
 

Scope 1—Reclamation Research 
Program 

Myra Falls Mine Reclamation Research 
Program 

September 13, 2019  

 

Prepared for: 
 
Integral Ecology Group and Nyrstar 
Myra Falls Ltd. 
 
 
Prepared by: 
 
Stantec Consulting Ltd. 
 
 
 
 

 
 

 

 



SCOPE 1—RECLAMATION RESEARCH PROGRAM 

 

This document entitled Scope 1—Reclamation Research Program was prepared by Stantec Consulting Ltd. 
(“Stantec”) for the account of Nyrstar Myra Falls Ltd. (Nyrstar) and Integral Ecology Group (IEG) (the “Client”). 
Any reliance on this document by any third party is strictly prohibited. The material in it reflects Stantec’s 
professional judgment in light of the scope, schedule and other limitations stated in the document and in the 
contract between Stantec and the Client. The opinions in the document are based on conditions and 
information existing at the time the document was published and do not take into account any subsequent 
changes. In preparing the document, Stantec did not verify information supplied to it by others. Any use which 
a third party makes of this document is the responsibility of such third party. Such third party agrees that 
Stantec shall not be responsible for costs or damages of any kind, if any, suffered by it or any other third party 
as a result of decisions made or actions taken based on this document. 

Prepared by Stantec Consulting Ltd. 
Discipline Contributing Authors 

Soils Tala Al-Obaidi, B.Sc. 

Vegetation 
Meghan O’Neill, B.Sc., R.P. Bio. 

Carol Jones, M.Sc., P.Ag. 

Wildlife 
Heather Short, M.Sc. 

Colleen Bryden, M.Sc., R.P.Bio. 

Water & Aquatics 
Darrell Jobson, M.Sc., P.Biol., R.P.Bio. 

Xéna Montague, B.Sc., P.Geo. 
 

 

Reviewed by   
(signature) 

Natalie Tashe, M.Sc., MCPM, P. Ag. 

 

 

Approved by   
(signature) 

Kathrin Kunzmann, Dipl.-Ing., EPt. 

 



SCOPE 1—RECLAMATION RESEARCH PROGRAM 

 

Table of Contents 

EXECUTIVE SUMMARY ............................................................................................................ I 

ABBREVIATIONS .....................................................................................................................III 

1.0 INTRODUCTION ............................................................................................................ 1 

2.0 REGULATORY CONTEXT ............................................................................................ 2 

3.0 INDIGENOUS CONTEXT ............................................................................................... 3 

4.0 RECLAMATION OBJECTIVES...................................................................................... 4 

5.0 KNOWLEDGE-GAP ANALYSIS .................................................................................... 6 
5.1 APPROACH ................................................................................................................... 8 
5.2 HYDROLOGY ................................................................................................................ 8 

5.2.1 Information Sources ....................................................................................... 8 
5.2.2 Description of Identified Knowledge Gaps ...................................................... 9 
5.2.3 Recommended Actions ................................................................................ 13 
5.2.4 Proposed Implementation Plan .................................................................... 15 

5.3 WATER QUALITY, FISH AND AQUATIC HABITATS ....................................................16 
5.3.1 Information Sources ..................................................................................... 16 
5.3.2 Description of Identified Knowledge Gaps .................................................... 17 
5.3.3 Recommended Actions ................................................................................ 24 
5.3.4 Proposed Implementation Plan .................................................................... 25 

5.4 SOILS............................................................................................................................26 
5.4.1 Information Sources ..................................................................................... 26 
5.4.2 Description of Identified Knowledge Gaps .................................................... 26 
5.4.3 Recommended Actions ................................................................................ 32 
5.4.4 Proposed Implementation Plan .................................................................... 33 

5.5 VEGETATION ...............................................................................................................34 
5.5.1 Information Sources ..................................................................................... 34 
5.5.2 Description of Identified Knowledge Gaps .................................................... 34 
5.5.3 Recommended Actions ................................................................................ 39 
5.5.4 Proposed Implementation Plan .................................................................... 40 

5.6 WILDLIFE AND WILDLIFE HABITAT ............................................................................42 
5.6.1 Information Sources ..................................................................................... 42 
5.6.2 Description of Identified Knowledge Gaps .................................................... 42 
5.6.3 Recommended Actions ................................................................................ 47 
5.6.4 Proposed Implementation Plan .................................................................... 48 

6.0 TOWARD A RECLAMATION RESEARCH PROGRAM ...............................................49 
6.1 LINKAGE BETWEEN RECLAMATION OBJECTIVES AND KNOWLEDGE GAPS ........49 
6.2 RECLAMATION RESEARCH THEMES ........................................................................51 
6.3 NEXT STEPS ................................................................................................................52 



SCOPE 1—RECLAMATION RESEARCH PROGRAM 

 

7.0 REFERENCES ..............................................................................................................53 

LIST OF TABLES 
Table 1 Permit Requirements regarding Engagement of First Nations .................................. 3 
Table 2 Proposed Implementation Plan for Hydrology ..........................................................15 
Table 3 Proposed Implementation Plan for Water Quality and Aquatics ...............................25 
Table 4 Nyrstar Myra Falls Permit M-26 Conditions for Soils (EMPR, 2018) .........................27 
Table 5 Proposed Implementation Plan for Soils ..................................................................33 
Table 6 Nyrstar Myra Falls Permit M-26 Conditions for Vegetation (MEMPR 2018) ..............35 
Table 7 Park Use Permit No. 102633 and 102201 ................................................................36 
Table 8 Proposed Implementation Plan for Vegetation .........................................................40 
Table 9 Nyrstar Myra Falls Permit M-26: Permit Approving Conditions for Wildlife ...............43 
Table 10 Park Use Permit No. 102633 and 102201 ................................................................44 
Table 11 Proposed Implementation Plan for Wildlife ..............................................................48 
Table 12 Linkage between Knowledge Gaps and Disciplines .................................................50 

LIST OF FIGURES 
Figure 1 General Mine Arrangement 2018 (RGC 2018) .......................................................... 7 

LIST OF APPENDICES 

APPENDIX A RECLAMATION OBJECTIVES PRESENTED IN MASTER PLAN 
FOR STRATHCONA-WESTMIN PROVINCIAL PARK, APPENDIX E 
(STRATHCONA DISTRICT 1995) ............................................................................... A.1 

APPENDIX B KNOWLEDGE-GAP ANALYSIS SUMMARY TABLE ................................ B.1 

 

 



SCOPE 1—RECLAMATION RESEARCH PROGRAM 

 i 
 

Executive Summary 

Myra Falls Mine (the Site) is located in Strathcona-Westmin Provincial Park, approximately 90 kilometres 
(km) from Campbell River, on central Vancouver Island, British Columbia (BC). The mine is a polymetallic 
zinc, copper, silver and gold mine operated by Nyrstar Myra Falls Ltd. (Nyrstar). As part of the 
requirements for the operating mine a Reclamation Research Program (RRP) is required as part of a 
larger Reclamation Program. The RRP is to be submitted to the British Columbia Ministry of Energy, 
Mines, and Petroleum Resources (EMPR). The Reclamation Research Program (RRP) for the Myra Falls 
Mine (the site) is based on the objectives of closure and reclamation in the mine permit approval, 
Park permit approval, stakeholder input and First Nation engagement. To support operational scale 
reclamation, a series of research trials and field-based knowledge gathering surveys are put in place to 
test and verify that specific reclamation prescriptions will work towards meeting end land use objectives 
prior to being applied at an operational scale. 

The RRP includes a summary of historic and current reclamation research at the site, results of a 
knowledge-gap analysis, informed by both technical knowledge and permit conditions, and the 
identification of reclamation themes to meet quantifiable performance objectives that will lead into an 
implementable five-year reclamation research plan. The RRP covers the following key disciplines: 
hydrology, water quality, fish and aquatic habitat, soils, vegetation, wildlife and wildlife habitat. 
Some information from traditional land use (TLU) Knowledge Holders, has been incorporated and is an 
ongoing process that will result in the RRP being regularly updated as new information becomes 
available. Key knowledge-gaps identified through the analysis are: an options analysis for water 
infrastructure including identifying water infrastructures to be removed, and reclamation options for 
post-closure conditions; a mine closure and reclamation plan for streams and watercourse channels 
within the permit area; a site-wide water management plan that accounts for surface hydrology and 
run-off; metal uptake monitoring for vegetation, wildlife and soils; a detailed riparian reclamation plan, 
and TLU input from First Nation groups.  

From the gap analysis a series of research themes were developed that link technical 
disciplines. Proposed reclamation research themes are meant to serve as the framework for the 
identification of research objectives and detailed research and monitoring. The research themes will have 
methods for the research detailed in the Reclamation Methodology Evaluation Research Program and 
performance objectives tested in the Reclamation Monitoring Program.  

Proposed research themes and implementation plans, responsibilities and timings identified by each 
discipline guide the discussions on how research activities are incorporated into Nyrstar’s operational 
activities, and how Nyrstar can work towards filling the gaps identified in the analysis.  
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The identified themes were to develop a Long Term Water Course Reclamation Plan which includes 
installation of hydrometric station, a Water Infrastructure Decommissioning Plan an Aquatic Habitat 
Reclamation Plan and a Terrestrial Reclamation Plan, which would include metal uptake monitoring, 
research identifying measurable old-growth forest attributes and the development of a Soil Cover Plan.  

A power supply options analysis for Thelwood and Tennant-Creek hydroelectric dams would support 
post-closure planning (i.e., post water treatment) and evaluate power supply options for post-closure 
water treatment activities.  
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Abbreviations 

ABA acid base accounting 

AFW Amec Foster Wheeler 

AMD acid mine drainage 

ARD acid rock drainage  

AWSC available water storage capacity  

BC British Columbia 

C&R closure & reclamation 

CCME Canadian Council of Ministers of the Environment  

CDA Canadian Dam Association 

CRAB core rock area borrow 

CSM conceptual site model 

EEM environmental effects monitoring  

EMPR Ministry of Energy, Mines, and Petroleum Resources 

IEG Integral Ecology Group 

km kilometre 

MCE maximum credible earthquake 
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MELP Ministry of Environment, Lands and Parks 

ML metal leaching  

OMS operational management sheet  

PAG potentially acid-generating  

PMF probable maximum flood 

PSD particle size distribution 

PSP permanent sample plot  

RISC Resources Information Standards Committee 

RRP Reclamation Research Program  

SIS seepage interception system 

SMR soil moisture regime  

TDF Tailings Disposal Facility  

TLU traditional land use  

TSF Tailings Storage Facility 

WQO Water Quality Objective 
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1.0 INTRODUCTION 

Stantec Consulting Ltd. (Stantec) was retained by Integral Ecology Group (IEG) to develop a site-wide 
Reclamation Research Program (RRP) for the Myra Falls Mine (the site). The site is located in 
Strathcona-Westmin Provincial Park, approximately 90 kilometres (km) from Campbell River, on central 
Vancouver Island, British Columbia (BC). The mine is a polymetallic zinc, copper, silver and gold mine 
operated by Nyrstar Myra Falls Ltd. (Nyrstar). 

The Reclamation Research Program (RRP) is part of a larger Reclamation Program to be submitted to 
the British Columbia Ministry of Energy, Mines, and Petroleum Resources (EMPR).  

The objectives of the RRP are to: 

• Compile a summary of historic and current reclamation research at the site 
• Complete a knowledge-gap analysis, informed by both technical knowledge and permit conditions 
• Identify reclamation themes to meet quantifiable performance objectives that will lead into an 

implementable five-year reclamation research plan 

The RRP (Scope 1), is providing the general framework for additional scopes as part of the larger 
Reclamation Program including the following: 

• Scope 2: Site‐wide End Land Use and Post‐closure Ecosystem Development Plan to inform 
site-specific reclamation prescriptions. 

• Scope 3: Reclamation Methodology Evaluation Research Program to develop a five-year research 
program that evaluates reclamation methodologies recommended by current and future 
reclamation plans. 

• Scope 4: Reclamation Monitoring Program to demonstrate that reclamation is meeting permit and 
internal requirements, using comparison to Quantifiable Performance Objectives.  

The results and recommendations of the research program have been informed by the assessments 
completed in Phase 1 of Nyrstar’s reclamation studies, including Topsoil Management Plan (Wood 2018), 
Pre-mining Habitat Assessment (Wood 2019a), and Habitat Loss Mitigation Plan (Wood, 2019b). 

The following document summarizes the results of the knowledge-gap analysis and provides proposed 
implementation plans and reclamation research themes that can be carried forward into Scope 3 and 4 
after further discussions with IEG and Nyrstar. 
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2.0 REGULATORY CONTEXT 

Reclamation research design, planning, implementation and monitoring are based on the approved 
closure and reclamation plan. The results of reclamation research are reported in the annual reclamation 
report, and re-evaluated and adjusted during the rolling five-year reclamation and closure report update.  

The objectives of closure and reclamation are based on mine and Park permit approvals, stakeholder 
input and First Nation engagement. To support operational scale reclamation, a series of research trials 
and field-based knowledge gathering surveys are put in place to test and verify that specific reclamation 
prescriptions will work towards meeting end land use objectives prior to being applied at an operational 
scale. 

The following key regulations and permits have been considered in the development of the RRP: 

• Section 10 of the Health, Safety, and Reclamation Code for Mines 
• Mines Act Permit M-26 administered by EMPR 
• Environmental Management Act Effluent Permit PE-6858 administered by the BC Ministry of 

Environmental and Climate Change Strategy 
• Drinking Water Protection Act and Drinking Water Protection Regulation Permit AMID-927USG 

administered by the Vancouver Island Health Authority 
• Fisheries Act Metal and Diamond Mine Effluent Regulations administered by Environmental Canada 
• Master Plan for Strathcona-Westmin Provincial Park (Ministry of Environment Lands and Parks, 

MELP) 
• Park Use Permits 102633 and 102201 under the Parks Act 

Further regulatory permits and requirements are discussed under each discipline in Section 5.0. 
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3.0 INDIGENOUS CONTEXT 

The site is located within the Strathcona-Westmin Provincial Park on Vancouver Island, BC. Four First 
Nations Groups occupy this region: Wei Wai Kum, We Wai Kai, K’ómoks, and Mowachaht/Muchalaht First 
Nations. A Pre-Mining Habitat Assessment (Wood 2019a) was completed to assess land capability for 
potential traditional use focused on the four First Nations Groups and their respective associated tribal 
regions (Kwakwaka’wakw, Kwakwaka’wakw, Coast Salish, Nuu-chah-nulth).  

Understanding the land use to place back on the landscape after mining is key to meeting traditional land 
use (TLU) objectives. Some assessments have been completed to date which help guide site specific 
prescriptions. To support reclamation of the terrestrial habitats, six tree species, nine shrub species and 
seven herb species were identified as Traditional Use Species, and the assessment focused on plant 
species for food and medicinal purposes (Wood 2019a). Traditional use plants are part of the 
consideration when developing reclamation prescriptions and at times are not always commercially 
available or their propagation is not well understood and forms the basis of some of the research that is 
completed. For the aquatic habitat that requires restoration often understanding how waterways were 
used prior to mining provides guidance on the prescriptions that need to be designed and tested. 

The Mines Act Permit M-26 and the Park Use Permits 102633 and 102201 have outlined requirements in 
regard to the engagement of First Nations as presented in Table 1. 

Nyrstar is leading the engagement process with First Nations in the development as part of their 
reclamation program. Inputs from First Nations provided through engagement activities will be 
incorporated into the reclamation research program. 

Table 1 Permit Requirements regarding Engagement of First Nations 

Permit Name Permit 
Section 

Permit Condition 

Mines Act 
Permit M-26 

Section A: 
General 

1. Unless otherwise requested, the Permitee shall provide to the Wei Wai Kum, 
We Wai Kai, K’ómoks, and Mowachaht/Muchalaht First Nations all material 
reports and plans relevant to this permit, including annual monitoring reports 
and material changes to the approved Reclamation and Closure Plan. 

Section E: 
Reclamation 
and Closure 
Program 

2. The land surface shall be reclaimed with the intent of re-establishing average 
pre-mining capability to the following end land use objectives: wildlife habitat, 
particularly for Columbian black-tailed deer, Roosevelt Elk, black bears, 
wolves, cougars, American marten, red squirrel, deer mice, and bats, 
provincial park wilderness and recreational values, and opportunities for 
traditional use of the land by the Wei Wai Kum, We Wai Kai, K’ómoks, and 
Mowachaht/Muchalaht First Nations. 

Park Use 
Permit 
No. 102201 
and 102633 

Article 6: 
Covenants 
of the 
Permittee 

1. The Permittee must:  
a. Once each calendar year, meet with the Minister, the area First Nations 

and the Strathcona-Westmin Park Public Advisory Committee, to discuss 
any management concerns that arose in the previous calendar year and 
to brief the Minister, the area First Nations and the Strathcona-Westmin 
Park Public Advisory Committee on the Permittee's planned activities 
under this Permit for the current calendar year. 
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4.0 RECLAMATION OBJECTIVES 

Reclamation Objectives are included in the following documents: 

• Master Plan for Strathcona-Westmin Provincial Park, Appendix E (Strathcona District 1995) 
• Annual Reclamation Report 2017 (Nyrstar 2018a) 
• Interim Site-Wide Closure & Reclamation Plan (RGC 2014a). 
• Mines Act Permit M-26 
• Park Use Permit No. 102201 and 102633 

Reclamation Objectives include the following: 

“The primary objective is the long term safety and stability of the site; this will be achieved 
through land-forming to create geotechnically stable structures and collection of contact 
water for treatment” (Nyrstar 2018a). 

“The secondary objective to create conditions that will allow the site to develop into a 
stable self-sustaining ecosystem consistent with the Strathcona-Westmin Provincial Park 
Master Plan (Strathcona District. 1995) and returned to Class A Park upon final closure” 
(Nyrstar 2018a).  

“Nyrstar has developed closure and reclamation objectives to satisfy the reclamation 
standards outlined in Section 10.7 of the Health, Safety, and Reclamation Code for Mines 
which include: 

Objective 1: Protect human health and safety, pertains to the protection of the public and Nyrstar ‘s 
employees who attend to the site after closure; 

• Objective 2: Ensure long-term physical stability, involves designing or upgrading facilities in 
accordance with the Canadian Dam Association (CDA) Dam Safety Guidelines; structures, including 
the tailings disposal facilities (TDFs), waste rock dams (WRDs), diversion channels, and the 
hydroelectric facilities upstream of the former site, may have to withstand the Maximum Credible 
Earthquake (MCE) and to accommodate the Probable Maximum Flood (PMF) as per draft guidelines 
in CDA (2014). 

• Objective 3: Limit impacts by Acid Rock Drainage (ARD)/ Metal Leaching (ML), the criterion for 
success is the achievement of site-specific Water Quality Objectives (WQOs) for Myra Creek, 
Thelwood Creek, and Buttle Lake and the confinement of impacted groundwater to Nyrstar’s 
mine leases. 

• Objective 4: Achieve stakeholders’ post-closure land-use aspirations, mine decommissioning and 
post-closure OMS must be undertaken in accordance with the BC Parks‟ Master Plan for the 
Strathcona-Westmin Provincial Park (see Section 2.4.2) and be consistent with stakeholder values” 
(RGC 2014a). 
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The Master Plan for Strathcona-Westmin Provincial Park (Strathcona District 1995) includes objectives 
that focus on the following topics:  

• Reclamation security 
• Annual Reclamation Reporting  
• Land Use  
• Productivity 
• Long-term Stability 
• Re-vegetation 
• Use of Suitable Growth Media 
• Treatment and decommissioning of Structures and Equipment  
• Reclamation of mine features and water management  
• Metal Uptake in Vegetation 
• Disposal of Fuels and Toxic Chemicals  
• Acid Generating Materials  
• Monitoring  
• Temporary Shutdown 
• Safety Provisions 
• Closure Plan 

See Appendix B for detailed descriptions of each reclamation objective.  

In addition to the Mines Act Permit M-26, two BC Park Use Permits related to Strathcona-Westmin 
Provincial Park are applicable. Park Use Permit No. 102633 and No. 102201 permits the use of provincial 
park land for mining purposes and mining related activities: 

• Park Use Permit No. 102633 authorizes the development of the hydroelectric capability of the two 
onsite Creeks (Thelwood and Tennent) 

• Park use permit No. 102201 permits the use of the land for mining purposes and describes the 
specific limitations 

A detailed description of the relevant conditions and objectives applicable to each discipline are described 
in each respective section.  

The Mines Act Permit M-26 includes reclamation objectives that focus on the following topics:  

• Geotechnical  
• Protection of Land and Watercourses 
• Reclamation and Closure Program  

A detailed description of the relevant reclamation objectives pertaining to each discipline are described in 
each respective section. 
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5.0 KNOWLEDGE-GAP ANALYSIS 

A knowledge-gap analysis has been prepared to identify reclamation research topics where further 
information is warranted. To define the gaps of research in water and aquatics and terrestrial reclamation 
the knowledge-gap analysis was sub-divided by technical discipline (hydrology, water quality, aquatic 
habitat, soils, vegetation, wildlife and a general category of reclamation including Indigenous groups 
engagement and land use studies, regulatory process). The following sections provide details on the 
approach and a summary of results of the knowledge-gap analysis. The knowledge-gap details have also 
been compiled in a table presented in Appendix B. The knowledge-gap analysis is based on the 
reclamation of the mine ( Figure 1) and does not include off-mine site activities.  
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5.1 APPROACH 

The knowledge-gap analysis approach includes a review of the data requirements for the reclamation 
research program from applicable permits and documents against available data from available 
information sources and programs at Myra Falls Mine as presented in a spreadsheet summary 
(Appendix B). After identifying the gaps for each discipline, recommended actions and implementation 
plans are proposed for each discipline as further described below. 

5.2 HYDROLOGY 

5.2.1 Information Sources 

In compiling the hydrology knowledge-gap analysis for Nyrstar, the following information sources were 
reviewed: 

• Mines Act Permit M-26 Approving Price Plan and Security October 1, 2018, authorized by EMPR 
• Mines Act Permit M-26 Permit Application to Mine the Price Deposit, March 18, 2018 by Nyrstar 
• Environmental Management Act Effluent Permit PE-6858, amended July 5, 2018, authorized by the 

Ministry of Environment and Climate Change Strategy 
• Park Act Park Use Permit 102201 authorized by the Ministry of Environment 
• Park Act Park Use Permit 102633 authorized by the Ministry of Environment 
• Strathcona-Westmin Provincial Park Master Plan authorized by the Ministry of Environment Lands 

and Parks (Strathcona District 1995) 

In addition, relevant sections of the following reports were reviewed: 

• Annual Reclamation Report 2017 submitted to EMPR by Nyrstar 
• Interim Site-Wide Closure & Reclamation Plan (RGC 2014a) 
• Closure Scenario Assessment Report (RGC 2014b) 
• Closure Scenarios Risk Assessment (RGC 2014c) 
• Upper Reach, Cascade Reach, and Lower Reach Diversion Ditches Hydrology Update (Amec Foster 

Wheeler [AFW] 2015) 
• Addendum to the Nyrstar Myra Falls Interim Closure and Reclamation Plan (Nyrstar 2016)  
• Cascade Creek Debris Flow Yield Study (AFW 2016c) 
• Nyrstar Myra Falls Mine Long Term Water Management Plan (AFW 2017) 
• Updated Contaminant Load Balance Model and Water Quality Predictions, sections 1, 3.5.2 and 6 

(RGC 2018) 
• Myra Falls Old TDF Closure Cover Phase 1 Detailed Design (Wood 2018b) 
• Myra Creek Hydrology Study and Riprap Assessment—Revision 1 (Wood 2019) 
• Surface Water and Groundwater Monitoring Plan (Nyrstar 2019a)  
• Site-Wide ML/ARD Management Plan (Nyrstar 2019b) 
• Habitat Loss Mitigation Plan - DRAFT (Wood 2019b) 
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5.2.2 Description of Identified Knowledge Gaps 

The reclamation objectives related to watercourses and drainage (hydrology) at Myra Falls Mine are 
based on the conditions outlined in the Nyrstar’s Mine Act Permit M-26 (2018) and the 
Strathcona-Westmin Provincial Park Master Plan (1995). The hydrology components attributed to 
Permit M-26 (see Section D [12]) include the following: 

(e) The Permittee shall conduct research designed to test potential mitigation options for 
restoring ecosystems and habitats that are predicted to be affected by mining activities. 
(j) The Permittee shall conduct research to inform closure water management strategies 
and identify post-closure maintenance and contingency requirements. 

In addition, Section E (7a) specifies: 

All surface water management ponds and water diversions shall be reclaimed to satisfy 
stability and erosion control requirements and the approved end land use once no longer 
required. 

Strathcona-Westmin Provincial Park Master Plan (Appendix E [Section A.3.]) specifies Land Use as: 

3. Land Use 
The surface of the land shall be reclaimed to the following use: 
(a) reintegration of disturbed lands into the surrounding landscape and park, 
(b) re-establishment of native forest, 
(c) reduction of erosion through development of maintenance-free indigenous vegetation 
covers, and the development of self-sustaining, erosion-free water courses. 

The components of the Strathcona-Westmin Provincial Park Master Plan that relate to hydrology specify: 

5. Long-term Stability 
Land and watercourses shall be left in a stable condition. 
8. Treatment of Structures and Equipment 
All to be removed or covered. 
10. Watercourses 
Water courses to be reclaimed to ensure water quality and drainage is returned to 
original or new water courses that maintain themselves. Acid generation to be minimized 
at source. 
16. Monitoring 
Permittee shall undertake monitoring to ensure all objectives are being met. 

As per the Mines Act, 

Decommissioning of Water Structures 

10.6.14 A water reservoir or pond which is closed or declared inoperative by the chief 
inspector shall be breached or otherwise disposed of in accordance with the license 
under the Water Sustainability Act or permit under the Environmental Management Act. 
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Long Term Stability 

10.7.6 Land, watercourses and access roads shall be left in a manner that ensures long-
term physical and geochemical stability. 

Watercourses 

10.7.12 Watercourses shall be reclaimed to a condition that ensures  
(a) drainage is restored either to original watercourses or to new watercourses that will 
sustain themselves without maintenance, and  
(b) the level of productive capacity shall not be less than existed prior to mining, 
unless the owner, agent or manager can provide evidence which demonstrates, to the 
satisfaction of the chief inspector, the impracticality of doing so. 

Watercourses have been re-routed and modified during mining operations at Nyrstar; the general mine 
arrangement is shown on Figure 1. A Long-Term Watercourse Reclamation Plan should be developed for 
post-closure planning when water infrastructure (i.e., water treatment ponds, ditches, piping, etc.) is no 
longer needed. This plan would outline a reclamation design for the following watercourses with the goal 
to restore to a stable, erosion-free, and self-sustaining state:  

• Myra Creek 
• Arnica Creek 
• Cascade Creek  
• Webster Creek 
• Any other small tributaries that may have been modified during mining 
• Thelwood Creek, post dam removal  
• Tennant Creek, post dam removal 
• All existing ditches included the Upper Lynx Diversion Ditch and Lower Lynx Diversion Ditch 
• Adit outflow(s) 

Reclamation research is needed to inform the Long-Term Watercourse Reclamation Plan and are 
described in the following sections. 

5.2.2.1 Knowledge Gap 1: Surface Water Flow Data 

A hydrometric station currently records stage data in Myra Creek and is located underneath the car bridge 
(Figure 1). This stage data is converted to water flow using a historic rating relationship developed in the 
early 1980s at Station MC-M2, located downstream of the mine towards Buttle Lake (see Figure 2-6 in 
RGC (2014d). The hydrological data that was and is collected at the site would have to be upgraded to 
meet Resources Information Standards Committee (RISC 2018) standards that would also bring the 
rating relationship to current standards. Manual flow measurements are collected and can be used to 
maintain the existing rating relationship. To help with reclamation channel design and flow modelling, 
hydrometric stations are required for future models and reclamation works. Proposed locations of 
hydrometric stations are described in Myra Creek Hydrology Study and Riprap Assessment—Revision 1 
(Wood 2019).  
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Flow data discharging from adits has been estimated for the Updated Contaminant Load Balance Model 
and Water Quality Predictions (RGC 2018) using continuous flow data collected in the 1990s from the 
upper Lynx Mine, 2013 monthly “bucket and stopwatch” measurements of discharge from Price 13L 
portal, and Nyrstar’s internal verbal communications. Flow information related to the gravity flow from 
underground workings (i.e., Lynx 10-level East, Myra 10-level, and Price adits) that report to surface are 
recommended to provide updated and site-specific data.  

To inform flow data that would support long-term water course reclamation, hydrometric stations should 
be installed at Myra Creek, Arnica Creek, Cascade Creek, Upper Lynx Diversion Ditch, Lower Lynx 
Diversion Ditch, Webster Creek, and gravity flows from underground workings. The stations can consist of 
either a pressure transducer or other types of hydrometric monitoring instrumentation such as a weir or 
flume (RISC 2018). 

5.2.2.2 Knowledge Gap 2: Myra Creek Geomorphology 

An understanding of geomorphology of Myra Creek is solely based on pre-mine aerial photographs and 
not site-specific surveys. An upstream or downstream survey noting channel morphology, areas of natural 
erosion and sedimentation processes as well as the natural stability of the channel can provide a natural 
template to inform channel restoration design. Location of this survey should be determined onsite by a 
geomorphologist. Natural channel stability includes the downstream transport of sediment and water as 
erosion is a natural process in most fluvial systems. An understanding of the natural erosion processes in 
the channel upstream of the site can be used to inform long term reclamation objectives for the creek as 
well as the design.  

5.2.2.3 Knowledge Gap 3: Water Infrastructure Decommissioning Plan 

The Interim Site-Wide Closure & Reclamation (C&R) Plan for Nyrstar Myra Falls (RGC 2014a) describes 
the removal of water infrastructure that is not required for the treatment system as further outlined in this 
section. This plan includes dismantling the Lynx TDF by removing spigots and related pipelines and 
placing a “store-and-release” cover over paste tailings and the Lynx TDF embankment berm. Nyrstar is 
currently developing test trials for geomembrane covers. Nyrstar plans to construct multiple spillways 
(AFW 2017) to direct runoff during potential flood events as long as the water meets water quality 
standards. A seepage interception system (SIS) is in place near the Lynx TDF and will continue 
post-mining operations. Timing for removal of the SIS depends on groundwater water quality following 
reclamation activities. Nyrstar plans to install a water management system (i.e., headwall, manhole, and a 
high-density polyethylene pipe system) to divert flow around the stockpile in the mill area to convey to the 
water treatment system (AFW 2017). Nyrstar also plans to improve the Superpond Inlet to collect runoff 
more efficiently from the west side of the site (AFW 2017). 

