
 

         NOTE: Contents of this volume are highlighted in light blue. 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - i - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

Morrison Copper/Gold Project: 
Environmental Assessment 

Application 

VOLUME II 
TABLE OF CONTENTS 

VOLUME I 

Preface........................................................................................................................................... i 

Table of Contents......................................................................................................................... iii 
List of Figures ............................................................................................................................xxvii 
List of Tables .................................................................................................................................. xl 
List of Plates ................................................................................................................................ lxiv 
List of Appendices ........................................................................................................................ lxx 

Table of Concordance............................................................................................................... C-1 

1. Introduction ...................................................................................................................1–1 
1.1 Application Background and Structure........................................................................... 1–1 
1.2 Project Overview ............................................................................................................ 1–3 

1.2.1 Overview ........................................................................................................ 1–3 
1.2.2 Exploration History and Economic Geology.................................................. 1–5 
1.2.3 Mine Components .......................................................................................... 1–7 
1.2.4 Work Force................................................................................................... 1–11 
1.2.5 Project Benefits ............................................................................................ 1–11 
1.2.6 Costs ............................................................................................................. 1–11 
1.2.7 Scheduling .................................................................................................... 1–12 

1.3 The Proponent............................................................................................................... 1–12 
1.3.1 PBM Management........................................................................................ 1–12 
1.3.2 Corporate Philosophy and Environmental Stewardship ............................... 1–15 
1.3.3 Proponent History......................................................................................... 1–17 

1.4 Need for and Purpose of the Project ............................................................................. 1–17 
1.4.1 Financial Feasibility ..................................................................................... 1–18 

1.5 Proponent Ownership and Tenure ................................................................................ 1–18 
1.6 Regulatory Context ....................................................................................................... 1–19 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - ii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

1.6.1 Provincial Legislation................................................................................... 1–19 
1.6.2 Federal Legislation ....................................................................................... 1–19 
1.6.3 Environmental Assessment Process ............................................................. 1–20 
1.6.4 Licences, Permits, and Approvals ................................................................ 1–20 
1.6.5 Federal Policies and Regulations.................................................................. 1–24 

1.7 Land Use ....................................................................................................................... 1–25 
1.7.1 Morice Land and Resource Management Plan............................................. 1–25 
1.7.2 Mineral Tenures............................................................................................ 1–27 
1.7.3 Traplines ....................................................................................................... 1–27 
1.7.4 Forest Tenures .............................................................................................. 1–28 
1.7.5 Recreation..................................................................................................... 1–28 
1.7.6 First Nations Interests................................................................................... 1–29 

2. Information Distribution and Consultation .....................................................................2–1 
2.1 Introduction..................................................................................................................... 2–1 
2.2 Consultation Regulatory Context.................................................................................... 2–1 

2.2.1 Constitution Act Section 35 ............................................................................ 2–1 
2.2.2 BC Environmental Assessment Act and Consultation Policy ......................... 2–2 
2.2.3 Morrison Copper/Gold Project Section 10 and 11 Orders.............................. 2–3 
2.2.4 Morrison Copper/Gold Project Terms of Reference ...................................... 2–3 

2.3 Objectives ....................................................................................................................... 2–3 
2.4 Consultation Groups ....................................................................................................... 2–4 

2.4.1 First Nations ................................................................................................... 2–5 
2.4.2 Government .................................................................................................... 2–6 
2.4.3 Public.............................................................................................................. 2–6 
2.4.4 Stakeholders and Special Interest Groups ...................................................... 2–6 

2.5 Consultation Activities and Methods.............................................................................. 2–7 
2.5.1 Pre-EA Process Information Sharing and Communication ............................ 2–7 
2.5.2 Early Involvement of BC EAO ...................................................................... 2–8 
2.5.3 Post Section 10 Order Communication and Consultation .............................. 2–8 
2.5.4 Regional Mine Review Committee ................................................................ 2–8 
2.5.5 Project Information Distribution and Sharing ................................................ 2–9 
2.5.6 Community Meetings and Open Houses ...................................................... 2–10 
2.5.7 Project Site Tours ......................................................................................... 2–10 
2.5.8 Project EA Baseline Study Information: Letters and Reports ...................... 2–11 
2.5.9 Mining Conferences ..................................................................................... 2–11 
2.5.10 Corporate Office Visit .................................................................................. 2–11 
2.5.11 Participation in the EAO Technical Working Group ................................... 2–11 
2.5.12 Section 11 ..................................................................................................... 2–11 
2.5.13 Draft Terms of Reference ............................................................................. 2–12 

2.6 Consultation with First Nations .................................................................................... 2–12 
2.6.1 Lake Babine Nation ...................................................................................... 2–13 
2.6.2 Yekooche First Nation.................................................................................. 2–36 
2.6.3 Future First Nations Consultation Plan ........................................................ 2–40 

2.7 Consultation with Government ..................................................................................... 2–47 
2.7.1 Federal and Provincial Government Agencies ............................................. 2–47 
2.7.2 Municipal Governments ............................................................................... 2–52 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - iii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

2.8 Consultation with the Public and Stakeholders ............................................................ 2–53 
2.8.1 Objectives and Activities.............................................................................. 2–53 
2.8.2 Summary of Community Meetings .............................................................. 2–54 
2.8.3 Communications and Meetings with Stakeholders....................................... 2–60 
2.8.4 Summary Public and Stakeholder Interests and Issues on the Project’s 

TOR .............................................................................................................. 2–62 
2.9 Proposed Future Consultation Activities ...................................................................... 2–62 
2.10 Issues Identification and Resolution ............................................................................. 2–63 
2.11 Summary....................................................................................................................... 2–69 

3 Regulatory Framework..................................................................................................3–1 
3.1 Introduction..................................................................................................................... 3–1 

3.1.1 British Columbia Environmental Assessment Process................................... 3–1 
3.1.2 Federal Environmental Assessment Process .................................................. 3–5 
3.1.3 Canada-British Columbia Agreement for Environmental Assessment 

Cooperation .................................................................................................... 3–9 
3.1.4 Licences, Permits, and Approvals ................................................................ 3–10 
3.1.5 Regulatory Schedule..................................................................................... 3–13 

4. Project Description ........................................................................................................4–1 
4.1 Morrison Property Description and Location ................................................................. 4–1 

4.1.1 Mineral Rights ................................................................................................ 4–1 
4.1.2 Permits and Environmental Liabilities ........................................................... 4–4 
4.1.3 Overview of Existing Access Infrastructure and Agreements........................ 4–6 

4.2 History and Site Investigations ....................................................................................... 4–6 
4.2.1 Historic Resource Estimates......................................................................... 4–10 

4.3 Adjacent Properties....................................................................................................... 4–10 
4.3.1 Hearne Hill Deposit ...................................................................................... 4–10 

4.4 Geologic Setting ........................................................................................................... 4–11 
4.4.1 Regional Geology......................................................................................... 4–11 
4.4.2 Local Geology .............................................................................................. 4–13 
4.4.3 Major Structural Features ............................................................................. 4–16 

4.5 Mineralization............................................................................................................... 4–16 
4.5.1 Deposit Type ................................................................................................ 4–16 
4.5.2 Mineralization Zones.................................................................................... 4–16 

4.6 Exploration.................................................................................................................... 4–17 
4.7 Drilling Summary ......................................................................................................... 4–18 

4.7.1 Collar Surveying........................................................................................... 4–19 
4.7.2 Downhole Surveying .................................................................................... 4–21 
4.7.3 Drill Core Sampling Method and Approach................................................. 4–21 

4.8 Sample Preparation, Analysis, and Security ................................................................. 4–23 
4.8.1 Standards ...................................................................................................... 4–23 
4.8.2 Duplicates ..................................................................................................... 4–24 
4.8.3 Check Assays................................................................................................ 4–24 
4.8.4 QA/QC.......................................................................................................... 4–24 
4.8.5 Laboratory Procedures.................................................................................. 4–36 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - iv - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

4.9 Data Verification........................................................................................................... 4–36 
4.10 Metallurgical Testing and Mineral Processing ............................................................. 4–37 

4.10.1 Introduction .................................................................................................. 4–37 
4.10.2 Noranda Metallurgical Testing..................................................................... 4–38 
4.10.3 PBM Metallurgical Testing .......................................................................... 4–39 
4.10.4 Mineral Processing ....................................................................................... 4–40 

4.11 Mineral Resource and Mineral Reserve Estimate......................................................... 4–62 
4.11.1 Databases – General Description.................................................................. 4–63 
4.11.2 Topography................................................................................................... 4–63 
4.11.3 Density.......................................................................................................... 4–64 
4.11.4 Geologic Model ............................................................................................ 4–66 
4.11.5 Zone Constraints........................................................................................... 4–66 
4.11.6 Extreme Grades ............................................................................................ 4–69 
4.11.7 Compositing ................................................................................................. 4–69 
4.11.8 Variogram Analysis...................................................................................... 4–69 
4.11.9 Block Model and Grade Estimation ............................................................. 4–69 
4.11.10 Mineral Resource Classification................................................................... 4–82 
4.11.11 Model Validation.......................................................................................... 4–82 
4.11.12 Mineral Resource Summary ......................................................................... 4–87 

4.12 Geotechnical Site Investigations and Laboratory Programs ......................................... 4–87 
4.12.1 Previous Studies ........................................................................................... 4–87 
4.12.2 2007 Klohn Crippen Berger Site Investigation Program.............................. 4–91 
4.12.3 Phase II - Drilling and Test Pitting Program ................................................ 4–91 
4.12.4 2008 Klohn Crippen Berger Site Investigation Program.............................. 4–92 

4.13 Geotechnical Design ................................................................................................... 4–122 
4.13.1 General Site Conditions.............................................................................. 4–122 
4.13.2 Plant Site Foundations ................................................................................ 4–124 
4.13.3 Waste Dump and Low Grade Ore Stockpile .............................................. 4–124 
4.13.4 Tailings Storage Facility............................................................................. 4–126 
4.13.5 Tailings Storage Facility Seepage .............................................................. 4–128 

4.14 Mine Plan.................................................................................................................... 4–137 
4.14.1 Open Pit Design.......................................................................................... 4–137 
4.14.2 Mine Production Schedule.......................................................................... 4–148 
4.14.3 Mining Method........................................................................................... 4–149 

4.15 Mining Operations ...................................................................................................... 4–152 
4.15.1 Mine Equipment Fleet ................................................................................ 4–152 
4.15.2 Drilling ....................................................................................................... 4–154 
4.15.3 Blasting....................................................................................................... 4–154 
4.15.4 Loading....................................................................................................... 4–154 
4.15.5 Haulage....................................................................................................... 4–154 
4.15.6 Pre-production Mine Development ............................................................ 4–155 
4.15.7 Ore-Waste Separation................................................................................. 4–157 
4.15.8 Waste Rock................................................................................................. 4–157 

4.16 On-site Project Components ....................................................................................... 4–158 
4.16.1 Process Plant Design and Layout ............................................................... 4–158 
4.16.2 Mine Roads................................................................................................. 4–158 
4.16.3 Power Supply and Distribution................................................................... 4–160 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - v - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

4.16.4 Emergency Power....................................................................................... 4–164 
4.16.5 Electrical Equipment Type and Ratings ..................................................... 4–164 
4.16.6 Telecommunication System ....................................................................... 4–165 
4.16.7 Bulk Fuel Storage and Handling ................................................................ 4–166 
4.16.8 Mine and Mill Maintenance, Service and Administration Facilities .......... 4–167 
4.16.9 Potable Water Supply ................................................................................. 4–170 
4.16.10 Sewage Treatment ...................................................................................... 4–170 
4.16.11 Fire Suppression Water .............................................................................. 4–170 
4.16.12 Explosives Transport, Storage, Handling and Use ..................................... 4–170 

4.17 Off-site Infrastructure ................................................................................................. 4–171 
4.17.1 Site Access and Local Roads...................................................................... 4–171 

4.18 Morrison Project Execution Plan ................................................................................ 4–173 
4.18.1 Project Approach ........................................................................................ 4–176 
4.18.2 Project Phases............................................................................................. 4–178 

4.19 Management Plans...................................................................................................... 4–188 
4.19.1 Water Management Plan ............................................................................ 4–189 
4.19.2 Waste Rock Management Plan................................................................... 4–196 
4.19.3 Materials and Waste ................................................................................... 4–199 
4.19.4 Metal Leaching and Acid Rock Drainage .................................................. 4–202 
4.19.5 QA/QC Plan................................................................................................ 4–208 
4.19.6 Pre-operational Testing and Start-up.......................................................... 4–209 
4.19.7 Environmental Management Plans............................................................. 4–210 
4.19.8 Employee Housing and Transportation ...................................................... 4–211 

4.20 Health and Safety........................................................................................................ 4–214 
4.20.1 Project Design ............................................................................................ 4–216 
4.20.2 Construction ............................................................................................... 4–216 
4.20.3 Operations................................................................................................... 4–216 
4.20.4 Decommissioning and Closure................................................................... 4–216 

4.21 Post-Production........................................................................................................... 4–217 
4.21.1 Reclamation and Closure............................................................................ 4–217 
4.21.2 Closure Environmental Management Plan ................................................. 4–223 

4.22 Human Resources ....................................................................................................... 4–224 
4.22.1 Personnel Plan ............................................................................................ 4–224 

5. Environmental and Socio-economic Assessment Methodology....................................5–1 
5.1 Assessment Scope and Methodology.............................................................................. 5–1 

5.1.1 Objectives ....................................................................................................... 5–1 
5.1.2 Issues Scoping ................................................................................................ 5–2 

5.2 Internal Processes ........................................................................................................... 5–4 
5.2.1 Assessment Framework.................................................................................. 5–4 
5.2.2 Assessment Overview .................................................................................. 5–12 
5.2.3 Identification and Description of Potential Effects ...................................... 5–12 
5.2.4 Mitigation and Management......................................................................... 5–14 
5.2.5 Potential Residual Effects............................................................................. 5–14 

6. Summary of Lake Babine Nation Traditional Use and Ecological Knowledge ..............6–1 
6.1 Introduction..................................................................................................................... 6–1 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - vi - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

6.1.1 Overview ........................................................................................................ 6–1 
6.1.2 Regulatory and First Nation Requirements .................................................... 6–2 
6.1.3 Definitions ...................................................................................................... 6–2 
6.1.4 Objectives and Rationale ................................................................................ 6–3 
6.1.5 Report Outline ................................................................................................ 6–5 

6.2 Methodology................................................................................................................... 6–6 
6.2.1 Overview ........................................................................................................ 6–6 
6.2.2 Study Area ...................................................................................................... 6–6 
6.2.3 Sources ........................................................................................................... 6–6 
6.2.4 Approach ........................................................................................................ 6–8 
6.2.4.2 TU/TEK Interviews ........................................................................................ 6–8 
6.2.5 Limitations.................................................................................................... 6–11 

6.3 Cultural and Historical Context .................................................................................... 6–12 
6.3.1 Overview ...................................................................................................... 6–12 
6.3.2 Traditional Territory ..................................................................................... 6–13 
6.3.3 Family and Kinship ...................................................................................... 6–13 
6.3.4 Traditional System of Governance ............................................................... 6–14 

6.4 Current Status of TU/TEK Site-Specific Report........................................................... 6–20 

7. Environmental and Socio-economic Setting .................................................................7–1 
7.1 Introduction..................................................................................................................... 7–1 

7.1.1 Project Setting Overview................................................................................ 7–1 
7.2 Climate and Meteorology ............................................................................................... 7–3 

7.2.1 Data Sources ................................................................................................... 7–3 
7.2.2 Baseline Conditions........................................................................................ 7–4 

7.3 Air Quality .................................................................................................................... 7–12 
7.3.3 Data Sources ................................................................................................. 7–13 
7.3.4 Baseline Conditions...................................................................................... 7–13 

7.4 Water Quality Environmental Setting........................................................................... 7–18 
7.4.1 Overview ...................................................................................................... 7–18 
7.4.2 Stream Water Quality Data........................................................................... 7–20 
7.4.3 Lake and Pond Sites ..................................................................................... 7–23 

7.5 Surface Water Quantity................................................................................................. 7–25 
7.5.1 Introduction .................................................................................................. 7–25 
7.5.2 Study Area and Watershed Data................................................................... 7–26 
7.5.3 Annual Runoff .............................................................................................. 7–28 
7.5.4 Monthly Runoff Distribution........................................................................ 7–31 
7.5.5 High Flows ................................................................................................... 7–31 
7.5.6 Low Flows .................................................................................................... 7–33 

7.6 Groundwater Quality .................................................................................................... 7–34 
7.6.1 Introduction .................................................................................................. 7–34 
7.6.2 Methodology................................................................................................. 7–34 
7.6.3 Results and Discussion ................................................................................. 7–41 
7.6.4 Conclusion.................................................................................................... 7–70 

7.7 Groundwater Quantity .................................................................................................. 7–70 
7.7.1 Introduction .................................................................................................. 7–70 
7.7.2 Methodology................................................................................................. 7–71 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - vii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

7.7.3 Results and Discussion ................................................................................. 7–80 
7.7.4 Conclusion.................................................................................................... 7–85 

7.8 Sediment Quality .......................................................................................................... 7–85 
7.8.1 Stream Sites .................................................................................................. 7–88 
7.8.2 Lake and Pond Sites ..................................................................................... 7–89 

7.9 Aquatic Resources ........................................................................................................ 7–92 
7.9.1 Overview ...................................................................................................... 7–92 
7.9.2 Stream Sites .................................................................................................. 7–95 
7.9.3 Periphyton..................................................................................................... 7–96 
7.9.4 Benthic Invertebrates.................................................................................... 7–98 
7.9.5 Lake and Pond Sites ................................................................................... 7–100 
7.9.6 Phytoplankton............................................................................................. 7–100 
7.9.7 Benthic Invertebrates.................................................................................. 7–102 
7.9.8 Zooplankton................................................................................................ 7–102 

7.10 Fish and Fish Habitat .................................................................................................. 7–103 
7.10.1 Introduction ................................................................................................ 7–103 
7.10.2 Background Overview................................................................................ 7–103 
7.10.3 Ponds and Small Lakes............................................................................... 7–107 
7.10.4 Streams ....................................................................................................... 7–107 
7.10.5 Morrison Lake and Reference Site ............................................................. 7–114 

7.11 Navigable Waters........................................................................................................ 7–117 
7.11.1 Introduction ................................................................................................ 7–117 
7.11.2 Mine Footprint Waterbodies and Streams .................................................. 7–117 
7.11.3 Proposed Transmission Line Stream Crossings ......................................... 7–123 

7.12 Wetlands ..................................................................................................................... 7–125 
7.12.1 Introduction ................................................................................................ 7–125 
7.12.2 Methodology Overview.............................................................................. 7–125 
7.12.3 Results and Discussion ............................................................................... 7–130 

7.13 Terrain, Surficial Materials, Overburden, and Soils ................................................... 7–136 
7.13.1 Introduction ................................................................................................ 7–136 
7.13.2 Setting Objectives....................................................................................... 7–138 
7.13.3 Methods ...................................................................................................... 7–138 
7.13.4 Results and Discussion ............................................................................... 7–147 

7.14 Terrain Hazards........................................................................................................... 7–160 
7.14.1 Introduction ................................................................................................ 7–160 
7.14.2 Study Objectives......................................................................................... 7–161 
7.14.3 Methods ...................................................................................................... 7–161 
7.14.4 Physiography .............................................................................................. 7–163 
7.14.5 Terrain Assessment .................................................................................... 7–166 

7.15 Ecosystems and Vegetation ........................................................................................ 7–172 
7.15.1 Methodology Overview.............................................................................. 7–172 
7.15.2 Results ........................................................................................................ 7–179 

7.16 Wildlife and Wildlife Habitat ..................................................................................... 7–194 
7.16.1 Ecological Overview .................................................................................. 7–194 
7.16.2 Baseline Conditions.................................................................................... 7–195 

7.17 Archaeology and Heritage Resources ......................................................................... 7–220 
7.17.1 Introduction ................................................................................................ 7–220 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - viii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

7.17.2 Methodology............................................................................................... 7–221 
7.17.3 Natural Setting............................................................................................ 7–222 
7.17.4 Cultural Setting........................................................................................... 7–222 
7.17.5 Historic Setting........................................................................................... 7–223 
7.17.6 Archaeological Setting ............................................................................... 7–226 

7.18 Land and Resource Use .............................................................................................. 7–230 
7.18.1 Introduction ................................................................................................ 7–230 
7.18.2 Approach and Methods............................................................................... 7–230 
7.18.3 Land Management ...................................................................................... 7–231 
7.18.4 Lake Babine Nation Land Uses .................................................................. 7–238 
7.18.5 Land Tenures .............................................................................................. 7–239 
7.18.6 Land Uses ................................................................................................... 7–257 

7.19 Socio-economic Environment..................................................................................... 7–261 
7.19.1 Introduction ................................................................................................ 7–261 
7.19.2 Study Boundaries........................................................................................ 7–262 
7.19.3 Methods ...................................................................................................... 7–262 
7.19.4 Provincial Economy ................................................................................... 7–265 
7.19.5 Regional Overview..................................................................................... 7–269 
7.19.6 First Nations ............................................................................................... 7–276 
7.19.7 Primary Study Communities ...................................................................... 7–278 
7.19.8 Secondary Communities............................................................................. 7–286 

7.20 Visual Resources and Aesthetics ................................................................................ 7–287 
7.20.1 Introduction ................................................................................................ 7–287 
7.20.2 Methodology............................................................................................... 7–287 
7.20.3 Morice Land and Resource Management Plan........................................... 7–288 
7.20.4 Results and Discussion ............................................................................... 7–289 

7.21 Noise ........................................................................................................................... 7–297 
7.21.1 Data Sources ............................................................................................... 7–299 
7.21.2 Baseline Conditions.................................................................................... 7–300 

7.22 Human Health ............................................................................................................. 7–300 
7.22.1 Land Users.................................................................................................. 7–301 
7.22.2 Air Quality.................................................................................................. 7–301 
7.22.3 Noise Levels ............................................................................................... 7–303 
7.22.4 Drinking Water ........................................................................................... 7–306 
7.22.5 Country Foods ............................................................................................ 7–309 

VOLUME II 

8. Environmental and Socio-economic Effects Assessment .............................................8–1 
8.1 Introduction..................................................................................................................... 8–1 

8.1.1 Project Overview ............................................................................................ 8–1 
8.2 Climate and Meteorology ............................................................................................... 8–3 

8.2.1 Valued Environmental Components............................................................... 8–3 
8.2.2 Boundaries...................................................................................................... 8–4 
8.2.3 Identification and Description of Potential Effects ........................................ 8–4 
8.2.4 Mitigation and Management........................................................................... 8–9 
8.2.5 Potential Residual Effects............................................................................. 8–10 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - ix - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8.2.6 Significance of Residual Effects................................................................... 8–11 
8.2.7 Likelihood of Effects .................................................................................... 8–11 

8.3 Air Quality .................................................................................................................... 8–15 
8.3.1 Valued Environmental Component Selection .............................................. 8–15 
8.3.2 Identification and Description of Potential Effects ...................................... 8–18 
8.3.3 Mitigation, Enhancement, and Management Measures................................ 8–48 
8.3.4 Potential Residual Effects............................................................................. 8–53 
8.3.5 Significance of Residual Effects................................................................... 8–54 
8.3.6 Assessment Assumptions ............................................................................. 8–54 

8.4 Surface Water Quality .................................................................................................. 8–59 
8.4.1 Issues Scoping .............................................................................................. 8–59 
8.4.2 Spatial and Temporal Boundaries................................................................. 8–60 
8.4.3 Valued Environmental Components............................................................. 8–60 
8.4.4 Identification and Description of Potential Effects ...................................... 8–63 
8.4.5 Mitigation, Enhancement, and Management Measures................................ 8–67 
8.4.6 Potential Residual Effects............................................................................. 8–68 
8.4.7 Assumptions ................................................................................................. 8–70 

8.5 Surface Water Quantity................................................................................................. 8–77 
8.5.1 Issues Scoping .............................................................................................. 8–77 
8.5.2 Valued Environmental Components............................................................. 8–77 
8.5.3 Spatial and Temporal Boundaries................................................................. 8–77 
8.5.4 Identification and Description of Potential Effects ...................................... 8–78 
8.5.5 Description of the Extent of Potential Effects .............................................. 8–90 
8.5.6 Mitigation, Enhancement, and Management Measures.............................. 8–103 
8.5.7 Significance of Residual Effects................................................................. 8–107 
8.5.8 Likelihood of Effects .................................................................................. 8–108 

8.6 Groundwater Quality .................................................................................................. 8–111 
8.6.1 Valued Environmental Component Selection ............................................ 8–111 
8.6.2 Spatial and Temporal Boundaries............................................................... 8–111 
8.6.3 Identification and Description of Potential Effects .................................... 8–112 
8.6.4 Mitigation and Management....................................................................... 8–124 
8.6.5 Significance of Residual Effects................................................................. 8–125 
8.6.6 Likelihood of Effects .................................................................................. 8–125 

8.7 Groundwater Quantity ................................................................................................ 8–131 
8.7.1 Valued Environmental Component Selection ............................................ 8–131 
8.7.2 Spatial and Temporal Boundaries............................................................... 8–131 
8.7.3 Identification and Description of Potential Effects .................................... 8–132 
8.7.4 Mitigation and Management....................................................................... 8–146 
8.7.5 Significance of Potential Residual Effects ................................................. 8–147 
8.7.6 Likelihood of Effects .................................................................................. 8–148 

8.8 Sediment Quality ........................................................................................................ 8–157 
8.8.1 Issues Scoping ............................................................................................ 8–157 
8.8.2 Boundaries.................................................................................................. 8–158 
8.8.3 Valued Environmental Components........................................................... 8–158 
8.8.4 Identification and Description of Potential Effects .................................... 8–161 
8.8.5 Mitigation, Enhancement, and Management Measures.............................. 8–163 
8.8.6 Potential Residual Effects........................................................................... 8–163 
8.8.7 Assumptions ............................................................................................... 8–164 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - x - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8.9 Aquatic Resources ...................................................................................................... 8–169 
8.9.1 Issues Scoping ............................................................................................ 8–169 
8.9.2 Spatial and Temporal Boundaries............................................................... 8–170 
8.9.3 Valued Ecosystem Components ................................................................. 8–173 
8.9.4 Identification and Description of Potential Effects .................................... 8–173 
8.9.5 Mitigation, Enhancement and Management Measures............................... 8–177 
8.9.6 Potential Residual Effects........................................................................... 8–178 
8.9.7 Assumptions ............................................................................................... 8–180 

8.10 Fish and Fish Habitat .................................................................................................. 8–191 
8.10.1 Issues Scoping ............................................................................................ 8–191 
8.10.2 Valued Environmental Components (VEC) ............................................... 8–193 
8.10.3 Spatial and Temporal Boundaries............................................................... 8–200 
8.10.4 Identification and Description of Potential Effects .................................... 8–203 
8.10.5 Mitigation and Management Measures ...................................................... 8–228 
8.10.6 Potential Residual Effects........................................................................... 8–259 
8.10.7 Significance of Residual Effects................................................................. 8–260 
8.10.8 Likelihood of Effects .................................................................................. 8–262 

8.11 Navigable Waters........................................................................................................ 8–263 
8.11.1 Issues Scoping ............................................................................................ 8–263 
8.11.2 Boundaries.................................................................................................. 8–263 
8.11.3 Valued Environmental Components........................................................... 8–264 
8.11.4 Identification and Description of Potential Effects .................................... 8–264 

8.12 Wetlands ..................................................................................................................... 8–265 
8.12.1 Valued Environmental Component Selection ............................................ 8–266 
8.12.2 Boundaries.................................................................................................. 8–268 
8.12.3 Identification and Description of Potential Effects .................................... 8–270 
8.12.4 Mitigation and Management....................................................................... 8–274 
8.12.5 Potential Residual Effects........................................................................... 8–278 
8.12.6 Significance of Residual Effects................................................................. 8–279 
8.12.7 Likelihood of Effects .................................................................................. 8–279 

8.13 Terrain, Surficial Materials, Overburden, and Soils ................................................... 8–287 
8.13.1 Valued Environmental Components........................................................... 8–287 
8.13.2 Boundaries.................................................................................................. 8–288 
8.13.3 Identification and Description of Potential Effects .................................... 8–289 
8.13.4 Mitigation and Management....................................................................... 8–308 
8.13.5 Potential Residual Effects........................................................................... 8–315 
8.13.6 Significance of Residual Effects................................................................. 8–316 
8.13.7 Likelihood of Effects .................................................................................. 8–317 

8.14 Terrain Hazards........................................................................................................... 8–319 
8.14.1 Valued Environmental Component Selection ............................................ 8–319 
8.14.2 Boundaries.................................................................................................. 8–320 
8.14.3 Identification and Description of Potential Effects .................................... 8–321 
8.14.4 Mitigation and Management....................................................................... 8–322 
8.14.5 Potential Residual Effects........................................................................... 8–324 
8.14.6 Significance of Residual Effects................................................................. 8–324 
8.14.7 Likelihood of Effects .................................................................................. 8–325 

8.15 Ecosystems and Vegetation ........................................................................................ 8–331 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xi - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8.15.1 Issues Scoping ............................................................................................ 8–331 
8.15.2 Valued Environmental Components........................................................... 8–332 
8.15.3 Boundaries.................................................................................................. 8–333 
8.15.4 Identification of Potential Project Effects................................................... 8–333 
8.15.5 Evaluating Project Effects on Vegetation VECs ........................................ 8–342 
8.15.6 Mitigation, Enhancement, and Management Measures.............................. 8–354 
8.15.7 Potential Residual Effects........................................................................... 8–356 
8.15.8 Significance of Residual Effects................................................................. 8–358 
8.15.9 Likelihood of Effects .................................................................................. 8–358 

8.16 Wildlife and Wildlife Habitat ..................................................................................... 8–365 
8.16.1 Issue Scoping.............................................................................................. 8–365 
8.16.2 Spatial and Temporal Boundaries............................................................... 8–366 
8.16.3 Valued Environmental Component (VEC)................................................. 8–367 
8.16.4 Identification and Description of Potential Effects .................................... 8–370 
8.16.5 Grizzly Bear................................................................................................ 8–386 
8.16.6 Moose ......................................................................................................... 8–405 
8.16.7 Mule Deer ................................................................................................... 8–419 
8.16.8 American Marten........................................................................................ 8–433 
8.16.9 Fisher .......................................................................................................... 8–443 
8.16.10 Western Toad.............................................................................................. 8–455 
8.16.11 Waterfowl ................................................................................................... 8–463 
8.16.12 Forest Birds ................................................................................................ 8–473 
8.16.13 Raptors........................................................................................................ 8–487 
8.16.14 Significance of Residual Effects................................................................. 8–499 
8.16.15 Likelihood of Effects .................................................................................. 8–499 

8.17 Archaeology................................................................................................................ 8–501 
8.17.1 Valued Environmental Component Selection ............................................ 8–501 
8.17.2 Boundaries.................................................................................................. 8–502 
8.17.3 Identification and Description of Potential Effects .................................... 8–502 
8.17.4 Mitigation and Management....................................................................... 8–505 
8.17.5 Potential Residual Effects........................................................................... 8–505 
8.17.6 Significance of Residual Effects................................................................. 8–506 
8.17.7 Likelihood of Effects .................................................................................. 8–506 

8.18 Land and Resource Use .............................................................................................. 8–511 
8.18.1 Introduction ................................................................................................ 8–511 
8.18.2 Valued Environmental Components........................................................... 8–511 
8.18.3 Study Boundaries........................................................................................ 8–514 
8.18.4 Identification and Description of Potential Effects .................................... 8–514 
8.18.5 Mitigation and Management....................................................................... 8–545 
8.18.6 Significance of Residual Effects................................................................. 8–549 
8.18.7 Likelihood of Effects .................................................................................. 8–550 

8.19 Socio-economic Effects Assessment .......................................................................... 8–593 
8.19.1 Introduction ................................................................................................ 8–593 
8.19.2 Valued Socio-economic Component Selection .......................................... 8–593 
8.19.3 Boundaries.................................................................................................. 8–594 
8.19.4 Economic Impact Modelling ...................................................................... 8–596 
8.19.5 Identification and Description of Potential Effects .................................... 8–608 
8.19.6 Mitigation and Management....................................................................... 8–655 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8.19.7 Significance and Likelihood of Residual Effects ....................................... 8–674 
8.19.8 Assessment Assumptions ........................................................................... 8–728 

8.20 Visual Resources and Aesthetics ................................................................................ 8–732 
8.20.1 Valued Environmental Component Selection ............................................ 8–732 
8.20.2 Boundaries.................................................................................................. 8–732 
8.20.3 Identification and Description of Potential Effects .................................... 8–734 
8.20.4 Mitigation and Management....................................................................... 8–747 
8.20.5 Potential Residual Effects........................................................................... 8–747 
8.20.6 Significance of Residual Effects................................................................. 8–749 
8.20.7 Likelihood of Effects .................................................................................. 8–750 

8.21 Noise ........................................................................................................................... 8–759 
8.21.1 Valued Environmental Component Selection ............................................ 8–759 
8.21.2 Boundaries.................................................................................................. 8–759 
8.21.3 Identification and Description of Potential Effects .................................... 8–760 
8.21.4 Assessment Criteria .................................................................................... 8–763 
8.21.5 Mitigation, Enhancement, and Management Measures.............................. 8–779 
8.21.6 Potential Residual Effects........................................................................... 8–780 
8.21.7 Significance of Residual Effects................................................................. 8–780 
8.21.8 Probability of Occurrence and Confidence Levels ..................................... 8–780 
8.21.9 Assumptions ............................................................................................... 8–783 

8.22 Human Health ............................................................................................................. 8–785 
8.22.1 Introduction ................................................................................................ 8–785 
8.22.2 Noise........................................................................................................... 8–785 
8.22.3 Air Quality.................................................................................................. 8–801 
8.22.4 Drinking Water ........................................................................................... 8–815 
8.22.5 Country Foods ............................................................................................ 8–835 

VOLUME III 

9. Accidents and Malfunctions ..........................................................................................9–1 
9.1 Introduction..................................................................................................................... 9–1 
9.2 Materials Transport and Storage..................................................................................... 9–4 
9.3 Storage of Consumables ................................................................................................. 9–4 
9.4 Waste Materials Storage ................................................................................................. 9–5 
9.5 Mine Construction and Operation................................................................................... 9–5 
9.6 Power Supply.................................................................................................................. 9–5 
9.7 Water Discharge ............................................................................................................. 9–6 

10. Effects of the Environment on the Project ...................................................................10–1 
10.1 Extreme Weather Events .............................................................................................. 10–1 

10.1.1 Local Weather and Climate Patterns ............................................................ 10–1 
10.1.2 Future Climate Variability and Extremes ..................................................... 10–2 
10.1.3 Heavy Precipitation ...................................................................................... 10–3 
10.1.4 Mine Site Sensitivity and Mitigation Measures............................................ 10–5 

10.2 Forest Fire Risk............................................................................................................. 10–6 
10.2.1 Historical Trends .......................................................................................... 10–6 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xiii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

10.2.2 Future Projections......................................................................................... 10–6 
10.2.3 Mine Site Sensitivity and Mitigation............................................................ 10–7 
10.2.4 Summary....................................................................................................... 10–7 

10.3 Flood Risk..................................................................................................................... 10–7 
10.3.1 Effects on the Project.................................................................................... 10–8 
10.3.2 Mitigation Measures ..................................................................................... 10–9 

10.4 Climate Change Risk .................................................................................................. 10–10 
10.4.1 Historical Trends ........................................................................................ 10–10 
10.4.2 Climate Change Projections ....................................................................... 10–11 
10.4.3 Climate Variability and Extremes .............................................................. 10–15 
10.4.4 Environmental Response ............................................................................ 10–18 
10.4.5 Mine Site Sensitivity and Mitigation.......................................................... 10–20 
10.4.6 Summary..................................................................................................... 10–21 

10.5 Terrain Stability and Natural Hazards Risk ................................................................ 10–21 
10.5.1 Landslides................................................................................................... 10–22 
10.5.2 Snow Avalanches ....................................................................................... 10–24 
10.5.3 Channel Debris Flows ................................................................................ 10–25 
10.5.4 Earthquakes ................................................................................................ 10–26 
10.5.5 Volcanic Eruption....................................................................................... 10–27 

10.6 Forest Disease Risk..................................................................................................... 10–27 
10.6.1 Future Projections....................................................................................... 10–28 
10.6.2 Mine Site Sensitivity and Mitigation.......................................................... 10–29 

11. Cumulative Effects Assessment..................................................................................11–1 
11.1 Methodology................................................................................................................. 11–1 

11.1.1 Introduction .................................................................................................. 11–1 
11.1.2 Methodology Overview................................................................................ 11–1 

11.2 Climate and Meteorology ........................................................................................... 11–16 
11.2.1 Valued Environmental Components........................................................... 11–16 
11.2.2 Residual Effects of Project ......................................................................... 11–16 
11.2.3 Spatial Boundary ........................................................................................ 11–16 
11.2.4 Temporal Boundary.................................................................................... 11–16 
11.2.5 Human Actions Considered........................................................................ 11–17 
11.2.6 Interactions with Other Developments and Activities................................ 11–18 
11.2.7 Predicted Residual Cumulative Effects ...................................................... 11–19 
11.2.8 Assessment of Significance ........................................................................ 11–19 
11.2.9 Confidence Limits ...................................................................................... 11–20 
11.2.10 Additional Mitigation ................................................................................. 11–20 

11.3 Air Quality .................................................................................................................. 11–20 
11.3.1 Valued Environmental and Socio-economic Components ......................... 11–20 
11.3.2 Residual Effects of Project ......................................................................... 11–21 
11.3.3 Spatial Boundary ........................................................................................ 11–21 
11.3.4 Temporal Boundary.................................................................................... 11–21 
11.3.5 Human Actions Considered........................................................................ 11–21 
11.3.6 Interactions with Other Developments and Activities................................ 11–22 
11.3.7 Predicted Residual Cumulative Effects ...................................................... 11–23 
11.3.8 Assessment of Significance ........................................................................ 11–24 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xiv - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

11.3.9 Confidence Limits ...................................................................................... 11–25 
11.3.10 Additional Mitigation ................................................................................. 11–25 

11.4 Surface Water and Sediment Quality.......................................................................... 11–25 
11.4.1 Valued Environmental and Socio-Economic Components ........................ 11–25 
11.4.2 Residual Effects of Project ......................................................................... 11–25 
11.4.3 Spatial Boundary ........................................................................................ 11–26 
11.4.4 Temporal Boundary.................................................................................... 11–26 
11.4.5 Human Actions Considered........................................................................ 11–26 
11.4.6 Interactions with Other Developments and Activities................................ 11–28 
11.4.7 Predicted Residual Cumulative Effects ...................................................... 11–35 
11.4.8 Assessment of Significance ........................................................................ 11–37 
11.4.9 Confidence Limits ...................................................................................... 11–37 
11.4.10 Additional Mitigation ................................................................................. 11–38 

11.5 Surface Water Quantity............................................................................................... 11–38 
11.5.1 Valued Environmental and Socio-economic Components ......................... 11–38 
11.5.2 Residual Effects of Project ......................................................................... 11–38 
11.5.3 Spatial Boundary ........................................................................................ 11–40 
11.5.4 Temporal Boundary.................................................................................... 11–40 
11.5.5 Human Actions Considered........................................................................ 11–40 
11.5.6 Interactions with Other Developments and Activities................................ 11–40 
11.5.7 Predicted Residual Cumulative Effects ...................................................... 11–40 

11.6 Groundwater ............................................................................................................... 11–41 
11.6.1 Valued Environmental and Socio-Economic Components ........................ 11–41 
11.6.2 Residual Effects of Project ......................................................................... 11–41 
11.6.3 Spatial Boundary ........................................................................................ 11–41 
11.6.4 Temporal Boundary.................................................................................... 11–41 
11.6.5 Human Actions Considered........................................................................ 11–42 
11.6.6 Interactions with Other Developments and Activities................................ 11–42 
11.6.7 Predicted Residual Cumulative Effects ...................................................... 11–42 

11.7 Aquatic Resources ...................................................................................................... 11–42 
11.7.1 Valued Environmental and Socio-Economic Components ........................ 11–42 
11.7.2 Residual Effects of Project ......................................................................... 11–42 
11.7.3 Spatial Boundary ........................................................................................ 11–43 
11.7.4 Temporal Boundary.................................................................................... 11–43 
11.7.5 Human Actions Considered........................................................................ 11–43 
11.7.6 Interactions with Other Developments and Activities................................ 11–45 
11.7.7 Predicted Residual Cumulative Effects ...................................................... 11–48 
11.7.8 Assessment of Significance ........................................................................ 11–50 
11.7.9 Confidence Limits ...................................................................................... 11–51 
11.7.10 Additional Mitigation ................................................................................. 11–51 

11.8 Fish and Fish Habitat Cumulative Effects .................................................................. 11–52 
11.8.1 Valued Environmental Components........................................................... 11–52 
11.8.2 Residual Effects of Project ......................................................................... 11–52 
11.8.3 Spatial Boundary ........................................................................................ 11–52 
11.8.4 Temporal Boundary.................................................................................... 11–56 
11.8.5 Human Actions Considered........................................................................ 11–56 
11.8.6 Interaction with Other Developments and Activities ................................. 11–58 
11.8.7 Predicted Residual Cumulative Effects ...................................................... 11–59 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xv - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

11.8.8 Assessment of Significance ........................................................................ 11–61 
11.8.9 Confidence Limits ...................................................................................... 11–62 
11.8.10 Additional Mitigation ................................................................................. 11–62 

11.9 Navigable Waters........................................................................................................ 11–62 
11.9.1 Valued Environmental and Socio-economic Components ......................... 11–62 
11.9.2 Residual Effects of Project ......................................................................... 11–62 
11.9.3 Spatial Boundary ........................................................................................ 11–63 
11.9.4 Temporal Boundary.................................................................................... 11–63 
11.9.5 Human Actions Considered........................................................................ 11–63 
11.9.6 Interactions with Other Developments and Activities................................ 11–64 
11.9.7 Predicted Residual Cumulative Effects ...................................................... 11–64 
11.9.8 Assessment of Significance ........................................................................ 11–64 
11.9.9 Confidence Limits ...................................................................................... 11–65 
11.9.10 Additional Mitigation ................................................................................. 11–65 

11.10 Wetlands ..................................................................................................................... 11–65 
11.10.1 Valued Environmental Components........................................................... 11–65 
11.10.2 Residual Effects of the Project ................................................................... 11–65 
11.10.3 Spatial Boundary ........................................................................................ 11–66 
11.10.4 Temporal Boundary.................................................................................... 11–66 
11.10.5 Human Actions Considered........................................................................ 11–66 
11.10.6 Interactions with Other Developments and Activities................................ 11–66 
11.10.7 Predicted Residual Cumulative Effects ...................................................... 11–67 
11.10.8 Assessment of Significance ........................................................................ 11–68 
11.10.9 Confidence Limits ...................................................................................... 11–69 
11.10.10 Additional Mitigation ................................................................................. 11–69 

11.11 Terrain, Surficial Materials, and Overburden ............................................................. 11–69 
11.11.1 Valued Environmental Component ............................................................ 11–69 
11.11.2 Residual Effects of the Project ................................................................... 11–69 
11.11.3 Spatial Boundary ........................................................................................ 11–70 
11.11.4 Temporal Boundary.................................................................................... 11–70 
11.11.5 Human Actions Considered........................................................................ 11–70 
11.11.6 Interactions with Other Developments and Activities................................ 11–71 
11.11.7 Predicted Residual Cumulative Effects ...................................................... 11–71 
11.11.8 Assessment of Significance ........................................................................ 11–72 
11.11.9 Confidence Limits ...................................................................................... 11–73 

11.12 Ecosystems and Vegetation ........................................................................................ 11–73 
11.12.1 Valued Environmental and Socio-economic Components ......................... 11–73 
11.12.2 Residual Effects of the Project ................................................................... 11–73 
11.12.3 Spatial Boundary ........................................................................................ 11–73 
11.12.4 Temporal Boundary.................................................................................... 11–74 
11.12.5 Human Actions Considered........................................................................ 11–74 
11.12.6 Interactions with Other Developments and Activities................................ 11–74 
11.12.7 Predicted Residual Cumulative Effects ...................................................... 11–75 
11.12.8 Assessment of Significance ........................................................................ 11–78 
11.12.9 Confidence Limits ...................................................................................... 11–78 
11.12.10 Additional Mitigation ................................................................................. 11–78 

11.13 Wildlife and Wildlife Habitat ..................................................................................... 11–79 
11.13.1 Valued Environmental Components........................................................... 11–79 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xvi - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

11.13.2 Residual Effects of Project ......................................................................... 11–79 
11.13.3 Spatial Boundary ........................................................................................ 11–79 
11.13.4 Temporal Boundary.................................................................................... 11–81 
11.13.5 Human Actions Considered........................................................................ 11–81 
11.13.6 Interactions with Other Developments and Activities................................ 11–83 
11.13.7 Predicted Residual Cumulative Effects ...................................................... 11–84 
11.13.8 Assessment of Significance ........................................................................ 11–85 
11.13.9 Confidence Limits ...................................................................................... 11–89 
11.13.10 Additional Mitigation ................................................................................. 11–89 

11.14 Archaeology and Heritage Resources ......................................................................... 11–89 
11.14.1 Valued Environmental and Socio-Economic Components ........................ 11–89 
11.14.2 Residual Effects of Project ......................................................................... 11–90 
11.14.3 Spatial Boundary ........................................................................................ 11–90 
11.14.4 Temporal Boundary.................................................................................... 11–90 
11.14.5 Human Actions Considered........................................................................ 11–90 
11.14.6 Interactions with Other Developments and Activities................................ 11–90 
11.14.7 Predicted Residual Cumulative Effects ...................................................... 11–91 
11.14.8 Assessment of Significance ........................................................................ 11–91 
11.14.9 Confidence Limits ...................................................................................... 11–91 
11.14.10 Additional Mitigation ................................................................................. 11–91 

11.15 Land and Resource Use .............................................................................................. 11–91 
11.15.1 Valued Environmental Components........................................................... 11–92 
11.15.2 Residual Effects of the Project ................................................................... 11–92 
11.15.3 Spatial Boundary ........................................................................................ 11–93 
11.15.4 Temporal Boundary.................................................................................... 11–93 
11.15.5 Human Actions Considered........................................................................ 11–93 
11.15.6 Interactions with Other Developments and Activities................................ 11–93 
11.15.7 Predicted Residual Cumulative Effects ...................................................... 11–94 
11.15.8 Assessment of Significance and Confidence.............................................. 11–97 

11.16 Socio-economic Environment..................................................................................... 11–97 
11.16.1 Valued Socio-economic Components (VSECs) ......................................... 11–97 
11.16.2 Residual Effects of the Project ................................................................... 11–98 
11.16.3 Spatial Boundary ........................................................................................ 11–99 
11.16.4 Temporal Boundary.................................................................................. 11–100 
11.16.5 Human Actions Considered...................................................................... 11–100 
11.16.6 Interactions with Other Developments and Activities.............................. 11–100 
11.16.7 Predicted Residual Cumulative Effects .................................................... 11–103 
11.16.8 Assessment of Significance and Confidence............................................ 11–107 
11.16.9 Additional Mitigation ............................................................................... 11–108 

12. First Nations Interests and Considerations .................................................................12–1 
12.1 Introduction................................................................................................................... 12–1 
12.2 First Nations Setting ..................................................................................................... 12–1 
12.3 Objectives ..................................................................................................................... 12–3 
12.4 Approach and Methodology ......................................................................................... 12–4 

12.4.1 Community engagement and consultation.................................................... 12–4 
12.4.2 Traditional Use and Ecological Knowledge Study....................................... 12–4 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xvii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

12.4.3 Environmental and Socio-economic Baseline Studies ................................. 12–5 
12.4.4 Project Terms of Reference .......................................................................... 12–5 

12.5 Lake Babine Nation Interests and Considerations ........................................................ 12–5 
12.5.1 Trans-disciplinary VEC Selection ................................................................ 12–8 
12.5.2 Traditional Knowledge ................................................................................. 12–8 
12.5.3 Cultural Sites – Archaeology........................................................................ 12–8 
12.5.4 Fisheries and Fish Habitat .......................................................................... 12–11 
12.5.5 Water Quality and Aquatics ....................................................................... 12–14 
12.5.6 Wildlife and Wildlife Habitat ..................................................................... 12–17 
12.5.7 Human Health - Drinking Water and Country Foods................................. 12–21 
12.5.8 Land and Resource Use .............................................................................. 12–25 
12.5.9 Socio-economics......................................................................................... 12–28 
12.5.10 Air quality................................................................................................... 12–31 

12.6 Yekooche Nation Interests and Considerations .......................................................... 12–32 
12.7 Summary..................................................................................................................... 12–33 

13. Environmental Management System ..........................................................................13–1 
13.1 Introduction................................................................................................................... 13–1 

13.1.1 Temporary Suspension or Extended Mine Closure ...................................... 13–1 
13.2 Air Emissions and Fugitive Dust .................................................................................. 13–2 

13.2.1 Introduction and Purpose.............................................................................. 13–2 
13.2.2 Scope ............................................................................................................ 13–2 
13.2.3 Objectives ..................................................................................................... 13–2 
13.2.4 Review of Regulatory Requirements............................................................ 13–2 
13.2.5 Design Features ............................................................................................ 13–3 
13.2.6 Activities to Avoid, Control, and Mitigate ................................................... 13–3 
13.2.7 Compensation Plans ..................................................................................... 13–6 
13.2.8 Key Performance Indicators ......................................................................... 13–6 
13.2.9 Reporting ...................................................................................................... 13–7 
13.2.10 Responsibilities............................................................................................. 13–7 

13.3 Water Management Plan............................................................................................... 13–7 
13.3.1 Introduction and Purpose.............................................................................. 13–7 
13.3.2 Scope ............................................................................................................ 13–7 
13.3.3 Objectives ..................................................................................................... 13–8 
13.3.4 Review of Regulatory Requirements............................................................ 13–8 
13.3.5 Design Features ............................................................................................ 13–9 
13.3.6 Activities to Avoid, Control, and Mitigate ................................................. 13–10 
13.3.7 Monitoring Goals........................................................................................ 13–13 
13.3.8 Responsibilities........................................................................................... 13–14 

13.4 Surface Water Quality Management Plan................................................................... 13–14 
13.4.1 Introduction and Purpose............................................................................ 13–14 
13.4.2 Scope .......................................................................................................... 13–14 
13.4.3 Objectives ................................................................................................... 13–15 
13.4.4 Review of Regulatory Requirements.......................................................... 13–15 
13.4.5 Design Features .......................................................................................... 13–16 
13.4.6 Activities to Avoid, Control, and Mitigate ................................................. 13–16 
13.4.7 Monitoring Goals........................................................................................ 13–17 
13.4.8 Key Performance Indicators ....................................................................... 13–18 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xviii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

13.4.9 Reporting .................................................................................................... 13–18 
13.4.10 Responsibilities........................................................................................... 13–18 

13.5 Fish and Fish Habitat Management Plan .................................................................... 13–19 
13.5.1 Introduction and Purpose............................................................................ 13–19 
13.5.2 Scope .......................................................................................................... 13–19 
13.5.3 Objectives ................................................................................................... 13–20 
13.5.4 Review of Regulatory Requirements.......................................................... 13–22 
13.5.5 Design Features .......................................................................................... 13–24 
13.5.6 Activities to Avoid, Control, and Mitigate ................................................. 13–24 
13.5.7 Monitoring Goals........................................................................................ 13–30 
13.5.8 Key Performance Indicators ....................................................................... 13–31 
13.5.9 Reporting .................................................................................................... 13–31 
13.5.10 Responsibilities........................................................................................... 13–31 

13.6 Fish and Fish Habitat Compensation Plan .................................................................. 13–32 
13.6.1 Introduction ................................................................................................ 13–32 
13.6.2 Residual Effects on Fish Habitat and Potential HADDs ............................ 13–32 
13.6.3 Assumptions ............................................................................................... 13–37 
13.6.4 Compensation Determination ..................................................................... 13–37 
13.6.5 Proposed Mitigation and Compensation Plans ........................................... 13–38 
13.6.6 General Approach to Compensation Planning ........................................... 13–39 
13.6.7 Compensation Pool Design and Construction ............................................ 13–43 
13.6.8 Monitoring of Compensation Areas ........................................................... 13–44 
13.6.9 Reporting .................................................................................................... 13–44 

13.7 Erosion and Sediment Control Management Plan ...................................................... 13–44 
13.7.1 Introduction and Purpose............................................................................ 13–44 
13.7.2 Scope .......................................................................................................... 13–44 
13.7.3 Objectives ................................................................................................... 13–45 
13.7.4 Design Features .......................................................................................... 13–45 
13.7.5 Activities to Avoid, Control, and Mitigate ................................................. 13–45 
13.7.6 Monitoring Goals........................................................................................ 13–50 
13.7.7 Key Performance Indicators ....................................................................... 13–50 
13.7.8 Reporting .................................................................................................... 13–51 
13.7.9 Responsibilities........................................................................................... 13–51 

13.8 Soils and Overburden Materials Management Plans .................................................. 13–51 
13.8.1 Introduction and Purpose............................................................................ 13–51 
13.8.2 Scope .......................................................................................................... 13–52 
13.8.3 Soil Compaction Management Plan ........................................................... 13–52 
13.8.4 Soil Contamination Management Plan ....................................................... 13–54 
13.8.5 Soil and Overburden Handling Management Plan ..................................... 13–56 

13.9 Vegetation and Ecosystems Management Plan .......................................................... 13–58 
13.9.1 Introduction and Purpose............................................................................ 13–58 
13.9.2 Scope .......................................................................................................... 13–58 
13.9.3 Objectives ................................................................................................... 13–59 
13.9.4 Review of Regulatory Requirements.......................................................... 13–59 
13.9.5 Design Features .......................................................................................... 13–61 
13.9.6 Activities to Avoid, Control, and Mitigate ................................................. 13–61 
13.9.7 Compensation Plans ................................................................................... 13–74 
13.9.8 Monitoring Goals........................................................................................ 13–77 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xix - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

13.9.9 Key Performance Indicators ....................................................................... 13–79 
13.9.10 Reporting .................................................................................................... 13–79 
13.9.11 Responsibilities........................................................................................... 13–80 

13.10 Wildlife Management Plan ......................................................................................... 13–80 
13.10.1 Introduction and Purpose............................................................................ 13–80 
13.10.2 Scope .......................................................................................................... 13–80 
13.10.3 Objectives ................................................................................................... 13–81 
13.10.4 Review of Regulatory Requirements.......................................................... 13–81 
13.10.5 Human Presence and Activity Management Plan ...................................... 13–83 
13.10.6 Nest Avoidance Management Plan............................................................. 13–92 
13.10.7 Waste and Wildlife Attractant Management Plan ...................................... 13–94 
13.10.8 Sensory Disturbance Management Plan ................................................... 13–101 
13.10.9 Wildlife and Road Interaction Management Plan .................................... 13–105 
13.10.10 Wildlife and Transmission Line Interaction Management Plan ............... 13–113 
13.10.11 Employee Wildlife Education Program.................................................... 13–118 
13.10.12 Quality Assurance/Quality Control .......................................................... 13–119 
13.10.13 Reporting .................................................................................................. 13–119 
13.10.14 Responsibilities......................................................................................... 13–120 

13.11 Archaeology and Heritage Resources Management Plan ......................................... 13–121 
13.11.1 Introduction and Purpose.......................................................................... 13–121 
13.11.2 Scope ........................................................................................................ 13–121 
13.11.3 Objectives ................................................................................................. 13–121 
13.11.4 Review of Regulatory Requirements........................................................ 13–121 
13.11.5 Design Features ........................................................................................ 13–121 
13.11.6 Activities to Avoid, Control, and Mitigate ............................................... 13–122 
13.11.7 Compensation Plans ................................................................................. 13–122 
13.11.8 Monitoring Goals...................................................................................... 13–122 
13.11.9 Key Performance Indicators ..................................................................... 13–122 
13.11.10 Reporting .................................................................................................. 13–122 
13.11.11 Responsibilities......................................................................................... 13–122 

13.12 Social Management Plan .......................................................................................... 13–123 
13.12.1 Introduction and Purpose.......................................................................... 13–123 
13.12.2 Scope ........................................................................................................ 13–123 
13.12.3 Objectives ................................................................................................. 13–125 
13.12.4 Review of Regulatory Requirements........................................................ 13–125 
13.12.5 Design Features ........................................................................................ 13–125 
13.12.6 Activities to Avoid, Control, and Mitigate ............................................... 13–125 
13.12.7 Compensation Plans ................................................................................. 13–130 
13.12.8 Monitoring Goals...................................................................................... 13–131 
13.12.9 Key Performance Indicators ..................................................................... 13–131 
13.12.10 Reporting .................................................................................................. 13–132 
13.12.11 Responsibilities......................................................................................... 13–133 

13.13 Tailings and Waste Rock Management Plan ............................................................ 13–134 
13.13.1 Introduction and Purpose.......................................................................... 13–134 
13.13.2 Scope ........................................................................................................ 13–134 
13.13.3 Objectives ................................................................................................. 13–134 
13.13.4 Review of Regulatory Requirements........................................................ 13–135 
13.13.5 Design Features ........................................................................................ 13–136 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xx - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

13.13.6 Activities to Avoid, Control, and Mitigate ............................................... 13–136 
13.13.7 Monitoring Goals...................................................................................... 13–137 
13.13.8 Responsibilities......................................................................................... 13–137 

13.14 Tailings Pipeline Management Plan ......................................................................... 13–138 
13.14.1 Introduction and Purpose.......................................................................... 13–138 
13.14.2 Scope ........................................................................................................ 13–138 
13.14.3 Objectives ................................................................................................. 13–138 
13.14.4 Review of Regulatory Requirements........................................................ 13–138 
13.14.5 Design Features ........................................................................................ 13–138 
13.14.6 Activities to Avoid, Control, and Mitigate ............................................... 13–138 
13.14.7 Monitoring Goals...................................................................................... 13–138 
13.14.8 Responsibilities......................................................................................... 13–139 

13.15 Transmission Line Management Plan....................................................................... 13–139 
13.15.1 Introduction and Purpose.......................................................................... 13–139 
13.15.2 Scope ........................................................................................................ 13–139 
13.15.3 Objective................................................................................................... 13–139 
13.15.4 Review of Regulatory Requirements........................................................ 13–139 
13.15.5 Design Features ........................................................................................ 13–140 
13.15.6 Activities to Avoid, Control, and Mitigate ............................................... 13–140 
13.15.7 Monitoring................................................................................................ 13–142 
13.15.8 Key Performance Indicators ..................................................................... 13–143 
13.15.9 Reporting .................................................................................................. 13–143 
13.15.10 Responsibilities......................................................................................... 13–143 

13.16 Concentrate Haulage Management Plan ................................................................... 13–144 
13.16.1 Introduction and Purpose.......................................................................... 13–144 
13.16.2 Driver Qualifications ................................................................................ 13–144 
13.16.3 Driver Schedules ...................................................................................... 13–144 
13.16.4 Compliance with Regulations................................................................... 13–144 
13.16.5 Vehicle Maintenance and Equipment....................................................... 13–144 
13.16.6 Maintenance of PBM Roads..................................................................... 13–145 
13.16.7 Weather..................................................................................................... 13–145 
13.16.8 Wildlife..................................................................................................... 13–145 
13.16.9 Concentrate Load...................................................................................... 13–145 
13.16.10 Emergency Response................................................................................ 13–145 

13.17 ML/ARD Prediction and Prevention Plan ................................................................ 13–146 
13.17.1 ML/ARD Prediction ................................................................................. 13–146 
13.17.2 ML/ARD Prediction Methods .................................................................. 13–148 
13.17.3 Component/Source-specific ML/ARD Prediction, Prevention and 

Mitigation ................................................................................................. 13–149 
13.17.4 Closure...................................................................................................... 13–152 

13.18 Spill Contingency and Emergency Response Plan ................................................... 13–153 
13.18.1 Introduction and Purpose.......................................................................... 13–153 
13.18.2 Scope ........................................................................................................ 13–153 
13.18.3 Objective................................................................................................... 13–153 
13.18.4 Review of Regulatory Requirements........................................................ 13–153 
13.18.5 Design Features ........................................................................................ 13–153 
13.18.6 Activities to Avoid, Control, and Mitigate ............................................... 13–157 
13.18.7 Compensation Plans ................................................................................. 13–161 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xxi - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

13.18.8 Monitoring Goals...................................................................................... 13–161 
13.18.9 Key Performance Indicators ..................................................................... 13–162 
13.18.10 Reporting .................................................................................................. 13–162 
13.18.11 Responsibilities......................................................................................... 13–162 

13.19 Materials and Industrial and Domestic Waste Management Plan ............................ 13–163 
13.19.1 Introduction .............................................................................................. 13–163 
13.19.2 Scope ........................................................................................................ 13–164 
13.19.3 Review of Regulatory Requirements........................................................ 13–165 
13.19.4 Non-Hazardous and Hazardous Waste Streams ....................................... 13–167 
13.19.5 Waste Management Plan .......................................................................... 13–170 
13.19.6 Procedures for Managing Specific Wastes ............................................... 13–172 
13.19.7 Employee Responsibilities and Accountability ........................................ 13–173 
13.19.8 Materials Management Plan ..................................................................... 13–174 

13.20 Summary of Residual Effects ................................................................................... 13–175 

14. Environmental Effects Monitoring and Follow-up Programs .......................................14–1 
14.1 Introduction................................................................................................................... 14–1 
14.2 Air Quality and Meteorology........................................................................................ 14–1 

14.2.1 Introduction and Purpose.............................................................................. 14–1 
14.2.2 Scope and Objectives ................................................................................... 14–1 
14.2.3 Monitoring Activities ................................................................................... 14–2 
14.2.4 Reporting ...................................................................................................... 14–3 
14.2.5 Responsibilities............................................................................................. 14–4 

14.3 Climate Change Monitoring ......................................................................................... 14–4 
14.3.1 Introduction .................................................................................................. 14–4 
14.3.2 Monitoring Activities ................................................................................... 14–4 

14.4 Noise Monitoring.......................................................................................................... 14–5 
14.4.1 Introduction and Purpose.............................................................................. 14–5 
14.4.2 Scope and Objectives ................................................................................... 14–6 
14.4.3 Monitoring Activities ................................................................................... 14–6 
14.4.4 Quality Assurance/Quality Control .............................................................. 14–7 
14.4.5 Reporting ...................................................................................................... 14–7 
14.4.6 Responsibilities............................................................................................. 14–7 

14.5 Groundwater Monitoring Plan ...................................................................................... 14–7 
14.5.1 Introduction and Purpose.............................................................................. 14–7 
14.5.2 Scope and Objectives ................................................................................... 14–8 
14.5.3 Monitoring Activities ................................................................................. 14–10 
14.5.4 Reporting .................................................................................................... 14–20 
14.5.5 Responsibilities........................................................................................... 14–20 

14.6 Aquatic Effects Monitoring Plan ................................................................................ 14–20 
14.6.1 Introduction and Purpose............................................................................ 14–20 
14.6.2 Scope and Objectives ................................................................................. 14–21 
14.6.3 Monitoring Activities ................................................................................. 14–21 
14.6.4 Additional Monitoring for Risk Assessment Purposes............................... 14–28 
14.6.5 Reporting .................................................................................................... 14–29 
14.6.6 Responsibilities........................................................................................... 14–29 

14.7 Soils and Overburden Monitoring Plan ...................................................................... 14–29 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xxii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

14.7.1 Introduction and Purpose............................................................................ 14–29 
14.7.2 Scope and Objectives ................................................................................. 14–29 
14.7.3 Monitoring Activities ................................................................................. 14–29 
14.7.4 Reporting .................................................................................................... 14–31 
14.7.5 Responsibilities........................................................................................... 14–31 

14.8 Vegetation and Ecosystems Effects Monitoring Plan................................................. 14–31 
14.8.1 Introduction and Purpose............................................................................ 14–31 
14.8.2 Scope and Objectives ................................................................................. 14–32 
14.8.3 Monitoring Activities ................................................................................. 14–32 
14.8.4 Quality Assurance/Quality Control ............................................................ 14–39 
14.8.5 Reporting .................................................................................................... 14–39 
14.8.6 Responsibilities........................................................................................... 14–40 

14.9 Wildlife Effects Monitoring Program......................................................................... 14–40 
14.9.1 Introduction and Purpose............................................................................ 14–40 
14.9.2 Scope and Objectives ................................................................................. 14–40 
14.9.3 Moose Monitoring Program ....................................................................... 14–41 
14.9.4 Waste and Wildlife Attractant Monitoring ................................................. 14–47 
14.9.5 Pit Wall Nest Monitoring ........................................................................... 14–49 
14.9.6 Wildlife Observations and Incident/Accident Monitoring ......................... 14–51 
14.9.7 Quality Assurance/Quality Control ............................................................ 14–54 
14.9.8 Reporting .................................................................................................... 14–54 
14.9.9 Responsibilities........................................................................................... 14–54 

14.10 Geotechnical Monitoring ............................................................................................ 14–54 
14.10.1 Introduction and Purpose............................................................................ 14–54 
14.10.2 Scope and Objectives ................................................................................. 14–55 
14.10.3 Monitoring Activities ................................................................................. 14–55 
14.10.4 Quality Assurance/Quality Control ............................................................ 14–57 
14.10.5 Reporting .................................................................................................... 14–57 
14.10.6 Responsibilities........................................................................................... 14–58 

14.11 Metal Leaching and Acid Rock Drainage Monitoring................................................ 14–58 
14.11.1 Mine Materials............................................................................................ 14–59 
14.11.2 Solid-Phase Methods .................................................................................. 14–59 
14.11.3 Aqueous-Phase Methods ............................................................................ 14–61 
14.11.4 Post Closure Monitoring............................................................................. 14–63 
14.11.5 Summary of Monitoring Program .............................................................. 14–64 

15. Analysis of Alternatives ...............................................................................................15–1 
15.1 Haul Route Alternatives................................................................................................ 15–1 

15.1.1 Overview ...................................................................................................... 15–1 
15.1.2 Route 1 (a and b): Leo Creek via Hautete and Leo Sakeniche Forest 

Service Roads ............................................................................................... 15–3 
15.1.3 Route 2 (a, b, and c): Topley via Granisle Highway .................................... 15–3 
15.1.4 Route 3 (a, b, and c): Houston via Michelle Bay Forest Service Road ........ 15–4 
15.1.5 Route 4 (a, b, and c):  Smithers via Granisle Connector and Babine 

Lake Road..................................................................................................... 15–4 
15.1.6 Route 5 (a, b, and c): Smithers via Morrison Main, Fort Babine, 

Nilkitkwa Forest Service Road, and Babine Lake Road .............................. 15–5 
15.1.7 Route 6 (a, b, and c):  Hazelton via Suskwa Pass......................................... 15–6 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xxiii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

15.1.8 Route 7 (a, b, and c): Hazelton via Nichyeskwa Forest Service Road ......... 15–6 
15.1.9 Summary of AllNorth Haul Route Options .................................................. 15–7 
15.1.10 Haul Route Options Assessed by Rescan ..................................................... 15–8 
15.1.11 Conclusions ................................................................................................ 15–10 

15.2 Mine Infrastructure Location Alternatives.................................................................. 15–10 
15.2.1 Plant Site Alternative 1............................................................................... 15–10 
15.2.2 Plant Site Alternative 2............................................................................... 15–12 
15.2.3 Plant Site Alternative 3 – Current Plant Site .............................................. 15–12 
15.2.4 Selection of Preferred Alternative .............................................................. 15–13 

15.3 Mining Method, Rate, and Sequence Alternatives ..................................................... 15–13 
15.3.1 Mining Method........................................................................................... 15–13 
15.3.2 Mill Processing Rate................................................................................... 15–14 
15.3.3 Mine Production Rate................................................................................. 15–15 
15.3.4 Pit Sequencing ............................................................................................ 15–15 
15.3.5 Selection of Preferred Alternative .............................................................. 15–23 

15.4 Mineral Processing ..................................................................................................... 15–23 
15.4.1 Mineral Processing Alternatives................................................................. 15–24 
15.4.2 Selection of Preferred Alternative .............................................................. 15–25 

15.5 Tailings Storage and Management.............................................................................. 15–25 
15.5.1 Evaluation of Tailings Storage Sites .......................................................... 15–26 
15.5.2 Site A.......................................................................................................... 15–30 
15.5.3 Site B .......................................................................................................... 15–30 
15.5.4 Site C .......................................................................................................... 15–32 
15.5.5 Site D.......................................................................................................... 15–32 
15.5.6 Site E .......................................................................................................... 15–32 
15.5.7 Site F........................................................................................................... 15–32 
15.5.8 Site G.......................................................................................................... 15–33 
15.5.9 Site H.......................................................................................................... 15–33 
15.5.10 Selection of Preferred Alternative .............................................................. 15–33 

15.6 Waste Rock Storage Alternatives ............................................................................... 15–34 
15.6.1 Storing Waste Rock Adjacent to Open Pit ................................................. 15–34 
15.6.2 Storing Waste Rock under Water in Tailings Impoundment...................... 15–35 
15.6.3 Backfilling Open Pit with Waste Rock....................................................... 15–35 
15.6.4 Waste Rock Cover Alternatives ................................................................. 15–35 
15.6.5 Selection of Preferred Alternative .............................................................. 15–36 

15.7 Water Supply and Sewage Effluent Discharge Alternatives ...................................... 15–36 
15.7.1 Process Plant............................................................................................... 15–36 
15.7.2 Potable Water ............................................................................................. 15–37 
15.7.3 Sewage Effluent Discharge during the Construction Phase ....................... 15–37 
15.7.4 Sewage Effluent Discharge during the Operations Phase .......................... 15–38 

15.8 Transmission Line Right-of-Way Alternatives........................................................... 15–39 
15.8.1 Introduction ................................................................................................ 15–39 

15.9 Power Supply Alternatives ......................................................................................... 15–43 
15.9.1 On-site Diesel Power Generation ............................................................... 15–43 
15.9.2 On-site Hydro Generation .......................................................................... 15–44 
15.9.3 BC Hydro Grid Connection........................................................................ 15–44 
15.9.4 Selection of Preferred Alternative .............................................................. 15–44 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xxiv - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

15.10 Employee Transportation and Accommodation Alternatives ..................................... 15–44 
15.10.1 Employee Transportation Alternatives ....................................................... 15–45 
15.10.2 Employee Accommodation Alternatives.................................................... 15–48 

15.11 Employee Work Scheduling ....................................................................................... 15–52 
15.11.1 Evaluation of Alternative Employee Work Schedules ............................... 15–53 
15.11.2 Selection of Preferred Alternative .............................................................. 15–53 
15.11.3 Human Resources Forecast ........................................................................ 15–54 

16. Mine Closure and Reclamation ...................................................................................16–1 
16.1 Regulatory Framework and Requirements ................................................................... 16–2 

16.1.1 Mine Plan and Reclamation Program Submission ....................................... 16–2 
16.1.2 Permit Amendments ..................................................................................... 16–4 
16.1.3 Reclamation Cost Reporting......................................................................... 16–4 

16.2 Closure and Reclamation Objectives ............................................................................ 16–5 
16.2.1 Provision of Stable Landforms ..................................................................... 16–5 
16.2.2 Re-establishment of Productive Land Use ................................................... 16–5 
16.2.3 Protection of Terrestrial and Aquatic Resources .......................................... 16–9 
16.2.4 Protection of Heritage and Archaeological Resources ............................... 16–10 

16.3 Reclamation Planning ................................................................................................. 16–10 
16.3.1 Soil Assessment.......................................................................................... 16–10 
16.3.2 Soil Salvage ................................................................................................ 16–10 
16.3.3 Salvage Volumes ........................................................................................ 16–12 
16.3.4 Materials Handling Balance ....................................................................... 16–17 
16.3.5 Soil Handling Plan...................................................................................... 16–18 

16.4 Closure ........................................................................................................................ 16–23 
16.4.1 General Closure Strategies ......................................................................... 16–23 
16.4.2 Mine Facilities Area ................................................................................... 16–24 
16.4.3 Off-Site Transmission Line and Access Road............................................ 16–29 

16.5 Reclamation ................................................................................................................ 16–30 
16.5.1 Reclamation Schedule ................................................................................ 16–30 
16.5.2 Soil/Overburden Replacement and Revegetation....................................... 16–32 

16.6 Reclaimed Soil and Landscape Conditions................................................................. 16–41 
16.6.1 Waste Rock Dump (R1 and R2) ................................................................. 16–41 
16.6.2 Tailings Storage Facility (R3, R4, R5, R9b, and R10) ............................... 16–45 
16.6.3 Pit Area (R8 and R9a) ................................................................................ 16–45 
16.6.4 Other Areas (R6 and R7) ............................................................................ 16–46 

16.7 Post-Mine Capability and Suitability.......................................................................... 16–46 
16.7.1 Post-Mine Ecosystem Units........................................................................ 16–48 
16.7.2 Facility-specific Post-mine Capability ....................................................... 16–54 

16.8 Assessment of Reclamation ........................................................................................ 16–58 
16.8.1 Assessment Parameters............................................................................... 16–58 

16.9 Reclamation Monitoring ............................................................................................. 16–59 
16.9.1 Terrestrial Environment.............................................................................. 16–59 
16.9.2 Aquatic Environment.................................................................................. 16–59 

16.10 Closure Cost Estimate................................................................................................. 16–60 
16.11 Post-closure Monitoring ............................................................................................. 16–60 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xxv - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

17. Sustainability ...............................................................................................................17–1 
17.1 Introduction................................................................................................................... 17–1 
17.2 Pacific Booker Minerals Inc. Corporate Sustainability Principles................................ 17–1 
17.3 Sustainability Assessment Methodology ...................................................................... 17–2 
17.4 Sustainable Operations ................................................................................................. 17–2 
17.5 Renewable Resources ................................................................................................... 17–3 
17.6 Socio-economic Sustainability...................................................................................... 17–3 

17.6.1 Elements of Social and Socio-economic Sustainability ............................... 17–3 
17.6.2 Supporting Social Sustainability Plans......................................................... 17–4 

