentrations above Unexpected increase in concentration;
implications for risk conclusions and site
b) pre-closure AEC
management to be evaluated
concentrations

Action

Monitor for approximately two cycles; cease
monitoring once stable conditions confirmed
Depending on magnitude of concentrations,
continue monitoring but consider increased
frequency to confirm trends/conditions; evaluate
implications for TERA and site management;
cease monitoring once stable conditions
confirmed

5. Metals Chemistry Monitoring - HHRA (Section 5.6)
Future concentrations meet
Land-use restrictions could be removed; for
a) human health risk-based
Meets human health risk-based standards plants and small animals may require monitoring
standards
at regular cycle until stable conditions confirmed
Future concentrations do not
Does not meet human health risk-based
b) meet human health riskstandards
based standards

Maintain land-use restrictions

6. Reclamation Monitoring (Section 5.7)
a) Revegetation monitoring - use to inform timing of metals chemistry monitoring (#3 and #5 above)
b) Updating the wildlife habitat assessment - dependent on findings of metals chemistry monitoring (#3 above)
Notes:
1

Decision rules to consider each media/tissue at each AEC for lead and zinc. Specific methods and interpretation of categories are not
defined here and could range from qualitative comparisons to statistical analysis; to be determined during planning/monitoring.

2

The degree to which the soil cover integrity is comprimised will affect whether TERA or HHRA assumptions are invalidated. "Significance"
will be based on professional judgement of site managers and risk assessors and will consider information such as the size of area that is
compromised, the depth of perturbation, the number of areas that are compromised, chemical concentrations, etc.
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6 LTM Reporting
Upon completion of each terrestrial LMP program, a technical report will be prepared
that documents findings of each monitoring task relative to assumptions made in the
TERA and HHRA and previous data. Specifically, the report will evaluate whether
concentrations have changed as expected (e.g., decreased in remediated areas; area
meets human health risk-based standards), or whether unexpected conditions are
present. The guiding decision rules (Table 4) will be applied to modify monitoring as
needed. The technical reports will also assess the implications of the future chemistry
data on risk predictions and site management (as needed), and provide
recommendations as appropriate. Human health and ecological risk assessors will be
involved in preparing and reviewing these technical reports.
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8 Use and Limitations of this Memorandum
This memorandum has been prepared by Azimuth Consulting Group Partnership
(Azimuth) for the use of Teck Resources Limited (Teck; the Client), the Liard First Nation
and their reviewers, and the Yukon Government (Ministries of Energy Mines and
Resources [EMR] and Environment Yukon [EY]). This memorandum is intended to
provide information to Teck to assist with making decisions regarding long-term
monitoring of the Sä Dena Hes Mine terrestrial environment. The Client has been party
to the development of the scope of work for the subject project and understands its
limitations.
In providing this memorandum and performing the services in preparation of this
memorandum Azimuth accepts no responsibility in respect of the Site described in this
memorandum or for any business decisions relating to the Site, including decisions in
respect of the management, purchase, sale or investment in the Site.
This memorandum and the assessments and recommendations contained in it are
intended for the sole and exclusive use of the Client, the Liard First Nation and their
reviewers, and the Yukon Government (EMR and EY).
Any use of, reliance on, or decision made by a third party based on this memorandum,
or the services performed by Azimuth in preparation of this memorandum is expressly
prohibited, without prior written authorization from Azimuth. Without such prior written
authorization, Azimuth accepts no liability or responsibility for any loss, damage, or
liability of any kind that may be suffered or incurred by any third party as a result of that
third party’s use of, reliance on, or any decision made based on this memorandum or the
services performed by Azimuth in preparation of this memorandum.
The findings contained in this memorandum are based, in part, upon information
provided by others. In preparing this memorandum, Azimuth has assumed that the data
or other information provided by others is factual and accurate. If any of the information
is inaccurate, site conditions change, new information is discovered, and/or unexpected
conditions are encountered in future work, then modifications by Azimuth to the findings,
conclusions and recommendations of this memorandum may be necessary.
In addition, the conclusions and recommendations of this memorandum are based upon
applicable legislation existing at the time the memorandum was drafted. Changes to
legislation, such as an alteration in acceptable limits of contamination, may alter
conclusions and recommendations.
This memorandum is time-sensitive and pertains to a specific site and a specific scope
of work. It is not applicable to any other site, development or remediation other than that
to which it specifically refers. Any change in the Site, remediation or proposed
development may necessitate a supplementary investigation and assessment.
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1