Post-mining operations, Nyrstar (RGC 2014a) plans to decommission underground dewatering stations 
and flood the workings to the 1300-level (to reduce ARD potential). Workings above the 1300-level 
(3,290 m) will be routed via existing mine openings or drilling, if necessary, to deeper mine workings—
these include gravity flows from the Lynx 10 L east adit and the Myra 10 L adit. Nyrstar plans to route the 
shallow water to deeper workings to eliminate collection of mine contact water at multiple locations at the 
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surface and to manage variable flows due to high precipitation events. The underground workings are 
planned to be used for storage of sludge pumped from the active water treatment facility. Pumped water 
from the underground workings will be treated at the water treatment system until no longer needed. 
The Price 13-level portal that reports to the Thelwood Valley watershed will be blocked with a concrete 
bulkhead to direct water to the Myra Valley watershed prior to flooding. The 1300-level tunnel is planned 
to remain open for access to power lines.  

Nyrstar plans to upgrade the water treatment system for post-mining operations treatment by replacing 
the existing lime mixing tanks and replacing the clarifier. Replacing the clarifier would enable sludge 
recycling and longer water retention times which should improve lime use efficiency. (RGC 2014a). 

Data gaps for the decommissioning plan include an options analysis for water infrastructure for post-
closure conditions (i.e., when water treatment is no longer needed). This options analysis should identify 
water infrastructure to be removed and reclamation options for the Superpond, the six polishing ponds, 
and any remaining infrastructure including pumps, piping, and ditches (see Section 5.2.2.4).  

5.2.2.4 Knowledge Gap 4: Assessment of Diversion Ditches 

Improvements to the diversion ditches are ongoing. In 2015, hydrology and estimates of the peak 
discharge were updated at Myra Falls Mine to support upgrade works (AFW 2015). A volumetric yield 
study of anticipated sediment from debris flow from Cascade Creek into Lower Lynx Diversion Ditch 
during high precipitation was completed (AFW 2016c). The intention of the study was to develop a 
debris/sediment interception system to protect the downslope facilities. This study identified that during a 
significant debris flow, the Lower Lynx Diversion Ditch would likely become overwhelmed with flow 
bypassing the system. An assessment of the Lower Lynx Diversion ditch catchment area has not been 
completed as per the provided documents. 

Identified data gaps for diversion ditches are long-term stability options to support reclamation objectives 
of maintaining watercourses to become stable, erosion-free, and self-sustaining. Data requirements for 
this gap include collection of flow data and other hydrological parameters, flyovers for visual 
reconnaissance for inaccessible areas, and a performance assessment that would identify catchment 
areas of each ditch, risk of overflow under current designs, and stability assessment for long-term 
performance.  

5.2.2.5 Knowledge Gap 5: RipRap Performance 

An assessment of Myra Creeks riprap has been completed by Wood (2019). Wood has identified 
recommendations including a semi-quantitative risk assessment with geotechnical and hydrotechnical 
inputs for potential high flows above the level of riprap protection on the toe of the Seismic Upgrade 
Berm. Riprap performance of Arnica Creek, Upper Lynx Diversion Ditch, and Lower Lynx Diversion Ditch 
are unknown.  

Identified data gaps are riprap performance and monitoring for the recently installed riprap at Arnica 
Creek, and at the Upper Lynx Diversion Ditch and the Lower Lynx Diversion Ditch. A risk assessment for 
short-term (i.e., during operations and pre-closure activities) performance should also be completed. 
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In addition, data gaps include long-term options for diversion ditches to explore the feasibility of 
reclaiming watercourses to a stable, erosion free, self-sustaining state.  

5.2.2.6 Knowledge Gap 6: Power Supply Options Analysis 

As per the Interim Site-Wide C&R Plan for Nyrstar Myra Falls (RGC 2014a), there are no plans to remove 
hydroelectric facilities as power supply is needed for water treatment. Data gaps include an assessment 
of power supply sources (i.e., alternative, cost-effective supply solutions) for current and pre-closure 
water treatment is recommended to assess if one or more of the hydroelectric facilities may be removed 
as part of progressive reclamation. If Nyrstar decides to decommission any power supply infrastructure 
and, a geomorphic assessment should be conducted to understand the volume of sediment stored 
upstream of the facility and be used to inform reclamation plans to maintain a stable channel, which 
includes the throughput of sediment and water. 

5.2.3 Recommended Actions 

Based on the review of available information, existing knowledge gaps must be addressed to inform and 
direct implementation of the reclamation research program related to watercourse reclamation. The initial 
set of actions to implement the program is as follows:  

1. Long-Term Watercourse Reclamation Plan 

A Long-Term Watercourse Reclamation Plan would focus on post-closure planning when water 
infrastructure (i.e., water treatment ponds, ditches, piping, etc.) is no longer needed. This plan would 
outline reclamation design for the following watercourses with the goal to restore to a stable, erosion-free, 
and self-sustaining state:  

• Myra Creek 
• Arnica Creek 
• Cascade Creek  
• Webster Creek 
• Any other small tributaries that may have been modified during mining 
• Thelwood Creek, post dam removal  
• Tennant Creek, post dam removal 
• All existing ditches included the Upper Lynx Diversion Ditch and Lower Lynx Diversion Ditch 

The Long-Term Watercourse Reclamation Plan will inform the Site-Wide C&R Plan. Natural watercourses 
are not typically erosion-free and may not be entirely stable in mountainous areas. Incorporating an 
understanding of the local governing conditions of the watercourse morphologic characteristics 
(for example, sediment size and supply) and the natural variability of episodic climatic events (i.e., flood 
and debris flows) into reclamation designs will better achieve the long-term objectives and monitoring 
plans. 
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2. Surface Water Flow Monitoring 

To inform the Long-Term Watercourse Reclamation Plan, flow data is needed from Myra Creek, 
Arnica Creek, Cascade Creek, Upper Lynx Diversion Ditch, Lower Lynx Diversion Ditch, Webster Creek, 
and gravity flows from underground workings. A Surface Water Flow Monitoring Plan should be 
developed to collect and monitor flow data to inform the Long-Term Watercourse Reclamation Plan in 
support of post-closure planning. Collecting flow data from the described watercourses should occur 
during operations and continue until closure and coincide with water quality data collection. A more 
detailed assessment of the number of stations to be installed should be undertaken by a qualified 
professional. Any hydrometric program undertaken should adhere to the Manual of British Columbia 
Hydrometric Standards (RISC 2018).  

3. Geomorphology Study of Upstream Myra Creek  

Pre-mining conditions of Myra Creek are based on historical aerial photos. To inform the Long-Term 
Watercourse Reclamation Plan, a geomorphology study of Myra Creek upstream of the Project should be 
conducted to collect stream morphology to support Myra Creek’s reclamation design. 

4. Water Infrastructure Decommissioning Plan  

To support post-closure planning (i.e., post water treatment), a Water Infrastructure Decommissioning 
Plan is needed to identify water infrastructure to be removed and reclamation options for the water 
treatment system infrastructure including the superpond and the six polishing ponds. This plan will inform 
the Long-Term Watercourse Reclamation Plan. 

5. Diversion Ditch Assessment 

An assessment of the diversion ditches is needed to evaluate long-term options (i.e., for post-closure) for 
surface water management to support reclamation objectives of reclaiming watercourses to a stable, 
erosion-controlled, and self-sustaining state. This assessment should include collection of flow data and 
other hydrological parameters, flyovers for visual reconnaissance for inaccessible areas, and a 
performance assessment that would identify catchment areas of each ditch, risk of overflow under current 
designs, and stability assessment for long-term performance. This work will inform the Long-Term 
Watercourse Reclamation Plan. 

6. Water Infrastructure Performance Monitoring  

Maintenance performance monitoring program (i.e., during operations and pre-closure activities) for the 
recently installed riprap at Arnica Creek, and at the Upper Lynx Diversion Ditch and the Lower Lynx 
Diversion Ditch should be developed at a set frequency and after storm events associated with high 
flows. Monitoring of existing water infrastructure including recently installed riprap on Arnica Creek, 
Myra Creek riprap, Upper Lynx Diversion Ditch, and Lower Lynx Diversion Ditch is needed to monitor 
performance and to assess capacity to manage high flows. This monitoring is needed to support the 
Long-Term Watercourse Reclamation Plan. 
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7. Power Supply Options Analysis 

To support post-closure planning (i.e., post water treatment), a Power Supply Options Analysis is needed 
for Thelwood and Tennant Creek hydroelectric dams. This analysis should evaluate power supply options 
for post-closure water treatment activities. Recommendations for reclamation research should be 
developed once a power supply option is decided. This work will inform the Long-Term Watercourse 
Reclamation Plan.  

5.2.4 Proposed Implementation Plan 

The actions outlined in Section 5.2.3 will follow the proposed implementation plan provided in Table 2 . 
Timing for completion and responsibilities for implementing the actions are also outlined.  

Table 2 Proposed Implementation Plan for Hydrology 

Action Item Action Description Implementation Plan Suggested 
Timing for 

Completion 

Responsibility 

1 Long-Term Watercourse 
Reclamation Plan 

To be completed following 
the actions described below 

Year 5 Third-party consultant 

2 Surface Water Flow 
Monitoring 

Install hydrometric stations 
and develop a Surface Flow 
Monitoring Plan 

Year 1 Developed by a third-
party consultant. 
Monitored by Nyrstar 
Personnel 

3 Geomorphology Study of 
Upstream Myra Creek 

Develop a Geomorphology 
Study Plan for Myra Creek 

Year 1 Third-party consultant 

4 Water Infrastructure 
Decommissioning Plan 

Develop a Water 
Infrastructure 
Decommissioning Plan 

Year 4-5 Third-party consultant 

5 Diversion Ditch 
Assessment 

Develop a Diversion Ditch 
Assessment Plan and field 
programs 

Year 1-3 Third-party consultant 

6 Water Infrastructure 
Performance Monitoring 

Develop a Water 
Infrastructure Performance 
Monitoring Plan 

Year 1 Developed by a third-
party consultant. 
Monitored by Nyrstar 
Personnel 

7 Power Supply 
Infrastructure Options 
Analysis  

Develop a Power Supply 
Options Analysis 

Year 1–3 Third-party consultant 
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5.3 WATER QUALITY, FISH AND AQUATIC HABITATS 

5.3.1 Information Sources 

The water quality, fish and aquatic habitats knowledge-gap analysis considered information requirements 
to meet the terms outlined in regulatory permits and relevant site information in available documents as 
listed below: 

• Mines Act Permit M-26 (2018): Approving Price Plan and Security 
• Mines Act Permit M-26 (1998): Approving Work System and Reclamation Program 
• Effluent Discharge Permit 6858 (Amended 2018): Section 1 and 3 
• Annual Reclamation Report: 2017 (Nyrstar 2018a) 
• Surface Water and Groundwater Monitoring Plan (RGC 2019) 
• Nyrstar Myra Falls: Updated Contaminant Load Balance Model and Water Quality Predictions 

(RGC 2018)  
• Interim Site-Wide Closure & Reclamation Plan (RGC 2014a) 
• Closure Scenario Assessment Report (RGC 2014b) 
• Closure Scenarios Risk Assessment (RGC 2014c) 
• Upper Reach, Cascade Reach, and Lower Reach Diversion Ditches Hydrology Update (Amec Foster 

Wheeler [AFW] 2015) 
• Addendum to the Nyrstar Myra Falls Interim Closure and Reclamation Plan (Nyrstar 2016) 
• Site-wide ML/ARD Management Plan (Nyrstar 2019) 
• Nyrstar Myra Falls Mine Long Term Water Management Plan (AFW 2017) 
• Myra Creek Hydrology Study and Riprap Assessment—Revision 1 (Wood 2019) 
• Myra Falls Operation Environmental Effects Monitoring and Site-Specific Water Quality Objectives 

(Nautilus Environmental—Presentation; date unknown) 
• Memorandum on the Fish Habitat Assessment for the Jim Mitchell Lake Reservoir and Dam Project 

(Rescan 2011b) 
• Jim Mitchell Lake Reservoir and Dam Project: Level 2 Detailed Screen Impact Assessment Report 

(Rescan 2011a) 
• Thelwood Fish Habitat Compensation Presentation (date unknown) 
• Nyrstar Myra Falls Mine: Pre-Mining Habitat Assessment (Wood 2019a) 
• Nyrstar Myra Falls Mine: Habitat Loss Mitigation Plan—Draft (Wood 2019b) 
• Master Plan for Strathcona-Westmin Provincial Park; Ministry of Environment Lands and Parks 

(Section 5.2 Water and 5.5 Fish) 
• Use of Conceptual Site Models to Support Environmental Management Act Effluent Permit 

Applications: Version 1.2. (Gov. of B.C. 2018) 



SCOPE 1—RECLAMATION RESEARCH PROGRAM 

Knowledge-Gap Analysis  
      

  17 
  

5.3.2  Description of Identified Knowledge Gaps 

Nyrstar’s Mines Act Permit M-26 (2018) specified Nyrstar shall conduct an Ongoing Reclamation 
Research program (Section D [12]). The components directly relevant to water quality, fisheries and 
aquatic habitat include the following:  

(c) The Permittee shall by June 30, 2019 complete mitigation planning procedures for 
pre-mining habitats (terrestrial and aquatic) identified in the permitted mine area 
(Figure 1) that are predicted to be lost or substantially changed (physically or functionally) 
due to direct mining activities or subsidence. Contingency plans shall be developed as 
part of this mitigation planning process that can be implemented in the event that on-site 
mitigation options are deemed to not be feasible based on ongoing monitoring and 
research results. The Permittee shall conduct research designed to test potential 
mitigation options for restoring ecosystems and habitats that are predicted to be affected 
by mining activities. 

(e) The Permittee shall conduct research designed to test potential mitigation options for 
restoring ecosystems and habitats that are predicted to be affected by mining activities. 

(f) The Permittee shall conduct research to inform closure water management strategies 
and identify post-closure maintenance and contingency requirements. 

(k) The Permittee shall develop a monitoring program designed to evaluate the success 
of revegetation, soil development and erosion control. This program shall include specific 
sampling parameters and performance criteria. 

(l) The Permittee shall develop a monitoring program for evaluating metal uptake in 
exposed terrestrial and aquatic ecosystems, which specifies sampling requirements and 
performance criteria. Where harmful levels are found, the Permittee shall take any 
corrective action necessary to mitigate to ensure levels are safe for plant and animal life. 

The objective of the RRP (Scope 1) work is to synthesize relevant data collected to date by Nyrstar and 
outline an implementable five-year reclamation research program to meet the terms identified above. 
Knowledge gaps to be addressed to meet this objective are summarized below. 

5.3.2.1 Knowledge Gap 1: First Nations Input 

Traditional knowledge and use of water resources in the park (including Myra Creek and Buttle Lake) 
were not available for this review. Reclamation plans will need to consider these historic use factors in 
designing habitat ecosystem prescriptions and developing closure plans and monitoring. 
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5.3.2.2 Knowledge Gap 2: Water Quality Data for Myra Creek  

Surface water quality has been collected and reported on annually as per the effluent discharge permit 
requirements (Robertson GeoConsultants Inc. [RGC, 2018 and 2019]); Nyrstar has conducted Aquatic 
Environmental Effects Monitoring since 1993 with the first report being produced by Hallam Knight 
Piesold and then continued through with; Nautilus 2018 and RGC 2018.. Monitoring wells and seep 
sampling locations are situated throughout the mine area capturing groundwater quality associated with 
mine operations. Samples are variously collected monthly through annually. Surface water samples are 
collected in Myra Creek upstream and downstream of the mine area; Arnica Creek, Thelwood Creek and 
Buttle Lake. Surface water samples are collected within the mine area along Myra Creek (i.e., every 
50 m) and at effluent locations.  

The reclamation research monitoring program will assess site-wide water quality data to establish current 
conditions within and upstream of the permit area to develop quantifiable performance objectives to 
monitor reclamation outcomes (i.e., monitor how water quality trends respond to reclamation activities). 
Nyrstar’s Site-Wide metal leaching (ML)/ acid rock drainage (ARD) Management Plan (Nyrstar 2019) 
details future items to manage and mitigate potential water quality effects from the mine including:  

• Identifies locations and sources of acid mine drainage (AMD) and ML 
• Outlines a future water monitoring network  
• Summarizes a water management plan to address affected water 

This information will be used to inform the RRP assessing reclamation required under Permit M-26 
Approving Work System and Reclamation Program (1998) Section 10 Watercourses: 

a) long-term water quality is maintained to a standard acceptable to the Regional Waste Manager 
(MELP) 

b) drainage is restored either to original watercourses or to new watercourses which will sustain 
themselves with minimal maintenance, and 

c) use and capability objectives are achieved and the level of productivity shall not be less than 
existed prior to mining unless the Permittee can provide evidence which demonstrates, to the 
satisfaction of the Chief Inspector, the impracticality of doing so. 

The quantifiable objectives will have to consider regulatory guideline limits including Approved Water 
Quality Guidelines for Aquatic Life, Wildlife and Agriculture (Gov of B.C 2019), the Drinking Water 
Protection Act, and the Drinking Water Protection Regulation Permit AMID-927USG. 

5.3.2.3 Knowledge Gap 3: Seepage Interception System 

Groundwater in contact with mine waste and underground workings is collected by under-drains 
(Old TDF) and a seepage interception system (Phase I and Phase II Lynx SIS, Lynx TDF). This system is 
comprised of a series of groundwater collection drains and two sets of groundwater capture wells to 
capture contaminated water and direct it to treatment ponds before being released to Myra Creek. 
The predicted results of a contaminant load and water quality model are provided in the Updated 
Contaminant Load Balance Model and Water Quality Predictions report (RGC 2018).  
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As mentioned in the previous section, Nyrstar’s Site-Wide ML/ARD Management Plan (Nyrstar 2019b) 
details future items to manage and mitigate potential water quality effects from the mine. Management of 
the SIS and drains will be directed by the Site-Wide ML/ARD Management Plan.  

Long term reclamation and groundwater control structure plans proposed for ARD/ML management will 
inform how the reclamation research program and address monitoring of potential mine contact 
groundwater inputs into Myra Creek.  

5.3.2.4 Knowledge Gap 4: Aquatics Habitat Reclamation Plan 

A mine closure and reclamation plan for streams and watercourse channels in the permit area was not 
available for this review. Stream channel restoration was not specifically addressed in the Interim 
Site-Wide Closure & Reclamation Plan (RGC 2014a); but the report provides an outline for monitoring 
water quality after closure.  

The proposed stream channel configuration for Myra and Arnica creeks, associated tributaries and 
drainage ditches needs to be confirmed for reclamation planning. This information would be included in a 
Project Long Term Water Course Reclamation Plan as discussed in Hydrology Section 5.2.3 
Recommended Action Plan number 1. It is assumed that Myra Creek above the falls through the current 
mine area support resident cutthroat trout populations as Myra Falls acts as a barrier to upstream fish 
migration. Lower sections of Arnica Creek (and possibly Webster and Cascade creeks) are believed to 
support populations at lease during certain times of the year. To restore use to pre-mine habitat quality 
and productivity, stream channel and habitat restoration in altered sections of these watercourses will 
need to be considered. 

The success of water feature restoration will be limited by several constraints. The mine site topography 
has evolved (i.e., location of reclaimed tailing piles, locations of permanent roads, change in drainage 
patterns, etc.) and surface grade has changed. Consequently, restoring the pre-mine creek and tributary 
configuration to their original channel beds is not practical. We assume modified reaches of Myra and 
Arnica creeks and associated tributaries will remain in place and watercourses will not be relocated to 
pre-site conditions. The Habitat Loss Mitigation Plan (Wood 2019b) indicates watercourse and aquatic 
habitat changes compared to pre-mining conditions have been addressed under previously acquired 
Fisheries Act authorizations and offsetting. It is unknown if specific aquatic habitat reclamation objectives 
will require additional provincial or federal regulatory authorizations.  

The information to address this knowledge gap will be used to inform the reclamation research program 
assessing reclamation required under Permit M-26 Approving Work System and Reclamation Program 
(1998) Section 5 Long Term Stability (page 6): 

Land and watercourses shall be left in a stable condition. To ensure long-term stability, 
engineered structures including waste dumps, major haul roads, and tailings 
impoundments shall be constructed and maintained in accordance with part 9 of the 
Health, Safety and Reclamation Code for Mines in British Columbia. 
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Restoration of riparian habitat was noted as a key stream restoration strategy in recovering aquatic 
habitat potential (Wood 2019b). Additional restoration recommendations were made by Wood (2019b) 
including: 

• Realigning a section of Myra Creek and stabilizing the channel using bioengineering techniques, and 
adding habitat features  

• Augmenting habitat in Myra Creek outside of the permit area to benefit resident fish 
• Creating fish habitat in outflow and water management structures 
• Realigning Arnica Creek and add habitat features 
• Creating off-stream habitat in the rock quarry for resident Myra Creek fish 
• Restoring habitat at bridge and culvert road crossings restoration  
• Augmenting gravel in Myra Creek and associated tributaries to support spawning habitat 
• Riparian area soil treatments and vegetation plantings (e.g., balsam poplar and red alder). 

Based on client information, a number of habitat related activities are planned or underway 
(email correspondence with Nicole Pesonen, July 23, 2019). An accounting of existing reclamation 
activities, and current plans will assist in identifying additional measures to meet the terms of the 
Reclamation Research Program requirements. Activities currently under consideration for design and 
permitting in the 2021 5-year Mine Plan update include: 

• At closure widen the Myra Creek channel and include features allowing plantings to encroach on the 
channel itself (e.g., armored benches that are designed to grow trees factored into the flood levels; 
plantings in the riprap outside the normal flood level to enhance habitat shading) 

• Some of the gravels added to the channel washed downstream creating new riffle habitat; potential to 
add woody debris and live stacks to enhance the protection of these new features 

• Add woody debris as artificial snags on structures that don’t have sensitive covers at densities up to 
14.5 snags per hectare in the riparian areas (50 m buffer zone) and add woody debris, boulders and 
gravels to the widened channel area to enhance the habitat in the area.  

Other potential habitat mitigations include: 

• Use of the Lynx Closure Spillway as off-channel habitat for flood refuge 
• Make changes to the modified section of Arnica Creek to enhance the off-channel habitat for high 

flows, and habitat potential throughout the year—currently goes dry in summer due to infiltration, as it 
is non-contact, keeping it from infiltrating into the potentially acid-generating (PAG) waste before 
entering the Myra Creek could be a benefit to water quality as well—to be confirmed via modelling 
before implementation this option.  

• Changes to the channel for the Lower Lynx Diversion Ditch upon Quarry Closure to make this section 
viable as off channel high flow refuge 

• Expansion of the quarry toward the valley bottom to increase clean rock for covers & construction, 
but to also drop the elevation of the floor to create artificial side channels for spawning /rearing/high 
flow refuge. 
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5.3.2.5 Knowledge Gap 5: Pre-Mining Aquatic Habitat 

Stream channels and flows in the permit area have been modified to facilitate mining activities. 
Myra Creek was channelized to convey water along the southeast side of the mine and connect 
headwater flows with lower Myra Creek between the mine and Buttle Lake. Drainage tributaries to the 
northeast of the mine have been channelized and diverted to Arnica Creek to convey runoff around the 
mine and on to Myra Creek. Consequently, aquatic habitats have been destroyed or altered due to these 
changes.  

The Nyrstar Myra Falls Mine - Pre-Mining Habitat Assessment (Wood 2019a) states Cutthroat Trout are in 
Nyrstar’s permit area. However, pre-mine fish and aquatic habitat information for Myra and Arnica creeks 
is not available. Habitat restoration will need to consider habitat requirements for each life-stage of 
resident fish populations (i.e., spawning, rearing, overwintering, migration). Based on site constraints 
(e.g., channel gradient, sinuosity, size, etc.) it is possible habitats were not suitable for all life stages prior 
to changes associated with the mine and it may not be possible to provide habitat for these stages during 
reclamation.  

Nyrstar will be required to demonstrate water use and capability objectives are achieved and the level of 
productivity is the same as what existed prior to mining as per their Permit M-26. The reclamation 
research program will identify quantifiable performance objectives based on pre-mining aquatic habitat 
needed to support resident fish. To do this the following information gaps will need to be addressed: 

• An accounting of pre-mine aquatic habitat area and type (as historic habitat data requires more detail 
and may result in the use of surrogate or reference habitat) 

• An accounting of existing habitat (natural, impacted and destroyed) in mine area 
• Surface hydrology plan: determine where water will runoff and channel placement will be restored 
• Local channel morphology: determine the natural channel units (e.g., riffle, run, pool sequence) and 

morphology (e.g., channel widths, depths, substrate type and size, sinuosity, etc.) suitable for the 
stream flow regime and gradient for each channel. 

• Bank stability and riparian cover: determine pre-mine stream bank and riparian habitat conditions and 
establish restoration goals for suitable habitat 

This information will be used to engineer and construct/reclaim stream channels in a manner that results 
in habitat suitable for resident aquatic organisms including cutthroat trout and benthic invertebrates. 

The information to address this knowledge gap will be used to inform the reclamation research program 
assessing reclamation required under Permit M-26 Approving Work System and Reclamation Program 
(1998) Section 10 Watercourses: 

a) Long-term water quality is maintained to a standard acceptable to the Regional Waste 
Manager, MELP, 

b) Drainage is restored either to original watercourses or to new watercourses which will 
sustain themselves with minimal maintenance, and 

c) Use and capability objectives are achieved and the level of productivity shall not be less 
than existed prior to mining unless the Permittee can provide evidence which 
demonstrates, to the satisfaction of the Chief Inspector, the impracticality of doing so. 
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And Section 3 Land Use (page 5): 

The surface of the land and watercourses shall be reclaimed to end uses to enhance 
Park values for recreation and conservation including: 

c) Reduction of erosion through development of maintenance-free indigenous vegetation 
covers, and the development of self-sustaining, erosion-resistant watercourses.  

5.3.2.6 Knowledge Gap 6: Power Supply Infrastructure Plans 

Reclamation activities to remove instream structures on Tennant, Thelwood and Jim Mitchell Lakes 
(e.g., hydro-generating facilities) will result in aquatic habitat changes and potentially affect fish 
sustainability in these waterbodies. Existing fish habitat and fish population data will be required to 
reclaim habitat and mitigate infrastructure removal in a manner that maintains productivity. Reclamation 
plans or decisions may include leaving structures in place (e.g., dams) to maintain fish productivity and 
transferring these structures to the Province for long term management. The reclamation research 
program should identify how to monitor the reclamation outcomes. 

The information to address this knowledge gap will be used to inform the reclamation research program 
assessing reclamation required under Permit M-26 Approving Work System and Reclamation Program 
(1998) Section 8 Treatment of structures and equipment (Page 6): 

b) All hydro-generating facilities including pipelines, pumps, power houses, transmission 
lines and dams will be removed both upstream and downstream of Tennant, Thelwood, 
and Jim Mitchell Lakes pending the results of an assessment of the impact on fisheries 
habitat from the removal of these structures. Mitigation measures may include leaving all 
or part of the water-use works and dams in place with provisions for long-term care and 
maintenance of the structures.  

d) the Permittee will, to the satisfaction of the Chief Inspector, undertake the following: 

1. Inventory sport fish and commercial fish habitat located upstream and downstream of 
all dam structures using existing fisheries information, supplemented by field studies 
as required,  

2. Assess the impact on fish habitat from the removal of dam structures, and  
3. Develop measures, if necessary, to mitigate impacts of compensate for loss of fish 

habitat. 

5.3.2.7 Knowledge Gap 7: Aquatic receptor data 

Site reclamation activities resulting in improvements to water quality (i.e., metals, suspended solids, 
alkalinity) are expected to positively affect the aquatic community. A linkage between mine operations, 
site reclamation activities, relevant water quality parameters and receptors including benthic invertebrates 
and fish will need to be established.  
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Nyrstar has conducted 17 years of an aquatic EMM program (email correspondence with Nicole 
Pesonen, July 23, 2019; Nautilus 2017). The environmental effects monitoring (EEM) program 
established long term monitoring locations upstream and downstream of the Nyrstar Myra Falls mine area 
as well as at sites adjacent to the mine. Metal uptake has been an assessment component in EEM 
program and included monitoring uptake in embryonic fish. The results of this component of the 
monitoring program will be useful in establishing relevant endpoint measurements and quantifiable 
performance objectives for the reclamation research program in Myra Creek within the mine area. 
Additional relevant information obtained from the EEM program may inform this component includes 
Benthic Invertebrate community results to assess Aquatic Ecosystem Productivity.  

The information to address this knowledge gap will be used to inform the reclamation research program 
under Mines Act Permit M-26 Approving Work System and Reclamation Program (1998) as described in 
this section.  

A conceptual site model (CSM) including the aquatic environment has not been developed for the mine 
and reclamation activities (see Gov of B.C. 2018 for direction). The CSM will describe the environmental 
system and outline processes to illustrate the transport of a contaminant through the environment from 
sources and through environmental medial to environmental receptors (e.g., linkage between mine 
operations, mitigations, terrestrial effects, runoff, to water chemistry, to fish health).  

The information to address this knowledge gap will be used to inform the RRP assessing reclamation 
required under Permit M-26 Approving Work System and Reclamation Program (1998) Section 10 
Watercourses: 

c) Use and capability objectives are achieved and the level of productivity shall not be less 
than existed prior to mining unless the Permittee can provide evidence which 
demonstrates, to the satisfaction of the Chief Inspector, the impracticality of doing so. 

5.3.2.8 Knowledge Gap 8: Erosion and Sediment Control mitigations 

Erosion and sediment control is ongoing at the Myra Falls Mine and part of the mine progressive 
reclamation activities as provided in Nyrstar’s Annual Reclamation Report (Nyrstar 2017). Conceptual soil 
treatments and vegetation plantings to address erosion and sediment control requirements were 
discussed in the Habitat mitigation Plan (Wood 2019b). Surface reclamation will mitigate erosion and 
runoff resulting in reduced suspended sentiments leaving the mine site and entering the aquatic 
environment. A site wide water management plan that accounts for surface hydrology and runoff will 
inform any suspended sediment monitoring component of the reclamation research program.  
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The information to address this knowledge gap will be used to inform the reclamation research program 
assessing reclamation required under Permit M-26 Approving Work System and Reclamation Program 
(1998) Section 9 Waste Dumps (page 7): 

Waste dumps shall be reclaimed to ensure: 

b) Long-term erosion control 
c) Water quality released from waste rock dumps to the receiving environment is of a 

standard acceptable to the Chief inspector and Regional Waste Manager, MELP, and  
d) Land use and productivity objectives are achieved. 