17.7 Environmental Sustainability........................................................................................ 17–5 
17.7.1 Air Quality.................................................................................................... 17–5 
17.7.2 Water Quantity and Quality.......................................................................... 17–6 
17.7.3 Wildlife......................................................................................................... 17–6 
17.7.4 Fish and Fish Habitat.................................................................................... 17–7 
17.7.5 Terrain, Surficial Materials, Overburden, and Soils..................................... 17–7 
17.7.6 Vegetation..................................................................................................... 17–7 

17.8 Summary....................................................................................................................... 17–8 

18. Summary of Community Relations, Consultation and Involvement ............................18–1 
18.1 Community Relations, Consultation and Involvement ................................................. 18–1 
18.2 Socio-economic Development ...................................................................................... 18–6 
18.3 Health and Safety........................................................................................................ 18–20 

18.3.1 Project Design ............................................................................................ 18–20 
18.3.2 Construction ............................................................................................... 18–20 
18.3.3 Operations................................................................................................... 18–20 
18.3.4 Decommissioning and Closure................................................................... 18–21 

18.4 Environment................................................................................................................ 18–28 
18.5 Corporate Policies....................................................................................................... 18–55 

19. Conclusions.................................................................................................................19–1 
19.1 Introduction................................................................................................................... 19–1 
19.2 Summary of Effects ...................................................................................................... 19–2 
19.3 Summary of Mitigation Measures and Commitments .................................................. 19–3 
19.4 Conclusions................................................................................................................... 19–5 

20. Acronyms and Abbreviations .......................................................................................20-1 

21. Glossary .......................................................................................................................21-1 

22. References...................................................................................................................22-1 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xxvi - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

LIST OF FIGURES 

Figure  Page 

1.1-1 Morrison Copper/Gold Project Location Map ..........................................................1–2 

1.2-1 Morrison Copper/Gold Project Components ...........................................................1–4 

1.2-2 Simplified Flow Diagram........................................................................................1–10 

1.6-1 Environmental Assessment Process Managed by the BC Environmental 
Assessment Office ................................................................................................1–21 

1.6-2 Proponent Activities in the BC Environmental Assessment Process 
Coordinated by the Environmental Assessment Office (EAO) ..............................1–22 

2.6-1 Lake Babine and Yekooche First Nations’ Territories in Relation to the 
Morrison Copper/Gold Project...............................................................................2–37 

3.1-1 Environmental Assessment Process Managed by the BC Environmental 
Assessment Office ..................................................................................................3–3 

3.1-2 Proponent Activities in the BC Environmental Assessment Process 
Coordinated by the Environmental Assessment Office ...........................................3–4 

3.1-3. BCEAO – Environmental Assessment Stages and Morrison Copper/Gold 
Project Timelines...................................................................................................3–14 

4.1-1 General Location of the Morrison Copper/Gold Project ..........................................4–2 

4.1-2 Mineral Claim Location Map....................................................................................4–5 

4.1-3 Morrison Project Site Mineral Claim Location Map .................................................4–7 

4.4-1 Regional Geology..................................................................................................4–12 

4.4-2 Local and Property Geology..................................................................................4–14 

4.7-1 Drill Hole Plan........................................................................................................4–20 

4.8-1 Sample Sequence Chart – Site Standard (Cu) .....................................................4–25 

4.8-2 Sample Sequence Chart – Site Standard (Au)......................................................4–26 

4.8-3 Sample Sequence Charts – 2005 Drilling Standard 2001-B .................................4–27 

4.8-4 Sample Sequence Charts – 2005 Drilling Standard 2001-C .................................4–28 

4.8-5 Sample Sequence Charts – 2005 Drilling Standard 2001-D .................................4–29 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xxvii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

4.8-6 Duplicate Assays – Cu ..........................................................................................4–30 

4.8-7 Duplicate Assays – Au ..........................................................................................4–31 

4.8-8 Pulp Check Assays for Cu – Acme vs.  Bondar Clegg..........................................4–32 

4.8-9 Pulp Check Assays for Au – Acme vs.  Bondar Clegg ..........................................4–33 

4.8-10 Pulp Check Assays for Cu – Acme vs.  ALS-Chemex ..........................................4–34 

4.8-11 Pulp Check Assays for Au – Acme vs.  ALS-Chemex...........................................4–35 

4.10-1 Simplified Flowsheet .............................................................................................4–43 

4.10-2 Effect of Primary Grind Size on Rougher Recovery ..............................................4–48 

4.10-3 Results of a Single Pass through the HPGR.........................................................4–53 

4.10-4 Results of Closed Circuit Testing in the HPGR .....................................................4–54 

4.10-5 Results of Locked Cycle Test, Test R2.3 ..............................................................4–55 

4.10-6 Size Distributions Dry Screen Products, Test R2.3...............................................4–56 

4.11-1 Frequency Distribution of Cu, Au and Mo .............................................................4–65 

4.11-2 Comparison of Block Model Constraints Based on Cu Grade Isopleths ...............4–67 

4.11-3 Morrison Structural Domains Within 0.1% Cu Isopleth .........................................4–68 

4.11-4 Log Probability Distribution Plot of Cu Assays ......................................................4–70 

4.11-5 Log Probability Distribution Plot of Mo Assays......................................................4–71 

4.11-6 Log Probability Distribution Plot of Au Assays ......................................................4–72 

4.11-7 Semi-variogram Models for Cu by Zone................................................................4–73 

4.11-8 Semi-variogram Models for Au by Zone................................................................4–74 

4.11-9 Semi-variogram Models for Mo by Zone ...............................................................4–75 

4.11-10 Cu Grades – 700 Level .........................................................................................4–78 

4.11-11 Au Grades – 700 Level..........................................................................................4–79 

4.11-12 Mo Grades – 700 Level .........................................................................................4–80 

4.11-13 Zonation of Metal Distribution................................................................................4–81 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xxviii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

4.11-14 Block Classification – 800 Level............................................................................4–83 

4.11-15 Block Classification – 600 Level............................................................................4–84 

4.11-16 Block Classification – Section 9070 N...................................................................4–85 

4.11-17 Block Classification – Section 9190 N...................................................................4–86 

4.11-18 Swath Plot for Cu – Section 9360 North................................................................4–88 

4.11-19 Plot for Au – Long Section 670530 East ...............................................................4–89 

4.12-1 Potentiometric Surface ..........................................................................................4–99 

4.12-2 Potentiometric Surface ........................................................................................4–100 

4.12-3 Seismic Hazard Curve from Probabilistic Seismic Hazard Assessment .............4–107 

4.12-4 Sand and Gravel Borrow Area #2 Sample Grain Size Distribution Curves .........4–118 

4.13-1 Bedrock Geology of the Tailings Impoundment ..................................................4–125 

4.13-2 Grain Size Distribution Curve of Morrison Tailings..............................................4–129 

4.13-3 Flow Boundary Conditions in 3D Hydrogeological Model for Operation 
Phases ................................................................................................................4–131 

4.13-4 Flow Boundary Conditions in 3D Hydrogeological Model for Post Closure.........4–132 

4.13-5 Predicted Evolution of Tailings Solids and Water Level for Water Balance ........4–133 

4.13-6 Seepage Rate of the TSF Versus Mining Time and Water Level in TSF from 
3d Hydrogeological Model of Base Case, Lower lImit and Upper Limit 
Scenarios ............................................................................................................4–134 

4.14-1 Copper and Gold Metallurgical Recovery............................................................4–139 

4.14-2 Pit Design Sector Location ..................................................................................4–140 

4.14-3 Plan View of Bench 768 Showing Pit Limits........................................................4–142 

4.14-4 Phase 1 Pit Design..............................................................................................4–145 

4.14-5 Phase 1 and 2 Pit Design....................................................................................4–146 

4.14-6 Phase 3 and 4 Open Pits ....................................................................................4–147 

4.14-7 Mine Development ..............................................................................................4–150 

4.15-1 Pit Inflow at Different Years of Mine Life .............................................................4–156 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xxix - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

4.16-1 Typical Haul Road Cross-sections that meet BC MEMPR requirements............4–159 

4.17-1 Typical Right-of-Way ...........................................................................................4–174 

4.17-2 Typical Dead-end ................................................................................................4–175 

4.18-1 Project Management Organization Chart ............................................................4–177 

4.18-2 Preliminary Schedule ..........................................................................................4–179 

4.18-3 Construction Management Organization Chart ...................................................4–186 

4.19-1 Predicted Evolution of Tailings Solids and Water Level for Water Balance ........4–194 

4.19-2 Concentrate Transportation Route ......................................................................4–215 

4.22-1 Construction Manpower Histogram.....................................................................4–225 

6.1-1 Rescan’s Approach to Traditional Use and Ecological Knowledge.........................6–4 

6.2-1 Traditional Use and Ecological Knowledge Study Area ..........................................6–7 

7.1-1 Project Location Map...............................................................................................7–2 

7.2-1 Meteorological Stations and Snow Survey Locations .............................................7–5 

7.2-2 Average Monthly Precipitation at Rescan Morrison Station and Regional MSC 
Station .....................................................................................................................7–9 

7.2-3 Average Snow Depth at the End of the Month at Rescan Morrison and 
Regional MSC Stations .........................................................................................7–11 

7.3-1 Dustfall Collector Locations...................................................................................7–15 

7.4-1 Morrison Copper/Gold Project Sampling Sites......................................................7–19 

7.5-1 Regional Watersheds of the Morrison Copper/Gold Project .................................7–27 

7.5-2 Hydrometric Stations and Watersheds..................................................................7–29 

7.6-1 Local Geology and Mine Infrastructure .................................................................7–36 

7.6-2 General Site with Monitoring Wells and Piezometers ...........................................7–37 

7.6-3 Hardness and Colour ............................................................................................7–43 

7.6-4 Electrical Conductivity and pH...............................................................................7–44 

7.6-5 Total Dissolved Solids and Total Suspended Solids .............................................7–45 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xxx - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

7.6-6 Turbidity and Ammonia .........................................................................................7–46 

7.6-7 Total Acidity and Total Alkalinity............................................................................7–47 

7.6-8 Total Fluoride and Total Sulphate .........................................................................7–48 

7.6-9 Total Nitrate and Total Organic Carbon (TOC) .....................................................7–49 

7.6-10 Total and Dissolved Aluminum..............................................................................7–52 

7.6-11 Total Antimony and Total Arsenic .........................................................................7–53 

7.6-12 Total Barium and Total Cadmium..........................................................................7–55 

7.6-13 Total Chromium and Total Cobalt .........................................................................7–56 

7.6-14 Total Copper..........................................................................................................7–57 

7.6-15 Total and Dissolved Iron........................................................................................7–59 

7.6-16 Total Lead .............................................................................................................7–60 

7.6-17 Total Manganese...................................................................................................7–61 

7.6-18 Total Mercury and Total Nickel..............................................................................7–62 

7.6-19 Total Selenium and Total Silver ............................................................................7–64 

7.6-20 Total Sodium and Total Thallium...........................................................................7–65 

7.6-21 Total Titanium and Total Uranium.........................................................................7–67 

7.6-22 Total Zinc...............................................................................................................7–68 

7.6-23 Morrison Groundwater Chemical Analysis – Piper Plot.........................................7–69 

7.7-1 Local Geology and Mine Infrastructure .................................................................7–72 

7.7-2 General Site with Monitoring Wells and Piezometers ...........................................7–75 

7.7-3a Potentiometric Surface ..........................................................................................7–83 

7.7-3b Potentiometric Surface ..........................................................................................7–84 

7.7-4 Groundwater Levels in MW07-07A from October 2007 to October 2008..............7–86 

7.8-1 Morrison Copper/Gold Project Sampling Sites......................................................7–87 

7.9-1 Morrison Copper/Gold Project Sampling Sites......................................................7–94 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xxxi - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

7.9-2 Stream Periphyton Biomass as Chlorophyll a .......................................................7–97 

7.9-3 Bray-Curtis Similarity for Stream Benthic Invertebrate Communities, 2007 and 
2008 ......................................................................................................................7–99 

7.9-4 Lake and Pond Biomass as Chlorophyll a...........................................................7–101 

7.10-1 Sample Site Locations and Fish Distributions in Morrison Lake and 
Tributaries ...........................................................................................................7–105 

7.10-2 Stream Crossing Sites Surveyed for the Proposed Transmission Line Options 
of the Morrison Copper/Gold Project...................................................................7–109 

7.11-1 Mine Footprint Stream Crossing Locations of the Morrison Copper/Gold 
Project .................................................................................................................7–119 

7.11-2 Stream Crossing Sites Surveyed for the Proposed Transmission Line Options 
of the Morrison Copper/Gold Project...................................................................7–121 

7.12-1 Wetland Survey Locations...................................................................................7–127 

7.12-2 Wetland Hydrological Monitoring and Aquatic Survey Sites ...............................7–129 

7.13-1 Study Area and Project Footprint Boundary........................................................7–137 

7.13-2 Site Inspection Locations – Mine Facility Area....................................................7–141 

7.13-3 Site Inspection Locations – Transmission Line Study Corridor ...........................7–143 

7.13-4 Overburden Sample Locations............................................................................7–145 

7.14-1 Terrain Stability ...................................................................................................7–167 

7.14-2 Terrain Stability ...................................................................................................7–169 

7.15-1 Ecosystem and Vegetation Study Area Boundaries............................................7–173 

7.15-2 Distribution of General Ecosystem Types ...........................................................7–181 

7.15-3 Distribution of Vegetation Structural Stages........................................................7–182 

7.15-4 General Ecosystem Types Regional Study Area ................................................7–183 

7.15-5 Vegetation Structural Stages Regional Study Area.............................................7–185 

7.15-6 Listed Ecosystem Locations................................................................................7–187 

7.15-7 Riparian Ecosystems in the Regional Study Area...............................................7–191 

7.16-1 Local and Regional Study Areas for Wildlife .......................................................7–197 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xxxii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

7.16-2 Location of Amphibian Surveys and Western Toad Observations, 2008 ............7–209 

7.16-3 Habitat Types in the Morrison Copper/Gold Project Area ...................................7–211 

7.17-1 Trails, Trade Routes, and Historic Sites..............................................................7–224 

7.17-2 Archaeological and Heritage Sites in Close Proximity to the Morrison 
Copper/Gold Project............................................................................................7–228 

7.18-1 Morice LRMP: Resource Management Zones near the Project..........................7–235 

7.18-2  Morrison Copper/Gold Project Mineral Claims: 2008 ..........................................7–241 

7.18-3  Mineral Legacy Claims Near Morrison Copper/Gold Project: 2008.....................7–243 

7.18-4 Guide Outfitters Relative to Morrison Copper/Gold Project.................................7–245 

7.18-5  Trapline Tenures Near Morrison Copper/Gold Project........................................7–249 

7.18-6 Forestry Tenures Relative to the Morrison Copper/Gold Project ........................7–255 

7.18-7 Total Resident Kills..............................................................................................7–259 

7.19-1 Socio-economic Study Area ................................................................................7–263 

7.20-1 Scenic Area and Resource Management Zones near Morrison Copper/Gold 
Project .................................................................................................................7–290 

7.20-2 Visual Quality Reference Locations Morrison Copper/Gold Project....................7–292 

7.21-1 Noise Station Locations.......................................................................................7–298 

7.22-1 Surrounding Communities and Land User Structures.........................................7–302 

7.22-2 Noise Station Locations.......................................................................................7–305 

7.22-3 Drinking Water Conceptual Model.......................................................................7–307 

7.22-4 Surface Drinking Water Sampling Locations.......................................................7–308 

7.22-5 Country Foods Baseline Study Area ...................................................................7–311 

7.22-6 Country Foods Conceptual Model.......................................................................7–312 

8.1-1 Project Location Map...............................................................................................8–2 

8.3-1 Air Quality Assessment Study Areas.....................................................................8–17 

8.3-2 CALPUFF Area Sources in the Mine Area for the Construction Phase ................8–29 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xxxiii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8.3-3 CALPUFF Point and Area Sources in the Mine Area for the Operations Phase...8–30 

8.3-4 SO2 Concentrations During Construction Phase (July/August).............................8–33 

8.3-5 Annual SO2 (µg/m3) Concentrations During Operations Phase ............................8–34 

8.3-6 NO2 (µg/m3) Concentrations During Construction Phase (July/August) ................8–36 

8.3-7 Annual NO2 (µg/m3) Concentrations During Operations Phase ............................8–37 

8.3-8 Maximum Daily PM2.5 Concentrations (µg/m3) During Construction Phase 
(July/August) .........................................................................................................8–40 

8.3-9 Maximum Daily PM2.5 Concentrations (µg/m3) During Construction Phase...........8–41 

8.3-10 Maximum Daily PM10 Concentrations (µg/m3) During Construction Phase ...........8–42 

8.3-11 Maximum Daily PM10 Concentrations (µg/m3) During Operations Phase..............8–43 

8.3-12 Potential Acid Input (Sulphates in kg/(ha yr)) During Construction Phase 
(July/August) —Project Contribution .....................................................................8–45 

8.3-13 Potential Acid Input (Sulphates in kg/(ha yr)) During Operations Phase 
(Project Contribution..............................................................................................8–46 

8.3-14 Maximum Daily PM2.5 Fugitive Dust Concentrations (µg/m3) During 
Construction Phase (July/August) .........................................................................8–49 

8.3-15 Maximum Daily PM2.5 Fugitive Dust Concentrations (µg/m3) During 
Operations Phase..................................................................................................8–50 

8.3-16 Maximum Daily PM10 Fugitive Dust Concentrations (µg/m3) During 
Construction Phase (July/August) .........................................................................8–51 

8.3-17 Maximum Daily PM10 Fugitive Dust Concentrations (µg/m3) During Operations 
Phase ....................................................................................................................8–52 

8.4-1 Surface Water Quality Primary Study Area ...........................................................8–61 

8.5-1 Surface Water Quantity Assessment Spatial Boundaries .....................................8–79 

8.5-2 Watersheds: Baseline ...........................................................................................8–81 

8.5-3 Watersheds: Construction .....................................................................................8–83 

8.5-4 Baseline Watersheds: Operations.........................................................................8–85 

8.5-5 Baseline Watersheds: Closure/Decommissioning.................................................8–87 

8.5-6 Monthly Average Flow Predictions for MCS-4a.....................................................8–92 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xxxiv - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8.5-7 Monthly Average Flow Predictions for MCS-6.......................................................8–93 

8.5-8 Monthly Average Flow Predictions for MCS-7.......................................................8–94 

8.5-9 Monthly Average Flow Predictions for MCS-8.......................................................8–95 

8.5-10 Monthly Average Flow Predictions for MCS-10a...................................................8–96 

8.5-11 Estimated Changes in Water Levels at Cross Section of Morrison Creek ..........8–104 

8.6-1 Groundwater Quality Assessment Spatial Boundaries........................................8–113 

8.6-2 Contaminant Transport Modelling Results (Base Case) .....................................8–116 

8.6-3 Contaminant Transport Modelling Cross Sections (Base Case) .........................8–117 

8.6-4 Groundwater Modelling Particle Tracking Results During Operation (Year 11) ..8–122 

8.6-5 Groundwater Modelling Particle Tracking Results Post Closure.........................8–123 

8.7-1 Groundwater Quantity Assessment Spatial Boundaries .....................................8–133 

8.7-2 Three Cross-Sections for Year 19 Dewatering Water Level ...............................8–136 

8.7-3 Cone of Depression through Operation Phases I, II and IV ................................8–137 

8.7-4 Pit Dewatering – Morrison Lake Water Seepage into the Open Pit ....................8–139 

8.7-5 Three Potentiometric Surface Maps from the Model – Pre-Mining, Operation 
IV, Post-Closure ..................................................................................................8–141 

8.7-6 Change Of Groundwater Flow In and Out of Major Mine Components...............8–142 

8.7-7 Seepage Rates at TSF........................................................................................8–145 

8.8-1 Sediment Quality Primary Study Area.................................................................8–159 

8.9-1 Aquatic Resources Primary Study Area ..............................................................8–171 

8.10-1 Fish and Fish Habitat Study Area........................................................................8–201 

8.10-2 Existing Gravel Pit Locations along the Proposed Access Road of the 
Morrison Copper/Gold Project.............................................................................8–209 

8.12-1 Local and Regional Effects Assessment Boundaries, Wetlands.........................8–271 

8.12-2 Potentially Lost and Degraded Wetlands in the Morrison Copper/Gold Local 
Assessment Area ................................................................................................8–275 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xxxv - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8.13-1 General Mine Component Layout and Level of Potential Disturbance at 
Closure (Mine Year 24) .......................................................................................8–291 

8.13-2 Transmission Line Right-of-Way and Mine Access Road Level of Potential 
Disturbance at Closure (Mine Year 24) ...............................................................8–293 

8.13-3 General Mine Component Layout and Slope Classification ................................8–297 

8.13-4 General Mine Component Layout and Soil Types...............................................8–299 

8.13-5 Transmission Line Right-of-Way and Mine Access Road Slope  Classification..8–303 

8.13-6 Transmission Line Right-of-Way and Mine Access Road Soil Types........................8–305 

8.15-1 Ecosystem and Vegetation Effects Boundaries and Study Areas – Mine 
Facilities Area......................................................................................................8–335 

8.15-2 Ecosystem and Vegetation Effects Boundaries and Study Areas - 
Transmission Line ...............................................................................................8–337 

8.15-3 High Windthrow Risk Areas in the Project Footprint ...........................................8–343 

8.16-1 Modelled Wildlife Habitat Degradation Zones for the Morrison Copper/Gold 
Project .................................................................................................................8–375 

8.17-1 Archaeology and Heritage Resources Spatial Boundaries .................................8–503 

8.18-1 Land and Resource Use Spatial Boundaries ......................................................8–515 

8.19-1 Socio-economic Spatial Boundary and Communities .........................................8–597 

8.20-1 Visual Resources and Aesthetics Viewpoint Simulation Location.......................8–733 

8.21-1 Daytime Equivalent Sound Levels (Leq) during Construction .............................8–770 

8.21-2 Night-time Equivalent Sound Levels (Leq) during Construction..........................8–771 

8.21-3 Daytime Equivalent Sound Levels (Leq) during Operations................................8–773 

8.21-4 Night-time Equivalent Sound Levels (Leq) during Operations ............................8–775 

8.21-5 Maximum Sound Levels (LMax) during Construction Blasting Events (at 
Surface)...............................................................................................................8–777 

8.21-6 Maximum Sound Levels (LMax) during Operations Blasting Events (Bottom of 
Pit) .......................................................................................................................8–778 

8.22-1 Human Health Noise Assessment Spatial Boundaries .......................................8–787 

8.22-2 Predicted Heavy Truck Pass-by Noise................................................................8–792 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xxxvi - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8.22-3 Human Health Air Quality Assessment Spatial Boundaries ................................8–804 

8.22-4 Drinking Water Quality Spatial Boundaries .........................................................8–817 

8.22-5 Country Foods Spatial Boundary ........................................................................8–837 

10.1-1 Conceptual Increase in Extremes for a Climate Parameter (e.g., daily 
temperatures, precipitation events) under Climate Change ..................................10–4 

10.4-1 Annual Mean Temperature and Total Precipitation at Topley Landing Station, 
1966–2006 ..........................................................................................................10–12 

10.4-2 Annual Mean Temperature and Total Precipitation Change Projections for the 
Project Area.........................................................................................................10–14 

10.4-3 Climograph of Median Seasonal Projections for the Morrison/Copper Gold 
Project Area for the Three Future Time Periods, Based on Mean Baseline 
Data Observed at Topley Landing (1961-1990) ..................................................10–16 

11.1-1 Human Activities/Projects Cumulative Effects Assessment ..................................11–4 

11.1-2 Regional BCTC Transmission Network.................................................................11–9 

11.1-3 Cumulative Effects Assessment Significance Criteria.........................................11–15 

12.2-1 Lake Babine Nation and Yekooche First Nations’ Traditional Territory in 
Relation to the Morrison Copper/Gold Project.......................................................12–2 

13.6-1 Waterbodies to be Lost due to Infrastructure of the Morrison Copper/Gold 
Project .................................................................................................................13–33 

13.9-1 High Windthrow Risk Areas in the Project Footprint ...........................................13–67 

13.9-2 Potential Areas for Wetland Compensation in the Tailings Storage Facility .......13–76 

13.9-3 Wetland Compensation Plan Structure at TSF Beach(es) ..................................13–78 

13.10-1 Key Wildlife Habitat in the Mine Facilities Area ...................................................13–87 

13.10-2 Wildlife Sensitive Periods for the Morrison Copper/Gold Project ........................13–89 

13.10-3 Key Wildlife Habitat along the Mine Site Access Road and Transmission Line 13–107 

13.10-4 Transmission Line Pole Design Considerations................................................13–115 

14.5-1 Groundwater Monitoring Spatial Boundary ...........................................................14–9 

14.5-2 Predicted Solute Concentration Isopleths in TSF Area after Closure (Base 
Case, Layer 1, Plan View)...................................................................................14–11 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xxxvii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

14.5-3 Predicted Solute Concentration Isopleths in TSF Area after Closure (Base 
Case, Cross-sections A – A’ and B – B”..............................................................14–12 

14.5-4 Predicted Flow Pathlines in Open Pit Area (During Operation)...........................14–13 

14.5-5 Predicted Flow Pathlines in Open Pit Area (Post-Closure) .................................14–14 

14.5-6 Groundwater Monitoring Well Locations (TSF Area)...........................................14–15 

14.5-7 Groundwater Monitoring Well Locations (Open Pit Area) ...................................14–16 

14.6-1 Proposed Aquatic Effect Monitoring Sites ...........................................................14–25 

14.8-1 Suggested Wetlands for Photo Point Monitoring.................................................14–36 

15.1-1 Haul Route Options Assessed by AllNorth............................................................15–2 

15.1-2 Haul Route Options Assessed by Rescan ............................................................15–9 

15.2-1 Plant Site Alternative Locations...........................................................................15–11 

15.3-1 Morrison Cumulative Mill Feed............................................................................15–16 

15.3-2 Morrison Open Pit Material Movement Schedule................................................15–17 

15.4-1 Simplified Flow Diagram......................................................................................15–27 

15.5-1 Alternative Sites Layout.......................................................................................15–29 

15.8-1 Transmission Line ROW Alternatives..................................................................15–41 

16.3-1 Soil/Overburden Salvage Strategy and Limitations in the Mine Facilities Area...16–13 

16.3-2 Soil/Overburden Salvage Strategy and Limitations in Areas of Direct 
Disturbance within the Mine Facilities Area.........................................................16–15 

16.3-3 Typical Soil Handling and Revegetation Management along Roads During 
Construction ........................................................................................................16–22 

16.5-1 Post-Mine Reclaimed Landscape Unit Physical Characteristics in the Mine 
Facilities Area at Closure ....................................................................................16–35 

16.5-2 Schematic Cross-section of the Tailings Storage Facility Beach at the Main 
Dam.....................................................................................................................16–39 

16.7-2 Post-Mine Reclaimed Land Ecosystem Units Mine Facilities Area at Far 
Future ..................................................................................................................16–49 

16.7-3 Littoral Zone Cross-section of Emergent and Submergent Aquatic Vegetation 
Structure at Far Future ........................................................................................16–55 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xxxviii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

LIST OF TABLES 

Table  Page 

1.2-1 Project Components and Function ..........................................................................1–8 

1.4-1 Summary of Pre-Tax, Net Present Value, Internal Rate of Return, and 
Payback by Metal Price Scenario..........................................................................1–18 

1.6-1 List of British Columbia Authorizations, Licences, and Permits Required to 
Develop the Morrison Copper/Gold Project...........................................................1–23 

1.6-2 List of Federal Approvals and Licences Required to Develop the Morrison 
Copper/Gold Project..............................................................................................1–24 

1.7-1 Resource Management Zones:  Summary of Objectives......................................1–26 

1.7-2 Summary of Major Functions and Features of  the Protected Areas and Parks ...1–27 

2.4-1 Morrison Copper/Gold Project Consultation Groups ...............................................2–4 

2.6-1 Tracking Table for Lake Babine Nation Issues Identification and Resolution .......2–33 

2.6-2 Tracking Table for Yekooche First Nation Issues Identification and Resolution ...2–40 

2.6-3 First Nation Consultation/Communication Activities Planned During 
Application Review Period.....................................................................................2–45 

2.8-1 Summary of Community Meetings ........................................................................2–60 

2.9-1 Proposed Future Public Consultation/Communication Activities...........................2–63 

2.10-1 Issues Identification and Resolution Tracking Table .............................................2–64 

3.1-1 Summary:  BC EAA History.....................................................................................3–5 

3.1-1 List of British Columbia Authorizations, Licences, and Permits Required to 
Develop the Morrison Copper/Gold Project...........................................................3–10 

3.1-2 List of Federal Approvals and Licences Required to Develop the Morrison 
Copper/Gold Project..............................................................................................3–12 

4.1-1 PBM’s Morrison Property Mineral Tenure ...............................................................4–3 

4.3-1 Reported Resources and Reserves for Adjacent Properties.................................4–10 

4.3-2 Hearne Hill Resource ............................................................................................4–11 

4.7-1 Drilling Summary, 1998 to 2008 ............................................................................4–19 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xxxix - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

4.8-1 Morrison Project Certified Reference Materials.....................................................4–23 

4.8-2 Results of Rocklabs’ Standards Analyses at Acme...............................................4–24 

4.10-1 Chronological Summary of Test Work Reports .....................................................4–38 

4.10-2 Morrison Ore Grindability Test Summary - SGS ...................................................4–40 

4.10-3 Process Design Criteria – Morrison Project ..........................................................4–42 

4.10-4 Flotation Testwork Head Assays – SGS Lakefield Research ...............................4–44 

4.10-5 Summary of Primary Grind Size Tests ..................................................................4–47 

4.10-6 Summary of Copper-Molybdenum Test Work Results ..........................................4–47 

4.10-7 Morrison Copper/Gold Project:  Flash Flotation Summary Test A .........................4-50 

4.10-8 Morrison Copper/Gold Project:  Flash Flotation Summary Test B .........................4-50 

4.10-9 De-sliming Flotation Summary ..............................................................................4–51 

4.10-10 Head Assay – Master Composite Sample.............................................................4–51 

4.10-11 Average Master Composite Sample Test Results.................................................4–51 

4.10-12 Head Assays – SGS Lakefield Research..............................................................4–57 

4.11-1 Resources by Classification ..................................................................................4–62 

4.11-2 Statistics of Assays Within 0.1% Cu Isopleth ........................................................4–64 

4.11-3 Specific Gravity Statistics ......................................................................................4–64 

4.11-4 Summary Statistics for All 6 m Composites ..........................................................4–69 

4.11-5 Semi-variogram Models ........................................................................................4–76 

4.11-6 Block Model Extents..............................................................................................4–76 

4.11-7 Model Search Parameters.....................................................................................4–77 

4.11-8 Global Mean Grade Comparison...........................................................................4–87 

4.11-9  Morrison Deposit – All Blocks Classified Measured or Indicated ..........................4–90 

4.11-10  Morrison Deposit – Combined Measured and Indicated Resource.......................4–90 

4.11-11  Morrison Deposit – All Blocks Classified Inferred..................................................4–90 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xl - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

4.12-1  2007 Drilling Program............................................................................................4–92 

4.12-2  Klohn 2008 Drilling Program .................................................................................4–93 

4.12-3  Summary of Hydraulic Conductivity Testing..........................................................4–94 

4.12-4  2007 Standpipe Installations .................................................................................4–96 

4.12-5  2008 Standpipe Installations1................................................................................4–97 

4.12-6  2007 Test Pit Program ........................................................................................4–102 

4.12-7  Summary of Design Criteria ................................................................................4–103 

4.12-8  Stability Criteria for Dump Design .......................................................................4–104 

4.12-9  Flood Design Criteria for Water Management Facilities......................................4–105 

4.12-10  Summary of Material Properties – Waste Dump Stability ...................................4–109 

4.12-11  Summary of Stability Analyses –  Waste Rock Dump and Overburden Piles .....4–110 

4.12-12  Summary of Geotechnical Design Properties .....................................................4–115 

4.12-13  Sand and Gravel Borrow Area #1 Sample Grain Size Distributions....................4–117 

4.12-14  Sand and Gravel Borrow Area #2 Sample Grain Size Distributions....................4–117 

4.12-15  Summary of Stability Analyses Results for Start Dam Using Undrained Shear 
Strength of Foundation Till ..................................................................................4–120 

4.12-16  Summary of Stability Analyses Results...............................................................4–121 

4.13-1  Rock Types Within the Tailings Storage Facility Footprint. .................................4–124 

4.13-2  Water Levels in the Tailings Pond in Different Years of Mining Operation for 
the Morrison Copper/Gold Project.......................................................................4–130 

4.13-3  Seepage Rates of the TSF from 3D Hydrogeological Model for Operation and 
Post-Closure Phases of the Morrison Copper/Gold Project ................................4–135 

4.13-4  Summary of Geotechnical Design Properties .....................................................4–136 

4.14-1  In situ Density and Specific Gravity.....................................................................4–138 

4.14-2  Pit Bench Design.................................................................................................4–141 

4.14-3  Comparison of Large Open Pits in BC ................................................................4–143 

4.14-4  Summary of Pit Reserves by Phase....................................................................4–144 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xli - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

4.14-5  General Mining Plan: Ore and Waste Annual Production ...................................4–148 

4.14-6  Summary of Waste Rock, Low Grade Ore, and Overburden Design Capacity...4–152 

4.15-1  Mine Mobile Equipment.......................................................................................4–152 

4.15-2  Predicted Open Pit Dewatering Rates, Contribution of Water from Morrison 
Lake and Regional Groundwater for Proposed Open Pit Mining Phases ...........4–155 

4.18-1  Construction Packages .......................................................................................4–181 

4.19-1  Summary of Site Water Balance During Operations and Closure.......................4–192 

4.19-2  Summary of Waste Rock, Low Grade Ore, and Overburden Design Capacity...4–196 

4.19-3  Annual Tailings and Open Pit Waste Production (kilotonnes).............................4–197 

4.19-4  Summary of PAG Dump and Stockpile Quantities ..............................................4–198 

4.19-5  Dump Stability Ratings ........................................................................................4–199 

4.19-6  Hazardous Waste Generated  during Construction and Operations ...................4–200 

4.19-7  Non-hazardous Waste Generated during Construction and Operations 
Phases ................................................................................................................4–201 

4.19-8  Waste Treatment and Disposal Plan during Operation .......................................4–201 

14.19-9  Static Testing Summary of Morrison Mine Materials...........................................4–204 

14.19-10  Determined Neutralisation Potential Adjustments for Different Morrison Mine 
Materials..............................................................................................................4–204 

4.21-1  Summary of Potentially Salvageable Soil Material Volumes by Mine Facility 
Component (Mm3) ...............................................................................................4–222 

4.21-2  Summary of Soil Volume Requirements by Reclaimed Land Unit ......................4–222 

4.22-1  Personnel Requirements Phase I and II (mine only)...........................................4–226 

4.22-2  Personnel Requirements Phase III and IV (mine only) .......................................4–227 

5.2-1  Major Project Components and Activities................................................................5–5 

5.2-2  Morrison Project Phases and Activities ...................................................................5–6 

5.2-3  Morrison Copper/Gold Project: Selected Valued Environmental Components .......5–1 

5.2-4  Morrison Copper/Gold Project: Rejected Valued Environmental Components .......5–3 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xlii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

5.2-5  Morrison Copper/Gold Project: Assessment Overview Table (example, with 
descriptors)............................................................................................................5–13 

5.2-6  Description of the Extent of Potential Effects (example) .......................................5–14 

5.2-7  Mitigation Hierarchy...............................................................................................5–15 

5.2-8  Morrison Copper/Gold Project: Residual Effects Rating Descriptors ....................5–17 

6.2-1  TU/TEK Participants..............................................................................................6–10 

6.2-2  TU/TEK Original Map Contents.............................................................................6–11 

7.2-1  Meteorological Station Locations ............................................................................7–4 

7.2-2  Summary of Monthly Average Meteorological Data ................................................7–7 

7.2-3  Average Daily Lake Evaporation – Topley Landing (MSC), 1971 to 2000 
Climate Normal......................................................................................................7–12 

7.3-1  Total Dustfall (mg/dm2/day) ...................................................................................7–14 

7.3-2  Sulphate and Nitrate Deposition (mg/dm2/day) .....................................................7–17 

7.3-3  Maximum Metal Deposition (mg/dm2/day).............................................................7–17 

7.4-1  Frequency of Water Quality Sampling, 2004 to 2008............................................7–20 

7.4-2 Water Quality Summary, 2004 to 2008 .................................................................7–21 

7.4-3 Summary of Sites Exceeding Provincial and Federal Metals Guidelines..............7–24 

7.5-1  Estimated Average Annual Runoff at On-site Stations Based on Regional 
Median Elevation Relationship ..............................................................................7–31 

7.5-2 Estimated Monthly Runoff Distributions at On-site Stations (%) ...........................7–32 

7.5-3  Estimated Return Period Flows for Select On-site Stations ..................................7–33 

7.5-4  Low Flow Estimates for Select On-site Stations....................................................7–34 

7.6-1 Rescan Monitoring Well Completion Table ...........................................................7–39 

7.6-2 Summary of Morrison Groundwater Sampling ......................................................7–40 

7.6-3 Physical Parameters, Concentrations of Major Ions, Nutrients, and Total 
Organic Carbon in Groundwater at the Morrison Property....................................7–42 

7.6-4 Total and Dissolved Metals Concentrations in Groundwater at the Morrison 
Property.................................................................................................................7–51 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xliii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

7.7-1 Monitoring Well Completion Table ........................................................................7–73 

7.7-2  Completion Details of Knight Piésold and Klohn Crippen Berger Monitoring 
Wells and Piezometers..........................................................................................7–74 

7.7-3 Summary of Overburden Hydraulic Conductivity Testing......................................7–78 

7.7-4 Summary of Bedrock Hydraulic Conductivity Testing ...........................................7–79 

7.7-5 Water Level Data...................................................................................................7–81 

7.7-6  Klohn Crippen Berger and Knight Piésold Water Level Measurements................7–82 

7.8-1  Stream Sediment Sample Sites, Morrison Project Area........................................7–88 

7.8-2 Summary of Stream Sites Exceeding Provincial and Federal Metals 
Guidelines .............................................................................................................7–90 

7.8-3  Lake and Pond Sediment Sampling Sites, Morrison Project Area ........................7–91 

7.8-4 Summary of Lake and Pond Sites Exceeding Provincial and Federal Metals 
Guidelines .............................................................................................................7–93 

7.9-1  Stream Sites Sampled for Aquatic resources, Morrison Copper/Gold Project, 
2006 to 2008 .........................................................................................................7–96 

7.9-2  Lake and Pond Sites Sampled for Aquatic resources,  Morrison Copper/Gold 
Project, 2006 to 2008 ..........................................................................................7–100 

7.10-1  Ponds and Small Lakes Surveyed within the Mine Footprint of the Morrison 
Copper/Gold Project............................................................................................7–107 

7.10-2  Streams Surveyed in 2006 at the Morrison Copper/Gold Project .......................7–108 

7.10-3  Streams Surveyed for Fish Presence in 2009 at the Morrison Copper/Gold 
Project .................................................................................................................7–108 

7.10-4  Habitat Quality for Different Life History Stages in Stream Sites of the 
Morrison Copper/Gold Project.............................................................................7–111 

7.10-5  Fish Species Captured in Streams near the Mine Site of the Morrison 
Copper/Gold Project............................................................................................7–112 

7.10-6  Measurements of Coho Salmon and Rainbow Trout in Mine Site Streams of 
the Morrison Copper/Gold Project.......................................................................7–112 

7.10-7  Lake Sites Surveyed in the Morrison Copper/Gold Project Area ........................7–114 

7.10-8  Fish Species Captured in Lakes of the Morrison Copper/Gold Project in 2007 
and 2008 .............................................................................................................7–115 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xliv - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

7.10-9  Measurements of Larger-bodied Fish Species of the Morrison Copper/Gold 
Project .................................................................................................................7–116 

7.10-10  2004 and 2008 Mean Metal Levels of Lake Trout in Morrison Lake and 
Tochcha Lake, Morrison Copper/Gold Project ....................................................7–116 

7.11-1 Mine Footprint Stream Habitat Information for the Morrison Copper/Gold 
Project .................................................................................................................7–118 

7.11-2  Size and Accessibility of Small Lakes and Ponds  in the Morrison 
Copper/Gold Project Area ...................................................................................7–123 

7.11-3 All Stream Crossings Assessed Along Two Proposed Transmission Line 
Options of the Morrison Copper/Gold Project .....................................................7–124 

7.12-1  Wetland Function and Associated Fieldwork Component...................................7–126 

7.12-2  Wetland Class Areas in the Morrison Wetland Study Area .................................7–130 

7.12-3  Morrison Copper/Gold Project Wetland Ecosystems ..........................................7–132 

7.12-4  Distribution of Rare Bog Ecosystem (Wb01).......................................................7–133 

7.13-1  General Characteristics of Surficial Materials - Study Area ................................7–148 

7.13-2  Summary of Area Extent of Surficial Materials – Project Footprint (MFA and 
TLSC) ..................................................................................................................7–148 

7.13-3 Samples of Soil Exceeding BC Contaminated Sites Regulation (CSR) 
Guidelines ...........................................................................................................7–157 

7.13-4 Overburden Samples Exceeding CSR Metal Guideline ......................................7–159 

7.13-5  Mean Metal Concentrations (mg/kg) of Regional Background Soils, Project 
Area Soils, and Overburden ................................................................................7–160 

7.14-1  Terrain Stability Classes......................................................................................7–162 

7.14-2  Canadian Avalanche Size Classification .............................................................7–163 

7.15-1  Biogeoclimatic Ecosystem Classification Units ...................................................7–172 

7.15-2  Listed Ecosystems ..............................................................................................7–190 

7.15-3  Extent of Wetland and Transitional Ecosystems .................................................7–193 

7.16-1  Species Presence in the Morrison Copper/Gold Project Area ............................7–196 

7.16-2   Lake, Pond, and Wetland Habitat Use by Wildlife in the Local Study Area.........7–207 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xlv - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

7.16-3   Habitat Suitability Mapping Results.....................................................................7–213 

7.17-1  Archaeological Sites within Project Footprint ......................................................7–227 

7.17-2  Archaeological Sites Near the Transmission Line Study Corridor.......................7–229 

7.18-1  Community Values: Summary of Objectives .......................................................7–231 

7.18-2  Economic Values: Summary of Objectives .........................................................7–233 

7.18-3  Pesticide Use:  Issues and Goals........................................................................7–234 

7.18-4  Resource Management Zones: Summary of Objectives.....................................7–236 

7.18-5  Summary of Provincial Parks and Protected Areas  and their Distance from 
the Project ...........................................................................................................7–237 

7.18-6  Summary of Major Functions and Features of the Protected Areas and Parks ..7–237 

7.18-7  Current Mineral Claims and Tenure Holders near 
Morrison Copper/Gold Project.............................................................................7–240 

7.18-8  Summary of Guide Outfitting Tenure Details.......................................................7–247 

7.18-9  Tukii Lodge Products and Rates (2008)..............................................................7–247 

7.18-10  Summary of Trapline Details ...............................................................................7–248 

7.18-11  Trapline Harvest Data for TO23 (1987 to 2005)..................................................7–251 

7.18-12  Trapline Harvest Data for TO49 (1987 to 2005)..................................................7–252 

7.18-13  Angling Guides Near the Morrison Copper/Gold Project.....................................7–257 

7.19-1   Predicted Mine Closures and Employment Losses  by Community, by 2010 .....7–270 

7.20-1  Management Consideration for Identifying Scenic Areas ...................................7–288 

7.20-2  Other Area Specific Management Zones: Summary of Objectives .....................7–289 

7.21-1  Location of Noise Baseline Measurements .........................................................7–299 

7.21-2  Sound Levels (dBA) at the Project Monitoring Locations ....................................7–300 

7.22-1  Air Pollutants and Associated Potential Health Effects .......................................7–303 

7.22-2  Typical Sound Levels ..........................................................................................7–304 

7.22-3  Sound Levels (dBA) at the Monitoring Locations ................................................7–306 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xlvi - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

7.22-4  Surface Drinking Water Summary (mg/L) ...........................................................7–309 

8.2-1  Estimated Annual Energy Use and GHG Emissions from the Project during 
Production Year 1....................................................................................................8–5 

8.2-2  Description of the Nature and Extent of Potential Effects on Climate .....................8–7 

8.2-3  2007 Canadian GHG Emissions .............................................................................8–7 

8.2-4  Canadian Metal Mining Sector GHG Emission Intensities ......................................8–8 

8.2-5  Morrison Copper/Gold Project: Climate Effects Assessment Summary Table......8–13 

8.3-1  Identification of Potential Air Quality Effects..........................................................8–18 

8.3-2  Criteria Air Contaminants Included in the  Air Quality Effects Assessment...........8–19 

8.3-3  British Columbia and Canada Air Quality Objectives  and Standards (µg/m3) ......8–20 

8.3-4  Descriptive Definitions of the British Columbia and Canada  Ambient Air 
Quality Objectives .................................................................................................8–20 

8.3-5  Forest Soil Critical Loads for Canadian Provinces ................................................8–22 

8.3-6  Five-year Average (1998–2002) Dry, Wet, and Total Deposition of Sulphur 
and Oxidized Nitrogen at Saturna, BC ..................................................................8–23 

8.3-7  Description of the Nature and Extent of Potential Air Quality Effects....................8–23 

8.3-8  Summary of Diesel Emissions Sources  Included in the CALPUFF Model for 
Construction ..........................................................................................................8–25 

8.3-9  Summary of Diesel, Liquefied Petroleum Gas, and Explosives Emissions 
Sources Included in the CALPUFF Model for Operations.....................................8–26 

8.3-10   Summary of Fugitive Dust Emissions Sources  Included in the CALPUFF 
Model for Construction ..........................................................................................8–27 

8.3-11  Summary of Fugitive Dust Emissions Sources  Included in the Model for 
Operations.............................................................................................................8–28 

8.3-12  Maximum SO2 Model Predictions Construction (July and August) and 
Operations (Year 1)...............................................................................................8–32 

8.3-13  Maximum NO2 Model Predictions  Construction (Month 18) and Operations 
(Year 1) .................................................................................................................8–35 

8.3-14  Maximum CO Model Predictions Construction (Month 18) and Operations 
(Year 1) .................................................................................................................8–38 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xlvii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8.3-15 Maximum Particulate Matter Model Predictions – Construction (Month 18) 
and Operations (Year 1)........................................................................................8–39 

8.3-16  Model Predictions of Annual Acid Deposition Construction (Month 18) and 
Operations (Year 1)...............................................................................................8–44 

8.3-17 Maximum Particulate Matter Model Predictions – Construction (Month 18) 
and Operations (Year 1)........................................................................................8–47 

8.3-18 Assessment Overview Table: Air Quality ..............................................................8–55 

8.4-1  Description of the Extent of Potential Effects ........................................................8–63 

8.4-2  Predicted Surface Water concentrations from TSF groundwater contaminant 
transport that exceed guidelines ...........................................................................8–66 

8.4-3  Morrison Copper/Gold Project: Surface Water Quality Effects Assessment 
Summary Table .....................................................................................................8–71 

8.5-1  Description of the Extent of Potential Effects ........................................................8–90 

8.5-2  Summary of Average Annual Runoff and Groundwater Recharge Estimates.......8–91 

8.5-3  Adjusted Monthly Flow Distribution .......................................................................8–91 

8.5-4  Peak Flow Estimates for Project Watersheds Based on Changes in 
Watershed Area during Different Project Phases..................................................8–99 

8.5-5  Low Flow Estimates for Project Area Watersheds Based on Predicted 
Changes to Groundwater Recharge....................................................................8–101 

8.5-6  Summary of Predicted Changes in Average Monthly Flow for Morrison Creek ..8–105 

8.5-7 Surface Water Quantity Effects Assessment Summary Table ............................8–109 

8.6-1  Description of the Extent of Potential Effects ......................................................8–112 

8.6-2  Seepage Rates Out of the TSF from 3D Hydrogeological Model for 
Operations and Post-closure Phases..................................................................8–115 

8.6-3  Comparison of Predicted Tailings Pore Water Quality with Baseline 
Groundwater Quality and Drinking Water Guidelines..........................................8–118 

8.6-4  Comparison of Baseline Groundwater Quality with Predicted Waste Rock 
Dump Seepage Water Quality.............................................................................8–120 

8.6-5  Morrison Copper/Gold Project: Groundwater Quality Effects Assessment 
Summary Table ...................................................................................................8–127 

8.7-1  Description of the Extent of Potential Effects ......................................................8–135 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xlviii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8.7-2  Predicted Open Pit Dewatering Rates, Contribution of Water from Morrison 
Lake and Regional Groundwater for Proposed Open Pit Mining Phases ...........8–138 

8.7-3  Open Pit Groundwater Seepage Rates...............................................................8–140 

8.7-4  Water Levels and Seepage Rates in the Tailings Pond 
during Mining Operation ......................................................................................8–144 

8.7-5  Morrison Copper/Gold Project: Groundwater Quantity Effects Assessment 
Summary Table ...................................................................................................8–149 

8.8-1  Description of the Extent of Potential Effects ......................................................8–161 

8.8-2  Morrison Copper/Gold Project:  Sediment Quality Effects Assessment 
Summary Table ...................................................................................................8–165 

8.9-1  Description of the Extent of Potential Effects ......................................................8–173 

8.9-2  Morrison Copper/Gold Project: Aquatic Resources Effects Assessment 
Summary Table .......................................................................................................8–1 

8.10-1  Fish and Fish Habitat Valued Ecosystem Components of the Morrison 
Copper/Gold Project............................................................................................8–195 

8.10-2  Summary of Life History and Habitat Requirements of Selected VEC Fish 
Species of the Morrison Copper/Gold Project .....................................................8–196 

8.10-3  Identification of Potential Environmental Effects for Lake Trout, Dolly Varden, 
Rainbow Trout, Pacific Salmon, “Other” Fish Species, and Fish Habitat for the 
Project .................................................................................................................8–203 

8.10-4  Mine Site Stream Crossings, Fish-Bearing Status, and Associated Reduced 
Risk Instream Operating Windows for the Morrison Copper/Gold Project ..........8–211 

8.10-5  Minimum Setback Distance for Detonations near Fish-Bearing Habitat for all 
Substrate Types, Morrison Copper/Gold Project.................................................8–212 

8.10-6  Morrison Copper/Cold Project: Lake Trout Effects Assessment Summary 
Table ...................................................................................................................8–229 

8.10-7  Morrison Copper/Cold Project: Dolly Varden Effects Assessment Summary 
Table ...................................................................................................................8–231 

8.10-8  Morrison Copper/Cold Project: Rainbow Trout Effects Assessment Summary 
Table ...................................................................................................................8–233 

8.10-9  Morrison Copper/Cold Project: Pacific Salmon Effects Assessment Summary 
Table ...................................................................................................................8–236 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - xlix - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8.10-10  Morrison Copper/Cold Project: “Other” Fish Species Effects Assessment 
Summary Table ...................................................................................................8–239 

8.10-11  Morrison Copper/Cold Project: Fish Habitat Effects Assessment Summary 
Table ...................................................................................................................8–241 

8.10-12  Summary of Overall Significance of Residual Effects for the Morrison 
Copper/Gold Project............................................................................................8–261 

8.12-1  Translating Wetland Functions into Values .........................................................8–267 

8.12-2  Local Assessment Boundary Project Features ...................................................8–269 

8.12-3  Morrison Project Phases and Activities ...............................................................8–272 

8.12-4  Description of the Extent of Potential Effects ......................................................8–272 

8.12-5   Percentage of Lost Local Wetland Associations .................................................8–273 

8.12-6  Total Area of Wetlands Lost in the Local Assessment Boundary........................8–273 

8.12-7  Percentage and Area of Degraded Local Wetland Associations.........................8–274 

8.12-8  Extent of Effects of the Morrison Copper/Gold Project on Wetlands...................8–274 

8.12-9  Adaptive Management Threshold Vales .............................................................8–277 

8.12-10  BCF’s for Sediment to Plant Metal Accumulation................................................8–277 

8.12-11   Modelled Vegetation Tissue Metal Concentrations .............................................8–278 

8.12-12  Morrison Copper/Cold Project: Wetlands Effects Assessment Summary Table .8–281 

8.13-1  Summary of Disturbance Within Major Mine Component Areas and Along the 
Linear Corridor (Transmission Line ROW and Mine Access Road) at Closure 
(Mine Year 24).....................................................................................................8–290 

8.13-2  Morrison Copper/Gold Project: Summary of Areal Extent of Slope Type within 
the Mine Facilities Area and the Linear Corridor .................................................8–301 

8.13-3  Morrison Copper/Gold Project: Summary of Areal Extent of Soil Types within 
the Mine Facilities Area .......................................................................................8–302 

8.13-4  Summary of Areal Extent of Soil Types within the Linear Corridor .....................8–307 

8.13-5  Morrison Copper/Cold Project: Soils Effects Assessment Summary Table ........8–309 

8.14-1  Morrison Project Phases and Activities ...............................................................8–320 

8.14-2  Description of the Probability of Potential Effects................................................8–321 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - l - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8.14-3  Mitigation Hierarchy.............................................................................................8–323 

8.14-4  Morrison Copper/Cold Project: Terrain Effects Assessment Summary Table.....8–327 

8.15-1   Morrison Project Phases and Activities ...............................................................8–334 

8.15-2   Potential Project Effects on Vegetation ...............................................................8–334 

8.15-3   Spatial Extent and Types of Effects of Project Activities on Vegetation..............8–345 

8.15-4   Description of the Extent of Potential Effects on Vegetation VECs.....................8–346 

8.15-5  Areas of Vegetation (ha) Affected by Mine Components ....................................8–347 

8.15-6  Area Summaries of General Ecosystem Types Potentially Affected by the 
Project .................................................................................................................8–348 

8.15-7  Proportion of General Ecosystem Types Potentially Affected in Each Study 
Area.....................................................................................................................8–349 

8.15-8  Area Summaries of Structural Stages Potentially Affected by the Project ..........8–351 

8.15-9  Proportion of Structural Stages Potentially Affected In Each Study Area ...........8–351 

8.15-10  Sensitive Ecosystems Potentially Affected by the Project...................................8–353 

8.15-11  Proportion of Sensitive Ecosystems Potentially Affected In Each Study Area ....8–353 

8.15-12  Morrison Copper/Cold Project: Ecosystems and Vegetation Effects 
Assessment Summary Table ..............................................................................8–359 

8.16-1  Wildlife Valued Environmental Components in the Morrison Environmental 
Assessment.........................................................................................................8–369 

8.16-2  Wildlife Valued Environmental Components Excluded from the Morrison 
Environmental Assessment.................................................................................8–370 

8.16-3  Summary of Potential Effects Assessed for Wildlife VECs .................................8–371 

8.16-4  Description of the Extent of Potential Effects ......................................................8–372 

8.16-5  Grizzly Bear Spring, Summer, and Fall Habitat Lost, Heavily Degraded, 
Lightly Degraded, and Fragmented in the LSA and RSA....................................8–387 

8.16-6  Morrison Copper/Gold Project: Grizzly Bear Effects Assessment Summary 
Table ...................................................................................................................8–395 

8.16-7  Moose Winter Habitat Lost, Heavily Degraded, Lightly Degraded and 
Fragmented in the LSA and RSA........................................................................8–407 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - li - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8.16-8  Morrison Copper/Gold Project: Moose Effects Assessment Summary Table .....8–413 

8.16-9  Mule Deer Habitat Lost, Heavily Degraded, Lightly Degraded and 
Fragmented in the LSA and RSA........................................................................8–420 

8.16-10  Morrison Copper/Gold Project: Mule Deer Effects Assessment Summary 
Table ...................................................................................................................8–427 

8.16-11   American Marten Winter Habitat Lost, Heavily Degraded,  Lightly Degraded, 
and Fragmented ..................................................................................................8–434 

8.16-12  Morrison Copper/Gold Project: American Marten Effects Assessment 
Summary Table ...................................................................................................8–439 

8.16-13   Fisher Winter Habitat Lost, Heavily Degraded, Lightly Degraded,  and 
Fragmented .........................................................................................................8–444 

8.16-14  Morrison Copper/Gold Project: Fisher Effects Assessment Summary Table......8–449 

8.16-15  Morrison Copper/Gold Project: Western Toad Effects Assessment Summary 
Table ...................................................................................................................8–459 

8.16-16   Water and Water-associated Habitat Lost and Degraded...................................8–463 

8.16-17  Morrison Copper/Gold Project: Waterfowl Effects Assessment Summary 
Table ...................................................................................................................8–469 

8.16-18  Morrison Copper/Gold Project: Forest Birds Effects Assessment Summary 
Table ...................................................................................................................8–481 

8.16-19  Forested Habitat Lost and Degraded ..................................................................8–487 

8.16-20  Morrison Copper/Gold Project: Raptor Effects Assessment Summary Table .....8–495 

8.16-21   Summary of Overall Significance of Project Effects on each VEC......................8–499 

8.17-1  Description of the Extent of Potential Effects ......................................................8–502 

8.17-2  Morrison Copper/Gold Project: Archaeology Effects Assessment Summary 
Table ...................................................................................................................8–507 

8.18-1  Description of Selected VECs for Land and Resource Use ................................8–512 

8.18-2  Project Phases and Associated Activities, by Component ..................................8–516 

8.18-3  Description of the Extent of Potential Effects ......................................................8–516 

8.18-4  Summary Table of Potential Effects Assessed for Land Use Groups related to 
Access.................................................................................................................8–518 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - lii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8.18-5  Summary Secondary Drinking Water Standards.................................................8–528 

8.18-6  Summary Table of Potential Effects Assessed for Land Use Groups Related 
to Quality .............................................................................................................8–530 

8.18-7 Summary Table of Potential Effects Assessed for Land Use Groups related to 
Quantity ...............................................................................................................8–537 

8.18-8  Summary of Land Use Objectives and Project Effect on Objectives...................8–546 

8.18-9  Summary Table of Residual Effects on Each Land User Group .........................8–549 

8.18-10 Morrison Copper/Gold Project: Land Use Access Effects Assessment 
Summary Table ...................................................................................................8–553 

8.18-11 Morrison Copper/Gold Project: Quality of Experience Effects Assessment 
Summary Table ...................................................................................................8–563 

8.18-12 Morrison Copper/Gold Project: Quantity of Resources Effects Assessment 
Summary Table ...................................................................................................8–575 

8.18-13 Morrison Copper/Gold Project: Cultural Values Effects Assessment Summary 
Table ...................................................................................................................8–587 

8.18-14 Morrison Copper/Gold Project: Management Objectives Effects Assessment 
Summary Table ...................................................................................................8–591 

8.19-1  Summary of Valued Socio-economic Components.............................................8–594 

8.19-2  Overview of Spatial Boundaries and Communities .............................................8–596 

8.19-3  Annual Economic Effects from Project Construction...........................................8–604 

8.19-4  Annual Economic Effects of Project Operations..................................................8–607 

8.19-5   Potential Effects Descriptor Definitions ...............................................................8–608 

8.19-6  Morrison Copper/Gold Project: Potential Effects on Employment and Income ...8–610 

8.19-7  Morrison Copper/Gold Project: Potential Effects on Education, Skills, and 
Training ...............................................................................................................8–619 

8.19-8  Morrison Copper/Gold Project: Potential Effects on Business Opportunities 
and Economic Development ...............................................................................8–623 

8.19-9  Morrison Copper/Gold Project: Potential Effects on Population and 
Demographics .....................................................................................................8–632 

8.19-10  Morrison Copper/Gold Project: Potential Effects on Services and 
Infrastructure .......................................................................................................8–637 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - liii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8.19-11  Morrison Copper/Gold Project: Potential Effects on Cultural Identity and 
Sustainability .......................................................................................................8–644 

8.19-12  Morrison Copper/Gold Project: Potential Effects on Community Well-being.......8–647 

8.19-13  Potential Effects on Land-based Livelihoods ......................................................8–654 

8.19-14  Mitigation for Effects on Employment and Income ..............................................8–658 

8.19-15  Mitigation for Effects on Education, Training, and Skill Development .................8–661 

8.19-16  Mitigation for Effects on Business Opportunities and Economic Development...8–664 

8.19-17  Mitigation for Effects on Population and Demographics......................................8–666 

8.19-18  Mitigation for Effects on Services and Infrastructure...........................................8–669 

8.19-19  Mitigation for Effects on Cultural Identity and Sustainability................................8–670 

8.19-20  Mitigation for Effects on Community Well-being..................................................8–673 

8.19-21   Mitigation for Effects on Land-based Livelihoods................................................8–674 

8.19-22  Morrison Copper/Gold Project: Employment and Income Effects Assessment 
Summary Table ...................................................................................................8–679 

8.19-23  Morrison Copper/Gold Project: Education, Skills, and Training Effects 
Assessment Summary Table ..............................................................................8–685 

8.19-24  Morrison Copper/Gold Project: Business Opportunities and Economic 
Development Effects Assessment Summary Table ............................................8–693 

8.19-25  Morrison Copper/Gold Project: Population and Demographics Effects 
Assessment Summary Table ..............................................................................8–699 

8.19-26  Morrison Copper/Gold Project: Services and Infrastructure Effects 
Assessment Summary Table ..............................................................................8–707 

8.19-27  Morrison Copper/Gold Project: Cultural Identity and Sustainability Effects 
Assessment Summary Table ..............................................................................8–710 

8.19-28  Morrison Copper/Gold Project: Community Well-being Effects Assessment 
Summary Table ...................................................................................................8–721 

8.19-29  Morrison Copper/Gold Project: Land-based Livelihoods Effects Assessment 
Summary Table ...................................................................................................8–729 

8.20-1  Morrison Project Phases and Activities ...............................................................8–734 

8.20-2  Visual Character of Existing Landscape..............................................................8–735 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - liv - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8.20-3  Degree of Visual Modification..............................................................................8–735 

8.20-4  Horizontal Visual Effect .......................................................................................8–736 

8.20-5  Vertical Visual Effect ...........................................................................................8–736 

8.20-6  Distance of Visual Effect .....................................................................................8–736 

8.20-7  Final Visual Effect Rating ....................................................................................8–737 

8.20-8  Characteristics of Inspection Sites ......................................................................8–737 

8.20-9  Visual Effects before Closure and 20 Years after Closure ..................................8–749 

8.20-10  Morrison Copper/Gold Project: Visual Effects Effects Assessment Summary 
Table ...................................................................................................................8–753 

8.21-1  Identification of Potential Noise Effects ...............................................................8–761 

8.21-2  Description of the Nature and Extent of Potential Noise Effects .........................8–763 

8.21-3  Summary of Noise Sources Included in the Model for Construction Phase 
Scenarios ............................................................................................................8–766 

8.21-4  Summary of Noise Sources Included in the Model for Operations Scenarios 
Levels ..................................................................................................................8–767 

8.21-5  Morrison Copper/Gold Project: Sound Level Predictions at Baseline Noise 
Monitoring Locations ...........................................................................................8–769 

8.21-6  Morrison Copper/Gold Project: Sound Level Predictions Including Measured  
Baseline Noise Levels .........................................................................................8–769 

8.21-7  Morrison Copper/Gold Project: Noise Effects Assessment Summary Table.......8–781 

8.22-1  Typical Sound Levels ..........................................................................................8–786 

8.22-2  Description of the Extent of Potential Effects ......................................................8–789 

8.22-3  Predicted Traffic Noise Levels (12 h average dBA) at Ookpik Wilderness 
Lodge and Houston Forestry Camp and Extent of Health Effects.......................8–790 

8.22-4  Predicted Traffic Noise Levels (day and night LAmax dBA) at Ookpik 
Wilderness Lodge and Houston Forestry Camp and Extent of Health Effects....8–791 

8.22-5  Predicted Mine Site Noise (average dBA) at Tukii Hunting Camp and Extent 
of Effects .............................................................................................................8–793 

8.22-6  Predicted Blasting Noise (Lmax dBA) and Extent of Health Effects....................8–795 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - lv - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8.22-7  Sound Level Predictions Including Measured Baseline Noise Levels.................8–795 

8.22-8  Morrison Copper/Gold Project: Noise Effects on Human Health Effects 
Assessment Summary Table ..............................................................................8–797 

8.22-9  Air Pollutants and Associated Potential Health Effects .......................................8–802 

8.22-10  Morrison Copper/Gold Project: SO2, NO2, CO and PM2.5 Model Predictions 
(µg/m3) at Select Receptor Locations..................................................................8–806 

8.22-11  Annual Average SO2, NO2, CO, O3 and PM2.5 Model Predictions (µg/m3) at 
Tukii Hunting Lodge ............................................................................................8–807 

8.22-12  Increased Death Rate per Year per Person and Estimated Number of Deaths 
per Year due to Baseline Air Concentrations ......................................................8–808 

8.22-13  Increased Death Rate per Year per Person and Estimated Number of Deaths 
per Year due to Project Operations Air Concentrations ......................................8–808 

8.22-14  Increased Death Rate per Year per Person and Estimated Number of Deaths 
per Year due to Baseline plus Project Operations Air Concentrations................8–809 

8.22-15  Diesel Particulate Matter (µg/m3) Model Predictions from Diesel Combustion 
at the Morrison Copper/Gold Project...................................................................8–810 

8.22-16  Hazard Quotients from Fuel Combustion Particulate Matter and Extent of 
Health Effects ......................................................................................................8–812 

8.22-17  Incremental Lifetime Cancer Risks  from Diesel Particulate Matter Exposure ....8–813 

8.22-18  Description of Human Health Effects Associated with Air Quality at the 
Morrison Copper/Gold Project.............................................................................8–814 

8.22-19  Description of the Extent of Potential Effects ......................................................8–820 

8.22-20  Potential Project Effects to Surface Water used for Drinking Water Purposes ...8–820 

8.22-21  Morrison Copper/Gold Project: Summary of Ore Pond and Booker Lake 
Water Quality (mg/L) ...........................................................................................8–823 

8.22-22  Predicted Water Quality During Closure and Post-closure within the Pit ............8–825 

8.22-23  Summary of TSF Water Quality during Operations and Closure (mg/L) .............8–826 

8.22-24  Modelled Seepage Quality from TSF ..................................................................8–827 

8.22-25  Morrison Copper/Gold Project: Drinking Water Effects Assessment Summary 
Table ...........................................................................................................................1 

8.22-26  Exposure Ratios for Toddler and Adult Country Food Harvesters ......................8–842 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - lvi - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8.22-27  Incremental Lifetime Cancer Risk for Human Receptors Exposed to Arsenic 
in Country Foods .................................................................................................8–842 

8.22-28  Recommended Maximum Weekly Servings........................................................8–843 

8.22-29  Description of Human Health Effects Associated with Country Foods at the 
Morrison Copper/Gold Project.............................................................................8–845 

9.1-1  Morrison Copper/Gold Project: Summary of Identified Potential Impacts from 
Possible Accidents and Malfunctions ......................................................................9–2 

10.1-1  Mean Monthly and Extreme Daily Precipitation at Topley Landing, 1971–2000 ...10–2 

10.3-1  Exceedance Probability of Flood Events with Varying Return Periods .................10–8 

10.4-1a Topley Landing Station 1961 to 1990 Baseline Climate......................................10–17 

10.4-1b Projected Mean Temperature Change from the 1961-1990 Simulated 
Baseline for the Three Future Time Periods (°C) ................................................10–17 

10.4-1c Projected Total Precipitation Change from the 1961-1990 Simulated Baseline 
for the Three Future Time Periods (%)................................................................10–17 

10.5-1  Terrain Stability Classes......................................................................................10–23 

10.5-2  Canadian Avalanche Size Classification .............................................................10–24 

10.5-3  Earthquake Magnitude Class ..............................................................................10–26 

11.1-1  VECs/VSECs included in the Cumulative Effects Assessment.............................11–2 

11.1-2   Past and Present Mines near the Morrison Copper/Gold Project .........................11–6 

11.1-3  Mineral Exploration near the Morrison Copper/Gold Project.................................11–7 

11.1-4  Future Scenarios .................................................................................................11–11 

11.1-5  Definitions for Residual Cumulative Effects Attributes ........................................11–12 

11.1-6  Significance Definitions for Residual Cumulative Effects ....................................11–14 

11.1-7  Confidence Limits Definitions ..............................................................................11–14 

11.2-1  Estimated Annual Energy Use and GHG Emissions  from the Project – Year 1 
of Production .......................................................................................................11–18 

11.2-2  Residual Cumulative Effects Summary Table .....................................................11–19 

11.3-1  Summary of Links between the Project and  Future Human Actions for Air 
Quality .................................................................................................................11–23 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - lvii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

11.3-2  Air Emissions Sources at Local Communities Relative to the  Project Site ........11–24 

11.3-3   Residual Cumulative Effects Summary Table .....................................................11–24 

11.4-1  Summary of Links between the Morrison Copper/Gold Project and  Other 
Human Activities/Projects....................................................................................11–29 

11.4-2 Summary of Water Quality from Test Sites around Bell and Granisle Mines......11–33 

11.4-3  Residual Cumulative Effects Summary Table .....................................................11–35 

11.4-4  Significance of Residual Cumulative Effects .......................................................11–37 

11.5-1  Summary of Residual Effects for Local Area Watersheds ..................................11–39 

11.6-1  Summary of Residual Effects for Groundwater Quantity and Quality .................11–41 

11.7-1  Summary of Links between the Morrison Copper/Gold Project and  Other 
Human Activities/Projects....................................................................................11–45 

11.7-2  Residual Cumulative Effects Summary Table .....................................................11–49 

11.7-3  Significance of Residual Cumulative Effects .......................................................11–51 

11.8-1  Fish and Fish Habitat Residual Adverse Effects for the Morrison Copper/Gold 
Project .................................................................................................................11–53 

11.8-2  Fish and Fish Habitat Summary of Links between the Project and Other 
Human Activities/Projects....................................................................................11–59 

11.8-3  Fish and Fish Habitat Residual Cumulative Effects Summary Table, Morrison 
Copper/Gold Project............................................................................................11–60 

11.8-4  Assessment of Significance for Fish and Fish Habitat Residual Cumulative 
Effects, Morrison Copper/Gold Project................................................................11–61 

11.10-1  Summary of Links between the Project and  Other Human Activities/Projects ...11–67 

11.10-2  Residual Cumulative Effects Summary Table .....................................................11–67 

11.11-1  Summary of Soil Residual Effects .......................................................................11–70 

11.11-2  Summary of Links between the Project and  Other Human Activities/Projects ...11–72 

11.11-3  Residual Cumulative Effects Summary Table .....................................................11–72 

11.12-1  Summary of Residual Effects from the Morrison Copper/Gold Project on 
Vegetation and Ecosystems................................................................................11–73 

11.12-2  Summary of Links between the Project and Other Human Activities/Projects ....11–75 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - lviii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

11.12-3  Residual Cumulative Effects Summary Table .....................................................11–76 

11.12-4  Significance of Residual Cumulative Effects .......................................................11–78 

11.13-1  Wildlife and Wildlife Habitat Residual Adverse Effects for the Morrison 
Copper/Gold Project............................................................................................11–80 

11.13-2  Summary of Overall Significance of Project Effects on each VEC......................11–81 

11.13-3 Summary of Links between the Project and  Other Human Activities/Projects........11–83 

11.13-4 Predicted Wildlife and Wildlife Habitat Residual Cumulative Effects Summary, 
Morrison Copper/Gold Project.............................................................................11–85 

11.13-5 Assessment of Significance for Wildlife and Wildlife Habitat Residual Cumulative 
Effects, Morrison Copper/Gold Project................................................................11–86 

11.15-1  Summary of Land Use Residual Effects..............................................................11–92 

11.15-2 Summary of Links between the Project and Human Activities ............................11–95 

11.15-3  Residual Land Use Cumulative Effects Summary Table.....................................11–96 

11.15-4  Significance of Land Use Residual Cumulative Effects.......................................11–97 

11.16-1  Summary of Socio-economic Residual Effects ...................................................11–98 

11.16-2  Morrison Copper/Gold Project: Summary of Links between the Project and 
Other Human Activities/ Projects.......................................................................11–104 

11.16-3  Residual Socio-economic Cumulative Effects Summary Table ........................11–106 

11.16-4  Significance of Socio-economic Residual Cumulative Effects ..........................11–107 

12.5-1  Summary of Lake Babine Nation Interests and Considerations............................12–6 

12.5-2  Archaeological Sites within Project Footprint ........................................................12–9 

12.5-3  Fish and Fish Habitat VECs of the Morrison Copper/Gold Project......................12–11 

12.5-4  Wildlife Valued Environmental Components in the Morrison Environmental 
Assessment.........................................................................................................12–18 

12.5-5   Summary of Overall Significance of Project Effects on each VEC......................12–20 

12.5-6  Description of Selected VECs for Land and Resource Use ................................12–26 

12.5-7  Summary of Valued Socio-economic Components.............................................12–29 

12.6-1  Yekooche Nation Issues Identification and Resolution:  Summary .....................12–33 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - lix - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

13.2-1  Construction Phase Air Emissions and  Fugitive Dust Mitigation Strategies.........13–4 

13.2-2  Operations Phase Air Emissions and Fugitive  Dust Mitigation Strategies ...........13–5 

13.3-1   Water Management Design Criteria for Project Infrastructure ..............................13–9 

13.5-1  Stream Riparian Classes.....................................................................................13–20 

13.5-2  Lake Riparian Classes ........................................................................................13–21 

13.5-3  Reduced Risk Instream Work Windows for Fish Species in the Morrison 
Copper/Gold Project Area ...................................................................................13–23 

13.6-1  Estimated Stream and Pond Surface Areas Lost  due to Project Infrastructure .13–35 

13.6-2  Preliminary Assessment of Fish Habitat Loss within the Morrison 
Copper/Gold Project............................................................................................13–35 

13.6-3  Life Histories of Fish Species in Affected Streams of the Project .......................13–40 

13.6-4  Habitat Suitability Indices (HSI) for Coho Salmon in the  Project Area ...............13–40 

13.6-5  Habitat Suitability Indices (HSI) for Rainbow Trout in the  Project Area..............13–41 

13.9-1 Plant Species Beneficial to Target Wildlife Species with the Potential for 
Revegetation Planting .........................................................................................13–63 

13.9-2  Potential Invasive Plants in the Morrison Project Area........................................13–70 

13.9-3  Adaptive Management Threshold Values for Wetlands Effects Monitoring ........13–75 

13.9-4  Wetland Compensation Plant Species and Wetland Class.................................13–77 

13.10-1  Summary of Relevant Acts or Regulations for  Wildlife and Wildlife Habitat.......13–82 