Introduction
65.&RQVXOWLQJ &DQDGD ,QFKDVEHHQUHTXHVWHGE\7HFN5HVRXUFHV/LPLWHG 7HFN WRSUHSDUH
WKLVSRVWFORVXUH*HRWHFKQLFDO0RQLWRULQJ3URJUDPIRUVWUXFWXUHVDQGIHDWXUHVWKDWZRXOGIRUP
SDUWRIWKHFORVHG6D'HQD+HVPLQHORFDWHGQHDU:DWVRQ/DNH<XNRQ7KLVPHPRSURYLGHVD
GHVFULSWLRQRIHDFKRIWKHPLQHFRPSRQHQWVWKHW\SHRILQVSHFWLRQVUHYLHZVDQGSODQVWKDW
ZRXOGEHFRPSOHWHGDQGWKHLUIUHTXHQF\RYHUWKH\HDUVIROORZLQJFORVXUHRIWKHPLQH
$QQXDOLQVSHFWLRQVZRXOGEHFRPSOHWHGIRUDQXPEHURI\HDUVSRVWFORVXUHRIWKHPLQHVLWH
LQFOXGLQJWKHUHPDLQLQJWDLOLQJVHPEDQNPHQWVSLOOZD\VVRLOFRYHUVGLYHUVLRQVDQGZDVWHURFN
GXPSV'HWDLOVRIIUHTXHQF\DQGZKRZRXOGFDUU\RXWWKHLQVSHFWLRQVDUHSURYLGHGLQWKHVHFWLRQV
WRIROORZ'XULQJWKHLQVSHFWLRQWKHVWUXFWXUHVZLOOEHLQVSHFWHGWRLGHQWLI\FRQGLWLRQVWKDWFRXOG
SRWHQWLDOO\DGYHUVHO\LPSDFWWKHORQJWHUPSHUIRUPDQFHRIVWUXFWXUHVGXULQJWKHSRVWFORVXUH
SHULRG$QQXDOLQVSHFWLRQUHSRUWVZLOOEHSUHSDUHGDQGVXEPLWWHGWRWKH<XNRQ:DWHU%RDUG
$UHYLHZRI&DQDGLDQ'DP$VVRFLDWLRQ'DP&ODVVLILFDWLRQFDWHJRU\RIWKH1RUWK'DPZRXOGEH
FDUULHGRXWDVSDUWRIWKHQH[WDQQXDOJHRWHFKQLFDOLQVSHFWLRQ7KHVFRSHZRXOGDOVRLQFOXGHDQ
XSGDWHWRWKH2SHUDWLRQV0DLQWHQDQFHDQG6XUYHLOODQFH0DQXDO 206 DQGWKH(QYLURQPHQWDO
3UHSDUHGQHVV3ODQ (33 
)LJXUHVKRZVDJHQHUDOORFDWLRQPDSRIWKHPLQHVLWHDQGLGHQWLILHVWKHFRPSRQHQWVWKDWZLOOEH
LQVSHFWHG

2

Inspections, Reviews and Plans

2.1

Annual Inspections
7HFNVKDOOHQVXUHWKDWDQDQQXDOLQVSHFWLRQRIWKHPLQHVLWHEHFDUULHGRXWE\DTXDOLILHG
JHRWHFKQLFDOHQJLQHHU7KHIRFXVRIWKHLQVSHFWLRQVZRXOGEHWKH1RUWK'DPWKH6HGLPHQW
UHWDLQLQJVWUXFWXUH 656 DQGVSLOOZD\VRLOFRYHUVGLYHUVLRQVDQGZDVWHURFNGXPSV7KH
ILQGLQJVRIWKHLQVSHFWLRQVKRXOGEHIRUPDOL]HGLQDUHSRUWZKLFKLQFOXGHVDQHYDOXDWLRQRIWKH
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DQQXDOO\PHDVXUHGSLH]RPHWHUOHYHOVDQGVHWWOHPHQWUHDGLQJVDWWKH1RUWK'DP7KHLQVSHFWLRQ
VKRXOGWDNHSODFHDVVRRQDVSRVVLEOHDIWHUWKHVQRZKDVPHOWHG7KLVZRXOGDOORZDQ\QHFHVVDU\
UHPHGLDOZRUNWREHFRPSOHWHGSULRUWRWKHUDLQ\VHDVRQ
([WUDRUGLQDU\LQVSHFWLRQVVKRXOGEHFDUULHGRXWDIWHUDQ\VLJQLILFDQWVWRUPRUVHLVPLFHYHQWV7KH
WULJJHUVIRUWKHVHLQVSHFWLRQVZRXOGEHQROHVVWKDQD\HDUIORRGHYHQWDQGDVHLVPLFHYHQW
HTXLYDOHQWWRD0RGLILHG0HUFDOOL,QWHQVLW\VFDOHRI,9 0RGHUDWH DVIHOWLQ:DWVRQ/DNH
6SHFLILFGHWDLOVRIWKHDQQXDOLQVSHFWLRQVIRUHDFKRIWKHPLQHFRPSRQHQWVDUHSURYLGHGLQ
6HFWLRQ
$IWHUWKHILUVW\HDUVIROORZLQJFORVXUHWKHDQQXDOLQVSHFWLRQZRXOGEHFDUULHGRXWE\DTXDOLILHG
SURIHVVLRQDOHQJLQHHU
$IWHU\HDUVDQQXDOLQVSHFWLRQZRXOGEHFDUULHGRXWE\DQDSSURSULDWHUHSUHVHQWDWLYHRIWKH
RZQHUUHVSRQVLEOHIRUWKHVDIHW\RIWKHWDLOLQJVVWRUDJHIDFLOLW\VXSSOHPHQWHGE\LQVSHFWLRQVHYHU\
\HDUVE\TXDOLILHGSURIHVVLRQDOHQJLQHHU
$UHSRUWZRXOGEHSUHSDUHGDIWHUHDFKLQVSHFWLRQ