5.3.3 Recommended Actions 

Based on the review of available information, existing knowledge gaps should be addressed to inform and 
direct implementation of the reclamation research program. The initial set of actions to implement the 
program is as follows:  

1. Address the knowledge gaps identified in the section above. Information to address knowledge gaps 
will assist in describing or quantifying residual changes or losses to water quality and aquatic habitat 
in Myra and Arnica Creeks, and associated tributaries that cannot be mitigated or reclaimed to pre-
mining conditions.  

8. Review the mine water quality monitoring program results and the Aquatic EEM Program (Nautilus 
2017) water quality results (i.e., zinc, cadmium and copper) and compare with the predictions in the 
five-year monitoring plan (RGC 2018) to integrate key components into the RRP.  
a) Define water quality quantitative performance objectives and establish spatial and temporal 

monitoring needs to validate the modeling results.  
b) Proposed water quality performance objectives will consider and/or include relevant provincial 

and federal water quality guidelines (Canadian Council of Ministers of the Environment (CCME) 
Environmental Quality Guidelines [water quality guidelines for the protection of aquatic life]; 
British Columbia water quality guidelines) and other water protection permits applicable to the 
Project  

c) Develop a Post Closure Water Quality Monitoring Plan Design (i.e., spatial extent and sampling 
location coverage) to be implemented as the mine is being decommissioned and reclaimed.  

9. Collaborate with the hydrology component of the RRP to assess the site-wide Surface Runoff plan 
and integrate turbidity monitoring into the water quality component of Program.  
d) Establish quantifiable performance objectives to assess the success of sitewide restoration and 

sediment runoff mitigations. 
10. Review Receptor data in the EEM Program (Nautilus 2017) and incorporate available data to 

establish biological water quality thresholds (e.g., for benthic invertebrates and fish) and establish 
productivity objectives. 

11. Establish reclamation monitoring uptake study design to assess metal uptake in the aquatic 
environment based on Nautilus (2017) methods (i.e., fish and benthic invertebrate tissue sampling 
and assessment methods).  

12. Request sitewide restoration plans for water features in the permit area (e.g., final channel 
alignments, any water features or ponds that will remain; instream structure removal, etc.).  
e) Collaborate with the Hydrology component to determine hydrology and geomorphology 

constraints on channel restoration plans. 
f) Establish stream channel and aquatic habitat parameters to monitor proposed or future stream 

reclamation 
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g) Describe and quantify the aquatic habitat proposed from reclamation outcomes and habitat 
altered or lost 

h) Account for reclamation activities and instream changes to identify if an offsetting approach for 
altered and lost habitat in needed 

13. Review long term under-drain and seepage interception system plans to determine the extent of 
groundwater capture and treatment. The reclamation research program will consider performance 
objectives based on expected outcomes on groundwater treatment.  

14. Develop an Aquatic Habitat Reclamation Plan as a supporting component of a Long Term Water 
Course Reclamation Plan (discussed in the Hydrology Section. This includes establishing natural 
channel sections as reference reaches to ascertain realistic pre-mining stream channel morphology 
and aquatic habitat conditions and set quantifiable monitoring objectives.  

15. Identify quantifiable performance objectives including measures for productivity and measurement 
endpoints for water quality, aquatics and fish: 
i) Construct Conceptual Site Model (CSM) linkage diagrams (as per Gov of B.C. 2018) connecting 

mine operations and reclamation activities to on-site environmental processes (fate and 
transport) and subsequent environmental outcomes (i.e., assessment endpoints; exposure to 
receptors). 

j) Establish an objective for each environmental outcome 
k) Identify measurable parameters for measuring productivity 

5.3.4 Proposed Implementation Plan 

The proposed implementation plan to execute on the actions identified above is presented in Table 3.  

Table 3 Proposed Implementation Plan for Water Quality and Aquatics 

Action Item Action 
Description 

Implementation Plan Suggested 
Timing for 

Completion 

Responsibility 

1 Document Review Acquire missing Documents from 
Myra 

Year 1 Myra/Qualified 
Professional 

2 Water Quality 
review 

Documents to be provided by Nyrstar 
(Nyrstar monitoring data and Nautilus 
EEM documents between 2005-2017) 

Year 1 Myra/Qualified 
Professional 

3 Site wide runoff 
review  

Documents to be provided by Nyrstar; 
collaboration between Hydrology and 
WQ/Aquatics 

Year 1-2 Myra/Qualified 
Professional 

4 Receptor data 
review 

Document to be provided by Nyrstar 
(Nautilus EEM documents between 
2005-2017) 

Year 1 Myra/Qualified 
Professional 

5 Tissue data review Document to be provided to Stantec 
(Nautilus EEM documents between 
2005-2017) 

Year 1 Myra/Qualified 
Professional 

6 Reclamation plan 
review 

Plans to be provided by Nyrstar, 
Collaboration among disciplines  

Year 1-2 Myra/Qualified 
Professional 

7 Under-drain and 
seepage 
interception system 
review  

Plans to be provided by Nyrstar Year 1-2 Myra//Qualified 
Professional 
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Action Item Action 
Description 

Implementation Plan Suggested 
Timing for 

Completion 

Responsibility 

8 Establish Aquatic 
Habitat 
Reclamation Plan 

Field work and collaboration between 
hydrology (Hydrology Action item 3) 
and aquatics 

Year 1 Qualified 
Professional 

9 Develop the CSM 
and establish 
monitoring 
objectives 

Synthesize reviews Year 1 Qualified 
Professional 

 

5.4 SOILS 

5.4.1 Information Sources 

the following information sources were reviewed when compiling the knowledge-gap analysis for soils: 

• Mines Act Permit M-26: Approving Price Plan and Security (EMPR, 2018) 
• Mines Act Permit M-26: Approving Work System and Reclamation Program (MEM, 1998) 
• Nyrstar Myra Falls Mines Act Permit M-26: Permit Application to Mine Price Deposit (Nyrstar, 2018b)  
• 2018 IEG Site Inspection Memorandum (IEG, 2019a) 
• Post-Closure Ecosystem Mapping Memorandum (IEG, 2019b) 
• Topsoil Management Plan (Wood, 2018a) 
• 2017 Annual Reclamation Report (Nyrstar, 2018a) 
• 2017 EMPR Inspection Report (EMPR, 2017) 
• Clean Fill Material Assessment (RGC, 2016a) 
• Preliminary Assessment of Tailings and Waste Rock Geochemistry (RGC, 2016b) 
• Myra Falls Old TSF Closure Cover Design Schedule of Quantities (AFW, 2016a) 
• Myra Falls Lynx Dam Face Closure Design Schedule of Quantities (AFW, 2016b) 
• TDF Revegetation Monitoring 2012 to 2015 Report (IEG, 2016) 
• TDF Revegetation Monitoring 2012 to 2014 Report (IEG, 2015) 
• Revegetation Section of the Interim Site-Wide Closure and Reclamation Plan (IEG, 2014) 
• 2012 Revegetation Monitoring Report (IEG, 2013) 

The findings from these information sources are summarized in Sections 5.4.2.1 to 5.4.2.4 based on the 
knowledge gaps identified.  

5.4.2 Description of Identified Knowledge Gaps 

The reclamation objectives for soils for the site are based on the conditions outlined in the Mine’s Act 
Permit M-26: Permit Approving Price Mine and Security (dated September 28, 2018). These conditions 
form the basis of the RRP for soils and are presented in Table 4. Existing information has been assessed 
against these conditions to identify soil-related knowledge gaps. 
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Table 4 Nyrstar Myra Falls Permit M-26 Conditions for Soils (EMPR, 2018) 

Permit Section Permit Part Permit Condition 
Section D: 
Protection of Land 
and Watercourses 

Part 8: Soil Salvage 
and Stockpiling 

(a) The Permittee shall develop a Soil Management Plan. The plan 
shall be submitted by December 31, 2018 to the satisfaction of the 
Chief inspector. 

(b) The Permittee shall salvage and stockpile topsoil, overburden, 
and organic material including large woody debris for use in 
reclamation. 

(c) The Permittee shall ensure that a qualified professional monitors 
and directs sampling, soil salvage, segregation, and stockpiling 
activities on-site. 

(d) The Permittee shall ensure that materials salvaged for use in 
reclamation are sampled and segregated based on salvage origin 
and measured suitability for reclamation purposes. Materials with 
the potential to be contaminated must be characterized and 
evaluated for suitability for reclamation prior to mixing with other 
sources and/or applying on-site. 

(e) The Permittee shall maintain an inventory of stockpiles of 
salvaged soil, overburden and organic matter including large woody 
debris specifying the locations, origins, and quantities of material. 
This information shall be reported in the Annual Reclamation 
Report. 

(f) The Permittee shall protect stockpiles from erosion, degradation, 
and contamination through revegetation and/or other practices. 

(g) The Permittee shall ensure that stockpiles are clearly marked to 
ensure that they are protected during construction and mine 
operations. 

(h) Stripped and stockpiled soil suitable for use in reclamation shall 
not be used as fill. 

Section D: 
Protection of Land 
and Watercourses 

Part 12: Ongoing 
Reclamation 
Research 

(h) The Permittee shall conduct research to inform that: 
development of a soil replacement plan that is designed to achieve 
land capability and end land use objectives. If a shortfall of soil 
volumes is anticipated, contingency plans shall be developed. 

(i) The Permittee shall conduct research to assess decompaction 
methodologies to ensure that the severity of compaction that exists 
prior to commencing reclamation activities is effectively addressed 
in a manner intended to achieve end land use objectives and 
erosion control. 

(k) The Permittee shall develop a monitoring program designed to 
evaluate the success of revegetation, soil development and erosion 
control. This program shall include specific sampling parameters 
and performance criteria 
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Table 4 Nyrstar Myra Falls Permit M-26 Conditions for Soils (EMPR, 2018) 

Permit Section Permit Part Permit Condition 
Section E: 
Reclamation and 
Closure Program 

Part 5: Growth 
Medium 

(a) Soil replacement operations shall be monitored to ensure the 
minimum depths are achieved and a confirmation sampling plan 
shall be developed to ensure quality of soil used for reclamation 
purposes will achieve end land use objectives. All results must be 
presented in the Annual Reclamation Report. 

(b) With the exception of areas where closure plans require 
compaction prior to placement of growth medium in order to reduce 
infiltration and contact water, all areas to be reclaimed shall be 
decompacted to the minimum depth required to adequately address 
the severity of compaction prior to placement of soil and or 
vegetation, in a manner intended to achieve end land use objectives 
and erosion control. 

 

5.4.2.1 Knowledge Gap 1: Growth Medium on Site 

Limited information on the sources, volumes, locations and reclamation suitability of growth medium on 
site is currently available. This information is required to assist in the development of the site-wide 
material balance and inventory and identify materials that are suitable for use in reclamation to achieve 
end land-use objectives.  

Sources, Volumes and Location 

One growth medium stockpile is currently available on site totaling 5,239 m3 (Nyrstar, 2018a). 
This stockpile is located in the clean quarry and was stripped from the Core Rack Area Borrow (CRAB) 
during the development of the clean fill borrow source in 2012 (Nyrstar, 2018a; Nyrstar, 2018b). The 
estimated volume of growth medium (topsoil and/or till) required for reclamation will be approximately 
550,720 m3 (IEG, 2019). This volume is based on the capping depth specifications outlined in the Post 
Closure Ecosystem Mapping Memo (IEG, 2019b) and are as follows: 

• Lynx Tailings Disposal Facility (TDF) and associated facilities—30 cm of growth material over a 
compacted till layer. The compacted till layer is expected to be low- to non-permeable and will not 
contribute to plant available water storage. 

• Old TDF and associated facilities—100 cm of growth material over a 30 cm drainage layer, which will 
cover an impermeable membrane. 

• Waste-Rock Dumps (WRDs) –WRDs 2, 3, 4 and 7 will be stripped to till, while WRDs 1 and 6 will 
receive a 100-cm growth material, as recommended in the 2018 Topsoil Management Plan 
(Wood, 2018a). 

Based on these capping depths, an understanding of available topsoil and/or till that can be salvaged will 
need to be determined. One area identified as a potential source of growth medium is the Jim Michell 
Borrow Source (Nyrstar, 2018b). However, no information was provided on the anticipated volume of 
material that could be salvaged from the borrow area. An estimation of this volume as well as 
identification of additional salvage source areas will need to be undertaken.  
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Reclamation Suitability 

The Topsoil Management Plan developed by Wood (2018) provided results of the physical and chemical 
soil characteristics (soil texture and total element concentrations [mg/kg]) for one growth medium sample 
supplied by Nyrstar personnel sampled from the Topsoil stockpile in the quarry. The sample was 
dominated by sand (44%) and gravel (41%) with fines (i.e., silt and clay) only making up 15% of the 
particle size distribution. The sample contained measurable concentrations of various total elements 
(antimony, arsenic, barium, chromium, cobalt, copper, lead, mercury, nickel, vanadium and zinc). 
Concentrations below detection limit were reported for beryllium, cadmium, molybdenum, selenium, 
thallium, tin and uranium. However, Wood (2018) did not assess the element concentrations against 
published soil quality guidelines for the protection of environmental and human health (CCME).  

Based on the low sampling effort and the limited testing parameters analyzed in Wood (2018), the overall 
suitability of the growth medium on site cannot be determined. Additional sampling of growth medium, 
both in stockpile and from potential source areas, will need to be completed to better understand the 
properties of the material. In addition, a more comprehensive analytical suite for physical and chemical 
properties will need to be tested for samples collected. This includes, but is not limited to; 
coarse-fragment content, soil texture, soil pH, electrical conductivity, plant-available nutrients, soil organic 
carbon, cation exchange capacity and element concentrations (CCME standard). The number of samples 
collected will depend on the current volume of growth medium available on site and the extent of potential 
salvage source areas.  

5.4.2.2 Knowledge Gap 2: Alternative Reclamation Material on Site 

Similar to Knowledge Gap 1, there is limited information on the volumes and reclamation suitability of 
alternative material (e.g., till and non-PAG waste rock) for use in reclamation. As a short-fall in growth 
medium is likely to be encountered on site, the use of suitable alternative material will be required to 
ensure that end land-use objectives are achieved.  

An investigation of clean fill material was undertaken by RGC over 2015 and 2016 (RGC, 2016a). 
The purpose of the investigation was to identify potentially suitable materials (of sufficient quantities) to be 
included final closure of the Old TDF and the progressive reclamation of the Lynx TDF embankment 
berm. A total of 11 test pit excavations (1.0 to 4.3 m below ground surface) from the Upper CRAB East, 
Mid CRAB East, Core Racks, Old Access Road and Mine Camp were completed during the investigation. 
Materials sampled included: 

• Colluvium: found in all test pits; thickness ranging between 0.5 to 1.0 m thick; sandy gravel with fine 
to coarse sized and subangular particles, and a minor percentage of fines; between 30% and 70% of 
this unit was dominated by rocks; moisture content of 15% 

• Lateral till: located below the colluvium layer in the mid CRAB East and Core Rack areas; mixture of 
soil and rock, with around 30% of this unit dominated by rocks; moisture content of 10%  

• Lacustrine: located in the Old Access Road area; ranging between 0.5 m and 1.5 m thick; 
predominately fine-grained (sandy silt in texture); moisture content between 40% and 45% 
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The investigation also involved visual observations of clean fill deposits from the Lynx Office/Switchback, 
Mine Camp, Quarry, Core Racks, Old Access Road, New Quarry, and CRAB. The investigation 
concluded the following (RGC, 2016a): 

• Material could potentially be salvaged from bedrock in the floor or back of the existing quarry; 
underlying the CRAB; or in the New Quarry 

• Planned mining in Phillips Reach may provide a suitable source of select quarry run materials 
(approximately 30,000 m3) 

• Till could potentially be recovered from the CRAB/CRAB East and Lynx Office/Switchback. The total 
quantity in the existing CRAB is unknown and depends on the topography of the underlying bedrock. 

• The upper profile of all the till deposits is rocky topsoil which could be suitable as growth medium. 
The fine-grained materials in the Old Access Road deposit appear to be the most suitable growth 
medium. 

In addition, the suitability of waste rock material on site was assessed by RGC (RGC, 2016b), which 
involved the collection of 89 waste rock samples in 2013 from the historic WRDs and other areas where 
waste rock may have been used as fill or for construction (CRAB, Lynx TDF Berm, Lower East Borrow, 
Mill Area, ETA Cookhouse Area, HW Yard, Old TDF Strip Area, and Old TDF Amalgamated Paste Area). 
The waste rock on site is predominately gravelly sand with few fines; with recently mined waste rock 
generally containing few cobbles and boulders (due to processing underground) and tend to be loose. 
Geochemically, materials from the WRDs contain a mixture of PAG and non-PAG waste rock. The study 
indicated that material from WRDs #2, #3 and #4 may be appropriate for covering the Old TDF as 
seepage loads from PAG rock are expected to be small. However, the volume of non-PAG waste rock 
that is available for use is unknown and would need to be determined. Several small operational 
stockpiles of sorted waste rock and clean rock are currently on site for use in the Lynx TDF construction 
and Old TDF closure cover (Nyrstar, 2018b).  

Based on the information available, potential alternative materials on site for use in reclamation have 
been identified, however, insufficient information is provided on the materials’ suitability relative to plant 
growth and stability. Additional sampling and analysis of the till deposits/fine-grained materials and non-
PAG waste rock will need to be conducted to determine overall suitability. In addition, volumes of suitable 
alternative materials are not available and will need to be determined.  

5.4.2.3 Knowledge Gap 3: Woody Debris on Site  

As per Section D Part 8e of the Mine’s Act Permit M-26: Permit Approving Price Mine Plan and Security: 
“The Permittee shall maintain an inventory of stockpiles of salvaged soil, overburden and organic matter 
including large woody debris specifying the locations, origins, and quantities of material. This information 
shall be reported in the Annual Reclamation Report” (Table 4). However, review of the 2017 Annual 
Reclamation Report (Nyrstar, 2018a) did not provide information on woody debris volumes available on 
site and where they are located. Potential sources of woody debris have not been identified and will 
depend on the location and type of new disturbance areas on site.  
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5.4.2.4 Knowledge Gap 4: Research to Assess Decompaction Methodologies 

Research on decompaction methodologies for reclamation areas is a requirement under the Mine’s Act 
Permit M-26: Permit Approving Price Mine Plan and Security (Section D, Part 12i) (Table 4). 
Recommendations for alleviation of compaction during soil replacement have been provided in the 
Topsoil Management Plan (Wood, 2019). The Plan suggests that the creation of a “rough and loose” 
surface on slopes up to 2H:1V is an effective way to reduce compaction and the potential for erosion. 
The Plan also recommended that woody debris be added to re-sloped areas to aid in erosion control and 
vegetation establishment (Wood, 2019). However, this method may be problematic with respect to 
erosion due to the frequency of extreme rainfall events during the winter months. In addition, Nyrstar have 
stated that this methodology is not universally endorsed and 2H:1V slopes on site will not be made 
“rough and loose” unless there is no direct path to a waterway immediately downstream (N. Pesonen, 
pers. Comm September, 2019.). All areas adjacent to the creek or public roads will be vegetated with 
pioneer species (e.g., alder seedings, willow) and a “rough and loose” surface with no seedlings will be 
reserved for areas within 50 m of the natural forested areas, given there is no immediate concern for 
erosion (N. Pesonen, pers. comm.).  

Based on the above information, the “rough and loose” method will be implemented on site, but the 
effectiveness of the method cannot be measured as no research has been established. Trial sites on 
reclaimed areas should be installed with several soil placement methods and monitored to assess 
stability during high rainfall events while in an unvegetated state.  

5.4.2.5 Knowledge Gap 5: Soils and Erosion Monitoring Program  

As per Section D Part 12k of the Permit M-26: Permit Approving Price Mine Plan and Security (Table 4), 
a monitoring program evaluating the success of revegetation, soil development and erosion control is 
required. IEG has undertaken revegetation monitoring for the TDF seismic upgrade berm from 2012 to 
2015 (IEG, 2013; IEG, 2015; IEG 2016). Soil samples were collected and analyzed for element 
concentrations and particle size distribution (PSD) from the Old Alder (3 samples), East Berm (3 samples) 
and West Berm (6 samples) areas of the TDF berm. Samples from all survey units exceeded soil-quality 
guidelines (CCME, 2015) for copper and zinc, with less ubiquitous exceedances noted for arsenic, 
cadmium, chromium, lead, nickel and vanadium (IEG, 2013). The PSD for Older Alder and East Berm 
soils were found to be similar, and finer than West Berm soils which contained up to 20% more cobbles 
and gravel. All survey units had an available water storage capacity (AWSC) below 55 mm/m, indicating a 
very xeric soil moisture regime (SMR) (IEG 2015; IEG 2016).  

While soil parameters relating to revegetation success on the TDF seismic upgrade berm have been 
tested from 2012 to 2015 by IEG, monitoring of soil development and erosion over time has not been 
completed. Future collection and analysis of soil samples from reclaimed areas will need to be analyzed 
to determine soil development and suitability for plant growth and soil stability. Visual assessments of 
erosion features will also need to be undertaken to inform erosion control measures.  
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5.4.2.6 Knowledge Gap 6: Confirmation Sampling Plan 

A confirmation sampling plan for soil replacement depths and soil quality on reclaimed areas is required 
under Section E, Part 5a of the Mine’s Act Permit M-26: Permit Approving Price Mine Plan and Security 
(Table 4). While monitoring of soil indicators relative to revegetation success on existing reclaimed areas 
(TDF seismic upgrade berm) have been completed over consecutive years by IEG (IEG, 2013; IEG, 
2015; IEG, 2016), confirmation soil sampling of soil replacement depths applied and the quality of the 
material used have not been completed, and will therefore need to be developed.  

5.4.3 Recommended Actions 

The following actions are recommended to address the knowledge gaps identified: 

1. Further sampling and analysis of growth medium and alternative materials on site should be 
completed to determine reclamation suitability. A comprehensive analytical suite should be tested for 
all samples. This will include, but is not limited to: 
a) Soil texture and coarse material content 
b) Soil pH and electric conductivity 
c) Cation exchange capacity and sodicity  
d) Soil organic carbon 
e) Plant available nutrients 
f) Total element concentrations (CCME standard)—for both coarse fraction and soil-sized fraction 

of materials 
g) Acid generating potential via static acid base accounting (ABA)—for waste rock samples only  

16. Determination of volumes of suitable growth medium, alternative materials and woody debris on site 
and where they are located. 

17. Identification of additional sources of growth medium that are available for salvage and use in 
reclamation. 

18. Establish trial sites on reclaimed areas with several soil placement methods and monitor to assess 
stability during high rainfall events while in an unvegetated state.  

19. Develop and implement a multi-year soil and erosion monitoring program for reclaimed areas to 
inform soil development over time, as well as determine suitability of soil for plant growth and soil 
stability.  

20. Develop and implement a confirmation soil sampling program to verify replacement depths and soil 
quality on reclaimed areas. 
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5.4.4 Proposed Implementation Plan 

The actions outlined in Section 5.4.3 will follow the proposed implementation plan provided in Table 5. 
Timing for completion and responsibilities for implementing the actions are also included.  

Table 5 Proposed Implementation Plan for Soils 

Action 
Item 

Action Description Implementation Plan Suggested 
Timing for 

Completion 

Responsibility 

1 Sampling and analysis of 
material on site 

Nyrstar to complete sampling 
work for available growth medium 
and alternative materials on site 

Year 1 Nyrstar  

2 Volumes estimations and 
locations of material on 
site 

Nyrstar to provide locations and 
volumes of all stockpiled growth 
medium and alternative material 
on site 

Year 1 Nyrstar  

3 Identification of growth 
medium sources 

Nyrstar to provide mapping of 
areas where salvage of growth 
medium can be salvaged on site 

Year 1 Nyrstar  

4 Establishment of trial 
sites to research 
decompaction 
methodologies  

Stantec and IEG to provide 
research framework for 
assessment of decompaction 
methodologies, as part of Scope 
3. Nyrstar to establish and test 
trial areas. 

Year 1 and 2 Nyrstar, Stantec and 
IEG 

5 Development of a multi-
year soil and erosion 
monitoring program for 
reclaimed areas  

Soil sampling program to be 
developed for soil and erosion 
monitoring and metals uptake on 
reclaimed areas. Monitoring will 
be completed concurrently with 
vegetation monitoring. 
Subsequent sampling will be less 
frequent than vegetation 
monitoring (i.e. every 5 years). 

Year 1 Third-party consultant.  
Monitoring to be 
completed by a 
Qualified Professional. 

6 Development of a 
confirmation soil 
sampling program for 
reclaimed areas  

Confirmation soil sampling 
program to be developed for soil 
depths and soil quality on 
reclaimed areas. Monitoring will 
be completed concurrently with 
vegetation monitoring for the first 
assessment. Subsequent 
sampling will be less frequent 
than vegetation monitoring (i.e. 
every 5 years).  

Year 1 Third-party consultant.  
Monitoring to be 
completed by a 
Qualified Professional. 
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5.5 VEGETATION 

5.5.1 Information Sources 

In compiling the gap analysis for vegetation information at Nyrstar, the following information sources were 
reviewed: 

• Mines Act Permit M-26 Approving Price Plan and Security October 1, 2018, authorized by EMPR 
• Mines Act Permit M-26 Permit Application to Mine the Price Deposit, March 18, 2018 by Nyrstar 
• Mines Act Permit M-26: Approving Work System and Amended Reclamation Program, August 27, 

2998, authorized by MEM 
• Park Act Park Use Permit 102201 authorized by the Ministry of Environment 
• Park Act Park Use Permit 102633 authorized by the Ministry of Environment 
• Strathcona-Westmin Provincial Park Master Plan authorized by the Ministry of Environment Lands 

and Parks (Strathcona District 1995) 
• Post-Closure Ecosystem Mapping Memorandum (IEG 2019b) 
• Pre-Mining Habitat Assessment (Wood 2019a) 
• Habitat Loss Mitigation Plan (Wood 2019b) 
• 2017 Annual Reclamation Report (Nyrstar 2018a) 

In addition, relevant sections of the following reports were reviewed: 

• Nyrstar Myra Falls Mines Act Permit M-26: Permit Application to Mine Price Deposit (Nyrstar 2018)  
• Topsoil Management Plan (Wood 2018) 
• 2018 IEG Site Inspection Memorandum (IEG 2019) 
• Surface Erosion and Sediment Control Plan (IEG 2018) 
• 2017 MEMPR Inspection Report (MEMPR 2017) 
• TDF Revegetation Monitoring 2012 to 2015 Report (IEG 2016) 
• TDF Revegetation Monitoring 2012 to 2014 Report (IEG 2015) 
• Revegetation Section of the Interim Site-Wide Closure and Reclamation Plan (IEG 2014) 
• Nyrstar Myra Falls Revegetation Monitoring 2012 (IEG 2013) 

The findings from these information sources are summarized in Sections 5.5.2.1 to 5.5.2.3 based on the 
knowledge gaps identified. 

5.5.2 Description of Identified Knowledge Gaps 

The reclamation objectives for vegetation at Nyrstar are based on the conditions outlined in the Mines Act 
Permit M-26: Permit Approving Price Mine and Security (dated September 28, 2018) and Park Use 
Permits. These conditions form the basis of the reclamation research program for vegetation and are 
presented in Table 6 and Table 7. Existing information has been assessed against these conditions to 
identify vegetation-related knowledge gaps for Nyrstar. 
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Table 6 Nyrstar Myra Falls Permit M-26 Conditions for Vegetation (MEMPR 2018) 

Permit Section Permit Part Permit Condition 
Section D: 
Protection of Land 
and Watercourses 

Part 12: Ongoing 
Reclamation 
Research 

(a) The Permittee shall submit to the Chief Inspector by June 30, 
2019, a Reclamation Research Program that includes details for 
achieving the research requirements outlined in this permit with a 
schedule for implementation and description for how results will be 
utilized and reported. 

(d) The Permittee shall conduct research intended to develop an 
end land use plan for the post-closure landscape represented in the 
mine disturbance footprint that is based on pre-mining ecosystems 
and habitats.  
Where a discrepancy in the comparative areas represented by 
ecosystem types is identified, mitigation options shall be developed. 

(e) The Permittee shall conduct research designed to test potential 
mitigation options for restoring ecosystems and habitats that are 
predicted to be affected by mining activities. 

(f) The Permittee shall establish test plots that will be used to 
evaluate the reclamation approaches and prescriptions applied to 
confirm that ecological trajectories consistent with the land use and 
capability targets are being achieved. 

(g) The Permittee shall conduct research to determine the viability of 
revegetation with native plant species, including culturally important 
species. 

(k) The Permittee shall develop a monitoring program designed to 
evaluate the success of revegetation, soil development and erosion 
control. This program shall include specific sampling parameters 
and performance criteria. 

(l) The Permittee shall develop a monitoring program for evaluating 
metal uptake in exposed terrestrial and aquatic ecosystems, which 
specifies sampling requirements and performance criteria. Where 
harmful levels are found, the Permittee shall take any corrective 
action necessary to mitigate to ensure levels are safe for plant and 
animal life. 

Section E: 
Reclamation and 
Closure Program 

Part 2: Land Use (a) The land surface shall be reclaimed with the intent of re-
establishing average pre-mining capability to the following end land 
use objectives: wildlife habitat, particularly for Columbian black-
tailed deer, Roosevelt Elk, black bears, wolves, cougars, American 
marten, red squirrel, deer mice, and bats, provincial park wilderness 
and recreational values, and opportunities for traditional use of the 
land by the Wei Wai Kum, We Wai Kai, K’ómoks, and Mowachaht / 
Muchalaht First Nations. 

(b) Ecosystem type old growth forest that is predicted to be lost as a 
direct result of mining activities shall be mitigated in a manner 
acceptable to the Chief Inspector. A plan for mitigating losses to old 
growth forest capability incurred within the mine disturbance shall be 
submitted by June 30, 2019. 