13.10-2  Potential Wildlife Effects from Human Presence and Activities and Mitigation 
Commitments ......................................................................................................13–84 

13.10-3  Recommended Minimum Target Buffer Distances for  Sensitive Habitats..........13–86 

13.10-4  Key Performance Indicators for Human Activity Management............................13–90 

13.10-5  Possible Adaptive Management Thresholds and Responses for  Human 
Activity Management ...........................................................................................13–91 

13.10-6  Key Performance Indicators for Nest Avoidance Management...........................13–93 

13.10-7  Possible Adaptive Management Thresholds and Responses for  Nest 
Avoidance Management......................................................................................13–94 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - lx - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

13.10-8  Potential Wildlife Effects of Waste and Wildlife Attractants and Mitigation 
Commitments ......................................................................................................13–96 

13.10-9  Key Performance Indicators for Waste and Wildlife Attractant Management......13–99 

13.10-10  Possible Adaptive Management Thresholds and Response for  Waste and 
Wildlife Attractant Management ........................................................................13–100 

13.10-11  Potential Sensory Disturbance Effects on Wildlife and Mitigation 
Commitments ....................................................................................................13–102 

13.10-12  Key Performance Indicators for Sensory Disturbance Management ................13–103 

13.10-13  Possible Adaptive Management Thresholds and Response for  Sensory 
Disturbance Management .................................................................................13–104 

13.10-14  Potential Road Effects on Wildlife and Mitigation Commitments.......................13–106 

13.10-15  Key Performance Indicators for Wildlife-Road Interaction Management...........13–111 

13.10-16  Possible Adaptive Management Thresholds and Response for  Wildlife and 
Road Interaction Management ..........................................................................13–112 

13.10-17  Monitoring and Reporting for Wildlife and Transmission Line  Interaction 
Management .....................................................................................................13–116 

13.10-18  Possible Adaptive Management Thresholds and Responses for  Wildlife-
Transmission Line Interaction Management .....................................................13–117 

13.10-19  Monitoring and Reporting for the  Employee Wildlife Education Program ........13–119 

13.12-1   Valued Socio-economic Components and Effects ............................................13–124 

13.12-2   Mitigation for Effects on Valued Socio-economic Components.........................13–126 

13.12-3   Responsibility Delegations for Mitigation...........................................................13–133 

13.15-1  Mechanical Treatment Options for Vegetation Management ............................13–141 

13.18-1  Spill Definitions and Descriptions ......................................................................13–155 

13.18-2  Reportable Quantities........................................................................................13–156 

13.19-1  Non-hazardous Waste Generated during Construction and Operations 
Phases ..............................................................................................................13–167 

13.19-2  Hazardous Waste Generated  during Construction and Operations .................13–169 

13.19-4  Waste Treatment and Disposal Plan during Operation .....................................13–172 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - lxi - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

13.20-1  Morrison Copper/Gold Project: Summary of Residual Effects ..........................13–176 

14.5-1  List of Existing Monitoring Well Locations and Rationales for Groundwater 
Monitoring............................................................................................................14–17 

14.5-2  List of Proposed New Monitoring Well Locations and Rationales for 
Groundwater Monitoring......................................................................................14–17 

14.5-3  Groundwater Sampling Laboratory Analytical Requirements..............................14–18 

14.6-1 Summary of Aquatic Effects Monitoring Program Sites and Sampling 
Frequency ...........................................................................................................14–23 

14.8-1  Wetland Species and Monitoring Schedule.........................................................14–37 

14.8-2  Power Analysis and Sample Size Output for Wetland Vegetation ......................14–37 

14.8-3  Adaptive Management Threshold Vales .............................................................14–39 

14.9-1  Required Monitoring of Potential Wildlife Effects and 
Mitigation Commitments for Moose.....................................................................14–42 

14.9-2  Possible Adaptive Management Thresholds and Response for  Moose 
Monitoring Program.............................................................................................14–46 

14.9-3  Monitoring and Reporting for Wildlife Observations and Incident/Accident 
Monitoring............................................................................................................14–52 

14.9-4  Possible Adaptive Management Thresholds and Response for  Wildlife 
Observations and Incident/Accident Management..............................................14–53 

14.11-1  Summary of Management Facilities, Source Materials and Criteria ...................14–64 

15.1-1  Summary of AllNorth Concentrate Haul Route Options ........................................15–7 

15.3-1  Morrison Copper/Gold Project:  Mine Production Forecast.................................15–19 

15.3-1  Morrison Copper/Gold Project:  Mine Production Forecast (completed).............15–20 

15.3-2   Mineable Reserves..............................................................................................15–23 

15.5.1  Comparison of Tailings Disposal Options  (based on February 19, 2007 data)..15–31 

15.7-1  Treated Sewage Discharge Alternatives during Construction.............................15–38 

15.8-1  Summary of Factors Considered for the Selection of the  Preferred ROW 
Alignment ............................................................................................................15–40 

15.10-1  Summarized Comparison of Alternatives ............................................................15–48 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - lxii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

15.10-2  Summarized Comparison of Alternatives ............................................................15–51 

15.11-1  Morrison Copper/Gold Project Employee Work Shift Schedule ..........................15–53 

15.11-2   Morrison Copper/Gold Project Human Resources Forecast ...............................15–54 

16.3-1 Summary of Soil Suitability and Salvage Considerations....................................16–11 

16.3-2  Summary of Potentially Salvageable Soil Material Volumes by Mine Facility 
Component (Mm3) ...............................................................................................16–18 

16.3-3  Summary of Soil Volume Requirements by Reclaimed Land Unit ......................16–18 

16.5-1  Reclaimed Land Unit Soil Replacement Strategy ...............................................16–33 

16.5-2  Summary of Soil/Overburden Volume Requirements by Reclaimed Land Unit ..16–37 

16.6-1 Summary of Reclaimed Unit Landscape Characteristics ....................................16–42 

16.7-1 Post-Mine Forest Index and Wildlife Habitat Suitability Rating for Target 
Species................................................................................................................16–51 

16.7-2 Potential Tree, Shrub, and Herb Species to Reclaim Predicted Ecosystem 
Units at Mine Closure and Corresponding Benefits to the Target Wildlife 
Species................................................................................................................16–53 

16.10-1  Preliminary Closure, Post Closure, and Reclamation Cost Estimate ..................16–60 

18.1-1  Morrison Copper/Gold Project:  Summary of Community Relations, 
Consultation and Involvement Commitments........................................................18–2 

18.2-1  Morrison Copper/Gold Project: Summary of Training, Hiring, Employment and 
Economic and Social Development Mitigation Commitments ...............................18–7 

18.3-1  Morrison Copper/Gold Project Health and Safety Commitments and 
Mitigation Measures ............................................................................................18–22 

18.4-1  Morrison Copper/Gold Project Environmental Commitments and Mitigation ......18–29 

LIST OF PLATES 

Plate  Page 

2.6-1 T-shirt signed by Lake Babine Nation youth and presented to PBM for their 
support of Lake Babine Nation youth and corporate visit made in March, 
2007. .....................................................................................................................2–28 

2.6-2 PBM held an Open House Community Meeting on the Project in Tachet on 
August 23, 2007. ...................................................................................................2–32 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - lxiii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

2.7-1 Morrison Copper/Gold Project Working Group Project Site Tour. July 14, 
2009. .....................................................................................................................2–52 

2.8-1 Morrison Copper/Gold Project Information Community Open House  Meeting. 
Granisle. August 24, 2007.....................................................................................2–57 

4.4-1 Mineralized BFP in Noranda Core – Morrison Deposit. ........................................4–15 

4.4-2 Unmineralized BFP – DH08-03 Plant Site.............................................................4–15 

4.7-1 Morrison deposit drill core. ....................................................................................4–22 

4.12-1 Forest Service road bridge crossing creek north of plant site. ............................4–122 

4.17-1 Babine Lake Barge –“Charger.” ..........................................................................4–172 

4.17-2 Hagan Forest Service Road. ...............................................................................4–172 

4.19-1 Houston Forest Products Camp – Morrison Arm Babine Lake. ..........................4–212 

7.9-1 Reference sites, Strm1 (left) and Strm9 (right)......................................................7–98 

7.12-1 Wb05 Bog Ecosystem at Site MW04. .................................................................7–130 

7.12-2 Wb01 Bog Ecosystem at Site MW13. .................................................................7–131 

7.12-3 Ws06 Swamp Ecosystem at Site MW06. ............................................................7–131 

7.12-4 Wm01 Marsh Ecosystem at Site MW10..............................................................7–132 

7.12-5 Wb01 Bog Ecosystem at Site MW13. .................................................................7–134 

7.13-1 A moderately well-drained Orthic Gray Luvisol with a deep Ae (gray) horizon 
developed on coarse textured, morainal material (SMU M1; Site M15)..............7–149 

7.13-2 A well-drained, brownish Brunisolic Gray Luvisol developed on moderately 
fine-textured, morainal material displays a dark brown Bt  (clay enriched) 
horizon at depth (SMU M1; Site M36). ................................................................7–149 

7.13-3 Nearly level topography typical of SMU M3 (Site M31).......................................7–150 

7.13-4 An imperfectly drained soil with a weakly mottled near surface horizon 
overlying a dull-coloured, clay enriched (Btgj) horizon (SMU M3; Site M31). .....7–151 

7.13-5 An Eluviated Dystric Brunisol developed on coarse textured, very gravelly, 
rapidly drained glaciofluvial material (SMU G1; Site M32). .................................7–151 

7.13-6 A poorly drained Orthic Humic Gleysol developed on moderately fine 
textured, non-gravelly glaciolacustrine material at Site M24 (SMU L1 peaty 
phase). ................................................................................................................7–152 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - lxiv - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

7.13-7 This poorly drained soil profile, developed in fluvial materials, is typical of 
SMU F2 (Site M43; Orthic Gleysol). ....................................................................7–152 

7.13-8 An upper, moderately steeply sloping site (Site M38), is typical of the often 
stony, sometimes rocky terrain of SMU C1. ........................................................7–153 

7.13-9 A rapidly drained Orthic Eutric Brunisol developed on colluvial material (Site 
M10; SMU C1li). ..................................................................................................7–153 

7.13-10 View of a typical valley bottom wetland-lake complex, SMU O1 and SMU L1 
(peaty phase; Site M19). .....................................................................................7–154 

7.13-11 A Terric Mesic Humisol developed on organic deposits (Site M14; SMU O1). ...7–155 

7.15-1 Saskatoon/slender wheatgrass ecosystem (SBSmc2 81)...................................7–189 

7.15-2 Lodgepole pine/black huckleberry/reindeer lichens ecosystem (SBSwk3 02). ...7–189 

7.17-1 Seasonal settlement of Old Fort, December 2006. .............................................7–225 

7.17-2 Ground disturbance at an old drilling site in the open pit area. ...........................7–226 

7.17-3 Effect of logging activities in the Project area......................................................7–226 

7.17-4 Core fragment (left) and flakes (right) found at site GhSn-7. ..............................7–229 

7.20-1 Looking east-northeast from the Sanctuary Bay marine protected areas. ..........7–291 

7.20-2 Looking southeast from the Sanctuary Bay marine protected area. ...................7–291 

7.20-3 Looking eastward from the Sanctuary Bay Marine Protected area. ....................7–293 

7.20-4 Looking westward over Babine Lake East Arm towards Le Talh Giz/Old Fort 
Mountain.  The transmission line will be in the foreground. ................................7–293 

7.20-5 Looking northward from the former Bell mine waste rock dump towards Le 
Talh Giz/Old Fort Mountain. ................................................................................7–293 

7.20-6 Aerial overview in northern direction from the anchorage on Babine Lake East 
Arm.  Morrison Lake is visible in the background................................................7–294 

7.20-7 Aerial view of Ookpik Lodge and the landscape behind it where the 
transmission line will be constructed. ..................................................................7–294 

7.20-8 Aerial view from the hunting camp on the western shore of Babine Lake East 
Arm looking in a southern direction along the shoreline towards Sanctuary 
Bay and Babine Lake. .........................................................................................7–294 

7.20-9 Looking eastward from Hagan Forest Service Road towards Hearne Hill. .........7–295 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - lxv - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

7.20-10 Looking northeast from Morrison Lake at the northern foot slope of Hearne 
Hill in the direction of the proposed overburden stockpile and waste rock 
dump and projected transmission line along the access road.............................7–295 

7.20-11 Looking eastward from Morrison Lake towards Tukii Lodge Hunting Camp. ......7–296 

7.20-12 Looking eastward from Hagan Forest Service Road.  The transmission line 
will be in the foreground. .....................................................................................7–296 

7.20-13. Looking northward and eastward from the barge landing at Topley Landing. ........7–297 

7.20-14 Looking northward and eastward from a marina near Granisle. .........................7–297 

8.20-1a Animated view from Old Fort looking towards the transmission line heading 
60º. ......................................................................................................................8–738 

8.20-1b Animated view from Old Fort looking towards the transmission line heading 
90º. ......................................................................................................................8–738 

8.20-2 Animated view from Old Fort Mountain lookout in eastern direction towards 
the transmission line and ROW representing the time of day when sunlight is 
reflected from the transmission line.....................................................................8–739 

8.20-3 Aerial view looking east over Ookpik Lodge........................................................8–740 

8.20-4 Animated view from Babine Lake shoreline near the Houston forestry camp 
looking east. ........................................................................................................8–740 

8.20-5a Animated view from southern Morrison Lake heading 320°................................8–741 

8.20-5b Animated view from southern Morrison Lake heading 350°................................8–741 

8.20-5c Animated view from southern Morrison Lake heading 20°..................................8–741 

8.20-5d Animated view from southern Morrison Lake heading 50°..................................8–741 

8.20-6b Animated view from Morrison Lake near Tukii Lodge Hunting camp heading 
60°. ......................................................................................................................8–742 

8.20-6c Animated view from Morrison Lake near Tukii Lodge Hunting camp heading 
80°. ......................................................................................................................8–742 

8.20-6d Animated view from Morrison Lake near Tukii Lodge Hunting camp heading 
100°. ....................................................................................................................8–742 

8.20-6e Animated view from Morrison Lake near Tukii Lodge Hunting camp heading 
120°. ....................................................................................................................8–743 

8.20-6f Animated view from Morrison Lake near Tukii Lodge Hunting camp heading 
140°. ....................................................................................................................8–743 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - lxvi - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8.20-7a Animated view from Nakinilerak Lake direction heading 180°.  Hearne Hill is 
visible in the background.....................................................................................8–744 

8.20-7b Animated view from Nakinilerak Lake direction heading 210°, looking at the 
northern foothill of Hearne Hill.............................................................................8–744 

8.20-7c Animated view from Nakinilerak Lake direction heading 240°.  In the 
background the North Dam is visible...................................................................8–744 

8.20-7d Animated view from Nakinilerak Lake direction heading 270°. ...........................8–744 

8.20-8 Animated view from Babine Lake East Arm looking towards Sanctuary Bay.  
The transmission line can be seen at the foot of the hills behind the trees.........8–745 

8.20-9 Animated view from the northern entrance of Sanctuary Bay looking in a 
southeastern direction towards the transmission line..........................................8–745 

8.20-10a Animated view from the western shore of Babine Lake, 4 km west of Bell 
Mine, heading 20°. ..............................................................................................8–746 

8.20-10b Animated view from the western shore of Babine Lake, 4 km west of Bell 
Mine, heading 50°. ..............................................................................................8–746 

8.20-11 Animated view from Hagan Forest Service Road, higher up from Sanctuary 
Bay, heading 260°. ..............................................................................................8–747 

8.20-12 Animated view from Bell Mine waste rock dump looking north, heading 0°. .......8–747 

8.20-13a Animated view from the road west of Morrison Lake heading 35° 20 years 
after closure.........................................................................................................8–748 

8.20-13b Animated view from the road west of Morrison Lake heading 55° 20 years 
after closure.........................................................................................................8–748 

8.20-14 Mine site overview 20 years after closure. ..........................................................8–748 

13.7-1 Erosion control geotextile cover can prevent erosion in areas where the soils 
will be disturbed...................................................................................................13–45 

13.7-2 Using an erosion mat is an effective short-term solution to reduce erosion 
from exposed slopes. ..........................................................................................13–46 

13.7-3 Straw bales placed at the base of slopes can provide an efficient sediment 
trapping mechanism. ...........................................................................................13–46 

13.7-4 Silt fences slow water and retain fine soil sediments. .........................................13–47 

13.7-5 Riprap along streambeds and around culverts will protect soils from erosion 
and reduce sediment from entering waterways...................................................13–47 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - lxvii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

15.10-1 Babine Lake barge. .............................................................................................15–46 

15.10-2 Hagan Forest Service Road. ...............................................................................15–46 

15.10-3 Aerial view of Babine Camp. ...............................................................................15–50 

15.10-4 Aerial View of Granisle. .......................................................................................15–51 

16.6.1 Typical post-mine landscapes associated with a waste rock dump – slopes 
and drainage features: (a) terraced dump face with moderate slope gradients 
and lengths (Price 2005) and (b) slope runoff collection on inside edge of 
each terrace (Price 2005) (c) seepage collection and pumphouse at WRD 
toe, and (d) clean water diversion ditch above the WRD (Price 2005)................16–43 

16.6-2 Typical post-mine landscape features including an open pit and tailings 
facility. .................................................................................................................16–44 

16.6-3 Seepage collection ditches and associated roads are common along the toe 
of TSF dams and WRDs (Equity Silver Mine).  Fluctuations in the water levels 
in the seepage collection ponds are common, reflecting changes in runoff 
conditions and storage requirements throughout the year. .................................16–45 

16.7-1 Conceptual Overview of the Post-Closure Reclaimed Landscape......................16–47 

 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - lxviii - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

LIST OF APPENDICES 

Appendix 1 – Feasibility Study – Volume 1 – Process Plant, Mining, and Infrastructure 

Appendix 2 – Feasibility Study – Volume 2 – Project Execution Plan 

Appendix 3 – HPGR Trade-off Study 

Appendix 4 – Feasibility Pit Slope Design 

Appendix 5 – Electrical Power Supply and Cost Estimate 

Appendix 6 – 2007 Geotechnical Site Investigation Report 

Appendix 7 – Plant Site Foundation Report 

Appendix 8 – Tailings, Reclaim, and Associated Pumping Systems Feasibility Design 
Report 

Appendix 9 – Geotechnical Feasibility Study Report 

Appendix 10 – Geotechnical Feasibility Study Report – Drawing Package 

Appendix 11 – Geotechnical Feasibility Study Report – Appendices 1 – 9 

Appendix 12 – Haul Route Study 

Appendix 13 – Haul Route Options Analysis 

Appendix 14 – Descriptions of Core Recovered from Condemnation and Groundwater 
Monitoring Well Drilling 

Appendix 15 – Prediction of Metal Leaching and Acid Rock Drainage, Phase 1 (Part 1) 

Appendix 15 – Prediction of Metal Leaching and Acid Rock Drainage, Phase 1 (Part 2) 

Appendix 16 – Communications Tracking and Information Distribution 

Appendix 17 – Tailings Storage Facility Alternatives 

Appendix 18 – Meteorology and Air Quality Baseline Report 

Appendix 19 – Air Dispersion Modelling Conceptual Plan  

Appendix 20 – Air Dispersion Modelling Detailed Model Plan 

Appendix 21 – Bathymetry Baseline Report  



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - lxix - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

Appendix 22 – Hydrology Baseline Report 

Appendix 23 – Water Quality and Water Balance Model 

Appendix 24 – Hydrogeology Baseline Report 

Appendix 25 – Hydrogeological Modelling Report  

Appendix 26 – Aquatics Baseline Report, 2006/2007 

Appendix 27 – Aquatics Baseline Report, 2008 

Appendix 28 – Fisheries Baseline Report  

Appendix 29 – Proposed Transmission Line Fisheries Resources Baseline Report 

Appendix 30 – Navigable Waters Baseline Report 

Appendix 31 – Wetlands Baseline Report 

Appendix 32 – Physiography, Surficial Materials, and Soils Baseline Report 

Appendix 33 – Overburden Assessment Report 

Appendix 34 – Proposed Power Transmission Line Terrain Stability and Natural Hazards 
Baseline Report 

Appendix 35 – Ecosystem Mapping and Vegetation Baseline Report 

Appendix 36 – Avian Baseline Report 

Appendix 37 – Wildlife Habitat Suitability Rating Baseline Report 

Appendix 38 – Amphibian Baseline Report 

Appendix 39 – Tailings Storage Facility Wildlife Risk Assessment 

Appendix 40 – Summary of Terrestrial Resources: Assessment Activities for the 
Morrison Project Study Area 

Appendix 41 – Archaeological Impact Assessment Final Report (Heritage Conservation 
Act Permit 2006-309) 

Appendix 42 – Land and Resource Use Baseline Report 

Appendix 43 – Country Foods Baseline Report 

Appendix 44 – Supporting Information for the Country Foods Risk Assessment 

Appendix 45 – Socio-economic Baseline Report 



Table of Contents 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II - lxx - Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

Appendix 46 – Visual Resources and Aesthetics Baseline Report 

Appendix 47 – Noise Baseline Report 

Appendix 48 – Winter Air Quality Modelling Effects Assessment 



September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II 8–1 Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8. Environmental and Socio-economic Effects 
Assessment 

8.1 Introduction 
This chapter provides the environmental and socio-economic effects assessments for Pacific 
Booker Minerals Inc.’s (PBM) Morrison Copper/Gold Project (the Project).  The environmental 
assessment (EA) methodology for the Project was developed to meet the requirements of the 
Terms of Reference (TOR: BC EAO 2009), as well as the criteria of the Canadian Environmental 
Assessment Agency (CEA Agency; 1994) and the British Columbia Environmental Assessment 
Office (BC EAO; 2006).  This approach considers the physical, biological, and human 
components of the environment and how these components may be altered throughout the life of 
the Project.  Refer to Chapter 5 for further information on the effects assessment methodology.  
Disciplines providing environmental effects assessments are: 

• Climate and 
Meteorology 

• Aquatic Resources • Terrain Hazards • Socio-economic 

• Air Quality • Fish and Fish 
Habitat 

• Ecosystems and 
Vegetation 

• Visual Resources 
and Aesthetics 

• Hydrology • Navigable Waters • Wildlife and Wildlife 
Habitat 

• Noise 

• Hydrogeology • Wetlands • Archaeology and 
Heritage Resources 

• Human Health 

• Sediment Quality • Terrain, Surficial 
Materials, 
Overburden, and 
Soils 

• Land and Resource 
Use 

 

8.1.1 Project Overview 
The Project is 65 km northeast of Smithers and 35 km north of Granisle in north-central British 
Columbia (BC; Figure 8.1-1).  The Project is on the east side of Morrison Lake on Crown land 
and falls within the traditional territory of the Lake Babine Nation.  Access to the Project site is 
by road with barge access across Babine Lake, which is approximately 50 km south of the site.  
The Project is approximately 35 km north of the former Bell and Granisle copper/gold mines. 

The Morrison mine will be a 30,000 tpd open pit operation with ore processed in a conventional 
milling plant and the copper/gold concentrate transported to the Port of Stewart for shipment to 
offshore smelters.  Molybdenum concentrate will be trucked from the mine to a refinery location 
to be confirmed.  The mine will produce approximately 224 Mt of tailings and 170 Mt of waste 
rock. 



[̀

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

Telkwa

Houston

Granisle

Smithers

Burns Lake 
(Woyenne)

New 
Hazelton

Fort Babine 
(Wid'at)

Tachet
(Tachek)

Old Fort 
(Nedo'ats)

tu118

Donald's Landing
(Pinkut Lake)

Morrison Copper/Gold 
Project

Bell Mine
Substation

!

tu35

tu16

Babine 
Lake

Morrison 
Lake

Takla 
Lake

600000

600000

650000

650000

700000

700000

60
00

00
0

60
00

00
0

60
50

00
0

60
50

00
0

61
00

00
0

61
00

00
0

61
50

00
0

61
50

00
0

62
00

00
0

62
00

00
0

Projection: UTM9, NAD83

1:1,000,000

Morrison Copper/Gold Project
Location Map

FIGURE 8.1-1

±

0 15 30

Kilometres

gis no. MOR-15-021 Job No. 0793-001-01 July 31, 2009

!.
!.

!.

British 
Columbia

Alberta

U.S.A.

Yukon
N.W.T.

Pacific
Ocean

Smi thers

Vancouver

Prince 
George



Environmental and Socio-economic Effects Assessment 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II 8–3 Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8.2 Climate and Meteorology 
The baseline climate conditions for Project are summarized in Section 7.2.  The mean annual 
temperature recorded at the Rescan Morrison meteorological station from 2006 to 2008 was 
1.5ºC.  The mean annual precipitation during the same period was 630 mm.  This is a higher 
annual total than expected for the Nechako Plateau region, as evidenced in the average monthly 
data from the three regional Meteorological Service of Canada (MSC) stations.  The Nechako 
Plateau climate is more continental and thus drier than the Coast Mountain area, with annual 
precipitation averaging close to 500 mm.  However, warm summers and cool winters, typical of 
coastal regions, dominate the Nechako Plateau region because of its location between mild 
coastal and extreme continental climate regions.  Continentality is a measure of the degree to 
which the climate of a region typifies that of the interior of a large landmass.  Wind speeds in the 
Project area were categorized as generally light and variable, occurring most frequently from the 
east-southeast direction. 

The climate and meteorology effects assessment is broadly subdivided into four stages: 

1. Identification and description of potential effects on each valued environmental component 
(VEC; pre-mitigation ratings). 

2. Development of mitigation, enhancement, and management strategies to address identified 
effects. 

3. Determination and description of residual (post-mitigation) effects and their significance. 

4. Evaluation of the likelihood that the predicted effects will occur and level of confidence of 
the results. 

8.2.1 Valued Environmental Components  
Climate describes the predominant weather patterns in an area and was selected as a VEC 
because it is a fundamental aspect of the natural environment.  Changes to the climate will affect 
many other ecosystem components. 

Greenhouse gases (GHGs) including water vapour, carbon dioxide (CO2), methane (CH4), 
nitrous oxide (N2O), and ozone (O3). have a major influence on the global climate.  Over the past 
century, the amount of GHGs in the atmosphere has increased because of anthropogenic GHG 
emissions from industrial activity, population growth, fossil fuel burning, and deforestation.  
Deforestation represents the loss of a carbon sink as trees take up carbon dioxide and the carbon 
is stored in the trees as well as their roots (IPCC 1996).  It should be noted that shrubs and 
understory also store carbon above and below ground.  A portion of the carbon is transferred 
from the vegetation to the soil which is also a carbon sink.  With deforestation, the carbon in the 
vegetation is released back into the atmosphere.  Rising levels of GHGs increase the heat 
retained within the Earth’s atmosphere, possibly causing changes in the global climate. 

The most significant consequences from climate change may be changes in: 
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• average air temperature and seasonal temperature distribution 

• seasonal rainfall patterns 

• magnitude and frequency of extreme weather events 

• soil moisture budgets 

• prevailing winds (speed and direction) 

• surface and groundwater availability 

These changes could lead to alterations in local glacial cover, hydrologic regime, and vegetative 
and wildlife communities.  This section assesses the Project’s contribution to global climate 
change.  Implications of climate change on the Project are discussed in Section 10.4.  

8.2.2 Boundaries 

8.2.2.1 Spatial 
The Project’s potential effects on the climate will occur through the release of GHGs that may 
contribute to global climate change.  Therefore, the climate effects assessment is limited to the 
effect the Project will have on atmospheric GHG levels.  However, it is not appropriate to 
discuss the implications of the emissions within a defined spatial boundary because it is the total 
global atmospheric GHGs that contribute to climate change.  Thus, climate effects assessed in 
this section are considered to have a trans-boundary geographic extent. 

The effect on the climate from the incremental increase in atmospheric GHGs from any single 
source cannot be quantified (CEA Agency 2003).  Therefore, the significance of the Project’s 
effects on the climate is assessed by comparing projected Project emissions to national, 
provincial, and industry sector standards.  

8.2.2.2 Temporal 
The assessment examines potential effects during Production Year 1.  This year will have the 
highest energy demand and maximum tonnage of ore and waste rock movement during the 
Project lifecycle, as per the Project Feasibility Study (Appendix 1).  Table 5.2-2 Morrison 
Project Phases and Activities (see Chapter 5) describes the duration and activities associated with 
each discrete phase of development. 

8.2.3 Identification and Description of Potential Effects 
The primary anthropogenic GHG sources are CO2, CH4, and N2O.  The Project will emit all three 
through fuel and electricity consumption and deforestation as the pre-development Project area is 
generally forested.  Mesic forest is the dominant ecosystem type with Sub-boreal Spruce 
accounting for 70% of the vegetated ecosystem in the Project area.  The SBS zone is typically 
dominated by coniferous forests of hybrid spruce (Picea glauca x engelmannii), lodgepole pine 
(Pinus contorta) and subalpine fir (Abies lasiocarpa).  Forests structural stages can range from 
un-vegetated units to old-growth forest.  The dominant vegetation structural stage within the 
Project area is mature forest, accounting for 54% of the vegetated areas (Rescan 2009).  Diesel 
and propane consumption will result in direct GHG emissions by Project components.  
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Components using hydro-electrical energy will generate indirect GHG emissions through the 
production of that energy.  Energy in the form of fuel or electricity will be consumed by all 
Project components in each Project phase, with the exception of post-closure.  

Diesel, propane, and electricity will provide the primary energy sources for the Project.  All 
mobile and transportation equipment will use diesel; consumption during Production Year 1 of 
the mine is estimated to be 7.99 by 106 L (Table 8.2-1).  Propane will run air heaters as well as 
some process machinery; consumption during Production Year 1 is estimated to be 2.54 by 
106 L.  Electricity will power most process machinery and infrastructure and is estimated at 
224 GWh during Production Year 1.  Estimates of the diesel, propane, and electricity 
consumption were based on the Project Feasibility Study (Appendix 1). 

Table 8.2-1 
Estimated Annual Energy Use and GHG Emissions from the Project 

during Production Year 1 
 Energy Use  Emissions 

Source Quantity 
Energy 

(terajoules)  
Direct  

(kt CO2-eq) 
Indirect  

(kt CO2-eq) 
Total  

(kt CO2-eq) 

Total Intensity  
(total kt CO2-eq/ 
total terajoules) 

Diesel 7.985 million L 308.9  22.5 - 22.5 0.073 
Propane 2.535 million L 64.6  3.9 - 3.9 0.060 
Electricity 224.0 GWh 806.3  - 3.8 3.8 0.005 
Total - 1,180  26.4 3.8 30.2 0.026* 

Note:  *Total intensity of GHG emissions is equal to total emissions divided by energy (30.2/1180 = 0.026).  Propane 
emissions were assumed to be from stationary sources and diesel emissions from mobile sources.  Propane 
consumption, energy, and intensity were calculated using section 12, Tier C Method from the Climate Registry’s General 
Reporting Protocol (2008).  Diesel consumption, energy, and intensity were calculated using section 13, Tier B Method 
from the Climate Registry’s General Reporting Protocol (2008).  Indirect emissions, energy, and intensity from electricity 
were calculated using section 14, Tier B Method from the Climate Registry’s General Reporting Protocol (2008). 

CO2 is the most common GHG but other gases, including N2O and CH4, are also considered 
GHGs.  Each gas has a unique global warming potential.  For example, one unit of CH4 has a 
global warming potential of 21 CO2 units.  Similarly, one unit of N2O has a global warming 
potential of 310 CO2 units.  To account for all GHGs together, each gas is converted to CO2 
equivalence (CO2-eq) based on its global warming potential (with one unit of CO2 having a 
global warming potential of one).  

The Climate Registry General Reporting Protocol Version 1.1 (2008) was used to estimate the 
GHG emissions in units of CO2-eq from the estimated fuel and power usage of the Project for 
Production Year 1.  Total (direct and indirect) annual GHG emissions from the Project during 
Production Year 1 are estimated to be 30.2 kt of CO2-eq.   

Electrical energy will satisfy 68% of the Project’s total energy demands and the resulting indirect 
GHG emissions from the use of electrical power will be limited to 13% of total Project emissions 
because electrical power will come from hydroelectric sources with the exception of emergency 
standby power. 
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The incremental increase in global GHG gas emissions from a single facility can not be used to 
estimate a resulting change in the global or local climate (CEA Agency 2003).  Therefore, the 
nature and extent of potential effects from GHG emissions from the Project are gauged by 
comparing the estimated Project emissions to current legislation and national, provincial, and 
industry sector norms in terms of both total emissions and emission intensity.  

The British Columbia Ministry of the Environment (BC MOE) intends to introduce a Mandatory 
Reporting of Greenhouse Gas Emissions Regulation, as per The Greenhouse Gas (GHG) 
Reporting Regulation Policy Intentions Paper for Consultation (BC MOE 2008b), to support 
fulfillment of the Greenhouse Gas Reduction (Cap and Trade) Act (BC MOE 2008b) under the 
Western Climate Initiative.  The Western Climate Initiative is a collaboration of American states 
and Canadian provinces, including BC.   

The regulation, upon approval and implementation, will become the legislative base for the BC 
government’s commitment to reduce GHGs by at least 33% below 2007 levels by 2020 (BC 
MOE 2008b).  The regulation is anticipated to come into effect in early 2009.  Full 
implementation of the regional cap and trade system is anticipated to take place in 2012.  If the 
Project begins operations in 2012, as forecast, reporting would be required by May 1, 2013 
(May 1 of the year following the reporting calendar year).  Air emissions from the Morrison 
Project are limited to the construction and operations phases.  Air emissions during the other 
project phases are short term in nature and negligible compared to operations. 

The six main GHGs subject to reporting include carbon dioxide (CO2), methane (CH4), nitrous 
oxide (N2O), sulphur hexafluoride (SF6), hydroflourocarbons, and perfluorocarbons.  Under the 
proposed regulation, facilities emitting more than 10,000 t/a (including CO2 biomass emissions) 
of CO2-eq/a will be required to report their GHG emissions to the BC MOE, beginning with the 
2009 calendar year and annually thereafter (BC MOE 2008b).   

Facilities with more than 25,000 t of emissions (except non-CO2 biomass sources) in any 
calendar year from 2009 onwards would report for all subsequent calendar years, regardless of 
emission level.  Beginning in 2010, these facilities will also have to obtain independent 
verification for their reported emissions from a third party (BC MOE 2008b). 

Based on the current facility reporting thresholds and comparison to national, provincial, and 
industry norms, the nature and extent of the potential effects of the Project’s GHG emissions on 
the environment during the operational phase of the mine can be assessed.  Table 8.2-2 
summarizes the definitions used to assess the Project’s GHG emissions and associated nature and 
extent of their potential effects on climate.  The assessment was based on the estimated annual 
Morrison Project GHG emissions and the benchmarks provided by the pending British Columbia 
GHG legislation (discussed above) and estimated annual GHG emissions from national, 
provincial and mining industry sectors.  Although GHG emissions will be emitted during the 
construction, closure and decommissioning and post-closure phases of the mine, because of their 
short-term timeframe their nature and extent are expected to be negligible and are not assessed 
quantitatively.  
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Table 8.2-3 shows a comparison of the estimated annual total GHG emissions from the Project 
during 2012 operations to total emissions from national, provincial, and sector sources for 2007.  
Data for 2007 are used for comparison as it is the most recent year for which national and 
provincial emission data are available.  Total emissions from the Project are minor in comparison 
to total national, provincial, and metal mining industrial emissions.  The Project’s GHG 
emissions will drop significantly after operations are completed and into post closure. 

Table 8.2-2 
Description of the Nature and Extent of Potential Effects on Climate 

Nature  
and Extent Definition 
Negligible No detectable change from baseline conditions. 
Low Annual GHG emissions will not exceed facility reporting threshold of 10 kt CO2-eq. 

Total annual emissions will be a negligible constituent of national, provincial, and industry 
sector GHG inventories. 
Emission intensities are much less than national, provincial, and industry sector norms. 

Medium Annual GHG emissions will not exceed threshold of 50 kt CO2-eq. 
Total annual emissions will be a minor constituent of national, provincial, and industry sector 
GHG inventories. 
Emission intensities are below national, provincial, and industry sector norms. 

Major Annual GHG emissions will exceed threshold of 50 kt CO2-eq. 
Total annual emissions will be a significant (i.e., greater than 5%) constituent of national, 
provincial, and industry sector GHG inventories. 
Emission intensities are equal to or greater than national, provincial, and industry sector 
norms. 

 

Table 8.2-3 
2007 Canadian GHG Emissions 

Source 
GHG Emissions

(kt CO2-eq) 
Project Emissions as Percent 

of Source Emissions  
Morrison Project – projected for 2012 30.2 100 
Canada1 721,000 0.004 
British Columbia1 62,300 0.05 
Canadian Metal Ore Mining Sector2 3,147 0.96 

1Environment Canada (2008). 
2Direct 2007 emissions only, from CIEEDAC (2008). 

It is also useful to compare the emission intensity projected for the Project to the rest of the metal 
mining sector.  GHG emission intensity can be stated in terms of emissions per unit of ore 
produced (kt CO2-eq/Mt) or per unit energy consumed (kt CO2-eq/terajoules).  Data for this 
comparison were obtained from the Canadian Industrial Energy End-Use Data and Analysis 
Centre (2008), which monitors energy use by industrial sectors.  A summary of metal mining 
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sector GHG emissions, energy usage, productivity, and emission intensities is presented and 
compared to Morrison projections in Table 8.2-4. 

Table 8.2-4 
Canadian Metal Mining Sector GHG Emission Intensities 

Data 

Sector Averages for 
Period from 1990 to 

2007 

Estimated Year 1 
Production Data for 

Morrison Project 
Production (million t/yr) 242 9.855 
Annual energy consumption (terajoules/yr) 84,045 1,180 
Total CO2-eq emissions (kt) 3,373 30.2 
Emission intensity (kt/million t) 13.9 3.06 
Emission intensity (kt/terajoules) 0.040 0.026 
1CIEEDAC (2008). 

The projected emission intensity for the Project per unit energy consumed is less than half of the 
metal mining sector average.  The projected emission intensity for the Project per unit produced 
is 22% of the metal mining sector average.  These differences are attributable to the partial 
sourcing of energy demands to electricity and the relative clean hydroelectric production of that 
electricity.  Within Canada, only Manitoba and Quebec have lower indirect GHG emissions from 
electricity production than BC (CSA 2005).  

The development of the Project will result in the direct disturbance of 1,140 ha, which includes 
the pit, tailings storage facility (TSF), the waste rock dump (WRD), the plant site, the linear 
facilities such as roads, and the transmission line corridor.  At closure, approximately 390 ha or 
34% of the disturbed area will be reclaimed.  The remaining 690 ha will not support a vegetative 
cover.  Of the 690 ha, approximately 450 ha represent the water-covered TSF, with the pit, also 
water covered, representing an additional 70 ha.   

The effect of disturbance from the TSF on GHG emissions differs from that of the pit.  The 
vegetation and soils in the TSF will not be removed prior to flooding such that initially the carbon 
stored in the soils and vegetation will remain.  Although the vegetation will not be removed for the 
most part, it will no longer have the capacity to sequester future carbon.  However, with time, CO2 
and CH4 may be released due to decomposition of the submerged vegetation (Rosenberg et al. 
1997).  The rate of release will likely be variable but it is predicted the decomposition rate may 
decrease with time as the easily degraded organic material is decomposed initially followed by a 
period of slower rates of decomposition of less easily decomposed organic material (Rosenberg et 
al. 1997).  With time, there will likely be an increase in anoxic conditions in the reservoir which 
may result in an increase in CH4 as there may be a decrease in CH4 oxidation due to the low levels 
of oxygen and oxidizing bacteria (Rosenberg et al. 1997). 

The vegetation, soil, and overburden will be removed from the pit footprint resulting in the 
permanent loss of carbon sequestration and storage potential.  The other areas may be reclaimed. 
The surface soils and vegetation will be removed from the borrow areas.  Some areas will be 
covered with buildings, roads, other facilities, and various stockpiles, such that photosynthesis 
(the absorption of CO2 by plants) will no longer occur.  The burial of soils under the various 
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facilities will halt the increase in carbon storage in the soils from the contributions of the plant 
and biotic communities.    

The effects on carbon in storage due to the conversion of forested land is interpreted as emissions 
of CO2 as the act of conversion is considered to result in the release of carbon previously held on 
the land (IPCC 2003).  High- and mid-latitude forests, as reported in 1996, are estimated to 
represent a net carbon sink of about 0.7 ± 0.2 Gt C/yr (IPCC 1996).  Approximately 8.2 Mt of 
CO2 emissions have been related to the conversion of 86 kha +-38% of forests to other uses in 
2006 in Canada (Environment Canada 2008).  This represents approximately 95 t/ha of 
equivalent CO2 emissions.  Based on this approximate value, the Project will result in 
approximately 65,550 t of CO2 emissions due to the loss of vegetation from 690 ha of surfaces 
that will be directly affected by the various facilities, excluding the TSF.  The 690 ha was 
calculated by subtracting the water covered portion of the TSF (450 ha), as the vegetation will 
generally not be removed from this facility, from the total disturbed area of 1,140 ha.  The loss of 
vegetation on the 690 ha will occur during construction and operations as disturbance will 
progress throughout these phases, e.g., the WRD will be progressively constructed.  If the 65,550 
t of CO2 emissions are averaged over a three year construction period and 20 years of operations, 
the result is a CO2 emission rate of 2,850 t/yr.  As noted above, the TSF will likely result in the 
release of CO2 as well as CH4 emissions.  If decomposition is complete, it will represent an 
additional 42,750 t CO2 from the 450 ha of flooded land.   

In summary, the Project is projected to have: 

• annual GHG emissions that will not exceed the threshold of 50 kt CO2-eq. 

• annual GHG emissions that will require reporting to the BC MOE under the Mandatory 
Reporting of Greenhouse Gas Emissions Regulation (greater than 10,000 kt CO2-eq/a). 

• annual GHG emissions that constitute a minor portion of national, provincial, and 
industry sector inventories.  

• GHG emission intensities below the metal mining sector norm. 

The Project’s potential effects on the climate are rated as medium. 

8.2.4 Mitigation and Management 
PBM’s environmental policy includes commitments to foster a healthy environment and protect air 
quality, as well as the application of best industry practices and techniques to company operations.  
Further, PBM has undertaken to minimize the amount of vegetation removed, as much as possible.  
These commitments extend to energy consumption and GHG emissions.  Energy costs will be one 
of the largest expenditures for the Project.  Therefore, energy efficiency will be a major 
consideration in Project operations from a fiscal as well as an environmental perspective.   

A number of aspects of the Project design and management practices will minimize GHG 
emissions including: 



Environmental and Socio-economic Effects Assessment 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II 8–10 Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

• electricity will be supplied primarily by hydroelectric sources rather than higher emission 
sources such as diesel generators; 

• a thorough maintenance program will help maximize energy efficiency for all mining 
equipment; 

• where possible use mobile equipment/vehicles powered with liquefied natural gas (LNG); 

• fuel and electrical consumption will be rigorously monitored;  

• energy efficiency will be an important feature considered when purchasing new and 
replacement equipment.  

These measures will aid in controlling and minimizing energy consumption and GHG emissions, 
but energy will still be consumed throughout the Project life.  Therefore, a relatively minor 
volume of GHG emissions will occur and there will be a relatively low effect on climate. 

Slowing deforestation and assisting regeneration constitutes a mitigation measure for carbon 
conservation and sequestration (IPCC 1996).  Surface soils will be salvaged, as much as 
possible, in areas that will be affected by the Project facilities, except the TSF.  The salvaged 
soils will be stockpiled for later reclamation of disturbed areas.  This should maintain the size of 
the soil carbon sink.   Some loss of carbon will occur in the stockpiled soils due to the 
decomposition, especially near the surface of the stockpiles, of organic matter in the soils.  
However, the surface of the stockpiles will be seeded with a rapidly establishing plant cover 
which will reduce the potential decomposition of the organic matter in the soils.  The planted 
vegetation on the soil stockpiles will also sequester carbon.  

The plan is to reclaim approximately 390 ha of land at closure.  The stockpiled surface soils will 
be spread over the surface of the reclaimed areas.  These sites will then be revegetated.  The 
plants will initially sequester and store a relatively small amount of carbon above and below 
ground.  With time, as the plants become established, the amount of CO2 sequestered by the 
vegetation will increase and the amount stored in the soils will also increase.  The goal of the 
closure plan is to return the site to support wildlife use and, therefore, native trees and plants will 
eventually inhabit the site and with time, should counter, through carbon sequestration and 
storage, the effect of the emissions of CO2 related to the forest removal carried out for 
development of the Project.  With reclamation and time, e.g., 50 years, the 390 ha should 
represent approximately 37,050 t of CO2 equivalent sequestered, recognizing that the amount of 
CO2 equivalent sequestered will vary depending on the nature of the vegetation that eventually 
matures.  

8.2.5 Potential Residual Effects 
The residual adverse effects from the Project on the climate are equivalent to the numbers 
provided in Section 8.2.3.  With projected annual emissions of 30.2 kt CO2-eq at an intensity of 
0.026 kt CO2-eq per terajoule of energy consumed, the magnitude of the residual effects is low. 

Emissions from the Project will contribute to the global GHG inventory; therefore, the climate 
effects have a trans-boundary spatial extent.  
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GHGs will be emitted throughout the life of the mine and will cease once Project operations 
stop.  Thus, the climate effects will have a medium duration and continuous frequency.  

The pit lake which represents 108 ha will not be reclaimed so this area will no longer be able to 
sequester CO2.   The TSF may release CO2 and CH4 for an extended length of time. 

CO2, the dominant GHG that will be emitted by the Project, is consumed by carbon sinks, such 
as the forest and large waterbodies.  Hence, a portion of the GHG emissions will naturally be 
consumed resulting in a short-term reversibility of the climate effects. 

8.2.6 Significance of Residual Effects 
The significance of the residual adverse effects is summarized in Table 8.2-6.  For GHG 
emissions it is only appropriate to consider the total emissions from all components of the 
Project together.  Therefore, the assessment of significance of the residual GHG emissions is 
done for Production Year 1 but not for individual components within each phase.  

Because of the natural ability of the environment to consume GHG emissions and the global 
nature of the inventory to which the Project emissions will contribute, the resilience of the 
climate to the effects is high. 

Because of the low magnitude, the incremental contribution of GHGs to total atmospheric levels, 
and the resiliency of the climate to GHG emissions, the residual adverse climate effects of the 
Project are believed to have a minor level of significance.  

8.2.7 Likelihood of Effects 
Deciding whether a Project is likely to have significant effects is central to the concept and 
practice of an EA (CEA Agency 1994).  The likelihood of each potential effect is evaluated by 
considering (a) the probability of its occurrence, and (b) the confidence level inherent in the 
assessment. 

8.2.7.1 Probability of Occurrence 
GHGs will be emitted throughout all phases of the Project; therefore, the probability of 
occurrence of this effect is high. 

8.2.7.2 Confidence Levels 
The release of CO2, CH4, and N2O during fossil fuel consumption is scientifically certain.  
However, uncertainty does exist in the projection of annual energy consumption and the resulting 
amount of GHG emissions.  Therefore, the confidence level of this effect is intermediate. 

The loss and replanting of vegetation is certain, however, the amount of GHG emissions due to 
the development and the amount sequestered with reclamation, is uncertain.  Therefore, the 
confidence level of this effect is intermediate. 
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8.2.7.3 Assessment Assumptions 
The calculated GHG emissions were based on the estimated annual diesel, propane, and hydro-
electrical consumption provided by PBM for the Project.  Because of a recent focus on energy 
usage and climate change it is likely that energy use and the resulting GHG emissions will 
deviate from the current projections because of improved technology and more stringent 
regulations.  Thus, there is an intermediate degree of uncertainty in the conclusions made during 
this assessment.   



 

 

Table 8.2-5 
Morrison Copper/Gold Project: Climate Effects Assessment Summary Table 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 
Direct GHG 
emissions from 
fossil fuel burning 
in internal 
combustion 
engines; indirect 
GHG emissions 
from electrical 
use (short term) 
 

Mine site and 
tailings 

impoundment;  
utilities; new 
and existing 
haul roads, 

access road; 
waste rock pile 

Construction Adverse Negligible Hydro-electrical 
use and fuel and 

energy 
conservation 

Yes GHG will be 
released  

Negligible Trans-
boundary 

Short-
term 

Continuous Short-term 
reversible 

High 
resilience 

Negligible 
Adverse 

High Intermediate 

Total (direct and 
indirect) GHG 
emissions of 30 
kt CO2e per year, 
3.06 kt CO2e per 
Mt ore produced, 
and 0.026 kt 
CO2e per 
terajoule energy 
consumed 
 

Mine site and 
tailings 

impoundment;  
utilities; new 
and existing 
haul roads, 

access road; 
waste rock pile 

Operations and 
Maintenance 

Adverse Medium Electrical use 
and fuel and 

energy 
conservation 

Yes GHG will be 
released  

Medium Trans-
boundary 

Medium-
term 

Continuous Short-term 
reversible 

High 
resilience 

Minor 
Adverse 

High Intermediate 

Direct GHG 
emissions from 
fossil fuel burning 
in internal 
combustion 
engines; indirect 
GHG emissions 
from electrical 
use 

Mine site and 
tailings 

impoundment;  
utilities; 

existing haul 
roads, access 
road; waste 

rock pile 

Closure Adverse Negligible Fuel and energy 
conservation 

Yes GHG will be 
released  

Negligible Trans-
boundary 

Medium-
term 

Sporadic Short-term 
reversible 

High 
resilience 

Negligible 
Adverse 

High Intermediate 
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8.3 Air Quality 
The following section presents the results of the air quality effects assessment conducted for the 
Project.  

This effects assessment specifically addresses the potential air quality issues and concerns raised 
within the TOR pursuant to the British Columbia Environmental Assessment Act (2002a)  These 
issues include potential effects on air quality associated with all Project phases, including point 
and mobile sources such as vehicle exhaust and particulates and potential effects from blasting 
and ore concentrate transport.  The analysis:  

• examines atmospheric dispersion of emissions with emphasis on particulate matter (PM) 
PM2.5 and PM10 on a local and regional scale;  

• examines acid deposition and the effect of the acidic precipitation resulting from the 
release of gases such as NO2 and SO2;  

• demonstrates compliance with applicable federal and provincial air quality standards;  

• discusses measures considered to minimize the release of air contaminants (i.e., fugitive 
dust emissions and propane, particulate and gaseous emissions associated with diesel 
exhaust, greenhouse gases, and other air contaminants);  

• effects on biological receptors such as vegetation, fish, wildlife, and human health (refer 
to sections 8.16 and 8.22 respectively).  

The air quality assessment involves four stages: 

1. Identification and description of potential effects as a result of Project-related air emissions 
(pre-mitigation ratings). 

2. Development of mitigation, enhancement, and management strategies to address identified 
effects. 

3. Determination and description of residual (post-mitigation) effects and their significance. 

4. Evaluation of the likelihood that the predicted effect will occur, and the level of confidence 
of the results.  

8.3.1 Valued Environmental Component Selection 
Air quality has been selected as a VEC because of its importance to the health of employees and 
surrounding residents, wildlife, vegetation, and water quality.  Air quality also has aesthetic 
qualities in terms of visibility and odour.  In addition, air quality issues can extend to regional 
and global scales to include potential acidic depositions (acid rain) and climate effects (global 
warming).  
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There will be emissions during the construction, operations, and decommissioning and closure 
phases of the Project.  Emissions from the Project will consist primarily of diesel emissions from 
trucks (hauling ore and waste rock), emissions from ventilation systems, and fugitive dust from 
drilling and blasting and traffic on unpaved roads.  

Some of these issues are directly and indirectly linked to other VECs, so the assessment of air 
quality effects is cross-referenced to them, where necessary.  The effects of emissions from the 
Project on wildlife and human health are described in sections 8.16 and 8.22, respectively.  

8.3.1.1 Spatial Boundaries 
Project-related emissions may affect the ambient air quality around the Project site, including the 
area surrounding the access road corridor used to supply consumables to the site during 
construction and operations.  The study areas for the air quality effects assessment were selected 
to include all emission sources and areas that could be affected by Project emissions.  A regional 
and a local study area were defined (Figure 8.3-1).  The regional study area (RSA) comprises a 
70 km north-south × 60 km east-west rectangle centred over the Project footprint and includes all 
Project-related emissions sources.  The local study area (LSA) also centres over the proposed 
Project footprint, measuring 10×10 km. mean 

The receptor grid spacing within the study areas was configured according to Guidelines for Air 
Quality Dispersion Modelling in BC (BC MOE 2008a).  In addition, sensitive receptors were 
located separately to obtain the most accurate air quality concentrations at these locations.  The 
Project area is remote; there are no residences or large communities nearby.  The Village of 
Granisle, the closest permanent community (approximately 350 people), is more than 30 km from 
the Project site and was not included within the RSA.  One single seasonally occupied 
fishing/hunting camp (Tukii Hunting Camp) is within 10 km of the Project site.  Two 
intermittently or seasonally used forestry camps are within 10 km and 50 km of the Project site.  
For this assessment, these fishing/hunting camps were classified as sensitive receptor locations and 
were included in the LSA and RSA. 

8.3.1.2 Temporal Boundaries 
The temporal boundaries for the assessment consider the key phases of the Project, including 
mine construction and operations.  Air quality effects will endure over the life of the mine, 
currently estimated at 21 years.    

Although there will be emissions during the mine’s closure phase, this phase has a short-term 
time frame, and the scale of activity is much smaller than during construction or operations. 
Therefore, air quality effects from the closure phase were not assessed quantitatively and will not 
be considered further in this section.  
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8.3.2 Identification and Description of Potential Effects 

8.3.2.1 Identification of Potential Air Quality Effects 
Potential air quality effects from the Project are identified based on activities associated with 
different Project components (mine site and loadout, plant site, access road, utilities, and tailings 
impoundment) and the different Project phases (construction and operations; Table 8.3-1).  
Effects described in this section relate to the general environment and are discussed in the 
context of national and provincial air quality standards and guidelines.   

Table 8.3-1 
Identification of Potential Air Quality Effects 

Project Component Increased Ambient Air Emissions Fugitive Dust 
Construction 
Mine site area and loadout X X 
Open pit X X 
Plant site X X 
Tailings impoundment X X 
Utilities (power line) X X 
Haul roads X X 
Access road X X 
Operation and Maintenance 
Mine site area and loadout X X 
Mine pit X X 
Plant site X n/a 
Tailings impoundment n/a X 
Utilities (power line) n/a n/a 
Haul and access roads X X 
Blasting X X 

n/a = not applicable – there is no air quality effect associated with this project component 

Potential effects on ambient air quality include reduced visibility and increased concentrations of 
criteria air contaminants (CACs).  The Project components that consume fuel will affect air 
quality through emissions, which may increase the ambient concentrations of SO2, NO2, CO, and 
PM10 and PM2.5.  Additionally, mine-related traffic along paved and unpaved roads and mine 
blasting will produce fugitive dust, which also increases PM concentrations.  

Fuel combustion and air emissions are expected from all Project components during the 
construction phase.  Once constructed, the power line will not contribute emissions, except from 
very limited vehicle traffic associated with ongoing maintenance.  Fugitive dust will be produced 
during all Project phases, but haul truck traffic along unpaved roads and ongoing production 
blasting during the operations phase are expected to be the main sources of fugitive dust. 
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Although it is important to consider emission sources individually, modelling results represent 
the additive effect of emissions associated with all Project components outlined in Table 8.3-1.  
Therefore, the assessment considers air quality effects from the Project as a whole instead of as 
contributed by individual components.  

8.3.2.2 Air Quality Modelling 
Air quality modelling was conducted to assess the Project’s effects on ambient air quality 
relative to the national and provincial air quality standards, objectives, and guidelines.   

8.3.2.3 Standards and Guidelines  
Both the national and BC governments have ambient air quality objectives that are intended to 
ensure long-term protection of public health and the environment.  These objectives were 
established for CACs using the categories “desirable,” “acceptable,” and “tolerable” for the 
national objectives, and levels A, B, and C for the provincial objectives.  The CACs included in 
the air quality effects assessment for the Project are summarized in Table 8.3-2.  

Table 8.3-2 
Criteria Air Contaminants Included in the  

Air Quality Effects Assessment 
Compound Description 
Sulphur Dioxide 
(SO2) 

Fossil fuel contains a small amount of organic compounds.  During fuel combustion, 
the sulphur is oxidized and emitted as SO2 gas with the engine exhaust.  In the 
atmosphere, SO2 can further oxidize to sulphate particles, which contribute to acid 
deposition.  

Oxides of 
Nitrogen (NOx) 

NOx gas primarily consists of nitrogen oxide (NO) and nitrogen dioxide (NO2).  The 
gases are emitted with exhaust from combustion engines and products from blasting 
operations.  NOx can be converted to nitric acid in the atmosphere and thus 
contribute to acid deposition.  

Inhalable 
particulate matter 
(PM10) 

PM10 particles are airborne particles that have a diameter of 10 µm or less and are 
thus a subset of total suspended particulate.  The majority of PM10 particles are from 
fugitive dust sources.  PM10 can enter the respiratory system and have been linked 
to health problems.  

Respirable 
particulate matter 
(PM2.5) 

PM2.5 particles are a subset of PM10 and are defined as particles with a diameter less 
than 2.5 µm.  These particles are small enough to enter deep into the respiratory 
system.  The majority of PM emitted in diesel engine exhaust is PM2.5. 

Carbon monoxide 
(CO) 

Carbon monoxide forms as a result of incomplete fossil fuel combustion.  The gas 
prevents oxygen from attaching to red blood cells, and is therefore toxic at high 
concentrations.  

 

In general, the three provincial categories follow the same objective levels as the three national 
categories.  The Desirable and Level A objectives are the most stringent and protective.  The 
Canada-wide Standards are intended to represent a balance between the desire to protect human 
health and the environment in the short term and the costs of reducing pollutant emissions.  
Table 8.3-3 summarizes the BC and Canada ambient air quality objectives and standards.  The 
general definitions for the provincial and national objectives are summarized in Table 8.3-4.  
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Table 8.3-3 
British Columbia and Canada Air Quality Objectives  

and Standards (µg/m3) 

Contaminant 
Averaging 

Period 

Canada 
(maximum 
desirable) 

Canada 
(maximum 
acceptable) 

Canada 
(maximum 
tolerable) 

BC 
(level A) 

BC 
(level B) 

BC  
(level C) 

 Objective Objective Objective 
Objective/ 
guideline 

Objective/ 
guideline 

Objective/ 
guideline 

1 hour 15,000 35,000 n/a 14,300 28,000 35,000 Carbon 
monoxide 8 hour 6,000 15,000 20,000 5,500 11,000 14,300 

1 hour n/a 400 1,000 n/a n/a n/a 
24 hour n/a 200 300 n/a n/a n/a Nitrogen 

dioxide Annual 
mean 60 100 n/a n/a n/a n/a 

1 hour 450 900 n/a 450 900 900–13,00 
3 hour n/a n/a n/a 375 665 n/a 
24 hour 150 300 800 160 260 360 Sulphur dioxide 

Annual 
mean 30 60 n/a 25 50 80 

Ambient Air Quality Objectives Established in 1995 
PM10 24 hour n/a n/a n/a n/a 50 n/a 
Canada-wide Standards Established in 2000 
PM2.5 24 hour n/a n/a 30 n/a n/a n/a 

n/a = not available – there is no air quality objective or standard for this parameter for the averaging period. 

 

Table 8.3-4 
Descriptive Definitions of the British Columbia and Canada  

Ambient Air Quality Objectives 
Jurisdiction Objective Objective Description 

Level A 
(most 
protective) 

Provides long-term environmental protection.  Required for new and 
proposed discharges by planned staged improvements of these 
operations.  

Level B Provides adequate protection against adverse effects on human health, 
vegetation, and animals.  Usually set as an intermediate objective for all 
existing discharges to reach within a specified time period, and as an 
immediate objective for existing discharges that may be increased in 
quantity or altered in quality as a result of process expansion or 
modification.  

British 
Columbia 

Level C Appropriate action is necessary to protect the health of the general 
population. 

Canada Maximum 
Desirable 

Long-term goal for air quality that provides a basis for an anti-degradation 
policy for unpolluted parts of the country and for continuing development 
of control technology. 

  (continued) 
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Table 8.3-4 
Descriptive Definitions of the British Columbia and Canada  

Ambient Air Quality Objectives (completed) 
Jurisdiction Objective Objective Description 
Canada Maximum 

Acceptable 
Provides adequate protection against adverse effects on soil, water, 
vegetation, materials, animals, visibility, and personal comfort and well-
being. 

 Maximum 
Tolerable 

Denotes time-based concentrations of air contaminants beyond which, 
because of a diminishing margin of safety, appropriate action is required 
without delay to protect the health of the general population.  

 

8.3.2.4 Background (Baseline) Concentrations 
To assess the full effects of emissions from the mine activities, the mine-related emissions were 
added to background concentrations.  The following section outlines the methods for estimating 
the background concentrations for each CAC.  

At present, there are no background ambient monitoring stations for SO2, NO2, and CO in 
northwestern BC or Alaska.  The best available estimates of ambient background concentrations 
are published by the Canadian Air and Precipitation Monitoring Network (CAPMoN).  
CAPMoN is a non-urban air quality monitoring network with siting criteria designed to ensure 
that the measurement locations are regionally representative (i.e., not affected by local sources of 
air pollution).  Scientists examining atmospheric pollution in urban centres would consider most 
CAPMoN sites remote and pristine.  There are currently 28 measurement sites in Canada and 1 
in the United States (US).  The closest CAPMoN site to the Project is the Saturna station, off the 
southern tip of Vancouver Island in the middle of the Straight of Georgia.  Although the station 
is 744 km southeast of the Project area, it provides the best estimate of background 
concentrations available for BC.  The second closest CAPMoN monitoring station is Snare 
Rapids in the Northwest Territories, approximately 1,094 km north of the Project area.  

Daily measurements of SO2 concentrations are available from the Saturna monitoring station 
from 1996 to 2002 (1997 missing).  Average annual SO2 concentrations for that period were 
reported as 2.3 µg/m3 with an average standard deviation of 2 µg/m3.  Unfortunately, ambient 
NO2 concentrations were not measured.  Estimated background concentrations of SO2, NO2, and 
CO from a northern undisturbed remote area were assumed to represent conditions in the Project 
area for the purposes of this study (Cirrus 1998).  The following values were used: 

• background SO2 concentration:  4.0 µg/m3 (1 hour and 24 hour), 2.0 µg/m3 (annual); 

• background NO2 concentration:  21.0 µg/m3 (1 hour and 24 hour), 5.0 µg/m3 (annual);  

• background CO concentration:  100 µg/m3 (all averaging times). 

The annual average SO2 background concentration of 2.0 µg/m3 was in agreement with the 1996 
to 2002 average concentrations observed at the Saturna station (2.3 µg/m3). 
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Consistent with McKendry, 2006 the background ozone concentrations in B.C. are estimated in 
the range of 20 to 40 ppb (40 to 80 μg/m3).  For the Morrison air dispersion modelling 
assessment it was assumed that the ozone baseline concentration was 30 ppb (60 μg/m3).  
Similarly following the guidance in MacKendry 2006 the background 24-hour PM10 
concentration was 3.4 μg/m3, and the 24 hour background PM2.5 concentration was 1.3 μg/m3. 

Acid Deposition 
Acid deposition is primarily a result of SO2 and NOx emissions from industrial facilities.  Public 
concern regarding acid deposition emerged in the early 1980s, and Environment Canada has 
studied its sources and potential adverse effects since (Environment Canada 2004a).  

Environment Canada measures acid deposition in terms of “critical load,” which is defined as the 
amount of acid deposition that a particular region can receive without being adversely affected. 
Chemical indicators of acid deposition are sulphate (SO4

2-) and nitrate (NO3
-) anions.  Units 

commonly used to quantify acid deposition and critical loads are kg/(ha·yr) (kilograms per 
hectare per year of sulphate and/or nitrate) or eq/(ha·yr) (equivalent acid charge per hectare per 
year) (Environment Canada 2004a).  The units in this assessment are eq/(ha·yr). 

Critical load estimate ranges are established for both aquatic and terrestrial ecosystems for many 
areas of Canada.  Terrestrial critical loads have yet to be developed for BC.  Table 8.3-5 
summarizes the range of established critical loads for forest soil by province (Environment 
Canada 2004a).  The range of values is from 25 to 99 kg/(ha·yr). 

Table 8.3-5 
Forest Soil Critical Loads for Canadian Provinces 

Province Median kg/(ha·yr)1 
Newfoundland 28 
Nova Scotia 39 
Prince Edward Island 99 
New Brunswick 56 
Quebec 25 
Ontario 26 

1Assuming sulphate acid deposition. 

Acid deposition background values were added to the model predictions to assess the full effects 
of the Project development.  The Saturna CAPMoN station provides the best estimate of remote 
background acid deposition available for coastal BC.  A distinction is made between wet and dry 
acid deposition.  Wet deposition refers to acid that is washed out of the atmosphere with 
precipitation (mostly rain).  Wet deposition is relatively easy to measure by analyzing the 
chemistry of rain water.  Dry deposition refers to deposition of gasses and particles from the 
atmosphere directly to dry surfaces.  This type of deposition is difficult to measure because the 
rate of deposition depends on the properties of the surface materials (e.g., deposition to soil will 
be different than deposition to grassland).  Acid deposition is the sum of wet and dry deposition. 
Only wet deposition of nitrate and sulphate is monitored at the CAPMoN sites.  However, an 
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inference method, which is a combination of modelling and measurements, was used to estimate 
total nitrogen and sulphur deposition between 1998 and 2002.  Table 8.3-6 summarizes the 
average estimated nitrogen and sulphur deposition for the Saturna site.  The estimates show that 
wet and dry deposition contribute equally to total acid deposition (Environment Canada 2004a). 

Table 8.3-6 
Five-year Average (1998–2002) Dry, Wet, and Total Deposition of 

Sulphur and Oxidized Nitrogen at Saturna, BC 
Species Dry Deposition 

(kg/(ha·yr) 
Wet Deposition 

(kg/(ha·yr) 
Total Deposition 

(kg/(ha·yr) 
Sulphate 6.9 6.3 13.2 
Nitrate 5.3 6.2 11.5 

 

8.3.2.5 Assessment Criteria 
Based on the ambient air quality objectives and the results from the baseline monitoring, a set of 
criteria were derived for assessing the nature and extent of potential air quality effects for each 
CAC.  The development of four levels of assessment (major, moderate, minor and negligible) is 
based around the notion that even if concentrations are predicted to be below the ambient air 
quality objectives, changes to baseline concentrations are still considered an air quality effect.  
The criteria are summarized in Table 8.3-7. 

Table 8.3-7 
Description of the Nature and Extent of Potential Air Quality Effects 

Major Ambient air quality resulting from Project activities will exceed the prescribed national 
(maximum tolerable) or provincial (Level C) guidelines at the nearest receptor outside the 
Project boundary. 

Moderate Ambient air quality resulting from the Project activities will exceed prescribed national 
(maximum acceptable) or provincial (Level B) at the nearest receptor outside the Project 
boundary but will not exceed the national maximum tolerable or provincial Level C. 

Minor Ambient air quality resulting from Project activities will not exceed the prescribed national 
(maximum acceptable) or provincial (Level B) guidelines at the nearest receptor outside the 
Project boundary. 

Negligible Ambient air quality resulting from Project activities will not exceed the prescribed national 
(maximum desirable) or provincial (Level A) guidelines at the nearest receptor outside the 
Project boundary. 

Note:  Each CAC will be assessed individually for the construction and operations scenarios. 

8.3.2.6 Air Quality Modelling Approach 
The air modelling approach was established in collaboration with the BC MOE.  A conceptual 
model plan was prepared and submitted for BC MOE review on January 12, 2009.  After review, 
the BC MOE provided their comments and suggestions on February 27, 2009.  A detailed model 
plan was prepared based on the recommendations made by the BC MOE.  The detailed model 
plan (version A.1) was submitted for review on June 5 2009, and BC MOE comments were 
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received on July 28 2009.  Version B.1 of the detailed model plan was submitted to BC MOE for 
review on August 12, 2009.  The detailed model plan is included in Appendix 20.  A summary of 
the air quality modelling approach is provided below.  

Model Selection 
The air dispersion model CALPUFF was chosen for the air quality modelling study for the 
Project because: 

• meteorology around the Project site exhibits a high frequency of calms that are better 
simulated using a puff model; 

• complex terrain surrounding the Project area may result in plumes that tend to follow 
curvilinear trajectories, and therefore a model that can simulate a curvilinear plume is 
required;  

• the Project involves multiple air emission sources; therefore, a model that can simulate 
multiple point, area, and line sources is required. 

CALPUFF is an advanced non-steady state meteorological and air quality modelling system.  
The model was developed by the US Environmental Protection Agency (US EPA) for modelling 
long-range pollutant transport.  The CALPUFF model has been rigorously tested and has 
frequently been used for regulatory purposes (Scire 2000).  

Meteorology Data 
CALPUFF requires input of hourly surface and upper air meteorology data, including wind 
speed and direction, temperature, relative humidity, precipitation, barometric pressure, cloud 
cover, and ceiling height.  The following meteorology data was used in the model study: 

• baseline meteorology data from an automated station installed at the Morrison property in 
June, 2006;  

• barometric pressure from the closest Meteorological Services of Canada (MSC) regional 
station at Smithers Airport;  

• meso-scale (MM5) meteorological model data prepared to cover the RSA.  

A complete description of the baseline meteorological conditions at the Project area is provided 
in Section 7.2.  

Emissions Inventory 
An air emissions inventory was prepared for all sources emitting CACs in the Project area.  
Emissions estimates were based on best available information regarding the Project design and 
assumed worst case conditions.  Worst case conditions are often used in EAs because they 
predict the most conservative conditions for air quality.  The worst case assessment is a condition 
that would result in the highest emissions; the normal day-to-day operating conditions would 
entail significantly lower emissions.  
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Model predictions were made for the most active phases of construction and operations, 
representing the worst case scenario for air quality emissions from the Project.  

For the construction phase, month 18 of the 36-month program was determined to be the most 
active month in terms of equipment emitting diesel and fugitive emissions, and was therefore 
modelled as the worst case scenario for the purposes of this evaluation.  

Over the estimated 21-year mine life, the first year of operations (Year 1) coincides with peak 
tonnage movement for waste rock and ore.  During Year 1, the majority of emissions-related 
activity will occur, potentially leading to higher ground level concentrations for CACs.  As the 
depth of the open pit increases, fine particulate fugitive dust emissions from within the pit are 
expected to be lower because they will not be exposed to open unobstructed wind.  Therefore, 
Year 1 of operations was considered the worst case emission scenario developed for the purposes 
of this evaluation.  The worst case scenario for operations also assumed that the normal power 
grid power supply was not available and the emergency back-up diesel power generators were 
running 24 hours per day for one month (July).  

The worst case emissions were combined with the worst case meteorological conditions for air 
dispersion modelling (Section 7.2).  Worst case meteorological conditions for this evaluation 
were the two driest months (July and August), when natural fugitive dust emission controls are 
lowest (i.e., CACs).  

Tables 8.3-8 and 8.3-9 provide a summary of the diesel emissions sources included in the model 
for the construction and operations scenarios.  The fugitive dust emission sources are 
summarized in tables 8.3-10 and 8.3-11.  The fugitive dust sources are listed separately from the 
other sources because the guidelines for air dispersion modelling in BC (BC MOE 2008a) 
recommend that fugitive dust be modelled separately from the other parameters.  

Table 8.3-8 
Summary of Diesel Emissions Sources  

Included in the CALPUFF Model for Construction  
Operating Time Area 

Name (hours/day) (m2) 
Areas Sources 
Site roads: level and compaction 21 4,000 
Main dam construction: area excavation 21 16,000 
Tailings line: road compaction 21 2,000 
Fresh/fire water line: road and bench levelling 21 2,500 
Water reclaim line: grubbing 21 2,500 
Mill bldg construction: install rock anchors and buried mechanical pipes 21 80,000 
Access road: segment 1 4 38,330 
Access road: segment 2 4 107,309 
Access road: segment 3 4 26,581 
Access road: segment 4 4 45,236 

(continued) 
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Table 8.3-8 
Summary of Diesel Emissions Sources  

Included in the CALPUFF Model for Construction (completed) 
Operating Time Area 

Name (hours/day) (m2) 
Access road: segment 5 4 16,599 
Access road: segment 6 4 10,825 
Access road: segment 7 4 48,649 
Access road: segment 8 4 47,987 
Access road: segment 9 4 15,377 
Access road: segment 10 4 17,576 

 

Table 8.3-9 
Summary of Diesel, Liquefied Petroleum Gas, and Explosives 

Emissions Sources Included in the CALPUFF Model for Operations  
Operating Time Area 

Name (hours/day) (m2) 
Areas Sources 
Open pit * 21,16,12,8 160,000 
Tailings pond facility * 21,16,12 30,000 
Plant/admin site * 21,12,8 3,849.82 
Road from pit to primary crusher: Segment 1 21 10,755.2 
Road from pit to primary crusher: Segment 2 21 4,475.84 
Road from pit to primary crusher: Segment 3 21 12,594.5 
Open pit to waste rock road: segment 1 21 12,594.5 
Open pit to waste rock road: segment 2 21 7,669.02 
Open pit to waste rock road: segment 3 21 14,498.4 
Access road segment 1 4 38,330 
Access road segment 2 4 107,309 
Access road segment 3 4 26,581 
Access road segment 4 4 45,236 
Access road segment 5 4 16,599 
Access road segment 6 4 10,825 
Access road segment 7 4 48,649 
Access road segment 8 4 47,987 
Access road segment 9 4 15,377 
Access road segment 10 4 17,576 
Haul road in open pit 21 24,620.8 
Waste rock dump area 21 400 

(continued) 
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Table 8.3-9 
Summary of Diesel, Liquefied Petroleum Gas, and Explosives 

Emissions Sources Included in the CALPUFF Model for Operations 
(completed) 

Operating Time Area 
Name (hours/day) (m2) 
Explosives blast area: open pit 2 100 
Liquefied petroleum gas area: process plant space heating and ore 
processing 24 81,597.9 
Stationary Point Sources 
Standby generator 24 n/a 
Emergency water pump 24 n/a 

* These area sources included equipment that operated for different lengths of time each day (i.e., a haul truck may have 
operated for 21 hours while a crane for only 12 hours). 
For the worst case scenario it was assumed that during an extended power outage the standby generator and emergency 
water pump operated for 24 hours/day. 