2.2

Dam Safety Review
7KHODVW'65ZDVFDUULHGRXWLQE\*ROGHU$VVRFLDWHV7KH&'$'DP&ODVVLILFDWLRQIRUWKH
1RUWK'DPUHSRUWHGLQWKHUHYLHZZDVSignificant DQGFRQVHTXHQWO\DUHYLHZIUHTXHQF\RI
HYHU\WHQ\HDUVZRXOGEHUHTXLUHG+RZHYHUXQGHUSRVWFORVXUHFRQGLWLRQVWKH1RUWK'DPFRXOG
EHGRZQJUDGHGWRDlowFRQVHTXHQFHFDWHJRU\ DVLWZDVLQWKH.ORKQUHYLHZ DQGDVVXFK
QRIXWXUH'65¶VZRXOGEHUHTXLUHG$UHYLHZRIWKHFRQVHTXHQFHFODVVLILFDWLRQZRXOGEHFDUULHG
RXWGXULQJWKHQH[WIRUPDODQQXDOLQVSHFWLRQDQGZULWWHQXSDVDVHSDUDWHUHSRUW

2.3

Operations, Maintenance and Surveillance
7KHODVW2060DQXDOZDVSUHSDUHGE\65.LQ7KHPDQXDOZDVSUHSDUHGLQDFFRUGDQFH
ZLWKDUHTXLUHPHQWXQGHU6HFWLRQRIWKHPLQH¶VFXUUHQW:DWHU/LFHQFH4=7KH0LQLQJ
$VVRFLDWLRQRI&DQDGD¶V 0$& SXEOLFDWLRQV'HYHORSLQJDQ2SHUDWLRQ0DLQWHQDQFHDQG
6XUYHLOODQFH0DQXDOIRU7DLOLQJVDQG:DWHU0DQDJHPHQW)DFLOLWLHV 6HSWHPEHU DVZHOODV
WKH&DQDGLDQ'DP$VVRFLDWLRQ¶V &'$ ³'DP6DIHW\*XLGHOLQH´ZHUHXVHGWRGHYHORSWKH
IUDPHZRUNIRUWKHPDQXDO
7KHPDQXDOZDVLQWHQGHGWRSURYLGHSURFHGXUHVUHTXLUHGWRRSHUDWHPRQLWRUWKHSHUIRUPDQFHRI
DQGPDLQWDLQWKH70)DQGDVVRFLDWHGZDWHUPDQDJHPHQWIDFLOLWLHVWRHQVXUHWKDWWKH\IXQFWLRQLQ
DFFRUGDQFHZLWKWKHLUGHVLJQPHHWUHJXODWRU\DQGFRUSRUDWHSROLF\REOLJDWLRQVDQGOLQNWRWKH
HPHUJHQF\SUHSDUHGQHVVDQGUHVSRQVHSODQ
$QXSGDWHWRWKH206PDQXDOVKRXOGEHFRPSOHWHGLQDQGZRXOGIRFXVRQWKH
PDLQWHQDQFHDQGVXUYHLOODQFHRIWKHIROORZLQJFRPSRQHQWVWKH1RUWK'DPWKHVRLOFRYHUVWKH
656DQGVSLOOZD\WKHZDVWHURFNGXPSVDQGWKHGLYHUVLRQFKDQQHOV7KHSODQVKRXOGEHXSGDWHG
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HYHU\WHQ\HDUV+RZHYHUDQQXDOXSGDWHVWRWKHFRQWDFWLQIRUPDWLRQVKRXOGEHPDGHDV
UHTXLUHG

2.4

Emergency Preparedness
7KHODVW0LQH(PHUJHQF\DQG5HVSRQVH3ODQ 0(53 ZDVSUHSDUHGE\65.DVSDUWRIWKH
2067KHSODQZDVGLUHFWHGPDLQO\DWWKHWDLOLQJVPDQDJHPHQWIDFLOLW\LQFOXGLQJWKHWKUHHGDPV
WKHVSLOOZD\VDQGWKHGLYHUVLRQGLWFKHV8QGHUIXWXUHFORVXUHFRQGLWLRQVWKHHPHUJHQF\FRQWDFW
LQIRUPDWLRQLQWKH(33VKRXOGEHXSGDWHGLQDQGWKH0(53VKRXOGEHUHYLHZHGDQGUHYLVHG
LQWRUHIOHFWWKHFORVXUHFRQGLWLRQV7KH0(53VKRXOGRXWOLQHWKHUHVSRQVHSURFHGXUHVDQG
SUHYHQWLYHPHDVXUHVWKDWZRXOGEHUHTXLUHGIRUHIIHFWLYHDQGWLPHO\PDQDJHPHQWRIDQ
HPHUJHQF\VLWXDWLRQ