(c) Borrow pits and quarries belonging to the mine development and 
operations, shall be reclaimed to the approved end land use once 
no longer required. 
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Table 6 Nyrstar Myra Falls Permit M-26 Conditions for Vegetation (MEMPR 2018) 

Permit Section Permit Part Permit Condition 
Section E: 
Reclamation and 
Closure Program 
(cont’d) 

Part 3: Erosion 
Control  

Reduction of erosion shall be achieved through landform 
configuration, development of maintenance-free vegetation covers, 
and the development of stable, self-sustaining drainage control 
features and watercourses. 

Part 4: Re-
vegetation 

The Permittee shall ensure the land is revegetated to a self-
sustaining state using appropriate and or native plant species 
including culturally important native species. 

Part 8: Mine Roads (a) All mine roads shall be reclaimed, in accordance with 
recommendations of a qualified professional, to satisfy the approved 
end land use objectives, including all reasonable effort to fully re-
configure to conform to adjacent landscape where long-term stability 
is not compromised, unless permanent access is required. 

(b) Individual mine roads may be exempted from the requirement for  
total reclamation under condition 8(a) if either: 

i. the Permittee can demonstrate that an agency of the Crown 
has explicitly accepted responsibility for the operation, 
maintenance and ultimate deactivation and abandonment of 
the road, or  

ii. the Permittee can demonstrate that another private party 
has explicitly agreed to accept responsibility for the 
operation, maintenance and ultimate deactivation and 
abandonment of the road and has, in this regard, agreed to 
comply with all the terms and conditions, including bonding 
provisions, of this reclamation permit, and to comply with all 
other relevant provincial government (and federal 
government) regulatory requirements. 

 
Table 7 Park Use Permit No. 102633 and 102201 

Permit Section Permit Part Permit Condition 
Article 6 Article 6—Covenants 

of the Permittee 
The Permittee must: (u) avoid the introduction of invasive species 
in the Park and Permit Area (including the Works Area) 

 

5.5.2.1 Knowledge Gap 1—Vegetation uptake of elements 

There is a lack of data on vegetation uptake of elements to inform revegetation planning and a monitoring 
program for evaluating vegetation uptake of elements in terrestrial ecosystems. Waste rock analyses 
described in the 2017 Annual Reclamation Report (Nyrstar 2018a) show element concentrations above 
soil quality guidelines and states that vegetation will be monitored for metal uptake, however rigorous 
monitoring has not been conducted or designed to date. The IEG (2013) Nyrstar Myra Falls Revegetation 
Monitoring 2012 report provides co-located soil and foliar chemistry results from permanent sample plots 
(PSPs) which showed elevated cadmium and zinc concentrations in willow tissues located in the Old TDF 
seismic berm. Additional PSPs should be established throughout the mine site. 
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Wood notes in their Habitat Loss Mitigation Plan (2019), that monitoring for metals in soils and plant 
species important to First Nations Groups will be important as mitigation for Traditional Land Use (TLU). 
The monitoring program should include paired soils and vegetation samples and include sampling 
requirements and performance criteria, as well as adaptive response measures when to mitigate levels 
that exceed thresholds. The program should be linked with soil and wildlife monitoring programs.  

5.5.2.2 Knowledge Gap 2—Lack of TLU studies to determine a list of culturally important 
plant species  

There is a lack of TLU studies from which to determine a list of culturally important plant species. 
Wood’s (2019) Pre-Mining Habitat assessment report assembles a list from the only known references for 
coastal First Nations groups (Turner 1982, 1995). Project-specific studies should be completed to better 
understand TLU in the project area and to expand the lists of culturally important plant species assembled 
from existing references. Lists of culturally important plant species will be important in order to 
demonstrate that there will be opportunities for TLU of the land by the Wei Wai Kum, We Wai Kai, 
K’ómoks, and Mowachaht/Muchalaht First Nations. 

5.5.2.3 Knowledge Gap 3—Potential to establish a range of native species on 
reclaimed sites 

There is a lack of data on the potential to establish a range of native species on reclaimed sites. There is 
data that suggest that some establishment of native and non-native early successional species by natural 
ingress has been observed (2018 IEG Site Inspection Memorandum [IEG 2018]), particularly in the TDF 
seismic berm, which has been monitored with the use of permanent sample plots from 2012–2015 
(IEG 2013, IEG 2015, IEG 2016). However, there is little data available to confirm ecological trajectories 
or demonstrate the establishment of the range of native species that will be necessary to meet the end 
land use and capability goals. 

There is a need for revegetation trials involving planting or seeding of native plant species, including 
culturally important species. A hydroseeding trial of a mix of native herbs and shrubs from 2016 was 
documented in the Nyrstar (2018a) 2017 Annual Reclamation Report as a failure in the memorandum 
discussing the result in Appendix 6. Additional hydroseeding trials are discussed in IEG’s (2018) Site 
Inspection Memorandum. Testing other seeding techniques will be necessary, as the current approach 
relies on natural ingress only, which may not be feasible for mine site areas away from natural propagule 
sources. 

5.5.2.4 Knowledge Gap 4—Test plots to evaluate reclamation approaches and 
prescriptions  

Detailed reclamation prescriptions are lacking, as is a research program with test plots to evaluate 
reclamation approaches and prescriptions. The revegetation sections of the Nyrstar Myra Falls Interim 
Site‐Wide Closure and Reclamation Plan (IEG, 2014) present a list of locally appropriate candidate 
vegetation species based on particle‐size distributions of potential cover materials used to estimate 
available water storage capacity of the cover system, and corresponding soil moisture regime. IEG (2014) 
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notes that, “Initial treatments will consist of relatively dense planting of red alder, at approximately 2,000–
5,000 stems/ha. The need for artificial regeneration (through planting or seeding) will be assessed 
following initial revegetation treatments.” Detailed reclamation prescriptions can be developed from 
existing conceptual reclamation prescriptions and a research program can be developed to test these 
prescriptions. 

5.5.2.5 Knowledge Gap 5—Revegetation and surface erosion monitoring 

The Wood (2018) Topsoil Management Plan discusses potential erosion control strategies, including 
making surfaces ‘rough and loose’ and the IEG (2018) Erosion and Sediment Control Plan suggests that 
highly erodible areas could be seeded under erosion control matting, with live staking with appropriate 
upland willow species conducted through the erosion control matting. The revegetation sections of the 
Nyrstar Myra Falls Interim Site‐Wide Closure and Reclamation Plan (IEG, 2014) provide a suggested 
erosion-control seed mix to be used as an interim treatment before forested vegetation communities are 
established.  

There is a lack of data to demonstrate that these strategies will successfully control surface erosion. 
This is of particular concern for the two areas of the mine IEG (2018) identifies as having a soil erosion 
risk of high and moderate: the Lynx WRDs, and the CRAB.  

The reclamation monitoring program developed as part of Scope 4 should evaluate the success of 
revegetation, soil development and erosion control. This program should include specific sampling 
parameters and performance criteria to meet the requirements of Section D, Part 12 (k) of the M26 
permit, and should incorporate the monitoring program and trigger—response strategy developed by IEG 
(2018). 

5.5.2.6 Knowledge Gap 6—Detailed riparian community reclamation planning 

Conceptual riparian reclamation prescriptions are discussed in Section 5.2 of the Revegetation sections 
of the Nyrstar Myra Falls Interim Site‐Wide Closure and Reclamation Plan (IEG, 2014). However, the IEG 
(2019) post-closure memo notes that there is a, “lack of a detailed plan for reclamation of Myra Creek. 
The Topsoil Management Plan recommends placement of soil materials to create a riparian area. Without 
more details, such as the proposed cover material and depth, the recommendation cannot be modelled.” 
This also applies to other watercourses in the mine site, including Arnica Creek, Cascade Creek, Webster 
Creek, and other small tributaries. Without this planning, detailed post-closure mapping and reclamation 
prescriptions for riparian communities cannot be completed.  

Detailed reclamation planning for riparian areas is necessary to determine discrepancies in the 
comparative areas represented by ecosystem types and develop mitigation options. 
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5.5.2.7 Knowledge Gap 7—Lack of data to support post-closure mapping  

The IEG (2019) post-closure memo notes that they could not accurately model the post-closure 
ecosystems which will develop in building facilities and surrounding areas due to lack of a detailed plan 
for reclamation and remediation of the building facilities and surrounding areas, a need for detailed cover 
plan for some of the WRDs, a need for spatial data or detailed diagrams of closure facilities, and a the 
need for detailed microtopography and material data for the top of Lynx TDF.  

IEG (2019) also note that there is no data on soil characteristics for the borrow area till, or till underlying 
the WRDs above the Lynx TDF, insufficient characterization of stockpiled reclamation materials (only one 
sample), and the need for information for the non-PAG waste rock referenced in the Topsoil Management 
Plan.  

These data gaps decrease the accuracy of the post-closure modeling process and reduce the ability to 
demonstrate establishment of average pre-mining capability, as well as to determine discrepancies in the 
comparative areas represented by ecosystem types and develop mitigation options. 

5.5.2.8 Knowledge Gap 8—Lack of old growth forest mitigation planning 

No old growth forest mitigation planning has been conducted to date, however the data needed to 
develop this plan has been gathered. The Wood (2019) Pre-Mining Habitat Assessment identifies the old 
growth forest that was predicted to be lost as a direct result of mining activities, and the Scope 2 end land 
use and post-closure ecosystem development plan provides information about predicted old forest 
capability following closure. An old growth forest mitigation plan must be developed and submitted as per 
the requirements of Section E, Part 2 (b) of the M-26 Permit. Research on establishing old-growth forest 
habitat features on the reclaimed landscape could be explored as a mitigation for lost old-growth forest 
capability.  

5.5.3 Recommended Actions 

The following actions are recommended to address the knowledge gaps identified: 

1. Pilot data within the mine site on vegetation uptake of elements to support revegetation planning and 
creation of a monitoring program.  The monitoring will specify sampling requirements, performance 
criteria, and corrective actions to protect animal and plant life. Data collection should be coordinated 
with wildlife, soils, and aquatics.  

2. Incorporate knowledge fromh the Wei Wai Kum, We Wai Kai, K’ómoks, and Mowachaht/Muchalaht 
First Nations to identify culturally important plants to inform reclamation planning. If available, these 
lists should be integrated into the Scope 2 detailed reclamation prescriptions, Scope 3 reclamation 
methodology evaluation research plan, and the Scope 4 reclamation monitoring program. 

3. Plan reclamation research trials as part of the Scope 3 reclamation methodology evaluation 
research plan: 

a. Gather existing permanent sample plot data from the TDF seismic berm 
b. Map spatial locations of completed and in-progress reclamation trials 
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c. Determine the viability of revegetation, by testing planting and seeding methods with native 
plant species, including culturally important species 

d. Evaluate the reclamation approaches and prescriptions to confirm that ecological trajectories 
are consistent with the land use and capability targets 

e. Evaluate the success of revegetation, soil development and erosion control. This program 
should include specific sampling parameters and performance criteria. 

4. The Scope 4 reclamation monitoring program should be designed to determine when the land is 
revegetated to a self-sustaining state using appropriate and or native plant species including culturally 
important native species. 

5. Complete detailed riparian community reclamation planning and revise post-closure ecosystem 
modeling. 

6. Gather data on materials and complete missing closure planning on mine features and revise post-
closure ecosystem modeling. 

7. Revise reclamation prescriptions and research trials following new post-closure ecosystem mapping.  
8. Develop an old growth forest mitigation plan based on the Wood (2019) Pre-Mining Habitat 

Assessment, and the post-closure ecosystem development plan. Development of an old growth forest 
mitigation plan is not covered by any of the scopes. 

5.5.4 Proposed Implementation Plan 

The actions outlined in Section 5.5.3 will follow the proposed implementation plan provided in Table 8. 
Timing for completion and responsibilities for implementing the actions are also outlined.  

Table 8 Proposed Implementation Plan for Vegetation 

Action 
Item 

Action Description Implementation Plan Suggested 
Timing for 

Completion 

Responsibility 

1 Determine metal 
uptake in terrestrial 
vegetation 

Collect pilot data on vegetation 
uptake of elements, with methods 
developed as part of Scope 3. 
Monitoring program as part of Scope 
4 to be integrated with soils and 
wildlife (Action #9) 

Year 1 
(Pilot study) 

Third-party consultant 
(methods, monitoring 
program) 
Nyrstar (field program 
and monitoring) 

2 Establish valued 
vegetation species for 
TLU 

Initiate meetings with knowledge 
holders to determine valued species. 
In the interim, Stantec to use TLU 
species identified from published 
regional studies in Scope 2, 3, and 4 
reporting. 

Year 1  Nyrstar 

3 Gather existing 
permanent sample plot 
data from the TDF 
seismic berm 

Part of Scope 3—Compile research 
completed at site to date. Evaluate 
data for use as pilot data and 
consider information in future trial 
design. 

Year 1 Third-party consultant 
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Table 8 Proposed Implementation Plan for Vegetation 

Action 
Item 

Action Description Implementation Plan Suggested 
Timing for 

Completion 

Responsibility 

4 Map spatial locations 
of completed and in-
progress reclamation 
trials 

Part of Scope 3—Compile spatial 
layer of reclamation trials. 

Year 1 Third-party consultant 

5 Plan reclamation 
research trials 

Determine the viability of 
revegetation, by testing planting and 
seeding methods with native plant 
species, including culturally important 
species 
Evaluate the reclamation approaches 
and prescriptions to confirm that 
ecological trajectories are consistent 
with the land use and capability 
targets 
Evaluate the success of revegetation, 
soil development and erosion control. 
This program should include specific 
sampling parameters and 
performance criteria 

Year 1 Third-party consultant 
(planning) Nyrstar 
(conducting) from a 
Qualified Professional 

6 Develop site specific 
revegetation 
prescriptions 

Part of Scope 2—Develop site 
specific revegetation prescriptions, 
starting with the conceptual 
revegetation prescriptions and 
species lists in the vegetation 
sections of the Nyrstar Myra Falls 
Interim Site‐Wide Closure and 
Reclamation Plan (IEG, 2014). 

Year 1 Third-party consultant 
from a Qualified 
Professional 

7 Detailed ecosystem 
planting prescriptions 
for riparian and 
adjacent forested 
ecosites should be 
developed and tested 

After soil material questions are 
answered, model post-closure 
ecosystems for riparian areas. 
Produce detailed planting 
prescriptions and begin to test on 
sites in 2020 

TBD Third-party consultant 
(prescriptions), 
Nyrstar (testing) from 
a Qualified 
Professional 

8 Develop information on 
species establishment 
and succession pattern 

Part of Scope 4—Develop a 
monitoring program with adequate 
sampling to detect change should be 
developed from initial revegetation 
trials in Year 1 

Year 1 Third-party consultant 
(Scope 4), Nyrstar 
(conduct monitoring) 
from a Qualified 
Professional 

9 Establish metal uptake 
monitoring in 
collaboration with soils, 
wildlife, and aquatics  

Part of Scope 4—Develop monitoring 
program for vegetation uptake of 
metals involving paired vegetation 
and soil samples, as part of Scope 4 

Year 1 Third-party consultant 
(Scope 4), Nyrstar 
(conduct monitoring) 
from a Qualified 
Professional 
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Table 8 Proposed Implementation Plan for Vegetation 

Action 
Item 

Action Description Implementation Plan Suggested 
Timing for 

Completion 

Responsibility 

10 Develop lists of 
culturally important 
TLU species for the 
Wei Wai Kum, We Wai 
Kai, K’ómoks, and 
Mowachaht / 
Muchalaht First 
Nations to inform 
future reclamation 
planning. 

Requires completion of TLU studies 
(Action 2) 

Year 2+ Nyrstar 

11 Initiate reclamation 
trials to determine if 
old-growth forest 
habitat features can be 
established on the 
reclaimed landscape 

Part of Scope 3—Work with wildlife  Year 1 Third-party consultant 
(Scope 3), Nyrstar 
(continue trials) 

 

5.6 WILDLIFE AND WILDLIFE HABITAT 

5.6.1 Information Sources 

The gap analysis for wildlife at Nyrstar was based on a review of the following information sources: 

• Mines Act Permit M-26: Approving Price Plan and Security (MEMPR 2018) 
• Mines Act Permit M-26: Approving Work System and Reclamation Program (MEM 1998) 
• Myra Falls Facility-Level Assessment of Biodiversity Baseline Data (IEG 2016) 
• Nyrstar Myra Falls Mines Act Permit M-26: Permit Application to Mine Price Deposit (Nyrstar 2018b) 
• Nyrstar Myra Falls Mine—Bat Monitoring Program Plan (Stantec 2018) 
• Nyrstar Myra Falls Mine—Habitat Loss Mitigation Plan (Wood 2019b) 
• Nyrstar Myra Falls Mine—Pre-Mining Habitat Assessment (Wood 2019a) 
• Nyrstar Myra Falls Mine—Wildlife Management Plan (Stantec 2018) 
• Park Act Park Use Permit 102201 authorized by the Ministry of Environment 
• Park Act Park Use Permit 102633 authorized by the Ministry of Environment 
• 2017 Annual Reclamation Report (Nyrstar 2018a) 

5.6.2 Description of Identified Knowledge Gaps 

The reclamation objectives for wildlife are informed by both technical knowledge and permit conditions 
outlined in the Mine’s Act Permit M-26 (2018) and Park Use Permits. The permit conditions that pertain to 
wildlife are presented in Table 9 and Table 10. These conditions form the basis of the reclamation 
research program for wildlife. Existing information has been assessed against these conditions to identify 
wildlife related knowledge gaps.  
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Table 9 Nyrstar Myra Falls Permit M-26: Permit Approving Conditions for Wildlife 

Permit Section Permit Part Permit Condition 
Section D: 
Protection of Land 
and Watercourses 

Part 12: 
Ongoing 
Reclamation 
Research 

(c) The Permittee shall by June 30, 2019 complete mitigation planning 
procedures for pre-mining habitats (terrestrial and aquatic) identified in 
the permitted mine area (Figure 1) that are predicted to be lost or 
substantially changed (physically or functionally) due to direct mining 
activities or subsidence. Contingency plans shall be developed as part of 
this mitigation planning process that can be implemented in the event 
that on-site mitigation options are deemed to not be feasible based on 
ongoing monitoring and research results. 

(e) The Permittee shall conduct research designed to test potential 
mitigation options for restoring ecosystems and habitats that are 
predicted to be affected by mining activities. 

(i) The Permittee shall develop a monitoring program for evaluating 
metal uptake in exposed terrestrial and aquatic ecosystems, which 
specifies sampling requirements and performance criteria. Where 
harmful levels are found, the Permittee shall take any corrective action 
necessary to mitigate to ensure levels are safe for plant and animal life. 

Section D: 
Protection of Land 
and Watercourses 

Part 2: Land 
Use 

(a) The land surface shall be reclaimed with the intent of re-establishing 
average pre-mining capability to the following end land use objectives: 
wildlife habitat, particularly for Columbian black-tailed deer, Roosevelt 
Elk, black bears, wolves, cougars, American marten, red squirrel, deer 
mice, and bats, provincial park wilderness and recreational values, and 
opportunities for traditional use of the land by the Wei Wai Kum, We Wai 
Kai, K’ómoks, and Mowachaht/Muchalaht First Nations.  

(c) Borrow pits and quarries belonging to the mine development and 
operations, shall be reclaimed to the approved end land use once no 
longer required 

Part 8: Mine 
Roads  

(a) All mine roads shall be reclaimed, in accordance with 
recommendations of a qualified professional, to satisfy the approved end 
land use objectives, including all reasonable effort to fully re-configure to 
conform to adjacent landscape where long-term stability is not 
compromised, unless permanent access is required.  

Section E: 
Reclamation and 
Closure Program 

Part 10: Closure 
Plan 

1. The Permittee shall develop a Wildlife Management Plan. The plan 
shall be submitted by December 31, 2018 to the satisfaction of the Chief 
Inspector. 

2. The Permittee shall conduct monitoring to identify if bats are present 
in the permitted mine area throughout life of mine. If bats are observed, 
the Permittee shall develop and submit to the Chief Inspector, within 30 
days of bat observations, an operational management plan to minimize 
risk to bats, particularly with respect to direct mortality and spread of 
white-nose syndrome. 

3. Pursuant to Part 1.6.9 of the Code, the General Manager shall 
incorporate in the mine safety program, a no hunting and shooting policy 
for the mine permit area. 

4. The Permittee shall implement a policy of no fishing and hunting for all 
employees and contractors while on company business or while 
commuting to and from the mine. 

5. The Permittee shall ensure that, where wildlife exclusion fencing (e.g., 
electric fencing) is installed, it is maintained in effective working order at 
all times that people are present on site. 



SCOPE 1—RECLAMATION RESEARCH PROGRAM 

Knowledge-Gap Analysis  
      

  44 
  

Table 10 Park Use Permit No. 102633 and 102201 

Permit Section Permit Part Permit Condition 
Article 6 Article 6—

Covenants of the 
Permittee 

The Permittee must:  
(u) Enter into any wildlife management plan and vegetation 
management plan (including invasive species management if 
requested by the Minister, applicable to the Permit Area (including 
the Works Area), to minimize the impact of mining and other human 
activities on natural ecosystems and “wildlife”, as defined in the 
Wildlife Act (RSBC 1996) c. 488; 

(v) not allow firearms to be brought onto the Permit Area or be kept 
or discharged within the Permit Area and the Permit Area is closed to 
hunting and trapping under the Wildlife Act 

 

5.6.2.1 Knowledge Gap 1: Wildlife Exposure Risk to Metal Uptake 

Nyrstar must develop a monitoring program for evaluating metal uptake in exposed terrestrial and aquatic 
systems as per Section D, Part 12 (i) of Permit M-26 (Table 8). Where metal levels are found to exceed 
the specified performance criteria, Nyrstar must take necessary mitigation actions to ensure levels are 
safe for wildlife. Currently, there is no monitoring program in place to directly evaluate wildlife exposure to 
metal uptake.  

Previous aquatic resource studies, vegetation sampling, and waste rock characterization studies within 
the permit area provide an indication to the metal levels that wildlife may be exposed to on site. However, 
there is not enough information to determine if wildlife species are interacting with aquatic or terrestrial 
resources that may expose them to harmful levels of heavy metals. In other words, no exposure 
pathways are confirmed. Biological monitoring studies are limited to acute toxicity tests on fish, daphnia, 
invertebrate, aquatic plants and algal species. Waste rock analyses described within the 2017 Annual 
Reclamation report indicates element concentrations above soil quality guidelines in some locations with 
the mine (Nyrstar, 2018a). These areas may pose metal uptake risk to wildlife.  

To address this knowledge gap, the reclamation research program will need to identify the contaminants 
of concern, exposure risk, and exposure pathways to wildlife on site. Wildlife use within the permit area 
should be linked with water quality, vegetation, and soil monitoring studies to evaluate the exposure risk 
to wildlife. In areas where wildlife is exposed contaminated water or terrestrial resources, the levels of 
metal exposure in mammals and birds could be determined using hair and feather sampling. Results from 
these studies will inform whether mitigation actions or additional restoration treatments are required. 
A monitoring program will need to be developed to evaluate the exposure risk throughout the reclamation 
program. 
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5.6.2.2 Knowledge Gap 2: Impacts to regional wildlife health and subsistence hunting 
and harvesting 

Nyrstar must reclaim the land surface with the intent of re-establishing opportunities for traditional use of 
the land by the Wei Wai Kum, We Wai Kai, K’ómoks, and Mowachaht/Muchalaht First Nations as per 
Section D Part 2 (a) of the M-26 Permit. Subsistence hunting and harvesting of wildlife including 
Columbian black-tailed deer and Roosevelt elk is a culturally important TLU. Currently, there is a lack of 
information regarding the effects of Nyrstar on regional wildlife health, and how this may impact 
subsistence hunting and harvesting in the region. Due to the knowledge gap surrounding wildlife 
exposure risk to metal uptake within the permit area (5.6.2.1), the exposure risk to humans resulting from 
the consumption of wildlife known or perceived to be affected contaminated water, soil or vegetation on 
site is unknown. Although hunting is not permitted within Nyrstar’s permit area, wildlife that spend time in 
the area may travel to areas where they are available for harvest which could result in an exposure 
pathway to humans. The reclamation research program will need to investigate potential effects on 
regional wildlife health and human exposure risk. This knowledge gap can be addressed through a 
research study and literature review linking the results of wildlife exposure risk studies to regional wildlife 
health and human exposure pathways.  

5.6.2.3 Knowledge Gap 3: TLU Studies to incorporate First Nations input on culturally 
important wildlife species 

There is a lack of TLU studies to provide information on important wildlife species and wildlife habitat 
features required to support TLU for the Wei Wai Kum, We Wai Kai, K’ómoks, and Mowachaht/Muchalaht 
First Nations. Nyrstar must demonstrate that the site can provide opportunities for TLU by local First 
Nations, as required by Section E, Part 2 (a) of Permit M-26. To fulfill this requirement, reclamation 
prescriptions must support and facilitate wildlife use of culturally important species within the permit area. 
Project-specific TLU studies will be important to create reclamation targets, and to inform reclamation 
treatments related to wildlife use and wildlife habitat. Wildlife information gained from TLU studies should 
be linked with other disciplines to develop land reclamation, soil, water, and vegetation prescriptions that 
will support culturally important wildlife species. 

5.6.2.4 Knowledge Gap 4: Current Wildlife Use and Habitat Capability 

Information on current wildlife use within the permit area is limited. Existing data is primarily comprised of 
incidental wildlife observations that were collected anecdotally and not for determining wildlife use within 
the permit area. In addition, information on the suitability of existing habitats within the permit area for 
wildlife is lacking. Wood (2019) described the type and distribution of habitat types and subtypes present 
within the permit area however, the habitat suitability for focal species based on structural condition and 
habitat elements (dead trees, cavities, old-growth features) will need to be determined. No surveys have 
been conducted to characterize habitat elements or important wildlife features within the permit area. 
The reclamation research program will need to establish a wildlife monitoring program to inform 
performance objectives and monitor the short and long-term effect of reclamation prescriptions on wildlife. 
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An initial reconnaissance-level wildlife survey should be completed to: 

• Identify current wildlife use 
• Assess the likelihood of wildlife interaction with contaminated areas 
• Identify priority areas for wildlife habitat restoration 
• Inform site-specific reclamation prescriptions to enhance wildlife habitat and connectivity. 

5.6.2.5 Knowledge Gap 5: Wildlife movement and landscape connectivity 

The land surface is to be reclaimed with the intent of re-establishing wildlife habitat that reflects the 
average pre-mining capability as per Section D, Part 2 (a) of the M-26 Permit. To support the list of focal 
wildlife species, reclaimed areas must be conducive to wildlife movement and facilitate landscape 
connectivity (e.g. increase connection between revegetated areas and adjacent undisturbed ecosystems). 
Due to the knowledge gap on current wildlife use (Section 5.6.2.4), the movement patterns and potential 
barriers on site for wildlife species are currently unknown. Further, there is a lack of information to support 
whether reclamation treatments (e.g., landform reclamation, revegetation) will facilitate wildlife access to, 
and movement throughout the mine site.  

To address this knowledge gap, the reclamation research program should assess current wildlife 
movement for a set of focal wildlife species and predict the effect of reclamation treatments on wildlife 
movement through habitat suitability modelling. The results of this study will help inform landform 
reclamation and revegetation prescriptions.  

In addition, there is a knowledge gap surrounding the reclamation of roads and other linear features on 
site. These features can alter the movement patterns of wildlife species and disrupt predator-prey 
dynamics. Nyrstar must reclaim all mine roads to satisfy the end land use objectives as per the Section D, 
Part 8 (a) of the M-29 Permit. A detailed plan describing the reclamation prescriptions for linear features 
does not exist. Wildlife habitat is defined as one of the end land use objectives therefore, Nyrstar will 
need to demonstrate that reclaimed roads will support wildlife habitat with average pre-mining capability. 
To achieve this, wildlife mobility along roads and other linear features should mimic the wildlife mobility 
and line-of-site in in adjacent undisturbed areas (i.e. similar resistance or energetic cost). To address this 
knowledge gap, the reclamation research program will need to conduct research trials on site to develop 
reclamation prescriptions for roads that consider wildlife movement (e.g. surface preparation, woody 
debris barriers, fencing). 

5.6.2.6 Knowledge Gap 6: Restoration Suitability for Focal Wildlife Species  

Nyrstar must re-establish suitable wildlife habitat for focal wildlife species as per Section D, Part 2 (a) of 
the M-26 Permit. At present, the suitability of the mined landscape for the focal wildlife species following 
reclamation is unknown.  

To evaluate whether reclamation activities can re-establish wildlife habitat that meets the pre-mining 
capabilities identified by Wood (2019), the reclamation program will need to identify performance 
objectives that can be used to quantify reclamation success for focal wildlife species. Performance 
objectives could include available security/shelter, wildlife forage, habitat elements, wildlife use, 
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and others. Wildlife habitat performance objectives will be closely linked to vegetation performance 
objectives and will need to consider the habitat attributes and wildlife features associated with ecosystem 
types that are required during the life requisites of focal wildlife species.  

The restoration suitability for wildlife can also be evaluated using habitat suitability modelling and field 
surveys. Habitat suitability modelling can be used to identify priority areas to restore for key wildlife 
species, and areas that may limit or restrict wildlife use. Results from the models can be used to guide the 
direction of reclamation activities. Habitat suitability models should be linked with the post-closure 
ecosystem projections developed by IEG (2019). Field surveys should be conducted to assess the 
restoration potential on site and to inform restoration treatments. Field surveys should focus on key life 
requisites for target species and predicted vegetation cover post-closure.  

Research trials will be needed to develop methods for restoring habitat attributes and wildlife features on 
site. For example, trials to identify methods for re-establishing old growth attributes (e.g. cavity nesting 
trees) will be required.  

5.6.3 Recommended Actions 

The proposed set of actions to implement the program is as follows:  

1. Complete preliminary wildlife surveys within the permit area (disturbed and reference areas) to 
assess current wildlife use, habitat suitability, and location of wildlife features.  

2. Collect data on wildlife metal uptake across the mine site. This data will support reclamation 
planning, research on human exposure risk, and the creation of a metal uptake monitoring program 
which should specify sampling requirements, performance criteria, and corrective actions to protect 
wildlife. 

3. Complete a research study to investigate the human exposure risk to heavy metals through 
subsistence hunting and harvesting of wildlife that is known, or perceived, to be affected by metal 
uptake on site.  