 

Table 8.3-10 
 Summary of Fugitive Dust Emissions Sources  

Included in the CALPUFF Model for Construction  
PM10 Emissions PM2.5  Emissions Name 

(g/s*m2) (g/s*m2) 
Activity Area Sources 
Site roads: level and compaction 3.05E-05 5.90E-06 
Main dam construction: area excavation 3.05E-05 5.90E-06 
Tailings line: road compaction 3.05E-05 5.90E-06 
Fresh/fire water line: road and bench levelling 3.05E-05 5.90E-06 
Water reclaim line: grubbing 3.05E-05 5.90E-06 
Mill bldg construction: install rock anchors/buried mechanical 
pipes 3.05E-05 5.90E-06 
Access roads   
Access road: segment 1 to 10 9.05E-05 5.90E-04 

 

Model emissions were represented as point and area sources in the CALPUFF model.  Point 
sources include emergency back-up generators (used only during power outages) and area 
sources were used to model fugitive dust emissions from haul roads and locations such as WRDs 
and open pits.  Specific mobile and stationary emissions sources (drills, graders, dozers, etc.) 
were allocated to each area source.  Air emissions from explosives detonation were included in 
the open pit area source.  A spatial representation of emissions sources with respect to the Project 
footprint and RSA are illustrated in Figure 8.3-2 for construction and Figure 8.3-3 for operations. 
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Table 8.3-11 
Summary of Fugitive Dust Emissions Sources  

Included in the Model for Operations  
PM10 Emissions PM2.5 Emissions 

Name (g/s*m2) (g/s*m2) 
Area Sources (drop points) 
Primary crusher 6.25E-02 9.47E-03 
Waste rock dump area 2.23E-02 3.37E-03 
Ore stockpile conveyor drop  9.38E-02 1.42E-02 
Primary crusher dump area 9.38E-02 1.42E-02 
Overburden dump area 1.30E-02 1.97E-03 
Area Sources (mobile equipment) 
Haul road from open pit to waste rock area: segments 1 to 3 2.50E-05 1.63E-04 
Haul road from open pit to ore stockpile: segments 1 to 3 2.63E-05 1.72E-04 
Haul road from open pit to overburden stockpile 1.46E-05 9.53E-05 
Haul road within open pit 6.59E-05 4.30E-04 
Access road: segments 1 to 10 1.24E-04 8.12E-04 

 

Emission factors for mobile diesel equipment were generated using the NONROAD2005 Model 
developed by the US EPA.  This model estimates emissions for six exhaust pollutants: 
hydrocarbons (HC), nitrogen oxides (NOX), carbon monoxide (CO), carbon dioxide (CO2), 
sulphur oxides (SO2), sulphur oxides (SOX), and PM.  Emission factors for various equipment 
categories are presented according to horsepower and fuel type (i.e., gasoline, diesel, compressed 
natural gas, and liquefied petroleum gas (LPG)) and for the spatial area designated (i.e., national, 
state, county, or sub-county).  For the Project, diesel emissions were estimated for all types of 
diesel mobile equipment included in the air dispersion model and were based on the closest 
county to the Project area (Whatcom County, WA, US).  The model included atmospheric data 
from the Morrison meteorological station.  

CALPUFF Setup 
CALPUFF works by dividing the study area into horizontal and vertical grids for computing 
ground level concentrations for the CACs.  Each grid cell is assigned values for meteorological 
variables (wind speed, wind direction, temperature, etc.) and CAC concentrations are calculated 
for each grid after model emissions are initiated.  In CALPUFF, there are practical computational 
limitations to the size and resolution of a study area.  The computation time is governed by the 
number of sources and the size and resolution of the modelling area.  If detailed information 
about the distribution of atmospheric contaminants is required, the grid size should be small 
enough to achieve high resolution.  The meteorological grid resolution for the RSA (70 km 
north-south ×60 km east-west) and the LSA (10×10 km) were configured according to 
Guidelines for Air Quality Dispersion Modelling in BC (Table 8.3-1) (BC MOE 2008a).   
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CAC concentrations are calculated by the model for every point in the receptor grid and at user-
defined discrete receptors within the study areas.  The regular receptor grid within the RSA 
contained almost 10,000 receptors.  The discrete receptors were within the study area at 
particular points of interest including: 

• Tukii Hunting Camp 

• Houston Forestry Camp 

• Ookpik Wilderness Lodge  

QA/QC and Model Limitations 
Several levels of quality assurance and quality control (QA/QC) were implemented during the 
setup and execution of the model runs as recommended by the BC MOE (2008a).  Meteorology 
data used for model input were analyzed in terms of frequency distribution of wind speed and wind 
direction.  Wind speeds and other meteorological fields produced by CALMET were examined for 
errors and inconsistencies.  The topographical and land use inputs were plotted and examined. 

There are certain inherent limitations to air quality modelling.  Atmospheric turbulence and 
complex atmospheric chemistry can not be simulated by an air dispersion model.  This 
CALPUFF model considered contaminant dispersion on a local and regional scale.  Therefore, 
reported concentrations within 1 to 2 grid cells from emissions sources should be interpreted 
with caution.  Also, CALPUFF operates on hourly time intervals.  This means that the model can 
not accurately represent short-term emissions and peak concentrations.  

Atmospheric dispersion models are generally best at simulating long-term average 
concentrations.  Even perfect models can not be expected to provide estimates of actual 
concentrations better than ± 10% to ± 40% (BC MOE 2008a).  

8.3.2.7 Air Quality Modelling Results 

Sulphur Dioxide 
Table 8.3-12 summarizes the model predictions for maximum sulphur dioxide (SO2) 
concentrations outside the active mining property boundary (within the RSA) and at each of the 
designated discrete receptor locations during Project construction and operations.  The contoured 
model results for SO2 during construction and operations are illustrated in figures 8.3-4 and 8.3-5, 
respectively.  

The expected ambient SO2 concentrations are significantly lower than the established BC 
ambient air quality objectives for all averaging periods.  The maximum 1-hour average 
concentration estimated outside of the Project property boundary is more than seven times lower 
than the BC and Canada ambient air quality objectives.   
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Table 8.3-12 
Maximum SO2 Model Predictions 

Construction (July and August) and Operations (Year 1)  

Location 
Averaging 

time 

BC AQ* 
Objectiv
e (Level 

A) 

Estimated 
Background 

(µg/m3) 

Ambient SO2 
Construction 

(µg/m3)** 

Ambient SO2 
Operations 
(µg/m3)** 

Maximum outside the mining 
property boundary 1 hour 450 4 18 60 

Tukii Hunting Camp     5 11 
Ookpik Wilderness Lodge  5 16 
Houston Forestry Camp 

  
 

5 7 
Maximum outside the mining 
property boundary 3 hour 375 4 12 27 

Tukii Hunting Camp     5 8 
Ookpik Wilderness Lodge  5 11 
Houston Forestry Camp 

  
 

4 6 
Maximum outside the mining 
property boundary 24 hour 160 4 8 10 

Tukii Hunting Camp     4 6 
Ookpik Wilderness Lodge  4 5 
Houston Forestry Camp 

  
 

4 4 
Maximum outside the mining 
property boundary Annual 25 4 5 14 

Tukii Hunting Camp     4 4 
Ookpik Wilderness Lodge  4 4 
Houston Forestry Camp 

  
 

4 4 

*AQ – Air Quality. 
** Ambient SO2 concentrations for construction and operations include estimated background concentrations of 4 µg/m3. 

Oxides of Nitrogen 
NOx (oxides of nitrogen) emissions are composed of nitric oxide (NO) and nitrogen dioxide 
(NO2).  NOx emissions from combustion are typically composed of 90% NO and 10% NO2.  In 
the atmosphere, NO is converted to NO2 by reacting with atmospheric ozone (O3).  In the 
CALPUFF model emissions and dispersion of NOx, gas is accounted for but the composition of 
NOx is not directly calculated.  Conversion factors applied to the model predictions of NOx 
concentrations can be used to obtain more realistic estimates of ground level NO2 concentrations 
to compare with ambient air quality objectives.  

The recommendations for reporting model predictions of NOx concentrations from Air Dispersion 
Modelling Guidelines published by the BC MOE were adopted for this study (2008a).  The 
guidelines recommend that an initial assessment of NO2 concentrations should assume 100% 
conversion of NO to NO2.  If the initial modelling assessment results show NO2 levels to exceed 
the air quality objectives, the guideline recommends the application of an ozone limiting method. 
For the Project construction phase, the initial screening process did not highlight any non-
compliance with the ambient air quality objectives, and therefore ozone limiting was not required.  
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However, the ozone limiting method by Cole and Summerhays (1979) was used in the estimation 
of NO2 concentrations from the model output for the operations phase.  This method estimates 
NO2 concentrations from NOx concentrations as follows:  

[NO2] = 0.1*[NOx] + the lesser of ([O3] or 0.9*[NOx]) + background [NO2] 

where [NO2], [NOx], and [O3] are NO2, NOx, and O3 concentration in vol/vol units (ppb), 
respectively.  

To estimate Project contributions of NO2 to the airshed, baseline levels of ozone had to be 
assumed and incorporated into the model calculations.  Background ozone concentrations in BC 
are estimated in the range of 20 to 40 ppb (40 to 80 µg/m3) (McKendry 2006).  For this 
assessment, the baseline ozone concentrations were assumed to be 30 ppb (60 µg/m3).   

Table 8.3-13 summarizes the model predictions for maximum nitrogen dioxide (NO2) 
concentrations outside the active mining property boundary (within the RSA) and at each of the 
designated discrete receptor locations during construction and operations phases.  

The table shows that the ground level NO2 concentrations are below the Canada ambient air 
quality objectives for all averaging periods.  The maximum 1-hour NO2 concentration outside of 
the Project property boundary was predicted to be 207 µg/m3, significantly below the Canada 
ambient air quality objective of 400 µg/m3.  

Table 8.3-13 
Maximum NO2 Model Predictions  

Construction (Month 18) and Operations (Year 1)  

Location 
Averaging 

time 

Canada AQ* 
Objective (Max 

Acceptable) 

Estimated 
Background 

(µg/m3) 

Ambient NO2 
Construction 

(µg/m3)** 

Ambient NO2 
Production (Ozone 
Limiting) (µg/m3)** 

Maximum outside the mining 
property boundary 1 hour 400 21 113 209 

Tukii Hunting Camp     50 99 
Ookpik Wilderness Lodge  47 107 
Houston Forestry Camp 

  
 

35 86 
Maximum outside the mining 
property boundary 24 hour 200 21 91 102 

Tukii Hunting Camp     29 61 
Ookpik Wilderness Lodge  24 40 
Houston Forestry Camp 

  
 

22 27 
Maximum outside the mining 
property boundary Annual 100 5 35 39 

Tukii Hunting Camp     7 12 
Ookpik Wilderness Lodge  6 8 
Houston Forestry Camp 

   
5 6 

*AQ – Air Quality 
** Ambient NO2 concentrations for construction and operations include estimated background concentrations.  

The graphical representation of the model results for NO2 during construction and operations are 
illustrated in figures 8.3-6 and 8.3-7, respectively.  
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Carbon Monoxide 
Table 8.3-14 shows the model predictions for maximum carbon monoxide (CO) concentrations 
outside the active mining property boundary (within the RSA) and at each of the designated 
discrete receptor locations during construction and operations.  

Table 8.3-14 
Maximum CO Model Predictions 

Construction (Month 18) and Operations (Year 1)  

Location 
Averaging 

time 

BC AQ* 
Objective 
(Level A) 

Estimated 
Background 

(µg/m3) 

Ambient CO 
Construction 

(µg/m3) 

Ambient CO 
Production 

(µg/m3) 
Maximum outside the mining 
property boundary 1 hour 14,300 100 227 897 

Tukii Hunting Camp     116 175 
Ookpik Wilderness Lodge  114 237 
Houston Forestry Camp 

  
 

107 135 
Maximum outside the mining 
property boundary 8 hour 5,500 100 164 375 

Tukii Hunting Camp     106 127 
Ookpik Wilderness Lodge  104 129 
Houston Forestry Camp 

   
102 111 

*AQ – Air Quality. 
** Ambient CO concentrations for construction and operations include estimated background concentrations of 100 µg/m3. 

The results show that the expected ambient CO concentrations during construction and 
operations are at least 20 times lower than the established BC ambient air quality objectives for 
8-hour average concentration.  

Particulate Matter 
Table 8.3-15 shows the model predictions for maximum concentrations of PM outside the active 
mining property boundary (within the RSA) and at each of the designated discrete receptor 
locations during construction and operations.  

The graphical representation of the model results for PM during construction and operations are 
illustrated in figures 8.3-8 to 8.3-11.  Appendix 48 contains the PM results that consider both 
fugitive and non-fugitive sources.  

All concentrations outside of the Project property boundary are estimated to be below the 
accepted Canada-wide standard of 30 µg/m3 for 24-hour average PM2.5 and the BC ambient air 
quality objective (Level B) of 50 µg/m3 for 24-hour average PM10 during both the construction 
and operations phases of the Project.  

Acid Deposition 
The deposition of sulphate (SO2-

4), nitrate (NO-
3), particulates, and aerosols on the landscape can 

alter the quality of surface water and affect the existing surface vegetation and soils.  The 
CALPUFF model has predicted acid deposition and the results are summarized below.  



Table 8.3-15 
Morrison Copper/Gold Project:  Maximum Particulate Matter Model Predictions –  

Construction (Month 18) and Operations (Year 1)  

Location 
Averaging 

time 

Canada Wide 
(Maximum 

Acceptable) 

Estimated 
Background 
PM2.5 (µg/m3) 

PM2.5 
Construction 

(µg/m3)* 

PM2.5 
Operations 

(µg/m3)* 

BC AQ 
Objective 
(Level B) 

Estimated 
Background 
PM10 (µg/m3) 

PM10 
Construction 

(µg/m3)* 

PM10 
Operations

(µg/m3)* 
Maximum outside 
fence line 24 hour 30 1.3 8.9 10.16 50 3.4 11.3 18.62 

Tukii Lodge 
Hunting Camp  

 30 1.3 2 4.1 50 3.4 4.1 6.5 

Ookpik Wilderness 
Lodge  30 1.3 1.6 3 50 3.4 3.8 5.3 

Houston Forestry 
Camp 

 

30 1.3 1.5 1.9 50 3.4 3.7 4.3 

* Ambient PM concentrations for construction and operations include estimated background concentrations of 1.3 µg/m3 and 3.4 µg/m3 
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Table 8.3-16 shows the model predictions for sulphate acid deposition outside the active mining 
property boundary (within the RSA) during construction and operations.  Figures 8.3-12 and 
8.3-13 show that deposition values decrease rapidly with distance from the emissions sources.  
Predicted maximum sulphate acid deposition values for construction and operations 
(13.2 kg/(ha·yr)) are well below the median critical loads reported for different areas of Canada 
(Table 8.3-16).  The Project’s maximum contribution to sulphate acid deposition during 
construction was 4.8 × 10-3 kg/(ha·yr); during operations it was 6.7 × 10-3 kg/(ha·yr).  These low 
values reflect an open pit 30,000 t/d mining operation using low sulphur fuel.  

Table 8.3-16 
Model Predictions of Annual Acid Deposition 

Construction (Month 18) and Operations (Year 1)  

Location 

SO4 Potential 
Deposition   
kg/(ha·yr)* 

NO3 Potential 
Deposition   
kg/(ha·yr)* 

Acid Deposition Objectives 
Range of median critical loads (Canada)1 (see Table 8.3-3) 25–99 n/a 
Results 
Estimated background (see Section 8.3.2.4) 13.2 11.5 
Maximum outside the mining property boundary 
(construction) 

13.2 11.8 

Maximum outside the mining property boundary (operations) 13.2 12.1 
1Refers to total acid deposition (sulphate and nitrate) 
* Annual acid deposition concentrations for construction and operations include estimated background concentrations of 
13.2 kg/(ha·yr) and 11.5 kg/(ha·yr) for SO4 and NO3 respectively 

Unfortunately, there are no objectives (i.e., range of critical median loads for Canada) available 
for nitrate acid deposition for comparison to the Project model results.  However, the maximum 
nitrate deposition from the Project’s construction scenario constitutes only 2.6% to the estimated 
background.  The maximum nitrate deposition from the Project’s operations scenario constitutes 
only 5.2% of the estimated background. 

Fugitive Dust  
The effect of fugitive dust emissions on ambient air quality depends on the quantity and drift 
potential of the dust particles emitted.  In addition to large dust particles that settle out near the 
source (often creating a local nuisance problem), there are fine particles emitted and dispersed 
over much greater distances from the source.  PM10 and PM2.5 represent a relatively fine particle 
size fraction and, as such, are not overly susceptible to gravitational settling.  

There are uncertainties associated with the model predictions for ambient concentrations of 
fugitive dust.  Emission rates critically depend on the accuracy of the fugitive dust emissions 
factors and the effectiveness of fugitive dust emissions management strategies implemented at 
the mine site.  Therefore, the results in Table 8.3-17 should be viewed with caution.  Modelling 
predictions indicate that fugitive dust will not be significant during the Project’s construction  
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Table 8.3-17 
Morrison Copper/Gold Project:  Model Predictions of Fugitive Emissions –  

Construction (Month 18) and Operations (Year 1)  

Location 
Averaging 

time 

Canada 
Wide 

Standard 

Estimated 
Background 
PM2.5 (µg/m3) 

PM2.5 
Construction 

(µg/m3)* 

PM2.5 
Operations 

(µg/m3)* 

BC AQ 
Objective 
(Level B) 

Estimated 
Background 
PM10 (µg/m3) 

PM10 
Construction 

(µg/m3)* 

PM10 
Operations 

(µg/m3)* 
Maximum 
outside the 
project 
property 
boundary 

24 hour 30 1.3 7.3 58.2 50 3.4 37.9 327.3 

Tukii 
Hunting 
Camp 

 30 1.3 1.5 1.9 50 3.4 4.8 7.4 

Ookpik 
Wilderness 
Lodge 

30 1.3 1.4 2.1 50 3.4 7.1 7.6 

Houston 
Forestry 
Camp 

 

30 1.3 1.4 2.6 50 3.4 5.9 8 

* Fugitive dust concentrations for construction and operations include estimated background concentrations of 1.3 µg/m3 and 3.4 µg/m3 for PM2.5 and PM10.
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Phase (Figures 8.3-14 and 8.3-15).  The maximum concentrations outside the Project property 
boundary (within the RSA) for both PM2.5 (~6 µg/m3) and PM10 (~32 µg/m3) are well below the 
Canada-wide standards and the BC ambient air quality objectives for the construction phase 
(Tables 8.3-17, 8.3-13, and 8.3-15). 

The maximum concentrations of fugitive dust related PM2.5 (~57 µg/m3) and PM10 (~324 µg/m3) 
during the Project’s operational phase near the sources will exceed the Canada-wide standard of 30 
µg/m3 and the BC ambient air quality objective of 50 µg/m3 respectively (Tables 8.3-17, 8.3-14, 
and 8.3-16; Figures 8.3-16 and 8.3-17).  However, fugitive dust concentrations rapidly decrease to 
levels below the relevant standards within a short distance from the source.  This effect can be 
observed in the results presented in Tables 8.3-17, 8.3-14, and 8.3-16, where PM2.5 and PM10 
concentrations are well below the associated standards and objectives at the three discrete receptors 
farther from the Project property boundary.  Appendix 48 contains the PM results that include both 
fugitive and non-fugitive sources.  

8.3.3 Mitigation, Enhancement, and Management Measures 
A detailed discussion of measures that will be implemented to mitigate and monitor emissions of 
CACs, including fugitive dust, is provided in Section 13.2.  

Sources of significant emissions contributions during operations are mainly within high activity 
areas including: 

• open pit 
• primary crusher 
• mill site 
• tailings impoundment 
• WRD 
• access roads 
• haul roads  

Based on results from the emissions inventory and CALPUFF modelling, the vast majority of 
Project-generated PM (PM10 and PM2.5) will be from fugitive dust produced by vehicle traffic 
along the unpaved access and haul roads.  An air quality management plan will be established by 
PBM to minimize fugitive dust generation from the mine site and along the unpaved access and 
haul roads.  

In general, the following mitigation measures will be implemented to ensure preservation of the 
pristine ambient air quality at the Morrison mine site: 

• Use clean, high efficiency technologies for diesel mining equipment. 

• Use appropriate emissions control equipment (an engineered dust suppression mechanism 
(scrubber) at the primary crusher). 

• Use low sulphur diesel fuel. 
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• Implement a regular care and maintenance program to ensure optimum performance of 
light duty vehicles and diesel mining equipment. 

• Use large haul trucks for ore and waste transport to minimize the number of trips required 
between the source and the destination. 

• Use appropriate control methods to minimize fugitive dust emissions (road watering, 
vehicle speed regulations, etc.).  

• Develop and implement ongoing monitoring programs to determine the effectiveness of 
mitigation strategies and ensure the overall protection of sensitive receptors (i.e., adaptive 
management).  

8.3.4 Potential Residual Effects 
Residual effects are those that remain after mitigation has been applied.  The BC and Canada 
ambient air quality objectives define the estimated concentrations that are acceptable for protecting 
receptors outside the Project property boundary.  In summary, the Project is expected to: 

• Meet the Canada-wide Standards and BC ambient air quality objectives for ambient SO2, 
NO2, CO, and PM2.5 and PM10 emissions during both construction and operational phases 
of the Project for the worst case emissions scenario.  

• Meet the Canada-wide Standards and BC ambient air quality objectives for fugitive dust 
PM2.5 and PM10 during the construction phase of the Project for the worst case emissions 
scenario.  

• Exceed the Canada-wide Standards and BC ambient air quality objective (level B) for 
fugitive dust PM2.5 and PM10 during the operational phase of the Project. 

Model predictions are considered inherently conservative.  A number of case studies show that 
the CALPUFF model maximum predictions are higher than observed concentrations (Chang, 
Franzese, and Hanna 2000; Vancouver Island Energy Corporation 2002).  Isopleths presented for 
1-hour and 24-hour concentrations are the maximum observed concentrations in the model year. 
This means that the results shown are the maximum out of every hour or every 24-hour period 
over the entire model year. 

Although the information above assists in providing context to interpret the air dispersion model 
results, based on the criteria described in Table 8.3-2, increases in fugitive dust-related PM 
above the standards and/or objectives as a result of operational activities have been classified as 
a moderate effect (Table 8.3-18).  It should be noted that the mitigation measures previously 
presented were built into the model assumptions. 

All other air contaminants assessed in the modelling study met the ambient air quality objectives, 
and are therefore considered to have a negligible residual effect on air quality at the Project area.  
These air contaminants will not be considered further in this assessment.  



Table 8.3-18 
Morrison Copper/Gold Project: Air Quality Effects Assessment Summary Table 

Assessment of Residual Effects Following Mitigation 

Description  
Project 
Components Project Phase 

Nature 
and 

Extent 
Mitigation and 
Management 

Potential for 
Adverse 

Residual Effect Magnitude 
Spatial 
Extent 

Duration of 
Effect Frequency 

Reversibility 
of Effects 

Resilience  
(context) 

Level of 
Significance of 

Residual Effects 
Probability of 
Occurrence 

Confidence 
Level 

Ambient air quality may 
be degraded outside the 
Project property 
boundary – gaseous and 
PM emissions (SO2, 
NO2, CO, PM2.5, PM 
10) 

Emissions sources 
include: 
Diesel fuel 
equipment 
Vehicle operation 
Open pit 
Tailings pond and 
waste rock dumps 
Access and haul 
roads 
 

Construction, 
Operations 

Negligible n/a No n/a n/a n/a n/a n/a n/a n/a n/a n/a 

Ambient air quality may 
be degraded outside the 
Project property 
boundary – fugitive 
emissions (PM2.5, PM 
10) 

Emissions sources 
include: 
Vehicle operation 
Open pit 
Tailings pond and 
waste rock dumps 
Access and haul 
roads 
 

Construction Negligible n/a No n/a n/a n/a n/a n/a n/a n/a n/a n/a 

Ambient air quality may 
be degraded outside the 
Project property 
boundary – fugitive 
emissions (PM2.5, PM 
10) 

Emissions sources 
include: 
Vehicle operation 
Open pit 
Tailings pond and 
waste rock dumps 
Access and haul 
roads 
 

Operations Moderate Use of: 
Control equipment 

(i.e., scrubber) 
Regular maintenance 

Dust suppression 
mechanisms (road 
watering, vehicle 

speed regulations) 
 

Yes High Regional Medium-
term 

Regular Reversible 
Short-term 

Neutral Minor High Intermediate 
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• the following traffic will operate on the access road running at 2 hours per round trip 
(approximately 80 km): 

• 11 B-train concentrate haul trucks leave the site per day full and 11 arrive empty 
(22 one-way trips per day); 

• 6 passenger buses per operations shift (nominal capacity 37 passengers) per shift 
change (two shift changes per day for a total of 12 one-way trips per day).  Shift 
change times were assumed to be between 06:00 to 08:00 and 18:00 to 20:00.  The 
operations work force is assumed to be approximately 250 people; 125 on the day 
shift and 125 on the night shift; 

• during construction there will be 12 round trips for the passenger buses travelling on 
the access road (24 one-way trips);  

• 6 consumables trucks arrive per day during the day shift only (12 one-way trips per 
day).  The truck type was assumed to be the equivalent of a semi-trailer, similar to the 
B-train concentrate haul trucks. 

The worst case modelling scenarios for construction and operations were developed based on the 
following assumptions: 

• The 2MW emergency genset and emergency diesel water pump will operate 24-hours per 
day for one month (July) over the course of the operations modelling scenario that 
encompassed one year. 

• LPG consumption will be spread over the six activity areas evenly during construction 
and will be emitted from only the process plant during operations. 

• PM2.5 emissions will consist of 95% of PM10 emissions. 

• Ammonium nitrate and fuel oil explosives (ANFO) blasting during production will occur 
once per day, 365 days per year. 

• A dust suppression mechanism (scrubber) is planned for the primary crusher.  However, 
the make, model, and efficiency were not known at the time of modelling.  For the 
purposes of the worst case modelling scenario, it was assumed that there was no dust 
scrubber operating at the primary crusher. 

• Grubbing in the open pit will finish before the operations phase commences. 

• Soil moisture content is low (<3%).  

• Roadways (haul and access roads) have silt contents of 8%. 

• There is 50% fugitive dust control efficiency from road watering for unpaved haul and 
access roads. 

• Fugitive dust emissions from haul roads within the plant boundary and from area sources 
(drop points and the primary crusher) are spread over 21 hours per day (allowing 3 hours 
per day for shift change and fuelling).  The hours off were spread evenly (i.e., every 8th 
hour off: 08:00, 16:00, and 24:00). 
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• 150 days per year with the measurable precipitation based on the Morrison 
meteorological station records. 

• Mean vehicle weight for the construction access road was equal to 20 short tonnes 
(equivalent to the gross vehicle weight for a 37-person passenger bus of 18,000 kg). 

• Mean vehicle weight for the operations access road was the average of a tandem B-train 
(30,000 kg) and a 37-person passenger bus (18,000 kg). 
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8.4 Surface Water Quality 
This effects assessment considers potential effects to surface water quality from the Project 
activities.  Surface water quality within the Project area was assessed during baseline studies on a 
monthly basis for stream sites and annually for lake/pond sites.  At least two years of data are 
available for various exposure and reference sites within the Project area (with the exception of 
sites associated with the transmission line as they were only sampled in 2008).  Results from 
water quality baseline studies are summarized in Section 7.4.     

Surface water quality is a critical factor in biological and physical environments.  In addition to 
its importance to aquatic organisms, it is a key component of human health.  Water quantity in an 
aquatic environment is also a key variable to maintaining ecosystem function.  Effects to surface 
water quantity are addressed in detail in a separate effects assessment (Section 8.5). 

The EA approach used in this assessment is similar to that described for the Project as a whole 
(Chapter 5).  The potential effects on surface water quality were assessed to identify mitigation 
and monitoring needs.  The issues related to Project activities were assessed for potential effects 
to water quality using models, professional judgement, and established guidelines for the 
protection of aquatic life.  This assessment inherently assumes that construction, transport, 
storage, drainage/discharge, and sewage treatment/disposal activities will use appropriate 
technology and best management practices (BMPs) to properly mitigate and/or minimize effects.  
Sufficient baseline information is available to monitor for potential future effects to surface 
water quality and there are no critical data gaps identified for this assessment. 

8.4.1 Issues Scoping 
The surface water quality effects assessment considers all the potential effects from Project 
activities and the relevant regulatory guidelines for the protection of aquatic life (CCME 1999; 
BC MOE 2006b).  Baseline studies assessing surface water quality (Appendices 26 and 27) have 
been conducted since 2004 on the various streams and lakes/ponds the Project area.  The 
objective of these baseline studies was to develop a dataset to accurately characterize baseline 
conditions.  Project issues with the potential to affect water quality include: 

• effects of blasting and its associated residues, in particular, nitrogen, nitrate, nitrite, and 
ammonia; 

• siltation (e.g., land clearing, open pits, runoff along mine site roadways, proposed access 
routes, transmission lines, drainage ditches, and direct discharge into the aquatic 
environment); 

• effects from tailings water discharge/seepage on the water chemistry of the receiving 
environment; 

• contaminant loading and dispersion (including surface runoff and airborne contaminants); 

• metal leaching/acid rock drainage (ML/ARD) and geochemistry;  

• waste rock chemistry and toxicity, runoff characteristics, and the implications for the 
downstream water quality. 
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These issues will be considered during all Project phases (construction, operations, closure, and 
post-closure). 

8.4.2 Spatial and Temporal Boundaries 
Spatial boundaries reflect the various Project components, which in the case of water quality 
includes streams and lakes/ponds near: 

• the transmission line corridor; 

• the mine site and TSF; 

• Morrison Lake and Morrison Creek adjacent to and downstream from the mine site and 
TSF.  

The total study area covers approximately 16,196 ha (Figure 8.4-1).  The potential effects on 
water quality are generally considered to be localized at the point of impact and for some 
distance downstream.  Therefore, the spatial boundary for this effects assessment includes all 
streams crossed by the transmission line, road, pit, and tailings footprint, as well as the 
downstream waterbodies of Morrison Lake and Morrison Creek. 

The Project has an approximate planned life of 25 years.  The temporal boundaries used for the 
surface water quality Project effects assessment follow the time period of the four respective 
phases of the Project: 

• construction (2 years) 

• operation and maintenance (estimated 21 years) 

• decommissioning and closure (approximately 2 years) 

• post-closure (>15 years) 

The post-closure phase considers that some effects (e.g., ARD and permitted discharge) could 
extend well into the post-closure phase and require monitoring for the foreseeable future.  

8.4.3 Valued Environmental Components 
Surface water quality is considered a VEC because the streams and lakes in the Project area 
provide habitat for many organisms, including important fish species (Section 7.4).  In addition 
to its importance as habitat, surface water quality was chosen as a VEC because it is a key 
component for human health. 

The Project could degrade surface water quality via surface runoff, siltation and dust particulates, 
nitrogen residues from blasting, ML/ARD from waste rock, and the discharge of potential 
contaminants into waterbodies, including accidental spills. 
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8.4.4 Identification and Description of Potential Effects 
Potential effects to surface water quality originating from Project activities are discussed in this 
section.  The Project components associated with these effects includes the transmission line 
corridor, the mine site (pit facility and tailings facility), and the access road.  Potential effects to 
surface water quality include surface runoff and siltation, airborne contaminants, nitrogen 
residues from blasting, ML/ARD from waste rock piles, and the discharge (including seepage) of 
potential contaminants into waterbodies. 

The Project may draw a small volume of water from Morrison Lake for various freshwater 
needs.  Using any volume of water from the lake will be regulated in the water licence from the 
British Columbia Ministry of Environment (BC MOE), Water Stewardship Division.  Removing 
freshwater is not expected to affect surface water quality and is incorporated into the Project 
description (Section 4.26) and the water balance model (Appendix 23).  

Table 8.4-1 describes the extent of potential effects, before mitigation, used for the surface water 
quality effects assessment.  A summary of the potential residual effects from the various Project 
components and their extent are found in Table 8.4-2.   

Table 8.4-1 
Description of the Extent of Potential Effects  

Negligible Very slight change from the baseline conditions such that no discernible effect upon the 
local ecology/environment results.  No change in ecological classification. 

Minor Small but noticeable shift away from the baseline conditions.  Changes in environmental 
quality, etc. are likely to be relatively small, or be of a minor temporary nature such that 
ecology or environmental characteristics are slightly affected.  Equivalent to minor but 
measurable change within a class. 

Moderate A significant and noticeable shift from the baseline conditions that may be long term; or a 
high degree of change for a temporary period.  Results in a change in ecological status. 

Major Major shift away from the baseline conditions, fundamental change to environmental 
conditions.  May include a relatively high degree of change for a long-term period, or by a 
very high amount for a shorter episode.  Ecology or environmental quality is greatly changed 
from the baseline situation. 

 

8.4.4.1 Surface Runoff and Siltation Contaminant Loading 
Activities associated with each Project phase could adversely affect water quality by shifting 
away from baseline conditions to some degree.  The Project activities during the construction 
and operations phases will increase disturbance to terrestrial soils and plants.  This increases the 
potential for accelerated erosion rates leading to greater surface runoff.  Unmitigated surface 
runoff will increase contaminant inputs to surface water with the release of organic material and 
the inorganic fraction of terrestrial soils.  Pulses of runoff, with rain or spring thaw events, will 
encourage siltation in the water column (total suspended solids; TSS).  Because metals are 
known to bind to organic material (Brady 1990), the contribution of organic inputs to surface 
runoff could also result in an increase in surface water metal concentrations.   
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The extent to which these potential effects could degrade water quality is considered moderate 
during construction and operations and negligible during the closure and post-closure phases for 
all three Project components.  This rating reflects the assumed activity levels and disturbance 
associated with each Project phase.  Potential effects will likely be seasonably variable since the 
increased surface water flow is related to annual freshet and rain events. 

8.4.4.2 Airborne Contaminant Loading 
During several Project phases, airborne contaminants from blasting and crushing rock, disturbing 
soils, vehicle/generator emissions, and road traffic could affect air quality such that atmospheric 
deposition could adversely affect surface water quality.  Detailed air quality effects are discussed in 
Section 8.3.   

Dust particle sizes generated from blasting are expected to be relatively large, such that particles 
will be local to the blast site.  The intensity of activity (disturbance during facility construction, 
truck traffic, etc.) in the area of the mine site during construction and operations could increase 
airborne particles and associated contaminants deposition in the water column.  The extent of this 
effect on surface water quality was assessed as minor.  The potential effect for the other Project 
components during all Project phases is expected to be negligible. 

8.4.4.3 Nitrogen Residues from Blasting 
Using explosives at the pit for rock blasting could increase nitrogen loading in streams as a result 
of nitrogen blasting residue remaining on waste rock materials.  The accumulation of these 
residues (NO3, NO2, NH4+) on disturbed rock material and the nitrogen load to the aquatic 
environment depend on the volume of explosives used.  Most nitrogen loading from this source 
will occur from runoff, although a minor source may be from dust.  For this reason the potential 
of this effect would vary seasonally and be greatest during spring freshet and rain events.   

Nitrogen loading increases the potential for eutrophication in aquatic systems, degrading the 
quality of the water by shifting the productivity of the ecosystem.  During all Project phases the 
extent of this potential effect at the mine site is considered minor.  Effects to the other Project 
components (access road and transmission line) are considered negligible during all phases.   

8.4.4.4 Metal Leaching and Acid Rock Drainage  
When exposed to oxygen and water, freshly exposed rock will naturally weather and leach water 
soluble compounds.  These processes can be accelerated by crushing and redistributing large 
quantities of rock.  The oxidation of sulphide minerals can create ARD if sufficient quantities of 
neutralizing minerals are not available.  In the event that acidic drainage is formed, the lower pH 
can create higher rates of ML.  However, ML can also occur at sites of neutral and alkaline 
drainage.   

The details of the Phase 1 ML/ARD predictions from surface samples can be found in Section 
13.17.  Because it has been estimated that a considerable proportion of the generated waste rock 
is potentially acid generating (PAG), the drainage from the waste rock piles near the mine site 
could degrade surface water quality through ML/ARD.  As the weathering of disturbed rock 
continues through all Project phases, this potential for ML/ARD will increase.   
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As the WRD is within the open pit catchment and ore stock pile, most of the ML/ARD generated 
by the WRD will be collected and diverted into the pit.  Particle tracking analysis from the 
MODFLOW hydrogeological model (Appendix 23) indicates that during operations the open pit 
will act as a groundwater sink, collecting approximately 90% of seepage from the waste rock and 
low grade ore stockpile areas.  All seepage into the open pit will be pumped to the processing 
plant.  However, the particle tracking analysis shows that there is a small section at the north end 
of the low grade ore stock pile, where, without mitigation, seepage flows will bypass the pit and 
travel to Morrison Lake.  Groundwater modelling results estimate this seepage represents 
approximately 10% of the total seepage from the WRD and low grade ore stockpile.  Generation 
of seepage from the low grade ore stock pile would cease at post Year 19 and 20, as the low 
grade ore stockpile will be sent through the processing plant, removing the seepage source.  
Section 8.6 (Groundwater Quality) outlines mitigation and management measures that will be 
implemented to minimize seepage to groundwater under the low grade ore stockpile, to reduce 
this potential effect. 

Since the level of disturbance with respect to exposing new rock will be relatively low for the 
access road and the transmission line, the potential effect of ML/ARD is considered to be 
negligible for these Project components during all phases.  At the mine site, the extent of this 
potential effect is considered major without mitigation.  Mitigation and monitoring for several 
years of the post-closure phase will be required.  This is primarily a result of the WRD 
containing a considerable PAG content and the unknown acid potential of the sediments 
removed from Booker Lake and Ore Pond once they are drained (Section 13.17). 

8.4.4.5 Discharge and Spill Contaminant Loading 
The Project has been defined as a “zero discharge” facility (Appendices 2 and 23), during the 
operations phase of the Project.  However, some surface and groundwater seepage from the 
tailings dams is predicted and a portion of this seepage will escape collection by the seepage 
ponds.  The groundwater seepage rates during operations range from 112 to 197 m3/hour, 
increasing as the area of the TSF increases, and the maximum predicted groundwater seepage 
rate is 208 m3/hour at post-closure (Appendix 25). 

During operations the average concentrations (0 to 22 years) of the tailings supernatant is 
predicted to exceed several BC and/or Canadian Council of Ministers of the Environment 
(CCME) aquatic life guidelines (Appendix 23).  These include average concentrations for 
arsenic, cadmium, chromium, copper, lead, mercury, silver, vanadium, and zinc (see also 
Table 2.4-1 in Appendix 39).  It is anticipated that concentrations in the TSF will peak at closure 
and will improve during the post-closure period. 

Predicted seepage from the TSF during post-closure indicates that when seepage travels through 
groundwater and reaches the surface water there will be several locations that may exceed water 
quality guidelines for the protection of aquatic life.  As examples, points near the mouths of 
streams draining the TSF area (MCS 7, MCS 8, and MCS10) were modelled for contaminant 
transport (Appendix 23).  These predictions were generated with aging tests using a conservative 
approach where the average ratios of total/dissolved concentrations from Day 1 are used 
(Section 13.17).  Table 8.4-2 summarizes the five metals (cadmium, chromium, lead, vanadium, 



Environmental and Socio-economic Effects Assessment 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II 8–66 Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

and zinc) that are predicted to exceed surface water quality guidelines during low or average 
surface flow conditions (or both) in these streams at post-closure (modelling the timing of this 
worst case was not possible).  Because this is the predicted “worst case scenario” at post-closure 
it is reasonable to expect that during operations the concentrations reaching surface waters will 
be lower, because the rate of seepage and surface area of the TSF will be less (these rates and 
concentrations were not modelled).  

Table 8.4-2 
Predicted Surface Water concentrations from TSF groundwater 

contaminant transport that exceed guidelines  
  MCS 7 MCS 8 MCS 10 
  Total Metals 

Parameter unit 

Low 
Surface 

Flow 

Average 
Surface 

Flow 

Low 
Surface 

Flow 

Average 
Surface 

Flow 

Low 
Surface 

Flow 

Average 
Surface 

Flow 
Cd mg/L 0.000367 0.000256 0.000298 0.000206 0.0000944 0.0000592
Cr mg/L 0.0277 0.0187 0.0208 0.0147   
Cu mg/L     0.00537  
Pb mg/L 0.00236  0.00390  0.00646  
V mg/L 0.0344 0.0174 0.0293 0.0187 0.0107  
Zn mg/L 0.127 0.0658 0.104 0.0611 0.0362  

 

During the Project’s construction phase, the water from Ore Pond and Booker Lake at the mine 
site will need to be drained.  The current Project description indicates that this water will be 
drained into Morrison Lake.  The data for Ore Pond and Booker Lake (Appendix 26) indicate 
several variables (i.e., sulphate, ammonia, arsenic, barium, copper, manganese, molybdenum, 
and zinc) that have greater water concentrations (Ore Pond was often 2 to 4 times greater in 
some cases, although water from Booker Lake will dilute Ore Pond to some degree prior to 
release) than Morrison Lake.  Significant residual effects are not expected if, at the time of 
draining, the flow rate is restricted to avoid releasing this water as a large pulse.  

During construction, sewage generated by construction workers will be treated at an onsite 
sewage treatment plant and the effluent discharge to an acceptable surface location, or into an 
engineered and approved tiled drainage field near the plant site.  See Section 15.7.3 for details 
regarding proposed STP options. While associated nutrients from treated sewage may travel to 
via groundwater to surface waters, their concentrations will likely be attenuated by this pathway.  
Accidental spills (i.e., fuel, ore, or other chemicals) may also occur during the construction and 
operations phases at the mine site and could be released into waterbodies.   
This discharge information (seepage from TSF, draining Ore Pond and Booker Lake, and treated 
sewage discharge) results in assessing the extent of potential effects at the mine site as moderate 
during construction and operations. 
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At closure and post-closure phase the water quality model predicts that the water quality of  the 
TSF will not meet discharge criteria for several water quality parameters (for example arsenic, 
cadmium, chromium, cobalt, copper, lead, nickel, and zinc; Appendix 23).  At year 24, surplus 
TSF water will be pumped to the open pit. The TSF water when mixed with the open pit water is 
also not predicted to meet discharge criteria.  The water in the open pit will be managed such that 
discharge will be required at year 43 of the mine life. This will be treated prior to discharge into 
Morrison Lake. This strategy of pumping the TSF water to the open pit will ensure a single point 
of discharge into Morrison Lake.  

The extent of the unmitigated release (accidental discharge or uncontained seepage) of water 
from the TSF post-closure is considered to be a major potential effect to surface water quality.  
The potential effects of any spill along the access road or transmission line are considered to be 
negligible during all Project phases. 

Alternately, depending on water quality observed in the full TSF, it would be possible to continue 
actively managing the diversion channel to achieve a net zero water balance in the TSF (i.e., inflow 
is balanced by seepage) such that there is no surface discharge out of the TSF into post-closure.  
This alternative has not been pursued at this time, as the current plan has been optimized based on 
producing the best water quality in both the TSF and the pit based on available data.  However, 
potential benefits of this scenario include minimizing the volume of water that needs to be treated 
at the pit, as well as diverting more flow to the MCS-7 channel below the dam.  PBM will continue 
to evaluate closure options through the life of the Project as new data becomes available to 
determine the best ultimate closure scenario. 

8.4.5 Mitigation, Enhancement, and Management Measures 
Mitigation and management measures are offered as recommendations and will be refined during 
the permitting phase of the Project.  A more detailed surface water management plan is outlined 
in Section 13.3. 

This section describes the general techniques to mitigate and manage effects to surface water 
quality arising from disturbed areas during the Project’s construction, operations, closure, and 
post-closure phases.  As identified in this effects assessment, the potential effects relating to 
surface water requiring mitigation and management include: 

• surface runoff and siltation contaminant loading 

• airborne contaminant loading 

• nitrogen residues from blasting 

• ML/ARD 

• discharge and spill contaminant loading 

In the case of each of the identified potential effects, BMPs will be implemented as the basis for 
all work undertaken, particularly when working in or around water.  Examples of BMPs to 
preserve surface water quality include: 
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• selecting appropriate clean equipment; 

• proper storage and handling of fuels and other chemicals (earth berms surrounding 
storage tanks, maintenance of tanks and hoses); 

• endeavoring to keep existing vegetation intact wherever possible, as it will provide 
significant benefits for surface runoff and siltation management; 

• implementing a spill contingency and emergency response plan; 

• implementing a waste management plan; 

• implementing a sediment and erosion control plan; 

• using silt fences during construction near open water to capture bulk sediment loadings 
that could potentially spill into adjacent waterways during construction; 

• using diversion channels and sedimentation control ponds; 

• licence requirements will be met for any water use (BC MOE, Water Stewardship 
Division) or sewage discharge (BC MOE, Environmental Protection Division); 

• if required, using water as a dust suppressant in areas of high traffic (i.e., the pit area) 
during dry periods; 

• effective water quality treatment before discharge; 

• regular water quality monitoring;  

• segregation of not potentially acid generating (not-PAG)/PAG ore; 

• reduce permeability of overburden below stockpiles in areas where seepage occurs; 

• proper decommissioning of facilities, contouring landscapes, removing culverts, and 
monitoring adjacent waterways to ensure aquatic environment is not affected. 

8.4.6 Potential Residual Effects 
Residual effects to surface water quality are those that are predicted to persist after mitigation.  
This may occur if the effect has a rating for several criteria above the lowest possible rating (i.e., 
a medium rather than negligible rating).  The standardized criteria for describing residual effects 
include: 

• Magnitude 

• Geographic Extent 

• Duration 

• Frequency 

• Reversibility 

• Resilience 

The descriptors for these criteria (i.e. moderate, local, short-term etc.) are described in Table 5.28 
of Chapter 5.  Most of the residual effects to surface water quality were generally assessed as 
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having a local geographic extent, a short-term duration and reversibility, sporadic frequency, and 
high resilience (Table 8.4-3).  The magnitude of most residual effects to surface water quality 
has been assessed as either negligible or low.  The notable exceptions to this include a medium 
magnitude for surface runoff/siltation (during construction and operations) and ML/ARD and 
discharge effects (during all phases) at the mine site.   

If ML/ARD effects persist beyond mitigation it could last between 25 and 50 years (long-term) 
with a long-term reversibility.  The duration of discharge effects at closure and post-closure is 
considered to be medium-term and the frequency of this effect will be continuous once the 
discharge into the lake begins at post-closure.  A less than high resilience (neutral) was predicted 
for the ML/ARD effects at the mine site (all phases) and the discharge effects during the closure 
and post-closure phases. 

8.4.6.1 Significance and Likelihood of Residual Effects 
After considering mitigation and management the significance of most residual effects to surface 
water quality was assessed as negligible with several exceptions that were assessed as minor 
(Table 8.4-3).   

During construction and operations the effects of surface runoff and siltation at the mine site 
have a minor significance to surface water quality and are considered to have a medium 
probability of occurrence with effective mitigation.   

ML/ARD effects are considered minor with a medium probability of occurrence at the mine site 
during all phases.  Management strategies will be employed to limit potential for infiltration and 
capture the seepage.  These methods will allow most of this seepage to be collected and managed 
with other seepage water.  For any residual seepage that is not captured by these 
mitigation/management measures, the magnitude is considered low. Dilution with groundwater 
and the lake will reduce the effect there may be some measurable ML/ARD effect to surface 
water quality. The significance of waste rock seepage/low grade ore stockpile seepage to surface 
water is considered minor. 

Finally, during all phases the effects of discharges at the mine site are assessed as having a minor 
significance.  This rating considers that each discharge will require some form of treatment 
before release to meet permit requirements.  This is based on the known water quality of Ore 
Pond (Appendix 26) and the predicted water quality of the TSF and pit after closure 
(Appendix 23).  These discharges have a high probability of occurring.  

Confidence Levels  
Based on the current available information the confidence level in the predictions made for this 
effects assessment is high for most effects.  Where this was not the case (effects at the mine site 
for ML/ARD and discharges; all phases) a confidence level of low was chosen.  Using a low 
level of confidence primarily reflects the need for more information.   
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Although the model predictions for containment and transport via groundwater of ML/ARD give 
a best estimate of resulting effects, the assumptions necessary to build the model do not allow for 
a clear picture of the timing and the persistence of these effects. 

Because treatment will be required for any discharge from the Project the effect to water quality 
should be minor.  However, a low level of confidence is associated with this activity as it is 
currently not possible to determine the timing of the predicted worst case seepage from the TSF 
and how long it will affect aquatic resources.  Note that with the exception of seepage, 
discharges will be treated to meet permit levels.  During construction sewage will be treated and 
effluent discharged to a location at least 100 m away from existing water bodies (about 360 
personnel during the construction phase), while during operations sewage will be treated and 
mixed with tailings in the TSF.  As part of the future mine closure planning, when water 
treatment is required to manage the surplus pit lake water,  the water treatment plant as described 
in Section 16 will be designed to address the conditions of the waste discharge permit and 
physico-chemical characteristics of the pit lake water at that time.  It is anticipated that treatment 
options will be available to bring the non-seepage discharge water quality below required permit 
levels. 

8.4.7 Assumptions 
The following assumptions have been made while considering effects to surface water quality: 

• TSF will discharge post-closure to the pit area if the water quality is not acceptable for 
direct discharge, open pit water will be treated before release into Morrison Lake; 

• water from pit dewatering will be piped and stored in the TSF; 

• the maximum TSF seepage rate of 208 m3/hour occurs post closure, dam runoff and 
seepage to surface from the TSF will be captured in seepage collection ponds and 
returned to the TSF; 

• Project will be operated as a “zero discharge” during operations and after closure until the 
open pit is full; 

• most major infrastructure on mine site will cross streams along existing bridges and 
culverts; 

• water quality in the open pit is unsuitable for discharge to the environment without 
treatment post-closure.  The water level of the pit lake forming in the open pit will be 
maintained below the level of Morrison Lake to facilitate hydraulic containment; 

• Booker Lake and Ore Pond will be drained into Morrison Lake at a controlled rate so as 
to avoid the release as a large pulse. 

 



 

 

Table 8.4-3 
Morrison Copper/Gold Project: Surface Water Quality Effects Assessment Summary Table  

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Surface runoff and 
siltation 
contaminant 
loading. 

Mine Site Construction and 
Operations 

Adverse Moderate Silt fences; best 
management 
practices; 
environmental 
monitoring; 
erosion 
management plan 

Yes Increase in total 
suspended 
solids and 
potential 
contaminants 
resulting in 
degraded water 
quality; more 
prominent during 
freshet and rain 
events. 

Medium Local Short-term Sporadic Reversible 
Short-term 

High Minor Medium High 

 Access Road/ 
Transmission 

Line 

Construction and 
Operations 

Adverse Moderate Silt fences; best 
management 
practices; 
environmental 
monitoring; 
erosion 
management plan 

Yes Increase in total 
suspended 
solids and 
potential 
contaminants 
resulting in 
degraded water 
quality; more 
prominent during 
freshet and rain 
events. 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

 Mine 
Site/Access 

Road/ 
Transmission 

Line 

Closure and Post-
closure 

Adverse Negligible Silt fences; best 
management 
practices; 
environmental 
monitoring; 
erosion 
management plan 

Yes Increase in total 
suspended 
solids and 
potential 
contaminants 
resulting in 
degraded water 
quality; more 
prominent during 
freshet and rain 
events. 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Airborne 
contaminant 
loading from 
blasting, rock 
crushing, etc. 

Mine Site Construction and 
Operations 

Adverse Minor Best management 
practices, dust 
suppression, 
environmental 
monitoring 

Yes Increase in 
suspended 
particles 
resulting in 
degraded water 
quality 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

 Mine Site Closure and Post-
closure 

Adverse Negligible Best management 
practices, dust 
suppression, 
environmental 
monitoring 

Yes Increase in 
suspended 
particles 
resulting in 
degraded water 
quality 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

 Access Road/ 
Transmission 

Line 

Construction and 
Operations, 

Closure and Post-
closure 

Adverse Negligible Best management 
practices, dust 
suppression, 
environmental 
monitoring 

Yes Increase in 
suspended 
particles 
resulting in 
degraded water 
quality 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

  (continued) 



 

 

Table 8.4-3 
Morrison Copper/Gold Project: Surface Water Quality Effects Assessment Summary Table (continued) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 

Leaching of 
nitrogen residues 
from blasting 

Mine Site Construction, 
Operations, 

Closure and Post-
closure 

Adverse Minor Proper storage 
and handling of 
blasting materials 
away from 
waterways, 
regular 
maintenance of 
facility, 
environmental 
monitoring 

Yes Increase in 
nitrogen loadings 
(blasting 
residues) 
resulting in 
degraded water 
quality 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

 Access Road/ 
Transmission 

Line 

Construction, 
Operations, 

Closure and Post-
closure 

Adverse Negligible Proper storage 
and handling of 
blasting materials 
away from 
waterways, 
regular 
maintenance of 
facility, 
environmental 
monitoring 

Yes Increase in 
nitrogen loadings 
(blasting 
residues) 
resulting in 
degraded water 
quality 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Metal leaching and 
Acid Rock Drainage 
(ML/ARD) 
contamination 

Mine Site Construction, 
Operations, 

Closure and Post-
closure 

Adverse Major ML/ARD 
assessment of 
rock and 
substrates, 
appropriate 
use/storage of 
excavated 
materials, avoiding 
acid-generating 
sources, 
environmental 
monitoring. 

Yes ML/ARD 
resulting in 
degraded water 
quality 

Medium Local Long-term Sporadic Reversible 
Long-term 

Neutral Minor Medium Low 

 Access Road/ 
Transmission 

Line 

Construction, 
Operations, 

Closure and Post-
closure 

Adverse Negligible ML/ARD 
assessment of 
rock and 
substrates, 
appropriate 
use/storage of 
excavated 
materials, avoiding 
acid-generating 
sources, 
environmental 
monitoring. 

Yes ML/ARD 
resulting in 
degraded water 
quality 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Discharges and 
spills and 
associated water 
chemistry effects 

Mine Site Construction and 
Operations 

Adverse Moderate Best management 
practices, 
environmental 
monitoring, spill 
contingency plan, 
water treatment 

Yes Release of 
potential 
contaminants 
resulting in 
degraded water 
quality 

Medium Local Short-term Sporadic Reversible 
Short-term 

High Minor High Low 

  (continued) 



 

 

Table 8.4-3
Morrison Copper/Gold Project: Surface Water Quality Effects Assessment Summary Table (completed) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 

 Mine Site Closure and Post-
Closure 

Adverse Major Best management 
practices, 
environmental 
monitoring, spill 
contingency plan, 
water treatment if 
needed 

Yes Release of 
potential 
contaminants 
resulting in 
degraded water 
quality 

Medium Local Medium-
term 

Continuous Reversible 
Short-term 

Neutral Minor High Low 

 Access Road/ 
Transmission 

Line 

Construction, 
Operations, 

Closure and Post-
closure 

Adverse Negligible Best management 
practices, 
environmental 
monitoring, spill 
contingency plan 

Yes Release of 
potential 
contaminants 
resulting in 
degraded water 
quality 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 
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8.5 Surface Water Quantity 
This section identifies and assesses potential effects from the Project to surface water quantity.  
This assessment is based primarily on the location of site infrastructure as described in the 
Project Description (Chapter 4), the water balance model (Appendix 23), and the baseline 
hydrology program (Appendix 22).  A summary of the existing hydrologic setting at the site is 
provided in Section 7.5.  

8.5.1 Issues Scoping 
Based on the Project’s TOR (BC EAO 2009), this section of the EA application will identify 
potential effects on surface water quantity, involving:  

• a description of the predicted mine inflows, water handling procedures, and water balance 
predictions; 

• water from open pits, land clearing, and other mine workings and site runoff;  

• effects from discharges on the area’s hydrology and water balances for waste water 
containment facilities;  

• effects on surface water quantity, including changes in timing, volume, and deviation of 
peak and minimum flows resulting from the Project;  

• a detailed description of the hydrology of the Morrison Creek watershed.  

These issues will be considered during all the Project’s phases (construction, operations, closure, 
and post-closure). 

8.5.2 Valued Environmental Components 
Water quantity is a factor affecting various analyses including Project design and downstream 
effects to ecosystem components such as availability of and access to stream habitat.  It is also 
important in water quality analysis, as contaminant concentrations depend on water volumes.  
Within the study area there is limited human use of surface water as a resource for navigation; 
however, surface water quantity is considered a VEC because water is an intrinsic part of the 
natural environment.  Further, streams provide habitat for important fish populations and other 
aquatic resources.  Maintaining sufficient water quantity is important for continued ecosystem 
health for aquatic species, both in terms of providing access to habitat, and providing sufficient 
dilution to maintain water quality.  Surface water quantity analysis will consider potential effects 
to the total available water volume and the timing and magnitude of flow events.  

8.5.3 Spatial and Temporal Boundaries 
The Project’s effects on surface water quantity will be assessed based on two spatial scales: local 
and watershed.  At a local scale, the mining infrastructure will occupy a portion of land along the 
southeast of Morrison Lake.  There are six small watersheds within this area, which extend up to 
6 km from the eastern bank of Morrison Lake and have watershed areas of 3.5 to 13 km2  
(Figure 8.5-1).   
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The watershed scale is defined by the Morrison Creek watershed, which encompasses a 490 km2 
catchment area.  When combined, the local-scale watersheds that drain into Morrison Lake 
represent 38 km2, or 8%, of the Morrison Creek watershed.  Assessing effects on Morrison Creek 
downstream of the lake provides a cumulative assessment of the Project’s effect on surface water 
quantity. 

The temporal boundaries used for the surface water quantity section of the Project effects 
assessment follow the time period of the four respective phases of the Project: 

• construction (2 years) 

• operations (estimated 21 years) 

• closure and decommissioning (approximately 2 years) 

• post-closure (>50 years) 

8.5.4 Identification and Description of Potential Effects 
The Project’s potential effects are related to how the baseline watershed areas will change and 
how water will be moved to satisfy Project needs.  For the purposes of this assessment, the mine 
site infrastructure has been divided into two general areas: the TSF, which here includes the 
dams and seepage collection systems; and the lower mine site, which includes the proposed open 
pit, WRD, low grade ore stockpile, and processing plant.   

8.5.4.1 Watersheds  
The following is a description of the six local-scale watersheds that lie within the mine site area. 
The baseline delineations of the watersheds are shown in Figure 8.5-2, with superimposed mine 
site infrastructure. 

• MCS-4a drains the ridge to the east of Morrison Lake.  In general, it is a steep-gradient 
watershed, though there is a small wetland area at the base of the slope.  A portion of this 
watershed (including the wetland area) overlaps the proposed location of the WRD.  For 
the purpose of this assessment, the MCS-4a watershed represents an area slightly larger 
than that monitored within the baseline monitoring program.   

• MCS-5 comprises Booker Lake and Ore Pond.  As a result of mining activity, this 
watershed will effectively be eliminated and will compose the lower mine site.   

• MCS-6 comprises a headwaters lake and wetland complex with no clear divide with 
neighbouring watersheds.  Proposed infrastructure in the lower mine site will overlap a 
small area of this watershed. 

• MCS-7 drains a low-gradient, upland watershed, northwest of the Morrison deposit.  The 
area will comprise a large portion of the TSF, including the main dam and seepage 
collection system. 

• MCS-8 drains a relatively low-gradient area northwest of the proposed TSF into 
Morrison Lake.  The west dam is along the drainage divide between MCS-8 and MCS-7.  
As a result, a small area of MCS-8 will be affected by the TSF. 
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• MCS-10a lies east of the Morrison Lake drainage divide and drains into Nakilinerak 
Lake.  The north dam is along the drainage divide between MCS-10a and MCS-7, and the 
north dam seepage collection system will be within the MCS-10a watershed.  Baseline 
flow monitoring for this station was conducted at the approximate site of the proposed 
north dam seepage collection pond.  However, for the purpose of this assessment, the 
location at the outlet of the stream into Nakinilerak Lake will be used.   

In addition to the above watersheds there are small land areas immediately adjacent to Morrison 
Lake that are not directly included in the above watershed delineations.  Also, the Project’s 
transmission line extends beyond the main Project area to the Bell Mine substation, near Babine 
Lake.  These two areas will be affected by land cover changes resulting from Project activities. 

8.5.4.2 Overview of Changes 
Figures 8.5-3 to 8.5-5 show the evolution of the Project through the construction, operations, and 
closure phases.  Each map shows the main effects to watershed areas.  An overview of the 
changes that are expected in a chronological sequence, from construction to closure phases is 
outlined below.  

Construction 
Watershed Alterations: 

• draining and dredging Booker Lake (1.2 Mm3) and Ore Pond (0.1 Mm3); 

• constructing the initial TSF clean water diversion ditches; 

• constructing the starter dam and south seepage system (dam embankment, reclaim pump, 
and pipeline);  

• constructing the clean water diversion ditches above the WRD, resulting in lost 
watershed areas for MCS-6 (31 ha) and MCS-4a (129 ha). 

Landcover Changes: 
• clearing and grubbing the TSF impoundment dam foundations areas (and all other 

construction areas listed below);  

• stripping foundations for the starter dam and south seepage dam;   

• installing the tailings pipeline (above ground) and reclaim water pipeline (underground); 

• constructing access roads and bridge upgrades; 

• excavating and/or establishing waste rock and overburden dumps, as well as low grade 
ore and organic material stockpiles; 

• constructing the dump and stockpile seepage collection ditches; 

• developing granular borrow areas;  

• clearing areas for the transmission line. 
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Operations 
Watershed alterations: 

• operating the tailings pipeline and reclaim water pipeline, which will direct all excess 
water from the lower mine site (including surface runoff, direct precipitation, and 
groundwater from pit dewatering) to the TSF;  

• constructing the north dam and seepage collection system; 

• continue building the main dam and extending the seepage collection ditch; 

• constructing the west dam and seepage collection ditches;  

• constructing the clean water diversion ditch running from the north dam to the west dam 
(diverting 61 ha into MCS-8). 

Groundwater: 
• Groundwater pumping for pit dewatering will draw down the water table around the pit 

area, which will result in decreased groundwater recharge to nearby streams—notably 
MCS-4a and MCS-6. 

Landcover changes: 
• constructing the tailings pipeline and access roads to the north dam; 

• installing the water pipeline to the north and west dams, and extending access roads;  

• clearing and grubbing of access roads; 

• stripping and preparing tailings dam foundations; 

• glacial till borrow area development within and outside the TSF; 

• clearing and grubbing the WRD foundation;  

• maintenance of the transmission line area (e.g., brushing and clearing large trees). 

Closure 
Watershed Alterations: 

• constructing a closure spillway on the left abutment of the main dam and a backup 
spillway in the right abutment of the north dam; 

• constructing the closure seepage collection ditches to provide drainage for seepage from 
the WRD to the open pit;  

• constructing a water treatment plant to treat pit lake/TSF water before discharge (in 
Year 43, when pit has re-filled with water).  

Landcover changes: 
• placing a revegetated soil cover on the downstream face of the tailings dams; 

• reclaiming borrow areas and WRD, overburden slopes, and stockpiles;  

• constructing a saturated not-PAG cover over the tailings beaches adjacent to tailings dams. 
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Though changes in land cover have been mentioned above, they are considered to have a 
negligible effect on watershed flows within the Project area.  Changes to the watershed 
boundaries far outweigh changes to the land cover.  Therefore, quantitative analysis of effects 
caused by land cover changes will be excluded from this assessment.  However, changes 
resulting from land cover disruption will be addressed in the mitigation, enhancement, and 
management measures section. 

8.5.5 Description of the Extent of Potential Effects 
In this section, the nature and extent of potential effects to monthly flow, peak flow, and low 
flow are assessed for each of the baseline watersheds, and through the various Project phases. 
The definitions used to assess the nature and extent of the potential surface water quantity effects 
are provided in Table 8.5-1.  

Table 8.5-1 
Description of the Extent of Potential Effects  

Negligible A very slight change from the baseline condition such that there is no discernable change in 
either flow rates (high or low) or timing of flow. 

Minor A small but noticeable shift away from baseline conditions in terms of either flow rates (high 
or low) or the timing of flow, resulting in a minor but measureable change to the watershed. 

Moderate A significant and noticeable shift from baseline conditions in terms of either flow rates (high 
or low) or the timing of flow, resulting in a change in the ecological status of the watershed. 

Major Major shift away from baseline conditions in terms of either flow rates (high or low), or the 
timing of flow, such that ecology or environmental quality will be greatly changed from the 
baseline situation. 

 

8.5.5.1 Average Monthly Flow 
The extent of changes to average monthly flow for the various watersheds was estimated by 
considering changes to watershed areas caused by Project infrastructure (e.g., WRD, TSF, 
diversion ditches), as well as predicted changes to groundwater recharge to streams associated 
with pit dewatering and the presence of the tailings facility, as predicted by the MODFLOW 
groundwater model. 

Table 8.5-2 summarizes the baseline average annual runoff and groundwater recharge estimates 
for each of the watershed areas.  Based on these results, the median ratio of groundwater 
recharge to total runoff is 0.22.  Using this ratio, the monthly flow distribution that was derived 
in the hydrology baseline report (which intrinsically includes both surface and groundwater 
contributions) was adjusted to only represent surface runoff, as summarized in Table 8.5-3. 

For each watershed of interest, monthly average flow rates were calculated for different Project 
phases by summing surface runoff estimates (based on the changes to watershed area) and the 
predicted groundwater recharge rates.  These results are shown in Figures 8.5-6 to 8.5-10 and 
summarized for each watershed below. 
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Table 8.5-2 
Summary of Average Annual Runoff and 

Groundwater Recharge Estimates 

Watershed 
Baseline Watershed  

Area (ha) 

Average Annual  
Runoff Volume  

(Mm3) A 

Average Annual  
Groundwater Baseflow  

(Mm3) B 
Groundwater: 

Runoff 
MCS4 357 0.98 0.21 0.22 
MCS6 1,294 3.56 0.56 0.16 
MCS7 1,317 3.62 0.51 0.14 
MCS8 462 1.27 0.86 0.68 
MCS10 399 1.10 0.29 0.26 
Median    0.22 

Notes: A: based on an average annual runoff of 275 mm 
B: based on results from the MODFLOW groundwater modelling (Appendix 25) 

 

Table 8.5-3 
Adjusted Monthly Flow Distribution 

Month % Annual Runoff Groundwater % Contribution Adjusted Surface Water % Contribution 
Jan 1.3 1.8 0 
Feb 1.2 1.8 0 
Mar 1.6 1.8 0 
Apr 7.7 1.8 5.9 
May 58.0 1.8 56.2 
Jun 10.0 1.8 8.2 
Jul 3.9 1.8 2.1 
Aug 2.3 1.8 0.5 
Sep 3.8 1.8 2.0 
Oct 3.8 1.8 2.0 
Nov 3.5 1.8 1.7 
Dec 2.9 1.8 1.1 
TOTAL 100 22 78 

 

MCS-4a 
The clean water diversion ditch above the WRD will divert a small area from the MCS-5 
catchment into MCS-4a; however, area from MCS-4a will also be lost to the lower mine site, 
resulting in a net loss of 129 ha (36%) of catchment area.  The ditch will be constructed during 
the construction phase, but will be maintained through operations, closure, and post-closure 
phases; therefore, changes to the MCS-4a watershed area are considered permanent.  In general, 
flow rates for surface water are expected to decrease proportionally with watershed area 
(e.g., -36%).  This is considered an adverse effect of moderate extent. 
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Monthly Average Flow Predictions for MCS-6
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FIGURE 8.5-8

Job No. 0793-001-02 09/08/2009-12:00pm

Morrison Copper/Gold Project

Monthly Average Flow Predictions for MCS-7
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FIGURE 8.5-9

Job No. 0793-001-02 09/08/2009-12:00pm

Morrison Copper/Gold Project

Monthly Average Flow Predictions for MCS-8

0

50

100

150

200

250

300

350

400

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Av
er

ag
e M

on
th

ly 
St

re
am

 F
lo

w 
(L

/s)

Baseline
Construction
Operation1
Operation2
Operation3
Operation4
Closure

-100

-80

-60

-40

-20

0

20

40

60

80

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

%
 C

ha
ng

e f
ro

m
 B

as
eli

ne

Construction
Operation1
Operation2
Operation3
Operation4
Closure

-100

-80

-60

-40

-20

0

20

40

60

80

100

0 10 20 30 40 50 60
Years from Start of Mining

%
 C

ha
ng

e f
ro

m
 B

as
eli

ne
 F

lo
w

January Flow
May Flow
August Flow
October Flow

TM



ai no.  a24127w

FIGURE 8.5-10

Job No. 0793-001-02 09/08/2009-12:00pm

Morrison Copper/Gold Project

Monthly Average Flow Predictions for MCS-10a
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Groundwater recharge rates would also affect flow rates to MCS-4a.  Given the proximity of this 
stream to the open pit, groundwater recharge rates will decrease as a result of groundwater 
pumping for pit dewatering.  The decrease in recharge will increase through time as groundwater 
drawdown increases; however, the groundwater model predicts that groundwater recharge to 
MCS-4a will have decreased to zero by year 11 (-100% change).  This means that during the 
winter months, when stream flow is assumed to be completely groundwater fed, there will be no 
flow in the stream.  There will also be a substantial reduction during summer low flows (-86% 
during August).  Combined with the loss of watershed area, this is considered a major effect 
during the operations phase.  At the end of mine life, groundwater pumping stops and the pit is 
allowed to re-fill; however, the water level in the pit lake will be managed at or below 
728 metres above sea level (masl) to maintain a hydraulic gradient from Morrison Lake into the 
pit lake.  The pit lake water level will control the local groundwater table elevation, which will 
remain well below baseline levels.  This means that groundwater recharge rates to MCS-4a in 
post closure are still predicted to remain at zero, so the major effect will be permanent. 

MCS-6 
Watershed MCS-6 will also undergo changes related to drainage area as a result of construction 
of the clean water diversion above the WRD.  A small area from MCS-5 will be diverted into the 
MCS-6 watershed; however, additional area will be lost from MCS-6 near the low-grade ore 
stockpile.  In total, there will be a net loss of 21 ha (2%).  The ditch will be constructed during 
the construction phase, but will be maintained through the operations, closure, and post closure 
phases; therefore, changes to the MCS-6 watershed are considered permanent.  This is 
considered an adverse effect, but negligible given the small percent change. 

Groundwater recharge will also decrease in MCS-6 as a result of pit dewatering.  However, some 
level of flow will be maintained year round.  This is considered a moderate effect during the 
operations phase.  At closure, once the pit has re-filled, groundwater recharge to the stream will 
increase slightly, but will remain below baseline levels.  This is considered a moderate effect, 
which will be most pronounced during the low flow periods. 

MCS-7 
During the construction phase of Project development, construction of the starter dam, seepage 
collection system, and clean water diversion ditches will commence, and the TSF will take shape 
within the MCS-7 watershed.  Given the water deficit predicted in early years of the water 
balance, runoff from the entire upper catchment area will be required to provide sufficient water 
volumes for reclaim to the processing plant.  This will cut off the majority of the MCS-7 
watershed, decreasing the downstream watershed area from 1,317 ha to 279 ha (-78%).   

During the operations phase, the dam will continually be built up and the size of the TSF will 
progressively increase.  At its maximum extent, the area of the TSF will be 510 ha, with an 
additional area of drainage behind the north and south seepage dams totalling 230 ha.  During 
operation, the diversion ditch will be maintained on the southeast side of the TSF.  The ditch will 
be equipped with a gate structure and this will be used to manage water levels in the TSF.  When 
necessary, to maintain a water balance, the gate will be closed, and clean water diverted around 
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the TSF, or opened to allow more water into the TSF.  As a conservative approach for this 
assessment, it has been assumed that all water will be diverted into the TSF. 

The decrease in watershed area will result in decreased surface runoff.  However, this will be 
counteracted to some degree by an increase in groundwater recharge, which will occur because 
of the presence of standing water in the TSF.  Groundwater recharge rates will increase through 
time as the water level in the TSF increases.  Therefore, while spring and summer flows are 
expected to be substantially lower in MCS-7 as a result of decreased freshet runoff, fall and 
winter flows are expected to increase.  This is considered an adverse effect of major extent, as it 
will substantially change both the annual flow volume and the timing of flow.  Alternatively, 
depending on water quality observed in the full TSF, it may be possible to continue to actively 
manage the diversion channel to achieve a water balance in the TSF such that there is no surface 
discharge out of the TSF into post-closure.  The alternative has not been pursued at this time, as 
the current plan has been optimized based on producing the best water quality in both the TSF 
and the pit based on the available data.  The potential benefits of this scenario involves 
minimizing the volume of water that would need to be treated at the pit (water surplus to 
maintaining the 728 masl water level), as well as diverting more surface water into MCS-7 below 
the dam.  PBM will continue to evaluate closure options through the life of the Project as new 
data becomes available, and this will be reflected in the final Mine closure plans as the best 
ultimate closure scenario. 

PBM recognizes the downstream fish habitat value of MCS-7 and will continue to evaluate 
closure options involving managed water diversion optimization during the life of the Project. As 
new data becomes available on TSF water quality and hydrological inflows, and should the 
opportunity be presented, whereby additional beneficial effects to the altered flow levels of 
MCS-7 can be realized, then such alternative actions would be pursued. 

MCS-8 
The MCS-8 watershed will not be affected by Project activity during the construction phase, or 
during early years of the operations phase.  Constructing the west dam is scheduled to begin in 
Year 3 of operation.  Constructing the dam and associated seepage collection and clean water 
diversion ditching will result in an increase of 61 ha (13%) to the MCS-8 watershed. 

Given that MCS-8 neighbours the TSF, groundwater recharge rates within this watershed are 
also predicted to increase.  Recharge rates increase through the life of the mine as water levels in 
the TSF increase.  These higher groundwater recharge rates will become a permanent feature of 
the MCS-8 hydrograph. 

The expected increase in flow in the MCS-8 watershed is considered neutral and of minor extent. 

MCS-10a 
Unlike the other watersheds assessed, MCS-10a drains into Nakinilerak Lake and not Morrison 
Lake.  During operations, construction of the north dam and seepage collection system will 
appropriate runoff from MCS-10a and add this area to the TSF.  Once construction of the north 
dam is complete, the final area for MCS-10a will be 312 ha, equivalent to a net loss of 22%. 
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Groundwater recharge rates to MCS-10a will increase through the Project’s life as the TSF 
grows.  Recharge rates will level off at closure, but will permanently remain elevated above 
baseline recharge rates. 