3

Mine Components

3.1

North Dam
$IWHUILQDOFORVXUHRIWKHPLQHWKH1RUWK'DPZLOOEHWKHRQO\UHPDLQLQJHPEDQNPHQWRQVLWH
7KLVGDPZLOOFRQWLQXHWRUHWDLQWDLOLQJVDWWKHQRUWKHUQHQGRIWKHRULJLQDOWDLOLQJVPDQDJHPHQW
IDFLOLW\7KHSLH]RPHWHUVDQGVHWWOHPHQWJDXJHVZLWKLQWKHGDPDUHVWLOOLQWDFWDQGIXQFWLRQDO
$VLWHSODQRIWKH1RUWK'DPLVSUHVHQWHGRQ)LJXUHDQGDW\SLFDOVHFWLRQWKURXJKWKHGDPLV
VKRZQLQ)LJXUH7KH1RUWK'DPLVDSSUR[LPDWHO\PKLJKZLWKDFUHVWHOHYDWLRQRIP
DFUHVWOHQJWKRIDERXWPDQGDFUHVWZLGWKRIP%DVHGRQWKHRULJLQDOWDLOLQJVVWRUDJH

FXUYH 65.E WKHWRWDOVWRUDJHIRUWKHRYHUDOOLPSRXQGPHQWZRXOGEHDERXWPLOOLRQP DW
DQDVVXPHGHOHYDWLRQRIP$VSDUWRIWKHFORVXUHFRQGLWLRQVDPVRLOFRYHUZLOOEH
SODFHGRYHUWKHWDLOLQJVZLWKQRSRQGHGZDWHU
7KHFRYHUZLOOEHJUDGHGWRSURYLGHSRVLWLYHGUDLQDJHRIVXUIDFHUXQRIIDZD\IURPWKHGDP
6WDQGSLSHSLH]RPHWHUVDUHORFDWHGZLWKLQWKHFUHVWRIWKHGDP6HWWOHPHQWJDXJHVZKLFKZHUH
LQVWDOOHGGXULQJFRQVWUXFWLRQRIWKHGDPFDQDOVREHIRXQGRQWKHFUHVWRIWKHGDP
7KHSLH]RPHWULFOHYHOVLQWKHSLH]RPHWHUVZLOOEHUHFRUGHGGXULQJWKHDQQXDOZDWHUTXDOLW\
PRQLWRULQJSURJUDPDVSDUWRIWKH$GDSWLYH0DQDJHPHQWSODQ
7KLVVWUXFWXUHZRXOGEHLQVSHFWHGLQDFFRUGDQFHZLWKWKHJXLGHOLQHVRXWOLQHGLQVHFWLRQDERYH

3.2

Sediment Retaining Structure and Spillway
7KH656VKRZQRQ)LJXUHZRXOGEHFRQVWUXFWHGE\OHDYLQJLQSODFHDSRUWLRQRIWKH6RXWK'DP
ILOODORQJWKHXSVWUHDPWRHRIWKHGDP$VSLOOZD\ZRXOGEHEXLOWWKURXJKWKH656WRDFFRPPRGDWH

WKH\HDUUXQRIIHYHQW7KHSHDNLQIORZIRUWKLVHYHQWP VZDVUHFHQWO\XSGDWHGE\
65.LQWKHXSGDWHWRWKH'HWDLOHG'HFRPPLVVLRQLQJDQG5HFODPDWLRQ3ODQ ''53 
$SSHQGL[' 
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7KH656ZRXOGKDYHDFUHVWHOHYDWLRQRIPDQGWKHVSLOOZD\WKURXJKWKHG\NHZRXOG
KDYHDILQLVKHGLQYHUWHOHYDWLRQRIP7KHXSVWUHDPIDFHZRXOGEHEXLOWZLWKD+9
VORSH7KHGRZQVWUHDPVORSHZRXOGEHFRQVWUXFWHGWR+9
7KHVSLOOZD\DQGG\NHZRXOGEHLQVSHFWHGDVSDUWRIWKHDQQXDOJHRWHFKQLFDOLQVSHFWLRQWRHQVXUH
WKHVWDELOLW\RIWKHG\NHDQGWKHLQWHJULW\RIWKHVSLOOZD\WRVDIHO\GLVFKDUJHWKHGHVLJQIORZ
$QQXDOPDLQWHQDQFHZRXOGLQFOXGH