4. Work with the Wei Wai Kum, We Wai Kai, K’ómoks, and Mowachaht/Muchalaht First Nations to 
conduct TLU studies and identify culturally important wildlife species, habitat elements, and metal 
uptake thresholds to inform reclamation planning.  

5. Complete habitat suitability modelling to characterize current conditions and identify priority areas to 
restore for wildlife, and areas that may limit or restrict wildlife use. Results from the models can be 
used to guide the direction of reclamation activities. Habitat suitability models should be linked with 
the post-closure ecosystem projections. 

6. Develop wildlife performance objectives to monitor the effect of reclamation prescriptions on wildlife 
use and habitat. Wildlife habitat performance objectives will be closely linked to vegetation 
performance objectives and will need to consider the habitat attributes and wildlife features 
associated with ecosystem types that are required during the life requisites of focal wildlife species. 

7. Complete wildlife habitat restoration field surveys to assess the restoration potential on site and 
inform restoration treatments. Field surveys should focus on key life requisites for target species and 
predicted vegetation cover post-closure.  

8. Plan reclamation research trials to identify methods to restore habitat elements and wildlife features 
required to meet end land use objectives (e.g., restoring old growth attributes, landscape 
connectivity) 
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5.6.4 Proposed Implementation Plan 

The actions outlined in Section 5.6.3 will follow the proposed implementation plan provided in Table 11. 
Timing for completion and responsibilities for implementing the actions are also outlined.  

Table 11 Proposed Implementation Plan for Wildlife 

Action 
Item 

Action Description Implementation Plan Suggested 
Timing for 

Completion 

Responsibility 

1 Complete preliminary wildlife 
use surveys 

Field work required to assess 
current wildlife use, habitat 
suitability, and location of 
wildlife features. 

Year 1 Qualified Professional 

2 Collect data on wildlife metal 
uptake  

Field work required to assess 
wildlife exposure potential and 
to collect hair and feather 
samples 

Year 1 Nyrstar/Qualified 
Professional 

3 Complete habitat suitability 
modelling 

No field work required Year 1 Qualified Professional 

4 Wildlife habitat restoration 
surveys  

Field work to assess 
restoration potential and 
inform restoration treatments 

Year 1 Qualified Professional 

5 Develop wildlife performance 
objectives for reclamation  

Performance objectives will be 
tied to vegetation objectives 

Year 1 Nyrstar/Qualified 
Professional 

6 Conduct TLU studies  Conduct TLU studies to 
identify culturally important 
wildlife species, habitat 
elements and metal uptake 
thresholds 

Year 1-5 Nyrstar/Qualified 
Professional 

7 Research study on human 
exposure risk to metals 
through subsistence hunting 
and harvesting 

Literature review to combine 
existing knowledge with 
monitoring data (wildlife, 
vegetation, aquatics) on site 

Year 2+ Qualified Professional 

8 Develop reclamation research 
trials 

Research trials to identify 
methods to restore habitat 
elements and wildlife features 
required to meet end land use 
objectives. Field work required 
to implement research trials 

Year 2+ Qualified Professional 

9 Establish metal uptake 
monitoring program for wildlife 

Collaboration with vegetation 
and aquatics, monitoring 
program should specify 
sampling requirements, 
performance criteria, and 
corrective actions to protect 
wildlife. 

Year 2+ Nyrstar/Qualified 
Professional 
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6.0 TOWARD A RECLAMATION RESEARCH PROGRAM 

6.1 LINKAGE BETWEEN RECLAMATION OBJECTIVES AND 
KNOWLEDGE GAPS 

Nyrstar has developed closure and reclamation objectives to satisfy the reclamation standards outlined in 
Section 10.7 of the Health, Safety, and Reclamation Code for Mines and described in Section 4.0. 
The knowledge-gap analysis focused on the more detailed reclamation objectives presented in Mines Act 
Permit M-26 and the Strathcona-Westmin Provincial Park Master Plan.  

A summary of the knowledge gaps and how these gaps apply to each of the different disciplines is 
presented in Table 12. 
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Table 12 Linkage between Knowledge Gaps and Disciplines 

  Knowledge Gaps 

Discipline 

Hydrology Fish and Aquatic Habitat  Soils Vegetation Wildlife and Wildlife 
Habitat  Indigenous  

H
yd

ro
lo

gy
 

Long-Term Watercourse Reclamation Plan X X     

Surface Water Flow Data X      

Myra Creek Geomorphology X X     

Water Infrastructure Decommissioning Plan X X  X   

Assessment of Diversion Ditches X      

RipRap Performance X      

Power Supply Options Analysis  X X     

Fi
sh

 a
nd

 A
qu

at
ic

s First Nations Input  X  X X X 

Water Quality Data for Myra Creek and Buttle Lake  X     

Aquatic Habitat Reclamation Plan X X X X  X 

Pre-Mining Aquatic Habitat  X     

Aquatic Receptor Data  X     

Erosion and Sediment Control Mitigations X X X X   

So
ils

 

Growth Medium on Site   X X   

Alternative Reclamation Material on Site   X X   

Woody Debris on Site   X    

Soil Replacement Areas and Cover Trails   X    

Research to Assess Decompaction Methodologies   X X   

Soils and Erosion Monitoring Plan (including metal uptake)   X X X  

Confirmation Sampling Plan   X X X  

Ve
ge

ta
tio

n 

Vegetation uptake of elements    X X  

Lack of TLU studies    X   

Potential to Establish a range of native species on reclaimed sites    X   

Test Plots to evaluate reclamation approaches and prescriptions    X   

Revegetation and Surface Erosion (including metal uptake)   X X X  

Detailed Riparian Community Reclamation Planning  X X X   

Lack of data to support post-closure mapping    X   

W
ild

lif
e 

an
d 

W
ild

lif
e 

H
ab

ita
t 

Wildlife Exposure Risk to Metal Uptake   X X X  
Impacts to Regional Wildlife health and subsistence hunting and harvesting     X  

TLU studies to incorporate culturally important wildlife species     X  

Current wildlife use and habitat capability     X  

Wildlife movement and landscape connectivity     X  

Restoration Suitability for Focal Wildlife Species    X X  
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6.2 RECLAMATION RESEARCH THEMES 

Available historic and current reclamation research and planning materials were reviewed, and 
knowledge gaps were identified by each discipline. Some disciplines reported issues with certain data 
availability during this review and those data gaps can be addressed when the appropriate data sources 
are provided. There are knowledge gaps that apply to more than one discipline. These can be grouped 
into reclamation themes to target reclamation objectives. This section provides an integration of the gaps 
by each reclamation objective to facilitate the development of the RRP.  

The overarching reclamation research themes that will lead into the more detailed research program 
activities described in scopes 3 and 4 are further described below. 

The proposed development of a Long Term Water Course Reclamation Plan would support several 
gaps identified by the Hydrology analysis and would provide a physical base case for issues raised in the 
Fisheries and Aquatics gap analysis. Installation of hydrometric stations are necessary to inform this plan 
and information gaps on the Water Infrastructure Decommissioning Plan will need to be addressed. 

This Plan would also influence the reclamation planning for riparian areas by the terrestrial disciplines.  

A component of the Long Term Watercourse Reclamation Plan is the Aquatic Habitat Reclamation 
Plan, as identified in the Fisheries and Aquatics gap analysis that will incorporate results from hydrology, 
soils and vegetation to address the development of riparian habitat, a key strategy in recovering aquatic 
habitat potential and also identified as a knowledge gap by both the Vegetation and Soils assessments. 

Pre-mine geomorphology of Myra Creek and aquatic habitat, in the watershed were identified as gaps. 
Obtaining additional information sources and/or using reference habitats to address these gaps will be 
required. 

Gaps were also identified by Hydrology and Fisheries and Aquatics in relation to a Power Supply 
Options Analysis for Thelwood and Tennant Creek hydroelectric dams to be implemented post mine 
closure. This analysis would support post-closure planning (i.e., post water treatment) and evaluate 
power supply options for post-closure water treatment activities. The analysis may include an upstream 
geomorphology assessment on both creeks to support watercourse reclamation. This work will inform the 
Long-Term Watercourse Reclamation Plan.  

In the development of a Terrestrial Reclamation Plan the soil covers and vegetation establishment are 
important components and gaps were identified by several disciplines. The establishment of trials of soil 
covers that include methods for decompaction of soils, determination of soil erosion and performance of 
vegetation on these trials would address many of the data gaps identified by the Vegetation and Soils 
disciplines. Trials of vegetation species establishment by seeding or planting, and metal uptake by plant 
species on various reclamation soil treatments would inform gaps identified by both Vegetation and 
Wildlife, including the potential effects of the reclaimed closure landscape on regional wildlife health and 
human exposure risk. The Metal Uptake Monitoring Plan will be developed as part of the overall 
Terrestrial Reclamation Plan and will involve monitoring of trace elements in soils and vegetation on 
reclaimed sites to determine whether trace element availability to wildlife, the environment or people may 
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be unsafe. Research trials to develop methods for restoring old growth forest attributes will be an 
important component to determine whether the reclaimed landscape can support pre-mining habitat 
capability for wildlife species. Research for old-growth forest attributes will be discussed to see 
whether habitat features can be established on the reclaimed landscape. Expectations from regulators 
will have to be clarified and further discussions will have to be conducted to see how the permit 
requirements in regard to old growth can be addressed. 

Detailed surveys are required of available volumes and characteristics of materials to be used in 
reclamation including soil materials, alternative reclamation materials, and coarse woody debris materials. 
These results would provide the basis for the development of reliable Soil Cover Plan for the areas to be 
reclaimed and an understanding of the chemical and physical limitations of those soil and waste rock 
materials to be used in the reclamation. 

The lack of TLU information of the area prior to mine development regarding culturally important species 
was identified as a gap by Fisheries and Aquatics, Vegetation and Wildlife disciplines. Working with 
Knowledge Holders to address the former use of this land will allow this information to be incorporated 
into both mine reclamation studies and reclamation plans. 

6.3 NEXT STEPS 

As a next step in the process, Stantec would like to discuss the reclamation research themes and 
proposed implementation plans with IEG and Nyrstar. The proposed implementation plans, 
responsibilities and timings identified by each discipline will guide the discussions on how research 
activities can be incorporated into Nyrstar’s operational activities, and how Nyrstar can work towards 
filling the gaps identified in the analysis. Proposed reclamation research themes are meant to serve as 
the framework for the identification of research objectives and detailed research and monitoring 
programs. Once vetted by IEG and Nyrstar, the themes will be carried forward into Scope 3 
(Reclamation Methodology Evaluation Research Program) and Scope 4 (Reclamation Monitoring 
Program) and will be further elaborated under these scopes. As another next step, Stantec would also 
like to discuss how Nyrstar intends to engage First Nations in the process, and how this process can be 
supported and information from TLU Knowledge Holders, once available, can be incorporated into the 
program. The overall completion of the scopes will inform the development of the closure and reclamation 
plan for the site. 
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Appendix E

CONTENTS OF RECLAMATION PERMITS AND PLANS

Two documents govern Westmin Resources Ltd.’s reclamation activities; both are reviewed
and approved by the Ministry of Energy, Mines, and Petroleum Resources (EMPR).  The
primary document is Reclamation Permit M-26 which outlines the principles and goals for
reclamation. The second document is the reclamation plan, sometimes called the
decommissioning plan which outlines a more specific program of reclamation and defines how
the principles and goals will be achieved.

Following are general summaries of these documents.

A. Reclamation Permit M-26

This summary is based on the latest, 27 May 1991, version of the permit. The permit is
reviewed and renewed at five year intervals. The permit consists of two sections and 19
special conditions. This summary is general and should not be used to judge compliance.
The intent ifs to provide a sense of the permit and the reader is urged to read the permit.

Preamble

This permit defines reclamation requirements of the Ministry of Energy, Mines and
Petroleum Resources and the relationship to other agencies. Wherever possible it is
compatible with requirements of other agencies. The authority of other agencies is not Ltd.
by this permit.

Decisions will be made in consultation with other Ministries.

Amendments

Reclamation is subject to these conditions:

1. Reclamation Security

Additional security will be required. The amount will be determined by the Minister based
on discussions between the Permittee and EMPR staff.

2. Annual Reclamation Report

By March 31 of each year a report including an estimate of the cost of outstanding

http://www.env.gov.bc.ca/bcparks/planning/mgmtplns/strath_westmin/append_e.pdf?v=1564781610464%5C
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reclamation obligations including closure of the mine and long term costs of treatment of acid
mine drainage. An updated five year plan is part of the report.

3. Land Use

The surface of the land shall be reclaimed to the following use:
(a) reintegration of disturbed lands into the surrounding landscape and park,

(b) re-establishment of native forest,

(c) reduction of erosion through development of maintenance-free indigenous vegetation
covers, and the development of self-sustaining, erosion-free water courses.

4. Productivity

Productivity shall not be less than existed prior to mining.

5. Long-term Stability

Land and watercourses shall be left in a stable condition.

6. Revegetation

Native indigenous species shall be used and cover established to a self sustaining state.
Inventory and assessment programs shall be included in the annual report.

7. Use of Suitable Growth Media

Growth medium shall satisfy land use, productivity and water quality objectives.

8. Treatment of Structures and Equipment

All to be removed or covered.

9. Waste Dumps

Waste dumps shall be reclaimed. Monitoring of measures are required.

10. Watercourses
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Water courses to be reclaimed to ensure water quality and drainage is returned to original
or new water courses that maintain themselves. Acid generation to be minimized at source.

11. Pits

Pit walls in over burden to be reclaimed. Pit walls greater than 2:1 slope do not have to be
reclaimed. Where free of water vegetation will be established. Where water impounded a
body of water that meets productivity objectives to be established.

12. Roads

All roads except those required for permanent access shall be reclaimed.

13. Metal Uptake in Vegetation

Vegetation shall be monitored for heavy metal uptake.

14. Disposal of Fuels and Toxic Chemicals

All regulations shall be complied with

15. Acid Generation Material

Methods to reduce or eliminate acid rock drainage will be evaluated. Amount of acid
generated shall be monitored. Treatment will continue until effluent meets Ministry of
Environment, Lands and Parks standards.

16. Monitoring

Permittee shall undertake monitoring to ensure all objectives are being met.

17. Temporary Shutdown

If shutdown longer than one year Permittee shall carry out conditions of permit or request an
amendment .

18. Safety Provisions

All safety provisions to be complied with.

19. Closure Plan

A closure plan shall be submitted. A complete and updated plan is required by December
31, 1995. The permit may be amended.
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B. Reclamation Plan

The following executive summary outlines the reclamation or decommissioning plan.
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1.0 INTRODUCTION

A decommissioning program has been developed for Westmin Resources Limited, Myra
Falls Operations which is based on the current knowledge of acid generation control and
land use objectives.  It should be recognized that the decommissioning plan is a dynamic
one and will be revised and re-submitted every five years.  The mine is believed to have a
life of at least 10 to 20 years and it is expected that changes in control technologies will
occur which may modify activities outlined in this plan.  For example, the potential for
controlled leaching of waste rock and recovery of leached metals resulting in a depletion of
the acid generating potential of these waste materials is presently being considered.  The
expenditures proposed in this decommissioning plan are adequate to meet expected costs;
future technological developments should reduce these costs.

The closure options selected for the acid generating portions of the mine site are based on
detailed hydrogeological investigations of each major component.  Monitoring of these
systems will continue for some years to ensure that the hydrogeologic conditions observed
during the study period are representative.

The land use plan is based upon the current objective of the B.C. Ministry of Energy, Mines
and Petroleum Resources, to return the land to a natural condition.  It is recognized that this
objective could change during the period of time prior to the closure of the mine and that the
land use plan could be modified, excect where a proposed use could have a negative impact
on the acid generation controls.  Acid generation control is viewed as the primary goal of
the decommissioning plan.

Westmin Resources Limited has undertaken to implement and monitor the effectiveness of
many of the acid generation controls over the next five to seven years.  Portions of the
decommissioning program cannot begin until closure of the mine operations, however those
activities which can proceed during the life of the mine will be completed earlier.  Additional
research activities to field test the shotcreted cementitious cover mixtures, and to define the
hydrogeological conditions of the Myra Creek floodplain and the Myra/Price/H-W mining
complex are continuing.

2.0 MINING PROGRAM

Westmin Resources Limited, Myra Falls Operations is a 3,650 tonnes per day copper-zinc
gold-silver mine located near Butle Lake, 85 km from Campbell River on Vancouver
Island. Mining began in 1966 with the development of the Lynx Open Pit, producing about
900 tons per day of copper-lead-zinc ore with gold and silver values as well.  This pit
operated until 1973, since then all mining has been underground.  A second underground
mine, the Myra Mine, was developed in 1970 and produced until 1985.
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An extensive zone of copper-zinc mineralization was discovered in 1980 which resulted in
the opening of the H-W Mine in 1985.  This development required the establishment of new
facilities including a 2,700 tonnes per day mill, which has since been expanded to 4,000
tonnes per day, and a 1.4 km conveyor to transport ore from the H-W shaft to the mill. 
The new mining complex also required an enhanced hydro-electric power development, an
improved water control and treatment system, a new backfill plant and a new tailings
disposal facility.  Prior to 1984, tailings had been deposited subaqueously in Buttle Lake.

A small exploration development in the lower Thelwood Creek drainage, the Price Mine,
includes 4 adits, one of which connects with the underground development in the Myra
Valley.  This operation has not been active since the early 1980’s.

The present reserves of ore indicate at least a 10 year mine life for the Myra Falls
Operations, however, as only 40 percent of the claims haveen explored and the Company
has been quite successful in discovering more ore, it is anticipated that mining will continue
for at least 20 years.

2.1 Milling Process

The mill, which has a 4,000 tpd capacity, employs tertiary crushing and two-stage grinding
and produces copper and zinc concentrates through differential flotation. Tailings from the
milling process are cycloned and the coarse fraction, approximately 50 percent by volume,
is used as backfill underground.

2.2 Tailings Deposit

Prior to 1984, tailings materials were discharged to the south basin of Buttle Lake.  The
floculated fine tailings were discharged below the thermocline via a submerged outfall.

Studies indicate that the tailings on the lake floor were not releasing dissolved metals into the
overlying water column during the time when this tailings deposition was occurring.  Studies
carried out in 1989, indicate that the tailings on the lake bottom are now being covered with
a veneer of organic-rich sediments at a rate of approximately 4 mm/yr, and that the tailings
deposits are anoxic below depths of 2 or 3 cm and are having a negligible impact on water
quality in the lake.

Beginning in July 1984, tailings were deposited on land into the tailings storage facility.

Using a sub-aerial technique, the fine portion of the cycloned tailings material is deposited



DRAFT
Decommissioning Plan

Executive Summary
Page3

______________________________________________________________________________
through spray bars along the outer tailings embankment and allowed to drain.  As increased
storage capacity is required, additional confining berms are constructed above the elevation
of the starter embankments.  They are placed directly in successive lifts on the previous
embankment with an overlap on the tailings adjacent to the embankment to form an
engineered structure.

A sloping sand filter was constructed against the waste rock dump and valley side along the
north side of the tailings disposal facility.  The primary purpose of the filter is to decant
supernatant run-off from the surface of the tailings and to intercept contaminated seepage
from the waste rock dump, and carry the flows to the under-drains for treatment.

Piezometers installed into the tailings indicate that all structural zones of the tailings mass are
fully drained and consolidated.  If excess pore pressures were indicated by the piezometers,
vertical drains could be installed along the confining embankments to dissipate excess pore
pressures in the tailings and increase the factor of safety against liquefaction failure.  To date
vertical drains have not been required.

2.3 Waste Dumps

The majority of waste rock and overburden at the mine site was generated between 1966
and 1975 during the development and mining of the Lynx open pit.  This waste has been
stockpiled adjacent to and within the open pit.  Much smaller volumes of waste rock are
generated by underground mining and most of the H-W waste is used underground as
backfill.  The waste rock is a mixture of variable basic volcanic rocks and felsic sericite
schists – some of which have a high sulphide content and high acid-generating potential.
Non-acid generating waste rock is used in the construction of tailings pond berms.

2.4 Stockpiling of Soil and Overburden

The construction of the tailings deposition area involved the removal of approximately
200,000 m3 of fluvial soil materials.  These materials were stockpiled to the east of the
tailings area for use in the reclamation of the mine site.

2.5 Drainage Control

To minimize the amount of water entering the mine area from the slopes to the north of the
mine site, an interceptor ditch was constructed up slope of the former Lynx surface
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operations to convey surface flows away from the area of disturbance and into Myra Creek
downstream of the tailings facility.  In addition, two interceptor under-drains have been
placed under the tailings area to prevent contaminated ground water from reaching Myra
Creek.  Water is pumped from these under-drains to the water treatment system.

2.6 Water Treatment Systems

The water treatment system employed at the mine site consists of two components: a
primary treatment and settling pond, the Lynx Pond, and six polishing ponds, the Myra
Ponds.

The Lynx Pond is supplied by mix tanks, which combines high pH discharges from the
milling process with low pH mine water and ground water. Lime and/or CO2 can be added
to the mix tanks for pH control.  Accumulated precipitates are removed from the Lynx
Pond and Myra Ponds by a floating, automatically controlled pump which discharges
sludges to the tailings area.  Effluent is decanted sequentially through the six polishing ponds
and then is discharged into a common channel.  A pumphouse recycles clean water from
this channel back to the mill with the excess discharged to Myra Creek.

3.0 OBJECTIVES FOR DECOMMISSIONING PROGRAM

The intent of this plan is to provide environmentally secure decommissioning of the site, and
to minimize long term acid drainage and on-going water treatment.  The plan is based on
on-going research and monitoring programs.

The design objectives for the decommissioning program at Myra Falls Operations are:

• to provide long term maintenance free water management measures to ensure
acceptable water quality in the area.

• to integrate the disturbed lands into the surrounding landscape; and

• to return the land to native vegetation.

4.0 LAND USE

The location of the mine within Strathcona Provincial Park determines the potential uses of
the land after mining.  The objective of the B.C. Ministry of Energy, Mines and Petroleum
Resources, is for the land to be returned to a natural condition including the establishment of
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plant species which will initiate the natural successional patterns of local ecosystems.

The acid generating wastes will be sealed and covered with soil and natural vegetation.  The
vegetation will protect the integrity of the seal which is necessary to ensure the control of
acid generation.  The development of early successional vegetation communities will provide
wildlife habitat, particularly for deer, elk and bear.  The control of acid generation at the
mine site will ensure that the water quality of the groundwater and Myra Creek will support
a healthy downstream aquatic environment.

Mine related structures will be removed and the sites reclaimed to meet these land use
requirements.  The only exceptions will be the main road into the mine site which will be left
open for park access, and the road and dams at Jim Mitchell and Thelwood Lakes which
will be retained to support the current new alpine fishery and to supply power for long term
water treatment and monitoring facilities.

5.0 ACID DRAINAGE CONTROL

5.1 Introduction

In order to understand, and to develop closure options for the acid-generating components,
detailed hydrogeological investigations were conducted on each major source of acid
generation at the Myra Falls Operations.

The primary acid-generating components at Myra Falls are

• Lynx Pit, containing Waste-Rock Dumps #2, #3 and #4

• Lynx Underground

• Waste-Rock Dump #1

Other potentially acid-generating mine components include the Myra mine, the H-W mine
and the tailings.  These areas will be assessed in a proposed hydrogeologic study to be
initiated in 1992.

The specific objectives of the hydrogeologic study for each component were:

• to delineate variations in water movement and water quality in and around the Lynx Pit
and Lynx Underground,

• to define the water balance and the evolution of water chemistry of inflow waters in and
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around Waste-Rock Dump #1, and

• to assess the hydrogeological impacts of the Myra Falls Tailings Impoundment.

Each component was found to have unique physical and geochemical characteristics, which
were used to select the most appropriate closure option to minimize acid drainage.

The objectives of the closure options are to:

• reduce all water inputs into the components that can be reasonably controlled,

• capture and treat most flowpaths of acidic water leaving the components,

• remediate contaiminated water quality in the remaining flowpaths, and

• redirect good quality waters from the Lynx Underground into Myra Creek, and reduce
volumes of mine water going to the treatment plant.

5.1.a Lynx Pit

The Lynx Pit was excavated laterally into the northwest wall of Myra Valley.  It is open on
the south end and not entirely surrounded by rock walls.  Precipitation into the Lynx Pit area
was found to be a primary source of water to the Lynx Underground and is suspected to be
a source of water to the Myra Creek floodplain beneath the tailings.

The closure option for the Lynx Pit must address the following specific criteria:

• minimize water reaching pit walls,

• remove good quality water from the surface of the pit before it can enter acid
generating areas, and

• minimize water flow through the fill.

5.1.b The Lynx Underground

The closure option for the Lynx Underground must address the following criteria:
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• isolate primary zones of acid-generating rock,

• reduce oxygen flow on deeper levels to minimize oxidation,

• prevent seasonal flushing of oxidation products in acid generating areas, and

• minimize stagnant water on upper levels where flooding may not be feasible due to the
extent of fracturing within the pit area.

The selected option to meet these criteria involves:

• sealing walls, stopes, raises, etc. with cementitious sealant and/or cemented backfill, and
divert water away from acid generating areas to other levels where necessary,

• submerge deeper levels with water and reduce oxygen inflows, and

• divert water from the upper Diversion Ditch as necessary to flood underground
workings where possible and minimize stagnant water on upper levels which cannot be
easily flooded.

5.1.2 Waste-Rock Dump #1

The primary waste-rock dump at the minesite, Dump #1, was constructed against the
northern valley wall and rises up to 42 metres above the original land surface.  It contains
more than 10 million tonnes of mine rock from all of the mine workings and consists of an
upper lift, a partial middle lift, and a lower lift directly adjacent to the tailings impoundment. 
This dump is still active, currently receiving rock from the H-W Underground.

Because most of the waste rock is capable of generating net acidity, significant amounts of
acid water are flushed downward through the dump during heavy rainfalls and snowmelt. 
This water then mixes with, and overwhelms, the pH-neutral groundwater at the water table
producing a greater volume of acidic water.

The specific criteria to be met by the closure options are:
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• minimize water inflows into and through the dump, and

• if ongoing monitoring indicates it is necessary, minimize water-table fluctuations within
the dump.

The selected closure option to accomplish this involves:

• covering the dump with a cementitious or other sealant, and

• if necessary, control of water-table fluctuations could be achieved, for example, by
excavating free-draining drifts behind the valley wall for drainage and water-table
control.

Further engineering studies, testing and monitoring are required to refine the cover design.

5.1.3 Tailings Impoundment

A detailed hydrogeologic investigation of the surficial tailings conducted by Environment
Canada in 1990 indicated that significant portions of the surficial tailings were capable of
generating net acidity.

The criterion to be met by the closure option is:

• To minimize acid generation and migration of any acidic water through or from the
tailings.

Based on the environmental liabilities and risks involved for all options, a cementitious cover
has been selected as the closure option.  Establishment of stable soil and vegetation on the
cover would enhance the ability of the cover to limit the flow of water and oxygen.  A
drainage system will be established on the surface of the tailings prior to the application of
the sealant.  The water from the tailings area surface will drain into a collection system which
will release the water into the main diversion ditch and ultimately into Myra Creek.

The emergency Lynx tailings impoundment, adjacent to the Lynx settling ponds, will be
removed and the tailings placed in the main tailings impoundment.  Since this emergency
facility is no longer necessary for the operation of the mine, the decommissioning and
revegetation of this facility is proposed to be undertaken during operations and prior to mine
closure.

5.2 Sealant Technology
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A variety of materials have been proposed for use as covers or seals for reactive waste
rock and tailings; including soils, synthetic membranes, compacted clay and till, asphalt and
concrete.

Design objectives for a dry cover capping system for control of acid rock drainage would
require that the material:

• is easily applied

• is durable

• has good ductility

• has reasonable compressive strength

• is chemically resistant

• has low permeability to air and water

• is economical

• is compatible with revegetation programs.

Cementitious sealants have the potential to meet these criteria.

Westmin Resources Limited has been researching, developing and testing a cementitious
cover which incorporates mine waste materials, specifically; mine tailings and sludge from
the water treatment system.

The research program has led to the design of a shotcrete mix which can be applied to
vertical or sloped rock and dump faces.  A large scale test of this shotcrete technique is
proposed for the 1992 field season.  This study will evaluate the effectiveness of the
cementitious cover to restrict acid generation and to evaluate material properties such as
durability, weatherability and permeability.

6.0 WATERCOURSES

All watercourses, natural and constructed, will be left in a sustainable, maintenance-free,
condition.  The water quality of these watercourses will be ensured through control of acid
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generating materials.  Some watercourses will be returned to original drainages, while others
will remain diverted in secure channels.

7.0 STABILITY OF ENGINEERED STRUCTURES

The engineered structures which will remain after decommissioning of the mine site are the
tailings impoundment and the rockfill in the Lynx pit.

The tailings embankment was designed for long-term safety against seismic activity,
specifically to resist deformation in a magnitude 7.5 earthquake.  Subsequent testing of the
tailings concluded that the tailings as deposited meet or exceed all design assumptions.

An engineering design study will be undertaken on the proposed rockfill of the Lynx

Open Pit with waste rock.  This study will design the underdrains, and appropriate slopes
for the surface sealed rock.

8.0 ROADS

Two access roads will be left after decommissioning the mine; the main access road to
Myra Creek and the access road to Jim Mitchell Lake.  The British Columbia Ministry of
Environment Lands and Parks will assume responsibility for these roads.  All other small
access roads will be reclaimed to meet the land use objective of the land unit in which they
occur.

9.0 MINE STRUCTURES AND EQUIPMENT

All of the equipment will be removed from the site and the buildings dismantled.  Any acid
generating material comprising fill in the buildings or yards areas will be excavated and
transported to the Lynx Open Pit or #1 Waste Dump where it will be sealed with the other
materials in those sites.

The surface openings of all mines will be permanently sealed for public safety as well as part
of the acid generation control.

10.0 SCHEDULE OF DECOMMISSIONING

The proposed schedule for the decommissioning of the mine site is currently undefined
because the date of closure of the mine is unknown and other details are not all resolved.  It
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is the intent of Westmin Resources Limited to carry out all decommissioning activities in a
timely fashion upon closure of the mine and to decommission all areas which can be
decommissioned prior to mine closure.  The control of the acid generation in these areas will
reduce the amount of water which requires chemical treatment.  This will reduce the amount
of water treatment required and will also allow the evaluation of the performance on the acid
generation control methods prior to the closure of the mine.