The loss of watershed area will be offset to some degree by the increase in groundwater 
recharge.  In general, the effect is considered adverse but of minor extent. 

8.5.5.2 Peak Flows 
Peak flows are typically generated in response to spring snow melt, or to rain/rain-on-snow 
events in the fall.  Both of these are surface process (e.g., groundwater input is minor to 
negligible), and estimates of changes to peak flow can be made through watershed scaling 
calculations.  Regression equations were developed in the Hydrology Baseline Report 
(Appendix 22) for estimating peak flows based on watershed area.  Peak flow estimates for each 
of the Project watersheds and phases are summarized in Table 8.5-4. 

Table 8.5-4 
Peak Flow Estimates for Project Watersheds Based on 

Changes in Watershed Area during Different Project Phases 
Project Watershed Area Peak Flows (m3/s) 
Phase (ha) Q2 Q25 Q100 
MCS-4a     
Baseline 357 0.58 1.61 2.37 
Construction 228 0.40 1.13 1.67 
Operations 228 0.40 1.13 1.67 
Closure 228 0.40 1.13 1.67 
MCS-6     
Baseline 1,294 1.72 4.46 6.48 
Construction 1,273 1.69 4.40 6.40 
Operations 1,273 1.69 4.40 6.40 
Closure 1,273 1.69 4.40 6.40 
MCS-7     
Baseline 1,317 1.74 4.52 6.57 
Construction 321 0.53 1.48 2.19 
Operations 279 0.47 1.33 1.96 
Closure 279 0.47 1.33 1.96 
MCS-8     
Baseline 462.1 0.72 1.98 2.90 
Construction 462.1 0.72 1.98 2.90 
Operations 522.6 0.80 2.18 3.20 
Closure 462.1 0.72 1.98 2.90 
MCS-10a     
Baseline 399 0.64 1.76 2.59 
Construction 399 0.64 1.76 2.59 
Operations 312 0.52 1.45 2.14 
Closure 312 0.52 1.45 2.14 
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The annual peak flow (Q2) is often described as the channel forming flow, or the channel 
maintenance flow.  These flows help clear the channel of organic detritus that may accumulate 
during low flow periods, and also help maintain morphological units such as bars and riffles.  
Over the long term, where decreased peak flows are predicted, this may result in accumulating 
large woody debris (LWD), vegetation re-colonization, and decreased channel form.  Given the 
magnitude of change predicted for the MCS-4a and MCS-7 watersheds, this is considered 
adverse and major.  For MCS-6, the effect is considered negligible.  Where watersheds areas 
increase, increased peak flows may cause increased erosion of the channel.  However, increases 
to MCS-10a would be short term and temporary, and followed by moderate decrease.  For MCS-
8, where longer term increases are expected, the increases are considered minor, as they are 
relatively small, and within the range of natural variability. 

8.5.5.3 Low Flows 
Low flow conditions are an important component of the hydrology assessment, as they are key 
inputs to both water quality and aquatics/fisheries assessments.  Low flow periods provide the 
lowest dilution capacity and therefore are especially important for water quality.  As well, low 
flows during certain periods can control the availability of spawning habitat, and/or the ability of 
fish to access certain reaches.  Changes to winter low flows may result in some areas of the 
channel freezing to the bed, potentially affecting the egg viability.  These potential effects are 
discussed in detail in Section 8.10. 

In the Hydrology Baseline Report (Appendix 22), regression equations were developed to 
estimate low flows based on watershed area.  These equations were used to estimate the winter 
(annual) and summer low flows for the baseline watersheds for both average (7Q2) and 1-in-10 
year (7Q10) conditions.  Then, using the results from the MODFLOW groundwater model, the 
predicted percent change in groundwater recharge for the various Project phases was used to 
estimate changes to low-flow conditions (Table 8.5-5).  This assumes that 100% of the flow 
during low-flow periods is derived from groundwater.  While in reality there is likely some 
surface water component to the summer flows, its percent contribution would be relatively small 
compared to the groundwater component.  Summer low flow estimates that are higher than 
winter low flow estimates are also consistent with the expected annual oscillation in water table, 
which would produce lowest recharge rates in late winter, and highest recharge rates in late 
summer (though this is not resolved in the groundwater model, which produces a long-term 
steady state average). 

Though flow rates at MCS-4a are already very low, they are predicted to drop to zero, which is 
considered an adverse effect of moderate extent.  The predicted decrease for MCS-6 is on the 
order of 50%.  This is also considered adverse and moderate.  For MCS-7, MCS-8, and MCS-
10a, flow rates are predicted to increase by a factor of 1.5 to 2.  From a water quantity 
perspective, this is considered a beneficial effect.  
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Table 8.5-5 
Low Flow Estimates for Project Area Watersheds Based on 

Predicted Changes to Groundwater Recharge 
Winter (Annual) Low Flow (L/s) Summer Low Flow (L/s)

Project Phase 
Watershed 
Area (ha) 

% 
Change 

A 7Q2 7Q10 7Q2 7Q10 
MCS-4a             
Baseline 357 -- 2.1 0.5 10.2 3.9 
Construction  -17 1.8 0.4 8.5 3.2 
Operation (Yr 7)  -88 0.3 0.1 1.2 0.5 
Operation (Yr 11)  -100 0.0 0.0 0.0 0.0 
Operation (Yr 17)  -100 0.0 0.0 0.0 0.0 
Operation (Yr 19)  -100 0.0 0.0 0.0 0.0 
Closure  -100 0.0 0.0 0.0 0.0 
MCS-6             
Baseline 1294 -- 9.2 2.4 37.7 15.4 
Construction  8.8 10.0 2.6 41.0 16.8 
Operation (Yr 7)  -42 5.3 1.4 21.8 8.9 
Operation (Yr 11)  -65 3.2 0.8 13.2 5.4 
Operation (Yr 17)  -90 0.9 0.2 3.8 1.5 
Operation (Yr 19)  -90 0.9 0.2 3.8 1.5 
Closure  -66 3.1 0.8 12.8 5.2 
MCS-7             
Baseline 1317 -- 9.4 2.5 38.3 15.7 
Construction  21 11.4 3.0 46.4 19.0 
Operation (Yr 7)  81 17.0 4.5 69.4 28.4 
Operation (Yr 11)  109 19.6 5.2 80.1 32.8 
Operation (Yr 17)  108 19.5 5.2 79.7 32.6 
Operation (Yr 19)  114 20.1 5.3 82.0 33.6 
Closure  120 20.7 5.4 84.3 34.5 
MCS-8             
Baseline 462.1 -- 2.9 0.7 13.2 5.1 
Construction  3 2.9 0.7 13.6 5.3 
Operation (Yr 7)  27 3.6 0.9 16.8 6.5 
Operation (Yr 11)  37 3.9 0.9 18.1 7.0 
Operation (Yr 17)  54 4.4 1.0 20.4 7.9 
Operation (Yr 19)  60 4.6 1.1 21.2 8.2 
Closure  63 4.7 1.1 21.6 8.4 
MCS-10a             
Baseline 399 -- 2.4 0.6 11.4 4.4 
Construction  1 2.4 0.6 11.5 4.4 
Operation (Yr 7)  12 2.7 0.6 12.8 4.9 
Operation (Yr 11)  20 2.9 0.7 13.7 5.3 
Operation (Yr 17)  31 3.2 0.7 14.9 5.7 
Operation (Yr 19)  36 3.3 0.8 15.5 6.0 
Closure   43 3.5 0.8 16.3 6.3 
A: Based on results from the MODFLOW groundwater model (Appendix 25). 
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8.5.5.4 Morrison Creek 
All but one of the affected watersheds described above (MCS-10a) flow into Morrison Lake and 
to Morrison Creek.  At the Morrison Creek gauging station, the watershed drains an area of 
490 km2.  Combined, the mine site watersheds draining into Morrison Lake, described earlier, 
represent 38 km2, or 8% of the Morrison Creek watershed.  Effects within the smaller watersheds 
may combine to produce effects within the Morrison Creek watershed.  Additional potential 
effects include draining Booker Lake and Ore Pond, and pit dewatering.  Assessing effects on 
Morrison Creek provides a cumulative assessment of the Project on water quantity. 

During the construction phase, Booker Lake and Ore Pond will be drained to Morrison Lake to 
allow development of the waste rock storage areas as well as pit pre-stripping.  As described in 
Appendix 11, draining Ore Pond and Booker Lake will be carried out primarily over the fall and 
winter months.  Ore Pond will be drained first and soft sediment will be removed.  Ore Pond will 
then be used as a sediment retention pond for Booker Lake, particularly when the draining 
Booker Lake is near the final stage and there is a higher risk of suspended sediments in the 
discharge water.   

Ore Pond has an estimated volume of 100,000 m3.  The majority of this water (estimated to be 
80%), will be drained into Morrison Lake at a rate of 40 L/s over a 1-month period in late fall.  
The remainder of the water will be allowed to freeze and carried to the organic soil stockpile 
adjacent to Morrison Lake.  The water will be stored within the stockpile until melt begins the 
following spring, at which point the water will slowly drain to the collection ditch at the base of 
the pile and then to the lake. 

Booker Lake has a volume of 1,200,000 m3 (Appendix 21).  The majority of this water 
(estimated to be 90%) would be drained to Morrison Lake at a rate of 90 L/s over a 6-month 
period, beginning in late summer.  The final 10% would either be allowed to freeze and 
excavated using the same methods described for Ore Pond, or water would be pumped to the 
cleaned out Ore Pond, which would act as a settling pond before final release to Morrison Lake. 

In an average runoff year (assumed to be 275 mm), the total volume of water expected to flow 
past the Morrison Creek gauge is 135 Mm3.  The 1.3 Mm3 associated with dewatering of Booker 
Lake and Ore Pond represents 3 mm of additional runoff.  This is well within the range of natural 
climatic variability.  During the year that pumping occurs, pumping would increase flows during 
the low-flow period, and cause a slight shift in the annual runoff distribution.  Given the short-
term nature, and the small volume of water relative to the entire watershed, it is expected that 
much of the additional volume would be accommodated within lake storage, and the observed 
effect would be negligible. 

During the operations phase, two processes will combine to affect flow in Morrison Creek:   

1. Operation of the mine and storage of water in the TSF will effectively remove area from the 
Morrison Lake watershed.  The total area removed will be approximately 1,070 ha, or 2.2% 
of the Morrison Creek watershed. 

2. A set of horizontal drains or pumping wells will be established to dewater the area 
surrounding the pit.  Dewatering this area allows the pit walls to be constructed at steeper 
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angles, which is operationally important, as this minimizes waste rock volumes.  Because of 
the location of the pit relative to Morrison Lake, pit development will cause a hydraulic 
gradient from the lake to the pit, with the lake providing a constant head source.  The 
hydraulic gradient will increase through time; therefore, pumping rates will need to increase 
at a matched pace.  Pit dewatering water will be stored in the TSF throughout the mine life.  

Table 8.5-6 summarizes how these processes would combine to affect flow rates in Morrison 
Creek throughout the year.  The greatest effects are expected during the low-flow periods (summer 
low flow in August/September and annual low flow in March).  Figure 8.5-11 shows a cross-
section of Morrison Creek near the hydrometric gauging station and the predicted changes in water 
level that would result from the changes in flow described above.  Decreasing flow in Morrison 
Creek is considered an adverse effect.  However, given the magnitude of the predicted change (0 to 
10%), which is well within the range of natural variability, the extent is considered negligible.  

Upon closure, pit dewatering will cease, causing the pit to recharge with water.  Based on results 
from the GoldSim water balance modelling (Appendix 23), it is estimated that it will take 22 
years after the end of production (24 years after in-pit mining ends)  for the pit to recharge to its 
final level.  Once the pit is filled to 728 masl, water in excess of the amount needed to maintain 
this level will need to be released to Morrison Lake.  Excess water will be in the form of 
groundwater inflows, runoff and seepage from the reclaimed waste rock piles, and excess water 
from the TSF.  It is expected that the quality of this water will be not be suitable for direct 
discharge to the environment, and that treatment of an estimated 8200 m3/day (annualized) 
inclusive of TSF discharge of 70 m3/ day will be required at a water treatment facility at the 
former mine plant site, before releasing the water to Morrison Lake via the former water intake 
pipeline.  As described in Sections 4.19 and 16.4.2.2, lime-based water treatment would likely be 
completed in batch mode through the summer months, with approximately 25,000 m3/day (290 
L/s) discharged to Morrison Lake.  Table 8.5-6, illustrates that the volume of treated pit water 
would be small compared to total watershed flows, therefore the nature and extent of effects is 
expected to be neutral and negligible. 

8.5.6 Mitigation, Enhancement, and Management Measures 
Water management is a key factor in the Project’s basic engineering design.  Substantial effort 
has been invested to develop Project infrastructure that minimizes reliance upon, or potential 
effects to, local water sources.  This includes recycling water from the TSF for use in the 
processing plant and constructing clean water diversions. 

The closure scenario currently proposed for the TSF is to decommission the diversion channel 
and allow all upstream catchment to flow into the TSF.  This was chosen as the preferred 
alternative as it produces the best water quality in both the TSF and open pit.  Alternately, it 
would be possible to continue actively managing the diversion channel to achieve a net zero 
water balance in the TSF (i.e., inflow is balanced by seepage) such that there is no surface 
discharge out of the TSF into post-closure.  Potential benefits of this scenario include diverting 
more flow around the TSF to the MCS-7 channel below the dam.  PBM will continue to evaluate 
closure options through the life of the Project as new data becomes available to determine the 
best ultimate closure scenario.   
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Table 8.5-6 
Summary of Predicted Changes in Average Monthly Flow for Morrison Creek 

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
% of annual flow 0.5 0.4 0.4 1.0 44.4 27.7 7.6 4.0 3.3 4.8 4.8 1.1 
Baseline Average Flow (m3/s) 0.252 0.223 0.201 0.520 22.3 14.4 3.82 2.01 1.72 2.41 2.50 0.553 
             
Construction             
Loss of watershed area (m3/s) 0.003 0.003 0.003 0.007 0.294 0.183 0.050 0.026 0.022 0.032 0.032 0.007 
Increase in groundwater recharge to lake (m3/s) 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
Dewatering Booker Lake and Ore Pond (m3/s) 0.000 0.000 0.000 0.000 0.000 0.000 0.090 0.090 0.090 0.130 0.090 0.090 
Resulting Flow (m3/s) 0.249 0.221 0.200 0.514 22.0 14.2 3.86 2.08 1.78 2.51 2.55 0.637 
% Change from Baseline -0.8 -0.6 -0.7 -1.0 -1.3 -1.3 1.1 3.2 4.0 4.1 2.4 15.2 
             
Operation I (Year 7)             
Loss of watershed area (m3/s) 0.006 0.005 0.005 0.012 0.529 0.330 0.091 0.048 0.039 0.057 0.057 0.013 
Loss via groundwater to pit (m3/s) 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 
Resulting Flow (m3/s) 0.234 0.207 0.185 0.497 21.8 14.1 3.72 1.95 1.67 2.35 2.43 0.529 
% Change from Baseline -6.8 -7.1 -7.9 -4.4 -2.4 -2.4 -2.7 -2.9 -2.9 -2.8 -2.7 -4.4 
             
Operation II (Year 11)             
Loss of watershed area (m3/s) 0.006 0.005 0.005 0.012 0.529 0.330 0.091 0.048 0.039 0.057 0.057 0.013 
Loss via groundwater to pit (m3/s) 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 
Resulting Flow (m3/s) 0.235 0.207 0.186 0.497 21.8 14.1 3.72 1.95 1.67 2.35 2.43 0.530 
% Change from Baseline -6.6 -6.9 -7.7 -4.3 -2.4 -2.4 -2.6 -2.9 -2.9 -2.8 -2.7 -4.3 
             
Operation III (Year 17)             
Loss of watershed area (m3/s) 0.006 0.005 0.005 0.012 0.529 0.330 0.091 0.048 0.039 0.057 0.057 0.013 
Loss via groundwater to pit (m3/s) 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 
Resulting Flow (m3/s) 0.230 0.203 0.181 0.493 21.8 14.1 3.72 1.95 1.66 2.34 2.42 0.525 
% Change from Baseline -8.4 -8.9 -9.9 -5.2 -2.4 -2.4 -2.8 -3.1 -3.2 -3.0 -2.9 -5.1 
             
Operation IV (Year 19)             
Loss of watershed area (m3/s) 0.006 0.005 0.005 0.012 0.529 0.330 0.091 0.048 0.039 0.057 0.057 0.013 
Loss via groundwater to pit (m3/s) 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 
Resulting Flow (m3/s) 0.231 0.203 0.182 0.493 21.8 14.1 3.72 1.95 1.66 2.34 2.42 0.525 
% Change from Baseline -8.3 -8.9 -9.8 -5.2 -2.4 -2.4 -2.8 -3.1 -3.2 -3.0 -2.9 -5.1 
             
Closure (Pit and TSF flooded)             
Decrease in groundwater recharge to lake (m3/s) 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 
Treated Discharge to Morrison Lake (m3/s) 0.000 0.000 0.000 0.000 0.290 0.290 0.290 0.290 0.000 0.000 0.000 0.000 
Resulting Flow (m3/s) 0.244 0.216 0.194 0.513 22.6 14.7 4.10 2.29 1.71 2.41 2.49 0.546 
% Change from Baseline -2.8 -3.2 -3.6 -1.4 1.3 2.1 7.3 14.1 -0.4 -0.3 -0.3 -1.3 
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At the site-specific scale, there will be many land use changes that will occur throughout the 
Project area, including clearing areas for pipelines and the transmission line, constructing 
stockpile areas, and constructing or upgrading site road infrastructure.  Localized effects to water 
will be mitigated through the application of best management practices.  This will include (where 
appropriate): 

• diverting water around construction areas;  

• applying erosion and sediment control measures to minimize the concentration and 
channelization of water over disturbed areas; 

• ditching and sedimentation ponds around stockpile areas to attenuate peak flows before 
water is re-introduced to local waterways;  

• regularly inspecting water management infrastructure to ensure continued function. 

These management measures are described in further detail in Chapter 13.  While these measures 
are important for protecting water quantity (and more importantly water quality), site conditions 
will be highly localized, and are not expected to influence the overall assessment of effects on 
water quantity. 

8.5.7 Significance of Residual Effects 
The significance of potential effects is assessed below.  The assessment considers the magnitude, 
spatial extent, duration, frequency, reversibility, and resilience of the potential effects as defined 
in Section 5.5.6.  The assessment also considers the probability of occurrence and discusses the 
confidence limits of the assessment.  A summary of the entire assessment of surface water 
quantity is provided in Table 8.5-7. 

8.5.7.1 MCS-4a 
Flow in MCS-4a is expected to decrease as a result of changes to watershed area, and pit 
dewatering.  Given the predicted 36% reduction in watershed area, and groundwater recharge 
dropping to zero, the magnitude of the effect is considered high.  The effect is local, as it will be 
confined to MCS-4a stream.  The effect will continue into the far-future, as the clean water 
diversions will remain in place through the post-closure period, and even once the pit has been 
flooded, groundwater recharge rates will not return to baseline conditions.  The effect will be 
continuous, and though it is physically possible to reverse the effect, given that the ditching will be 
maintained through post-closure, the effect is considered irreversible.  The streams have high 
resilience to changes in flow, as there is high natural seasonal and inter-annual variability in flow.  
Specific to the MCS-4a watershed, the significance of the changes in flow is considered major. 

8.5.7.2 MCS-6 
Flow in MCS-6 is expected to decrease as a result of changes to watershed area and pit 
dewatering.  While the change in watershed area is negligible, the decrease in groundwater 
recharge will be substantial during low-flow periods such that the magnitude of the effect is 
considered medium.  The effect is local, as it will be confined to the stream of MCS-6.  The 
effect will continue into the far-future, as the clean water diversions will remain in place through 
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the post-closure period, and even once the pit has been flooded, groundwater recharge rates will 
not return to baseline conditions.  The effect will be continuous and irreversible.  The streams 
have high resilience to changes in flow, as there is high natural seasonal and inter-annual 
variability in flow.  Specific to the MCS-6 watershed, the significance of the changes in flow is 
considered moderate. 

8.5.7.3 MCS-7 
Flow in MCS-7 is expected to decrease as a result of the presence of the tailings dams, reducing 
the MCS-7 watershed area by 78%.  This will substantially reduce peak flow rates.  However, 
low flow rates will be augmented by increased groundwater recharge rates. Given these flow 
changes, the magnitude of the effect is considered high.  The effect is local, as it will be confined 
to the streams in the MCS-7 watershed.  In general, the effect will be continuous and long-term, 
as it will last through to the end of the operations phase and into closure.  The effect is reversible 
if water quality in the TSF is such that it can be directly released to the environment; however, it 
is expected that at least for a time into closure, water from the TSF will be sent to the open pit for 
storage and treatment before release.  The streams have high resilience to changes in flow, as 
there is high natural seasonal and inter-annual variability in flow.  Specific to the MCS-7 
watershed, the significance of the changes in flow is considered major. 

8.5.7.4 MCS-10a 
As the north dam is constructed, a net loss of 22% of the watershed area is expected.  However, 
this will be offset by some degree of increased groundwater recharge.  The magnitude of the 
effect is considered low.  The effect is local, as it will be confined to the main-stem stream of 
MCS-10a.  The effect will be continuous, and will last into the long term; however, the effect 
will be reversible, since the seepage collection system will be decommissioned at closure.  The 
streams have high resilience to changes in flow, as there is high natural seasonal and inter-annual 
variability in flow.  Specific to the MCS-10a watershed, the significance of the changes in flow 
is considered minor. 

8.5.8 Likelihood of Effects 

8.5.8.1 Probability of Occurrence 
The probability of occurrence for all the effects described above is considered high.  Changes in 
watershed area are a fundamental part of the Project design and have a direct cause-effect 
relationship on flow in the streams. 

8.5.8.2 Confidence Level 
While the probability of occurrence is high, there is high natural seasonal and inter-annual 
variability in water supply such that there is a moderate degree of uncertainty in the absolute 
magnitude of change.  The confidence level of the assessment is considered intermediate. 



Table 8.5-7 
Morrison Copper/Gold Project: Surface Water Quantity Effects Assessment Summary Table 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 

MCS-4a Clean water 
diversion; 
waste rock 

dump 

Construction 

Operations 

Closure/ 
Decommissioning 

Post-Closure 

Adverse Major N/A Yes 36% reduction in 
watershed area 

and pit 
dewatering will 

result in 
decreased flow 

rates 

High Local Far 
Future 

Continuous Irreversible High Major High Intermediate 

MCS-6 Clean water 
diversion; 
waste rock 

dump 

Construction 

Operations 

Closure/ 
Decommissioning 

Post-Closure 

Adverse Moderate N/A Yes 2% reduction in 
watershed area, 

and pit 
dewatering will 

result in 
decreased flow 

rates 

Medium Local Far 
Future 

Continuous Irreversible High Moderate High Intermediate 

MCS-7 Clean water 
diversion; TSF 

Construction 

Operations 

Closure/ 
Decommissioning 

Post-Closure 

Adverse Major N/A Yes 78% reduction in 
watershed area 

will result in 
decreased flow 

rates.  Increased 
groundwater 
recharge will 
augment flow 

during low-flow 
periods 

High Local Far 
Future 

Continuous Reversible 
Long-term 

High Major High Intermediate 

MCS-8 Clean water 
diversion; TSF 

Operations Beneficial Minor N/A No Increased 
watershed area 
caused by clean 
water diversions 

         

MCS-10a Clean water 
diversion; TSF 

Construction 

Operations 

Adverse Moderate N/A Yes 22% reduction in 
watershed 

through 
production as 
size of TSF 
increases 

Low Local Far 
Future 

Continuous Reversible 
Long-term 

High Minor High Intermediate 

Morrison Lake All Project 
components 

Construction Beneficial Negligible N/A No Increased flow 
caused by 

dewatering of 
Booker Lake 

and Ore Pond 

         

Morrison Lake All Project 
components 

Operations Adverse Negligible N/A No Up to 10% 
decrease in flow 
caused by loss 
of watershed 
area and pit 
dewatering. 

         

Morrison Lake All Project 
components 

Post-Closure Neutral Negligible N/A No Slight decrease 
in flow during 

fall/winter, slight 
increase in flow 

during 
spring/summer 
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8.6 Groundwater Quality 
This section identifies and assesses potential effects from the Project to groundwater quality.  
This assessment is based primarily on the location of site infrastructure as described in the 
Project Description (Chapter 4), baseline groundwater quality results collected from 6 events 
from July 2006 to October 2008 from a groundwater monitoring well network consisting of 22 
monitoring wells at 11 locations, and the results of the MODFLOW hydrogeological model 
developed for the Project (Appendix 25).  A summary of existing groundwater quality conditions 
at the Project site is provided in Section 7.6.  

8.6.1 Valued Environmental Component Selection 
Groundwater is an inherent component of the water cycle and is therefore linked with the 
environmental conditions and ecosystems within the study area.  Groundwater quality was 
selected as a VEC because of its relationships with groundwater quantity and surface water 
quantity and quality.  Groundwater is protected under the Canada Water Act (1985a), BC Water 
Act (1996c), and BC Water Protection Act (1996d). 

The Mine development, operations, and closure, including the construction and operation of 
water diversions, groundwater extraction, open pit, waste rock storage area, and the TSF, all 
could affect groundwater quality in the Project footprint.  Potential adverse effects to 
groundwater aquifers may transfer to surface water systems in discharge zones in the lower 
reaches of local streams and to Morrison Lake. 

8.6.2 Spatial and Temporal Boundaries 

8.6.2.1 Spatial  
The spatial boundary for the groundwater quality effects assessment is outlined in Figure 8.6-1.  
It is based on the groundwater model domain established in the MODFLOW hydrogeological 
model (Appendix 25).  The boundary is limited to the west by Morrison Lake, to the north, east, 
and south by watershed divides created by topographical features.  It includes ten small 
watersheds discharging into Morrison Lake and one watershed discharging into Nakinilerak 
Lake northeast of the study area.  The ground surface elevation varies between 732 metres above 
sea level (masl) (at Morrison Lake) and 1,379 masl (in the southeast area of the Project).  The 
base (bottom) of the groundwater model domain is set at sea level. 

8.6.2.2 Temporal  
The temporal boundaries used for the groundwater quality assessment follow the time periods of 
the four respective Project phases: 

• Construction (2 years) 

• Operations (estimated 21 years) 

• Closure and decommissioning (approximately 2 years) 

• Post-closure (>50 years) 
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However, the assessment is largely based on a comparison of existing baseline groundwater 
conditions with the results from MODFLOW modelling of changes to groundwater within the 
study area from the Project mine plan.  Model runs were developed for specific times coincident 
with a number of mine phases; primarily with open pit development phases (Appendix 1, 
sections 4.5.7 to 4.5 13): 

• Construction at Year 0 

• Operation I (at the end of Year 7) 

• Operation II (at the end of Year 11) 

• Operation III (at the end of at Year 17) 

• Operation IV (at the end of Year 19) 

• Post-closure (at the end of Year 43 (open pit full) and onward) 

8.6.3 Identification and Description of Potential Effects 
In this section, the nature and extent of potential effects to groundwater quality are assessed for 
three sources of changes to the natural variability in groundwater quality: seepage to groundwater 
from the TSF; seepage to groundwater from the WRD; and minor spills/leakage of oils, solvents, 
and fuels from on-site equipment or activity.  The definitions used to assess the nature and extent 
of the potential groundwater quality effects are provided in Table 8.6-1.  

Table 8.6-1 
Description of the Extent of Potential Effects  

Negligible Very slight change from the baseline conditions such that no discernible effect upon the 
groundwater quality results. 

Minor Small but noticeable shift away from the baseline conditions.  Changes in groundwater 
quality are likely to be relatively small, or be of a temporary nature.  Equivalent to minor but 
measurable change. 

Moderate A significant and noticeable shift from the baseline conditions that may be long term; or a 
high degree of change for a temporary period. 

Major Major shift away from the baseline conditions, fundamental change to groundwater 
conditions.  May include a relatively high degree of change for a long-term period, or a very 
high amount of change for a shorter duration. 
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8.6.3.1 Seepage from the TSF 
As described in detail in Appendix 25, seepage rates from the TSF are expected to be controlled 
by the underlying till layer, which has an average hydraulic conductivity of 2.7×10-7 m/s.  
Table 8.6-2 outlines how seepage rates out of the TSF are expected to increase through the life of 
the mine as the TSF pond area and elevation (hydraulic head) increases. 

Table 8.6-2 
Seepage Rates Out of the TSF from 3D Hydrogeological Model for 

Operations and Post-closure Phases 
Base Case Lower Limit Upper Limit 

Mining Phase m3/hr m3/hr m3/hr 
Year 7 112 36 195 
Year 11 151 54 245 
Year 17 183 75 316 
Year 19 197 84 341 
Post-closure (TSF full) 208 87 365 

 

Contaminant transport modelling completed using the MODFLOW hydrogeological model 
indicates that a plume will develop as a result of seepage from the TSF.  In general, worst case 
concentrations occur immediately below the TSF.  The seepage plume moves deeper into the 
bedrock layers, which have higher permeability than the overburden layers, then west, with a 
general flow direction down gradient toward Morrison Lake (Figures 8.6-2 and 8.6-3).  There is 
limited development of the plume from the TSF northeast towards Nakinilerak Lake. 

Table 8.6-3 compares baseline groundwater quality around the TSF area with predicted tailings 
pore water, which represents “source” water.  For some parameters (e.g., aluminum, copper, iron), 
the tailings pore water quality is predicted to be lower than the surrounding groundwater such that 
the tailings pore water would act as the dilutant as it seeps into the underlying groundwater.  This 
would generally be considered a neutral or potentially beneficial effect to groundwater quality.  For 
other parameters, notably chloride, ammonia, nitrate, nitrite, molybdenum, and potassium, tailings 
pore water seeping into the underlying groundwater would exceed the range of natural variability 
observed in the baseline groundwater sampling data.  For these parameters, the TSF water will be a 
source of potential deterioration of groundwater quality.   

As the TSF seepage plume moves toward Morrison Lake, it will mix with surrounding 
groundwater.  However, the travel distance from the TSF to Morrison Lake is relatively short, on 
the order of 2 to 4 km.  Another important factor is that the TSF is in the primary groundwater 
recharge zone for this study area, and therefore there is limited opportunity for dilution.  
Figure 8.6-2 indicates that by the time the groundwater discharges and enters Morrison Lake, it 
will have been diluted from 40 to 80% of the source concentrations.  It should be noted that the 
modelled percent concentrations are conservatively high, as they are based on simple dilution 
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alone.  Other attenuation mechanisms such as adsorption, precipitation, ion exchange, or 
denitrification may act to further decrease concentrations, but are not considered in this analysis.  

Table 8.6-3 also compares predicted tailings pore water quality against guideline values.  The 
most appropriate guideline for groundwater would be for drinking water, however it is important 
to note that there are no existing water users in this area, and there is no expectation of future 
groundwater use for drinking water.  Predicted concentrations generally remain below available 
guidelines even before any dilution.  For the few parameters that do exceed, guidelines are for 
aesthetic purposes, and similar exceedances are observed under baseline conditions. 

Table 8.6-3 
Comparison of Predicted Tailings Pore Water Quality with Baseline 

Groundwater Quality and Drinking Water Guidelines 

Baseline Groundwater Quality Around TSF TSF Water Quality 
Drinking Water 

Guidelines 
Parameter  
(mg/L unless noted) Minimum Median Maximum 

Tailings Pore 
Water 

Health 
Canada BC 

pH (pH units) 7.38 8.11 8.59 8.31 6.5 to 8.5a 6.5 to 8.5a 
Acidity 0.5 3.15 31.4 -- ng ng 
Alkalinity 150 274.5 646 83.9 ng ng 
TDS 182 442 754 -- 500a 500a 
Sulphate 3 64 367 -- 500a 500a 
Fluoride 0.098 0.204 1.25 0.357 1.5 1.5 
Chloride 0.3 1.7 8.04 86 250a 250a 
Ammonia 0.0025 0.01625 0.307 54 ng ng 
Nitrite 0.001 0.001 0.0063 1 3.2 1 
Nitrate 0.0025 0.0025 0.0379 22 45 10 
Dissolved Metals      
Aluminum 0.0005 11 91.1 1.85 0.10a 0.10a 
Antimony 0.00005 0.00143 0.0205 0.0044 0.006 0.006 
Arsenic 0.0001 0.01836 0.125 0.00496 0.01 0.025 
Barium 0.0122 0.235 1.86 0.327 1 1 
Beryllium 0.00025 0.000602 0.0025 0.000046 ng ng 
Bismuth 0.00025 0.0006 0.0025 -- ng ng 
Cadmium 0.000009 0.000494 0.00319 0.000409 0.005 0.005 
Calcium 3.4 52.4 167 38 ng ng 
Chromium 0.00025 0.020434 0.184 0.007913 0.05 0.05 
Cobalt 0.00005 0.012716 0.0866 0.001319 ng ng 
Copper 0.0001 0.05763 0.476 0.03344 1a 0.5 
Iron 0.044 20.56 184 3.79 0.3a 0.3a 
Lead 0.000025 0.007221 0.0528 0.001818 0.01 0.01 
Lithium 0.0025 0.05195 0.233 0.001 ng ng 
Magnesium 1.1 19.5 54.7 10.4 ng ng 
Manganese 0.0046 1.45 8.24 0.0721 0.05a 0.05a 
Mercury 0.000005 0.000258 0.0054 0.00005 0.001 0.001 
Molybdenum 0.0012 0.0082 0.04 0.0493 ng 0.25 
Nickel 0.00025 0.02722 0.218 0.01217 ng ng 

(continued) 
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Table 8.6-3 
Comparison of Predicted Tailings Pore Water Quality with Baseline 

Groundwater Quality and Drinking Water Guidelines (completed) 

Baseline Groundwater Quality Around TSF TSF Water Quality 
Drinking Water 

Guidelines 
Parameter 
(mg/L unless noted) Minimum Median Maximum 

Tailings Pore 
Water 

Health 
Canada BC 

Potassium 0.53 3.09 13.3 13.6 ng ng 
Selenium 0.00005 0.000673 0.0042 0.000825 0.01 0.01 
Silicon 4.11 22.42 170 2.36 ng ng 
Silver 0.00001 0.0002 0.00191 0.00006 ng ng 
Sodium 4.5 92.6 157 31.3 200a 200a 
Tin 0.0001 0.0008 0.004 0.004 ng ng 
Titanium 0.005 0.2357 2.67 -- ng ng 
Vanadium 0.0005 0.0346 0.26 0.0087 ng ng 
Zinc 0.0005 0.07971 0.63 0.01149 5a 5a 

Notes:  
Health Canada Drinking Water Guidelines: http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/index-eng.php#tech_doc 
BC Drinking Water Guidelines: http://www.env.gov.bc.ca/wat/wq/BCguidelines/approv_wq_guide/approved.html 
Guideline values are based on Total Metals, while predictions are based on dissolved metals 
Bold = Predicted TSF pore water values exceed range of natural variability (e.g., maximum baseline conditions) 
underline = value exceeds water quality guideline 
ng = no guideline 
a = aesthetic guideline  

Tailings pore water seepage into the groundwater is generally considered an adverse effect, as a 
new water source is being introduced to the groundwater system.  However, as outlined above, 
for some parameters it may be considered a beneficial effect.  There are no existing water users 
in the area that would be affected by these changes, and there is no expectation of future 
groundwater use.  Given that the temporal extent of change to groundwater quality will continue 
into the far future, the extent of impacts is considered moderate.  Effects of this groundwater 
recharging to surface streams and to Morrison Lake are assessed in Section 8.4. 

8.6.3.2 Seepage from the Waste Rock Dump and Low Grade Ore Stockpile 
Geochemical analyses of the rocks in the pit area indicate that by the end of mine life, 
approximately 73% of the rock in the WRD will be PAG (Section 4.18).  In addition, the peak 
low grade ore stock pile will represent approximately 36 Mt of material stored at the north end of 
the WRD before its processing.  Table 8.6-4 summarizes predicted waste rock seepage water 
quality, as well as baseline groundwater quality from monitoring wells near the pit area.  This 
waste rock water quality has been assumed as a conservative estimate for the discussion below.  
In reality, it is expected that there will be at least 15 years lag time before the onset of substantial 
ARD from waste rock (Appendix 15), therefore the WRD seepage water quality through the 
operations phase will likely be better than these estimates.  In addition, at the low grade ore 
stockpile, rock will constantly be cycling to the processing plant and new material added to the 
low grade ore stockpile during the Project’s operational life.  Therefore, the likelihood of the 
onset of substantial ARD from this low grade ore stockpile is considered low. 
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Table 8.6-4 
Comparison of Baseline Groundwater Quality with Predicted Waste 

Rock Dump Seepage Water Quality 
Drinking Water 

Guidelines 

Parameter  Units 
Average Baseline Groundwater 

Quality near the Pit Area 
Waste Rock Seepage 

Water Quality b 
Health 

Canada BC 
Sulphate mg/L 165 3690 500a 500a 
TDS mg/L 762 4574 500a 500a 
Fluoride mg/L 0.488 -- 1.5 1.5 
Chloride mg/L 8.22 -- 250a 250a 
Ammonia mg/L -- 0.0072 ng ng 
Nitrite-N mg/L 0.00836 0.46 3.2 1 
Nitrate-N mg/L 0.0336 217 45 10 
Acidity mg CaCO3/L 11.7 773 ng ng 
Alkalinity mg CaCO3/L 484 21.8 ng ng 
Dissolved Metals     
Aluminum mg/L 0.372 156 0.10a 0.10a 
Antimony mg/L 0.0021 0.1 0.006 0.006 
Arsenic mg/L 0.0187 0.654 0.01 0.025 
Barium mg/L 0.123 0.032 1 1 
Beryllium mg/L 0.000831 0.00638 ng ng 
Bismuth mg/L 0.000831 0.0025 ng ng 
Cadmium mg/L 0.0000963 0.011 0.005 0.005 
Calcium mg/L 69.5 275 ng ng 
Chromium mg/L 0.00191 0.0289 0.05 0.05 
Cobalt mg/L 0.00289 1.56 ng ng 
Copper mg/L 0.00335 34.4 1a 0.5 
Iron mg/L 0.742 17.8 0.3a 0.3a 
Lead mg/L 0.000202 0.0987 0.01 0.01 
Lithium mg/L 0.0144 0.0264 ng ng 
Magnesium mg/L 24.9 266 ng ng 
Manganese mg/L 1.73 4.9 0.05a 0.05a 
Mercury mg/L 0.0000098 0.0005 0.001 0.001 
Molybdenum mg/L 0.0128 0.0862 ng 0.25 
Nickel mg/L 0.00498 0.612 ng ng 
Potassium mg/L 3.96 6.25 ng ng 
Selenium mg/L 0.000565 0.1 0.01 0.01 
Silicon mg/L 5.83 5 ng ng 
Silver mg/L 0.0000196 0.0075 ng ng 
Sodium mg/L 172 80 200a 200a 
Tin mg/L 0.000416 0.1 ng ng 
Titanium mg/L 0.00689 0.5 ng ng 
Vanadium mg/L 0.00419 0.35 ng ng 
Zinc mg/L 0.00764 3.39 5a 5a 

Notes:  
Health Canada Drinking Water Guidelines: http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/index-eng.php#tech_doc 
BC Drinking Water Guidelines: http://www.env.gov.bc.ca/wat/wq/BCguidelines/approv_wq_guide/approved.html 
Guideline values are based on Total Metals, while predictions are based on Dissolved Metals 
ng = no guideline 
underline = value exceeds water quality guideline 
a = aesthetic guideline 
b: derived from Table 9.1-1 in Appendix 25, and the Year 19 waste rock dump composition (e.g., 21%= SNPR 0 to 0.5, 13% = 
SNPR 0.5 to 1.5, 47% = SNPR 1.5 to 2.5, 19% = SNPR>2.5) 
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As outlined in Figure 8.6-4, the open pit will act as a groundwater sink during operations, 
collecting approximately 90% of seepage from the WRD and low grade ore stockpile areas.  This 
will limit the potential for effects to groundwater, as all seepage into the open pit will be pumped to 
the processing plant and used as process water and/or stored in the TSF.  However, the particle 
tracking analysis from the MODFLOW hydrogeological model shows that there is a small section 
at the north end of the low grade ore stockpile where groundwater flows will bypass the pit and 
flow to Morrison Lake.  Groundwater modelling results estimate this seepage to be 84 m3/day, and 
that it will take 13 to 48 years for these groundwater flow paths to reach Morrison Lake.  Because 
this water discharges to Morrison Lake, the spatial extent of effects to groundwater are limited to a 
trapezoidal volume of approximately 3.4 Mm3 (a source zone of approximately 500 m expanding 
to a lake shore perimeter of approximately 1,000 m over a distance of approximately 1,500 m, 
confined within the top layer of the model, which is 3 m deep). 

The material in the low grade ore stockpile remaining at Year 19, when open pit mining ceases, 
will be processed during Years 20 and 21 of operations.  Therefore, at closure the stockpile will 
no longer be a loadings source for seepage and infiltration to groundwater and the ground surface 
of the low grade ore stockpile area will be reclaimed.  As well at closure, the WRD will be 
covered with a 1 m thick low permeability overburden cap and a 30 cm soil layer to promote 
revegetation and to minimize entry of surface water and therefore minimize ML/ARD.  The open 
pit will be allowed to refill naturally and flood, creating a pit lake.  The final pit lake elevation 
will be controlled at 728 masl.  This remains below baseline groundwater table levels and below 
Morrison Lake elevation (732 masl).  Therefore the flooded pit will continue to act as a 
groundwater sink through closure and post-closure.  As shown in Figure 8.6-5, particle tracking 
analysis for the post-closure scenario indicates that all seepage from the WRD will be contained 
within the pit lake.  Any excess seepage, runoff, precipitation, or other water sources (e.g., TSF 
pond discharge) entering the pit that would cause pit lake water levels to rise above 728 masl 
will be collected and treated before discharge to Morrison Lake. 

Based on the above discussion, without mitigation, seepage from the low grade ore stockpile to 
groundwater will begin during operations, and will continue until the end of operations (21 years), 
at which point the source will be removed.  It will take approximately 13 years for the first of this 
seepage to reach Morrison Lake via groundwater, and after the end of operations, up to another 
48 years for the last of the seepage water to reach the lake.  Therefore, the temporal extent of this 
effect on groundwater quality is estimated to be a maximum of approximately 69 years. 

Conservative predictions of the water quality indicate that the quality of this seepage will be very 
poor.  However, the potential effects are confined both spatially and temporally.  There are no 
existing water users in the study area that would be affected by these changes, and there is no 
expectation of future groundwater use.  The water quality may however affect water quality for 
aquatic resources.  Therefore, potential effects to groundwater quality from this seepage are 
considered moderate. 
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8.6.3.3 Spills of Oils, Solvents and Fuels 
During Project construction and operations, some of the mine facilities will be storing, 
consuming, and releasing accidental spills of oils, solvents, and fuels.  The greatest potential for 
spills will be in high use areas, including the open pit, the maintenance shop, the processing 
plant, and the explosives storage area.  These facilities will have containment structures for spills 
and leaks as well as proper collection and disposal systems.  Assuming appropriate management 
measures are in place, only minor spills are expected during the mine life (major spills are 
assessed in Chapter 9).  While spills are considered adverse, they will be highly localized, will 
involve remedial cleanup actions, and the extent of potential effects is considered minor. 

8.6.4 Mitigation and Management 
Water management is a key factor in the Project’s basic engineering design, and as such, many 
mitigation and management measures have already been incorporated into the Project as 
described above.  Substantial effort has been invested to develop Project infrastructure that 
minimizes effects to water quality.  This is accomplished by many factors, including: diverting 
water around the WRD and low grade ore stockpile to limit the volume of water that encounters 
waste rock and low grade ore; locating the water rock dump in an area that will naturally drain 
toward the open pit; using pit dewatering water in the processing plant, then storing it in the TSF 
and reclaiming it for process water; and collecting and recycling seepage through the tailings 
dams to the TSF.  Undertaking progressive reclamation during operations, and completing 
reclamation of the WRD at closure with a low permeability cover and maintaining a water cover 
on the tailings will limit the opportunity for long-term ML/ARD.   

For seepage from the low grade ore stockpile, a number of management strategies will be 
investigated to minimize seepage potential to groundwater and eventually to Morrison Lake.  
Potential management strategies include further investigation of the underlying till for suitability 
and quantity for use as a foundation barrier to seepage infiltration; if necessary, compacting the 
till during construction to decrease permeability and minimize infiltration, or installing a 
synthetic liner if compaction is not adequate or unfeasible, and installing a groundwater 
monitoring well network between the low grade ore stockpile and Morrison Lake.  These 
approaches would allow seepage through the low grade ore stockpile to be collected as surface 
runoff only, and managed along with surface runoff and pit dewatering water.  The groundwater 
monitoring well network would identify whether residual seepage to groundwater is occurring 
and if further management/mitigation is necessary to ensure that seepage to groundwater does 
not reach Morrison Lake. 

Spills of oils, solvents, and fuels are directly related to management measures including the 
environmental management plans (EMPs) that are developed, implemented, and enforced, and that 
are in place for day-to-day implementation by site personnel.  All facilities will be designed with 
appropriate containment structures for spills and leaks as well as proper collection and disposal 
systems.  Personnel will be trained in appropriate materials handling methods, and standard 
operating procedures will be developed to ensure their consistent application.  When spills do 
occur, personnel will follow established spill response protocols.  Further details regarding these 
management plans are discussed in the Environmental Management System (Chapter 13). 
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8.6.5 Significance of Residual Effects 

8.6.5.1 Seepage from the TSF 
Seepage to groundwater out the bottom of the TSF is predicted by the MODFLOW groundwater 
model to range from 81 m3/hr early in the mine life, to 208 m3/hr when the TSF is full.  
However, predictions of TSF water quality indicate that only a few key parameters (chloride, 
ammonia, nitrate, nitrite, molybdenum, and potassium) would be substantially elevated beyond 
the range of observed baseline conditions.  Therefore, the magnitude of the effect is considered 
medium.  The effect is considered local, as it will be confined to the area immediately below and 
surrounding the TSF.  The effect will be continuous and far-future, lasting long after closure.  
Over the long term, a steady state is expected to be established in the TSF, but this water quality 
is still expected to differ from baseline groundwater conditions, and therefore the effect is 
considered irreversible.  There are no existing groundwater users, with no expectation of future 
demand, and therefore the resilience of the system is considered neutral.  Based on these criteria, 
the significance of TSF seepage to groundwater quality is considered moderate. 

8.6.5.2 Seepage from the Waste Rock Dump and Low Grade Ore Stockpile 
During operations, approximately 90% of seepage through the WRD and low grade ore stockpile 
will be directed into the pit and pumped to the process plant and/or TSF.  The other 10% 
(primarily from the low grade ore stockpile) could bypass the pit and flow via groundwater 
towards Morrison Lake.  Given the ML/ARD potential of the waste rock and low grade ore 
stockpile, the magnitude of the effect of this seepage on groundwater quality is considered high.  
However, management strategies will be employed to limit potential for infiltration and capture 
the seepage.  These methods will allow most of this seepage to be collected and managed with 
other seepage water.  For any residual seepage that is not captured by these mitigation/ 
management measures, the magnitude is considered low.  Even without the management 
measures, the spatial extent of effects is limited to a very local area.  Seepage production will be 
continuous through operations, but will cease at closure, as the source (low grade ore stockpile) 
will be removed.  Based on these criteria, the significance of waste rock seepage/low grade ore 
stockpile seepage to groundwater is considered minor. 

8.6.5.3 Spills of Oils, Solvents, and Fuels 
Through good management, proper training, and conscientious personnel, spills of oils, solvents, 
and fuels will be limited in number and size; therefore, the magnitude of the effect is considered 
low and the frequency sporadic.  With prompt response, spills will be highly localized, such that 
the geographic extent of potential effects is considered local.  Effects from minor spills will be 
short term and reversible.  Based on these criteria, the significance of spills of oils, solvents, and 
fuels to groundwater quality is considered negligible. 

8.6.6 Likelihood of Effects 

8.6.6.1 Probability of Occurrence 
The TSF is a fundamental component of the Project design and TSF seepage will have a direct 
cause-effect relationship on groundwater quality.  The probability of occurrence is therefore high. 
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For seepage from the low grade ore stockpile, management measures should be successful in 
collecting this water, such that effects are avoided.  However, there is a moderate likelihood that 
at least some seepage will reach the groundwater system, and therefore the probability of 
occurrence is considered medium. 

For seepage from the WRD which is a fundamental Project feature, a direct cause-effect 
relationship exists for entry of this seepage to the open pit after mining ceases.  The probability 
of occurrence is therefore high. 

Over the life of the Project there is a high likelihood that at least a few small spills will occur. 

8.6.6.2 Confidence Levels  
Modelling groundwater and contaminant transport and prediction of future water quality are 
complex tasks that require many simplifying assumptions.  Wherever possible, conservative 
assumptions were made to ensure a reasonable assessment; however, as outlined in Table 8.6-2, 
there is often substantial variability between base case and upper/lower bound estimates.  
Therefore, the confidence level of the assessment is considered intermediate. 

8.6.6.3 Assessment Assumptions  
This assessment was primarily based on a comparison of existing baseline groundwater 
conditions with the results from MODFLOW modelling of changes to groundwater within the 
study area from the Project mine plan, and on predictions of TSF, waste rock and low grade ore 
seepage water quality.  Detailed description of the MODFLOW model and all basic assumptions 
are provided in Appendix 25.  Assumptions used to estimate source water quality are described 
in the ML/ARD report (Appendix 15) and Water Balance/Water Quality Report (Appendix 23). 

 



 

 

Table 8.6-5 
Morrison Copper/Gold Project: Groundwater Quality Effects Assessment Summary Table 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Seepage to 
groundwater from 
the TSF 

TSF Operation Adverse Moderate Monitoring of 
groundwater 

around TSF area 

Yes Increased levels 
of chloride, 
ammonia, 

nitrate, nitrite, 
molybdenum, 

and potassium to 
groundwater 

Medium Local Long-term Continuous Irreversible Neutral Moderate High Intermediate 

   Closure Adverse Moderate Monitoring of 
groundwater 

around TSF area 

Yes Increased levels 
of chloride, 
ammonia, 

nitrate, nitrite, 
molybdenum, 

and potassium to 
groundwater 

Medium Local Short-term Continuous Irreversible Neutral Moderate High Intermediate 

   Post-Closure Adverse Moderate Monitoring of 
groundwater 

around TSF area 

Yes Increased levels 
of chloride, 
ammonia, 

nitrate, nitrite, 
molybdenum, 

and potassium to 
groundwater 

Medium Local Far Future Continuous Irreversible Neutral Moderate High Intermediate 

Seepage to 
groundwater from 
Waste Rock Dump 
and Low Grade Ore 
Stock Pile 

Waste Rock 
Dump  

Open Pit 
Low Grade Ore 

Stockpile 

Operation Adverse Moderate Most seepage 
drains to the open 
pit.  This water is 

pumped to the 
TSF during 
operation. 

Methods will be 
investigated for 

preventing 
seepage from the 

low grade ore 
stockpile from 
entering the 
groundwater 

system, as this 
seepage could 

bypass the pit and 
move toward 

Morrison Lake. 

Yes Residual 
seepage from 
low grade ore 

stockpile enters 
groundwater 

during operation 
(source is 

removed at 
closure). 

Low Local Long-term Continuous Reversible 
Long-term 

Neutral Minor Medium Intermediate 

   Post-Closure Neutral Minor All seepage from 
the waste rock 

dump will drain to 
the open pit.  

Excess water will 
be treated, then 

released to 
Morrison Lake. 

No           

Spills of solvents, 
oils and fuels 

All Construction Adverse Minor Management 
plans for materials 
handling and spill 

response; 
standard operating 
procedures; staff 

training. 

Yes Introduction of 
contaminants to 

groundwater 

Low Local Short-term Sporadic Reversible 
Short-term 

Neutral Negligible High Intermediate 

(continued) 



 

 

Table 8.6-5 
Morrison Copper/Gold Project: Groundwater Quality Effects Assessment Summary Table (completed) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

   Operation Adverse Minor Management 
plans for materials 
handling and spill 

response; 
standard operating 
procedures; staff 

training. 

Yes Introduction of 
contaminants to 

groundwater 

Low Local Long-term Sporadic Reversible 
Short-term 

Neutral Negligible High Intermediate 

   Closure Adverse Minor Management 
plans for materials 
handling and spill 

response; 
standard operating 
procedures; staff 

training. 

Yes Introduction of 
contaminants to 

groundwater 

Low Local Short-term Sporadic Reversible 
Short-term 

Neutral Negligible High Intermediate 
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8.7.5 Significance of Potential Residual Effects 
The significance of potential effects is assessed below.  The assessment considers the magnitude, 
spatial extent, duration, frequency, reversibility, and resilience of the potential effects as defined 
in Section 5.5.6.  The assessment also considers the probability of occurrence and discusses the 
confidence limits of the assessment.  A summary of the entire assessment of groundwater 
quantity is provided in Table 8.7-5. 

8.7.5.1 Open Pit Area 
Effects to groundwater quantity in the open pit area are continuous, starting at construction and 
reaching a maximum at the end of operations.  The spatial extent will be local, limited to the area 
within the cone of depression.  The actual configuration of the cone of depression may vary from 
the modelled outcome depending on actual geological conditions and the efficacy of dewatering 
mechanisms (pumping wells or in pit horizontal drains).  After operations, a new steady-state 
groundwater level is expected to establish in the open pit area as the pit refills; however, the 
groundwater table elevation in the area will remain lower than baseline groundwater conditions.  
Therefore, the effect is considered far-future and irreversible.  The resilience of the system is 
considered high.  There are no existing groundwater users within the Project area, and no 
expectation of future demand.  The significance of changes in groundwater table elevation on 
overall groundwater quantity is considered major during operations, but negligible post-closure. 

Pit dewatering during operations, reversing the hydraulic gradient between the open pit and 
Morrison Lake and causing the local flow to go in the opposite direction of the regional flow, 
will cause a residual effect.  This will be of greatest magnitude at the end of operations, but will 
decrease once mining ceases and the pit refills.  The magnitude of this residual effect on 
groundwater flow around the open pit area in the post-closure phase of the Project is medium 
because locally, the flow between the pit lake and Morrison Lake will remain reversed to keep 
pit lake water from releasing into Morrison Lake.  In the long term, this will affect the 
groundwater flow locally (e.g., only in the specific location between the open pit and the 
Morrison Lake) and no other activity will be affected by this local change.  Therefore, the 
significance is considered major during operations, but negligible in closure. 

At Year 19, the maximum pit dewatering rate will be 291 m3/hr.  The groundwater contribution 
to this pumping is 264 m3/hr, causing a residual effect on local groundwater aquifer storage 
during operations only.  The spatial extent is also local, in the immediate pit area.  The effect will 
be continuous, but reversible.  The significance of this effect is major during the operations 
phase; however, the effect becomes negligible during post-closure once the pit lake is refilled 
and the groundwater table is recovered.  The long-term net effect on groundwater table is 
therefore considered to be negligible after dewatering and groundwater table rebound. 

8.7.5.2 Tailings Storage Facility Area 
The groundwater table in the TSF area will be slightly modified in the northwestern part of the 
TSF.  This residual effect will occur as the tailings pond is filled through mining operations to a 
maximum volume at closure.  This effect is of low magnitude because the baseline groundwater 
level in the TSF area is high, near the ground surface or artesian.  The spatial extent of the effect 
will be local, with the elevated groundwater table increasing the seepage from the tailings pond.  
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The effect will be continuous and irreversible.  The resilience of the system is considered neutral.  
However, as there are no existing groundwater users, no expected future demand, and given the 
low magnitude and limited spatial extent, the significance of changes to the groundwater table 
elevation and groundwater recharge in the TSF area are considered negligible. 

8.7.5.3 Diversion and Collection Ditches 
The potential residual effects caused by the diversion and collection ditches on groundwater 
quantity are of negligible significance and reversible.  The magnitude is low and they are of short 
duration. 

8.7.6 Likelihood of Effects 

8.7.6.1 Probability of Occurrence 
Both the open pit and the TSF are necessary structures in the mine plan.  The effects that they 
will have on groundwater quantity are directly related with the mine operation activities and the 
probability of occurrence for the effects that they will have on the groundwater table and the 
groundwater flow is therefore high.  

The diversion ditches are also inherent Project components, but the probability of occurrence for 
the effects that they will have on groundwater quantity depends on factors for which no or very 
little information is currently available (e.g., the quantity of water that will be diverted and the 
quantity of groundwater that will bypass those ditches to remain in the groundwater system).  
Despite that, the probability of occurrence of the effects caused by the diversion ditches is low. 

8.7.6.2 Confidence Levels  
Groundwater modelling for a large Project study area is complex and includes simplifying 
assumptions.  The confidence in the groundwater modelling results and this groundwater 
quantity effects assessment could be improved through collecting and using additional 
data/information.  Therefore, the confidence level of this assessment is intermediate. 

8.7.6.3 Assessment Assumptions  
This groundwater quantity effects assessment was based on a comparison of existing baseline 
groundwater conditions as described in the groundwater baseline report provided in Appendix 24 
with the results from MODFLOW hydrogeological modelling in Appendix 25 of changes to 
groundwater within the study area for the Project mine plan.  This report also reflects the 
information and assumptions presented in the water management plan (Section 4.24). 



 

 

Table 8.7-5 
Morrison Copper/Gold Project: Groundwater Quantity Effects Assessment Summary Table 

Description 
Project  

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects? 

Description of 
Residual 
Effects Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 
Effects on Groundwater Table (Levels) 

Decrease in 
groundwater table 
adjacent to the open 
pit. 

Open Pit dewatering Operation Adverse Major Optimize pit dewatering 
rates via pre-operation 

hydrogeological field studies 
and operations monitoring 

and adaptive management. 

Yes At year 19, the 
groundwater 

table drawdown 
extends a 

maximum of 2 
km from the pit 
and at the pit to 
maximum depth 

of 372 mbgs. 

Medium Local Medium-
term 

Continuous Reversible 
Short-term 

High Major High Intermediate 

Increase in 
groundwater table in 
and adjacent to the 
open pit to near pre-
mining baseline. 

Open Pit refilling Closure 
Decommissioning 

Beneficial Major Groundwater table returns 
back to near baseline after 

pumping stops. None 
required. 

No Groundwater 
table returns to 

elevation slightly 
lower than 
baseline 

groundwater 
table. 

Medium Local Short-
term 

Continuous Irreversible High Negligible High Intermediate 

   Post-Closure Beneficial Major Groundwater table returns 
back to near baseline after 

pit dewatering pumping 
stops. Maintain pit lake level 

once pit refills. 

Yes Groundwater 
table returns to 

elevation slightly 
lower than 
baseline 

groundwater 
table. 

Medium Local Far 
Future 

Continuous Irreversible High Negligible High Intermediate 

Increase in 
groundwater table 
and flows beneath 
and surrounding the 
TSF. 

TSF seepage into 
groundwater 

Operation Neutral Minor Maintain water cover in TSF. Yes Groundwater 
table rises 

above baseline 
permanently. 

Low Local Medium-
term 

Continuous Irreversible High Negligible High Intermediate 

   Closure 
Decommissioning 

Neutral Minor Maintain water cover in TSF. Yes Groundwater 
table rises 

above baseline 
permanently. 

Low Local Short-
term 

Continuous Irreversible High Negligible High Intermediate 

   Post-Closure Neutral Minor Maintain water cover in TSF. Yes Groundwater 
table rises 

above baseline 
permanently. 

Low Local Far 
Future 

Continuous Irreversible High Moderate High Intermediate 

Minor local changes 
in groundwater table 
caused by surface 
water management 
(collection & 
diversion) 

Diversion / collection 
ditches 

Construction Neutral Minor None required. Yes Localized minor 
groundwater 

table changes 
near surface 

water collection / 
diversion 
ditches. 

Low Local Short-
term 

Continuous Reversible 
Short-term 

High Negligible Medium Intermediate 

(continued) 

 



 

 

Table 8.7-5 
Morrison Copper/Gold Project: Groundwater Quantity Effects Assessment Summary Table (continued) 

Description 
Project  

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects? 

Description of 
Residual 
Effects Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 
   Operation Neutral Minor None required. Yes Localized minor 

groundwater 
table changes 
near surface 

water collection / 
diversion 
ditches. 

Low Local Medium-
term 

Continuous Reversible 
Short-term 

High Negligible Medium Intermediate 

   Closure 
Decommissioning 

Neutral Minor Decommission collection / 
diversion ditches if no longer 

required. 

Yes Localized minor 
groundwater 

table changes 
near surface 

water collection / 
diversion 
ditches. 

Low Local Short-
term 

Continuous Reversible 
Short-term 

High Negligible Medium Intermediate 

   Post-Closure Neutral Minor Decommission collection / 
diversion ditches if no longer 

required. 

Yes Localized minor 
groundwater 

table changes 
near surface 

water collection / 
diversion 
ditches. 

Low Local Far 
Future 

Continuous Reversible 
Short-term 

High Negligible Medium Intermediate 

Effects on Groundwater Flow Patterns 
Increase and change 
of direction of 
groundwater flows 
towards the open pit. 

Open Pit dewatering Operation Adverse Moderate Optimize pit dewatering 
rates via pre-operation 

hydrogeological field studies 
and operations monitoring 
and adaptive management 

Yes At year 19, the 
pit dewatering 

cone of 
depression 
extents to a 
maximum 

distance of 2 km 
from the ultimate 

pit rim. 

Medium Local Medium-
term 

Continuous Reversible 
Short-term 

High Major High Intermediate 

Increase and change 
of direction of 
groundwater flows 
towards the open pit. 

Open Pit refilling Closure 
Decommissioning 

Beneficial Moderate Groundwater table returns 
back to near baseline after 

pumping stops. None 
required. 

No Groundwater 
table returns to 

elevation slightly 
lower than 
baseline 

groundwater 
table. 

Medium Local Short-
term 

Continuous Irreversible High Negligible High Intermediate 

   Post-Closure Beneficial Minor Groundwater table returns 
back to near baseline after 

pit dewatering pumping 
stops. Maintain pit lake level 

once pit refills. 

Yes Groundwater 
table returns to 

elevation slightly 
lower than 
baseline 

groundwater 
table. 

Medium Local Far 
Future 

Continuous Irreversible High Negligible High Intermediate 

Change in 
groundwater flow 
patterns beneath and 
surrounding the TSF. 

TSF seepage to 
groundwater 

Operation Neutral Minor None required. Yes Groundwater 
table rises 

above baseline 
permanently. 

Low Local Medium-
term 

Continuous Irreversible High Negligible High Intermediate 

(continued) 



 

 

 

Table 8.7-5 
Morrison Copper/Gold Project: Groundwater Quantity Effects Assessment Summary Table (continued) 

Description 
Project  

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects? 

Description of 
Residual 
Effects Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 
   Closure 

Decommissioning 
Neutral Minor None required. Yes Groundwater 

table rises 
above baseline 
permanently. 

Low Local Short-
term 

Continuous Irreversible High Negligible High Intermediate 

   Post-Closure Neutral Minor None required. Yes Groundwater 
table rises 

above baseline 
permanently. 

Low Local Far 
Future 

Continuous Irreversible High Negligible High Intermediate 

Minor local changes 
in groundwater table 
caused by surface 
water management 
(collection and 
diversion). 

Diversion / collection 
ditches 

Construction Adverse Minor None required. Yes Localized minor 
groundwater 

table changes 
near surface 

water collection / 
diversion 
ditches. 

Low Local Short-
term 

Continuous Reversible 
Short-term 

High Negligible Medium Intermediate 

   Operation Adverse Minor None required. Yes Localized minor 
groundwater 

table changes 
near surface 

water collection / 
diversion 
ditches. 

Low Local Medium-
term 

Continuous Reversible 
Short-term 

High Negligible Medium Intermediate 

   Closure 
Decommissioning 

Adverse Minor Decommission collection / 
diversion ditches if no longer 

required. 

Yes Localized minor 
groundwater 

table changes 
near surface 

water collection / 
diversion 
ditches. 

Low Local Short-
term 

Continuous Reversible 
Short-term 

High Negligible Medium Intermediate 

   Post-Closure Neutral Minor Decommission collection / 
diversion ditches if no longer 

required. 

Yes Localized minor 
groundwater 

table changes 
near surface 

water collection / 
diversion 
ditches. 

Low Local Far 
Future 

Continuous Reversible 
Short-term 

High Negligible Medium Intermediate 

Effects on Groundwater Aquifer Storage 
Net decrease in 
aquifer storage 
surrounding the open 
pit. 

Open Pit dewatering Operation Adverse Major Optimize pit dewatering 
rates via pre-operation 

hydrogeological field studies 
and operations monitoring 
and adaptive management 

Yes At year 19, the 
maximum pit 

dewatering rate 
is 291 m3/hr. 

The 
groundwater 

contribution is 
91% or 264 

m3/hr. 

Medium Local Medium-
term 

Continuous Reversible 
Short-term 

High Major High Intermediate 

(continued) 

 



 

 

Table 8.7-5 
Morrison Copper/Gold Project: Groundwater Quantity Effects Assessment Summary Table (completed) 

Description 
Project  

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects? 

Description of 
Residual 
Effects Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 
Net decrease in 
aquifer storage 
surrounding the open 
pit. 

Open Pit refilling Closure 
Decommissioning 

Beneficial Major Groundwater table returns 
back to near baseline after 

pumping stops. None 
required. 

No  Medium Local Short-
term 

Continuous Irreversible High Negligible High Intermediate 

   Post-Closure Beneficial Major Groundwater table returns 
back to near baseline after 

pit dewatering pumping 
stops. Maintain pit lake level 

once pit refills. 

Yes  Medium Local Medium-
term 

Continuous Irreversible High Negligible High Intermediate 

Net increase in 
groundwater aquifer 
storage beneath and 
surrounding the TSF. 

TSF seepage to 
groundwater 

Operation Neutral Minor Maintain water cover in TSF. Yes Groundwater 
table rises 

above baseline 
permanently. 

Low Local Medium-
term 

Continuous Irreversible High Negligible High Intermediate 

   Closure 
Decommissioning 

Neutral Minor Maintain water cover in TSF. Yes Groundwater 
table rises 

above baseline 
permanently. 

Low Local Short-
term 

Continuous Irreversible High Negligible High Intermediate 

   Post-Closure Neutral Minor Maintain water cover in TSF. Yes Groundwater 
table rises 

above baseline 
permanently. 

Low Local Far 
Future 

Continuous Irreversible High Negligible High Intermediate 

Minor local changes 
in groundwater 
aquifer storage 
caused by surface 
water management 
(collection and 
diversion). 

Diversion / collection 
ditches 

Construction Adverse Minor None required. Yes Localized minor 
groundwater 

table changes 
near surface 

water collection / 
diversion 
ditches. 

Low Local Short-
term 

Continuous Reversible 
Short-term 

High Negligible Medium Intermediate 

   Operation Adverse Minor None required. Yes Localized minor 
groundwater 

table changes 
near surface 

water collection / 
diversion 
ditches. 

Low Local Medium-
term 

Continuous Reversible 
Short-term 

High Negligible Medium Intermediate 

   Closure 
Decommissioning 

Adverse Minor Decommission collection / 
diversion ditches if no longer 

required. 

Yes Localized minor 
groundwater 

table changes 
near surface 

water collection / 
diversion 
ditches. 

Low Local Short-
term 

Continuous Reversible 
Short-term 

High Negligible Medium Intermediate 

   Post-Closure Neutral Minor Decommission collection / 
diversion ditches if no longer 

required. 

Yes Localized minor 
groundwater 

table changes 
near surface 

water collection / 
diversion 
ditches. 

Low Local Far 
Future 

Continuous Reversible 
Short-term 

High Negligible Medium Intermediate 
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8.8 Sediment Quality 
This effects assessment considers potential effects to sediment quality from the Project activities.  
Sediment quality includes the physical and chemical properties of sediments and is an indicator 
of long-term patterns in water quality.  At least two years of data from baseline studies are 
available for various exposure and reference sites within the Project area (with the exception of 
sites associated with the transmission line as they were only sampled in 2008).  Results from 
sediment quality baseline studies are summarized in Section 7.8.     

Sediment quality is an integral habitat component for benthic organisms (i.e., invertebrates, 
algae, and fish); the results of this effects assessment are also relevant to the aquatic resources 
(Section 8.9) and the fish and fish habitat (Section 8.10) effects assessments.  The link between 
sediment quality and water quality (Section 8.4) effects results in the effects to sediment quality 
as a subset of the effects assessed for water quality. 

The EA approach used in this assessment is similar to that described for the Project as a whole 
(Chapter 5).  The potential effects on sediment quality were assessed to identify mitigation and 
monitoring needs.  The issues related to various Project activities were assessed for potential 
effects to sediment quality using models, professional judgment, and established guidelines for the 
protection of aquatic life.  Throughout the assessment, it is assumed that construction, transport, 
storage, drainage/discharge, and sewage treatment/disposal activities will use appropriate 
technology and BMPs to properly mitigate and/or minimize effects.  Sufficient baseline 
information is available to monitor for potential future impacts to sediment quality, and there are 
no critical data gaps identified for this assessment. 

8.8.1 Issues Scoping 
The sediment quality effects assessment considers all the potential effects from Project activities 
for the protection of aquatic life (CCME 1999; BC MOE 2006b).  Baseline studies assessing the 
physical and chemical composition of sediment (Appendices 26 and 27) have been conducted 
since 2006 on the various streams and lakes/ponds in the Project area.  The objective of these 
baseline studies was to develop a dataset to accurately characterize baseline conditions.  Project 
issues with the potential to affect sediment quality are a subset of the issues relevant to surface 
water quality because the chemistry of the overlying water influences sediment chemistry.  These 
issues include: 

• effects of blasting and its associated residues, in particular, nitrogen, nitrate, nitrite, and 
ammonia; 

• siltation (e.g., land clearing, open pits, runoff along proposed access routes, transmission 
lines, drainage ditches, and potential direct discharge into the aquatic environment); 

• contaminant loading and dispersion (including surface runoff and airborne contaminants); 

• ML/ARD and geochemistry; 

• waste rock chemistry and toxicity, runoff characteristics, and the implications for the 
downstream receiving environment. 
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These issues will be considered during all Project phases (construction, operations, closure, and 
post-closure). 

8.8.2 Boundaries 

8.8.2.1 Spatial 
Spatial boundaries reflect the various Project components, which in the case of sediment quality 
include streams and lakes/ponds near the: 

• transmission line corridor (~24 km), including downstream area to Babine Lake; 

• mine site and TSF; 

• Morrison Lake and Morrison Creek adjacent to and downstream of the mine site and TSF. 

The total study area covers approximately 16,196 ha (Figure 8.8-1).  Similar to water quality, the 
potential effects on sediment quality are generally considered to occur at the point of impact and 
for some distance downstream.  Therefore, the spatial boundary for this effects assessment 
include all streams crossed by the transmission line, road, pit and tailings footprint, as well as the 
downstream waterbodies of Morrison Lake and Morrison Creek. 

8.8.2.2 Temporal 
The Project has an approximate planned life of 25 years.  The temporal boundaries for the 
sediment quality Project effects assessment follow the time period of the four respective phases 
of the Project: 

• construction (2 years) 

• operations and maintenance (estimated 21 years) 

• decommissioning and closure (approximately 2 years) 

• post-closure (>50 years) 

The time period considered for the post-closure phase considers that some effects (e.g., acid rock 
drainage and discharge from the TSF) can extend well into the post-closure phase and will 
require future monitoring.  

8.8.3 Valued Environmental Components 
Sediment quality is a VEC because of its relationship with water quality and its importance to 
various groups of aquatic resources that have regular or continuous contact with stream and lake 
sediments (i.e., periphyton, macrophytes, benthic invertebrates, and fish; Section 7.8).  These 
aquatic resources form the foundation of aquatic food webs supporting fish and other organisms 
(including humans) that require a healthy aquatic ecosystem. 
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Sediment particles and pore water within the sediment can act as sinks for various contaminants, 
while changing environmental conditions and disturbance of stream and lakebeds can release 
them back into the aquatic environment.  The CCME outlines guidelines that, if implemented, 
inhibit the degradation of sediment quality.   

Depositing soil particles (erosion) into the aquatic environment may result in altered chemical 
loadings (metals, nutrients) or physical changes to benthic habitats. 

8.8.4 Identification and Description of Potential Effects 
Potential effects to sediment quality originating from Project activities are discussed in this 
section.  The Project components associated with these effects include the transmission line 
corridor, the mine site (pit facility and tailings facility), and the access road.  The potential 
effects to sediment quality are a subset of the surface water quality effects, which are discussed 
in Section 8.4.  These potential effects include surface runoff and siltation, ML/ARD from waste 
rock piles, and the direct discharge (primarily as treated sewage effluent, draining Booker Lake 
and Ore Pond) of potential contaminants into waterbodies. 

Table 8.8-1 gives a description of the extent of potential effects, prior to mitigation, used for the 
sediment quality effects assessment.  A summary of the potential effects from the various Project 
components and their extent are in Table 8.8-2.   

Table 8.8-1 
Description of the Extent of Potential Effects  

Negligible Very slight change from the baseline conditions such that no discernible effect upon the 
local ecology/environment results.  No change in ecological classification. 

Minor Small but noticeable shift away from the baseline conditions.  Changes in environmental 
quality, etc., are likely to be relatively small, or be of a minor temporary nature such that 
ecology or environmental characteristics are slightly affected.  Equivalent to minor but 
measurable change within a class. 

Moderate A significant and noticeable shift from the baseline conditions that may be long term; or a 
high degree of change for a temporary period.  Results in a change in ecological status. 

Major Major shift away from the baseline conditions, fundamental change to environmental 
conditions.  May include a relatively high degree of change for a long-term period, or by a 
very high amount for a shorter episode.  Ecology or environmental quality is greatly changed 
from the baseline situation. 