3.3

x

&OHDULQJRIDQ\GHEULVLQWKHFKDQQHO

x

5HSDLULQJRIFDYLWDWLRQRUHURGHGDSURQVDQG

x

5HPRYDORIDQ\YHJHWDWLRQ

Drainage Channels
7KUHHGUDLQDJHFKDQQHOVZRXOGEHFRQVWUXFWHGDVSDUWRIWKHGHFRPPLVVLRQLQJRIWKH70)2QH
FKDQQHOZRXOGEHEXLOWIURPWKHRXWIDOORIWKH656WRDFRQYHUJHQFHZLWKWKHUHDOLJQHG&DPS
&UHHNFKDQQHO7KHVHFRQGZRXOGEHEXLOWIURPDSRLQWXSVWUHDPRIWKHH[LVWLQJ&DPS&UHHN
'LYHUVLRQLQWKHRULJLQDO&DPS&UHHNFKDQQHODVVKRZQRQ'UDZLQJ6'+'5 $SSHQGL[$ 
7KHVWDUWSRLQWRIWKLVFKDQQHOZRXOGEHGHWHUPLQHGLQWKHILHOG7KHWKLUG WKH1RUWK&KDQQHO 
ZRXOGEHEXLOWDORQJWKHHDVWVLGHRIWKHWDLOLQJVDUHDDVVKRZQRQ)LJXUH
7KHIROORZLQJGHVLJQFULWHULDZHUHXVHGIRUGHVLJQRIWKHFKDQQHOV
x

7KHGHVLJQLQIORZLVEDVHGRQWKH\HDUUXQRIIHYHQW

x

7KHHPEDQNPHQWVZRXOGEHEXLOWWRPLQLPL]HORQJWHUPHURVLRQDQG

x

'UDLQDJHFKDQQHOVVKRXOGFRQIRUPWRWKHQDWXUDOWRSRJUDSK\


6LPLODULQVSHFWLRQDQGPDLQWHQDQFHFKHFNVDVVSHFLILHGDERYHIRUWKH656VSLOOZD\ZRXOGEH
FDUULHGRXW

3.4

Soil Covers
,QDFFRUGDQFHZLWKWKHFXUUHQWUHFODPDWLRQSODQWKHH[SRVHGWDLOLQJVZRXOGEHFDSSHGZLWKVRLOWR
SUHYHQWZLQGHURVLRQWRPLQLPL]HWKHLPSDFWRIGXVWDQGWRSURYLGHJURZWKPHGLXPIRU
YHJHWDWLRQ7KHFDSLVDOVRUHTXLUHGWRUHGXFHHFRORJLFDODQGKXPDQKHDOWKULVNV7KHFDSLVQRW
GHVLJQHGDVDORZLQILOWUDWLRQEDUULHU7KHFRYHUKRZHYHUZRXOGUHGXFHVXUIDFHSRQGLQJDQG
SURPRWHUXQRIIRIQRQFRQWDFWZDWHU
6HYHUDORWKHUDUHDVUHTXLULQJUHYHJHWDWLRQZHUHLGHQWLILHGWKURXJKRXWWKHSURSHUW\6RPHRIWKHVH
DUHDVZRXOGEHVFDULILHGDQGVHHGHG DFFHVVURDGV ZKLOHRWKHUVZRXOGUHTXLUHFDSSLQJWR
SURYLGHDJURZWKPHGLXPIRUYHJHWDWLRQ7KHWDLOLQJVFDSZRXOGEHFRQVWUXFWHGE\SODFLQJ
PDWHULDOH[FDYDWHGIURPWKH6RXWKDQG5HFODLPGDPV7KHVRLOZRXOGEHSODFHGLQDVLQJOHOLIWWR
DGHSWKRIEHWZHHQWRP7KHFDSVXUIDFHZRXOGEHUHFRQWRXUHGWRDPLQLPXPJUDGHRI
WRSURPRWHUXQRIIDQGSUHYHQWSRQGLQJ7KHHGJHVRIWKHFRYHUZRXOGEHWHUPLQDWHGIOXVK
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ZLWKWKHFUHVWRIWKH1RUWK'DPRUZKHUHGRZQJUDGLHQWWHUUDLQLVHQFRXQWHUHGLWZRXOGEHJUDGHG
WRQRVWHHSHUWKDQ+9
7KHFDSZRXOGEHUHYHJHWDWHGE\VHHGLQJDQGWUHHDQGVKUXESODQWLQJDVVRRQDVSRVVLEOHDIWHU
SODFHPHQW/RFDOYHJHWDWLRQZRXOGEHIDYRXUHGDQGWKHGHQVLW\ZRXOGEHOLPLWHGLQLWLDOO\WRDOORZ
WKHFRORQL]DWLRQE\ORFDOYROXQWHHUVSHFLHVWREHHVWDEOLVKHGIURPWKHDUHDVVXUURXQGLQJWKHFDSV
7KHVRLOFDSSLQJRIWKHDUHDVRWKHUWKDQWKHWDLOLQJVZRXOGEHFRQVWUXFWHGLQDVLPLODUPDQQHUDQG
FRQWRXUHGWREOHQGLQZLWKWKHQDWXUDOWHUUDLQZKHUHSRVVLEOH
7KHFRYHUVZRXOGEHLQVSHFWHGGXULQJWKHDQQXDOJHRWHFKQLFDOLQVSHFWLRQV
7KHFRYHUVZLOOEHYLVXDOO\LQVSHFWHGDQQXDOO\IRUVLJQVRIHURVLRQVORXJKLQJJHRWHFKQLFDODQG
K\GUDXOLFLQVWDELOLW\DQGYHJHWDWLRQVXFFHVV7KHLQVSHFWLRQVZLOOGHWHUPLQHLIDQGZKHUHUHSDLUV
DUHUHTXLUHGZKHWKHUUHVHHGLQJUHSODQWLQJRUPDLQWHQDQFHIHUWLOL]HULVUHTXLUHGDQGZLOOPRQLWRU
QDWXUDOUHJHQHUDWLRQDQGLQYDVLRQRIQDWLYHVSHFLHV
5HFODPDWLRQDVVHVVPHQWVZLOOEHFRQGXFWHGWRLGHQWLI\WKHDUHDVWKDWKDYHDFKLHYHGRUDUH
SURJUHVVLQJWRZDUGVODQGFDSDELOLW\REMHFWLYHVDQGWKRVHWKDWUHTXLUHDGGLWLRQDOZRUN7KH
IUHTXHQF\RIDVVHVVPHQWVIRUHDFKUHFODPDWLRQVLWHZLOOGHSHQGRQLWVDJH)RUH[DPSOHDQHZO\
UHFODLPHGVLWHZLOOEHDVVHVVHGDQQXDOO\IRUWKUHH\HDUVWKHQDVVHVVHGHYHU\ILYH\HDUVXQWLOWKH
VLWHLVPDWXUHDWZKLFKWLPHWKHDVVHVVPHQWZLOOEHHYHU\WHQ\HDUV6RPHUHFODLPHGVLWHVZLOO
DOUHDG\FRQWDLQPDWXUHVKUXEVDQGWUHHVDWFORVXUHVRZLOOEHDVVHVVHGHYHU\WHQ\HDUVXQWLOWKH\
DUHGHWHUPLQHGWREHVHOIVXVWDLQLQJ
$QQXDOLQVSHFWLRQVDQGUHFODPDWLRQDVVHVVPHQWVZLOOFHDVHIRUVLWHVWKDWKDYHUHDFKHGD
VXVWDLQDEOHVWDWH