11.0 DECOMMISSIONING COSTS

Costs have been estimated for the various components of the mine closure based on the
techniques believed to be the best options at this time.  However, the approach proposed is
considered to be an expensive solution and new technological developments should reduce
these costs.  Details of the costs are presented in the following table.

TOTAL ESTIMATED CLOSURE COSTS

Lynx Pit $ 4,608,000

Lynx Underground  6,450,000

Waste Dump #1  1,514,500

Tailings (surface & berm)  4,535,600

Myra Creek Floodplain  1,000,000

Mill and Mine Site  1,602,000

Roads    153,000

Water Treatment Ponds    611,500

Price Mine    366,800

Tennent Lake & Penstock    327,900

TOTAL COST $21,169,300
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12.0 MONITORING REQUIREMENTS

Surface water quality monitoring will continue throughout the life of the mine; at the time of
mine closure an appropriate sampling program will be determined in conjunction with the
Ministry of Environment, Lands and Parks.  Quarterly water quality sampling will continue in
Waste Dump #1 and the Lynx Underground to confirm the results obtained in the
hydrogeology studies to date.

Revegetation success on all reclaimed sites will be monitored to determine species survival
and productivity.
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Appendix B Knowledge-Gap Analysis Summary Table
Indigenous

Discipline Data Requirements for Reclamation Research Program1 Existing Data Summary Identified Data Gap(s)2 Data Gap Rationale Recommended Actions Proposed Implementation Plan
Indigenous Mines Act Permit M-26: Permit Approving Price Mine Plan (Dated September 28, 

2018)            
                                                                                                                                                                                                    
Section A: General                                                                                                                                                                                                                         
Unless otherwise requested, the Permitee shall provide to the Wei Wai Kum, We Wai 
Kai, K'omoks, and Mowachaht/Muchalaht First Nations all material reports and plans 
relevant to this permit, including annual monitoring reports and material changes to the 
approved Reclamation and Closure Plan.      
                                                                                                                                                                                   
 Section E: Reclamation and Closure Program                                                                                                                                                                          
The land surface shall be reclaimed with the intent of re-establishing average pre-
mining capability to the following end land use objectives: wildlife habitat, particularly for 
Columbian black-tailed deer, Roosevelt Elk, black bears, wolves, cougars, American 
marten, red squirrel, deer mice, and bats, provincial park wilderness and recreational 
values, and opportunities for traditional use of the land by the Wei Wai Kum, We Wai 
Kai, K'omoks, and Mowachaht/Muchalaht First Nations 

Pre-Mining Habitat Assessment (Wood): 
Land capability for potential traditional use focused on four First Nations and their associated tribal 
regions: 
1) K'omoks ; Coast Salish
2) Mowachaht/Muchalaht ; Nuu-chah-nulth
3) Wei Wai Kum ; Kwakwaka'wakw
4) Wei Wai Kai ; Kwakwaka'wakw

Traditional Use Species may have included 6 tree species, 9 Shrub species, and 7 herb species 

Tree Species:
Western Hemlock, Sitka Spruce, Red Alder, Black Cottonwood, Bigleaf Maple 

Shrub Species:
Red Huckleberry, Alaskan Blueberry, Salal, Black Huckleberry, Dull Oregon-grape, Oval-leaved 
blueberry, Salmonberry, Baldhip Rose, Red Elderberry 

Herb Species: 
Bunchberry, Sword Fern,  Five-leaved bramble, Lady fern, Skunk Cabbage, Bracken Fern, False lily- 
of - the - valley

Known references for coastal First Nation groups on Vancouver Island provided information on plant 
species traditionally used. Species were cross-referenced with the species listed for each BGC unit.

Density of the species  and whether the plant species was utilized by one or all three of the tribal 
regions was not taken into consideration 

Coastal Mountain-heather Alpine Zone not evaluated due to lack of knowledge on alpine plants used 
for traditional use 

Traditional land use assessment limited to 
only use of plant species for food/medicinal 
purposes 

Coastal Mountain-Heather Alpine Zone not 
evaluated 

As stated in Wood's report, there was a lack of 
information sources and direct consultation with First 
Nations prior to the development of Wood's Pre-
Habitat Mining Assessment 

Due to the lack of knowledge on alpine plants used for 
traditional use

For discussion with Nyrstar. For discussion with Nyrstar.

Indigenous Mines Act Permit M-26: Approving Ore Stockpile, Lynx Ore Chute, Ore Chute 
Haul Road and Underground Paste Backfill (Dated July 5, 2018) 

Section A: General
Unless otherwise requested, the Permitee shall provide to the Wei Wai Kum, We Wai 
Kai, K'omoks, and Mowachaht/Muchalaht First Nations all material reports and plans 
relevant to this permit, including annual monitoring reports and material changes to the 
approved Reclamation and Closure Plan

For discussion with Nyrstar. For discussion with Nyrstar.

Indigenous Mines Act Permit M-26: Amendment to Reclamation Permit (Dated May 27, 1991)

Section 6: Revegetation 
Land shall be revegetated to a self-sustaining state using native indigenous species. 
Proposed inventory and assessment programs shall be shown in the Annual 
Reclamation Report and Closure Plan.

For discussion with Nyrstar. For discussion with Nyrstar.

Indigenous Mines Act Permit M-26: Permit Approving Amended Reclamation Program (Dated 
April 1, 1998) 

Section 3: Land Use
The surface of the land and watercourses shall be reclaimed to end uses to enhance 
Park values for recreation and conservation including:
a) reintegration of disturbed land into the surrounding landscape and park
b) re-establishment of native forest 
c) reduction of erosion through the development of maintenance free Indigenous 
vegetation covers, and the development of self-sustaining, erosion resistant water 
courses

Section 6: Revegetation
Land shall be revegetated to a self-sustaining state with preference given to using 
Indigenous species. Proposed inventory and assessment programs shall be 
documented in the Annual Reclamation Report.

Proposed inventory and assessment 
programs for revegetation with preference 
given to using Indigenous species were 
missing from Annual Reclamation Report 
(2017)

For discussion with Nyrstar. For discussion with Nyrstar.
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Appendix B Knowledge-Gap Analysis Summary Table
Indigenous

Discipline Data Requirements for Reclamation Research Program1 Existing Data Summary Identified Data Gap(s)2 Data Gap Rationale Recommended Actions Proposed Implementation Plan
Indigenous Park Use Permit (No. 102633) Class A Park

Article 6: Covenants of the Permittee
The Permittee must:
(aa) once each calendar year, meet with the Minister, the area First Nations and the 
Strathcona Park Public Advisory Committee, to discuss any management concerns that 
arose in the previous calendar year and to brief the Minister, the area First Nations and 
the Strathcona Park Public Advisory Committee on the Permittee's planned activities 
under this Permit for the current calendar year 

Article 12: General Provisions
12.06: This Permit is not intended to adversely affect or unjustifiably infringe an 
Aboriginal Interest of a First Nation; nor is it intended to limit, deny, derogate from, 
abrogate, extinguish, replace, amend, expand or create an Aboriginal Interest of a First 
Nation 

12.07: In this Permit, "Aboriginal Interest" means an asserted or proven aboriginal right 
(including aboriginal title) or treaty right, this is recognized and affirmed by section 35(1) 
of the Constitution Act, 1982

12.08: Notwithstanding any other provision of this Permit, the Minister may, in his or her 
sole discretion, amend or cancel this Permit, so as to be consistent with any decision of 
a court of competent jurisdiction that:
a) determines that activities or Operations under or associated with this Permit 
adversely affect or unjustifiably infringe an Aboriginal Interest
b) grants an injunction further to a determination in (a); or
c) grants an injunction pending a determination of whether activities or Operations 
under or associated with this Permit adversely affect or unjustifiably infringe an 
Aboriginal Interest

12.12: The Permittee and the Minister may agree to perform such further acts, including 
holding public information forums and First Nations' consultations and to execute such 
further documents as may be required from time to time, to give effect to the Provisions 
in this Permit

For discussion with Nyrstar. For discussion with Nyrstar.

Indigenous Park Use Permit (No. 102201) Class B Park 

Article 6: Covenants of the Permittee
The Permittee must:
(aa) once each calendar year, meet with the Minister, the area First Nations and the 
Strathcona Park Public Advisory Committee, to discuss any management concerns that 
arose in the previous calendar year and to brief the Minister, the area First Nations and 
the Strathcona Park Public Advisory Committee on the Permittee's planned activities 
under this Permit for the current calendar year 

Article 12: General Provisions
12.06: This Permit is not intended to adversely affect or unjustifiably infringe an 
Aboriginal Interest of a First Nation; nor is it intended to limit, deny, derogate from, 
abrogate, extinguish, replace, amend, expand or create an Aboriginal Interest of a First 
Nation 

12.07: In this Permit, "Aboriginal Interest" means an asserted or proven aboriginal right 
(including aboriginal title) or treaty right, this is recognized and affirmed by section 35(1) 
of the Constitution Act, 1982

12.08: Notwithstanding any other provision of this Permit, the Minister may, in his or her 
sole discretion, amend or cancel this Permit, so as to be consistent with any decision of 
a court of competent jurisdiction that:
a) determines that activities or Operations under or associated with this Permit 
adversely affect or unjustifiably infringe an Aboriginal Interest
b) grants an injunction further to a determination in (a); or
c) grants an injunction pending a determination of whether activities or Operations 
under or associated with this Permit adversely affect or unjustifiably infringe an 
Aboriginal Interest

12.12: The Permittee and the Minister may agree to perform such further acts, including 
holding public information forums and First Nations' consultations and to execute such 
further documents as may be required from time to time, to give effect to the Provisions 
in this Permit

For discussion with Nyrstar. For discussion with Nyrstar.

NOTES:
1 Data requirements include requirements of the Mines Act Permit - M26, Strathcona-Westmin Provincial Park Master Plan, Park Use Permit 102201 and 102633, Effluent Discharge Permit AMS6858, and 2017 
2 Data gaps can be due to age of existing data, insufficient spatial coverage of existing data, insufficient temporal coverage of existing data (e.g., only 6 months of continuous data collection instead of 2 years), 
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Appendix B Knowledge-Gap Analysis Summary Table
Hydrology 

Discipline Source Document Data Requirements for Reclamation Research Program1 Existing Data Summary Identified Data Gap(s)2 Data Gap Rationale Recommended Actions Proposed Implementation Plan
Updated Contaminant Load Balance Model and Water Quality Predictions (RGC 2018)
- contaminant load balance model simulating Zn loads in groundwater in the Myra Valley Aquifer and in Myra Creek flows 
and Zn loads to the water treatment system
- predicts Zn, Cd, and Cu concentrations in Myra Creek and future flows and Zn loads to the water treatment system 
during future operations and post-closure.

Long-Term Water Infrastructure Reclamation Plan is recommended to 
understand water management for post-water treatment conditions for 
the following watercourses: Myra Creek, Arnica Creek, Cascade Creek, 
Webster Creek, any other small tributaries that may have been modified 
during mining, Thelwood Creek (post dam removal), Tennant Creek 
(post dam removal), all existing  ditches.

Lack of design or plan for watercourses post-water 
treatment.

An options analysis for water infrastructure for post-
closure conditions (i.e., when water treatment is no longer 
needed). This options analysis should identify water 
infrastructure to be removed and reclamation options for 
the Superpond, the six polishing ponds, and any 
remaining infrastructure including pumps, piping, and 
ditches

Complete a Long-Term Water Infrastructure Reclamation 
Plan for  post-water treatment conditions.

Surface Water and Groundwater Monitoring Plan (Nyrstar 2019)
- outlines baseline monitoring related to ongoing closure and reclamation planning and assessment of site-wide SIS 
(seepage interception system)

Surface water flow data from  Myra Creek, Arnica Creek, Cascade 
Creek, Upper Lynx Diversion Ditch, Lower Lynx Diversion Ditch, 
Webster Creek, and gravity flows from underground workings.

Surface water flow data: lack of data and existing 
hydrological data does not meet RISC standards 

Develop a Surface Water Flow Monitoring Program to 
collect flow data needed to inform the  Long-Term 
Watercourse Reclamation Plan.

Conduct a Surface Water Flow Monitoring Study to 
support the Long-Term Watercourse Reclamation Plan

Site-Wide ML/ARD Management Plan for NMF (Nyrstar 2019)
- Describes how ML/ARD-impacted mine water, groundwater, and precipitation runoff will be collected and treated during 
future operations and post-closure to mitigate potential water quality impacts to Myra Creek

Geomorphology of Myra Creek upstream of mine. Myra Creek Geomorphology: lack of data. Pre-mining 
conditions of the 1 km re-routed portion of Myra Creek are 
unknown from the provided documents.

Conduct a geomorphology assessment of Myra Creek 
upstream and downstream of NMF to inform reclamation 
design.

Complete a  Geomorphology Study of Myra Creek 
upstream of facility to inform long-term watercourse 
reclamation plan.

Interim Site-Wide Closure & Reclamation Plan (Nyrstar 2014)
Watercourse Reclamation
No watercourse reclamation was conducted in 2017. Planning for 2019 and 2020 reclamation along
the Arnica and Myra creek banks started and will continue to be developed as the reclamation plan
progresses.

Assessment of diversion ditches for long-term performance. Hydrology 
of these systems are also unknown.

Improvement of diversion ditch short-term performance is 
ongoing, but lack of data for long-term performance is 
noted.

Conduct a catchment assessment, field survey(s), 
flyovers for visual reconnaissance for inaccessible areas, 
and a risk assessment. 

Complete a Diversion Ditch Assessment to evaluate long-
term options for surface water flows to support Long-
Term Watercourse Reclamation Plan.

Nyrstar Myra Falls Site Hydrogeology Report (RGC 2014)
-summary of 2013/2014 gw data
-characterize gw flow
-assess impacts of ML/ARD on gw
-develop a conceptual hydrogeo model to support closure planning
-evaluate performance of seepage interception system (SIS)
-develop a plan to optimize current SIS during operations

Riprap performance on Arnica Creek, Upper Lynx Diversion Ditch, and 
Lower Lynx Diversion Ditch are unknown. 

Lack of data for riprap performance on watercourses other 
than Myra Creek. 

Riprap performance assessment and riprap monitoring. 
Develop long-term options for diversion ditches  that will 
remain after closure to explore the feasibility of reclaiming 
watercourses to a stable, erosion free, self-sustaining 
state. 

Develop a Water Infrastructure Performance Monitoring 
program to support the Long-Term Watercourse 
Reclamation Plan.

Nyrstar Myra Falls Closure Scenario Assessment Report (RGC 2014)
-three scenarios for NMF:
1) In situ dry covers, 1a. Soil covers or 2b. Enhances covers
2) New Waste Facilities, 2a. Blended Waste Facility or 2b. Optimized Storage & Control
3) Water Cover, 3a. Myra Lake or 3b. Myra Wetland
Scenarios  2a,  2b,  and  3a  should  be  dropped  from  further  consideration.  The  basis  of  this recommendation is 
that they are difficult to implement, may not be particularly effective, and will be expensive. Scenarios 1a & 1b should be 
consolidated into a single alternative
(called ‘Dry Covers’). Further  characterization  of  Scenario  3b should be  undertaken from  now  until  final closure  plans  
are  to  be  implemented

Power supply sources (i.e., alternative, cost-effective supply solutions) 
for current and pre-closure water treatment is recommended to assess if 
one or more of the hydroelectric facilities may be removed as part of 
progressive reclamation.

Lack of data. Develop a Power Supply Options Analysis to assess 
power options for water treatment. If one or more 
hydroelectric facilities may be removed, a 
geomorphology study upstream of facilities is required.

Develop a Power Supply Options Analysis to support the 
Long-Term Watercourse Reclamation Plan.

Nyrstar Myra Falls Closure Scenarios Risk Assessment (RGC 2014)
-assesses two scenarios.  Scenario 1 - dry covers and Scenario 3b - Myra Wetland
Upper Reach, Cascade Reach, and Lower Reach Diversion Ditches Hydrology Update (Amec Foster Wheeler 
2015)
-improving drainage ditches to withstand 1 in 1000 year peak flows
Cascade Creek Debris Flow Yield Study (Amec Foster Wheeler 2016)
- debris flow study to determine the potential debris inventory of Cascade Reach and its tributaries to develop a suitable 
debris interception system to protect the Lower Lynx Diversion Ditch as well as the tailings facility located downslope from 
the Lower Lynx Diversion Ditch.
Superpond Inlet Ditch Design (Amec Foster Wheeler 2017)
- description of existing water mgmt system and methodology for proposed design for Superpond Inlet
Nyrstar Myra Falls Mine Long Term Water Management Plan (Amec Foster Wheeler 2017)
- describes water mgmt features around the Lynx TDF and Old TDF
-describes near future water mgmt feature upgrades
Myra Falls Old TDF Closure Cover Phase 1 Detailed Design (Wood 2018)
- first phase of implementation of the Old TDF Closure Cover Permit Level dated 23 Dec 2016 (Amec Foster Wheeler 
2016). The Phase 1 Design scope focuses on the portion of the outer slope of the Old TDF that currently drains into Myra 
Creek.
Waste Rock Dump 2 - Phase 2 Removal (Wood 2018)
- designs and specifications for Phase 2 of waste rock removal from Waste Dump 2, located above the Lynx TDF. Aim of 
work is to remove the waste dump material down to the undisturbed natural ground surface within the designated areas 
within the Phase 2 work area.
NYRSTAR MYRA FALLS MINE LYNX SPRINGS DRAIN DETAILED DESIGN REPORT (Amec Foster Wheeler 2017)
-the detailed design for the Lynx Springs Drain and one section of the Lynx Dam closure Toe Drain. The detailed design 
was completed in support of the Lynx 362.5 m dam raise that is currently being constructed.

Myra Creek Hydrology Study and Riprap Assessment - Revision 1
- hydrology update, field assessment, and preliminary analysis of the riprap protection on the banks of Myra Creek
“Armoring level of Myra Creek Channel was designed for a 1/1000 storm event. Stream flows above the riprap level can 
erode the toe of the Seismic Upgrade Berm. Tierra Group recommends evaluating the flood levels for the Inflow Design 
Flood (IDF).” 

This report details the findings of the study, which is a preliminary study into the suitability of the engineered section of 
Myra Creek relative to current design standards for Closure-Passive Care in the segment along the Old TDF.

Interim Site-Wide Closure & Reclamation Plan (Nyrstar 2014)
Watercourse Reclamation
No watercourse reclamation was conducted in 2017. Planning for 2019 and 2020 reclamation along
the Arnica and Myra creek banks started and will continue to be developed as the reclamation plan
progresses.
Annual Reclamation Report 2017
Reclamation Completed
In 2017 several studies were undertaken under the umbrella of reclamation, most of which were
mentioned in previous sections on geotechnical and geochemical updates. Research and field
studies completed in 2017 have continued to provide a solid framework of geotechnical and
geochemical understanding of the site to allow future works to be completed with confidence that
they will be stable on the long term.

5 Year Reclamation Plan
Myra Falls submitted an addendum to the Interim Site Wide Reclamation Plan (Robertson
GeoConsultants Inc., July 2014) in December of 2016. This plan detailed the reclamation activities
to occur in the next five years. Works will be focus on the Progressive Closure of infrastructure no
longer required for active mining such as the Old TDF and the Lynx Waste Rock Dumps.
Progressive reclamation will also be conducted on the Lynx TDF, the Clean Fill Quarry and the
CRAB area.

Stockpile Water Management Plan Re-Design 2018
A redesign of long-term Stockpile Water Management Plan (SWMP) for the mine's stockpile location, needed for restart. 
Design of runoff of the stockpile to Superpond.

Hydrology Mines Act  Permit M-26

D. Protection of Land and Watercourses
12. Ongoing Reclamation Research

(e) The Permittee shall conduct research designed to test potential mitigation options for
restoring ecosystems and habitats that are predicted to be affected by mining
activities.

(j) The Permittee shall conduct research to inform closure water management strategies
and identify post-closure maintenance and contingency requirements.

E. Reclamation and Closure Program
7. Surface Water Management Ponds and Channels
(a) All surface water management ponds and water diversions shall be reclaimed to
satisfy stability and erosion control requirements and the approved end land use once
no longer required.

Mines Act

Decommissioning of Water Structures
10.6.14 A water reservoir or pond which is closed or declared inoperative by the chief inspector shall 
be breached or otherwise disposed of in accordance with the license under the Water Sustainability 
Act or permit under the Environmental Management Act.

Long Term Stability
10.7.6 Land, watercourses and access roads shall be left in a manner that ensures long-term physical 
and geochemical stability.

Watercourses
10.7.12 Watercourses shall be reclaimed to a condition that ensures 
(a) drainage is restored either to original watercourses or to new watercourses that will sustain 
themselves without maintenance, and 
(b) the level of productive capacity shall not be less than existed prior to mining, unless the owner, 
agent or manager can provide evidence which demonstrates, to the satisfaction of the chief inspector, 
the impracticality of doing so.

Mines Act Permit - M26 and the 
Mines Act
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Appendix B Knowledge-Gap Analysis Summary Table
Hydrology 

Discipline Source Document Data Requirements for Reclamation Research Program1 Existing Data Summary Identified Data Gap(s)2 Data Gap Rationale Recommended Actions Proposed Implementation Plan
E. Reclamation and Closure Program

(b) At least 3 months prior to decommissioning water treatment facility, the Permittee
shall developed and submit to the Chief Inspector, a closure plan that addresses all
non-contact and contact water management features that will no longer be required.

All water management features will need to be classified as either decomissioned and drainage restored or if they are 
permanent to support being non-contact water, or  directing contact water to water treatment facilities.

Water treatment is assumed to be 100 years. Additional information:
1) Updated Contaminant Load Balance Model and Water Quality 
Predictions after 5 years of post closure monitoring. 
2) Updated Closure Plan will be needed to report on decommissioning 
status of water management features once water treatment is complete

Data is not spatial for existing and proposed water 
management features. Having a scenario of what the water 
without treatment may be requested.

Update spatial data of water management features both 
existing and proposed alignments

Update during the next cycle of the five year reclamtiaon 
plan

Schedule 3 
1.01 
(n) reclamation of the Works, Operations, Permit Area and Park, including restoration of all
'natural resources' in the Park, as defined in the Park Act;

("natural resources" means land, water and atmosphere, their mineral, vegetable and other 
components, and includes the flora and fauna on and in them; Park Act)

Interim Site-Wide Closure & Reclamation Plan (Nyrstar 2014)
Watercourse Reclamation
No watercourse reclamation was conducted in 2017. Planning for 2019 and 2020 reclamation along
the Arnica and Myra creek banks started and will continue to be developed as the reclamation plan
progresses.

Long-term options for diversion ditches to meet reclamation objectives.

Reclamation options for restoring Myra Creek to meet reclamation 
objectives.

Improvement on diversion ditch short-term performance is 
ongoing, but lack of data for long-term performance is 
noted.

Lack of design or plan for watercourses post-water 
treatment.

Conduct a catchment assessment, field survey(s), 
flyovers for visual reconnaissance for inaccessible areas, 
and a risk assessment. 

An options analysis for water infrastructure for post-
closure conditions (i.e., when water treatment is no longer 
needed). This options analysis should identify water 
infrastructure to be removed and reclamation options for 
the Superpond, the six polishing ponds, and any 
remaining infrastructure including pumps, piping, and 
ditches

Complete a Diversion Ditch Assessment to evaluate long-
term options for surface water flows to support Long-
Term Watercourse Reclamation Plan.

Complete a Long-Term Water Infrastructure Reclamation 
Plan for  post-water treatment conditions.

Hydrology Park Use Permit 102201 Article 6
(q) immediately following the expiration, cancellation or termination of this Permit, remove from
the Park and the Permit Area (including the Works Area) all chattels, movable Works and
immovable Works owned, leased or otherwise within the custody and control of the Permittee
and any Approved Mortgagees of the Permittee, in accordance with the following schedule:

(iv) restore and reclaim the Park and the Permit Area (including the Works Area and the
removal of all chattels, movable Works and immovable Works referred to above), in
accordance with Mines Act Permit M-26, all existing and future Reclamation Permits
and the Environmental Management Act; and

Interim Site-Wide Closure & Reclamation Plan (Nyrstar 2014)
Describes decommission plans of water infrastructure that is not needed for water treatment including the Lynx TDF 
infrastructure, building a diversion berm and spillways, status of the seepage interception system, building diversion 
infrastructure for the mill area, underground workings flooding and flows, and upgrades to the water treatment system.

Annual Reclamation Report 2017
3. Reclamation Monitoring
End Land-use
Upon final closure, Strathcona Westmin Park is slated to be returned to Class A Park status as discussed above. Areas 
that cannot be reclaimed to wilderness will be made safe for the public and interpretive information will be provided on the 
history of the mining activities in the valley, in keeping with the stated intent of the 2001 addendum to the Strathcona Park 
Master Plan Section 5.1.2 that allows mining infrastructure to remain in situ if no risk to public safety or environmental 
hazards exist (BC Parks Strathcona District, 2001).

An options analysis for water infrastructure for post-closure conditions 
(i.e., when water treatment is no longer needed)

Lack of design or plan for watercourses post-water 
treatment.

An options analysis for water infrastructure for post-
closure conditions (i.e., when water treatment is no longer 
needed). This options analysis should identify water 
infrastructure to be removed and reclamation options for 
the Superpond, the six polishing ponds, and any 
remaining infrastructure including pumps, piping, and 
ditches

Complete a Long-Term Water Infrastructure Reclamation 
Plan for  post-water treatment conditions.

Hydrology Strathcona-Westmin Park Master 
Plan

5. Long-term Stability
Land and watercourses shall be left in a stable condition.

8. Treatment of Structures and Equipment
All to be removed or covered.

10. Watercourses
Water courses to be reclaimed to ensure water quality and drainage is returned to original or new 
water courses that maintain themselves. Acid generation to be minimized at source.

16. Monitoring
Permittee shall undertake monitoring to ensure all objectives are being met.

Annual Reclamation Report 2017
Strathcona Provincial Park Master Plan directs that once the dams and associated structures such as penstocks, 
powerhouse and transmission lines are no longer needed, they be removed and the areas affected by water storage and 
power generation be restored to a condition representative of the area prior to their use for power generation.

There may be a need for treatment and reclamation programs after the final closure of the mine. Power will be required to 
maintain these programs. The removal of the dams and other power generation structures may have to be postponed 
while those programs requiring power are in place.

Removal of dams and the return of water flow regimes to natural regulation may impact fish. These potential impacts 
need to be assessed prior to final removal of storage structures.

Jim Mitchell Lake Reservoir and Dam Project 2011
Level 2 Detailed Screen Impact Assessment Report for the Jim Mitchell Lake Reservoir and Dam Project for upgrades to 
increase the reservoir capacity.

Assessment of  power supply options (alternative and existing) for 
maintaining water treatment.

Impact assessment for removal of water storage structures on Tennent 
and Thelwood creeks.

Restoration plan for Tennent and Thelwood creek for post-dam removal.

Lack of data. Develop a Power Supply Options Analysis to assess 
power options for water treatment. If one or more 
hydroelectric facilities may be removed, a 
geomorphology study upstream of facilities is required.

Develop a Power Supply Options Analysis to support the 
Long-Term Watercourse Reclamation Plan.

NOTES:
1 Data requirements include requirements of the Mines Act Permit - M26, Strathcona-Westmin Provincial Park Master Plan, Park Use Permit 102201 and 
2 Data gaps can be due to age of existing data, insufficient spatial coverage of existing data, insufficient temporal coverage of existing data (e.g., only 6 months 
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Appendix B Knowledge-Gap Analysis Summary Table
WQ Fish Aquatic Habitats

Discipline Data Requirements for Reclamation Research Program1 Existing Data Summary Identified Data Gap(s)2 Data Gap Rationale Recommended Actions Proposed Implementation Plan
Water Quality, Fish and Aquatic 
Habitats

Mines Act  Permit - M-26 (2018): Section D 
Subsection 4 outlines the surface (and groundwater monitoring)
Subsection 5 outlines Model Validation and Updated Water Quality Predictions
Subsection 7 outlines Sediment and Erosion Control 
Subsection  12 outlines the Reclamation Research Program monitoring requirements 
specific to surface water quality and fisheries/aquatics
-(See points (c), (e), (k) and (l) below)

Surface Water and Groundwater Monitoring Plan Review (Robertson 
Geoconsultants Inc.)
-Outlines ongoing site monitoring to meet Regulatory and Permit 
obligations and Voluntary routine monitoring to support closure and 
reclamation planning
-Surface Water Quality Monitoring Data (physical parameters, salinity, 
TSS, BOD, total and dissolved metals)
-Ongoing surface water quality monitoring appears to be 
comprehensive and adequate to characterize SWQ for the Reclamation 
Program 
-Monitoring frequency is variable (e.g., daily, weekly quarterly, etc.), 
depending on monitoring site, parameter(s), and purpose. 
-Appears there are 10 Surface water sampling locations (2 u/s, 2 d/s, 
and 3 adjacent mine site; 3 in Buttle Lake), 7 effluent sampling 
locations
-Data reports and results not available for review

Surface Water and Groundwater Monitoring Plan 
Review (Robertson Geoconsultants Inc.)
-report outlines the Nyrstar Myra Creek monitoring 
program; however, it does not provide or summarize 
the data; discuss the monitoring results, or qualify the 
strengths or weaknesses of the program

-Reporting documents and data are not available
-To meet the terms of the Mines Act Permitting information 
requirements (Section 2.6):
"For surface water, a minimum of monthly sampling for a period of 
two years is recommended, and more is preferred to assess trends 
and seasonal variation. To determine water quality guideline (WQG) 
or water quality objective (WQO) attainment, 5 samples in 30 days 
during critical flows (high and/or low) or biologically relevant periods 
are necessary. To assess inter-annual variation, or to prepare 
WQOs or science-based environmental benchmarks (SBEBs)20, 
multiple years of water quality data is required."