 

8.8.4.1 Surface Runoff and Siltation Contaminant Loading 
Activities associated with each Project phase could adversely affect sediment quality by shifting 
away from baseline conditions to some degree.  The Project activities during the construction 
and operations phases will increase disturbance to terrestrial soils and plants.  The result is an 
increased potential for accelerated erosion rates leading to greater surface runoff.  Left 
unmitigated, surface runoff will increase contaminant inputs to surface water with the release of 
organic material and the inorganic fraction of terrestrial soils.  Pulses of runoff (rain or spring 
thaw events) will encourage siltation (increase of TSS) in the water column, which can 
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ultimately change the chemical and physical structure of sediments.  Because metals are known 
to bind to organic material (Brady 1990), the contribution of surface runoff to organic inputs 
could also result in an increase in metal concentrations in sediments. 

The extent to which these effects could degrade sediment quality is considered moderate during 
construction and operations for the mine site.  The extent of effects to the access road and 
transmission line Project components (all phases) and the mine site during closure and post-
closure phases is considered negligible.  This rating reflects the assumed activity levels and 
disturbance associated with each Project phase.  Potential effects will likely be seasonably 
variable because the increased water flow during annual freshet and rain events will increase 
potential for surface runoff and siltation inputs. 

8.8.4.2 Metal Leaching and Acid Rock Drainage  
When exposed to oxygen and water, freshly exposed rock will naturally weather and leach water 
soluble compounds.  Crushing and redistributing large quantities of rock can accelerate these 
processes.  Sulphide mineral oxidation can create ARD if sufficient quantities of neutralizing 
minerals are not available.  In the event that acidic drainage forms, the lower pH can create 
higher rates of ML.  However, ML can also occur at sites of neutral and alkaline drainage.  The 
details of the Phase 1 environmental geochemistry study of surface samples is in Appendix 15.  
Appendix 15 outlines the predictions for waste rock to potentially generate acid conditions, 
which could drain from the waste rock piles near the mine site potentially degrading surface 
water quality (and sediment quality over time) by ML/ARD.  As disturbed rock weathering 
continues through the Project phases, the potential for ML/ARD will increase.  As the WRD is 
within the open pit catchment and ore stock pile, most of the ML/ARD generated by the WRD 
will be collected and diverted into the pit.   

Because the disturbance level with respect to exposing new rock will be low for the access road 
and the transmission line, the extent of potential ML/ARD effects is considered negligible for 
these Project components during all phases.  The extent of this potential effect to sediment 
quality at the mine site (all phases) is considered low and may require mitigation and monitoring 
for several years during the post-closure phase.  This is less than the extent of the potential effect 
on surface water quality primarily because this effect would be seen in water samples for some 
time period before it accumulates in sediments. 

8.8.4.3 Discharge and Spill Contaminant Loading 
Discharges into the aquatic environment could reduce sediment quality through the introduction of 
contaminated materials.  During all phases of the Project the extent of discharges or spills is 
considered negligible to sediment quality for both the access road and the transmission line. 

The surface water quality effects assessment (Section 8.4) contains a full discussion of the 
discharges anticipated during construction and operations (i.e., seepage from the TSF, draining 
Booker Lake and Ore Pond, releasing treated effluent and accidental spills).  Individually, each of 
these activities would be considered negligible to sediment quality but collectively the extent of 
these potential effects during the construction and operations phases is considered moderate.  In 
addition, the single point of discharge from the TSF during the closure and post-closure phases is 
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considered to have a moderate potential effect on the downstream sediment quality primarily 
because the predicted water quality in the TSF (Appendix 22) during this phase exceeds several 
available CCME and BC water quality guidelines.  

8.8.5 Mitigation, Enhancement, and Management Measures 
Mitigation and management measures are offered as recommendations and will be refined during 
the Project permitting phase.  This section describes the general techniques to mitigate and 
manage effects to sediment quality arising from disturbed areas during the construction, 
operations, closure, and post-closure Project phases. 

For each of the identified potential effects, BMPs will be implemented as the basis for all work 
undertaken, particularly when working in or around water.  Examples of BMPs to preserve 
sediment quality include: 

• endeavouring to keep existing vegetation intact wherever possible, as it will provide 
significant benefits for surface runoff and siltation management; 

• implementing a spill contingency and emergency response plan; 

• implementing a waste management plan; 

• implementing a sediment and erosion control plan; 

• using silt fences during construction near open water to capture bulk sediment loadings 
that could spill into adjacent waterways during construction; 

• using sedimentation control ponds; 

• meeting licence requirements for any water use (BC MOE), Water Stewardship Division) 
or sewage discharge (BC MOE, Environmental Protection Division);  

• engaging in regular environmental monitoring. 

8.8.6 Potential Residual Effects 
Residual effects to sediment quality are those that are predicted to persist after mitigation.  This 
may occur if the effect has a rating for several criteria above the lowest possible rating (i.e., a 
medium rather than a negligible rating).  The standardized criteria for describing residual effects 
include: 

• magnitude 

• geographic extent 

• duration 

• frequency 

• reversibility 

• resilience 
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The descriptors for these criteria (i.e., moderate, local, short term, etc.) are described in 
Table 5.1-5 of Section 5.  All residual effects to sediment quality were generally assessed as 
having a local geographic extent, sporadic frequency, and either a negligible or low magnitude 
(Table 8.8-2).  The duration of most residual effects will be short term and have a short-term 
reversibility except for ML/ARD at the mine site.  If this effect were to persist beyond mitigation 
it could last for at least 25 years (medium term) with a long-term reversibility.  Most effects were 
assessed as having a high resilience.  A neutral resilience is predicted for ML/ARD effects (all 
phases) at the mine site.  

8.8.6.1 Significance and Likelihood of Residual Effects 
The significance of most residual effects to sediment quality was assessed as negligible with one 
exception that was assessed as minor (Table 8.8-2).  ML/ARD effects at the mine site (all 
phases) were assessed as having a minor significance.  The probability of occurrence is low for 
this effect because the WRD is in the catchment for the open pit and surface water interception is 
proposed.  

8.8.6.2 Confidence Levels 
Based on the current available information the confidence level in the predictions made for this 
effects assessment is high for almost all effects.  Where this was not the case (effects at the mine 
site for ML/ARD and discharges; all phases) a confidence level of intermediate was chosen. 
Using an intermediate level of confidence primarily reflects the need for more information.   

In the case of ML/ARD effects, additional static and field kinetic testing will be required to 
confirm PAG and not-PAG content of waste rock and storage details.  Because discharges from 
the Project will be permitted, effects to sediment quality should be negligible.  However, an 
intermediate level of confidence is associated with discharge activity during all phases primarily 
based on the temporary, but yet to be defined location for the discharge of treated sewage 
effluent during the construction phase.   

8.8.7 Assumptions 
The following assumptions have been made while considering effects to sediment quality: 

• Treated sewage effluent may be discharged into a wetland area or tiled drainage field 
(Section 15.7) from a temporary STP during the construction phase (360 persons).  

• Sewage during operations will be disposed of in the TSF via the tailings pipeline. 

• All infrastructure on mine site will cross streams along existing bridges and culverts. 

 



 

 

Table 8.8-2  
Morrison Copper/Gold Project:  Sediment Quality Effects Assessment Summary Table 

Description 
Project 

Component(s) 
Project 

Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects? 

Description of  
Residual Effects Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 
Surface runoff 
and siltation 
contaminant 
loading 

Mine site Construction 
and 

operations 

Adverse Minor Silt fences; 
best 

management 
practices; 

environmental 
monitoring; 

erosion 
management 

plan 

Yes Introduced 
materials/chemicals 

changing the 
substrate and 

resulting in degraded 
sediment quality 

Low Local Short-
term 

Sporadic Reversible 
Short-term 

High Negligible Low High 

 Mine site Closure and 
post-closure 

Adverse Negligible Silt fences; 
best 

management 
practices; 

environmental 
monitoring; 

erosion 
management 

plan 

Yes Introduced 
materials/chemicals 

changing the 
substrate and 

resulting in degraded 
sediment quality 

Negligible Local Short-
term 

Sporadic Reversible 
Short-term 

High Negligible Low High 

  Access 
road/transmission 

line 

Construction, 
operations, 
closure and 
post-closure 

Adverse Negligible Silt fences; 
best 

management 
practices; 

environmental 
monitoring; 

erosion 
management 

plan 

Yes Introduced 
materials/chemicals 

changing the 
substrate and 

resulting in degraded 
sediment quality 

Low Local Short-
term 

Sporadic Reversible 
Short-term 

High Negligible Low High 

Metal leaching 
and Acid Rock 
Drainage 
(ML/ARD) 
contamination 

Mine site Construction, 
operations, 
closure and 
post-closure 

Adverse Low ML/ARD 
assessment of 

rock and 
substrates, 
appropriate 

use/storage of 
excavated 
materials, 

avoiding acid-
generating 
sources, 

environmental 
monitoring. 

Yes ML/ARD resulting in 
degraded sediment 

quality 

Low Local Medium-
term 

Sporadic Reversible 
Long-term 

Neutral Minor Low Intermediate 

  (continued) 



 

 

Table 8.8-2  
Morrison Copper/Gold Project:  Sediment Quality Effects Assessment Summary Table (completed) 

Description 
Project 

Component(s) 
Project 

Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects? 

Description of  
Residual Effects Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 
  Access 

road/transmission 
line 

Construction, 
operations, 
closure and 
post-closure 

Adverse Negligible ML/ARD 
assessment of 

rock and 
substrates, 
appropriate 

use/storage of 
excavated 
materials, 

avoiding acid-
generating 
sources, 

environmental 
monitoring. 

Yes ML/ARD resulting in 
degraded sediment 

quality 

Negligible Local Short-
term 

Sporadic Reversible 
Short-term 

High Negligible Low High 

Discharges 
and spills and 
associated 
water 
chemistry 
effects 

Mine site Construction, 
operations, 
closure and 
post-closure 

Adverse Moderate Best 
management 

practices, 
environmental 

monitoring, spill 
contingency 

plan 

Yes Increase in nutrients 
and potential toxins 

resulting in degraded 
sediment quality 

Low Local Short-
term 

Sporadic Reversible 
Short-term 

High Negligible Low Intermediate 

 Access 
road/transmission 

line 

Construction, 
operations, 
closure and 
post-closure 

Adverse Negligible Best 
management 

practices, 
environmental 

monitoring, spill 
contingency 

plan 

Yes Increase in nutrients 
and potential toxins 

resulting in degraded 
sediment quality 

Negligible Local Short-
term 

Sporadic Reversible 
Short-term 

High Negligible Low High 
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8.9 Aquatic Resources 
This effects assessment considers potential effects to aquatic resources from Project activities.  
Aquatic resources (periphyton, phytoplankton, benthic invertebrates, and zooplankton) form the 
foundation of aquatic ecosystems and respond directly to changes in available nutrients and other 
environmental conditions.  Biological assessments of these communities and measuring physical 
habitat variables are known to be effective monitoring tools. 

At least two years of data from baseline studies are available for exposure and reference sites 
within the Project area (with the exception of sites associated with the transmission line as they 
were only sampled in 2008).  Results from baseline studies of aquatic resource communities are 
summarized in Section 7.9.  Because aquatic resources serve an integral function for fish 
communities (as a food resource and habitat), the results of this effects assessment are an 
important consideration for the fish and fish habitat effects assessment (Section 8.10). 

The EA approach used in this assessment is similar to that described for the Project as a whole 
(Chapter 5).  This effects assessment uses all currently available information on Project design 
and existing environmental conditions (from baseline data) to provide a plausible 
characterization of potential effects to freshwater aquatic resources.  It makes use of models, 
professional judgement, and established guidelines for the protection of aquatic life.  It 
inherently assumes throughout the assessment that Project activities like construction, transport, 
storage, drainage/discharge, and sewage treatment/disposal will use appropriate technology and 
BMPs to properly mitigate or minimize effects.  Sufficient baseline information is available to 
monitor for potential future impacts, and there are no critical data gaps identified for this 
assessment.  

8.9.1 Issues Scoping 
The aquatic resources effects assessment considers all the potential effects from Project activities 
and issues highlighted by local communities and regulatory guidelines.  Baseline studies 
(Appendices 26 and 27) have been conducted since 2006 on the various streams and lakes/ponds 
in the Project area.  The objective of these baseline studies was to develop a dataset to accurately 
characterize baseline conditions for aquatic communities.  Integral to identifying issues for 
aquatic resources is considering the potential effects to habitat (i.e., surface water and sediment 
quality) and the associated guidelines for the protection of aquatic life (CCME 1999; BC MOE 
2006a).  Project issues that could affect aquatic resources include: 

• changes to the productive capacity of aquatic systems during construction, operations, 
and maintenance, closure, and post-closure; 

• effects of blasting and its associated residues, in particular, nitrogen, nitrate, nitrite, and 
ammonia; 

• siltation and water chemistry effects (i.e., land clearing, open pits, runoff along mine site 
roadways, proposed access routes, transmission lines, drainage ditches, and direct 
discharge into the aquatic environment); 
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• effects from tailings water discharge/seepage on the water chemistry of the receiving 
environment; 

• contaminant loading and dispersion (including surface runoff and airborne contaminants); 

• ML/ARD and geochemistry; 

• waste rock chemistry and toxicity, runoff characteristics, and the implications for 
downstream water quality;  

• habitat loss or alteration (via blasting, erosion, smothering, or removal). 

These issues will be considered during all Project phases (construction, operations, closure and 
post-closure). 

8.9.2 Spatial and Temporal Boundaries 
Spatial boundaries reflect the Project components and, in the case of aquatic resources, spatial 
boundaries are shared with water quality and sediment quality.  The spatial boundaries include 
streams and ponds within: 

• the transmission line corridor (~24 km), including the downstream area to Babine Lake; 

• the mine site and TSF;  

• Morrison Lake and Morrison Creek adjacent to and downstream of the mine site and TSF. 

The total study area covers approximately 16,196 ha (Figure 8.9-1).  Similar to water and 
sediment quality, the potential effects to aquatic resources are generally considered to be 
localized at the point of impact and for some distance downstream.  Therefore, the spatial 
boundary for this effects assessment include all streams crossed by the transmission line, road, 
pit, and tailings footprint, as well as the downstream waterbodies of Morrison Lake and Morrison 
Creek. 

The Project has an approximate planned life of 25 years.  The temporal boundaries used for the 
aquatic resources Project effects assessment follow the time period of the four respective phases 
of the Project: 

• construction (2 years) 

• operation and maintenance (estimated 21 years) 

• decommissioning and closure (approximately 2 years) 

• post-closure (>15 years) 
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The post-closure phase considers that some effects (e.g., ARD and permitted discharge) could 
extend well into the post-closure phase and require monitoring for the foreseeable future.  

8.9.3 Valued Ecosystem Components 
Following the completion of baseline studies (Appendices 26 and 27) freshwater aquatic 
resources was selected as a VEC.  The rationale for this selection considers their importance as a 
fundamental component of aquatic ecosystem diversity and their critical function in the transfer 
of energy from primary producers to higher trophic levels (i.e, fish, birds, and humans). 

Potential effects to freshwater aquatic resources include sublethal effects and mortality 
associated with degraded water and sediment quality, loss or alteration of aquatic habitat caused 
by construction (i.e., sedimentation or draining), and altered productive capacity at an ecosystem 
level. 

8.9.4 Identification and Description of Potential Effects 
Potential effects to aquatic resources originating from Project activities are discussed in this 
section.  The Project components associated with these effects include the transmission line 
corridor, the mine site (pit facility and tailings facility), and the access road.  Potential effects to 
aquatic resources include surface runoff and siltation, airborne contaminant loading, leaching of 
nitrogen residues, ML/ARD from waste rock piles, the discharge/seepage of potential 
contaminants into waterbodies, and habitat loss. 

Table 8.9-1 describes the extent of potential effects, before mitigation, used for the aquatic 
resources effects assessment.  A summary of the potential effects from the various Project 
components and their extent are found in Table 8.9-2.   

Table 8.9-1 
Description of the Extent of Potential Effects  

Negligible Very slight change from the baseline conditions such that no discernible effect upon the 
local ecology/environment results.  No change in ecological classification. 

Minor Small but noticeable shift away from the baseline conditions.  Changes in environmental 
quality, etc. are likely to be relatively small, or be of a minor temporary nature such that 
ecology or environmental characteristics are slightly affected.  Equivalent to minor but 
measurable change within a class. 

Moderate A significant and noticeable shift from the baseline conditions that may be long term; or a 
high degree of change for a temporary period.  Results in a change in ecological status. 

Major Major shift away from the baseline conditions, fundamental change to environmental 
conditions.  May include a relatively high degree of change for a long-term period, or by a 
very high amount for a shorter episode.  Ecology or environmental quality is greatly changed 
from the baseline situation. 
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8.9.4.1 Surface Runoff and Siltation Contaminant Loading 
Activities associated with each Project phase could adversely affect aquatic resources by shifting 
away from baseline conditions to some degree.  The Project activities during the construction 
and operations phases will increase disturbance to terrestrial soils and plants.  The result is an 
increased potential for accelerated erosion rates leading to greater surface runoff.  Unmitigated 
surface runoff will increase contaminant inputs to surface water with the release of organic 
material and the inorganic fraction of terrestrial soils.  Pulses of surface runoff, with rain or 
spring thaw events, will encourage siltation in the water column.  This increase in TSS may cause 
mortality or reduced growth through respiratory inhibition via smothering.  Although some 
increases in nutrient input could occur, the presence of more particular matter will decrease 
water clarity and light penetration in the water column, generally reducing the productivity of 
primary producers.  Because metals are known to bind to organic material (Brady 1990), the 
contribution of surface runoff to organic inputs may also result in an increase in surface water 
metal concentrations, increasing the toxicity potential.  

The extent to which these potential effects could affect aquatic resources is considered moderate 
during construction and operations for the mine site.  The extent of potential effects during the 
construction and operations phases of the access road and transmission line and all three Project 
components during closure and post-closure phases are considered negligible.  This rating reflects 
the assumed activity levels and disturbance associated with each Project phase.  These potential 
effects will likely be seasonably variable because the increased surface water flow is related to 
annual freshet and rain events. 

8.9.4.2 Airborne Contaminant Loading 
During several Project phases, airborne contaminants from blasting and crushing rock, disturbing 
soils, vehicle/generator emissions, and road traffic could affect air quality such that atmospheric 
deposition could adversely affect water quality and ultimately aquatic resources.  Considerable 
deposition may result in an increase in suspended particles to the point where aquatic organisms’ 
productivity is reduced.  Detailed air quality effects are discussed in Section 8.3.   

Dust particle sizes generated from blasting are expected to be relatively large, such that particles 
will be local to the blast site.  Intense activity levels (primarily from construction and truck traffic) 
could increase particles and associated contaminants deposition in the water column and may 
adversely affect the productivity of aquatic organisms if they persist.  The extent of this potential 
effect to aquatic resources is considered negligible at for all Project components and phases. 

8.9.4.3 Nitrogen Residues from Blasting 
Using explosives at the pit for rock blasting could increase nitrogen loading in streams as a result 
of nitrogen blasting residue remaining on waste rock materials.  The accumulation of these 
residues (NO3, NO2, NH4+) on disturbed rock material and the nitrogen load to the aquatic 
environment depends on the volume of explosives used.  Most nitrogen loading from this source 
will occur as surface runoff which will be collected in the open pit, although a more minor 
source may be from dust.  For this reason, the potential of this effect would vary seasonally and 
be greatest during spring and rain events.   
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Nitrogen loading increases the potential for eutrophication in aquatic systems degrading the 
quality of the water, altering community structure, and shifting the productivity of the ecosystem 
away from baseline conditions.  If a shift in productivity occurs it is associated with changes in 
the composition of aquatic communities towards species that favour the new environmental 
conditions (Havens et al. 2001).  Community shifts such as these may lead to changes in the 
structure of several trophic levels.  During all Project phases the extent of this potential effect at 
the mine site is minor, while it is considered negligible for the remaining two components.  

8.9.4.4 Metal Leaching and Acid Rock Drainage  
When exposed to oxygen and water, freshly exposed rock will naturally weather and leach water 
soluble compounds.  These processes can be accelerated by crushing and redistributing large 
quantities of rock.  The oxidation of sulphide minerals can create ARD if sufficient quantities of 
neutralizing minerals are not available.  In the event that acidic drainage is formed, the lower pH 
can create higher rates of ML.  However, ML can also occur at sites of neutral and alkaline 
drainage.   

The details of the Phase 1 environmental geochemistry study of surface samples can be found in 
Section 13.17.  Because it has been estimated that a considerable proportion of the generated 
waste rock is PAG, the drainage from the waste rock piles near the mine site could degrade 
surface water quality and, in turn, aquatic resource function.  Depending on the severity, the 
degraded aquatic environment may result in mortality or sublethal toxic effects to aquatic biota.  
As the weathering of disturbed rock continues through all Project phases, the potential for 
ML/ARD will increase.   

Most of the ML/ARD generated by the WRD will be collected and diverted into the pit.  Particle 
tracking analysis from the MODFLOW hydrogeological model (Appendix 23) indicates that 
during operations the open pit will act as a groundwater sink, collecting approximately 90% of 
seepage from the waste rock and low grade ore stockpile areas.  All seepage into the open pit 
will be pumped to the processing plant.  However, the particle tracking analysis shows that there 
is a small section at the north end of the low grade ore stock pile, where, without mitigation, 
seepage flows will bypass the pit and travel to Morrison Lake.  Groundwater modelling results 
estimate this seepage represents approximately 10% of the total seepage from the WRD and low 
grade ore stockpile.  Generation of seepage from the low grade ore stock pile would cease post 
year 19 and 20, as the low grade ore stockpile will be sent through the processing plant, 
removing the seepage source.  Section 8.6 (Groundwater Quality) outlines mitigation and 
management measures that will be implemented to minimize seepage to groundwater under the 
low grade ore stockpile, to eliminate this potential effect. 

Since the level of disturbance with respect to exposing new rock will be relatively low for the 
access road and the transmission line, the potential effect of ML/ARD is considered to be 
negligible for these Project components during all phases.  At the mine site, the extent of this 
potential effect on aquatic resources is considered major (all phases) and will require mitigation 
and monitoring for several years of the post-closure phase.  This is primarily a result of the WRD 
containing a considerable PAG content and the unknown acid potential of the sediments 
removed from Booker Lake and Ore Pond once they are drained (Section 13.17). 
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8.9.4.5 Discharge and Spill Contaminant Loading 
The Project has been defined as a “zero discharge” facility (Appendices 2 and 23), during the 
Project’s operations phase.  However, some seepage from the tailings dams is predicted and a 
portion of this seepage will escape collection by the seepage ponds.  The seepage rates during 
operations range from 112 to 197 m3/hour, increasing as the area of the TSF increases, and the 
maximum predicted seepage rate is 208 m3/hour at post-closure (Appendix 25). 

Predicted seepage from the TSF during post-closure indicates that when this seepage travels 
through groundwater and reaches the surface water there will be several locations that may 
exceed water quality guidelines for the protection of aquatic life.  As described in Section 8.4.4.5 
of the water quality effects assessment, five metals (cadmium, chromium, lead, vanadium, and 
zinc) are predicted to exceed surface water quality guidelines during low or average surface flow 
conditions (or both) in streams at some point during post-closure. 

During the Project’s construction phase, the water from Ore Pond and Booker Lake at the mine 
site will need to be drained.  The current Project description indicates that this water will be 
drained into Morrison Lake.  The data for Ore Pond and Booker Lake (Appendix 26) indicate 
several variables (i.e., sulphate, ammonia, arsenic, barium, copper, manganese, molybdenum, 
and zinc) that have greater water concentrations (Ore Pond was often 2 to 4 times greater in 
some cases, although water from Booker Lake will dilute Ore Pond to some degree prior to 
release) than Morrison Lake.  Significant residual effects are not expected if at the time of 
draining the flow rate is restricted to avoid releasing this water as a large pulse.  

During construction there will also be a discharge of treated sewage from an STP to a location at 
least 100 m away from existing waterbodes near the mine site (200 to 400 personnel during the 
construction phase).  Associated nutrients from sewage may travel through groundwater and if 
they reach waterbodies their concentrations will be attenuated.  Eutrophication of aquatic 
systems may occur if nutrient levels are not strictly regulated.  This could lead to increased 
phytoplankton growth, a shift in community composition cause by changes in nutrient 
availability, and physical habitat characteristics.  During operations, the STP will discharge 
treated sewage into the tailings pipeline for burial in the TSF.  Accidental spills (i.e., fuel, ore, or 
other chemicals) may occur during the construction and operations phases at the mine site with 
the potential to be released into waterbodies.   

This discharge information (seepage from TSF, draining Ore Pond and Booker Lake, and treated 
sewage discharge) results in assessing the extent of potential effects at the mine site as moderate 
during construction and operations. 

At closure and post-closure phase the water quality model predicts that the water quality of the 
TSF will not meet discharge criteria for several water quality parameters (for examples, arsenic, 
cadmium, chromium, cobalt, copper, lead, mercury, nickel, and zinc; Appendix 23 – Table 7.2-
2).  At year 24, the TSF water will be pumped to the open pit.  The TSF water when mixed with 
the open pit water is also not predicted to meet discharge criteria.  The water in the open pit will 
be managed such that discharge will be required at year 43 of the mine life.  This will be treated 
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prior to discharge into Morrison Lake.  This strategy of pumping the TSF water to the open pit 
will ensure a single point of discharge into Morrison Lake.   

The extent of the unmitigated release (accidental discharge or uncontained seepage) of water 
from the TSF post-closure is considered to be a major potential effect to aquatic resources.  The 
potential effects of any spill along the access road or transmission line are considered to be 
negligible during all Project phases.   

8.9.4.6 Habitat Loss 
Project activities will considerably alter or remove specific areas of aquatic environment within 
the Project study area.  These activities include draining Booker Lake and Ore Pond, and 
covering wetlands with the WRD and the TSF.  This habitat alteration and loss will occur to 
some degree during all Project phases.  All of the affected aquatic environments (lakes, ponds, 
and wetlands) were found to contain no fish and habitat compensation is not required as a result.  
However, because the combined area of aquatic habitat altered is considerable the extent of this 
effect to aquatic resources is considered major. 

It is predicted that the Project will draw a limited volume of water from Morrison Lake for 
various freshwater needs.  The use of any volume of water from the lake will be regulated in the 
water licence from the BC MOE, Water Stewardship Division.  The volume of freshwater 
required is likely small enough that no habitat loss in Morrison Lake and Morrison Creek is 
expected.  This water use is considered in the Project description (Section 4.26) and the water 
balance model (Appendix 23).  

8.9.5 Mitigation, Enhancement and Management Measures 
Mitigation and management measures are offered as recommendations and will be refined during 
the permitting phase of the Project.  This section describes the general techniques to mitigate and 
manage effects to aquatic resources arising from disturbed areas during the Project’s 
construction, operations, closure, and post-closure phases. 

In the case of each of the identified potential effects BMPs will be implemented as the basis for 
all work undertaken, particularly when working in or around water.  Examples of BMPs to 
preserve surface water quality include: 

• selecting appropriate clean equipment; 

• properly storing and handling fuels and other chemicals (earth berms surrounding storage 
tanks, maintenance of tanks and hoses); 

• endeavoring to keep existing vegetation intact wherever possible, as it will provide 
significant benefits for surface runoff and siltation management; 

• implementing a spill contingency and emergency response plan; 

• implementing a waste management plan; 

• implementing a sediment and erosion control plan; 
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• using silt fences during construction near open water to capture bulk sediment loadings 
that could spill into adjacent waterways during construction; 

• sedimentation control ponds; 

• licence requirements will be met for any water use (BC MOE, Water Stewardship 
Division) or sewage discharge (BC MOE, Environmental Protection Division); 

• if required, using water as a dust suppressant in areas of high traffic (i.e., the pit area) 
during dry periods; 

• effective water quality treatment before discharge; 

• ML/ARD potential will be assessed for all waste rock; 

• regular environmental monitoring;  

• properly decommissioning facilities, contouring landscapes, removing culverts, and 
monitoring adjacent waterways to ensure aquatic environment is not affected; 

• segregation of not-PAG/PAG ore; 

• optimization of WRD to avoid area where seepage occurs; 

• reduce permeability of overburden below stockpiles in areas where seepage occurs. 

8.9.6 Potential Residual Effects 
Residual effects to aquatic resources are those that are predicted to persist after mitigation.  This 
may occur if the effect has a rating for several criteria above the lowest possible rating (i.e., a 
medium rather than negligible rating).  The standardized criteria for describing residual effects 
include  

• Magnitude 

• Geographic Extent 

• Duration 

• Frequency 

• Reversibility 

• Resilience 

The descriptors for these criteria (i.e., moderate, local, short-term, etc.) are described in 
Table 5.2-8 of Chapter 5.  The potential residual effects to aquatic resources were generally 
assessed as having a local geographic extent, a short-term duration and reversibility, sporadic 
frequency and high resilience (Table 8.9-2).  The magnitude of most residual effects was 
assessed as either negligible or low.   

The exceptions to these the residual effects occur within the mine site Project component.  If 
effects were to persist beyond mitigation, ML/ARD could last between 25 and 50 years (long-
term) with a long-term reversibility and a neutral level of resilience.  The potential residual effect 
of habitat loss was the notable exception to the general trends with a high magnitude, far future 
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duration, long-term reversibility, and low resilience.  This is a result of a considerable portion of 
aquatic habitat being significantly changed from baseline conditions by Project activities (i.e., 
draining Booker Lake and Ore Pond, covering wetland areas with either tailings or waste rock). 

8.9.6.1 Significance and Likelihood of Residual Effects 
After considering mitigation and management most residual effects to aquatic resources were 
assessed as having a negligible significance and a low probability of occurrence (Table 8.9-2).  
Exceptions to this include a minor significance for surface runoff/siltation, ML/ARD, and 
discharges at the mine site.   

During construction and operations the effects of surface runoff and siltation at the mine site 
have a minor significance to aquatic resources and are considered to have a low probability of 
occurrence with effective mitigation.   

ML/ARD effects are considered minor with a medium probability of occurrence at the mine site 
during all phases.  This is primarily because it is known that small percentage of ML/ARD from 
the WRD will reach groundwater and be carried towards Morrison Lake (Section 8.6) despite 
mitigation efforts.  Although dilution with groundwater and the lake will reduce the effect there 
may be some measurable ML/ARD effect to surface water quality. 

During all phases the effects of discharges at the mine site are assessed as having a minor 
significance.  Although water quality modelling of the TSF or pit water may indicate several 
parameters that exceed water quality guidelines (for example arsenic, cadmium, chromium, 
cobalt, copper, lead, nickel and zinc; Appendix 23), any discharge will be required to meet 
permit concentrations before release.  This rating is based on the known water quality of Ore 
Pond (Appendix 26) and the predicted water quality of the TSF and pit after closure.  These 
discharges have a high probability of occurring.  

Because there will likely be no compensation for the aquatic resources covered or removed by 
Project infrastructure, the identified habitat loss for the Project was assessed as having a major 
significance with a high probability of occurrence.  Assigning this significance level to habitat 
loss is primarily a result of the affected aquatic environments undergoing a permanent change 
from baseline conditions.  However, the total area of habitat affected is approximately less than 
200 ha (or <10% of the study area) and the tailings lake will likely contribute some level of 
aquatic resource productivity in the future that will compensate for that lost with the removal of 
wetland areas.   

Confidence Levels  
Based on the current available information the confidence level in the predictions made for this 
effects assessment is high for almost all effects.  Where this was not the case (effects at the mine 
site for ML/ARD and discharges; all phases) a confidence level of low was chosen.  Using a low 
level of confidence primarily reflects the need for more information.   



Environmental and Socio-economic Effects Assessment 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II 8–180 Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

Although the model predictions for containment and transport via groundwater of ML/ARD give 
a best estimate of resulting effects, the assumptions necessary to build the model do not allow for 
a clear picture of the timing and the persistence of these effects. 

Because treatment will be required for any discharge from the Project the effect to aquatic 
resources should be minor.  However, a low level of confidence is associated with this activity as 
it is currently not possible to determine the timing of the predicted worst case seepage from the 
TSF and how long it will affect aquatic resources.  Note that with the exception of seepage, 
discharges will be treated to meet permit levels.  During construction sewage will be treated and 
effluent discharged to a location at least 100 m away from existing water bodies (about 360 
personnel during the construction phase), while during operations sewage will be treated and 
mixed with tailings in the TSF.  As part of the future mine closure planning, when water 
treatment is required to manage the surplus pit lake water,  the water treatment plant as described 
in Section 16 will be designed to address the conditions of the waste discharge permit and 
physico-chemical characteristics of the pit lake water at that time.  It is anticipated that treatment 
options will be available to bring the non-seepage discharge water quality below required permit 
levels. 

8.9.7 Assumptions 
The following assumptions have been made while considering effects to aquatic resources: 

• TSF will discharge post-closure to the pit area if the water is not acceptable for direct 
discharge, open pit water will be treated before release into Morrison Lake; 

• Water from pit dewatering will be piped and stored in the TSF; 

• The maximum TSF seepage rate of 208 m3/hour occurs post closure, dam runoff and 
seepage to surface from the TSF will be captured in seepage collection ponds and 
returned to the TSF; 

• Project will be operated as a “zero discharge” during operations; 

• All infrastructure on mine site will cross streams along existing bridges and culverts; 

• Water quality in the open pit is unsuitable for discharge to the environment without 
treatment post-closure.  The water level of the pit lake forming in the open pit will be 
maintained below the level of Morrison Lake to facilitate hydraulic containment; 

• Booker Lake and Ore Pond will be drained into Morrison Lake at a controlled rate so as 
to avoid the release as a large pulse. 

 

 



 

 

Table 8.9-2 
Morrison Copper/Gold Project: Aquatic Resources Effects Assessment Summary Table 

Description 
Project 

Component(s) 
Project 

Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Surface runoff 
and siltation 
and 
contaminant 
loading. 

Mine Site Construction 
and 
Operations 

Adverse Moderate Silt fences; best 
management 
practices; 
environmental 
monitoring; 
erosion 
management plan 

Yes Pulses of total 
suspended solids 
causing some mortality, 
reduced growth through 
respiratory inhibition, 
reduced photosynthesis 
caused by 
shading/increased 
turbidity, reduced egg 
survival. 

Low Local Short-term Sporadic Reversible 
Short-term 

High Minor Low High 

 Mine Site Closure and 
Post-closure 

Adverse Negligible Silt fences; best 
management 
practices; 
environmental 
monitoring; 
erosion 
management plan 

Yes Pulses of total 
suspended solids 
causing some mortality, 
reduced growth through 
respiratory inhibition, 
reduced photosynthesis 
caused by 
shading/increased 
turbidity, reduced egg 
survival. 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

 Access Road Construction, 
Operations, 
Closure and 
Post-closure 

Adverse Negligible Silt fences; best 
management 
practices; 
environmental 
monitoring; 
erosion 
management plan 

Yes Pulses of total 
suspended solids 
causing some mortality, 
reduced growth through 
respiratory inhibition, 
reduced photosynthesis 
caused by 
shading/increased 
turbidity, reduced egg 
survival. 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

  Transmission 
Line 

Construction, 
Operations, 
Closure and 
Post-closure 

Adverse Negligible Silt fences; best 
management 
practices; 
environmental 
monitoring; 
erosion 
management plan 

Yes Pulses of total 
suspended solids 
causing some mortality, 
reduced growth through 
respiratory inhibition, 
reduced photosynthesis 
caused by 
shading/increased 
turbidity, reduced egg 
survival. 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Airborne 
contaminant 
loading from 
blasting, rock 
crushing, 
incinerating 
garbage 

Mine 
Site/Access 
Road/ 
Transmission 
Line 

Construction, 
Operations, 
Closure and 
Post-closure 

Adverse Negligible Best management 
practices, dust 
suppression, 
environmental 
monitoring 

Yes Increase in suspended 
particles causing some 
mortality, sublethal 
effects through 
respiratory inhibition, 
reduced photosynthesis 
caused by 
shading/increased 
turbidity. 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

  (continued) 



 

 

Table 8.9-2 
Morrison Copper/Gold Project: Aquatic Resources Effects Assessment Summary Table (continued) 

Description 
Project 

Component(s) 
Project 

Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Leaching of 
nitrogen 
residues from 
blasting 

Mine Site Construction, 
Operations, 
Closure and 
Post-closure 

Adverse Minor Proper storage 
and handling of 
blasting materials 
away from 
waterways, 
regular 
maintenance of 
facility, 
environmental 
monitoring 

Yes Increase in nitrogen 
loadings (blasting 
residues) increasing 
algal production, 
community shift altering 
ecosystem structure 
and function 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

  Access Road/ 
Transmission 
Line 

Construction, 
Operations, 
Closure and 
Post-closure 

Adverse Negligible Proper storage 
and handling of 
blasting materials 
away from 
waterways, 
regular 
maintenance of 
facility, 
environmental 
monitoring 

Yes Increase in nitrogen 
loadings (blasting 
residues) increasing 
algal production, 
community shift altering 
ecosystem structure 
and function 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Metal leaching 
and Acid Rock 
Drainage 
(ML/ARD) 
contamination 

Mine Site Construction, 
Operations, 
Closure and 
Post-closure 

Adverse Major ML/ARD 
assessment of 
rock and 
substrates, 
appropriate 
use/storage of 
excavated 
materials, avoiding 
acid-generating 
sources, 
environmental 
monitoring. 

Yes ML/ARD resulting in 
mortality and sublethal 
toxic effects to biota  

Low Local Long-term Sporadic Reversible 
Long-term 

Neutral Minor Medium Low 

  Access Road/ 
Transmission 
Line 

Construction, 
Operations, 
Closure and 
Post-closure 

Adverse Negligible ML/ARD 
assessment of 
rock and 
substrates, 
appropriate 
use/storage of 
excavated 
materials, avoiding 
acid-generating 
sources, 
environmental 
monitoring. 

Yes ML/ARD resulting in 
mortality and sublethal 
toxic effects to biota  

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Discharges 
and spills and 
associated 
water 
chemistry 
effects 

Mine Site Construction, 
Operations 

Adverse Moderate Best management 
practices, 
environmental 
monitoring, spill 
contingency plan 

Yes Release of potential 
toxins resulting in 
mortality and sublethal 
toxic effects to biota  

Low Local Short-term Sporadic Reversible 
Short-term 

High Minor High Low 

  (continued) 



 

 

Table 8.9-2 
Morrison Copper/Gold Project: Aquatic Resources Effects Assessment Summary Table (continued) 

Description 
Project 

Component(s) 
Project 

Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Discharges 
and spills and 
associated 
water 
chemistry 
effects 

Mine Site Closure and 
Post-closure 

Adverse Major Best management 
practices, 
environmental 
monitoring, spill 
contingency plan 

Yes Release of potential 
toxins resulting in 
mortality and sublethal 
toxic effects to biota  

Medium Local Short-term Continuous Reversible 
Short-term 

High Minor High Low 

 Access Road/ 
Transmission 
Line 

Construction, 
Operations, 
Closure and 
Post-closure 

Adverse Negligible Best management 
practices, 
environmental 
monitoring, spill 
contingency plan 

Yes Release of potential 
toxins resulting in 
mortality and sublethal 
toxic effects to biota  

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Habitat loss as 
a result of 
draining or 
burial with 
tailings 

Mine Site Construction, 
Operations, 
Closure and 
Post-closure 

Adverse Major None Yes Lake/pond in pit area 
will be drained and 
pond/wetlands in the 
tailings facility footprint 
will be covering by 
tailings 

High Local Far Future One Time Irreversible Low Major High High 

Surface runoff 
and siltation 
and 
contaminant 
loading. 

Mine Site Construction 
and 
Operations 

Adverse Moderate Silt fences; best 
management 
practices; 
environmental 
monitoring; 
erosion 
management plan 

Yes Pulses of total 
suspended solids 
causing some mortality, 
reduced growth through 
respiratory inhibition, 
reduced photosynthesis 
caused by 
shading/increased 
turbidity, reduced egg 
survival. 

Low Local Short-term Sporadic Reversible 
Short-term 

High Minor Low High 

 Mine Site Closure and 
Post-closure 

Adverse Negligible Silt fences; best 
management 
practices; 
environmental 
monitoring; 
erosion 
management plan 

Yes Pulses of total 
suspended solids 
causing some mortality, 
reduced growth through 
respiratory inhibition, 
reduced photosynthesis 
caused by 
shading/increased 
turbidity, reduced egg 
survival. 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

 Access Road Construction, 
Operations, 
Closure and 
Post-closure 

Adverse Negligible Silt fences; best 
management 
practices; 
environmental 
monitoring; 
erosion 
management plan 

Yes Pulses of total 
suspended solids 
causing some mortality, 
reduced growth through 
respiratory inhibition, 
reduced photosynthesis 
caused by 
shading/increased 
turbidity, reduced egg 
survival. 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

  (continued) 



 

 

Table 8.9-2 
Morrison Copper/Gold Project: Aquatic Resources Effects Assessment Summary Table (continued) 

Description 
Project 

Component(s) 
Project 

Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

 Surface runoff 
and siltation 
and 
contaminant 
loading. 

Transmission 
Line 

Construction, 
Operations, 
Closure and 
Post-closure 

Adverse Negligible Silt fences; best 
management 
practices; 
environmental 
monitoring; 
erosion 
management plan 

Yes Pulses of total 
suspended solids 
causing some mortality, 
reduced growth through 
respiratory inhibition, 
reduced photosynthesis 
caused by 
shading/increased 
turbidity, reduced egg 
survival. 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Airborne 
contaminant 
loading from 
blasting, rock 
crushing, 
incinerating 
garbage 

Mine 
Site/Access 
Road/ 
Transmission 
Line 

Construction, 
Operations, 
Closure and 
Post-closure 

Adverse Negligible Best management 
practices, dust 
suppression, 
environmental 
monitoring 

Yes Increase in suspended 
particles causing some 
mortality, sub-lethal 
effects through 
respiratory inhibition, 
reduced photosynthesis 
caused by 
shading/increased 
turbidity. 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Leaching of 
nitrogen 
residues from 
blasting 

Mine Site Construction, 
Operations, 
Closure and 
Post-closure 

Adverse Minor Proper storage 
and handling of 
blasting materials 
away from 
waterways, 
regular 
maintenance of 
facility, 
environmental 
monitoring 

Yes Increase in nitrogen 
loadings (blasting 
residues) increasing 
algal production, 
community shift altering 
ecosystem structure 
and function 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

  Access Road/ 
Transmission 
Line 

Construction, 
Operations, 
Closure and 
Post-closure 

Adverse Negligible Proper storage 
and handling of 
blasting materials 
away from 
waterways, 
regular 
maintenance of 
facility, 
environmental 
monitoring 

Yes Increase in nitrogen 
loadings (blasting 
residues) increasing 
algal production, 
community shift altering 
ecosystem structure 
and function 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Metal leaching 
and Acid Rock 
Drainage 
(ML/ARD) 
contamination 

Mine Site Construction, 
Operations, 
Closure and 
Post-closure 

Adverse Major ML/ARD 
assessment of 
rock and 
substrates, 
appropriate 
use/storage of 
excavated 
materials, avoiding 
acid-generating 
sources, 
environmental 
monitoring. 

Yes ML/ARD resulting in 
mortality and sublethal 
toxic effects to biota  

Low Local Long-term Sporadic Reversible 
Long-term 

Neutral Minor Medium Low 

  (continued) 



 

 

Table 8.9-2 
Morrison Copper/Gold Project: Aquatic Resources Effects Assessment Summary Table (completed) 

Description 
Project 

Component(s) 
Project 

Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

  Access Road/ 
Transmission 
Line 

Construction, 
Operations, 
Closure and 
Post-closure 

Adverse Negligible ML/ARD 
assessment of 
rock and 
substrates, 
appropriate 
use/storage of 
excavated 
materials, avoiding 
acid-generating 
sources, 
environmental 
monitoring. 

Yes ML/ARD resulting in 
mortality and sublethal 
toxic effects to biota  

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Discharges 
and spills and 
associated 
water 
chemistry 
effects 

Mine Site Construction, 
Operations 

Adverse Moderate Best management 
practices, 
environmental 
monitoring, spill 
contingency plan 

Yes Release of potential 
toxins resulting in 
mortality and sublethal 
toxic effects to biota  

Low Local Short-term Sporadic Reversible 
Short-term 

High Minor High Low 

 Mine Site Closure and 
Post-closure 

Adverse Major Best management 
practices, 
environmental 
monitoring, spill 
contingency plan 

Yes Release of potential 
toxins resulting in 
mortality and sublethal 
toxic effects to biota  

Medium Local Short-term Continuous Reversible 
Short-term 

High Minor High Low 

 Access Road/ 
Transmission 
Line 

Construction, 
Operations, 
Closure and 
Post-closure 

Adverse Negligible Best management 
practices, 
environmental 
monitoring, spill 
contingency plan 

Yes Release of potential 
toxins resulting in 
mortality and sublethal 
toxic effects to biota  

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Habitat loss as 
a result of 
draining or 
burial with 
tailings 

Mine Site Construction, 
Operations, 
Closure and 
Post-closure 

Adverse Major None Yes Lake/pond in pit area 
will be drained and 
pond/wetlands in the 
tailings facility footprint 
will be covering by 
tailings 

High Local Far Future One Time Irreversible Low Major High High 

Surface runoff 
and siltation 
and 
contaminant 
loading. 

Mine Site Construction 
and 
Operations 

Adverse Moderate Silt fences; best 
management 
practices; 
environmental 
monitoring; 
erosion 
management plan 

Yes Pulses of total 
suspended solids 
causing some mortality, 
reduced growth through 
respiratory inhibition, 
reduced photosynthesis 
caused by 
shading/increased 
turbidity, reduced egg 
survival. 

Low Local Short-term Sporadic Reversible 
Short-term 

High Minor Low High 

 Mine Site Closure and 
Post-closure 

Adverse Negligible Silt fences; best 
management 
practices; 
environmental 
monitoring; 
erosion 
management plan 

Yes Pulses of total 
suspended solids 
causing some mortality, 
reduced growth through 
respiratory inhibition, 
reduced photosynthesis 
caused by 
shading/increased 
turbidity, reduced egg 
survival. 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 
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8.10 Fish and Fish Habitat 
Many fish species serve an important role in the ecological, economic, and cultural aspects of 
BC.  In particular, salmonid species (i.e., Pacific Salmon, lake trout, rainbow trout, Dolly 
Varden, char) are captured in recreational fisheries, supporting local economies and cultures, 
while other species act as indicators of aquatic environmental health.  Fish and fish habitat are 
protected under several forms of federal and provincial legislation, including the Fisheries Act 
(1985b).  Under the Fisheries Act (1985), the term fish involves: 

1. Parts of fish. 

2. Shellfish, crustaceans, marine animals, and any parts of shellfish, crustaceans, or marine 
animals. 

3. The eggs, sperm, larvae, spat, and juvenile stages of fish, shellfish, crustaceans and marine 
animals. 

Particularly, Section 35(1) of the Fisheries Act (1985) defines fish habitat as “spawning grounds 
and nursery, rearing, food supply and migration areas on which fish depend directly or indirectly 
to carry out their life processes,” (1985b).  The Fisheries Act (1985) also prevents the “harmful 
alteration, disruption, or destruction” (HADD) of fish habitat through physical, chemical, or 
biological means (1985b), and the Policy for the Management of Fish Habitat (DFO 1996), 
which outlines the policy statement of Fisheries and Oceans Canada (DFO) as “no net loss of 
productive capacity” of fish habitat. 

A detailed description of the effects assessment methodology is presented in Chapter 5.  A 
definition of each variable assessed is also in the same chapter.  To ensure all potential effects 
were identified, a matrix table was used to identify interactions between the identified effects and 
all aspects of the Project.  The potential effects were identified by reviewing the Project 
components and baseline setting (Section 7.10), then any potential effects that could occur were 
determined.  The matrix was then used to identify all interactions and influence that a Project 
component may have on any one effect.  If a Project component was considered not to have any 
interaction (and thus no potential effect), then no further consideration was given to the Project 
component in the assessment. 

8.10.1 Issues Scoping 
The fish and fish habitat environmental effects assessment was designed to address the potential 
effects of various mine activities and components on fish and fish habitat VECs.  Project 
fisheries issues are identified in Section 6.8 of the TOR, and include: 

• Productive capacity of aquatic systems during all Project phases. 

• Effects on all waterbodies (including streams, rivers, lakes, and wetlands) that may 
experience changes to fish and fish habitat resources, including migratory fish and critical 
habitat.  This includes streams associated with the road access, any linear corridors for 
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pipelines or conveyors, the proposed transmission line, and both the Morrison Lake and 
Babine Lake watersheds. 

• Effects on aquatic organisms and habitat, including downstream Morrison River fisheries 
and fish populations extending into Babine Lake. 

• Habitat loss or alteration, including aquatic vegetation and sensitive areas such as 
spawning grounds (including shoreline spawning assessment of Morrison Lake); nursery 
areas; winter refuges and migration corridors; and riparian (streamside) vegetation. 

• Fish mortality (including fishing). 

• Effects on any rare and/or sensitive species (including fish and amphibians) and habitat 
and Committee on the Status of Endangered Wildlife in Canada (COSEWIC)/Species at 
Risk Act (SARA) -listed species or BC Conservation Data Centre (BC CDC) red- and 
blue-listed species. 

• Effects on all creeks and rivers and associated food webs and water use potential that 
may be affected by changes in water chemistry (suspended solids, nutrients, major ions, 
metals) caused by runoff or discharges from the Project. 

• Long-range blasting effects through tremor effects on fish and fish habitat in local aquatic 
systems. 

• Physical and chemical changes to sediment quality. 

• Mitigation and/or compensation requirements. 

• Potential changes to water temperature and depth in aquatic environments affected by the 
Project. 

The Environmental Assessment Certificate (EAC) application includes an overview of how 
DFO’s 1986 principle of “No Net Loss” will be achieved during the construction, operation, 
care, maintenance, and closure stages of the proposed development and the support infrastructure 
including haul roads and the transmission line. 

Many of the issues listed above overlap in terms of definition and scope.  For the purposes of the 
aquatics and fisheries section they were grouped into four categories for discussion: productive 
capacity of fish habitat, habitat loss and alteration, direct and indirect mortality, and sublethal 
effects.  The productive capacity of fish habitat is defined as “the maximum natural capability of 
habitats to produce healthy fish, safe for human consumption, or to support or produce aquatic 
organisms upon which fish feed,” (DFO 1986).  Productive capacity may be altered by physical 
or chemical changes to fish habitat, or by direct loss of fish habitat. 

Habitat loss and alteration refers to removing or physically altering environmental aspects that 
are used either directly or indirectly by fish.  Under the Fisheries Act (1985), chemically altering 
water/habitat quality by introducing deleterious substances to surface waters is also considered a 
HADD to fish habitat (1985b).  However, chemical effects tend to alter the productive capacity 
of habitat by affecting aquatic invertebrates or fish health directly; therefore, these effects are 
detailed under productive capacity of fish habitat and/or sublethal effects. 
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Direct mortality can occur from fishing or by other actions that result in immediate or near-
immediate death.  Indirect mortality refers to mortality caused by deteriorated health, habitat 
loss, or degradation.  Sublethal effects are those that may affect the relative health or behaviour 
of individual fish within the Project area.  Examples include increased stress, decreased health or 
condition, and habitat avoidance.  Sublethal effects do not result in mortality, but may ultimately 
decrease the fitness and fecundity of individual fish and possibly translate to population level 
effects in the long term. 

8.10.2 Valued Environmental Components (VEC) 

8.10.2.1 Selection 
The Project is within an area claimed by the Lake Babine Nation.  Traditional Use and 
Ecological Knowledge (TU/TEK) information was collected for the area in and around the 
Project from 2007 to 2008 in collaboration with Lake Babine Nation leadership and community 
members.  Lake Babine Nation review of and approval for the release of the TU/TEK 
information gathered and reported is still pending.  As such, TU/TEK consideration and 
inclusion in this section was unviable at the time of the EA submission.  TU/TEK may be 
considered at a later date in the post-application process.  Section 5 provides additional detail 
about the TU/TEK methodology and study status. 

The Project could negatively affect fish and fish habitat both directly and indirectly throughout 
the mine’s lifetime.  As a result, individual fish species and groups of fish species were isolated 
for future study as VECs because of their conservation status, commercial value, cultural 
importance, and ecological significance. 

Before selecting the VECs two procedures were performed.  First, baseline information was 
acquired by sampling fish habitat and community within the mine footprint, at receiving and 
reference environment sites, and at all potential watercourses along the transmission line.  
Secondly, public scoping was acquired through extensive consultation.  This process involved 
holding public meetings involving First Nations, local interest groups including regional and 
local government officials, community representatives, and the general public. 

Fish and fish habitat VECs were selected based on the information gathered from the baseline 
study, conservation status, and public feedback, and reflect a balanced and knowledgeable 
synthesis of a wide range of information.  Conservations status was determined by consulting the 
following organizations to identify species at risk and those of conservation concern: 

• SARA 

• COSEWIC 

• DFO 

• BC MOE 

• BC CDC 

• BC Blue and Red Lists 
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Fisheries VECs in the Project area were identified as: 

• Lake trout (Salvelinus namaycush): This species was selected as a VEC because they are 
important to the Morrison Lake’s ecosystem.  They are also important food resources for 
the Lake Babine Nation.  This fish species is sensitive to changes in the aquatic 
environment with respect to their ecological and physiological requirements for long-
term sustainability.  Mine development may affect lake trout habitat and possibly 
increase tissue metal concentration in the mine site receiving environment (i.e., Morrison 
Lake).  Developing the access road and proposed transmission line also may affect this 
species and its habitat in Morrison Lake and Babine Lake. 

• Dolly Varden (Salvelinus malma):  This species is a blue-listed species (species of 
concern) in BC.  This fish is also sought and consumed by sport anglers.  Access road 
and transmission line development may affect this species and its habitat along the 
proposed alignment.     

• Rainbow trout (Oncorhynchus mykiss): Rainbow trout were the most widespread and 
abundant species captured in the receiving environment.  This fish species has been 
selected as a VEC because it is important to stream ecosystems within the mine site and 
its receiving environment, and along the transmission line.  This fish is sought and 
consumed by sport anglers and First Nations.  Mine site, access road, and transmission 
line development may affect this species and its habitat.  Mine development may possibly 
increase tissue metal concentration of rainbow trout in the mine site receiving 
environment. 

• Anadromous (migratory) Pacific salmon species, including coho (O. kisutch), sockeye 
(O. nerka), and chinook (O. tshawytscha).  These species use the Morrison Lake 
Watershed as spawning, rearing, and overwintering habitat.  Pacific salmon are valuable 
to First Nations culture and subsistence fisheries.  They are also valuable for both 
commercial and recreational fisheries.  Developing the mine site, access road, and 
transmission line may affect these species and their habitat. 

• “Other” Fish Species including: cutthroat trout, kokanee, lake whitefish, mountain 
whitefish, longnose sucker, largescale sucker, northern pikeminnow, redside shiner, 
prickly sculpin, burbot and peamouth chub.  These species are present in the mine site, 
access road, and proposed transmission line receiving waterbodies of Morrison and 
Babine lakes.   

• Fish Habitat:  Fish habitat is defined as those parts of the environment on which fish 
depend, directly or indirectly, to carry out their life processes (DFO 1996).  This VEC 
applies to all mine site, access road, and transmission line components/activities in or 
near the water that could alter, disrupt, or destroy fish habitats, by chemical, physical, or 
biological means. 

Table 8.10-1 lists the fisheries VECs and the rationale for inclusion in the EA process. 
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Table 8.10-1 
Fish and Fish Habitat Valued Ecosystem Components of the 

Morrison Copper/Gold Project   
VEC Source1 Project Association Rationale for Inclusion 

Lake Trout BC MOE, First Nation, 
Public 

Mine Site (Morrison Lake), Access 
Road and Transmission Line (Babine 

Lake) 

Culturally valuable.  Indicator lake ecosystem 
species, important for sport fishing.  Potential 
loss of habitat, perceived potential 
contamination by heavy metals. 

Dolly Varden BC MOE, CDC, Public Access Road, Transmission Line Blue-listed fish species.  Indicator stream 
ecosystem species.  Potential loss of habitat. 

Rainbow Trout BC MOE, Public Mine Site, Access Road, Transmission 
Line 

Indicator stream ecosystem species.  Potential 
loss of habitat, perceived potential 
contamination by heavy metals. 

Pacific Salmon DFO, First Nation, 
Public 

Mine Site, Access Road, Transmission 
Line 

Culturally/commercially valuable species.  
Indicator species, important for sport fishing.  
Potential loss of habitat. 

“Other” Fish 
Species 

BC MOE, DFO, Public Mine Site (Morrison Lake), Access 
Road and Transmission Line (Babine 

Lake) 

Potential loss of habitat, perceived potential 
contamination by heavy metals. 

Fish Habitat BC MOE, DFO, Public Mine Site, Access Road, Transmission 
Line 

Potential loss of habitat. 

1 Indicates where the importance of the potential VEC was identified. 

8.10.2.2 Fish Species Life History Types and Habitat Preferences 
Table 8.10-2 lists the fisheries VECs and summarizes the life history and habitat requirements.  
Information presented in the table and below is summarized from McPhail (2007), Scott and 
Crossman (1973)and Roberge et al. (2002).  Table 8.10-2 also highlights operating timing 
windows of reduced risk for instream work for each VEC species. 

Lake Trout 
Lake trout are found throughout BC, mostly in deep water lakes, but may also be found in large, 
clear rivers.  Lake trout exhibit both lacustrine and adfluvial life history types.  They spawn in 
late summer and early autumn, from September to October in northern regions.  Spawning 
grounds are almost always associated with cobble, boulder, and gravel substrates, where there is 
no vegetative cover, in depths less than 1 m to greater than 10 m.  Eggs settle into cracks and 
crevices amongst the rocks, where they incubate for four to five months, with eggs usually 
hatching in March or April.  Young-of-the-year remain in spawning areas for several weeks to 
several months, moving into deeper areas as water temperatures rise above 15°C.  Young-of-the-
year and juveniles both prefer areas of cobble and boulder substrate for cover, and inhabit waters 
with a depth range of 2 m to greater than 10 m.  Adult lake trout disperse into deeper water 
habitats, greater than 10 m in depth, and are often found in the pelagic zone.  Lake trout feed on 
a wide variety of prey items including fish, molluscs, crustaceans, freshwater sponges, and small 
mammals.  They are present within Morrison Lake and Babine Lake in the Project area. 

 



 

 

Table 8.10-2 
Summary of Life History and Habitat Requirements of 

Selected VEC Fish Species of the Morrison Copper/Gold Project 
Pacific Salmon 

Requirements Lake Trout Dolly Varden Rainbow Trout Coho Sockeye Chinook 
Life History       
Life-History Strategy  R, AD A, R, AD A, R, F A, R A A 
Age at Maturity (years) 6 to 13 5 to 6 1 to 6 3 to 4 (A); 2 to 3 ® 4 to 6 2 to 9 years 
Spawning Dates Sept to Oct Aug to Nov late winter, spring Oct to Nov Aug to Nov October to March
Egg Incubation 4 to 5 months 4 to 5 months 28-40 days 35 to 50 days 80 to 140 days 35 to 159 days 
Hatching Dates Mar. to Apr. March to Apr June to Aug Dec to Jan Dec to Jan early spring 
Emergence Dates Apr. to Jun. Apr to June June to Sept March to July April to May March to July 
Freshwater Residence (years) N/A N/A N/A 0 to 2 1 to 2 0 to ≥1 
Migration Timing        
Age at First Migration N/A 3 to 5 3 to 5 0+ to 2 1 to 2 0+ to 6 
Downstream Migration N/A May to June spring March to April Apr to June Feb to May 
Spawning Migration N/A July to Oct summer and winter October to March July to Sept Apr to Aug 
Time Spent at Sea (if anadromous forms present) N/A ~2 to 3 summers ≤4 years ~2 years ~2 to 3 years ~2 to 3 years 
Habitat       
Spawning       
Habitat L, R S, R S*, R, L R, S R, S, L R, S 
Substrate Preference B, C G G G G G 
Depth 1.0 to 10.0 m ≥0.2 m 0.15 to 2.5 m shallow - deep 
Current velocity N/A moderate 0.30 to 0.90 m/s fast - ~0.5 m/s 
Temperature 9 to 14ºC ~7.8ºC 7 to 13ºC - ~5ºC - 
Rearing       
Habitat  L, R, S S*, R R, S, L S, R R, S, L R, S 
Substrate Preference C, B G C, B G G G 
Temperature 10 ºC 4 to 18ºC ≤20ºC 12 to 14ºC 12 to 14ºC 3 to 15ºC 
Other       
Freshwater Feeding FI, TI, F, M FI, TI, F, M, A FI, TI, F FI, TI, F FI FI, TI 
Predators F M, W, O, Bi F, M, Bi F, Bi, M - F, Bi 

(continued) 



 

 

Table 8.10-2 
Summary of Life History and Habitat Requirements of 

Selected VEC Fish Species of the Morrison Copper/Gold Project (completed) 
Pacific Salmon 

Requirements Lake Trout Dolly Varden Rainbow Trout Coho Sockeye Chinook 
Operating Window1 - June 15–Aug 31 Sept 1–Jan 31 July 1–August 31 Jun 15–Jul 15 Jun 1–Jul 15 
Conservation Status       
Provincial (British Columbia) N/A Blue-listed N/A N/A N/A N/A 
Federal (Canada) N/A N/A N/A N/A N/A N/A 

Note: Dashes indicate data not available. 
Life History Strategy: A = anadromous, R = resident (freshwater), F = fluvial, AD = adfluvial. 
Freshwater Residence: pertains only to anadromous populations. 
Habitat: R = river, S = stream (includes small tributaries), L = lake; * indicates preferred habitat type. 
Substrate Preference: S = sand, G = gravel, C = cobble, B = boulder, Be = Bedrock 
Diet: FI = freshwater invertebrates, TI = terrestrial invertebrates, F = fish and fish eggs, M =small mammals, A = amphibians including frogs, Bi = birds. 
Predators: F = fish, M = mammals including bears, W = wolves, O = otters, Bi = birds. 
N/A = not applicable. 
Dashes indicate no available information. 
1 Skeena Region Reduced Risk In-stream Work Windows Measures (BC MWLAP 2005b). 
Sources: Scott and Crossman, (1973); Richardson et al., (2001); Quinn, (2005). 
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Dolly Varden 
In BC, Dolly Varden are found in all coastal waters and are found farther inland in BC in the 
Skeena and Fraser River drainages.  Dolly Varden exhibit both anadromous and freshwater 
resident life history strategies, although spawning behaviour and maturation are similar in both 
types.  Spawning begins in the fall, with spawners returning to their natal stream starting in 
September and ending in early November.  Males are aggressive on the spawning grounds and 
defend a redd dug by a female.  Spawning takes place in rivers during the day, over medium to 
large gravel, in moderate velocity water, at water temperature near 8ºC.  Eggs incubate in the 
gravel for four to five months, with eggs usually hatching in March or April.  Resident Dolly 
Varden are present in the Project area.  Dolly Varden are primarily stream resident, but lake-
dwelling populations exist in some BC lakes.  Stream resident juvenile Dolly Varden are 
associated with shallow, slow runs and pools.  They use side channels.  During the day, they 
remain close to cover, such as large boulders, woody debris, root wads, and undercut banks.  
During the evening, Dolly Varden juveniles are not associated with stream cover.  Stream resident 
adults are most often found in fast-flowing, cold water riffles.  Resident adults feed primarily on 
the nymphs and larvae of aquatic insects, such as mayflies, caddisflies, stoneflies, and 
chironomids.  When feeding, they remain close to bottom and feed upon bottom drifting nymphs.  
Dolly Varden are present within Babine Lake and its associated tributaries in the Project area. 

Rainbow Trout 
Resident rainbow trout inhabit either lakes or streams.  Lake-dwelling rainbow trout are found in 
a variety of lake types, but are most commonly found in deep, cold oligotrophic lakes that have 
inlet and outlet streams with adequate spawning habitat.  Spawning takes place in small tributary 
streams to lakes and larger streams during the spring (mid-March to late-June), when 
temperatures are between 10.0ºC and 15.5ºC.  Redds are built in clear, silt-free cold water 
streams near vegetated banks over fine gravel in riffles above pools or at pool tailouts.  
Emergence from the redd takes four to seven weeks (mid-June to mid-August).  Stream resident 
juvenile rainbow trout occupy riffles and runs; however, in these habitats, they are found in 
shallower and slower water than adults.  Juvenile winter survival depends on fish size, cover, and 
temperature.  Adult rainbow trout occupy riffles, runs, glides, and pools.  In small streams, 
overhead cover, riparian vegetation, and LWD provide good adult habitat.  In the fall, stream 
resident fish move to large pools to overwinter.  Rainbow trout diet varies by size, season, time 
of day, and population.  In streams, rainbow trout feed primarily upon drift aquatic organisms.  
They are present within Morrison Lake, Babine Lake, and their associated tributaries in the 
Project area. 

Pacific Salmon - Chinook 
Chinook salmon typically inhabit large river systems.  There are two main forms of chinook 
salmon, stream-type and ocean-type, as well as many intermediates.  Stream-type chinook 
salmon spend a larger portion of their life within freshwater, both before migration to the ocean 
(one to three years) and during migration to spawning grounds.  Ocean-type chinook salmon 
spend less than a year rearing in freshwater and will enter freshwater only days or weeks before 
spawning.  Chinook salmon are present sporadically within the Project area and in low numbers 
(Bustard 2004). 
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In BC, migration to the spawning grounds begins in July and continues to November.  Female 
chinook salmon select the redd site.  Redds are built on gravel and cobble substrates, primarily in 
larger rivers.  Chinook salmon will also spawn on gravel shoals of lake shores or within small 
lake tributaries.  Stream-type chinook salmon will reside within freshwater for up to two years, 
with some individuals never going to the ocean.  In streams and rivers, juvenile chinook salmon 
associate with cobble and boulder substrates, in fairly fast-flowing water <1.0 m deep.  Young-
of-the-year chinook salmon feed on zooplankton and aquatic invertebrates in drift, juveniles feed 
on invertebrates, and adults feed on fish.  Chinook salmon live between one (precocious jacks) to 
five years (ocean-type) in the ocean before returning to their natal stream to spawn, but two to 
three years is more common. 

Pacific Salmon - Coho 
Coho salmon spawn and rear in streams, but lake-rearing, pond-rearing, and lake-resident 
populations do exist in BC and Alaska.  The timing of upstream migration and timing of 
spawning are not linked.  In BC, migration to the spawning grounds is usually between 
September and October.  Coho salmon may spawn along the whole length of small streams.  
Coho salmon typically spawn in channels that are characterized by pool-riffle habitat at a slope 
of 1% to 3%.  Redds are usually built in shallow areas over medium to small gravel.  The timing 
of emergence from gravel is primarily dependent on water temperature and can occur between 
December and May in BC.  Newly emergent coho salmon young-of-the-year move to slower 
areas within the stream, such as side channels, near cover structures, and stream banks.  Young-
of-the-year and, more particularly, juvenile coho salmon feed on insects and young fish.  
Juvenile coho salmon generally rear in streams and rivers, but also use beaver ponds.  Within 
streams, coho salmon young-of-the-year and juveniles select deep, slow water and cover 
structures such as undercut banks and LWD.  Juveniles make both large and small-scale 
movements during the winter, likely in search of suitable overwintering habitat.  They move 
between reaches within streams, as well as into other habitats which include alcove, backwater, 
and deep main-channel pools. 

Coho salmon begin smoltification after one or two years.  Downstream migration takes place 
between April and August.  Coho salmon spend either one year at sea and return to spawn in their 
natal streams as precocious males (jacks), or more commonly spend two years at sea.  They are 
present within Morrison Lake, Babine Lake, and their associated tributaries in the Project area. 

Pacific Salmon - Sockeye 
Sockeye salmon occur in two forms, the anadromous sockeye salmon and the freshwater lake-
resident kokanee.  The life cycle of juvenile sockeye salmon is different from other Pacific 
salmon in that they rear in lakes rather than streams, although some stream-rearing populations 
do occur.  Female sockeye salmon select the redd site, and will defend the redd until near death.  
Sockeye salmon spawn within tributary streams, streams between lakes, and within lakes 
depending on the climate, topography, and geology of the area.  In streams, sockeye usually 
spawn in water less than a metre deep.  Within and between lakes, sockeye salmon spawn at 
varying depths (<2 to 16 m) and substrate sizes.  Emergence from the spawning gravel varies 
among lakes.  Emergence usually coincides with a peak in plankton abundance allowing young-
of-the-year sockeye salmon to optimize feeding.  Sockeye salmon emerge at night, and move 
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into the rearing lake from the stream in large schools, or if spawned within the lake they will 
move to either shallow or deep areas.  In lakes, young-of-the-year sockeye salmon usually use 
the nearshore area soon after emerging in spring and later in the summer migrate into the 
limnetic zone.  Vertical distribution of juvenile sockeye salmon can be quite variable within and 
among lakes throughout the year because of changes in water clarity and depth and the stability 
of the thermocline.  Diel vertical migration is thought to be a predatory response, so in turbid 
lakes, juvenile sockeye salmon may not undergo diel vertical migrations.  Sockeye salmon 
typically spend one year rearing in lakes before migrating to the ocean.  Sockeye salmon spend 
from one to four years at sea, usually two to three, before returning to spawn.  They are present 
within Morrison Lake and Babine Lake in the Project area. 

“Other” Fish Species 
Other fish species living in Morrison Lake include cutthroat trout (O. clarkii clarkii), kokanee 
(O. nerka), lake whitefish (Coregonus clupeoformis), mountain whitefish (Prosopium 
williamsoni), longnose sucker (Catostomus catostomus), largescale sucker (Catostomus 
macrocheilus), northern pikeminnow (Ptychocheilus oregonensis), burbot (Lota lota), redside 
shiner (Richardsonius balteatus), prickly sculpin (Cottus asper), and peamouth chub 
(Mylocheilus caurinus).  Adult trout, whitefish, and suckers inhabit deeper areas of the lake.  
Earlier life stages, along with the other small-bodied fish species listed above, inhabit the littoral 
zone (i.e., the portion of a lake that extends from the shoreline to a depth where sufficient light 
for plant growth reaches) of the lake and are not normally captured in deeper water or in 
associated tributaries of the lake.  These fish feed on the resources within Morrison Lake and all 
its tributaries and provide food for large-bodied fish. 

8.10.3 Spatial and Temporal Boundaries 

8.10.3.1 Spatial Boundaries 
The spatial boundaries of the fish and fish habitat effects assessment occur from the Project 
licence area to the terminal end of the transmission line at Bell Mine substation, near Babine 
Lake (Figure 8.10-1).  These boundaries include the mine footprint, the receiving and reference 
environment watercourses of the Project licence area, and the proposed transmission line right-
of-way (ROW) that encompass a total area of 203.9 km2.  The RSA includes all receiving and 
reference environment watersheds with the Project licence area; including Morrison and Tahlo 
Creek watersheds, Morrison and Tochcha Lakes, and sub-watersheds of Morrison Lake (streams 
25500, 29000, 44800, 50000, 53400, 61100).  The watersheds that the transmission line passes 
through include those draining into Morrison Creek and Lake Babine, on which the Bell Mine 
substation is located.  A 500 m buffer zone around Tochcha Lake and the watershed boundary 
around Morrison Lake and along the transmission line demarcates the LSA for this effects 
assessment. 

All lethal and sublethal effects and habitat losses are considered with respect to fish and fish 
habitat existing in the local and regional study areas.  This implies any effects are assessed at the 
scale of an entire length of a stream, or an entire lake, as appropriate for that local biological  
 



!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

B a b i n e

L a k e

H a g a n
A r m

M
o

r
r

i
s

o
n

 
L

a
k

e

N
i k i n i l e r a k  L a k e

Hautete Creek

H a u t e t e
L a k e

900

800

1000

11
00

1200

13001400

1500

11
0013

00

1100

1300

800

1200

1100

1000

13
00

900

900

1000

80
0

1100

900

1000

11
00

1200

900

1100

1200

1200

1200

800

1300

80
0

1000

800

1200

1000

1000

1100

800

800

10
00

900

800

80
0

800

900

1300

800

12
00

1000

1300

800

1300

1100

1000

1200

10
00

1100

1200

800

1000

10
00

900

12
00

1200

1200

900

900

1100

1000

12
00

900

1100

900

900

90 0

13
00

1100

1100

10
00

1000

80
0

1000

10
00

1000

1000
800

900

10
00

1100

1300

13
00

900

900

800
900

1300

80
0

800

1000

11
00

10
00

1000

1000

900

12
00

900

80
0

1000

1200

800

800

11
00

1000

12
00

1300

665000

665000

670000

670000

675000

675000

680000

680000

61
00

00
0

61
00

00
0

61
05

00
0

61
05

00
0

61
10

00
0

61
10

00
0

61
15

00
0

61
15

00
0

61
20

00
0

61
20

00
0

61
25

00
0

61
25

00
0

61
30

00
0

61
30

00
0

Morrison Copper/Gold Project
Fish and Fish Habitat Study Area

±
gis no. MOR-06-022 Job No. 793-001-02 March 13, 2009

FIGURE 8.10-1

Study Area

Water Diversion

!( !( Water Pipeline

!( !( Tailings Pipeline

Preferred Transmission
Line Alignment

Alternative Transmission
Line Alignment

Access Road

Gravel Road

Rough Road

River

100m Contour

20m Contour

Depression Contour

Stockpile and Borrow Area

Access Road; Haul Road

Other Infrastructure

Dam

Waste Rock Dump

Pond

Sanitary Landfill

Tailings Impoundment at 1015 m

Ultimate Pit Extent

Lake

Wetland

0 2,500 5,000

Metres

1:90,000

Projection: UTM 9, Nad83

Tochcha Lake

1:150,000

[_Morrison Copper/
Gold Project

Main Map Area

Tochcha Lake
Inset Map

Morrison 
Lake

Hagan Forest
Service Road

Babine
Lake

Tochcha
Lake

Takla
Lake

1:750,000



Environmental and Socio-economic Effects Assessment 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II 8–203 Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

community, and the extent these potential effects could have on the entire community rather than 
individuals.  Applicable effects on a sub-local scale are noted and considered in this assessment 
and in the cumulative environmental effects assessment (Section 11.8). 

8.10.3.2 Temporal Boundaries 
Temporal boundaries include the Project’s proposed lifetime of 25 years, including construction 
(2 years) and operations phases (21 years), and extend into the decommissioning and closure 
(2 years) and post-closure phases. 