3.5

Portals and Drainages

3.5.1

Portals
7KHSRUWDOVDWWKH-HZHOER[DQG0DLQ]RQHDUHDVDQGWKHDQG
SRUWDOVDWWKH%XUQLFN]RQHZLOOEHVHDOHGRIIXVLQJFRDUVHVLWHZDVWHURFNWRDWOHDVWPLQWRWKH
SRUWDOEH\RQGWKHHQWUDQFH:LWKLQWKHWXQQHOWKHZDVWHURFNILOOZLOOEHSODFHGDVFORVHWRWKHWRS
RIWKHWXQQHODVSRVVLEOHWRKHOSVWDELOL]HWKHFROODURIWKHSRUWDO$WVXUIDFHWKHZDVWHURFNZLOOEH
VORSHGIURPDERYHWKHWRSRIWKHSRUWDOWRWKHEDVHRIWKHSRUWDODWDVWDEOHVORSHDQGZLOOEH
FRQWRXUHGWRWLHLQWRWKHVXUURXQGLQJWHUUDLQIRUDHVWKHWLFSXUSRVHV7KHVHDOVZLOOLQFOXGHWZR
PLQLPXPLQFKGLDPHWHUSLSHV KLJKGHQVLW\SRO\HWK\OHQHSLSHRUHTXLYDOHQWVRWKH\GRQ¶W
FRUURGH 7KHSXUSRVHRIWKHSLSHVLVWRSUHYHQWDLUIURPSUHVVXUL]LQJZLWKLQWKHPLQHDQGWR
SURYLGHDFRQGXLWIRUPLQHZDWHUGUDLQDJHLIUHTXLUHG7KHSLSHVZLOOEHLQVWDOOHGDWVOLJKWO\
GLIIHUHQWHOHYDWLRQVDQGRQHRIWKHWZRSLSHVLVDEDFNXSLQFDVHWKHRWKHUEHFRPHVSOXJJHG
7KHJURXQGDWSRUWDOHQWUDQFHZLOOEHVORSHGDZD\IURPWKHSRUWDOWRHQVXUHSUHFLSLWDWLRQFDQ
GUDLQDZD\WRSUHYHQWSRQGLQJRIZDWHUXSDJDLQVWWKHVHDO
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$QLQVSHFWLRQRIWKHVHSRUWDOVZLOOEHFDUULHGRXWGXULQJWKHDQQXDOLQVSHFWLRQV)LJXUHVDQG
VKRZWKHORFDWLRQRIWKHSRUWDOV7KHLQVSHFWLRQZRXOGHQVXUHQREORFNDJHRIWKHGUDLQDJHSLSHV
DQGWKDWWKHEDFNILOOPDWHULDOKDVUHPDLQHGVWDEOH
3.5.2