-Assemble Nyrstar's Myra Creek monitoring data into a standard 
database to establish current SWQ condition and baseline for 
reclamation monitoring and trend analysis
-use results summary to identify most relevant monitoring locations 
and monitoring parameters
-evaluate the quality of the SWQ data set to determine if data 
objectives can be met (i.e., data at a frequency to assess guideline 
exceedances or meet the terms outlined in the information 
requirements for Mines Act Permits)
-Where the existing data set cannot meet  data quality objectives, 
develop an appropriate water sampling program (with relevant 
parameters, sampling frequency, spatial coverage and QA/QC) 

-Assumed Nyrstar SWQ data are available and meets 
the terms of the Mines Act Permitting information 
Requirements and further baseline data To characterize 
SWQ is not required
-Where the existing data set cannot meet  data quality 
objectives, develop an appropriate water sampling 
program (with relevant parameters, sampling frequency, 
spatial coverage and QA/QC) 

WQ Fish Aquatic Habitats Subsection 4 Surface and Groundwater Monitoring
Water Quality, Fish and Aquatic 
Habitats

Subsection 5 Model Validation and Updated Water Quality Predictions
Model shall be updated every 5 years (or more frequently as needed)

Robertson 2018
Nyrstar Myra Falls: Updated Contaminant Load Balance Model and 
Water Quality Predictions

No current gaps for 2019; however, the model only 
projects out for 5 years. Nyrstar will have to contiunue 
monitoring to determine if model and monitoring are 
congruent .

Not at this time -Continue surface water monitoring program and annually assess 
modeling results
'-use monitoring data to calibrate model for next 5 year modeling 
milestone

- Continue on current plan

Water Quality, Fish and Aquatic 
Habitats

Subsection 7 Sediment and Erosion Control
a) the permittee shall implement the Erosion and Sediment Control Plan
b) Reviewed Annually
c) inspections
d) and e) characterize unauthorized discharges

No data available Site-wide Erosion and Sediment Control Plan - the Site-Wide Erosion and Sediment Control Plan will be part of the 
surface water management activities and inform the surface water 
quality and aquatice reclamation program

- Qualified professional to develope the ESC plan and once 
provided  use the plan to inform the surface water and aquatics 
reclamation monitoring plan

Year 1

Water Quality, Fish and Aquatic 
Habitats

(c) The Permittee shall by June 30, 2019 complete mitigation planning procedures for 
pre-mining habitats (terrestrial and aquatic) identified in the permitted mine area (Figure 
1) that are predicted to be lost or substantially changed (physically or functionally) due 
to direct mining activities or subsidence. Contingency plans shall be developed as part 
of this mitigation planning process that can be implemented in the event that on-site 
mitigation options are deemed to not be feasible based on ongoing monitoring and 
research results. - In Development

Stream Reclamation Plan - not available Confirmation on Stream Channel and bank 
reclamation planning

Long term planning regarding stream channel and bank restoration 
is not available 

- Nyrstar or professional third party to develope the stream channel 
and bank restoration plan. (this Plan will need to incorporate 
information from the hydrologists, fluvial geomorphologists to inform 
aquatic stream habitat design).
'-assess and compare habitat designs with natural reference 
channels  

Year 1

Water Quality, Fish and Aquatic 
Habitats

(e) the permittee shall conduct research designed to test potential mitigation options for 
restoring ecosystems and habitats that are predicted to be affected by mining activities.

none available - fish habitat potential and stream ecosystem 
productivity for Myra Creek and associated tributaries

-Aquatic Stream Habitat plans are not complete - Nyrstar or professional third party to develope the stream channel 
and bank restoration plan. (this Plan will need to incorporate 
information from the hydrologists, fluvial geomorphologists to inform 
aquatic stream habitat design).
'-assess and compare habitat designs with natural reference 
channels  

Year 1

Water Quality, Fish and Aquatic 
Habitats

(k) The Permittee shall develop a monitoring program designed to evaluate the success 
of revegetation, soil development and erosion control. This program shall include 
specific sampling parameters and performance criteria. In Development

no available data Currently developing the long term reclamation plans 
for the Site:
A pathway analysis that outlines the reclamation 
activities and the predicted outcomes (e.g., State and 
Transformation Model) will be used to identify/ 
determine how reclamation will positively affect water 
quality, receptor organisms and habitat.
Sampling parameters and monitoring criteria will be 
determined based on predicted reclamation outcomes 
and benefits to Aquatic environment

- the Site-Wide Erosion and Sediment Control Plan will be part of the 
surface water management activities and inform the surface water 
quality and aquatice reclamation program
'-Positive changes to water quality, aquatic receptors and fish, and 
the aquatic environment will be an outcome of reclamation 
implementations

-Qualified professional to develope the ESC plan and once 
provided  use the plan to inform the surface water and aquatics 
reclamation monitoring plan

Year 1

Water Quality, Fish and Aquatic 
Habitats

(l) The Permittee shall develop a monitoring program for evaluating metal uptake in 
exposed terrestrial and aquatic ecosystems, which specifies sampling requirements and 
performance criteria. Where harmful levels are found, the Permittee shall take any 
corrective action necessary to mitigate to ensure levels are safe for plant and animal 
life. - In development

no available data a. Fish population data for Myra Creek below the mine 
and Buttle Lake 
-fish and invertebrate tissue metal concentrations in 
Myra Creek below the mine and in Buttle Lake
b. Habitat data for Myra Creek below the mine to 
Buttle Lake 
c. Metal Bioaccumulation model
d. Buttle Lake fish habitat and resident fish population 
data
e. Buttle Lake fish tissue body burden data

a.provincial data may exist but not available for this assessment
b. Fish habitat data will inform the population studies; i.e., if poor 
habitat in Myra Creek then potentially low resident populations and 
subsequent low potential to monitor fish effects; Fish habitat 
assessment is also part of the Mines Act Permitting information 
requirements
c.Metal bioaccumulation model will inform monitoring plan 
(monitoring frequency, data requirements for statistical power, etc.)
d.-population data will inform/define how population level endpoints 
may developed 
e.Need to establish baseline body burden levels to monitor long term 
trends/improvements associated with WQ changes, mitigations and  
reclamation 

a.assemble available provincial fisheries data for Myra Creek and 
Buttle Lake
b.Habitat Assessment of Myra Creek and Buttle Lake to assess 
potential for fish productivity using standard protocols to map and 
characterize habitat, stream morphology
c.Evaluate and construct aquatic bioaccumulation model to inform 
the monitoring program
d.conduct fisheries population level survey of Buttle Lake (netting, 
trapping and electrofishing program)
e.collect fish tissue samples for body burden analysis to establish 
current/baseline 

-Will require a summer and fall 2020 fish population and 
tissue sampling program

Water Quality, Fish and Aquatic 
Habitats

Permit M-26 Approving Work System and Reclamation Program (1998)- 
Section 3 Land Use (page 5)
The surface of the land and watercourses shall be reclaimed to end uses to enhance 
Park values for recreation and conservation including:
a) reintegration of disturbed land into the surrounding landscape and park,
b) re-establishment of native forest
c) reduction of erosion through development of maintenance-free indigenous 
vegetation covers, and the development of self-sustaining, erosion-resistant 
watercourses. 

Habitat Mitigation Plans (Wood 2019b) provides conceptual ideas for 
Habitat restoration

Plan details not Developed -Aquatic Stream Habitat plans are not complete - Nyrstar or professional third party to develope the stream channel 
and bank restoration plan. (this Plan will need to incorporate 
information from the hydrologists, fluvial geomorphologists to inform 
aquatic stream habitat design).
'-assess and compare habitat designs with natural reference 
channels  

Year 2 - after ESC Plan is complete

Water Quality, Fish and Aquatic 
Habitats

Permit M-26 Approving Work System and Reclamation Program (1998)- 
Section 5 Long Term Stability (page 6)
Land and watercourses shall be left in a stable condition. To ensure long-term stability, 
engineered structures including waste dumps, major haul roads, and tailings 
impoundments shall be constructed and maintained in accordance with part 9 of the 
Health, Safety and Reclamation Code for Mines in British Columbia.

Habitat Mitigation Plans (Wood 2019b) provides conceptual ideas for 
Habitat restoration

Plan details not Developed -Aquatic Stream Habitat plans are not complete - Nyrstar or professional third party to develope the stream channel 
and bank restoration plan. (this Plan will need to incorporate 
information from the hydrologists, fluvial geomorphologists to inform 
aquatic stream habitat design).
'-assess and compare habitat designs with natural reference 
channels  

Year 2 - after ESC Plan is complete
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Appendix B Knowledge-Gap Analysis Summary Table
WQ Fish Aquatic Habitats

Discipline Data Requirements for Reclamation Research Program1 Existing Data Summary Identified Data Gap(s)2 Data Gap Rationale Recommended Actions Proposed Implementation Plan
Water Quality, Fish and Aquatic 
Habitats

Permit M-26 Approving Work System and Reclamation Program (1998)-
Section 8 Treatment of structures and equipment (Page 6)
b) All hydro-generating facilities including pipelines, pumps, power houses, 
transmission lines and dams will be removed both upstream and downstream of 
Tennant, Thelwood, and Jim Mitchell Lakes pending the results of an assessment of 
the impact on fisheries habitat from the removal of these structures. Mitigation 
measures may include leaving all or part of the water-use works and dams in place with 
provisions for long-term care and maintenance of the structures. 
d) the Permittee will, to the satisfaction of the Chief Inspector, undertake the following:
1) inventory sport fish and commercial fish habitat located upstream and downstream of 
all dam structures using existing fisheries information, supplemented by field studies as 
required, 
2) assess the impact on fish habitat from the removal of dam structures, and 
3) develop measures, if necessary, to mitigate impacts of compensate for loss of fish 
habitat.

no available data Plans not available -Aquatic Stream Habitat plans are not complete - Nyrstar or professional third party to develope the stream channel 
and bank restoration plan. (this Plan will need to incorporate 
information from the hydrologists, fluvial geomorphologists to inform 
aquatic stream habitat design).
'-assess and compare habitat designs with natural reference 
channels  

Year 2

Water Quality, Fish and Aquatic 
Habitats

Permit M-26 Approving Work System and Reclamation Program (1998)- 
Section 9 Waste Dumps (page 7)
Waste dumps shall be reclaimed to ensure:
b) long-term erosion control
c) water quality released from waste rock dumps to the receiving environment is of a 
standard acceptable to the Chief inspector and Regional Waste Manager, MELP, and 
d) Land use and productivity objectives are achieved.

no available data Plan to be determined - the Site-Wide Erosion and Sediment Control Plan will be part of the 
surface water management activities and inform the surface water 
quality and aquatice reclamation program

- Nyrstar or professional hydrologist to develope the ESC plan and 
once provided  use the plan to inform the surface water and 
aquatics reclamation monitoring plan

Year 1

Water Quality, Fish and Aquatic 
Habitats

Permit M-26 Approving Work System and Reclamation Program (1998)-
Section 10 Watercourses
a) Long-term water quality is maintained to a standard acceptable to the Regional 
Waste Manager, MELP,
b)drainage is restored either to original watercourses or to new watercourses which will 
sustain themselves with minimal maintenance, and
c)use and capability objectives are achieved and the level of productivity shall not be 
less than existed prior to mining unless the Permittee can provide evidence which 
demonstrates, to the satisfaction of the Chief Inspector, the impracticality of doing so.

-Limited data available data (i.e., Phase I and II seepage interception 
system)

Plan to be determined -Aquatic Stream Habitat plans are not complete - Nyrstar or professional third party to develop the stream channel 
and bank restoration plan. (this Plan will need to incorporate 
information from the hydrologists, fluvial geomorphologists to inform 
aquatic stream habitat design).
'-assess and compare habitat designs with natural reference 
channels  

Year 2 - after ESC Plan is complete

Water Quality, Fish and Aquatic 
Habitats

Park Use Permit 102201
Schedule 3 
1.01 
(n) reclamation of the Works, Operations, Permit Area and Park, including restoration of 
all
'natural resources' in the Park, as defined in the Park Act;

("natural resources" means land, water and atmosphere, their mineral, vegetable and 
other components, and includes the flora and fauna on and in them; Park Act)

no available data Plan to be determined -Aquatic Stream Habitat plans are not complete - Nyrstar or professional third party to develope the stream channel 
and bank restoration plan. (this Plan will need to incorporate 
information from the hydrologists, fluvial geomorphologists to inform 
aquatic stream habitat design).
'-assess and compare habitat designs with natural reference 
channels  

Year 2 - after ESC Plan is complete

Water Quality, Fish and Aquatic 
Habitats

Park Use Permit 102201 
Article 6
(q) immediately following the expiration, cancellation or termination of this Permit, 
remove from
the Park and the Permit Area (including the Works Area) all chattels, movable Works 
and
immovable Works owned, leased or otherwise within the custody and control of the 
Permittee
and any Approved Mortgagees of the Permittee, in accordance with the following 
schedule:

(iv) restore and reclaim the Park and the Permit Area (including the Works Area and the
removal of all chattels, movable Works and immovable Works referred to above), in
accordance with Mines Act Permit M-26, all existing and future Reclamation Permits
and the Environmental Management Act; and

no available data Plan to be determined -Aquatic Stream Habitat plans are not complete - Nyrstar or professional third party to develope the stream channel 
and bank restoration plan. (this Plan will need to incorporate 
information from the hydrologists, fluvial geomorphologists to inform 
aquatic stream habitat design).
'-assess and compare habitat designs with natural reference 
channels  

- na

Water Quality, Fish and Aquatic 
Habitats

Effluent Discharge Permit 6858 (amended 2018):
 -Section 1: Authorized Discharges
 -Section 3. Monitoring and Sampling Requirements

Effluent Monitoring Data (physical parameters, salinity, TSS, BOD, 
Nutrients, total and dissolved Metals, toxicity testing [Daphnia and 
Rainbow Trout], chlorophyll a, zooplankton)

Reporting documents are not available -Effluent data Will inform the selection of targeted monitoring 
parameters and endpoints
-data Will inform any background water chemistry data
-data Will inform biological uptake monitoring plan
-effluent data required for mass balance calculations needed to 
compare monitoring data with predicted/calculated concentrations

-use results summary To identify most relevant monitoring locations 
and monitoring parameters

-Assumed Nyrstar SWQ data are available and meets 
the terms of the Mines Act Permitting information 
Requirements and further baseline data To characterize 
SWQ is not required

Water Quality, Fish and Aquatic 
Habitats

Annual Reclamation Report 2017
Water Quality Prediction, Mitigation and Treatment

-"Water quality Prediction mitigation and treatment" section only a high 
level summary without details
-Mentions Stream channel restoration may occur in 2019 or 2020 but 
provides no details

Water Quality and aquatics data not available -see Mines Act Permit M-26 requirements above -see Mines Act Permit M-26 requirements above -see Mines Act Permit M-26 requirements above

Water Quality, Fish and Aquatic 
Habitats

Other:
a.Stream flow and water quality relationship
b.Total Suspended Sediment and relevant SWQ chemistry relationship (e.g., metals 
and sulphides). 
C.Benthic Invertebrate data for Myra Creek downstream of the mine

a.not available
b.not available
c.not available

a.not available
b.not available
c.not available

a. Data Not Available: as per the Mines Act Permitting information 
requirements "use the principles of mass balance, as required, to 
establish the degree to which groundwater quality influences the 
surface water quality throughout the range of flow rates, and the 
degree to which groundwater contributes to streamflow, supported 
by the data, methods, analysis and
conclusions;"
b. Data Not Available: Results of Sediment related parameters such 
as metals will be used to assess the effectiveness of any Erosion 
and Sediment Control mitigations and overall site reclamation
c.data Not Available: common mine effluent monitoring receptor and 
monitoring endpoint usually included in the Mines Act Permitting 
Information Requirements and Canada's Metal Mining Environmental 
Effect Monitoring Programs

a.Desktop assessment
b. SWQ Grab samples sent for analysis (TSS, physical parameters, 
salinity, nutrients, total and dissolved metals) 
c.Standard area sampling as outlined in Canada's Metal Mining 
Environmental Effects Monitoring.

a.may not need field work if groundwater data adequate 
(i.e., seep volumes and chemistry)
b. will require SWQ data that covers a range of 
precipitation runoff amounts, stream discharge levels 
and TSS concentrations in Myra Creek; Start in Spring 
2020 and monthly with opportunistic storm sampling 
through 2021 (depending on data variability, sampling 
frequency may be reduced).
c. Fall 2020
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Appendix B Knowledge-Gap Analysis Summary Table
WQ Fish Aquatic Habitats

Discipline Data Requirements for Reclamation Research Program1 Existing Data Summary Identified Data Gap(s)2 Data Gap Rationale Recommended Actions Proposed Implementation Plan
Water Quality, Fish and Aquatic 
Habitats

Use of Conceptual Site Models to Support EMA Effluent Permit Applications: 
Version 1.2
a.use of a CSM for a Technical Assessment report  to summarize contaminant transport 
used as a base for the impact assessment. "it is an optional approach that serves as a 
technical narrative to focus the discussion on matters that are of relevance to the 
proposed project."

a. has not been developed for the surface water quality and aquatics 
section.

a. flow chart or written description of the 
environmental system with processes illustrating the 
transport of a contaminant through from sources 
to environmental media to environmental 
receptors(e.g., linkage between mine operations, 
mitigations, terrestrial effects, runoff, to water 
chemistry, to fish health)

a. Process to develop not completed yet a. list the primary and secondary contaminants of concern
-identify all sources
-describe physical, chemical, and biological processes that affect 
fate and transport of each CoC 
-identify pathways (i.e., exposure routes) of transport
-describe the receiving environment
-identify receptors
-workshop with all disciplines to clarify linkages and connections 
between media and receptors

a. Spring 2020
-Nyrstar's EEM program may have much of the required 
information and field data; however, the sampling 
locations and sites are not distributed in a manner that 
meets the needs of the reclamation research program. 
Only three sites appear to be within the mine area
-using the CSM approach, the EEM reports would be 
reviewed during winter 2019/2020 to inform the relevant 
methodologies 

NOTES:
1 Data requirements include requirements of the Mines Act Permit - M26, Strathcona-Westmin Provincial Park Master Plan, Park Use Permit 102201 and 102633, Effluent Discharge Permit 
2 Data gaps can be due to age of existing data, insufficient spatial coverage of existing data, insufficient temporal coverage of existing data (e.g., only 6 months of continuous data collection 
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Appendix B Knowledge-Gap Analysis Summary Table
Vegetation

Discipline Source Document Data Requirements for Reclamation Research Program1 Existing Data Summary Identified Data Gap(s)2 Data Gap Rationale Recommended Actions Proposed Implementation Plan
Vegetation Section D, Part 12 (a) The Permittee shall submit to the Chief Inspector by June 30, 2019, 

a Reclamation Research Program that includes details for achieving the research 
requirements outlined in this permit with a schedule for implementation and description for 
how results will be utilized and reported.

•Post-Closure Ecosystem Mapping Memorandum (IEG 2019b)
•Pre-Mining Habitat Assessment (Wood 2019a)
•Habitat Loss Mitigation Plan (Wood 2019b)
•2017 Annual Reclamation Report (Nyrstar 2018a)
•Nyrstar Myra Falls Mines Act Permit M-26: Permit Application to Mine 
Price Deposit (Nyrstar 2018) 
•Topsoil Management Plan (Wood 2018)
•2018 IEG Site Inspection Memorandum (IEG 2019)
•Surface Erosion and Sediment Control Plan (IEG 2018)
•2017 MEMPR Inspection Report (MEMPR 2017)
•TDF Revegetation Monitoring 2012 to 2015 Report (IEG 2016)
•TDF Revegetation Monitoring 2012 to 2014 Report (IEG 2015)
•Revegetation Section of the Interim Site-Wide Closure and Reclamation 
Plan (IEG 2014)
•Nyrstar Myra Falls Revegetation Monitoring 2012 (IEG 2013)

Scope 3 involves the creation of a Reclamation Research 
Program. This can be based on past 

To be addressed by Scope 3 Addressed for research in current scope 2019

Vegetation Section D, Part 12 (d) The Permittee shall conduct research intended to develop an end 
land use plan for the post-closure landscape represented in the mine disturbance footprint 
that is based on pre-mining ecosystems and habitats. Where a discrepancy in the 
comparative areas represented by ecosystem types is identified, mitigation options shall 
be developed.

• Pre-Mining Habitat Assessment (Wood 2019a)
• Post-Closure Ecosystem Mapping Memorandum (IEG 2019)
• Mine disturbance footprint (spatial files from Wood's Habitat Loss 
Mitigation Plan - Wood 2019b )
•Conceptual riparian reclamation prescriptions are discussed in Section 
5.2 of the Revegetation sections of the Nyrstar Myra Falls Interim 
Site

‐

Wide Closure and Reclamation Plan (IEG, 2014) 

•Post-closure ecosystem mapping does not cover the Price 
area, and John Mitchell dam, or some of the mine roads.
•Riparian areas are not mapped separately in the post-
closure ecosystem mapping. 
•IEG (2019) notes they could not accurately model the post-
closure ecosystems which will develop in building facilities 
and surrounding areas. 
•IEG (2019) notes that the post-closure modeling lacks 
accuracy.

•IEG (pers. comm.) note that materials data are not available for 
Price and John Mitchell dam.
•IEG (2019) notes a “lack of a detailed plan for reclamation of 
Myra Creek. The Topsoil Management Plan recommends 
placement of soil materials to create a riparian area. Without 
more details, such as the proposed cover material and depth, the 
recommendation cannot be modelled.” This also applies to other 
watercourses in the mine site, including Arnica Creek, Cascade 
Creek, Webster Creek, and other small tributaries. Detailed post-
closure mapping and reclamation prescriptions for riparian 
communities cannot be completed and discrepancies in the 
comparative areas represented by ecosystem types cannot be 
determined.
•IEG (2019) state that "due to lack of a detailed plan for 
reclamation and remediation of the building facilities and 
surrounding areas, a lack of detailed cover plan for WRDs 1 and 
6, a lack of spatial data or detailed diagrams of closure facilities, 
and a lack of detailed microtopography and material data for the 
top of Lynx TDF."
•IEG (2019) also note that "there is no data on soil characteristics 
for the borrow area till, or till underlying the WRDs above the 
Lynx TDF, insufficient characterization of stockpiled reclamation 
materials (only one sample), and no information available for the 
non-PAG waste rock referenced in the Topsoil Management 
Plan."

Addressed by Soils discipline Addressed by Soils discipline

Vegetation Section D, Part 12 (e) The Permittee shall conduct research designed to test potential 
mitigation options for restoring ecosystems and habitats that are predicted to be affected 
by mining activities.

•The revegetation sections of the Nyrstar Myra Falls Interim Site Wide 
Closure and Reclamation Plan (IEG, 2014) present a list of locally 
appropriate candidate vegetation species based on particle

‐

size 
distributions of potential cover materials used to estimate available water 
storage capacity of the cover system, and corresponding soil moisture 
regime. 

•Detailed reclamation prescriptions are lacking, as is a 
research program with test plots to evaluate reclamation 
approaches and prescriptions. 

Detailed reclamation prescriptions will be prepared as part of 
Scope 2.

Yes - Research plots to be determined as 
part of Scope 3

2019

Vegetation Section D, Part 12 (f) The Permittee shall establish test plots that will be used to evaluate 
the reclamation approaches and prescriptions applied to confirm that ecological 
trajectories consistent with the land use and capability targets are being achieved.

•There is data that suggest that some establishment of native and non-
native early successional species by natural ingress has been observed 
(2018 IEG Site Inspection Memorandum [IEG 2018]), particularly in the 
TDF seismic berm, which has been monitored with the use of permanent 
sample plots from 2012 – 2015 (IEG 2013, IEG 2015, IEG 2016).

•Information needed to establish a range of native species 
on reclaimed sites and little data available to confirm 
ecological trajectories or demonstrate the establishment of 
the range of native species that will be necessary to meet 
the end land use and capability goals.
•Permanent sample plots are needed throughout the mine 
site, not only the TDF seismic berm.

Detailed reclamation prescriptions will be prepared as part of 
Scope 3.

Yes - Research plots to be determined as 
part of Scope 3 and FN input needed on 
species selection.

2019

Vegetation Section D, Part 12 (g) The Permittee shall conduct research to determine the viability of 
revegetation with native plant species, including culturally important species.

•A hydroseeding trial of a mix of native herbs and shrubs from 2016 was 
documented in the Nyrstar (2018a) 2017 Annual Reclamation Report as a 
failure in the memorandum discussing the result in Appendix 6. Additional 
hydroseeding trials are discussed in IEG’s (2018) Site Inspection 
Memorandum. 

•There is a need for revegetation trials involving planting or 
seeding of native plant species, including culturally 
important species. 

The current approach relies on natural ingress only, which may 
not be feasible for mine site areas away from natural propagule 
sources.

Yes - Research plots to be determined as 
part of Scope 3

2019

Vegetation Section D, Part 12 (k) The Permittee shall develop a monitoring program designed to 
evaluate the success of revegetation, soil development and erosion control. This program 
shall include specific sampling parameters and performance criteria.

•The Wood (2018) Topsoil Management Plan discusses potential erosion 
control strategies
•The IEG (2018) Erosion and Sediment Control Plan suggests more 
detailed erosion control measures. 
•The revegetation sections of the Nyrstar Myra Falls Interim Site

‐

Wide 
Closure and Reclamation Plan (IEG, 2014) provide a suggested erosion-
control seed mix to be used as an interim treatment before forested 
vegetation communities are established.

There is a lack of data to demonstrate that the strategies in 
Wood's (2018) Topsoil Management Plan or IEG's (2018) 
Erosion and Sediment Control Plan will successfully control 
surface erosion. 

Lack of data is of particular concern for the two areas of the mine 
IEG (2018) identifies as having a soil erosion risk of high and 
moderate: the Lynx waste-rock dumps, and the Core Rack 
Borrow Area.

Yes - Monitoring to be determined as part of 
Scope 4

Year 1

Vegetation Section D, Part 12 (l) The Permittee shall develop a monitoring program for evaluating 
metal uptake in exposed terrestrial and aquatic ecosystems, which specifies sampling 
requirements and performance criteria. Where harmful levels are found, the Permittee 
shall take any corrective action necessary to mitigate to ensure levels are safe for plant 
and animal life.

Waste rock analyses described in the 2017 Annual Reclamation Report 
(Nyrstar 2018a) show element concentrations above soil quality 
guidelines. 
The IEG (2013) Nyrstar Myra Falls Revegetation Monitoring 2012 report 
provides co-located soil and foliar chemistry results from permanent 
sample plots (PSPs) which showed elevated cadmium and zinc 
concentrations in willow tissues located in the Old TDF seismic berm.

There is a lack of data on vegetation uptake of elements to 
inform revegetation planning and a monitoring program for 
evaluating vegetation uptake of elements in terrestrial 
ecosystems. Additional PSPs should be established 
throughout the mine site.

Existing PSPs are not representative whole mine site.
Wood notes in their Habitat Loss Mitigation Plan (2019), that 
monitoring for metals in soils and plant species important to First 
Nations Groups will be important as mitigation for Traditional 
Land Use (TLU). 

Yes - Research plots to be determined as 
part of Scope 3

Year 1

Vegetation Section E, Part 2 (a) The land surface shall be reclaimed with the intent of re-establishing 
average pre-mining capability to the following end land use objectives: wildlife habitat, 
particularly for Columbian black-tailed deer, Roosevelt Elk, black bears, wolves, cougars, 
American marten, red squirrel, deer mice, and bats, provincial park wilderness and 
recreational values, and opportunities for traditional use of the land by the Wei Wai Kum, 
We Wai Kai, K'omoks, and Mowachaht / Muchalaht First Nations.

There is a lack of TLU studies from which to determine a list of culturally 
important plant species. Wood’s (2019) Pre-Mining Habitat assessment 
report assembles a list from the only known references for coastal First 
Nations groups (Turner 1982, 1995). 

Project-specific studies should be completed to better 
understand TLU in the project area and to expand the lists 
of culturally important plant species assembled from 
existing references. 

Lists of culturally important plant species will be important in order 
to demonstrate that there will be opportunities for traditional use 
of the land by the Wei Wai Kum, We Wai Kai, K'omoks, and 
Mowachaht/Muchalaht First Nations.

Addressed under Indigenous Addressed under Indigenous

Nyrstar Myra Falls Permit M-
26 Conditions for Vegetation 
(MEMPR 2018)
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Appendix B Knowledge-Gap Analysis Summary Table
Vegetation

Discipline Source Document Data Requirements for Reclamation Research Program1 Existing Data Summary Identified Data Gap(s)2 Data Gap Rationale Recommended Actions Proposed Implementation Plan
Vegetation Section E, Part 2 (b) Ecosystem type old growth forest that is predicted to be lost as a 

direct result of mining activities shall be mitigated in a manner acceptable to the Chief 
Inspector. A plan for mitigating losses to old growth forest capability incurred within the 
mine disturbance shall be submitted by June 30, 2019.

The Wood (2019) Pre-Mining Habitat Assessment identifies the old growth 
forest that was predicted to be lost as a direct result of mining activities, 
and the Scope 2 end land use and post-closure ecosystem development 
plan provides information about predicted old forest capability following 
closure. 

No site specific research exists on establishing old-growth 
forest habitat features on the reclaimed landscape as a 
mitigation for lost old-growth forest capability.

There will be a gap between old-growth forest lost due to mining 
activities and the post-mine old-growth forest capability and 
mitigation options are needed (as well as clarity from regulators 
on requirements to meet this permit condition).

Yes - Research plots to be determined as 
part of Scope 3

Year 1

Vegetation Section E, Part 2 (c) Borrow pits and quarries belonging to the mine development and 
operations, shall be reclaimed to the approved end land use once no longer required.

Pre-disturbance TEM Mapping (Wood 2019), overburden quality testing. Require a reclamation plan for any additional borrows 
required for capping material on the mine site.

Require revegetaiton prescriptions for new borrow sources for 
soil capping

Yes - Research plots to be determined as 
part of Scope 3

Year 1

Vegetation Section E, Part 3 Reduction of erosion shall be achieved through landform configuration, 
development of maintenance-free vegetation covers, and the development of stable, self-
sustaining drainage control features and watercourses.

•See Section D, Part 12 (k) for erosion control monitoring 
•See Section D, Part 12 (d) for riparian reclamation

see Hydrology see Hydrology and Soils see Hydrology and soils Year 1

Vegetation Section E, Part 4 The Permittee shall ensure the land is revegetated to a self-sustaining 
state using appropriate and or native plant species including culturally important native 
species.

•See Section E, Part 2 (a) for culturally important native species 
•Annual Reclamation Reports
•TDF Revegetation Monitoring 2012 to 2015 Report (IEG 2016)
•TDF Revegetation Monitoring 2012 to 2014 Report (IEG 2015)
•Revegetation Section of the Interim Site-Wide Closure and Reclamation 
Plan (IEG 2014)
•Nyrstar Myra Falls Revegetation Monitoring 2012 (IEG 2013)

A monitoring program to demonstrate that the land is 
revegetated to a self-sustaining state using appropriate 
species is required.