8.10.4 Identification and Description of Potential Effects 

8.10.4.1 Effects Categories and Project Components 
Potential Project effects have been grouped into three categories: lethal effects, sublethal effects, 
and loss of habitat (Table 8.10-3).  Lethal effects are those that lead to the morbidity or instant 
mortality of fish, such as smothering embryos through a sedimentation event.  Sublethal effects 
act to reduce the physiological or reproductive fitness of fish, such as high levels of suspended 
sediments reducing visibility and causing respiratory stress or deleterious chemicals causing 
behavioural changes.  Sublethal effects do not result in mortality, but may translate into 
population level effects in the long-term.  Fish habitat may be lost at stream crossings or within 
the mine site through direct habitat removal, degradation, or altered productivity caused by 
reduced water quality. 

Table 8.10-3 
Identification of Potential Environmental Effects for Lake Trout, 

Dolly Varden, Rainbow Trout, Pacific Salmon, “Other” Fish Species, 
and Fish Habitat for the Project 

Potential Environmental Effects Project 
Component Project Activity Lethal Sublethal Loss of Fish Habitat 

A. Construction Phase    Mine Site 
1 Preparing open pit mine next to Morrison Lake 

including removing overburden, blasting, roads, and 
water diversion channels 

sediment, 
spills 

noise, 
particulates, 
sediment, 

residue, spills, 
ML/ARD 

smothering, decreased 
food production, 

increased TSS, water 
loss 

 2 Tailings dam construction including roads and water 
diversion channels 

sediment, 
spills 

noise, 
particulates, 

sediment, spills 

smothering, decreased 
food production, 

increased TSS, water 
loss 

 3 Clearing waste rock dump area, low grade ore pile, 
and overburden including roads and water diversion 
channels 

sediment, 
spills 

noise, 
particulates, 

sediment, spills 

smothering, decreased 
food production, 

increased TSS, water 
loss 

 4 Constructing processing plant and other buildings as 
well as roads and water diversion channels 

sediment, 
spills 

noise, 
particulates, 

sediment, spills 

smothering, decreased 
food production, 
increased TSS 

(continued) 
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Table 8.10-3 
Identification of Potential Environmental Effects for Lake Trout, 

Dolly Varden, Rainbow Trout, Pacific Salmon, “Other” Fish Species, 
and Fish Habitat for the Project (continued) 

Potential Environmental Effects Project 
Component Project Activity Lethal Sublethal Loss of Fish Habitat 
Mine Site B. Operation Phase    
 1 Open pit mine next to Morrison Lake; blasting, 

materials removal, and drainage 
noise, sediment, 

spills 
noise, 

particulates, 
sediment, 

residue, spills, 
ML/ARD 

smothering, decreased 
food production, 

increased TSS, water 
loss 

 2 Tailings dam including tailings pipeline; 
unscheduled rupture 

sediment, 
contaminants 

sediment, 
contaminants 

smothering, decreased 
food production, 

increased TSS, water 
loss 

 3 Storing and draining waste rock dump, low 
grade ore pile, and overburden pile 

sediment, spills sediment, spills, 
ML/ARD 

smothering, decreased 
food production, 

increased TSS, water 
loss 

 4 Processing plant; operations, drainage sediment, spills noise, 
particulates, 

sediment, spills 

smothering, decreased 
food production, 
increased TSS 

 5 Power generation at mine site spills noise, 
particulates, 

spills 

decreased food 
production, increased 

TSS 
 6 Freshwater withdrawl for potable needs and 

processing (if required) from Morrison Lake 
intake 

 noise, spills shoreline habitat loss 

 C. Closure and Decommissioning Phase    
 1 Removing structures sediment, spills noise, 

particulates, 
sediment, spills, 

ML/ARD 

smothering, decreased 
food production, 

increased TSS, water 
loss 

 2 Treat contaminated soils  contaminants decreased food 
production 

 3 Contour surfaces to reduce the possibility of 
erosion 

sediment, spills noise, 
particulates, 

sediment, spills 

smothering, decreased 
food production, 
increased TSS 

 4 Enhance the natural vegetation of all terrestrial 
surfaces disturbed or altered by the Project 

sediment, spills sediment, spills smothering, decreased 
food production, 
increased TSS 

 D. Post-closure Phase    
1 Filling open pit with water  ML/ARD decreased food 

production, water loss 
2 Monitor tailings dam sediment, 

contaminants 
sediment, 

contaminants 
smothering, decreased 

food production, 
increased TSS 

 

3 Monitor for soil erosion and slumping: remedial 
action if necessary 

 sediment smothering, increased 
TSS 

(continued) 
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Table 8.10-3 
Identification of Potential Environmental Effects for Lake Trout, 

Dolly Varden, Rainbow Trout, Pacific Salmon, “Other” Fish Species, 
and Fish Habitat for the Project (continued) 

Potential Environmental Effects Project 
Component Project Activity Lethal Sublethal Loss of Fish Habitat 

A. Construction Phase    Access 
Road 1 Extract road construction material from quarries and 

gravel pits  
sediment*, 

spills 
noise, 

particulates, 
sediment*, 

residue, spills, 
ML/ARD 

smothering, decreased 
food production, 
increased TSS 

 2 Quarries not required for ongoing maintenance will 
be contoured and abandoned on completion of road 
construction 

sediment sediment, 
ML/ARD 

smothering, decreased 
food production, 
increased TSS 

 3 Construct road base: push quarried rock and 
granular materials over existing road  

sediment, 
spills 

noise, 
particulates, 

sediment, spills, 
ML/ARD 

smothering, decreased 
food production, 
increased TSS 

 4 Upgrade bridges and other stream crossings  sediment, 
spills 

noise, 
particulates, 

sediment, spills 

smothering, decreased 
food production, 
increased TSS 

 B.  Operations Phase    
 1 Truck haulage of bulk cargo, garbage, and fuel on a 

24/7 schedule for 365 d/yr, from the mine site to port: 
155,000 tonnes of concentrate each year 
(approximately 4,015 truck loads) 

sediment, 
spills 

noise, 
particulates, 

sediment, spills 

smothering, decreased 
food production, 
increased TSS 

 2 Snow removal and applying sand and gravel during 
winter operations 

sediment, 
spills 

particulates, 
sediment, spills 

smothering, decreased 
food production, 
increased TSS 

 3 Maintenance on the roadbed and stream crossings sediment, 
spills 

sediment, spills, 
ML/ARD 

smothering, decreased 
food production, 
increased TSS 

 4 Rock crushing for summer road maintenance spills particulates, 
sediment, spills 

decreased food 
production, increased 

TSS 
 5 Stockpiling sand and gravel during the summer 

maintenance period for winter use 
 particulates decreased food 

production, increased 
TSS 

 6 Store registered explosive magazines in quarry sites 
along the roadway. 

 Residue decreased food 
production 

 C. Closure and Decommissioning Phase    
 1 Treat contaminated soils  contaminants decreased food 

production 
 2 Ensure soil erosion measures in place sediment sediment, 

ML/ARD 
smothering, decreased 

food production, 
increased TSS 

 3 Enhance the natural vegetation of all terrestrial 
surfaces disturbed or altered by the Project 

sediment, 
spills 

sediment, spills smothering, decreased 
food production, 
increased TSS 

 D.  Post-closure Phase    
 1 Monitor for soil erosion and slumping: remedial 

action if necessary 
 sediment, 

ML/ARD 
smothering, decreased 

food production, 
increased TSS 

(continued) 



Environmental and Socio-economic Effects Assessment 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II 8–206 Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

Table 8.10-3 
Identification of Potential Environmental Effects for Lake Trout, 

Dolly Varden, Rainbow Trout, Pacific Salmon, “Other” Fish Species, 
and Fish Habitat for the Project (completed) 

Potential Environmental Effects Project 
Component Project Activity Lethal Sublethal Loss of Fish Habitat 

A. Construction Phase    Transmission 
Line 1 Clearing right-of-way and access roads sediment, 

spills 
noise, sediment, 

spills 
smothering, decreased 

food production, 
increased TSS 

 2 Construct access road base sediment, 
spills 

noise, 
particulates, 

sediment, spills, 
ML/ARD 

smothering, decreased 
food production, 
increased TSS 

 B. Operation Phase    
 3 Maintenance on the access roadbed and stream 

crossings 
sediment, 

spills 
sediment, spills, 

ML/ARD 
smothering, decreased 

food production, 
increased TSS 

 C. Closure and Decommissioning Phase    
 1 Treat contaminated soils  contaminants decreased food 

production 
 2 Ensure soil erosion measures in place sediment sediment, 

ML/ARD 
smothering, decreased 

food production, 
increased TSS 

 D. Post-Closure Phase    
 1 Monitor for soil erosion and slumping: remedial 

action if necessary 
 sediment, 

ML/ARD 
smothering, decreased 

food production, 
increased TSS 

ML/ARD - metals leaching and acid rock drainage. 
particulates - includes non-toxic and toxic particles. 
residue - ammonium nitrates from explosives. 
* quarry sites may be next to waterbodies, with low flow unlikely to wash away sediment. 

Under the Fisheries Act (1985) chemical alteration of water quality through introducing 
deleterious substances to surface waters is considered a HADD to fish habitat.  Water quality 
HADDs can affect the health of fish populations and change the productivity of primary 
producers (phytoplankton and periphyton) or food sources (zooplankton and benthic 
invertebrates).  Protecting this productive capacity of fish habitat, “the maximum natural 
capability of habitats to produce healthy fish, safe for human consumption, or to support or 
produce aquatic organisms upon which fish feed” is mandated by the DFO (1996).  The effect of 
deleterious chemicals on fish health is detailed in the sections on lethal effects (Section 8.10.4.3) 
and sublethal effects (Section 8.10.4.4) while their effect on the productive capacity of fish 
habitat through their effect on primary and secondary producers is detailed in the fish habitat 
section (Section 8.10.4.5).  

Many of the issues listed above overlap in terms of definition and scope.  Each pathway 
describes one primary effect, but multiple effects may occur.  Potential effects are discussed as 
they pertain to the construction, operations, decommissioning and closure, and post-closure 
phases of the Project. 
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The predicted potential effects of each mine component on each VEC are identified and assessed 
in this section.  Project components include the mine site, access road, and transmission line.  All 
three Project components could affect fish during the different phases of the Project.  Results of 
this screening process are presented for the four phases of the Project: construction, operation, 
decommissioning and closure, and post-closure (Tables 8.10-6 to 8.10-11 found later in this 
section).  Project components that may affect an identified VEC are discussed in relation to lethal 
effects, sublethal effects, and habitat loss.  The Project components are described below. 

Mine Site 
The mine site will include the main surface infrastructure for the Project.  During the 
construction phase, activities such as clearing, stockpiling, and site preparation for the open pit 
mine, facilities construction, and constructing the water management structures (i.e., ditches, 
diversions, tailings pond dams) will take place.  Operations at the mine site will include loading 
trucks and equipment, employee access, site and equipment maintenance, pit blasting and 
excavation, plant processing, TSF management, and WRD management.  Closure and post-
closure activities will include removing all site infrastructures, treating any contaminated soils, 
decommissioning the TSF by allowing it to fill with water that will pass over its spillway to the 
open pit, site restoration including restoring natural drainage, and revegetating the site.  Post-
closure activities will include filling the open pit with water, site inspections, and monitoring. 

Alterations or losses of fish habitat, mortality, and sublethal effects will occur within the mine 
site and downstream.  Alterations include losing or realigning streams within the footprint of the 
open pit, TSF, and WRD, as well as water loss within these streams and sedimentation during 
construction and stream realignment.  Excavation and blasting also may lead to aerial deposition 
of dust and explosive residues to waterways.  These alterations represent moderate habitat losses 
based on the fraction of affected area compared to total stream lengths and observed on a 
landscape scale.  The significant effects of these alterations will be compensated for during the 
Project’s construction phase (see Section 13.6).  ML/ARD and spills may cause minor sublethal 
effects downstream of the mine site to fish species; these effects will be mitigated with proper 
plans and monitoring.  Rupture of the tailings/effluent dam/pipeline may cause moderate 
sublethal effects downstream of the mine site to fish species; these effects will be mitigated with 
proper plans and monitoring. 

Access Road 
In the construction and operations stages, road activities will include extracting road construction 
materials, constructing the road base, upgrade bridges and stream crossings, road maintenance 
(i.e., grading, snow removal), stockpiling sand and gravel, and general road traffic.  Locations of 
the gravel pits and planned upgrades are presented in Figure 8.10-2.  All the activities listed 
could affect fisheries resources. 

Relatively minor alterations or losses of fish habitat, mortality, and sublethal effects may occur at 
crossing upgrades along the road.  Alterations include losing habitat at the footprints of bridge 
pilings, culvert installation, erosion, and sedimentation during construction upgrades at each 
stream crossing.  Road traffic and blasting also may cause minor habitat alteration from aerial 
deposition of dust and explosive residues to waterways.  These alterations would represent minor 
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losses of habitat at each crossing based on the small fraction of affected area compared to total 
stream lengths, and negligible when observed on a landscape scale.  PBM will follow DFO 
Operational Statements to minimize all potential effects on fish habitat. 

Transmission Line 
In the construction and operations stages, transmission line activities will include constructing 
access spur roads, clearing the ROW, stringing transmission lines between towers, and access 
spur road maintenance.  All these activities may affect fisheries resources. 

Little to no alterations or losses of fish habitat, mortality, and sublethal effects are expected to 
occur at crossings along the transmission line.  Alterations include increased sunlight at crossings 
caused by riparian topping, excessive noise during stringing the hydroelectric lines by helicopter, 
and erosion and sedimentation during riparian and stringing activities.  These alterations will 
represent negligible losses of habitat at each crossing based on the small fraction of affected area 
compared to total stream lengths. 

8.10.4.2 Assumptions 
Several unknown factors for the Project were identified through consultation with representatives 
of DFO and BC MOE.  Therefore, for the purposes of the EA assessment, several assumptions 
have been made with respect to the Project’s residual effects and the occurrence of HADDs.  
These assumptions include: 

• Water loss to Morrison Lake due to losing upper watersheds in the area of the TSF and 
WRD will not significantly affect baseline water levels in Morrison Lake because of 
natural replenishment of surface water from the surrounding watershed catchment area. 

• Water loss to Morrison Lake due to extracting freshwater from a shoreline groundwater 
well will not significantly affect baseline water levels because of natural replenishment of 
surface water from the surrounding watershed catchment area. 

• TSF water released over the spillway upon Project post-closure will be directed to the 
open pit and will not enter fish-bearing stream. 

• TSF seepage that enters fish-bearing streams 53400 and 61100 will not contain 
contaminants significantly above baseline levels or guidelines. 

8.10.4.3 Lethal Effects 

Introduction 
Fish mortality occurs when an action results in immediate or near-immediate death.  Direct 
mortality typically occurs because of a physiological challenge the fish cannot overcome, such as 
contact with toxic chemicals, hypoxic conditions (low oxygen levels) in the environment, or 
blunt trauma causing tissue damage. 
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Physical Damage 
General 
Physical damage to fish specifically relate to all Project components.  Possible causes of lethal 
tissue damage to fish in the Project area include construction equipment crossing streams for 
bridge and culvert construction for new roads at the mine site, rock blasting at quarry sites along 
the access road and at the open pit, and streams freezing to the bottom in winter.   

Equipment crossing streams will be one-time events for each crossing during summer (DFO 
2007a).  At each fish-bearing stream crossing at the mine site, instream work will occur during 
appropriate operating windows for coho salmon and rainbow trout (DFO 2007b) to avoid direct 
mortality of eggs, larvae, and adults.  Table 8.10-4 lists the location of 11 stream crossings by 
roads at the mine site.  Included is the fish-bearing status, fish species present, and reduced risk 
operating windows for each stream.  With these mitigation measures, direct fish mortality due to 
construction equipment should be negligible. 

Table 8.10-4 
Mine Site Stream Crossings, Fish-Bearing Status, and 

Associated Reduced Risk Instream Operating Windows for the 
Morrison Copper/Gold Project 

1Crossing # 
Project Infrastructure 

Component Stream # Species Present 
Reduced Risk  

Operating Window 
2 Road/Pipeline 6070-494 NFC -- 
8 Road/Pipeline 53400-12700 NFC -- 
9 Road/Pipeline 53400-12700 NFC -- 
10 Road 5000-48010 NFC -- 
18 Road/Transmission Line N/A NFC -- 
21 Road/Transmission Line 29000 coho salmon 

rainbow trout 
July 1 to August 31 

September 1 to January 31 
24 Road/Transmission Line N/A NFC -- 
25 Road/Transmission Line 25500 coho salmon July 1 to August 31 
33 Road/Pipeline 53400-12700 NFC -- 
34 Road/Pipeline 53400 rainbow trout September 1 to January 31 
35 Road/Pipeline 53400 rainbow trout September 1 to January 31 

1crossing locations from Section 7.11 (Table 7.11-1) 
'-- not applicable 
NFC = no fish caught 

The sound waves created by blasting near water and driving in pilings for bridges can cause 
physical damage to fish eggs, larvae, juveniles, and adults (Wright 1982; DFO 2004; Faulkner et 
al. 2006; Faulkner et al. Forthcoming).  The most common tissue damage occurs to the swim 
bladder of juveniles and adults, and to embryos.  No quarries are near stream crossings (Figure 
8.10-2), so blasting will not affect the selected VECs.  If any future quarries are developed for 
the Project, the suggested minimum setback distances for the safe use of explosives in all soil 
types adjacent to fish-bearing habitat will be followed as summarized from Wright and Hopky 
(1998) in Table 8.10-5.  However, the effect of blasting along the road and within the pit is likely 
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to be negligible for adjacent streams and Morrison Lake (Tables 8.10-6 to 8.10-11) for three 
main reasons: the lethal effects of sound waves near water are very localized; all site blasting 
will be a minimum of 10 m from fish-bearing streams to avoid damage (<100 db) to possible 
spawning habitat (Wright and Hopky 1998); and no stream crossings will involve pilings.   

Table 8.10-5 
Minimum Setback Distance for Detonations near 

Fish-Bearing Habitat for all Substrate Types, 
Morrison Copper/Gold Project 

Weight of Explosive (kg) Setback Distance (m) 
0.5 10.7 
1 15.1 
5 33.7 

10 47.8 
25 75.5 
50 106.7 

100 150.9 

Note: Minimum setbacks listed are based on 100 kPa 
guideline criteria (Wright and Hopky 1998). 

The upper wall of the mine site pit will be approximately 80 m from the edge of Morrison Lake.  
Several small-bodied fish species are known to inhabit the lake shoreline at this site 
(Appendix 28).  Therefore, appropriate explosive weights will have to be used when blasting 
along the western edge of the pit to avoid lethal effects on these fish. 

Water loss from Morrison Lake caused by seepage into the open pit and losing the upper 
watershed in the TSF and WRD area also could cause fish mortality.  Fish egg mortality is 
possible because of reduced water flows to Morrison Creek and reduced pressure head on Tahlo 
Creek.  This reduction would result in lower water levels within the creeks and could result in 
overwinter freezing to the bottom in areas.  Significant water loss to Morrison Lake will not 
occur because seepage into the open pit will be mitigated (see Section 13.3) and the amount of 
water from the two lost watersheds and freshwater intake will be naturally replenished from the 
surrounding watershed catchment area (see Section 8.5).  During the critical fall spawning period 
for salmon, Morrison Creek will entail a 3 to 5% increase in discharge during construction and a 
3 to 4% decrease in discharge during operations.  This change from baseline conditions will not 
significantly affect water levels within Morrison Creek.  Fish entrainment by the water intake 
will not occur because the intake will be below the lake substrate.  The significance of effects 
resulting from water loss from Morrison Lake is therefore predicted to be negligible 
(Tables 8.10-6 to 8.10-11). 

Water loss from Morrison Lake tributaries (25500, 29000, 44800, and 53400) from losing the 
upper watershed in the TSF, WRD, and open pit areas could cause fish mortality.  Juvenile fish 
and egg mortality is possible from reduced water flows to the two creeks resulting in dewatering 
and pool isolation during summer low flows and overwinter freezing to the bottom during winter 
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low flows.  The remaining upper watershed drainages of streams 25500 and 53400 will be 
diverted around the obstructing infrastructure areas to supply each with a reduced amount of 
water flow.  However, the entire watershed of stream 29000 will be lost completely to the open 
pit and WRD.  Stream flows are predicted to be significantly reduced in streams 25500 and 
44800, while the flow dynamics of stream 53400 will be significantly altered (see Section 13.3).  
Flows within stream 25500 are predicted to be reduced below its current minimum baseline flow 
for nine months of the year during operations, with three months (January to March) having no 
flow.  Stream 44800 is predicted to have a reduction of 60 to 90% below current minimum 
baseline flows four months of the year during operations.  The flow regime of stream 53400 will 
change from a pulsed annual flow (spring freshet with late winter and late summer low-flow 
periods) to a buffered system caused by the TSF’s effects.  The buffering capacity of the lake 
that will form during operations will increase the lowest flows by over 100% and reduce the 
spring freshet pulse by 76% during all Project phases.  This change in flow regime may affect 
sedimentation within the creek because of reduced annual flushing.  These changes to the 53400 
stream system are coupled with the loss of the upper 977 m of fish-bearing habitat (see Section 
13.6) between the planned seepage dam and lower tributary into which water diverted around the 
TSF will flow.  The significance of effects resulting from water loss and system change in these 
tributaries to Morrison Lake is predicted to be moderate (Tables 8.10-6 to 8.10-11) because of 
fish presence within these streams. 

Lake Trout and “Other” Fish 
Project activities associated with the access road and transmission line are likely not to affect 
lake trout and “other” fish.  These VECs are strongly associated with Morrison Lake and not the 
lake tributaries.  Based upon the baseline data within the study area and life history 
characteristics of lake trout and “other” fish species (McPhail 2007), they likely do not use the 
access road and transmission line stream sites. 

Rainbow Trout 
Rainbow trout may be affected by direct mortality during construction because they are abundant 
and widespread species within the mine site and along the access road and transmission line.  
Rainbow trout spawn in large and small streams typical of those to be crossed by the access road 
and transmission line (McPhail 2007), and their early life stages are particularly susceptible to 
direct mortality.  Adhering to the instream operating windows will decrease the likelihood of 
direct mortality.  Lowered water flows in the small tributaries flowing into Morrison Lake where 
this species spawns and rears makes them susceptible to habitat loss and freezing mortality.  
Implementing the plans previously mentioned above will reduce the likelihood of lethal effects. 

Dolly Varden 
Dolly Varden is not likely to be affected by direct mortality during construction because they are 
abundant only along the access road and transmission line where no new stream crossings will 
occur.  Adhering to the instream operating windows will decrease the likelihood of direct mortality. 

Pacific Salmon 
Project activities associated with road construction at the mine site may directly affect coho 
salmon.  Rearing juvenile coho salmon were present in lower gradient reaches downstream of at 
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least one of the stream crossing locations (Table 8.10-4).  Based upon the baseline data within 
the study area and life history characteristics of Pacific salmon (McPhail 2007), they are likely 
not present at the higher gradient/elevation road crossing locations where rainbow trout are more 
prevalent. 

The early life stages of Pacific salmon found in the small tributaries of Morrison Lake are most at 
risk because they are susceptible to habitat loss and stream sections freezing to the bottom.  
Implementing the management and mitigation plans will reduce the likelihood of any lethal effects. 

Smothering 
General 
All Project components may contribute to smothering of fish life stages.  Construction activities 
near streams, such as building bridges and culverts, blasting at quarry sites, excavating the TSF, 
dam construction, and construction of ditches are potential causes of sedimentation along stream 
banks.  High precipitation in the summer also can lead to sediment run-off into streams.  A less 
likely cause of sedimentation is the rupture of the tailings dam or the pipeline that contains a 
mixture of tailings, filter plant effluent, and sewage effluent.  Sedimentation events can be lethal 
to incubating fish eggs in streambeds and larvae present in the substrate from fine sediment 
depositing within the gravel (Platts and Megahan 1975; Lisle 1989).  This sediment can block 
oxygen transport across the membrane to the growing embryo, creating hypoxic (low oxygen) or 
even anoxic (no oxygen) conditions (Turnpenny and Williams 1980; Ingendahl 2001). 

Also, larvae that have hatched can become buried under the sediment, which creates a physical 
barrier preventing them from emerging (Chapman 1988; Crisp 1996).  Although lethal 
sedimentation events will be mitigated using silt fences and erosion and sediment control 
measures, sedimentation is still possible during periods of high precipitation and incidents (i.e., 
land slides) during construction. 

Sedimentation along stream banks is less likely from truck hauling, snow removal (on gravelled 
road), bridge/culvert removal, and mine site contouring during the operations and 
decommissioning phases of the Project once mitigation measures are in place. 

Lake Trout and “Other” Fish 
Project activities will likely not directly affect lake trout or “other” fish that are strongly 
associated with Morrison Lake.  Based upon the baseline data within the study area, lack of 
suitable spawning areas along the lake shoreline near the mine site, and deep water rearing 
habitat of lake trout, lake trout will likely not be affected by smothering events in the upstream 
mine site or access road. 

The presence of “other” fish species downstream of the mine site and access road streams may 
be affected, by smothering, during construction.  “Other” fish species may use the lake shoreline 
and stream 29000, downstream of mine site streams, for rearing.  While Project activities are 
possible causes of sedimentation causing lethal effects, their effects are likely negligible (Table 
8.10-10).  Sediment control and erosion plans will be used so that water and sediment quality is 
maintained at or near background levels during the Project. 
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Rainbow Trout 
Rainbow trout may be affected by smothering during construction because they are abundant and 
widespread species along the access road, transmission line, and mine site.  Rainbow trout spawn 
in large and small streams typical of those to be crossed by the mine site road (McPhail 2007), 
and their early life stages are particularly susceptible to smothering from sedimentation events.  
Adhering to the instream operating windows will decrease the likelihood of smothering, but the 
potential for minor significant effects exists during construction if a sedimentation event occurs 
in a rainbow trout spawning area (Table 8.10-8).  Thus, for the Project’s construction phase, 
sediment control is of particular concern during the spring spawning period and instream 
operating windows should be strictly adhered to.  Sediment control and erosion plans will be 
used so that water quality is maintained at or near background levels during the Project.  
Sediment control may be particularly important for stream 53400, in which the change in flow 
regime may affect sedimentation because of reduced annual flushing. 

Dolly Varden 
Dolly Varden is only somewhat likely to be affected by smothering during gravel topping along 
the access road where they are most abundant.  Dolly Varden spawn in large and small streams 
typical of those to be crossed by the access road (McPhail 2007), so they may be affected by 
smothering.  Thus, for the Project’s construction phase, controlling sediment is of particular 
concern during the fall spawning period and instream operating windows should be strictly 
adhered to.  Sediment control and erosion plans will be used so that water quality is maintained 
at or near background levels during the Project.  While road topping is a possible cause of 
sedimentation causing lethal effects, its effects are likely negligible (Table 8.10-7). 

Pacific Salmon 
Pacific salmon downstream of the mine site roads and access road may be affected by 
smothering during construction.  Rearing juvenile coho salmon are present in lower gradient 
reaches downstream of the mine site.  Sockeye and coho salmon also spawn along sections of 
Morrison Lake shoreline, which are downstream of the mine site streams.  Therefore, 
sedimentation events upstream could smother important salmon spawning and rearing areas 
downstream, causing minor significant effects during construction (Table 8.10-9).  Implementing 
the plans previously mentioned above will reduce the occurrence of lethal impacts. 

Physiological Toxicity 
General 
Most petroleum products from potential spills (e.g., gasoline, diesel, fuel oil) are toxic to fish and 
can cause mortality (Tagatz 1961; Hedtke and Puglisi 1982; Lockhart et al. 1996).  The lethality 
of these products increases when accompanied by low dissolved oxygen levels (<4 ppm).  The 
toxic action of these hydrocarbons occurs through their water soluble constituents and emulsions 
causing damage to gill epithelia, nerve damage, liver destruction, and general organ failure 
(Fryday et al. 1996; Omoregie and Ufodike 2000).  The possibility of fish exposure to spilled 
contaminants is more likely to occur during the construction phase than during the operation or 
closure phases. 
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Explosives to be used for blasting rock typically contain ammonium nitrate as an oxidizing 
agent.  Residues that contain ammonia, ammonium nitrate, or the oxidative intermediate nitrite, 
in high enough concentrations can be toxic to all life-history stages of fish (Lewis and Morris 
1986; Servizi and Gordon 1990; Camargo, Alonso, and Salamanca 2005).  These residues may 
enter the water immediately after blasting from particulates settling out of the air, or during 
precipitation events such as runoff. 

Nitrogenous waste products contained in sewage discharge can reduce water quality depending 
on the degree of dilution, treatment, and composition relative to the surrounding environment.  
Oxygen depletion is the most common effect of nitrogenous wastes because of microbial growth 
on its organic content (Munro and Roberts 2001).  However, toxic effects are possible because of 
the presence of inorganic nutrients (e.g., phosphates, ammonia, and nitrates) that can cause 
mortality (Smith and Suthers 1999; Saborido-Rey et al. 2007) and trigger algal blooms as well.  
One nutrient common in sewage discharge is the highly toxic nitrite ion, although its presence is 
likely short-lived before oxidizing to nitrate (Munro and Roberts 2001).  While sometimes 
present in municipal sewage, it is not expected that heavy metals or toxic organic wastes such as 
polychlorinated biphenyls (PCBs) will be present in the waste products of the mine site, although 
the piped tailings will be high in metals.  Leachates from tailings effluent can lead to mortality 
when approaching or exceeding conservative toxicity thresholds (Hansen et al. 1999; Todd et al. 
2006).  Treated sewage and tailings will be pumped with tailings into the TSF and effluent 
pipeline ruptures are a low probability.  Although this type of event is unlikely to occur with 
proper engineering and design, the consequences could be significant because the dam and 
pipeline contain a mixture of tailings and effluent from the sewage plant.  Tailings water and 
sediment overloading or bypassing the catchment ponds could travel downstream towards 
Morrison Lake, which may have catastrophic smothering and toxicity effects on fish.  However, 
the tailings dam will be constructed to last indefinitely and become a permanent feature of the 
landscape. 

Lake Trout and “Other” Fish 
Project activities may affect lake trout and “other” fish in Morrison Lake.  Because Morrison 
Lake is the downstream receiving environment for the mine site and access road streams, spills 
and explosive residues may cause physiological toxicity mortality at high concentrations.  
Furthermore, explosive use in the open pit mine is close to Morrison Lake so nitrates and dust 
contaminants may be an issue.  However, because of mitigation measures such as spill kits, 
equipment maintenance, setback distances and others contained in response plans for spills 
(Section 13.18), the probability of fish mortalities caused by spilled petroleum products or toxic 
explosives residues is expected to be negligible for all Project phases (Table 8.10-6). 

Rainbow Trout 
Rainbow trout may be affected by physiological toxicity during mine site construction and 
access road topping because they are abundant and widespread species along the access road, 
transmission line, and mine site.  Implementing the management and mitigation plans will reduce 
the occurrence of lethal effects, but minor significant effects are expected if a large spill occurs.  
Although a rupture of the tailings dam or pipeline is highly unlikely, because such an occurrence 
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poses potentially severe lethal effects and the long timeline during which one could occur, the 
residual significance has been given a moderate rating. 

Dolly Varden 
Dolly Varden may be affected by physiological toxicity during access road topping and during 
operational transport because they are the most abundant and widespread species along the road.  
Implementing the plans previously mentioned above will lessen the occurrence of lethal impacts, 
but minor significant effects are expected if a large spill occurs. 

Pacific Salmon 
Project activities may affect Pacific salmon rearing in Morrison Lake and its associated tributaries 
as well as in streams along the access road.  Because Morrison Lake is the downstream receiving 
environment for the mine site and access road streams, spills and explosive residues may cause 
physiological toxicity mortality at high concentrations.  Furthermore, explosive use in the open pit 
mine is close to Morrison Lake so nitrates and dust contaminants may be an issue.  Implementing 
the plans previously mentioned above will lessen the occurrence of lethal impacts, but minor 
significant effects are expected if a large spill occurs.  While a rupture of the tailings dam or 
pipeline is highly unlikely, the lethal effects if this occurred during the spawning period are 
potentially severe, so the significance is rated as moderate.   

8.10.4.4 Sublethal Effects 

Introduction 
Sublethal effects generally lead to deterioration in the health of individuals or a population.  
These effects manifest as detrimental changes to an organism with respect to their behaviour 
(e.g., changes in swimming patterns, decreased feeding) or physiology (e.g., increased 
osmoregulatory stress, decreased swimming performance).  These changes can lead indirectly to 
mortality by increasing the chance of predation, increasing susceptibility to disease, or 
decreasing the ability to survive winter conditions. 

Behavioural Changes 
General 
High levels of TSS can occur from sedimentation events during construction (e.g., materials 
accidently pushed into stream, loosening materials along stream banks) and runoff during spring 
freshet and summer rains.  Other sources of TSS include particulates from haul trucks, 
construction equipment activity, and blasting.  High TSS levels can lead to behavioural changes 
in fish such as alterations in migration routes and spawning behaviour (Cordone and Kelley 
1961).  Although salmon will migrate through most areas of suspended particulates, they only 
spawn in tributaries with clear water or low turbidity.  Although a sedimentation event high 
enough in magnitude to affect spawning or migration is not likely during the Project’s lifetime, 
moderate sedimentation events are probable during the construction phase. 

Noise pollution can also affect fish behaviour.  Behavioural changes can include an acute startle 
response, change in swimming patterns, change in vertical distribution and feeding, and 
interruption of spawning activities from noise caused by blasting (DFO 2004), truck traffic, or 
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construction activities.  However, the use of proper blasting techniques (Wright and Hopky 
1998), and avoiding bridge construction and blasting during spawning periods should mitigate 
noise so that effects on fish behaviour are negligible. 

Behavioural changes in fish after sublethal exposure to spilled petroleum products, unscheduled 
tailings discharge, tailings dam rupture, or residues from explosives typically are responses to the 
physiological changes caused by the contaminants.  Acute and chronic stress responses, as 
indicated by disturbances in blood chemistry (Zbanyszek and Smith 1984; Alkindi et al. 1996), can 
lead to behavioural changes such as decreased feeding activity (Camargo, Alonso, and Salamanca 
2005) and changes in swimming behaviour (Struhsaker 1977; Little and DeLonay 1996).  The 
likelihood of exposure to toxic substances is expected to be highest during the construction phases. 

The constituents of sewage effluent can cause sublethal behavioural effects such as avoidance 
behaviour (J. Richardson, Williams, and Hickey 2001).  On a population scale, the continued 
exposure to nitrogenous wastes can lead to changes in species diversity and abundance relative to 
control areas (Grigg 1994).  As well, increases in parasite load can occur in areas of sewage 
effluent exposure (Siddall, Pike, and McVicar 1994), which can lead to physiological and 
behavioural changes (Poulin 1995).  Fish exposure to sewage effluent spills or leaks to downstream 
receiving environment streams and Morrison Lake are not expected to occur with proper design 
and engineering of the tailings pipeline that will transport this material to the tailings facility.  
Although this type of event is unlikely to occur, the consequences could be significant because the 
dam and pipeline also contain a mixture of tailings and effluent from the filter plant.  Tailings 
water and sediment could travel downstream towards Morrison Lake, which may have catastrophic 
effects on any of the affected streams.  Productive capacity may be altered for years as metal-
contaminated sediment settles onto the substrate of the streams and eventually flow into Morrison 
Lake.  ML/ARD may occur within the mine site exposed rocks and stockpiles, or along the access 
road and transmission line from exposed rock (see Section 13.17).  The expected duration of any 
ML/ARD that does occur is for the Project lifetime.  Leachates from ML/ARD have been shown to 
cause changes in fish swimming and feeding behaviour, and can lead to mortality when 
approaching or exceeding conservative toxicity thresholds (Hansen et al. 1999; Todd et al. 2006).  
These upper toxicity limits are not likely to occur in the Project area, so lethal effects were not 
considered.  Sublethal effects occur because of metals accumulation in fish gills, causing a stress 
response that can lead to behavioural changes (Wendelaar Bonga 1997).  Several locations have 
been identified as possible ML/ARD generating sites, including the WRD and other stockpile sites, 
although confidence in whether these sites will produce ML/ARD and to what degree is low.  
Nevertheless, a proper and carefully managed ML/ARD prediction and prevention management 
plan will be used to ensure that water quality is maintained. 

Water loss from Morrison Lake tributaries (25500, 29000, and 44800) from losing the upper 
watershed in the TSF, WRD, and open pit areas could cause behavioural changes.  Reduced 
water flows to stream 25500 and 44800 may result in dewatering and pool isolation during 
summer and winter low flows.  During these flow periods, juvenile fish may not be able to use 
these streams to the same degree and be subjected to overwinter freezing to the bottom, affecting 
rearing behaviours and migration timing.  Diverting the remaining upper watershed drainages of 
these streams around the obstructing infrastructure areas to supply each with a reduced amount 
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of water flow are not likely to mitigate any fish behavioural changes within these streams 
because of the significant flow reductions predicted (below current minimum baseline flow for 
four to nine months of the year).  The complete loss of stream 29000 will preclude fish from 
using this stream, thus affecting the behaviour of rainbow trout and coho salmon known to use 
this habitat (see Section 7.10).    

Water flow changes in stream 53400 may result in fish behavioural changes.  The change to a 
buffered system may affect upstream fish movements during high flow periods.  The loss of the 
upper 977 m of current fish-bearing habitat between the planned seepage dam and lower 
tributary also may affect fish movements.   

Lake Trout and “Other” Fish 
Project activities may affect lake trout and “other” fish in Morrison Lake.  Because Morrison 
Lake is the downstream receiving environment for the mine site and access road streams, fish are 
susceptible to sediments and contaminants from spills, noise, ML/ARD, explosives, and waste 
products.  However, proper and carefully managed sediment control and erosion prevention 
plans, an ML/ARD prediction and prevention management plan, environmental effect 
monitoring plan, and spill contingency management plans will be used to ensure that water and 
sediment quality is maintained and effects are negligible. 

Lake trout and “other” fish could be affected by any major water loss from Morrison Lake.  Lake 
trout are the most abundant and widespread species within the lake, spawning along the lake 
shores in the fall, and “other” fish species also inhabit the lakeshore areas.  The early life stages 
of lake trout and small-bodied fish species are most susceptible to water withdrawal.  However, 
mitigating seepage water from entering the open pit and normal precipitation within the 
watershed will reduce any significant water loss. 

Rainbow Trout 
Rainbow trout may be affected by behavioral changes during operation and construction because 
they are an abundant and widespread species along the access road, transmission line, and mine 
site.  Implementing the plans previously mentioned will lessen the occurrence of sublethal 
effects, but minor significant effects are expected if a large sedimentation event or spill occurs.  
These types of events are most likely to occur during construction and operations at the mine site 
and along the access road (Table 8.10-8).  During Project construction, minor behavioural effects 
also may occur because of high particulates and residues generated while topping the access road 
and activities at the mine site.  Although a rupture in the tailings dam or pipeline is highly 
unlikely, because of the potential for continuous instream contamination and acid generation, the 
residual significance for behavioural effects is moderate.  Water loss in tributary streams is 
predicted to cause minor behavioural effects, particularly during low-flow periods.  

Dolly Varden 
Dolly Varden have the highest probability of being influenced by the access road and 
transmission line because they are the most widespread and abundant species in the affected 
streams.  This species is the most abundant fish in the streams along the alignments, and 
therefore is most susceptible to sediments and contaminants from spills, noise, ML/ARD, 
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explosives, and waste products.  Nevertheless, proper and carefully managed sediment control 
and erosion prevention plans, an ML/ARD prediction and prevention management plan, 
environmental effect monitoring plan, and spill contingency management plans will be used to 
ensure that water and sediment quality is maintained.  Minor behavioural effects are possible 
during the Project’s construction phase because of high particulates and residues generated while 
topping the access road (Table 8.10-7). 

Pacific Salmon 
Project activities may affect Pacific salmon rearing in Morrison Lake and streams along the 
access road and transmission line.  Morrison Lake is the downstream receiving environment for 
the mine site and access road streams, therefore these species are most susceptible to sediments 
and contaminants from spills, noise, ML/ARD, explosives, and waste products.  Implementing 
the plans previously mentioned above will lessen the occurrence of sublethal effects, but minor 
significant effects are expected if a large sedimentation event or spill occurs.  These types of 
events are most likely to occur during construction and operations at the mine site and along the 
access road (Table 8.10-9).  During Project construction, minor behavioural effects may occur 
because of high particulates and residues generated while topping the access road and activities 
at the mine site.  Although a rupture in the tailings dam or pipeline is highly unlikely, because of 
the potential of continuous instream contamination, the residual significance for behavioural 
effects is moderate.  Water loss in tributary streams is predicted to cause minor behavioural 
effects to coho salmon that use these streams, particularly during low-flow periods. 

Physiological Changes 
General 
TSS produced by sedimentation and particulates can cause minor physical damages, such as gill 
damage, leading to decreased fitness from a reduced ability to feed, spawn, and avoid predators.  
Increased respiratory and osmoregulatory stress can occur from abrasion to the gill filaments and 
matting action reducing the surface area (Cordone and Kelley 1961; Newcombe and MacDonald 
1991; Sutherland and Meyer 2007).  Moderate gill damage to small riverine fish has been shown 
to occur at suspended sediment levels ≥100 mg/L, with severe damage at 500 mg/L (Sutherland 
and Meyer 2007).  Eye damage also is possible, but sediment loads would have to be very high 
in fast-moving water because the continuous secretion of mucus washes away most sediment 
particles and protects the eyes.  These types of physical damage would most likely occur during 
the construction phase when sedimentation events are most likely. 

The most common sublethal effect of sudden noise for fish is an acute stress response.  When 
fish are startled by explosive blasts or construction activities, catecholamines are released that 
increase oxygen uptake and mobilize energy for swimming (Wendelaar Bonga 1997).  A chronic 
stressor can reduce growth and increase susceptibility to infection.  Sustained noise in a single 
area is not expected during the any phases of the Project.  However, sporadic noise will occur 
during the operations phase of the mine, but these will be point sources near mostly non-fish-
bearing streams. 

Physiological changes from sublethal exposure to petroleum products (≥7.2 ppm) include 
increased haematocrit, haemoglobin concentration, erythrocyte counts, plasma glucose, and 



Environmental and Socio-economic Effects Assessment 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II 8–221 Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

cortisol, along with variable changes in plasma chloride and potassium (Zbanyszek and Smith 
1984; Alkindi et al. 1996).  These disturbances in blood chemistry indicate an acute stress 
response (Wendelaar Bonga 1997) to the exposed hydrocarbons that can lead to decreased 
feeding activity, growth, and swimming performance (Lockhart et al. 1996; Hymel et al. 2002).  
Physiological changes to tailings metals from unscheduled discharged and dam rupture can also 
lead to decreased feeding activity, growth, and swimming performance. 

Toxic residues from blasting that enter freshwater habitat at a slow rate or at concentrations 
below toxic levels still can cause physiological changes in fish.  Nitrate concentration at the 
maximum US federal limit for drinking water (10 mg NO3-N/L) can affect the physiology of fish 
leading to decreased growth (Camargo, Alonso, and Salamanca 2005).  This concentration is 
above the nitrate water quality guideline issued by the CCME (2.9 mg NO3-N/L) to protect all 
aquatic life (McGurk et al. 2006).  Other physiological changes include nerve damage during 
development, along with damage to muscles and liver.  Sublethal effects from either spills or 
toxic residues are most likely to occur during the construction phase. 

Exposure to nitrogenous wastes can cause a general stress response (Wendelaar Bonga 1997) in 
fish that can lead to sublethal changes in development (Weis and Weis 1989; Weis, Weis, and 
Greenberg 1989), decreased growth (Smith and Suthers 1999; Saborido-Rey et al. 2007), and 
decreased swimming performance (Shingles et al. 2001).  As well, chronic exposure can increase 
the susceptibility of fish to infection (Carballo et al. 1995).  These sublethal effects are not likely 
to occur since treated effluent is directed to the tailings facility, and fish may be exposed to the 
effluent only in the event of tailings dam and/or pipeline rupture.  Although this type of event is 
unlikely to occur with proper engineering and design, exposure to metals in the tailings water 
and sediment could have significant consequences.  Physiological effects from metals on fish 
include acid-base disturbance, changes in gill Na/K-activated ATPase activity affecting osmotic 
balance and ionic fluxes, and metals toxicity (Evans 1987; Wood 1992).  Chronic stress from 
metals exposure at sublethal levels can lead to decreased growth in fish because of higher 
metabolic demands (Todd et al. 2006).  The stress response is from metal uptake and pH surges 
that in turn stimulate increased gas exchange (Wood 1992).   

Lake Trout and “Other” Fish 
Project activities may affect lake trout and “other” fish in Morrison Lake.  Because Morrison 
Lake is the downstream receiving environment for the mine site and access road streams, fish are 
susceptible to sediments and contaminants from spills, noise, ML/ARD, explosives, and waste 
products.  However, proper and carefully managed sediment control and erosion prevention 
plans, an ML/ARD prediction and prevention management plan, an environmental effects 
monitoring plan, and spill contingency management plans will be used to ensure that water and 
sediment quality are maintained. 

Rainbow Trout 
Rainbow trout may be affected by physiological changes during operation and construction 
because they are abundant and widespread along the access road, transmission line, and mine 
site.  Implementing the plans previously mentioned will lessen the occurrence of sublethal 
effects, but minor significant effects are expected if a large sedimentation event or spills occur.  
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These types of events are most likely to occur during construction and operations at the mine site 
and along the access road (Table 8.10-8).  During Project construction, minor physiological 
effects are also more likely because of high particulates and residues generated while topping the 
access road and activities at the mine site.  Although a rupture in the tailings dam or pipeline is 
highly unlikely, the potential for continuous instream metals contamination makes the residual 
significance for physiological effects moderate. 

Dolly Varden 
Dolly Varden have the highest probability of being influenced by the access road and 
transmission line because they are the most widespread and abundant species in the affected 
streams.  This species is the most abundant fish in the streams along the alignments, and 
therefore is the most susceptible to sediments and contaminants from spills, noise, ML/ARD, 
explosives, and waste products.  Nevertheless, proper and carefully managed sediment control 
and erosion prevention plans, an ML/ARD prediction and prevention management plan, an 
environmental effects monitoring plan, and spill contingency management plans will be used to 
ensure that water and sediment quality is maintained.  However, minor physiological effects are 
more likely during the Project’s construction phase from high particulates and residues generated 
while topping the access road (Table 8.10-7). 

Pacific Salmon 
Project activities may affect Pacific salmon rearing in Morrison Lake and streams along the 
access road and transmission line.  Morrison Lake is the downstream receiving environment for 
the mine site and access road streams, and therefore these species are most susceptible to 
sediments and contaminants from spills, noise, ML/ARD, explosives, and waste products.  
Implementing the plans previously mentioned will lessen the occurrence of sublethal effects, but 
minor significant effects are expected if a large sedimentation event or spills occurs.  These types 
of events are most likely to occur during construction and operations at the mine site and along 
the access road (Table 8.10-9).  During Project construction, minor physiological effects are also 
more likely because of high particulates and residues generated while topping the access road 
and activities at the mine site.  Although a rupture of the tailings dam or pipeline is highly 
unlikely, the potential of continuous instream metal contamination makes the residual 
significance for physiological effects moderate. 

8.10.4.5 Fish Habitat Loss 

Introduction 
Fish habitat is defined as the aquatic environment and the immediately surrounding terrestrial 
environment that, combined, afford the necessary biological and physical support systems 
required by fish species during various life history stages.  Habitat loss refers to the removal or 
physical alteration of aspects of the environment that are used either directly or indirectly by fish.  
A summary of the Project’s effects on fish habitat is presented in Table 8.10-11. 

The productive capacity of fish habitat is defined as “the maximum natural capability of habitats 
to produce healthy fish, safe for human consumption, or to support or produce aquatic organisms 
upon which fish depend” (DFO 1986).  Productive capacity may be altered by physical or 
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chemical changes to fish habitat, or by direct loss of fish habitat.  A summary of the effects of 
the Project on the productive capacity of fish habitat is presented in Table 8.10-11.  Another 
detailed analysis of primary and secondary production of the Project study area can be found in 
Appendix 26 and Appendix 27 of the EA. 

Productive Capacity 
General 
Salmonid food webs receive important energy subsidies from terrestrial inputs of invertebrates 
and nutrients falling into streams from riparian vegetation (Wipfli and Gregovich 2002; Allan et 
al. 2003).  Clearing riparian vegetation for transmission line construction removes this valuable 
resource over short distances and can affect the productive capacity of stream habitat over 
moderate distances.  However, removing streamside vegetation may also increase the amount of 
solar radiation reaching the stream, influencing primary production and boosting the short-term 
productivity of the habitat.  Studies of deforestation have shown that periphyton biomass 
increases with decreasing shade (Kiffney, Richardson, and Bull 2003), macroinvertebrate density 
increases (Carlson, Andrus, and Froelich 1990), and Dolly Varden abundance increases (Keith et 
al. 1998).  Additional armouring of stream banks with riprap can alter the substrate size and may 
affect composition of the invertebrate community over short distances.  Replacing streamside 
vegetation and additional habitat compensation can mitigate these effects so that no residual 
effects are expected.   

The TSF will include a main dam.  Several authors have documented decreases in secondary 
productivity downstream of hydroelectric dams because of alterations in flow regime, sediment 
transport, and water temperature (Baxter 1977; D. M. Rosenberg et al. 1997).  Dams block the 
export of coarse particulate organic matter (CPOM) and sediment to downstream areas while 
artificially warming stream water.  Lower flows from dams may cause mortality among stream 
invertebrates (an important food source for fish) and fish eggs when parts of the downstream 
river are dewatered (Baxter 1977).  This may adversely affect the productive capacity of the 
downstream reaches by cutting off the export of allochthonous materials; however, constructing 
a diversion channel will help maintain between 55% and 70% of the original flow of stream 
53400 below the dam (see Section 8.5). 

Undisturbed tributaries downstream from dams can mitigate the effect of dams on stream 
invertebrate communities in arid climates (Vinson 2001).  In that case, the undisturbed tributary 
had intermittent flow, and was in an arid, sparsely vegetated region of Utah, US.  Furthermore, 
studies of streams in southeastern Alaska have reported that small, non-fish-bearing headwater 
streams export significant amounts of invertebrates and detritus to fish-bearing streams, especially 
where the tributaries are dominated by riparian vegetation such as red alder (Alnus rubra) (Piccolo 
and Wipfli 2002.).  The tributaries of stream 53400, downstream of the dam are similar to the 
situation studied by Piccolo and Wipfli; therefore, the export of organic matter from these 
downstream tributaries will likely be sufficient to support downstream fish populations. 

Constructing diversion channels will manage site surface water drainage patterns and capture 
runoff from the mine rock stockpiles and storage areas to be diverted directly to streams 25500 
and 44800.  During construction, sedimentation could alter the productive capacity of habitat in 
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the streams near the mine.  Sediment control and erosion plans will limit the severity of this 
effect and a lack of depositional areas in these streams could result in the sediment being carried 
all the way to Morrison Lake without affecting the stream substrate.  Once in the lake, sediment 
would be deposited and potentially affect benthic invertebrates and, by association, the fish that 
feed on them.  The extent of this effect is predicted to be minimal and irregular. 

Incidental sedimentation events may occur within or near streams during the construction phase 
because of equipment activities and precipitation runoff.  During this time, particulates also may 
enter the streams from road and pit activities.  The effect of these events can temporarily elevate 
TSS as well as siltation of the substrate (DFO 1986).  Sediments may accumulate in some of 
streams that are shallow with low discharge rates.  Sedimentation events are more likely to occur 
during the construction phase, which may have a minor significant effect on productive capacity 
(Table 8.10-11). 

Habitat contamination leading to decreased productive capacity may occur from petroleum 
products spilled from equipment, unscheduled tailings water discharge, tailings dam rupture, or 
from blasting particulates containing toxic residues.  Contaminants such as diesel fuel can 
significantly reduce primary and secondary producer densities and assemblages (Lytle and 
Peckarsky 2001).  The most likely time for a large spill to occur is during the construction phase, 
which may have a minor significant effect on productive capacity (Table 8.10-11).  
Contamination is less likely at Morrison Lake than in streams because no construction will occur 
at the edge of the lake.  Although toxic effects on productive capacity from blasting residues 
should be negligible on Morrison Lake during the Project, effects from accidental spills during 
the construction phase are possible. 

Possible ML/ARD sites at the mine site have been identified as well as the quarry sites along the 
access road where rock will be exposed from blasting (Figure 8.10-2).  The release of acidity and 
metals from ML/ARD into aquatic environments can lead to decreased densities and species 
richness of primary and secondary producers (McKnight and Feder 1984).  ML/ARD generation 
from the TSF is predicted to be low.  ML/ARD generation from the WRD and open pit is 
predicted to be high.  The ML/ARD management plan (Section 13.17) will reduce the potential 
for ML/ARD effects and mitigate for ML/ARD that does occur. 

While the toxic components of nitrogenous wastes can have deleterious effects on fish, their 
effects on the productive capacity of fish habitat can be variable.  In fact, the increased nutrients 
from sewage effluent can actually increase primary and secondary production (McVicar, Bruno, 
and Fraser 1988).  Thus, the accidental addition of nitrogenous wastes to a system sometimes 
results in no significant changes in the distribution or abundance of fish species (Gray et al. 
1992).  Fish exposure to sewage effluent is not expected to occur with proper design and 
engineering of the tailings pipeline.  Although a rupture event is unlikely to occur, the 
consequences could be significant because the dam and pipeline also contain a mixture of 
tailings and effluent from the filter plant.  Tailings water and sediment could travel downstream 
towards Morrison Lake, which may have catastrophic effects on any of the affected streams.  
This moderate residual effect to productive capacity could last for years as newly exposed PAG 
rock begins to leach acid and contaminated sediment settles onto the substrate of the streams and 
eventually flows to Morrison Lake.  However, the probability of this effect occurring is very low. 
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Lake Trout and “Other” Fish 
Project activities are not likely to have significant effects on lake trout and “other” fish in 
Morrison Lake.  Although Morrison Lake is the downstream receiving environment for the mine 
site and access road streams, food production also occurs in the lake.  However, proper and 
carefully managed sediment control and erosion prevention plans, an ML/ARD prediction and 
prevention management plan, an environmental effects monitoring plan, and spill contingency 
management plans will be used to ensure that water and sediment quality is maintained. 

Rainbow Trout 
Rainbow trout is the species with the highest probability of being affected by activities 
associated with the access road, transmission line, and TSF because they are an abundant and 
widespread species.  Therefore, this species may experience effects from decreased productive 
capacity.  Implementing the plans previously mentioned above will reduce the occurrence of 
sublethal effects such as reduced production. 

Dolly Varden 
Dolly Varden is not likely to be influenced by the majority of Project activities because they are 
abundant only along the access road and transmission line.  However, this species may 
experience effects from decreased productive capacity from sedimentation and particulates along 
the access road during the construction phase.  Nevertheless, proper and carefully managed 
sediment control and erosion prevention plans, an ML/ARD prediction and prevention 
management plan, an environmental effects monitoring plan, and spill contingency management 
plans will be used to ensure that water and sediment quality is maintained. 

Pacific Salmon 
Project activities may affect Pacific salmon rearing in Morrison Lake and streams along the 
access road.  Morrison Lake is the downstream receiving environment for the mine site and 
access road streams, and therefore this species may experience effects from decreased productive 
capacity.  Implementing the plans previously mentioned will reduce the occurrence of sublethal 
effects such as reduced production. 

Fish Habitat 
General 
Drainages in the mine site area where the open pit mine, TSF, diversion channels, plant facility, 
access road, topsoil storage, and stockpile will be could be classified as fish habitat because of its 
ability to support the aquatic invertebrate production, which constitute a fish food source farther 
downstream in the system.  Many invertebrates drift actively, settling back to the substrate 
several metres downstream of their origin (Brittain and Eikeland 1988).  Rate of drift dispersal 
can exceed 100 m/d, and certain invertebrates, mainly species of baetid mayflies, may drift up to 
10 km in a generation (Hemsworth and Brooker 1979).  The southwestern edge of the TSF, 
where productive capacity will be lost from streams and ponds within its footprint, is 400 m 
upstream of the nearest fish-bearing reach that contains rainbow trout (see Section 7.10).  Coho 
salmon have been found only within the last 200 m of stream 53400, approximately 2 km 
downstream of the southwestern edge of the TSF.  The loss of productivity resulting from 
sedimentation and habitat loss in stream 53400 may affect the rainbow trout and coho salmon 
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populations downstream.  Thus, a monitoring plan to answer the question of productivity loss has 
been outlined in the Fish and Fish Habitat Compensation Plan (Section 13.6). 

During mine operation and decommissioning, the integrity of the tailings dam will be important.  
Dam failure would result in a very large pulse of water and contaminated sediments travelling 
downstream.  The force of the water may result in the destruction or alteration of habitat for 
kilometres downstream from the mine.  Contaminated sediment from the TSF would settle in 
stream 53400 and flow towards Morrison Lake, potentially causing mortality among primary and 
secondary producers.  However, an event such as this is classified as catastrophic and beyond 
any best engineering practices for earth-filled dams. 

During mine operation, water for potable needs and chemical reagents will be drawn from 
Morrison Lake.  The amount of water being drawn from the lake is considered low compared to 
the volume of Morrison Lake and not likely to result in significant water level drops in Morrison 
Lake (2.2 to 9.8 % decline in annual water flow during operations, resulting in a 1 cm decline in 
water levels).  Therefore, no significant effects are expected from this water loss. 

Incidental sediment pulses may occur during construction; however, extensive sedimentation 
will be avoided through applying sediment and erosion control measures.  Proper sediment 
controls will limit the induction of sediment to streams during the operations phase by directing 
runoff away from stream channels. 

Stream crossings associated with roads have historically become barriers to fish passage, 
isolating populations and hindering migration to key habitats, such as spawning grounds or 
overwintering habitat.  Poorly designed or installed stream crossings may also lead to erosion, 
affecting downstream habitat by introducing excess quantities of fine sediment and may 
ultimately lead to road failure and elevated road maintenance costs.  In an effort to minimize 
effects to fish migration along the access road and transmission line, and to avoid HADDs to fish 
habitat wherever possible, fish presence was determined at each stream crossing and an 
appropriate crossing structure will be designed according to the results of the fisheries survey 
and the bankfull width of the stream.  PBM will follow DFO operational statements where 
possible to avoid any HADDs. 

Existing crossing structures along the access road will not be altered.  Arch culverts will be 
installed at the three fish-bearing stream crossings within the mine site (Table 8.10-4) to avoid 
disturbing the natural streambed.  Culvert width will be wider than the bankfull width of the 
stream, thereby avoiding bank disturbance.  

Moderate effects from habitat loss may occur for fish in streams 25500 and 44800 from losing the 
upper watershed in the TSF, WRD, and open pit areas.  Flows within stream 25500 are predicted to 
be reduced below its current minimum baseline flow for nine months of the year during operations, 
thus significantly reducing the amount of habitat available for fish within the stream.  For three of 
these months, the stream is predicted to have no flow.  For a predicted four months of the year 
during operations, Stream 44800 would experience flows 60 to 90% below current baseline flows.  
Compensation for these potential habitat losses are discussed in Section 13.6. 
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Additionally, complete fish-bearing stream sections will be lost in two Morrison Lake tributaries.   
The lower fish-bearing reach of stream 29000, between a 10-m waterfall and Morrison Lake will 
be lost because of the open pit.  This 150-m section contains rainbow trout and Dolly Varden and 
represents 100% of the fish-bearing capacity of the stream.  The second fish-bearing stream section 
to be completely dewatered will be on stream 53400, because of the TSF.  This section is between 
the 16 m x 22 m cascade and the downstream tributary confluence where diverted water from the 
upper watershed is currently planned to be rerouted.  This 977-m reach contains rainbow trout, and 
represents 50% of the fish-bearing capacity of the mainstem of this stream.  The current mine plan 
does not include mitigation for dewatering these two stream sections, so the significance of effects 
resulting from their loss is predicted to be moderate (Table 8.10-11).  Potential mitigation and 
compensation plans for these two stream sections are detailed in Section 13.6. 

Lake Trout and “Other” Fish 
Project activities are likely not to directly affect lake trout.  This VEC is strongly associated with 
Morrison Lake.  Based upon the baseline data within the study area, lack of suitable spawning 
areas along the lake shoreline near the mine site, and deep-water rearing habitat of lake trout, lake 
trout likely will not be affected by habitat loss and sedimentation events in upstream tributaries. 

“Other” fish species may be present downstream of mine site streams, and therefore could be 
affected by habitat loss.  These fish VECs are most prevalent in Morrison Lake and possibly 
stream 29000.  These fish species may use the habitat for rearing.  Fish habitat will not be 
affected by water withdrawal at Morrison Lake.  Fish habitat effects are extremely unlikely 
because the volume of water will be limited.  Therefore, Project effects are predicted to be 
negligible for these populations of fish. 

Rainbow Trout 
Rainbow trout are present downstream of the open pit in stream 29000, downstream of the WRD 
in stream 25500 and within the length of stream 44800.  These streams are predicted to incur 
moderate effects from water loss (streams 25500 and 53400) and complete habitat loss (streams 
29000 and 53400).   

The upper reaches of streams 25500 and 53400 do not actively support fish populations because 
of waterfall barriers (1.1 km and 1.9 km respectively from the mouth at Morrison Lake) 
preventing the upstream migration of fish.  Streams in the upper watershed do support 
populations of invertebrates that may drift far enough to become part of the downstream food 
chain.  Allochthonous exports of organic material also may be important as they provide 
nutrients that support downstream production.  Water flow from the disconnected upper 
watershed areas provided by the diversion channel should direct enough of these materials to 
downstream reaches to support natural secondary production in fish-bearing areas.  However, 
reducing stream flow may contribute to simplified downstream fish habitat by eliminating 
complex instream habitat that fish depend on.  Winter low flows in the stream are already low 
and overwintering habitat currently fair to poor quality.   
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Dolly Varden 
Dolly Varden is most likely to be influenced by the access road and transmission line because 
they are the most widespread and abundant species in any streams affected by habitat loss from 
bridge or culvert construction or sedimentation during the construction phase.  However, new 
stream crossings will be constructed only in the mine site area where Dally Varden does not 
occur, therefore effects will be negligible. 

Pacific Salmon 
Coho salmon are present in the lower reaches of stream 44800.  Coho salmon also are present 
downstream of the TSF in stream 53400, downstream of the open pit in stream 29000, and 
downstream of the WRD in stream 25500  The upper reaches of these streams do not actively 
support fish populations because of waterfall barriers and steep gradient cascades preventing the 
upstream migration of fish.  Reducing stream flows to streams 25500 and 44800 may contribute 
to simplified habitat downstream of the dam by eliminating complex instream habitats that fish 
depend on.  Predicted reductions in water levels from baseline conditions and loss of habitat in 
stream 29000 will likely cause minor effects on coho salmon populations within these streams.   

8.10.5 Mitigation and Management Measures 

8.10.5.1 Introduction 
As detailed in the effects assessment, there are potential effects that may arise from the 
construction, operations, and decommissioning of the Project.  These effects include: 

• smothering gravel and cobble substrates with sediment; 

• contaminating watercourses from hazardous substance spills; 

• altering water and/or sediment quality; 

• altering the productive capacity of fish habitat;  

• habitat loss. 

The potential effects will be minimized through environmental engineering and Project design.  
However, some effects on fish and fish habitat may be inevitable.  This section details the 
mitigation and management strategies recommended to reduce or eliminate the effects associated 
with construction, operations, and decommissioning.  Where mitigation is not possible (i.e., 
habitat loss), a fish habitat compensation plan will be developed to ensure no net loss of fish 
habitat.  This conceptual compensation plan is presented in Section 13.6.  In addition, an 
environmental effects monitoring program for fish and fish habitat (detailed in Section 14.5) will 
be implemented to evaluate the effectiveness of environmental protection measures and to 
monitor the health of aquatic ecosystems associated with the mine site.  Furthermore, 
construction monitoring will be conducted at all streams near Project infrastructures to ensure 
there are no effects to aquatic ecosystems. 