Ventilation Raises
%RWKYHQWLODWLRQUDLVHVDWWKH-HZHOER[0DLQ=RQHDUHDZLOOEHVHDOHGXVLQJDQHQJLQHHUHG
FRQFUHWHVHDOLQDPDQQHUWKDWLVLQDFFRUGDQFHZLWK0LQH6DIHW\5HJXODWLRQV7KHVHDOVZLOO
SURYLGHWKHSK\VLFDOEDUULHUWRHOLPLQDWHWKHSRWHQWLDOIRUWKHSXEOLFRUZLOGOLIHWRDFFHVVWKHPLQH
WKURXJKYHQWLODWLRQUDLVHV,QDGGLWLRQWKHVHDOVZLOOSUHYHQWZDWHUDQGVLJQLILFDQWDLUIORZIURP
HQWHULQJWKHPLQHZRUNLQJV WKHVHDOVZLOOFRQWDLQDVPDOOSLSHWRDOORZVRPHDLUIORZWKURXJKWKH
VHDO WKURXJKWKHVHRSHQLQJV
$QLQVSHFWLRQRIWKHVHSRUWDOVZLOOEHFDUULHGRXWGXULQJWKHDQQXDOLQVSHFWLRQV7KHLQVSHFWLRQ
ZRXOGORRNIRUSRVVLEOHGHWHULRUDWLRQRUGDPDJHRIWKHFRQFUHWHVHDODQGDLUSLSHVE\YDQGDOV
2EVHUYDWLRQRIDQ\VXEVLGHQFHRUJURXQGPRYHPHQWZRXOGDOVREHQRWHG

3.5.3

Open Pits (Jewelbox and Main Zone)
7KHSLWZDOOVZLOOEHVWDELOL]HGE\UHVORSLQJDQGLIUHTXLUHGE\EODVWLQJRULPSRUWLQJDGGLWLRQDOILOO
PDWHULDO5HVORSLQJZLOOSDUWLDOO\ILOOWKHSLW)LOODWWKHEDVHRIWKHSLWZLOOFRQVLVWRIFRDUVHZDVWH
URFNVRWKDWLWZLOOIXQFWLRQOLNHD)UHQFKGUDLQWRHQVXUHWKDWZDWHUFRQWLQXHVWRKDYHDURXWHWR
GLVFKDUJHRXWRIWKHSLW
$QLQVSHFWLRQRIWKHVHEDFNILOOHGSLWVZLOOEHFDUULHGRXWGXULQJWKHDQQXDOLQVSHFWLRQV7KH
LQVSHFWLRQZRXOGORRNIRUDQ\VLJQVRIEORFNDJHRIWKHGUDLQVDQGLQVWDELOLW\RIWKHEDFNILOO

3.6

Waste Rock Dumps

3.6.1

Jewelbox
$WFORVXUHWKHFUHVWRIWKHZDVWHGXPSVEHORZWKH3RUWDOZLOOEHSXOOHGEDFNDQGURXQGHGIRU
DHVWKHWLFSXUSRVHVDQGWRLPSURYHVWDELOLW\7KHZDVWHURFNGXPSEHQFKHVZLOOEHUHFRQWRXUHGWR
SURYLGHSRVLWLYHGUDLQDJHDZD\IURPWKHKLOOVLGH
7KHZDVWHURFNLQWKH-HZHOER[3LWGXPSRQWKHULGJHEHWZHHQWKH3LWDQG3RUWDOZLOOEH
SXVKHGLQWRWKH-HZHOER[3LW
$OOVDIHW\EHUPVDORQJWKHDFFHVVURDGVZLOOEHUHPRYHGHLWKHUZLWKDQH[FDYDWRURUE\GR]HUDQG
GUDLQDJHSDWWHUQVUHHVWDEOLVKHG
$QLQVSHFWLRQRIWKHVHGXPSVZLOOEHFDUULHGRXWGXULQJWKHDQQXDOLQVSHFWLRQV7KHLQVSHFWLRQV
ZLOOORRNIRUDQ\WHQVLRQFUDFNVLQWKHGXPSVORSHRUWRSVXUIDFHEXOJLQJLQWKHVORSHDQGDQ\
VXEVLGHQFH

30+

*HRWHFKB0RQLWRULQJB3URJUDPB0HPRB&7B30+B$7B

$XJXVW

65.&RQVXOWLQJ

3.6.2



3DJH

Main Zone
7KHFUHVWRIWKHZDVWHGXPSEHORZWKH3RUWDOZLOOEHSXOOHGEDFNDQGURXQGHGIRUDHVWKHWLF
SXUSRVHVDQGWRLPSURYHVWDELOLW\
$QLQVSHFWLRQRIWKHVHGXPSVZLOOEHFDUULHGRXWGXULQJWKHDQQXDOLQVSHFWLRQV7KHLQVSHFWLRQV
ZLOOORRNIRUDQ\WHQVLRQFUDFNVLQWKHGXPSVORSHRUWRSVXUIDFHEXOJLQJLQWKHVORSHDQGDQ\
VXEVLGHQFH