First nation iput required on culturally imporant species Yes - Monitoring to be determined as part of 
Scope 4

2019

Vegetation Section E, Part 8 (a) All mine roads shall be reclaimed, in accordance with 
recommendations of a qualified professional, to satisfy the approved end land use 
objectives, including all reasonable effort to fully re-configure to conform to adjacent 
landscape where long-term stability is not compromised, unless permanent access is 
required.

Post-closure mapping by IEG Confirm roads that are permanent for monitoring access. Create spatial files of which roads are needed for ongoing 
montiroing and which ones can be reclaimed.  Also some roads 
for recreation use may be requested by Parks.

Part of post closure mapping 2019

Vegetation Section E, Part 8 b) Individual mine roads may be exempted from the requirement for 
total reclamation under condition 8(a) if either:
(i)the Permittee can demonstrate that an agency of the Crown has explicitly accepted 
responsibility for the operation, maintenance and ultimate deactivation and abandonment 
of the road, or 
(ii)the Permittee can demonstrate that another private party has explicitly agreed to 
accept responsibility for the operation, maintenance and ultimate deactivation and 
abandonment of the road and has, in this regard, agreed to comply with all the terms and 
conditions, including bonding provisions, of this reclamation permit, and to comply with all 
other relevant provincial government (and federal government) regulatory requirements.

Post-closure mapping by IEG Confirm roads that are permanent for monitoring access. Create spatial files of which roads are needed for ongoing 
montiroing and which ones can be reclaimed.  Also some roads 
for recreation use may be requested by Parks.

Part of post closure mapping 2019

Vegetation Park Use Permit No. 102633 
and 102201

Article 6 - The Permittee must: (u) avoid the introduction of invasive species in the Park 
and Permit Area (including the Works Area)

An Invasive Plant Management Plan has been prepared by IEG (2018)
Annual Reclamation Reports

None Ongoing monitoring of areas of new disturbance (e.g. new borrow 
sources for capping) and  reclaimed areas

Monitoring as part of Scope 4 should be 
implemented

2019

NOTES:
1 Data requirements include requirements of the Mines Act Permit - M26, Strathcona-Westmin Provincial Park Master Plan, Park Use Permit 
2 Data gaps can be due to age of existing data, insufficient spatial coverage of existing data, insufficient temporal coverage of existing data (e.g., 

Nyrstar Myra Falls Permit M-
26 Conditions for Vegetation 
(MEMPR 2018)
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Appendix B Knowledge-Gap Analysis Summary Table
Wildlife and Wildlife Habitat

Discipline Data Requirements for Reclamation Research Program1 Existing Data Summary Identified Data Gap(s)2 Data Gap Rationale Proposed Field Program to Fill Identified Data Gap Schedule and Duration of Proposed Field Program
Wildlife and Wildlife 
Habitat

Mine’s Act Permit M-26: Permit Approving Price Mine Plan and Security Increase (Dated 
September 28, 2018) 

Section D. Protection of Land and Watercourses  
Part 12. Ongoing Reclamation Research

(c) The Permittee shall by June 30, 2019 complete mitigation planning procedures for pre-mining 
habitats (terrestrial and aquatic) identified in the permitted mine area (Figure 1) that are predicted 
to be lost or substantially changed (physically or functionally) due to direct mining activities or 
subsistence. Contingency plans shall be developed as part of this mitigation planning process 
that can be implemented in the event that on-site mitigation options are deemed to not be feasible 
based on ongoing monitoring and research results.

(d) The Permittee shall conduct research intended to develop an end land use plan for the post-
closure landscape represented in the mine disturbance footprint that is based on pre-mining 
ecosystems and habitats. Where a discrepancy in the comparative
areas represented by ecosystem types is identified, mitigation options shall be developed.

(e) The Permittee shall conduct research designed to test potential mitigation options for 
restoring ecosystems and habitats that are predicted to be affected by mining activities.

(I) The Permittee shall develop a monitoring program for evaluating metal uptake in exposed 
terrestrial and aquatic ecosystems, which specifies sampling requirements and performance 
criteria. Where harmful levels are found, the Permittee shall take
any corrective action necessary to mitigate to ensure levels are safe for plant and animal life.

Nyrstar Myra Falls Mine Habitat Loss Mitigation Plan
- describes reclamation strategy, methods and how reclamation addresses loss 
of wildlife habitat
- describes loss of habitat types and subtypes relevant to focal species within 
mine disturbance area

Wildlife Exposure Risk to Metal 
Uptake

Sampling to assess vegetation uptake 
and risk to wildlife is lacking. Wildlife use 
of potentially contaminated areas is 
unknown.  

Collect data on wildlife metal uptake: Sampling and testing of 
vegetation and water contact features should be conducted to 
determine risk to wildlife. Areas that exceed allowable limits should be 
monitored for wildlife use to determine necessary restoration 
treatments. 

Establish a metal uptake monitoring program for wildlife in 
collaboration with vegetation , soils and aquatics disciplines

Year 1

Year 2+

Wildlife and Wildlife 
Habitat

Mine’s Act Permit M-26: Permit Approving Price Mine Plan and Security Increase (Dated 
September 28, 2018) 

Section D. Protection of Land and Watercourses  
Part 10. Wildlife Protection

(a) The Permittee shall develop a Wildlife Management Plan. The plan shall be submitted by December 
31, 2018 to the satisfaction of the Chief Inspector.
(b) The Permittee shall conduct monitoring to identify if bats are present in the permitted mine area 
throughout life of mine. If bats are observed, the Permittee shall develop and submit to the Chief 
Inspector, within 30 days of bat observations, an operational management plan to minimize risk to bats, 
particularly with respect to direct mortality and spread of white-nose syndrome.
(c) Pursuant to Part 1.6.9 of the Code, the General Manager shall incorporate in the mine safety program, 
a no hunting and shooting policy for the Project Management Area.
(d) The Permittee shall implement a policy of no fishing and hunting for all employees and contractors 
while on company business or while commuting to and from the mine.
(e) The Permittee shall ensure that, where wildlife exclusion fencing (e.g., electric fencing) is installed, it is 
maintained in effective working order at all times that people are present on site.

Nyrstar Bat Monitoring Program (Stantec 2018)
The program describes:
-  mine schedule related to operations and portal closure, and the goal and 
objective of the Bat Monitoring Program Plan
- 10 species of bats (including 3 at risk species) that potentially utilize the mine 
portals, based on habitat requirements and known distributions 
- Results of 2018 reconnaissance survey of 19 portals including 3 portals within 
the Myra Falls Permit area
- List of 2019 monitoring activities 

Nyrstar Wildlife Management Plan (WMP) (Stantec 2018)
The plan describes:
      - relevant legislation related to wildlife protection
      - list of key wildlife species and rationale for species selection 
      - wildlife protection measures to reduce risk from mine related activities
      - plan for compliance and effectiveness monitoring and a 
      - plan for reporting wildlife observations/incidents- 
       - the WMP meets permit requirements to develop a Wildlife Management 
plan under the Park Use Permits and the Permit M-26

None baseline data for bat use in adits or prior 
to adits being closed is required.

additional measures for bat monitoring for absence and presence and 
can include additional wildlife use

plans completed in 2018 and bat presence planned for 2020

Pre-Mining Habitat Report Draft(Wood 2019) 
- Wood identified 39 focal wildlife species likely to occur within or adjacent to 
the permit area using a desktop review. Focal species list included: species of 
concern in section E2(a) of the M-26 Permit Amendment, other at-risk species, 
and species selected for the Wildlife Management and Monitoring Plan. Habitat 
types/subtypes in the permit area used by focal wildlife species were 
summarized; pre-mining aquatic and terrestrial habitats types were mapped to 
site series (preliminary TEM).

Annual Reclamation Report (2017)
- no wildlife surveys conducted in 2017, wildlife and habitat assessments are to 
be conducted prior to surface development (data not provided)
- anecdotal wildlife sightings/encounters are recorded in wildlife logs (data has 
not been provided)

Current Wildlife Use and Habitat 
Capability

Information on current wildlife use within 
the permit area is lacking,  available 
information is largely anecdotal. No field 
data available to map wildlife features or 
habitat elements within the permit area.

Preliminary wildlife surveys should be conducted within the permit area 
to assess current wildlife use, habitat capability, and location of wildlife 
features. 

Year 1

TLU Studies to incorporate First 
Nations input on culturally 
important Wildlife species

TLU studies to identify culturally 
important wildlife species or habitat 
elements have not been conducted

The exposure risk to humans resulting 
from the consumption of wildlife known 
or perceived to be affected 
contaminated water, soil or vegetation 
on site is unknown

TLU studies should be conducted to  identify culturally important 
wildlife species, habitat elements and metal uptake thresholds

Year 1-5

Impacts to regional Wildlife health 
and subsistence hunting and 
harvesting

No information available Research study on human exposure risk to metals through 
subsistence hunting and harvesting should be conducted. Literature 
review to combine existing knowledge with metal uptake monitoring 
data (wildlife, vegetation, aquatics) on site. 

Preliminary wildlife surveys, habitat suitability modelling 

Year 2+

Year 1

Mine’s Act Permit M-26: Permit Approving Price Mine Plan and Security Increase (Dated 
September 28, 2018) 
Section E. Reclamation and Closure Program
Part 2. Land Use

(a) The land surface shall be reclaimed with the intent of re-establishing average pre-mining capability to 
the following end land use objectives: wildlife habitat, particularly for Columbian black-tailed deer, 
Roosevelt Elk, black bears, wolves, cougars, American marten, red squirrel, deer mice, and bats, 
provincial park wilderness and recreational values, and opportunities for traditional use of the land by the 
Wei Wai Kum, We Wai Kai, K'omoks, and Mowachaht/Muchalaht First Nations.

(c) Borrow pits and quarries belonging to the mine development and operations, shall be reclaimed to the 
approved end land use once no longer required

Part 8: Mine Roads

(a) All mine roads shall be reclaimed, in accordance with recommendations of a qualified professional, to 
satisfy the approved end land use objectives, including all reasonable effort to fully re-configure to 
conform to adjacent landscape where long term stability is not compromised, unless permanent access is 
required.

Parks Act Park Use Permit (No. 102201 and 102633) Class B Park 
Article 6: Covenants of the Permittee

The Permittee must:

(u) Enter into any wildlife management plan and vegetation management plan (including invasive species 
management if requested by the Minister, applicable to the Permit Area (including the Works Area), to 
minimize the impact of mining and other human activities on natural ecosystems and “wildlife”, as defined 
in the Wildlife Act (RSBC 1996) c. 488

(v) not allow firearms to be brought onto the Permit Area or be kept or discharged within the Permit Area 
and the Permit Area is closed to hunting and trapping under the Wildlife Act

Wildlife and Wildlife 
Habitat
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Appendix B Knowledge-Gap Analysis Summary Table
Wildlife and Wildlife Habitat

Discipline Data Requirements for Reclamation Research Program1 Existing Data Summary Identified Data Gap(s)2 Data Gap Rationale Proposed Field Program to Fill Identified Data Gap Schedule and Duration of Proposed Field Program
Wildlife movement and landscape 
connectivity

Movement patterns and potential 
barriers on site for wildlife species are 
unknown known. 

Lack of information to support whether 
reclamation treatments (e.g. landform 
reclamation, revegetation) will facilitate 
wildlife access to, and movement 
throughout the mine site. 

Lack of detailed plan for the reclamation 
of mine roads

Research trials on road reclamation techniques for wildlife will address 
this knowledge gap

Year 2+

Restoration Suitability for Focal 
Wildlife Species

Suitability of mine site for focal species 
post-reclamation is unknown

Develop reclamation research trials to identify methods to restore 
habitat elements and wildlife features required to meet end land use 
objectives. Field work required to implement research trials

Conduct habitat suitability modelling to characterize current conditions 
and identify priority areas to restore for wildlife, and areas that may 
limit or restrict wildlife use.

Complete wildlife habitat restoration surveys

Develop wildlife performance objectives

Year 2+

Year 1

Year 1

Year 1

NOTES:

             
   

     
   

                
             

              
                

          

                 
       

   

                
               

               

            
     

  

              
                

                
       

                    
             

   

1 Data requirements include requirements of the Mines Act Permit - M26, Strathcona-Westmin Provincial Park Master Plan, Park Use Permit 102201 and 102633, Effluent Discharge Permit AMS6858, and 
2 Data gaps can be due to age of existing data, insufficient spatial coverage of existing data, insufficient temporal coverage of existing data (e.g., only 6 months of continuous data collection instead of 2 years), 
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Appendix B Knowledge-Gap Analysis Summary Table
Soils

Discipline Data Requirements for Reclamation Research Program1 Existing Data Summary Identified Data Gap(s)2 Data Gap Rationale Recommended Actions Proposed Implementation Plan
Soils Mine’s Act Permit M-26: Permit Approving Price Mine Plan (Dated September 28, 2018)

Section D: Protection of Land and Watercourses
Part 8: Soil Salvage and Stockpiling
(a) The Permittee shall develop a Soil Management Plan. The plan shall be submitted by
December 31 , 2018 to the satisfaction of the Chief lnspector.

Topsoil Management Plan (Wood 2018):
- The plan provides soil characteristics (soil texture and total heavy metal 
concentrations (mg/kg)) for one sample supplied by Nyrstar personnel. 
- Sample tested dominated by gravel and sand. 
- Information provided on the closure design and soil application techniques for the 
following features on site: Myra Creek Channel, TSFs, PAG WRDs, and other WRDs. 
Capping depths recommended include:
a) Old TSF: 0.7 to 1 m of soil
b) Lynx TSF embankments: 1 m two-lift system (0.3 m top layer of growth medium, 0.7 
m bottom layer compacted till)
c) PAG WRDs: 1 m two-lift system (0.3 m top layer of soil material, 0.7 m bottom layer 
of non-PAG waste rock)
d) non-PAG WRDS: use fines from top of WRDs as growth medium. No capping 
depth specified. 

Additional information needed:
- soil characteristics (in stockpile and from 
potential sources such as exposed till and soils)
- sources, volume and location of growth medium 
on site
- potential sources, volumes and locations of 
alternative materials on site that can be used for 
reclamation (i.e. till, non-PAG waste rock)

Gaps addressed in below sections

Gaps to address sufficient cover materials for final 
reclamation

Updated soil material balance required.  To be completed by Nyrstar personnel in Year 1.

Soils Mine’s Act Permit M-26: Permit Approving Price Mine Plan (Dated September 28, 2018)

Section D: Protection of Land and Watercourses
Part 8: Soil Salvage and Stockpiling
(b) The Permittee shall salvage and stockpile topsoil, overburden, and organic material
including large woody debris for use in reclamation.

Mine Act Permit M-26 Application to Mine Price Deposit (Nyrstar 2018):
- small growth medium stockpile is located in the clean quarry and was salvaged from 
the Core Rack Area Burrow (CRAB) during the development facility in 2012. 
- The Jim Mitchell Borrow Source could be used for growth medium. 

Potential salvage locations for growth medium Limited information is available on potential salvage 
locations on site

Nyrstar to provide mapping of areas where salvage of growth 
medium can be salvaged on site

No field work required

Soils Topsoil Management Plan (Wood 2018):
- The plan provides soil characteristics (soil texture and total heavy metal 
concentrations (mg/kg)) for one sample supplied by Nyrstar personnel. 
- Sample tested dominated by gravel and sand. No interpretation provided on heavy 
metal concentrations against applicable guidelines (CCME) 

IEG 2018 site inspection memo:
- native surficial material underlying the historic WRD 2 location
- the material was analyzed for element concentrations; high concentrations of 
cadmium, copper, lead and zinc was reported (approx. 1-6 times the Canadian 
parkland/agricultural soil quality guidelines). Marginally elevated concentrations of 
arsenic, barium and vanadium were also reported.
- high element concentration likely a result of natural mineralization of soils and either 
constituent leaching from waste rock materials or incomplete removal of these 
materials

Soils Preliminary Assessment of Tailings and Waste Rock Geochemistry Report (RGC 
2016):
- 89 waste rock samples were collected in 2013 from the historic WRDs and other 
areas where waste rock may have been used as fill or for construction (CRAB, Lynx 
TDF Berm, Lower East Borrow, Mill Area,  ETA Cookhouse Area, HW Yard, Old TDF 
Strip Area, Old TDF APA)
- waste rock at site is predominately gravelly sand with few fines; recently mined waste 
rock generally contains few cobbles and boulders (due to processing underground), 
and tend to be loose

Clean Fill Material Assessment (RGC 2016):
- 11 sample sites from upper CRAB east, mid CRAB east, core racks, old access 
road, and mine camp. 
- Pits were excavated between 1.0 m and 4.3 m below ground surface. 
- Material types sampled included colluvium, till and lacustrine material. 
- Key findings included:
a) Material could potentially be salvaged from bedrock in the floor or back of the 
existing quarry; underlying the CRAB; or in the New Quarry
b) Planned mining in Phillips Reach may provide a suitable source of select quarry run 
materials (approximately 30,000 m3)
c) till could be recovered from the CRAB/CRAB east and Lynx Office/Switchback. 
Total volume would depend on topography and underlying bedrock
d) fine grained materials in the Old Access Road deposit appear to be the most 
suitable growth medium

Soils Mine’s Act Permit M-26: Permit Approving Price Mine Plan (Dated September 28, 2018)

Section D: Protection of Land and Watercourses
Part 8: Soil Salvage and Stockpiling
(e) The Permittee shall maintain an inventory of stockpiles of salvaged soil, overburden
and organic matter including large woody debris specifying the locations, origins,
and quantities of material. This information shall be reported in the Annual
Reclamation Report.

2017 Annual Reclamation Report (Nyrstar 2018):
- As of end of 2017, one stockpile is available on site totaling 5,239 m3. This material 
was stripped from the CRAB (Core Rack Area Borrow) area during development of 
the clean fill borrow source.
- No soil was stockpiled or removed from current stockpiles on site during 2017. 

1. Volume of alternative material on site for 
reclamation 

2. Volume of woody debris on site for reclamation

1. Suitability of alternative material is captured in 
the Clean Fill Material Assessment (RGC 2016), but 
the volume of material available is not determined 
and will depend on the topography and underlying 
bedrock. 

2. Review of the 2017 Reclamation Report did not 
provide any information on woody debris volumes 
available on site.  

1. Nyrstar personnel to provide volumes of alternative material 
available on site

2. Nyrstar personnel to provide volumes of existing woody debris 
on site

1: To be completed by Nyrstar personnel in Year 1.

2. To be completed by Nyrstar personnel in Year 1.

Soils Mine’s Act Permit M-26: Permit Approving Price Mine Plan (Dated September 28, 2018)

Section D: Protection of Land and Watercourses
Part 8: Soil Salvage and Stockpiling
(c) The Permittee shall ensure that a qualified professional monitors and directs
sampling, soil salvage, segregation, and stockpiling activities on-site.

(f) The Permittee shall protect stockpiles from erosion, degradation, and contamination
through revegetation and/or other practices.

(g) The Permittee shall ensure that stockpiles are clearly marked to ensure that they are
protected during construction and mine operations.

(h) Stripped and stockpiled soil suitable for use in reclamation shall not be used as fill.

2017 Annual Reclamation Report (Nyrstar 2018):
- As of end of 2017, one stockpile is available on site totaling 5,239 m3. This material 
was stripped from the CRAB (Core Rack Area Borrow) area during development of 
the clean fill borrow source.
- No soil was stockpiled or removed from current stockpiles on site during 2017. 

volume requirements need confirmation for final 
mine footprint

N/A ongoing to find additional borrow sources Year 1

Mine’s Act Permit M-26: Permit Approving Price Mine Plan (Dated September 28, 2018)

Section D: Protection of Land and Watercourses
Part 8: Soil Salvage and Stockpiling
(d) The Permittee shall ensure that materials salvaged for use in reclamation are sampled
and segregated based on salvage origin and measured suitability for reclamation
purposes. Materials with the potential to be contaminated must be characterized and
evaluated for suitability for reclamation prior to mixing with other sources and/or
applying on-site.

1. Suitability of growth medium on site for 
reclamation

2. Suitability of alternative material on site for 
reclamation (i.e. till, non-PAG waste rock)

1. Only one sample has been collected for the 
growth medium stockpile on site, and the sample 
was only tested for soil texture and element 
concentrations. The number of samples and testing 
parameters chosen are no sufficient to understand 
the characteristics of the material.

2. The Clean Fill Material Assessment (RGC 2016) 
identified till material for use in reclamation, but 
limited information is available on the material's 
characteristics. Limited information on 
characteristics/suitability of non-PAG waste rock is 
available

1. Additional sampling of growth medium on site should be 
conducted and should be tested for coarse material content, 
texture, pH, salinity, plant-available nutrients, soil organic carbon, 
cation exchange capacity, and element concentrations (for both 
coarse fragments and soil-sized particle fraction). The number of 
samples taken will depend on the current volume of growth 
medium available on site. 

2. Sampling and analysis of till deposits and non-PAG waste rock 
should be conducted. Testing should include coarse material 
content, texture, pH, salinity, plant-available nutrients, soil organic 
carbon, cation exchange capacity, and element concentrations 
(for both coarse fragments and soil-sized particle fraction).  The 
number of samples taken will depend on the variability and 
volume of the materials on site.

1: To be completed by Nyrstar personnel in Year 1.

2. To be completed by Nyrstar personnel in Year 1.
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Appendix B Knowledge-Gap Analysis Summary Table
Soils

Discipline Data Requirements for Reclamation Research Program1 Existing Data Summary Identified Data Gap(s)2 Data Gap Rationale Recommended Actions Proposed Implementation Plan
Soils Post-closure ecosystem mapping memo (IEG 2019):

- the following cover prescriptions were used in the post-closure ecosystem model:
a) Lynx TDF and associated facilities - 30 cm growth medium over compacted till
b) Old TDF and associated facilities - 100 cm growth medium over 30 cm drainage 
layer, which will cover an impermeable membrane
c) WRDs - WRDs 2, 3, 4 and 7 will be stripped of till, WRDs 1 and 6 will receive 100 
cm growth medium
- cover materials will comprise till/topsoil from local sources, such as those used on 
the seismic berm upgrade or stockpiled materials
- approximately 550,720 m3 of growth medium will be required for reclamation, based 
on the above capping requirements.

Topsoil Management Plan (Wood 2019):
- a "rough and loose" surface can be done on slopes up to 2H:1V to control erosion, 
as long as overlying materials are keyed into the underlying layer. 
- using an excavator, rather than a bulldozer, during soil replacement can help to 
alleviate compact
- addition of woody debris to a "rough and loose" surface can further aid in erosion 
control and effective vegetation cover on the slope

2017 MEMPR Inspection report (MEMPR 2017):
- a small area of cover trials was viewed during the site visit
- past trials examined soil replacement depths and replacement material (till mixture of 
bentonite and till, geomembrane). 
- infiltration trials also conducted
- till covers found to be the most successful for promoting infiltration 
- vegetation (conifers) appeared to be in good health on cover trial areas

Soils Myra Falls Old TSF and Lynx Dam Face Closure Cover Design Schedule and 
Quantities (AFW 2016a; AFW 2016b):
- volumes of growth medium and other materials calculated for closure cost 
estimations. 
- Approximately 189,300 m3 of growth medium (topsoil and/or till) required for Old 
TDF. 
-Approximately 22,300 m3 of growth medium and 53,000 m3 of compacted till 
required for the Lynx Dam Face.

IEG Revegetation Monitoring Report 2012 (IEG 2012):
- revegetation activities (including topsoil placement) were completed on the TDF 
seismic upgrade berm
- reveg completed between 2008 and 2012
- substrate samples were also collected for analysis of elemental concentrations
- exceedances in copper and zinc were found for substrate samples against CCME 
guidelines. Less ubiquitous exceedances were also noted for arsenic, cadmium, 
chromium, lead, nickel and vanadium

Soils TDF Revegetation Monitoring 2012-2015 Report (IEG 2016):
- soil samples from the three test plots across the TDF (Old Alder, East Berm, West 
Berm) were collected for PSD, available water storage capacity (AWSC) and soil 
moisture regime (SRM)
- samples were collected from the topsoil (0-20 cm) and upper subsoil (20-50 cm) 
layers 
- 12 samples collected (3 from Old Alder, 3 from East Berm, and 6 from West Berm)
- PSD for Older Alder and East Berm soils are similar, and finer than West Berm soils 
which contained up to 20% more cobbles and gravel
- all survey units had a AWSC below 55 mm/m, indicating a very xeric SMR (limiting 
factor for revegetation)

TDF Revegetation Monitoring 2012-2014 Report (IEG 2015):
- soil samples from the three test plots across the TDF (Old Alder, East Berm, West 
Berm) were collected for PSD, available water storage capacity (AWSC) and soil 
moisture regime (SRM)
- samples were collected from the topsoil (0-20 cm) and upper subsoil (20-50 cm) 
layers 
- 12 samples collected (3 from Old Alder, 3 from East Berm, and 6 from West Berm)
- samples had variable cobble/gravel content (low to high)
- estimated SMR ranged from xeric (Old Alder) to very xeric (East and West Berms)

1. Trial areas on reclaimed areas should be installed with several 
soil placement methods and monitored to assess stability during 
high rainfall events while in an unvegetated state.

2. Soil sampling should be completed concurrently with vegetation 
monitoring on reclaimed areas. The sampling procedure will be 
developed so that it is replicable over a multi-year monitoring 
program. Soil sampling will need to be analyzed for physical and 
chemical parameters to determine soil development and suitability 
for plant growth and soil stability. A visual assessment of erosion 
features should also be undertaken when sampling occurs to 
inform areas requiring repair or removal of unstable material. 

1. No field work required. Research framework to be 
developed for assessment of decompaction 
methodologies. Nyrstar to establish and test trial areas. 

2. No field work required. Soil sampling program to be 
developed and implemented for soil and erosion 
monitoring on reclaimed areas. 

Mine’s Act Permit M-26: Permit Approving Price Mine Plan (Dated September 28, 2018)

Section D: Protection of Land and Watercourses
Part 12: Ongoing Reclamation Research
(h) The Permittee shall conduct research to inform that: development of a soil
replacement plan that is designed to achieve land capability and end land use
objectives. If a shortfall of soil volumes is anticipated, contingency plans shall be
developed.

(i) The Permittee shall conduct research to assess decompaction methodologies to
ensure that the severity of compaction that exists prior to commencing reclamation
activities is effectively addressed in a manner intended to achieve end land use
objectives and erosion control.

(k) The Permittee shall develop a monitoring program designed to evaluate the success
of revegetation, soil development and erosion control. This program shall include
specific sampling parameters and performance criteria

1. Current research to assess decompaction 
methodologies 

2. monitoring program for soil development and 
erosion control on reclaimed sites

1. The Topsoil Management Plan (Wood, 2019) 
suggests a "rough and loose" surface be developed 
on sloped surfaces to reduce compaction. 
However, this approach may be problematic for 
erosion due to the frequency of extreme rainfall 
events in the region.  Research on assessing 
decompaction methodologies is not available on 
site. 

2. Monitoring of soil related indicators of 
revegetation success in reclaimed areas (i.e. the 
TDF seismic upgrade berm) has been completed 
over consecutive years by IEG, however, 
monitoring of soil development and erosion over 
time has not been documented. 
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Appendix B Knowledge-Gap Analysis Summary Table
Soils

Discipline Data Requirements for Reclamation Research Program1 Existing Data Summary Identified Data Gap(s)2 Data Gap Rationale Recommended Actions Proposed Implementation Plan
Soils Mine’s Act Permit M-26: Permit Approving Price Mine Plan (Dated September 28, 2018)

Section E: Reclamation and Closure Program
Part 5: Growth Medium
(a) Soil replacement operations shall be monitored to ensure the minimum depths are
achieved and a confirmation sampling plan shall be developed to ensure quality of
soil used for reclamation purposes will achieve end land use objectives. All results
must be presented in the Annual Reclamation Report.

(b) With the exception of areas where closure plans require compaction prior to
placement of growth medium in order to reduce infiltration and contact water, all
areas to be reclaimed shall be decompacted to the minimum depth required to
adequately address the severity of compaction prior to placement of soil and or
vegetation, in a manner intended to achieve end land use objectives and erosion
control.

Topsoil Management Plan (Wood 2018):
- Information provided on the closure design and soil application techniques for the 
following features on site: Myra Creek Channel, TSFs, PAG WRDs, and other WRDs. 
Capping depths recommended include:
a) Old TSF: 0.7 to 1 m of soil
b) Lynx TSF embankments: 1 m two-lift system (0.3 m top layer of growth medium, 0.7 
m bottom layer compacted till)
c) PAG WRDs: 1 m two-lift system (0.3 m top layer of soil material, 0.7 m bottom layer 
of non-PAG waste rock)
d) non-PAG WRDS: use fines from top of WRDs as growth medium. No capping 
depth specified. 

Revegetation section of Interim Site-Wide Closure and Reclamation Plan (RGC 
2014):
- available water holding capacity of growth medium (CRAB) was calculated as 2.1 
mm/cm
- maximum growth-medium depth needed to support vegetation establishment 
(assuming properties similar to CRAB sourced material) is 50 to 75 cm. This would 
support a subxeric to mesic soil moisture regime and associated plant communities
- a minimum capping depth of 1 m is required for the Old TDF the metalliferous nature 
of mine waste materials. 

Sampling plan for confirmation of soil depths and 
quality of materials used on reclaimed areas

Monitoring of soil indicators on reclaimed areas (i.e. 
TDF seismic upgrade berm) relative to vegetation 
success (i.e. soil moisture regime) have been 
completed over consecutive years by IEG, 
however, a confirmation sampling plan for (a) soil 
replacement depths and (b) soil quality of material 
used has not been developed or implemented. 

A confirmation soil sampling plan will need to be developed and 
implemented to verify replacement depths and soil quality on 
reclaimed areas. 

No field work required. Confirmation soil sampling 
program to be developed and implemented for depths 
and soil quality on reclaimed areas. 

NOTES:
1 Data requirements include requirements of the Mines Act Permit - M26, Strathcona-Westmin Provincial Park Master Plan, Park Use Permit 102201 and 102633, Effluent Discharge Permit AMS6858, and 2017 
2 Data gaps can be due to age of existing data, insufficient spatial coverage of existing data, insufficient temporal coverage of existing data (e.g., only 6 months of continuous data collection instead of 2 years), 
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