3.6.3

Burnick
$WFORVXUHWKHFUHVWRIWKH%XUQLFNGXPS VHH)LJXUH ZLOOEHSXOOHGEDFNWRIXUWKHUUHGXFH
ORDGLQJRQWKHFUHVWWRLPSURYHVWDELOLW\7KHEHQFKRIWKHGXPSZLOOEHUHFRQWRXUHGWRSURYLGH
SRVLWLYHGUDLQDJHDZD\IURPWKHKLOOVLGH
$QLQVSHFWLRQRIWKHVHGXPSVZLOOEHFDUULHGRXWGXULQJWKHDQQXDOLQVSHFWLRQV7KHLQVSHFWLRQV
ZLOOORRNIRUDQ\WHQVLRQFUDFNVLQWKHGXPSVORSHRUWRSVXUIDFHEXOJLQJLQWKHVORSHDQGDQ\
VXEVLGHQFH

3.7

North Creek Crossings
$WFORVXUHWKH1RUWK&UHHN'\NHDQGFXOYHUWVZLOOEHUHPRYHGWKHDUHDUHFRQWRXUHGDQGWKH
GUDLQDJHFKDQQHODUPRXUHGWRHQVXUHLWLVVWDEOH7KHFXOYHUWDWWKHVHFRQGFURVVLQJZLOOEH
UHPRYHG
7KHFKDQQHOZRXOGEHLQVSHFWHGDVSDUWRIWKHDQQXDOJHRWHFKQLFDOLQVSHFWLRQWRHQVXUHWKH
LQWHJULW\RIWKHULSUDSSHGFKDQQHOWRVDIHO\GLVFKDUJHWKHGHVLJQIORZ
$QQXDOPDLQWHQDQFHZRXOGLQFOXGH
x

&OHDULQJRIDQ\GHEULVLQWKHFKDQQHO

x

5HSDLULQJRIFDYLWDWLRQRUHURGHGDSURQVDQG

x

5HPRYDORIDQ\YHJHWDWLRQ










Disclaimer²65. &RQVXOWLQJ &DQDGD  ,QF KDV SUHSDUHG WKLV GRFXPHQW IRU 7HFN 5HVRXUFHV $Q\ XVH RU GHFLVLRQV E\
ZKLFK D WKLUG SDUW\ PDNHV RI WKLV GRFXPHQW DUH WKH UHVSRQVLELOLW\ RI VXFK WKLUG SDUWLHV ,Q QR FLUFXPVWDQFH GRHV 65.
DFFHSWDQ\FRQVHTXHQWLDOOLDELOLW\DULVLQJIURPFRPPHUFLDOGHFLVLRQVRUDFWLRQVUHVXOWLQJIURPWKHXVHRIWKLVUHSRUWE\D
WKLUGSDUW\
7KH RSLQLRQV H[SUHVVHG LQ WKLV UHSRUW KDYH EHHQ EDVHG RQWKH LQIRUPDWLRQ DYDLODEOHWR65. DWWKH WLPH RI SUHSDUDWLRQ
65. KDV H[HUFLVHG DOO GXH FDUH LQ UHYLHZLQJ LQIRUPDWLRQ VXSSOLHG E\ RWKHUV IRU XVH RQ WKLV SURMHFW :KLOVW 65. KDV
FRPSDUHG NH\ VXSSOLHG GDWD ZLWK H[SHFWHG YDOXHV WKH DFFXUDF\ RI WKH UHVXOWV DQG FRQFOXVLRQV IURP WKH UHYLHZ DUH
HQWLUHO\UHOLDQWRQWKHDFFXUDF\DQGFRPSOHWHQHVVRIWKHVXSSOLHGGDWD65.GRHVQRWDFFHSWUHVSRQVLELOLW\IRUDQ\HUURUV
RURPLVVLRQVLQWKHVXSSOLHGLQIRUPDWLRQH[FHSWWRWKHH[WHQWWKDW65.ZDVKLUHGWRYHULI\WKHGDWD

30+

*HRWHFKB0RQLWRULQJB3URJUDPB0HPRB&7B30+B$7B

$XJXVW

)LJXUHV
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Topographic contour data and aerial
photos were obtained from McElhanney
and are based on August 15, 2012
LiDAR survey. Coordinate system is UTM
NAD 83CSRS zone 9V.
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For Stakeout tables see SDH-DR-15

The tie-in from the existing natural channel to the riprapped
channel will be determined in the field as directed by the
Engineer.

2.

3.

This Benchmark datum is currently used to monitor settlement
gauges on the dam and was used as the benchmark in
construction of the dam. The elevation has been adjusted from
1103.54m to the current LiDAR Survey elevation.
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