 



 

 

Table 8.10-6 
Morrison Copper/Cold Project: Lake Trout Effects Assessment Summary Table 

Description Project 
Component(s) 

Project Phase(s) Nature Extent Mitigation and 
Management 

Potential 
for 

Residual 
Effects 

Description Magnitude Geographic 
Extent 

Duration Frequency Reversibility Resilience 
(Context) 

Significance Probability 
of 

Occurrence 

Confidence 
Level 

Sedimentation from 
construction 
activities, blasting, 
drainage ditches, 
and stream 
redirection causing 
lethal smothering or 
sublethal effects 

Mine Site Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Minor Sediment and Erosion 
Control Plan, site 

isolation, settling pond 
and diversion 

Yes Turbid water may 
flow into Morrison 

Lake; Minor 
sedimentation of 

shoreline spawning 
areas possible 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Sedimentation from 
resurfacing and road 
upgrades including 
new stream 
crossings and 
ditches causing 
lethal smothering or 
sublethal effects 

Access Road 
Transmission 

Line 

Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Minor Sediment and Erosion 
Control Plan and site 

isolation 

Yes Turbid water may 
flow into Babine 

Lake; Minor 
sedimentation of 

shoreline spawning 
areas possible 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Noise from blasting 
and construction 
activities causing 
mortality or 
behavioural changes 

Mine Site Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Minor Follow DFO Guidelines 
for the Use of 

Explosives in or Near 
Canadian Fisheries 

Waters 

Yes Blunt tissue trauma 
causing mortality to 
all life stages, sub-
lethal behavioural 

changes and 
physiological stress 

High Local Short-term Sporadic Reversible 
Short-term 

High Negligible Medium High 

Particulates and 
residue from trucks, 
construction, 
equipment activity, 
and blasting 
increasing TSS and 
causing sublethal 
effects 

Mine Site 
Access Road 

Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Minor Follow DFO Guidelines 
for the Use of 

Explosives in or Near 
Canadian Fisheries 

Waters; Sediment and 
Erosion Control Plan 

Yes Elevated dust 
generation because 
mine site area and 

access road not 
wetted during 

summer;  Nitrogen 
residues from 

blasting 

Low Local Short-term Continuous Reversible 
Short-term 

High Negligible Low High 

ML/ARD from 
exposed rock 
causing sublethal 
behavioural effects 

Mine Site 
Access Road 

Construction, 
Operations, 
Closure and 

Decommissioning, 
Post-Closure 

Adverse Minor Implementation of 
ML/ARD Prediction and 
Prevention Management 
Plan, and Environmental 

Effects Monitoring 
Program 

Yes ML/ARD resulting in 
behavioural 

changes and 
physiological stress 

Low Landscape / 
Watershed 

Far Future Sporadic Reversible 
Long-term 

High Negligible Medium Low 

ML/ARD from 
exposed rock 
causing sublethal 
behavioural effects 

Transmission 
Line 

Construction, 
Operations, 
Closure and 

Decommissioning, 
Post-Closure 

Adverse Minor Implementation of 
ML/ARD Prediction and 
Prevention Management 
Plan, and Environmental 

Effects Monitoring 
Program 

Yes ML/ARD resulting in 
behavioural 

changes and 
physiological stress 

Negligible Landscape / 
Watershed 

Far Future Sporadic Reversible 
Long-term 

High Negligible Medium Low 

Spills from 
equipment, hauled 
fuels and cargos, 
and waste products 
causing mortality or 
sublethal effects 

Mine Site 
Access Road 

Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Moderate Spill kits, equipment 
maintenance, 

implementation of Spill 
contingency and 

Emergency Response 
Plan 

Yes Increase in potential 
contaminants 

leading to mortality, 
or physiological 

stress and 
behavioural 

changes 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Medium High 

(continued) 

 



 

 

Table 8.10-6 
Morrison Copper/Cold Project: Lake Trout Effects Assessment Summary Table (completed) 

Description Project 
Component(s) 

Project Phase(s) Nature Extent Mitigation and 
Management 

Potential 
for 

Residual 
Effects 

Description Magnitude Geographic 
Extent 

Duration Frequency Reversibility Resilience 
(Context) 

Significance Probability 
of 

Occurrence 

Confidence 
Level 

Spills from 
equipment causing 
mortality or sublethal 
effects 

Transmission 
Line 

Construction Adverse Moderate Spill kits, equipment 
maintenance, 

implementation of Spill 
contingency and 

Emergency Response 
Plan 

Yes Increase in potential 
contaminants 

leading to mortality, 
or physiological 

stress and 
behavioural 

changes 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Rupture of tailings 
dam or pipeline 
containing tailings, 
filter plant effluent, 
and sewage effluent 
causing lethal and 
sublethal effects 

Mine Site Operations, 
Closure and 

Decommissioning, 
Post-Closure 

Adverse Moderate Dam and pipeline 
engineering, pressure 

sensors, implementation 
of Environmental Effects 

Monitoring Program 

Yes Increase in 
sediments and 
potential toxins 

leading to mortality, 
or physiological 

stress and 
behavioural 

changes 

Medium Landscape / 
Watershed 

Short-term One Time Reversible 
Short-term 

High Negligible Low High 

Water loss in 
Morrison Lake from 
seepage into open 
pit, water intake, and 
loss of upper 
watersheds in 
tailings and waste 
rock areas causing 
winter mortality or 
sublethal effects 

Mine Site Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Moderate Sealing pit wall 
according to best 

management practices 
and not exceeding water 
withdrawal specifications 

Yes Lower water levels 
in Morrison Lake, 

Morrison Creek, and 
Tahlo Creek 

reducing fish habitat 
and potentiating 
winter freezing 

Medium Landscape / 
Watershed 

Short-term Continuous Reversible 
Short-term 

High Negligible Low Intermediate 

 



 

 

Table 8.10-7 
Morrison Copper/Cold Project: Dolly Varden Effects Assessment Summary Table 

Description Project 
Component(s) 

Project Phase(s) Nature Extent Mitigation and 
Management 

Potential 
for 

Residual 
Effects 

Description Magnitude Geographic 
Extent 

Duration Frequency Reversibility Resilience 
(Context) 

Significance Probability 
of 

Occurrence 

Confidence 
Level 

Sedimentation from 
erosion of road 
resurfacing and 
upgrades including 
new stream 
crossings and 
ditches causing 
lethal smothering or 
sublethal effects 

Access Road Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Minor Sediment and Erosion 
Control Plan and site 

isolation 

Yes Turbid water will 
flow into streams 

and lakes with minor 
sedimentation 

possible 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Sedimentation from 
construction activities 
and erosion causing 
lethal smothering or 
sublethal effects 

Transmission 
Line 

Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Minor Sediment and Erosion 
Control Plan and site 

isolation 

Yes Turbid water will 
flow into streams 

and lakes with minor 
sedimentation 

possible 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Noise from blasting, 
construction 
activities, and truck 
hauling causing 
mortality or 
behavioural changes 

Access Road Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Minor Follow DFO Guidelines 
for the Use of 

Explosives in or Near 
Canadian Fisheries 

Waters 

Yes Blunt tissue trauma 
causing mortality to 
all life stages, sub-
lethal behavioural 

changes and 
physiological stress 

High Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low Low 

Noise from blasting 
and construction 
activities causing 
mortality or 
behavioural changes 

Transmission 
Line 

Construction Adverse Minor Follow DFO Guidelines 
for the Use of 

Explosives in or Near 
Canadian Fisheries 

Waters 

Yes Blunt tissue trauma 
causing mortality to 
all life stages, sub-
lethal behavioural 

changes and 
physiological stress 

High Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low Low 

Particulates and 
residue from trucks, 
construction, 
equipment activity, 
and blasting 
increasing TSS and 
causing sublethal 
effects 

Access Road Construction Adverse Minor Follow DFO Guidelines 
for the Use of 

Explosives in or Near 
Canadian Fisheries 

Waters; Sediment and 
Erosion Control Plan 

Yes Elevated dust 
generation because 

access road not 
wetted during 

summer;  Nitrogen 
residues from 

blasting 

Low Local Short-term Continuous Reversible 
Short-term 

High Minor Medium High 

Particulates and 
residue from trucks, 
construction, 
equipment activity, 
and blasting 
increasing TSS and 
causing sublethal 
effects 

Access Road Operations, 
Closure and 

Decommissioning 

Adverse Minor Follow DFO Guidelines 
for the Use of 

Explosives in or Near 
Canadian Fisheries 

Waters; Sediment and 
Erosion Control Plan 

Yes Elevated dust 
generation because 

access road not 
wetted during 

summer;  Nitrogen 
residues from 

blasting 

Low Local Short-term Continuous Reversible 
Short-term 

High Negligible Low High 

ML/ARD from 
exposed rock 
causing sublethal 
behavioural effects 

Access Road Construction, 
Operations, 
Closure and 

Decommissioning, 
Post-Closure 

Adverse Minor Implementation of 
ML/ARD Prediction and 
Prevention Management 
Plan, and Environmental 

Effects Monitoring 
Program 

Yes ML/ARD resulting in 
behavioural 

changes and 
physiological stress 

Low Landscape / 
Watershed 

Far Future Sporadic Reversible 
Long-term 

High Negligible Medium Low 

ML/ARD from 
exposed rock 
causing sublethal 
behavioural effects 

Transmission 
Line 

Construction, 
Operations, 
Closure and 

Decommissioning, 
Post-Closure 

Adverse Minor Implementation of 
ML/ARD Prediction and 
Prevention Management 
Plan, and Environmental 

Effects Monitoring 
Program 

Yes ML/ARD resulting in 
behavioural 

changes and 
physiological stress 

Negligible Landscape / 
Watershed 

Far Future Sporadic Reversible 
Long-term 

High Negligible Medium Low 

(continued) 



 

 

Table 8.10-7 
Morrison Copper/Cold Project: Dolly Varden Effects Assessment Summary Table (completed) 

Description Project 
Component(s) 

Project Phase(s) Nature Extent Mitigation and 
Management 

Potential 
for 

Residual 
Effects 

Description Magnitude Geographic 
Extent 

Duration Frequency Reversibility Resilience 
(Context) 

Significance Probability 
of 

Occurrence 

Confidence 
Level 

Spills from 
equipment, hauled 
fuels and cargos, 
and waste products 
causing mortality or 
sublethal effects 

Access Road Construction, 
Operations 

Adverse Moderate Spill kits, equipment 
maintenance, 

implementation of Spill 
contingency and 

Emergency Response 
Plan 

Yes Increase in potential 
contaminants 

leading to mortality, 
or physiological 

stress and 
behavioural 

changes 

Low Local Short-term Sporadic Reversible 
Short-term 

High Minor Medium High 

Spills from 
equipment, hauled 
fuels and cargos, 
and waste products 
causing mortality or 
sublethal effects 

Access Road Closure and 
Decommissioning 

Adverse Moderate Spill kits, equipment 
maintenance, 

implementation of Spill 
contingency and 

Emergency Response 
Plan 

Yes Increase in potential 
contaminants 

leading to mortality, 
or physiological 

stress and 
behavioural 

changes 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Medium High 

Spills from 
equipment causing 
mortality or sublethal 
effects 

Transmission 
Line 

Construction Adverse Moderate Spill kits, equipment 
maintenance, 

implementation of Spill 
contingency and 

Emergency Response 
Plan 

Yes Increase in potential 
contaminants 

leading to mortality, 
or physiological 

stress and 
behavioural 

changes 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

 



 

 

Table 8.10-8 
Morrison Copper/Cold Project: Rainbow Trout Effects Assessment Summary Table 

Description Project 
Component(s) 

Project Phase(s) Nature Extent Mitigation and 
Management 

Potential 
for 

Residual 
Effects 

Description Magnitude Geographic 
Extent 

Duration Frequency Reversibility Resilience 
(Context) 

Significance Probability 
of 

Occurrence 

Confidence 
Level 

Sedimentation from 
construction 
activities, blasting, 
drainage ditches, 
and stream 
redirection causing 
lethal smothering or 
sublethal effects 

Mine Site Construction Adverse Moderate Sediment and Erosion 
Control Plan, site 

isolation, settling pond 
and diversion 

Yes Turbid water may 
flow into streams 

and lakes with minor 
sedimentation 

possible 

Low Local Short-term Sporadic Reversible 
Short-term 

High Minor Medium High 

Sedimentation from 
blasting, drainage 
ditches, and stream 
redirection causing 
lethal smothering or 
sublethal effects 

Mine Site Operations, 
Closure and 

Decommissioning 

Adverse Moderate Sediment and Erosion 
Control Plan, site 

isolation, settling pond 
and diversion 

Yes Turbid water may 
flow into streams 
and lakes; Minor 
sedimentation of 

shoreline spawning 
areas possible 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Sedimentation from 
construction, erosion 
of road resurfacing, 
and upgrades 
including new stream 
crossings and 
ditches causing 
lethal smothering or 
sublethal effects 

Access Road      
Transmission 

Line 

Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Minor Sediment and Erosion 
Control Plan and site 

isolation 

Yes Turbid water may 
flow into streams 

and lakes with minor 
sedimentation 

possible 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Noise from blasting 
and construction 
activities causing 
mortality or 
behavioural changes 

Mine Site Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Minor Avoid blasting during 
spring spawning, 

thermal atmospheric 
inversions, low cloud 

cover, or fog conditions; 
Blasting mats; Follow 

DFO Guidelines for the 
Use of Explosives in or 

Near Canadian 
Fisheries Waters 

Yes Blunt tissue trauma 
causing mortality to 
all life stages, sub-
lethal behavioural 

changes and 
physiological stress 

High Local Short-term Sporadic Reversible 
Short-term 

High Negligible Medium High 

Noise from blasting, 
construction 
activities, and truck 
hauling causing 
mortality or 
behavioural changes 

Access Road Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Minor Avoid blasting during 
spring spawning, 

thermal atmospheric 
inversions, low cloud 

cover, or fog conditions; 
Blasting mats; Follow 

DFO Guidelines for the 
Use of Explosives in or 

Near Canadian 
Fisheries Waters 

Yes Blunt tissue trauma 
causing mortality to 
all life stages, sub-
lethal behavioural 

changes and 
physiological stress 

High Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low Low 

Noise from blasting 
and construction 
activities causing 
mortality or 
behavioural changes 

Transmission 
Line 

Construction Adverse Minor Avoid blasting during 
spring spawning, 

thermal atmospheric 
inversions, low cloud 

cover, or fog conditions; 
Blasting mats; Follow 

DFO Guidelines for the 
Use of Explosives in or 

Near Canadian 
Fisheries Waters 

Yes Blunt tissue trauma 
causing mortality to 
all life stages, sub-
lethal behavioural 

changes and 
physiological stress 

High Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low Low 

(continued) 



 

 

Table 8.10-8 
Morrison Copper/Cold Project: Rainbow Trout Effects Assessment Summary Table (continued) 

Description Project 
Component(s) 

Project Phase(s) Nature Extent Mitigation and 
Management 

Potential 
for 

Residual 
Effects 

Description Magnitude Geographic 
Extent 

Duration Frequency Reversibility Resilience 
(Context) 

Significance Probability 
of 

Occurrence 

Confidence 
Level 

Particulates and 
residue from trucks, 
construction, 
equipment activity, 
and blasting 
increasing TSS and 
causing sublethal 
effects 

Mine Site Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Minor Avoid blasting during 
spring spawning, 

thermal atmospheric 
inversions, low cloud 

cover, or fog conditions; 
Blasting mats; Follow 

DFO Guidelines for the 
Use of Explosives in or 

Near Canadian 
Fisheries Waters 

Yes Elevated dust 
generation because 
mine site area not 

wetted during 
summer;  Nitrogen 

residues from 
blasting 

Low Local Short-term Continuous Reversible 
Short-term 

High Negligible Low High 

Particulates and 
residue from trucks, 
construction, 
equipment activity, 
and blasting 
increasing TSS and 
causing sublethal 
effects 

Access Road Construction Adverse Minor Avoid blasting during 
spring spawning, 

thermal atmospheric 
inversions, low cloud 

cover, or fog conditions; 
Blasting mats; Follow 

DFO Guidelines for the 
Use of Explosives in or 

Near Canadian 
Fisheries Waters 

Yes Elevated dust 
generation because 

access road not 
wetted during 

summer;  Nitrogen 
residues from 

blasting 

Low Local Short-term Continuous Reversible 
Short-term 

High Minor Medium High 

Particulates from 
trucks and 
equipment activity 
increasing TSS and 
causing sublethal 
effects 

Access Road Operations, 
Closure and 

Decommissioning 

Adverse Minor Avoid blasting during 
spring spawning, 

thermal atmospheric 
inversions, low cloud 

cover, or fog conditions; 
Blasting mats; Follow 

DFO Guidelines for the 
Use of Explosives in or 

Near Canadian 
Fisheries Waters 

Yes Elevated dust 
generation because 

access road not 
wetted during 

summer;  Nitrogen 
residues from 

blasting 

Low Local Short-term Continuous Reversible 
Short-term 

High Negligible Low High 

ML/ARD from 
exposed rock 
causing sublethal 
behavioural effects 

Mine Site        
Access Road      
Transmission 

Line 

Construction, 
Operations, 
Closure and 

Decommissioning, 
Post-Closure 

Adverse Minor Implementation of 
ML/ARD Prediction and 
Prevention Management 
Plan, and Environmental 

Effects Monitoring 
Program 

Yes ML/ARD resulting in 
behavioural 

changes and 
physiological stress 

Low Landscape / 
Watershed 

Far Future Sporadic Reversible 
Long-term 

High Negligible Medium Low 

Spills from 
equipment, hauled 
fuels and cargos, 
and waste products 
causing mortality or 
sublethal effects 

Mine Site Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Moderate Spill kits, equipment 
maintenance, 

implementation of Spill 
contingency and 

Emergency Response 
Plan 

Yes Increase in potential 
contaminants 

leading to mortality, 
or physiological 

stress and 
behavioural 

changes 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Medium High 

Spills from 
equipment, hauled 
fuels and cargos, 
and waste products 
causing mortality or 
sublethal effects 

Access Road Construction, 
Operations 

Adverse Moderate Spill kits, equipment 
maintenance, 

implementation of Spill 
contingency and 

Emergency Response 
Plan 

Yes Increase in potential 
contaminants 

leading to mortality, 
or physiological 

stress and 
behavioural 

changes 

Low Local Short-term Sporadic Reversible 
Short-term 

High Minor Medium High 

Spills from 
equipment, hauled 
fuels and cargos, 
and waste products 
causing mortality or 
sublethal effects 

Access Road Closure and 
Decommissioning 

Adverse Moderate Spill kits, equipment 
maintenance, 

implementation of Spill 
contingency and 

Emergency Response 
Plan 

Yes Increase in potential 
contaminants 

leading to mortality, 
or physiological 

stress and 
behavioural 

changes 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Medium High 

(continued) 



 

 

Table 8.10-8 
Morrison Copper/Cold Project: Rainbow Trout Effects Assessment Summary Table (completed) 

Description Project 
Component(s) 

Project Phase(s) Nature Extent Mitigation and 
Management 

Potential 
for 

Residual 
Effects 

Description Magnitude Geographic 
Extent 

Duration Frequency Reversibility Resilience 
(Context) 

Significance Probability 
of 

Occurrence 

Confidence 
Level 

Spills from 
equipment causing 
mortality or sublethal 
effects 

Transmission 
Line 

Construction Adverse Moderate Spill kits, equipment 
maintenance, 

implementation of Spill 
contingency and 

Emergency Response 
Plan 

Yes Increase in potential 
contaminants 

leading to mortality, 
or physiological 

stress and 
behavioural 

changes 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Rupture of tailings 
dam or pipeline 
containing tailings, 
filter plant effluent, 
and sewage effluent 
causing lethal and 
sublethal effects 

Mine Site Operations, 
Closure and 

Decommissioning, 
Post-Closure 

Adverse Moderate Dam and pipeline 
engineering, pressure 

sensors, implementation 
of Environmental Effects 

Monitoring Program 

Yes Increase in 
sediments and 
potential toxins 

leading to mortality, 
or physiological 

stress and 
behavioural 

changes 

Medium Landscape / 
Watershed 

Short-term One Time Reversible 
Short-term 

High Moderate Low High 

Water loss in 
Morrison Lake from 
seepage into open 
pit, water intake, and 
loss of upper 
watersheds in 
tailings and waste 
rock areas causing 
winter mortality or 
sublethal effects 

Mine Site Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Moderate Sealing pit wall 
according to best 

management practices 
and not exceeding water 
withdrawal specifications 

Yes Lower water levels 
in Morrison Lake, 

Morrison Creek, and 
Tahlo Creek 

reducing fish habitat 
and potentiating 
winter freezing 

Medium Landscape / 
Watershed 

Short-term Continuous Reversible 
Short-term 

High Negligible Low Intermediate 

Water loss in 
Morrison Lake 
tributaries from loss 
of upper watersheds 
in tailings, waste 
rock, and open pit 
areas causing winter 
mortality, sublethal 
effects, and lost 
habitat 

Mine Site Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Moderate Diversion channels to 
maintain some upper 

watershed flow 

Yes Lower water levels 
in streams 25500 
and 44800, and 
altered flow in 
stream 53400 

reducing total fish 
habitat and 

potentiating winter 
freezing 

Medium Landscape / 
Watershed 

Far Future Continuous Irreversible High Moderate High High 

 



 

 

Table 8.10-9 
Morrison Copper/Cold Project: Pacific Salmon Effects Assessment Summary Table 

Description Project 
Component(s) 

Project Phase(s) Nature Extent Mitigation and 
Management 

Potential 
for 

Residual 
Effects 

Description Magnitude Geographic 
Extent 

Duration Frequency Reversibility Resilience 
(Context) 

Significance Probability 
of 

Occurrence 

Confidence 
Level 

Sedimentation from 
construction 
activities, blasting, 
drainage ditches, 
and stream 
redirection causing 
lethal smothering or 
sublethal effects 

Mine Site Construction Adverse Moderate Sediment and Erosion 
Control Plan, site 

isolation, settling pond 
and diversion 

Yes Turbid water may 
flow into streams 
and lakes; Minor 
sedimentation of 

shoreline spawning 
areas possible 

Low Local Short-term Sporadic Reversible 
Short-term 

High Minor Medium High 

Sedimentation from 
blasting, drainage 
ditches, and stream 
redirection causing 
lethal smothering or 
sublethal effects 

Mine Site Operations, 
Closure and 

Decommissioning 

Adverse Moderate Sediment and Erosion 
Control Plan, site 

isolation, settling pond 
and diversion 

Yes Turbid water may 
flow into streams 
and lakes; Minor 
sedimentation of 

shoreline spawning 
areas possible 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Sedimentation from 
erosion of road 
resurfacing and 
upgrades including 
new stream 
crossings and 
ditches causing 
lethal smothering or 
sublethal effects 

Access Road      
Transmission 

Line 

Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Minor Sediment and Erosion 
Control Plan and site 

isolation 

Yes Turbid water may 
flow into streams 
and lakes; Minor 
sedimentation of 

shoreline spawning 
areas possible 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Noise from blasting 
and construction 
activities causing 
mortality or 
behavioural changes 

Mine Site Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Minor Follow DFO Guidelines 
for the Use of 

Explosives in or Near 
Canadian Fisheries 

Waters 

Yes Blunt tissue trauma 
causing mortality to 
all life stages, sub-
lethal behavioural 

changes and 
physiological stress 

High Local Short-term Sporadic Reversible 
Short-term 

High Negligible Medium High 

Noise from blasting, 
construction 
activities, and truck 
hauling causing 
mortality or 
behavioural changes 

Access Road Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Minor Follow DFO Guidelines 
for the Use of 

Explosives in or Near 
Canadian Fisheries 

Waters 

Yes Blunt tissue trauma 
causing mortality to 
all life stages, sub-
lethal behavioural 

changes and 
physiological stress 

High Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low Low 

Noise from blasting 
and construction 
activities causing 
mortality or 
behavioural changes 

Transmission 
Line 

Construction Adverse Minor Follow DFO Guidelines 
for the Use of 

Explosives in or Near 
Canadian Fisheries 

Waters 

Yes Blunt tissue trauma 
causing mortality to 
all life stages, sub-
lethal behavioural 

changes and 
physiological stress 

High Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low Low 

Particulates and 
residue from trucks, 
construction, 
equipment activity, 
and blasting 
increasing TSS and 
causing sublethal 
effects 

Mine Site Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Minor Follow DFO Guidelines 
for the Use of 

Explosives in or Near 
Canadian Fisheries 

Waters; Sediment and 
Erosion Control Plan 

Yes Elevated dust 
generation because 
mine site area not 

wetted during 
summer; Nitrogen 

residues from 
blasting 

Low Local Short-term Continuous Reversible 
Short-term 

High Negligible Low High 

Particulates and 
residue from trucks, 
construction, 
equipment activity, 
and blasting 
increasing TSS and 
causing sublethal 
effects 

Access Road Construction Adverse Minor Follow DFO Guidelines 
for the Use of 

Explosives in or Near 
Canadian Fisheries 

Waters; Sediment and 
Erosion Control Plan 

Yes Elevated dust 
generation because 

access road not 
wetted during 

summer;  Nitrogen 
residues from 

blasting 

Low Local Short-term Continuous Reversible 
Short-term 

High Minor Medium High 

(continued) 



 

 

Table 8.10-9 
Morrison Copper/Cold Project: Pacific Salmon Effects Assessment Summary Table (continued) 

Description Project 
Component(s) 

Project Phase(s) Nature Extent Mitigation and 
Management 

Potential 
for 

Residual 
Effects 

Description Magnitude Geographic 
Extent 

Duration Frequency Reversibility Resilience 
(Context) 

Significance Probability 
of 

Occurrence 

Confidence 
Level 

Particulates from 
trucks and 
equipment activity 
increasing TSS and 
causing sublethal 
effects 

Access Road Operations, 
Closure and 

Decommissioning 

Adverse Minor Follow DFO Guidelines 
for the Use of 

Explosives in or Near 
Canadian Fisheries 

Waters; Sediment and 
Erosion Control Plan 

Yes Elevated dust 
generation because 

access road not 
wetted during 

summer;  Nitrogen 
residues from 

blasting 

Low Local Short-term Continuous Reversible 
Short-term 

High Negligible Low High 

ML/ARD from 
exposed rock 
causing sublethal 
behavioural effects 

Mine Site        
Access Road      
Transmission 

Line 

Construction, 
Operations, 
Closure and 

Decommissioning, 
Post-Closure 

Adverse Minor Implementation of 
ML/ARD Prediction and 
Prevention Management 
Plan, and Environmental 

Effects Monitoring 
Program 

Yes ML/ARD resulting in 
behavioural 

changes and 
physiological stress 

Low Landscape / 
Watershed 

Far Future Sporadic Reversible 
Long-term 

High Negligible Medium Low 

Spills from 
equipment, hauled 
fuels and cargos, 
and waste products 
causing mortality or 
sublethal effects 

Mine Site Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Moderate Spill kits, equipment 
maintenance, 

implementation of Spill 
contingency and 

Emergency Response 
Plan 

Yes Increase in potential 
contaminants 

leading to mortality, 
or physiological 

stress and 
behavioural 

changes 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Medium High 

Spills from 
equipment, hauled 
fuels and cargos, 
and waste products 
causing mortality or 
sublethal effects 

Access Road Construction, 
Operations 

Adverse Moderate Spill kits, equipment 
maintenance, 

implementation of Spill 
contingency and 

Emergency Response 
Plan 

Yes Increase in potential 
contaminants 

leading to mortality, 
or physiological 

stress and 
behavioural 

changes 

Low Local Short-term Sporadic Reversible 
Short-term 

High Minor Medium High 

Spills from 
equipment, hauled 
fuels and cargos, 
and waste products 
causing mortality or 
sublethal effects 

Access Road Closure and 
Decommissioning 

Adverse Moderate Spill kits, equipment 
maintenance, 

implementation of Spill 
contingency and 

Emergency Response 
Plan 

Yes Increase in potential 
contaminants 

leading to mortality, 
or physiological 

stress and 
behavioural 

changes 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Medium High 

Spills from 
equipment causing 
mortality or sublethal 
effects 

Transmission 
Line 

Construction Adverse Moderate Spill kits, equipment 
maintenance, 

implementation of Spill 
contingency and 

Emergency Response 
Plan 

Yes Increase in potential 
contaminants 

leading to mortality, 
or physiological 

stress and 
behavioural 

changes 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Rupture of tailings 
dam or pipeline 
containing tailings, 
filter plant effluent, 
and sewage effluent 
causing lethal and 
sublethal effects 

Mine Site Operations, 
Closure and 

Decommissioning 

Adverse Moderate Dam and pipeline 
engineering, pressure 

sensors, implementation 
of Environmental Effects 

Monitoring Program 

Yes Increase in 
sediments and 
potential toxins 

leading to mortality, 
or physiological 

stress and 
behavioural 

changes 

Medium Landscape / 
Watershed 

Short-term One Time Reversible 
Short-term 

High Moderate Low High 

(continued) 

 



 

 

Table 8.10-9 
Morrison Copper/Cold Project: Pacific Salmon Effects Assessment Summary Table (completed) 

Description Project 
Component(s) 

Project Phase(s) Nature Extent Mitigation and 
Management 

Potential 
for 

Residual 
Effects 

Description Magnitude Geographic 
Extent 

Duration Frequency Reversibility Resilience 
(Context) 

Significance Probability 
of 

Occurrence 

Confidence 
Level 

Water loss in 
Morrison Lake from 
seepage into open 
pit, water intake, and 
loss of upper 
watersheds in 
tailings and waste 
rock areas causing 
winter mortality or 
sublethal effects 

Mine Site Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Moderate Sealing pit wall 
according to best 

management practices 
and not exceeding water 
withdrawal specifications 

Yes Lower water levels 
in Morrison Lake, 

Morrison Creek, and 
Tahlo Creek 

reducing fish habitat 
and potentiating 
winter freezing 

Medium Landscape / 
Watershed 

Short-term Continuous Reversible 
Short-term 

High Negligible Low Intermediate 

Water loss in 
Morrison Lake 
tributaries from loss 
of upper watersheds 
in tailings, waste 
rock, and open pit 
areas causing winter 
mortality, sublethal 
effects, and lost 
habitat 

Mine Site Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Moderate Diversion channels to 
maintain some upper 

watershed flow 

Yes Lower water levels 
in streams 25500 
and 44800, and 
altered flow in 
stream 53400 

reducing total fish 
habitat and 

potentiating winter 
freezing 

Medium Landscape / 
Watershed 

Far Future Continuous Irreversible High Moderate High High 

 



 

 

Table 8.10-10 
Morrison Copper/Cold Project: “Other” Fish Species Effects Assessment Summary Table 

Description Project 
Component(s) 

Project Phase(s) Nature Extent Mitigation and 
Management 

Potential 
for 

Residual 
Effects 

Description Magnitude Geographic 
Extent 

Duration Frequency Reversibility Resilience 
(Context) 

Significance Probability 
of 

Occurrence 

Confidence 
Level 

Sedimentation from 
construction 
activities, blasting, 
drainage ditches, 
and stream 
redirection causing 
lethal smothering or 
sublethal effects 

Mine Site Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Minor Sediment and Erosion 
Control Plan, site 

isolation, settling pond 
and diversion 

Yes Turbid water may 
flow into Morrison 

Lake; Minor 
sedimentation of 

streams and 
shoreline areas 

possible 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Sedimentation from 
construction, 
resurfacing, and road 
upgrades including 
new stream 
crossings and 
ditches causing 
lethal smothering or 
sublethal effects 

Access Road 
Transmission 

Line 

Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Minor Sediment and Erosion 
Control Plan and site 

isolation 

Yes Turbid water may 
flow into Babine 

Lake; Minor 
sedimentation of 

streams and 
shoreline areas 

possible 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Noise from blasting 
and construction 
activities causing 
mortality or 
behavioural changes 

Mine Site Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Minor Follow DFO Guidelines 
for the Use of 

Explosives in or Near 
Canadian Fisheries 

Waters 

Yes Blunt tissue trauma 
causing mortality to 
all life stages, sub-
lethal behavioural 

changes and 
physiological stress 

High Local Short-term Sporadic Reversible 
Short-term 

High Negligible Medium High 

Particulates and 
residue from trucks, 
construction, 
equipment activity, 
and blasting 
increasing TSS and 
causing sublethal 
effects 

Mine Site 
Access Road 

Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Minor Follow DFO Guidelines 
for the Use of 

Explosives in or Near 
Canadian Fisheries 

Waters; Sediment and 
Erosion Control Plan 

Yes Elevated dust 
generation because 
mine site area not 

wetted during 
summer;  Nitrogen 

residues from 
blasting 

Low Local Short-term Continuous Reversible 
Short-term 

High Negligible Low High 

ML/ARD from 
exposed rock 
causing sublethal 
behavioural effects 

Mine Site 
Access Road 
Transmission 

Line 

Construction, 
Operations, 
Closure and 

Decommissioning, 
Post-Closure 

Adverse Minor Implementation of 
ML/ARD Prediction and 
Prevention Management 
Plan, and Environmental 

Effects Monitoring 
Program 

Yes ML/ARD resulting in 
behavioural 

changes and 
physiological stress 

Low Landscape / 
Watershed 

Far Future Sporadic Reversible 
Long-term 

High Negligible Medium Low 

Spills from 
equipment, hauled 
fuels and cargos, 
and waste products 
causing mortality or 
sublethal effects 

Mine Site 
Access Road 

Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Moderate Spill kits, equipment 
maintenance, 

implementation of Spill 
contingency and 

Emergency Response 
Plan 

Yes Increase in potential 
contaminants 

leading to mortality, 
or physiological 

stress and 
behavioural 

changes 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Medium High 

Spills from 
equipment causing 
mortality or sublethal 
effects 

Transmission 
Line 

Construction Adverse Moderate Spill kits, equipment 
maintenance, 

implementation of Spill 
contingency and 

Emergency Response 
Plan 

Yes Increase in potential 
contaminants 

leading to mortality, 
or physiological 

stress and 
behavioural 

changes 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

(continued) 

 



 

 

Table 8.10-10 
Morrison Copper/Cold Project: “Other” Fish Species Effects Assessment Summary Table (completed) 

Description Project 
Component(s) 

Project Phase(s) Nature Extent Mitigation and 
Management 

Potential 
for 

Residual 
Effects 

Description Magnitude Geographic 
Extent 

Duration Frequency Reversibility Resilience 
(Context) 

Significance Probability 
of 

Occurrence 

Confidence 
Level 

Rupture of tailings 
dam or pipeline 
containing tailings, 
filter plant effluent, 
and sewage effluent 
causing lethal and 
sublethal effects 

Mine Site Operations, 
Closure and 

Decommissioning 

Adverse Moderate Dam and pipeline 
engineering, pressure 

sensors, implementation 
of Environmental Effects 

Monitoring Program 

Yes Increase in 
sediments and 
potential toxins 

leading to mortality, 
or physiological 

stress and 
behavioural 

changes 

Medium Landscape / 
Watershed 

Short-term One Time Reversible 
Short-term 

High Negligible Low High 

Water loss in 
Morrison Lake from 
seepage into open 
pit, water intake, and 
loss of upper 
watersheds in 
tailings and waste 
rock areas causing 
winter mortality or 
sublethal effects 

Mine Site Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Moderate Sealing pit wall 
according to best 

management practices 
and not exceeding water 
withdrawal specifications 

Yes Lower water levels 
in Morrison Lake, 

Morrison Creek, and 
Tahlo Creek 

reducing fish habitat 
and potentiating 
winter freezing 

Medium Landscape / 
Watershed 

Short-term Continuous Reversible 
Short-term 

High Negligible Low Intermediate 

 



 

 

Table 8.10-11 
Morrison Copper/Cold Project: Fish Habitat Effects Assessment Summary Table 

Description Project 
Component(s) 

Project Phase(s) Nature Extent Mitigation and 
Management 

Potential 
for 

Residual 
Effects 

Description Magnitude Geographic 
Extent 

Duration Frequency Reversibility Resilience 
(Context) 

Significance Probability 
of 

Occurrence 

Confidence 
Level 

Direct habitat loss 
(water) of stream 
53400 upper reach 
due to tailings 
storage facility and 
stream 29000 lower 
reach due to open 
pit, and partial water 
loss in streams 
25500 and 44800. 

Mine Site Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Moderate Fish Salvage prior to 
dewatering in streams 

29000 and 53400.  
Potential rerouting of 
diversion channels to 
maintain some upper 
watershed flow (see 

Fish and Fish Habitat 
Compensation Plan for 

details). 

Yes Direct loss of fish-
bearing habitat in 
stream 29000 and 

stream 53400 

High Landscape / 
Watershed 

Far Future One Time Irreversible Low Moderate High High 

Direct habitat loss 
(food production) 
from loss of upper 
stream reaches due 
to tailings storage 
facility and waste 
rock dump 

Mine Site Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Minor Diversion channel will 
maintain nutrient and 

organic matter transport 

Yes Decreased primary 
and secondary 

production 

Low Landscape / 
Watershed 

Far Future One Time Reversible 
Long-term 

Low Minor High High 

Sedimentation from 
construction 
activities, blasting, 
drainage ditches, 
and stream 
redirection causing 
increases in TSS 
reducing sunlight 
and affecting food 
resources or 
covering substrate 
and reducing habitat 

Mine Site Construction Adverse Moderate Sediment and Erosion 
Control Plan, site 

isolation, settling pond 
and diversion 

Yes Habitat loss, 
increased TSS 

above background, 
and decreased 

primary and 
secondary 
production 

Low Local Short-term Sporadic Reversible 
Short-term 

High Minor Medium High 

Sedimentation from 
construction 
activities, snow 
removal, blasting, 
drainage ditches, 
and stream 
redirection causing 
increases in TSS 
reducing sunlight 
and affecting food 
resources or 
covering substrate 
and reducing habitat 

Mine Site Operations, 
Closure and 

Decommissioning 

Adverse Moderate Sediment and Erosion 
Control Plan, site 

isolation, settling pond 
and diversion 

Yes Habitat loss, 
increased TSS 

above background, 
and decreased 

primary and 
secondary 
production 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Sedimentation from 
truck hauling, 
construction 
activities, and 
blasting causing 
increases in TSS 
reducing sunlight 
and affecting food 
resources or 
covering substrate 
and reducing habitat 

Access Road Construction Adverse Minor Sediment and Erosion 
Control Plan and site 

isolation 

Yes Habitat loss, 
increased TSS 

above background, 
and decreased 

primary and 
secondary 
production 

Low Local Short-term Sporadic Reversible 
Short-term 

High Minor Medium High 

(continued) 



 

 

Table 8.10-11 
Morrison Copper/Cold Project: Fish Habitat Effects Assessment Summary Table (continued) 

Description Project 
Component(s) 

Project Phase(s) Nature Extent Mitigation and 
Management 

Potential 
for 

Residual 
Effects 

Description Magnitude Geographic 
Extent 

Duration Frequency Reversibility Resilience 
(Context) 

Significance Probability 
of 

Occurrence 

Confidence 
Level 

Sedimentation from 
truck hauling, snow 
removal, construction 
activities, and 
blasting causing 
increases in TSS 
reducing sunlight 
and affecting food 
resources or 
covering substrate 
and reducing habitat 

Access Road Operations, 
Closure and 

Decommissioning 

Adverse Minor Sediment and Erosion 
Control Plan and site 

isolation 

Yes Habitat loss, 
increased TSS 

above background, 
and decreased 

primary and 
secondary 
production 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Sedimentation from 
construction 
activities, blasting, 
snow removal, 
culvert removal and 
contouring causing 
increases in TSS 
reducing sunlight 
and affecting food 
resources or 
covering substrate 
and reducing habitat 

Transmission 
Line 

Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Minor Sediment and Erosion 
Control Plan and site 

isolation 

Yes Habitat loss, 
increased TSS 

above background, 
and decreased 

primary and 
secondary 
production 

Negligible Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Particulates and 
residue from trucks, 
construction, 
equipment activity, 
and blasting causing 
increases in TSS 
reducing sunlight 
and affecting food 
resources 

Mine Site 
Access Road 

Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Minor Follow DFO Guidelines 
for the Use of 

Explosives in or Near 
Canadian Fisheries 

Waters; Sediment and 
Erosion Control Plan 

Yes Increased TSS 
above background 

and decreased 
primary and 
secondary 
production 

Low Local Short-term Continuous Reversible 
Short-term 

High Negligible Low High 

ML/ARD from 
exposed rock 
affecting fish food 
sources 

Mine Site 
Access Road 
Transmission 

Line 

Construction, 
Operations, 
Closure and 

Decommissioning, 
Post-Closure 

Adverse Minor Implementation of 
ML/ARD Prediction and 
Prevention Management 
Plan, and Environmental 

Effects Monitoring 
Program 

Yes Decreased primary 
and secondary 

production 

Low Landscape / 
Watershed 

Far Future Sporadic Reversible 
Long-term 

High Negligible Medium Low 

Spills from 
equipment, hauled 
fuels and cargos, 
and waste products 
affecting fish food 
resources 

Mine Site Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Moderate Spill kits, equipment 
maintenance, 

implementation of Spill 
contingency and 

Emergency Response 
Plan 

Yes Decreased primary 
and secondary 

production 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Medium High 

Spills from 
equipment, hauled 
fuels and cargos, 
and waste products 
affecting fish food 
resources 

Access Road Construction, 
Operations 

Adverse Moderate Spill kits, equipment 
maintenance, 

implementation of Spill 
contingency and 

Emergency Response 
Plan 

Yes Decreased primary 
and secondary 

production 

Low Local Short-term Sporadic Reversible 
Short-term 

High Minor Medium High 

Spills from 
equipment, hauled 
fuels and cargos, 
and waste products 
affecting fish food 
resources 

Access Road Closure and 
Decommissioning 

Adverse Moderate Spill kits, equipment 
maintenance, 

implementation of Spill 
contingency and 

Emergency Response 
Plan 

Yes Decreased primary 
and secondary 

production 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Medium High 

(continued) 



 

 

Table 8.10-11 
Morrison Copper/Cold Project: Fish Habitat Effects Assessment Summary Table (completed) 

Description Project 
Component(s) 

Project Phase(s) Nature Extent Mitigation and 
Management 

Potential 
for 

Residual 
Effects 

Description Magnitude Geographic 
Extent 

Duration Frequency Reversibility Resilience 
(Context) 

Significance Probability 
of 

Occurrence 

Confidence 
Level 

Spills from 
equipment affecting 
fish food resources 

Transmission 
Line 

Construction Adverse Moderate Spill kits, equipment 
maintenance, 

implementation of Spill 
contingency and 

Emergency Response 
Plan 

Yes Decreased primary 
and secondary 

production 

Low Local Short-term Sporadic Reversible 
Short-term 

High Negligible Low High 

Rupture of tailings 
dam or pipeline 
containing tailings, 
filter plant effluent, 
and sewage effluent 
affecting fish habitat 
and food resources 

Mine Site Operations, 
Closure and 

Decommissioning, 
Post-Closure 

Adverse Moderate Dam and pipeline 
engineering, pressure 

sensors, implementation 
of Environmental Effects 

Monitoring Program 

Yes Potential 
downstream habitat 
loss, increased TSS 
above background, 

and decreased 
primary and 
secondary 
production 

Medium Landscape / 
Watershed 

Short-term One Time Reversible 
Short-term 

High Moderate Low High 

Water loss in 
Morrison Lake from 
seepage into open 
pit, water intake, and 
loss of upper 
watersheds in 
tailings and waste 
rock areas reducing 
fish habitat 

Mine Site Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Moderate Sealing pit wall 
according to best 

management practices 
and not exceeding water 
withdrawal specifications 

Yes Habitat loss Medium Landscape / 
Watershed 

Short-term Continuous Reversible 
Short-term 

High Negligible Low Intermediate 

Water loss in 
Morrison Lake 
tributaries from loss 
of upper watersheds 
in tailings, waste 
rock, and open pit 
areas causing winter 
mortality, sublethal 
effects, and lost 
habitat 

Mine Site Construction, 
Operations, 
Closure and 

Decommissioning 

Adverse Moderate Diversion channels to 
maintain some upper 

watershed flow 

Yes Lower water levels 
in streams 25500 
and 44800, and 
altered flow in 
stream 53400 

reducing total fish 
habitat and 

potentiating winter 
freezing 

Medium Landscape / 
Watershed 

Far Future Continuous Irreversible High Moderate High High 
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8.10.5.2 Environmental Management System 

Environmental Policy 
The environmental policy for the Project is consistent with the Policy for the Management of 
Fish Habitat (DFO 1986).  The guiding principle of the DFO policy is “no net loss of fish habitat 
productive capacity” and a net gain if possible for all industrial developments in Canada 
affecting surface waters.  Project management will include stringent environmental protection 
policies and plans.  Staff and management will work towards no net loss in fishery resources 
through a wide range of impact avoidance and mitigation measures, site reclamation and 
rehabilitation techniques, and habitat enhancement methods. 

Environmental Management Objectives 
The goal of management objectives with respect to fishery resources in the Project area are to: 

• ensure the continued and uninterrupted rearing, spawning, and migration of fish in all 
fish-bearing streams of the Project area; 

• avoid HADDs, unless authorized by DFO under Section 35(2) of the Fisheries Act 
(1985b); 

• avoid depositing any substance, including sediments, that are deleterious to fish into 
waters frequented by fish;  

• protect, preserve, and enhance fisheries resources in the Project area from construction 
and operations activities, to decommissioning, closure, and beyond. 

Environmental Responsibilities 
The primary environmental responsibility is to ensure that all environmental protection measures 
are implemented properly and effectively during the Project.  To that end, senior and technical 
environmental staff, as well as environmental monitors (during construction), will be employed 
throughout the Project’s life to supervise, direct, monitor, and implement all of the protection 
measures required to ensure the above policies and objectives are met or exceeded.  
Environmental monitors will have the authority to temporarily stop construction work when 
construction activities are affecting or could threaten environmental resources.  Environmental 
technicians will report to an Environmental Manager, who will report directly to the Project 
Manager about any significant concerns.  Project staff and contractors will also be encouraged to 
report any potentially adverse incidents such as erosion, structural or functional failure, debris 
build-up at bridges and culverts, and spills/seepages/leaks. 

8.10.6 Potential Residual Effects 
Very few potential residual adverse effects on fish and fish habitat VECs are predicted from the 
construction, operation, and decommissioning of the Project.  The residual effects predicted from 
the Project are: 
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• Increased sediment loads from slope failure during construction of the mine site causing 
lethal and sublethal effects on rainbow trout and Pacific salmon, decreased productive 
capacity, and habitat alteration/loss. 

• Fuel spills from transport along the access road during construction and operations 
causing lethal and sublethal effects on Dolly Varden, rainbow trout, and Pacific salmon, 
decreased productive capacity, and habitat alteration/loss. 

• Topping of the road and traffic during the construction phase causing sublethal effects for 
Dolly Varden, rainbow trout, and Pacific salmon. 

• Increased metal, anion, and nutrient concentrations in tailings effluent due to pipe or dam 
wall failure causing lethal and sublethal effects on rainbow trout and Pacific salmon, 
decreased productive capacity, and habitat alteration/loss. 

• Decreased water flow caused by the tailings dam and WRD during all Project phases 
causing lethal effects, behavioural effects, reduced productive capacity, and reduced 
habitat for rainbow trout and Pacific salmon. 

• Lost fish-bearing habitat in two Morrison Lake tributary streams during all Project 
phases, affecting rearing juvenile rainbow trout and Pacific salmon populations. 

8.10.7 Significance of Residual Effects 
Three of the six residual adverse effects were classified as not significant because of the low 
magnitude and limited geographic extent of the potential effects (Table 8.10-12).  Stream 
crossings slope failure at the mine site was considered a possible adverse effect to fisheries 
VECs because these events often have a significant effect on the local environment.  However, 
these effects are not predicted to extend beyond the local area of occurrence, nor are they 
predicted to affect entire fish populations.  In addition, the probability of slope failures occurring 
is relatively low; therefore, the residual significance is not significant.  Similarly, particulates and 
residue from construction activities along the access road are not predicted to extend beyond the 
local area of occurrence, nor are they predicted to affect entire fish populations.  Therefore, the 
residual significance is not significant.  Spills may also have a significant impact on fish 
populations; however, like slope failures, the geographic extent of habitat loss related to the 
Project is limited to a single section of stream.  Also, the number of fish-bearing stream in the 
Project area is small, so the probability of spills occurring in these streams is low relative to the 
number of streams.  Thus, the residual effects are also predicted to be insignificant. 

Effluent discharge from dam or pipeline rupture that overflows the catchments would affect the 
habitat and productive capacity of downstream habitat, as well as the health and behaviour of 
rainbow trout and coho salmon in the lower reaches of stream flowing into Morrison Lake.  
During operations and closure phases these structures will be monitored regularly to ensure that 
ruptures do not occur.  Ruptures causing accidental releases of effluent may have a larger 
magnitude effect and affect a larger geographic area; however, the probability of a rupture will 
be so low as to render the effect not significant (Table 8.10-12). 
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Table 8.10-12 
Summary of Overall Significance of Residual Effects 

for the Morrison Copper/Gold Project 
   Descriptor Criteria for Residual Adverse Effects  

Mine Issue VEC 
Description of Residual Adverse 

Effect Magnitude
Geographic 

Extent Duration Phase 

Significance of 
Residual Adverse 

Effects 
Mine site stream 
crossings 

rainbow trout 
Pacific salmon 

fish habitat 

increased sediment loads from slope 
failure causing lethal and sublethal 

effects, decreased productive capacity, 
and habitat alteration/loss 

low local short-term Construction Not Significant 

Access road 
materials 
transport 

Dolly Varden 
rainbow trout 

Pacific salmon 
fish habitat 

large spills from materials transport 
causing lethal and sublethal effects, 
decreased productive capacity, and 

habitat alteration/loss 

low local short-term Construction 
Operations 

Not Significant 

Access road 
topping and 
traffic 

Dolly Varden 
rainbow trout 

Pacific salmon 
fish habitat 

particulates and residue causing 
sublethal effects 

low local short-term Construction Not Significant 

Tailings storage 
facility and waste 
rock pile 
footprints 

rainbow trout 
Pacific salmon 

fish habitat 

increased contaminants from tailings 
effluent rupture causing lethal and 

sublethal effects, decreased productive 
capacity, and habitat alteration/loss 

medium landscape / 
watershed 

short-term Operations 
Closure 

Not Significant 

Tailings storage 
facility and waste 
rock pile 
footprints 

rainbow trout 
Pacific salmon 

fish habitat 

decreased water flow causing reduced 
productive capacity and habitat 

low landscape / 
watershed 

far future Construction 
Operations 

Closure 

Moderate 

Tailings storage 
facility, waste 
rock pile, and 
open pit 
footprints 

rainbow trout 
Pacific salmon 

fish habitat 

complete loss of fish habitat due to 
dewatered stream sections 

medium landscape / 
watershed 

far future Construction 
Operations 

Closure 

Moderate 

Dashes indicate no available information 
Skeena Region Reduced Risk In-stream Work Windows Measures (WLAP 2005) 
Sources: Scott and Crossman, 1973; Richardson et al., 2001; Quinn, 2005 

The significance of reductions in water flow to streams 25500 and 44800 and changes in water 
flow to stream 53400 from the TSF, WRD, and open pit have been classified as moderate 
because of the extent of the watersheds affected and of the length of time of potential effects 
(Table 8.10-12).  Also, the two streams potentially affected are both fish-bearing.  The extent of 
these residual effects on the habitat and productive capacity of these streams will be determined 
with more detailed surveys to be performed in 2009.  Extensive consultation with representatives 
from DFO and BC MOE will take place to finalize compensation measures during the EA 
process before construction (discussed in Section 13.6). 

The significance of lost fish-bearing habitat to streams 29000 and 53400 from the footprints of 
the TSF and the open pit have been classified as moderate because of the extent of the 
watersheds affected (particularly in stream 53400) and of the length of time of potential effects 
(Table 8.10-12).  Extensive consultation with representatives from DFO and BC MOE will take 
place to finalize compensation measures during the EA process before construction (discussed in 
Section 13.6). 
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In summary, while the construction, operation, and decommissioning of the Project may affect 
fisheries VECs, the residual effects are predicted to be minor in terms of productive capacity and 
habitat loss for the TSF and WRD footprints and moderate in terms of habitat loss for the TSF 
and open pit.  All other effects are predicted to be not significant, provided appropriate sediment 
and erosion control plans, spill containment measures, and that water quality guidelines are met.  
Details on the proposed fish and fish habitat management plan and on the fish habitat 
compensation plan are included in Sections 13.5 and 13.6 respectively. 

8.10.8 Likelihood of Effects 
Deciding whether a Project is likely to have significant effects is central to the concept and 
practice of an EA (CEA Agency 1994). The likelihood of each potential effect is evaluated by 
considering (a) the probability of its occurrence, and (b) the confidence level inherent in the 
assessment. 

8.10.8.1 Probability of Occurrence 
Assessing the probability of occurrence is based on the best available knowledge for each effect 
and on the Project description details supplied (e.g., for modelling) at the time of the writing of 
the effects assessment.  Any change to these details may affect the outcome of the effects 
assessment.  If the probability of an effect can be accurately quantified, it is also represented as a 
percentage.  If a quantitative estimation is not possible, then the choice of descriptor is based on 
best professional judgment. 

8.10.8.2 Confidence Levels 
Some degree of scientific uncertainty is associated with the information and methods used in the 
prediction of effects; hence, the confidence levels of the assessment must be recognized (CEA 
Agency 1994).  For each effect, the limitations and uncertainties associated with the data and 
their analyses are documented in the relevant sections, including the reliability or variability of 
results or conclusions.  The evaluation of confidence limits is determined through best 
professional judgment and expertise and the amount of information available. 

8.10.8.3 Assessment Assumptions 
It has been assumed that a high standard of engineering practice will be employed in designing 
Project components and that BMPs will be followed during construction and operation of Project 
facilities. 

It is also assumed that environmental monitoring personnel will have adequate knowledge and 
experience to identify areas of potential fish and fish habitat concern and the ability to recognize 
when enhanced monitoring or remediation measures are required.  Advice from a qualified 
biologist may be required to develop any remediation plans.  Failure to recognize areas of 
impending problems and delay in implementing corrective action could have a detrimental affect 
on the health of fish and fish habitat and lead to an increase in the extent and consequence of 
environmental damage. 
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8.11 Navigable Waters  
In Canada, navigable waters include any waterbody capable of being navigated by any type of 
floating vessel for the purposes of transportation, recreation, or commerce.  The Navigable 
Waters Protection Act (1985c) was adopted to protect the public right to navigate.  The Act 
ensures that any interference created by the Project does not alter the navigability of the 
waterway and that the rights of other waterway users are respected.   

The methodology used in this effects assessment is similar to that described for the Project as a 
whole (Chapter 5).  The assessment evaluates all currently available information on Project 
design and existing environmental conditions (from baseline data) to provide realistic and 
plausible characterization of potential effects to navigation. 

The potential effects on navigable waters were identified by reviewing the Project components 
and baseline setting (Section 7.10) to determine potential effects.  Potential effects were also 
discussed with Transport Canada to determine mitigation and/or compensation.    

The assessment of the selected VECs is broadly subdivided into four stages: 

1. Identification and description of potential effects on each VEC (pre-mitigation ratings). 

2. Development of mitigation, enhancement, and management strategies to address identified 
effects. 

3. Determination and description of residual (post-mitigation) effects and their significance. 

4. Evaluation of the likelihood that the predicted effects will occur, and level of confidence of 
the results. 

8.11.1 Issues Scoping 
The navigable waters effects assessment was designed to address the potential effects of the 
Project on the navigability of waterways in the area.  Issues identified in the TOR include:  

• effects of construction of the proposed transmission line on the navigability of stream 
crossings; 

• effects of construction of the proposed Project infrastructure and its operation on the 
navigability of lakes, ponds, and streams. 

8.11.2 Boundaries 

8.11.2.1 Spatial 
The main Project infrastructure will be at the Project mine site and along the transmission line 
corridor that extends to the Bell Mine substation.  The mine site and transmission line include 
numerous lakes, ponds, and streams that drain into Morrison Lake, Morrison Creek, and Babine 
Lake.  Therefore, all watersheds bisected by the mine site, the transmission line, and streams 
downstream of this infrastructure compose the spatial boundary of the RSA (see Section 7.11). 
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8.11.2.2 Temporal 
The temporal boundary for the navigable waters effects assessment includes the Project timeline 
of 25 years, broken down as follows: 

• construction: approximately 2 years 

• operations: estimated at 21 years 

• decommissioning and closure: approximately 2 years 

8.11.3 Valued Environmental Components 
Navigable waters were selected as a VEC to protect navigable waterways in the Project area as 
per the Navigable Waters Protection Act.  In addition, navigable waterways are important for 
traditional forms of travel. 

8.11.4 Identification and Description of Potential Effects 
There is limited human use of surface water as a resource for navigation within the Project area, 
with the exception of Morrison Lake and Babine Lake.  Only one potentially navigable stream 
(streams >3 m) will be crossed by the proposed transmission line that may affect public access to 
navigable water (Appendix 30).  Stream crossing structures are already in place along the 
existing access road.  Given the inaccessibility of most of this area, the limited current or 
historical use of waterways, and the lack of navigable waterways, the Project is not anticipated to 
cause adverse effects on navigable waters along the transmission line and road routes.   

Four potentially navigable streams (streams >3 m) and six waterbodies (lakes/ponds) are within 
the mine footprint that may affect public access to navigable water (Appendix 30).  Navigability 
of these streams and waterbodies is assessed directly by Transport Canada, which has indicated 
the largest waterbody, Booker Lake (15.04 ha surface area), is likely to be deemed navigable.  
This non-fish-bearing lake would then require a Section 23 exemption from the Navigable 
Waters Act before its draining to accommodate the WRD and open pit.  This section of the Act 
allows for the removal of navigable waters of which “the public interest would not be injuriously 
affected.”  Boating access to this waterbody is nominal, and its use for recreational fishing is 
highly unlikely because it does not contain fish (see Section 7.10).  Therefore, the significance of 
this residual effect on navigable waters in the Project area has been assessed as negligible.   
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8.12 Wetlands 
Wetlands are defined as “land that is saturated with water long enough to promote wetland or 
aquatic processes as indicated by poorly drained soils, hydrophytic vegetation and various kinds 
of biological activity which are adapted to a wet environment” (Warner and Rubec 1997).  The 
CEA Agency (2005) describes wetlands as important components that need to be considered 
during an EA because they are integral to the basic premise of sustainable development and 
environmental quality.  Furthermore, the conservation of wetlands in Canada is guided by The 
Federal Policy on Wetland Conservation (CEA Agency; 1991; Environment Canada 2003).  The 
objective of this policy is to “promote the conservation of Canada’s wetlands to sustain their 
ecological and socio-economic functions, now and in the future.”  

This section evaluates potential effects of the Project on local and regional wetland ecosystems.  
A summary of the characteristics of the wetland ecosystems within the Project area is found in 
Section 7.12.  In addition to describing potential effects on wetlands, this chapter also discusses 
mitigation measures and residual effects where mitigation cannot be implemented.   

The assessment of the selected VECs is broadly subdivided into four stages: 

1. Identification and description of potential effects on each VEC (pre-mitigation ratings). 

2. Development of mitigation, enhancement, and management strategies to address identified 
effects. 

3. Determination and description of residual (post-mitigation) effects and their significance. 

4. Evaluation of the likelihood that the predicted effects will occur, and level of confidence of 
the results. 

Issues to be assessed were chosen with consideration of public and scientific insight as well as 
management and regulatory guidelines.  Wetland ecosystem data for the Project area was 
collected and analyzed through baseline studies (Appendix 31).  These data were used to 
determine existing wetland attributes, such as extent and function.  Wetland extent refers to the 
size, distribution, and types of wetlands within assessment boundaries.  Wetland extent was 
quantified through geographic information system (GIS) mapping, field investigations of 
wetland ecosystem classes and site associations, and identification of ecosystems of concern 
(Appendix 31).  Wetland function is defined as specific processes that wetlands carry out, such 
as their ability to store water, metabolize environmental contaminants, and provide terrestrial and 
aquatic habitat.  Environment Canada (2003) identifies eight primary functions and associated 
values that should be considered in effects assessments.  These functions are: 

1. hydrological:  wetland contribution to the quantity of surface water and groundwater; 

2. biogeochemical:  wetland contribution to the quality of surface water and groundwater; 

3. habitat:  provision of habitat within a wetland for terrestrial and aquatic organisms;  
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4. ecological:  role and uniqueness of the wetlands with respect to the surrounding ecosystem; 

5. social, cultural, and commercial values; 

6. aesthetic and recreational values; 

7. education and public awareness; and 

8. general considerations (e.g., an ecosystem’s uniqueness within the study area and the 
surrounding landscape, the protection of endangered or threatened species and ecosystems, a 
site’s location in proximity to wildlife refuges, parks, and reserves). 

Environment Canada (2003) states that it is important, when considering effects to wetlands, that 
the complex interactions of function at the ecosystem level be used as the framework for the 
effects assessment.  

8.12.1 Valued Environmental Component Selection 
Wetlands were selected as a VEC because they: 

• provide critical habitat for wildlife, birds, and amphibians;  

• support the regions ecology by providing a diversity of ecosystems; 

• store water maintaining a positive water balance; and  

• support biochemical processes that only occur in wetlands. 

To adequately identify and describe potential effects to wetlands the wetland VEC was divided 
into two sub-VECs: wetland extent and wetland function.  

8.12.1.1 Wetland Extent 
Wetland extent is defined as the size of individual wetlands, total wetland area, the distribution 
of wetlands, and the types of wetlands within the study area.  Wetland extent was chosen as a 
VEC because loss of wetland area is one of the largest threats to wetlands in Canada and 
worldwide (Mitsch and Gosselink 2000).  Also, wetlands, particularly those that are rare or form 
extensive complexes, and wetland riparian vegetation, were specified as features to be managed 
in the Morice Land and Resource Management Plan (LRMP; BC MAL and BC ILMB 2007).   

8.12.1.2 Wetland Function 
Wetland function was selected as a VEC because it is a standard measure of wetland quality. 
Environment Canada (2003) identifies four primary functions and four associated values to be 
considered in an effects assessment (Section 8.12.1).  The four primary functions included in this 
assessment are described below.  They are combined to support the Life Support functions and 
associated values (Table 8.12-1).   
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Table 8.12-1 
Translating Wetland Functions into Values 

Functions Examples of Functions Examples of Benefits (Values) 
Life-Support 
Regulation/Adsorption 
(Hydrological and Biochemical) 

Climate regulation, toxic adsorption, 
stabilization of biosphere processes, 

water storage, cleansing 

Flood/erosion control, contaminate 
reduction, clean water, storm damage 

reduction,  
Ecosystem Health 
(Ecological and Habitat) 

Nutrient cycling, food chain support, 
habitat, biomass storage, genetic and 

biological diversity 

Environmental quality, maintenance 
of ecosystem integrity, risk reduction 

Social/Cultural 
Science/Information Specimens for research, zoos, botanical 

gardens, representative and unique 
ecosystems 

Characterization of vegetation and 
communities at risk by BC CDC,  

Aesthetic/Recreational Non-consumptive uses such as viewing, 
photography, bird watching, hiking, and 

swimming 

Expectation that British Columbia 
contains wilderness 

Cultural/Psychological Wetland uses may be part of traditions of 
communities, religious or cultural uses, 

future (option) opportunities 

Social cohesion, maintenance of 
culture, value to future generations, 

symbolic values 
Production 
Subsistence Production Natural production of birds, fish, plants Food, self-reliance, import 

substitution, maintenance of traditions 
Commercial Production Production of crops, fibres, and peat Jobs and income associated with 

wetlands and wetland species 

Bond et al. (1992) adapted from de Groot (1988) and Filion (1998). 

Hydrological Function 
Wetlands in the study area hold and store water, preventing all of the water from immediately 
entering streams, reducing the flood potential.  A number of small wetlands are as important to 
local hydrology as a single large wetland because the surface area to volume ratio of small 
wetlands is higher then it is for large wetlands.  The higher surface area to volume ratio allows 
for faster rates of evapotranspiration which in turn reduces water available for flooding (Knight 
1993; Trochlell and Bernthal 1998; Mitsch and Gosselink 2000).  Throughout the summer 
months wetlands slowly release water, allowing small streams to maintain flow.  Because 
wetlands are closely linked to the surface water system, alterations in wetland hydrology are a 
primary pathway for environmental effects on wetland function.  Marsh wetlands are particularly 
susceptible to hydrological changes (MacKenzie and Moran 2004).  Changes to wetland 
hydrology may result in shifts in floral and faunal species composition, which could in turn 
further affect the hydrology of the surrounding ecosystems (D. W. Martin and Chambers 2001; 
Price and Whitehead 2001). 

Biogeochemical Function 
Wetlands in the study area help to breakdown, sequester, and metabolize nutrients, metals, and 
toxins, effectively removing them from the larger surface water network.  The biological 
processes in wetlands also facilitate the energy transfer of nutrients from aquatic species to 
terrestrial ecosystems.  
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Habitat Function 
Wetlands provide browse and forage habitat for moose (Alces americanus).  Moose also visit 
marshes and shallow open water wetlands in the summer to cool off and escape from insect pests 
(Flook 1959; Renecker and Hudson 1986).  Wetlands in the study area also provide habitat for 
bears (Ursus spp.) and various species of amphibians.  During the amphibian survey 
(Appendix 38) western toads, (Bufo boreas), a COSEWIC species of special concern, Columbia 
spotted frogs (Rana luteiventris), and wood frogs (Rana sylvatica) were found in multiple 
wetlands. Wetlands are specified in the Morice LRMP as an important habitat for several 
wildlife species. The provision of wildlife habitat by wetlands is also important for hunting 
undertaken by members of the Lake Babine Nation (Appendix 37).   

Ecological Function 
Wetlands in the study area are strongly connected with the upland environment and often form 
complexes of multiple wetland associations.  The structural variety of wetland communities 
provides habitat for a number of wildlife species benefiting the biological integrity of 
surrounding ecosystems (Galatowitsch and Valk 1998).  

In addition to providing varied habitat, one provincially blue-listed wetland ecosystem was 
identified in the study area.  This ecosystem is of special concern because it represents a plant 
community that is potentially vulnerable or not common throughout the region.  The observation 
of this community highlights the ecological function of wetlands.  

8.12.1.3 Wetland Value 
If a wetland function is important to society, then it is described as a wetland value.  Not all 
functions are valued by society; for instance, wetlands can provide mosquito habitat (not a 
function typically valued by society).  Table 8.12-1 translates wetland function into values using 
the descriptions of function provided in Section 8.12.1.2 and the list of functions and associated 
values (Environment Canada 2003). 

8.12.2 Boundaries 

8.12.2.1 Spatial  
Wetlands potentially affected by the Project are within a distinct study area or zone of influence.  
Spatial study areas consider the physical extent of the Project; the extent of potential Project 
effects, and the extent of ecosystems, economic systems, and social networks (including 
communities and First Nations) that are realistically expected to be affected by the Project.  
Beyond these boundaries, effects of the Project are expected to be negligible.  Study areas are 
determined by baseline studies, professional expertise, and consultation; maps of the specific study 
area and rationale for the selected boundaries are provided in the baseline report (Appendix 31).   

The baseline study area for the Project’s wetland study included all areas at or near proposed 
development features, such as the pit, WRD, and the tailings impoundment facility.  Wetlands 
were mapped if they were within any of the proposed development features or transmission line 
option.  Table 8.12-2 presents the areas of each Project feature included in this assessment.  The 
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local assessment area is the maximum extent of the overall Project area and is approximately 
2,110 ha (Figure 8.12-1).   

Table 8.12-2 
Local Assessment Boundary Project Features 

Project Feature Item Project Feature Group Name Total Area (ha) 
Access Road 
Haul Road 

Roads 64 

Tailings Impoundment at 1,015 m 
Tailings Pipeline 
Tailings Pump Station No. 2 

Tailings Storage Facility 461 

Sanitary Landfill 
Waste Rock Dump 

Waste Dumps 183 

Diversion Channel 
Emergency Backflow Pond 
Freshwater Intake 
Reclaim/Fire Water Tank 
Water Pipeline 

Water Management 50 

Ammonium Nitrate and Emulsion Silos Materials Storage and Borrow sources 
Borrow sources  
Low Grade Ore Stockpile  
Organic-bearing Material Stockpile  
Overburden and Organic Sediment 
Storage 

 

Overburden Stockpile  

135 

Explosives Magazine 
Plant Site Area 
Plant Site Extent 

Plant Site Area 19 

Ultimate Pit Extent Pit Area 108 
Transmission Line 100 m buffer 
Transmission Line 

Transmission Line 457 

Fragmented Area Degraded Area 518 
Main Dam: Starter at 969m 
Main Dam Beach 
Main Dam Top at 1,015 m 
Main Dam at 1,015m 

Dams 115 

(continued) 
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Table 8.12-2 
Local Assessment Boundary Project Features (completed) 

Project Feature Item Project Feature Group Name Total Area (ha) 
North Dam 
North Dam: Starter at 975.2 m 
North Dam Beach 
Northeast Dam  
Saddle Dam 896_7m 3 to 1 
Saddle Dam 896_7m 3 to 1Top 
Saddle Dam 896_7m 3 to 1submerged 
Saddle Dam Tail 
Saddle Tail 
West Dam 
West Dam Beach 

Dams 115 

 

Within the local assessment boundary two categories were created to quantify the type of 
potential effects to wetlands.  The categories are (1) lost and (2) degraded.  Loss of a wetland is 
defined as any wetland within a proposed development feature such as the TSF.  Degraded is 
defined as a wetland within the buffered perimeter of the maximum extent of the proposed 
development but not directly within any development feature such as the 100-m management 
buffer around the transmission line.   

A regional assessment area was chosen so that environmental effects could be assessed with 
respect to their significance within a wider context.  The regional assessment boundary selected 
for the assessment is the Fraser Basin Ecoregion.  It consists of broad flat lowlands, rolling 
uplands, and is in the central plateau area of the BC interior (Figure 8.12-1).  This ecoregion was 
selected as the regional assessment boundary because it has similar communities and climatic 
conditions to the local assessment area.  This regional area was also used to screen the baseline 
data for rare or unique wetlands.  The regional assessment area is approximately 42,824 km2.     

8.12.2.2 Temporal  
The assessment of wetlands examines potential effects at different stages of Project development, 
from construction through to post-closure.  Table 8.12-3 describes the duration and activities 
associated with each development phase.  The assessment focuses on these phases separated into 
two groups (1) construction and operations and (2) closure, decommissioning, and post-closure.   

8.12.3 Identification and Description of Potential Effects 
This section will identify potential cause-and-effect relationships between the Project and 
wetland extent and function.  This process considers the Project description, TOR, the wetland 
baseline study (Appendix 31), consultation, historical/literature review, and professional 
expertise.   
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Table 8.12-3 
Morrison Project Phases and Activities 

Phase 
Duration 
(years) Description 

Construction 2 Construction of on-site components and off-site infrastructure.  
Includes stripping of open pit overburden and construction of new 
transmission line. 

Operations 21 Mining, milling, waste disposal, and on-going establishment of the 
tailings storage facility. 

Closure and 
Decommissioning 

1 to 3 Majority of the mine site will be decommissioned and reclaimed, 
with the objective of returning the area to the equivalent of its 
current (baseline) conditions in the long term.  Includes removal of 
equipment and infrastructure; reclamation of waste dump, tailings 
impoundment, roads and water courses, and revegetation. 

Post-closure  Ongoing environmental monitoring and maintenance to ensure 
effective reclamation, until baseline or stable conditions are 
reached. 

 

The assessment also describes the nature and extent of these effects, i.e., the direction and 
magnitude of change that is expected.  This stage evaluates the status of effects prior to 
mitigation (with the exception of possible mitigation/management measures that are integral 
components of the Project design).  Potential effects include both adverse and beneficial results, 
and relate to either the direct loss or creation of wetland ecosystems, or the degradation of these 
ecosystems as a result of Project activities.  The nature of effects classifies each change as 
beneficial, neutral, or adverse.  The description of the extent of potential effects is provided in 
Table 8.12-4.  Extent relates to the percentage of area lost/degraded for each specific wetland 
association in the local assessment boundary. 

Table 8.12-4 
Description of the Extent of Potential Effects 

Extent Percentage of Area Lost/Degraded Description 
Negligible 0 to 15% Very slight change from the baseline conditions such that no 

discernible effect upon the local ecology/environment results. 
Minor 15 to 30% Small but noticeable shift away from the baseline conditions. 

 Changes in environmental quality, etc. are likely to be 
relatively small, or be of a temporary nature such that ecology 
or environmental characteristics are slightly affected. 

Moderate 30 to 45% A significant and noticeable shift from the baseline conditions 
that may be long term; or a high degree of change for a 
temporary period.  Results in a change in ecological status. 

Major >45% Major shift away from the baseline conditions, fundamental 
change to environmental conditions.  May include a relatively 
high degree of change for a long-term period, or by a very high 
amount for a shorter episode.  Ecology or environmental 
quality is greatly changed from the baseline situation. 
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The single most important effect of the Project on wetland communities in the local assessment 
area is direct wetland loss.  Table 8.12-5 presents percentage of wetland associations lost caused 
by the development of specific mine features and Table 8.12-6 presents the area of each 
association lost in the local assessment boundary.    

Table 8.12-5  
Percentage of Lost Local Wetland Associations  

 Wetland Associations 
Project Component Wb01 Wb05 Ws01 Ws06 Ws07 Wm01 
Pit Area - - 100% - - - 
Roads - - - - - - 
Dams - - - - - - 
Waste Dump 4% - - - - 6% 
Tailings Storage Facility 86% 100% - 100% 100% 92% 

 - Denotes no wetland associations present. 

Table 8.12-6 
Total Area of Wetlands Lost in the Local Assessment Boundary 

Wetland Association Wetland Class Project Feature Group Name Area(ha) 
Wm01 Marsh Dams <0.1 
Ws01 Swamp Pit Area 0.40 
 - Unclassified Pit Area 2.99 
Wb01 Bog Tailings Storage Facility 26.65 
Wb05 Bog Tailings Storage Facility 2.06 
Wm01 Marsh Tailings Storage Facility 15.34 
Ws06 Swamp Tailings Storage Facility 5.86 
Ws07 Swamp Tailings Storage Facility 1.36 
Wb01 Bog Waste Dumps 1.21 
Wm01 Marsh Waste Dumps 1.03 

 

Further to this loss is the potential for degradation to community structure and ultimately wetland 
extent and function through: 

• colonization of invasive species 

• biochemical alterations  

• changes to wetland hydrology  

Degraded wetlands were identified as being within a Project component buffer; these buffers 
represent areas where disturbance is possible.  Table 8.12-7 presents the percentage of wetland 
associations potentially degraded.   
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Table 8.12-7 
Percentage and Area of Degraded Local Wetland Associations  

Wetland Class Site Association 
Percentage of Total 

Association Degraded 
Total 
Area 

Bog Wb01 10% 3.24 
Fen Wf02 100% 9.24 
Marsh Wm01 2% 0.35 

 

Figure 8.12-2 presents potentially lost and degraded wetlands in the local assessment area.  The 
combined extent of wetland loss and degradation to wetlands in the Project area were tabulated 
(Table 8.12-8) using the divisions established in Table 8.12-4.  

This stage of the assessment corresponds with the first five columns of Table 8.12-12. 

Table 8.12-8 
Extent of Effects of the Morrison Copper/Gold Project on Wetlands 

Project Component Wetland Associations Affected Extent of Effect 
Roads - - 
Transmission Line Wf02 Negligible 
Tailings Impoundment Wb01 Major 
 Wb05 Major 
 Ws06 Major 
 Ws07 Major 
 Wm01 Major 
Waste Dumps Wb01 Negligible 
 Wm01 Negligible 
Water Management - - 
Storage and Borrow - - 
Plant Site - - 
Pit Area Ws01 Major 
Dams - - 

- Denotes no wetland associations present and therefore no effect to the wetlands VEC. 

8.12.4 Mitigation and Management 
The description and rating of potential effects provides the basis for the development of 
appropriate and effective mitigation, enhancement, and management strategies.  The goal of 
these measures is to reduce the extent or likely occurrence of adverse effects, and to enhance 
beneficial changes.  Monitoring and management plans are described in further detail in 
Chapter 13 (Environmental Management System); this section provides a direct link between 
potential effects and proposed mitigation.  Alternatives and design changes are not included in 
this section of the EA; those changes incorporated into the final Project description are presented 
in Chapter 15 (Analysis of Alternatives). 
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The loss and degradation of wetland ecosystems are an inevitable result of Project activities. 
Mitigation and management measures can be undertaken to reduce these effects.  The Canadian 
federal policy regarding wetland conservation identifies three hierarchical mitigation alternatives  
(Environment Canada 1991) when considering potentially affected wetland habitats: 

1. Avoid:  relocate Project activities to prevent loss of wetland habitat. 

2. Minimize:  plan Project activities to have little direct or indirect effect on wetland 
ecosystems. 

3. Compensate:  create wetland habitat with similar values to replace wetland habitat 
irrevocably altered during Project activities. 

Avoiding and/or minimizing the extent of disturbance to these ecosystems are generally the best 
strategies for reducing the effect of development activities on wetlands.  Recommended 
strategies are discussed in greater detail in Section 13.9.  Mitigation focuses on compensation 
because finding alternatives to the location of the proposed pit and TSF are not possible given 
specific geologic and engineering requirements and the degradation of wetlands is expected to be 
minor, while the major effect is loss of wetlands.     

Compensation includes wetlands that may be created on-site or programs to develop wetlands 
within the regional area.  The largest area on-site for potential compensation is the TSF.  This 
area, which will essentially be a large open water feature (at closure), could be constructed to 
provide habitat, hydrological, biochemical, and ecological wetland functions.  By reclaiming the 
TSF there is the potential to reduce Project effects on wetlands.  Currently, approximately 51 ha 
of wetlands were surveyed in the TSF; these wetlands will be lost.  However, current design 
information shows that there are approximately 44 ha of beach area and 78 ha of open water 
<2 m deep that would be suitable for wetland development.  Wetland management is covered in 
greater detail in sections 13.9, 14.8 and 16. 

To determine the validity of proposing constructed wetlands in the TSF as a mitigation option; a 
sediment-vegetation metal accumulation model was used to explore whether or not metal 
concentrations in vegetation, post mitigation, pose a significant risk to wildlife.  Metal 
concentrations that pose a significant risk to wildlife are explained in detail in sections 14.8 and 
Appendix 39; a table of adaptive management threshold values (Table 8.12-9) from section 14.8 
is presented to provide context for the modeled vegetation values.  

The metal accumulation model, developed by the US EPA (1999) outlines a formula for metal 
accumulation via plant roots from soil and sediment systems.  The formula assumes an average 
wet weight conversion factor of 0.12 and assumes the average water concentration in plants is 
between 80 and 95% (US EPA 1999).  The formula also assumes a bio-concentration factor 
(BCF) specific to a metal; BCFs as identified by US EPA (1999) for specific metals are 
presented in Table 8.12-10.       
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Table 8.12-9 
Adaptive Management Threshold Vales   

Maximum Allowable 
Metal Concentration (mg/kg-dw) 
Arsenic 92 
Cadmium 69 
Chromium 207 
Copper 462 
Lead 419 
Mercury 89 
Nickel 149 
Silver 538 
Vanadium 368 
Zinc 6738 

 

Table 8.12-10 
BCF’s for Sediment to Plant Metal Accumulation 

Metal BCF1 

Arsenic 0.036 
Cadmium 0.364 
Chromium 0.0075 
Copper 0.4 
Lead 0.045 
Nickel 0.032 
Silver 0.4 
Zinc 0.0000000000012

1 BCFs are unitless 

Plant concentrations due to root uptake were calculated for the metals presented in Table 8.12-10 
using: 

12.0Pr xBCFxCs=  

Where: 

Pr = Plant concentration due to root uptake (mg/Kg WW) 

BCF = Bio-concentration factor (Table 8.12-10) (unitless) 

Cs = Concentration of metal in soil/sediment (mg/Kg) 

0.12 = Dry weight to wet weight conversion factor (unitless) 

Cs values were taken from projected concentrations of metals in the coarse tailings (dam cyclone 
sands), fine tailings, whole tailings, and overburden.  Metal concentrations in plant tissue were 
calculated for each metal (Table 8.12-11). 
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Table 8.12-11  
Modelled Vegetation Tissue Metal Concentrations  

Metal Coarse Tailings  
(Dam Cycloned Sand) 

Fine 
Tailings 

Whole 
Tailings Overburden 

    Max Min Mean 
Arsenic 0.0346 0.1469 0.0739 0.3668 0.0147 0.1262 
Cadmium 0.0122 0.0122 0.0122 0.0371 0.0031 0.0143 
Chromium 0.1260 0.0801 0.1099 0.0918 0.0243 0.0575 
Copper 31.2000 23.0400 28.3440 153.1200 1.2816 22.5144 
Lead 0.0400 0.1080 0.0638 0.2209 0.0497 0.0758 
Nickel 0.1421 0.3110 0.2012 0.3441 0.0680 0.1568 
Silver 0.0413 0.0576 0.0470 0.3163 0.0029 0.0200 
Zinc 1.1664E-11 1.3536E-11 1.23192E-11 3.48E-11 8.06E-12 1.47674E-11 

All units are mg/Kg 

There are a number of issues associated with modeling metal concentrations in plant tissue, 
primarily the variability of site specific parameters such as sediment interaction with water, 
water level fluctuations, metal concentrations in water, plant species, salinity, water pH and 
growing season temperature (Almas and Singh 2001; Fritioff, Kautsky, and Greger 2005; Peer et 
al. 2006; Brunham 2009).  Although there are a number of factors that influence actual metal 
accumulation not included in this model, the outputs provide useful information to determine 
whether a specific mitigation option, such as constructed wetlands, is appropriate.   

The modelled vegetation tissue metal concentrations from Table 8.12-11 are markedly lower 
than the adaptive management threshold values Table 8.12-10 for all proposed cap materials.  
This suggests that coarse tailings (dam cyclone sands), fine tailings, whole tailings, and 
overburden could be used as a cap in the TSF.  Their use would likely result in plant tissue 
concentrations sufficiently below the adaptive management threshold values.  That being said, 
the material most suitable for capping tailings in the TSF would be overburden.  This material 
likely contains a matrix of particle sizes allowing sufficient rooting substrate for vegetation.  The 
modeled vegetation tissue metal concentrations for the average projected overburden metal 
concentrations were typically below all other modeled vegetation tissue metal concentrations.  
By selecting overburden as the cap material in the TSF there would be an increased reduction in 
the risk of making metals available to wildlife through soil plant metal accumulation. 

8.12.5 Potential Residual Effects 
A number of potential residual effects are predicted to occur.  In areas adjacent to roads, and in 
the plant site and water management areas, beneficial effects are expected.  When these types of 
features are constructed water movement is often restricted, allowing water to pond in 
depressions.  Wetlands will often form naturally in these places, although the total area of 
wetland development will likely be small. 

The loss of wetland ecosystems in the TSF, the pit area, and the waste dumps (51.27 ha, 3.39 ha, 
and 1.21 ha, respectively) is an adverse residual effect.  The pit area will not be reclaimed.  As 
such, this presents a residual effect to wetland communities in this area.  However, similar 
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swamp communities could be constructed on the upper edges of the beaches on the TSF to 
compensate for this loss. 

In the TSF and waste dumps approximately 27 ha and 1.2 ha respectively of Wb01 blue-listed 
bog will be lost (Appendix 31).  Direct compensation of this wetland community is not an option 
give that these communities are dominated by Picea sp. and Sphagnum spp. both of which can 
take decades to reach functional maturity.  The residual effect in the TSF and the waste dumps is 
the loss of these blue-listed communities (Appendix 31).  However, compensation of wetlands in 
the TSF will ensure that functions carried out by wetlands are not lost.   

Wetland ecosystems not directly lost may be adversely affected by changes in hydrology, 
biogeochemistry, and the invasion of alien plant species.  Although a small area (13 ha) of 
wetlands may be degraded (Table 8.12-7), mitigation should minimize these effects.  The extent 
of the residual effect of degraded wetlands is negligible. 

8.12.6 Significance of Residual Effects 
Significance was determined as minor for all beneficial effects to wetlands (e.g., possible 
creation of new wetland communities in depressions) resulting from the construction of roads, 
the plant site area, and the water management area (Table 8.12-12).   

The replacement of wetland ecosystems with infrastructure represents a major change from 
baseline conditions.  This loss is expected to be reversible in the long term through reclamation 
activities, except in areas where reclamation is not planned.  The loss of wetland extent and 
function in the TSF is of major significance because 51 ha will be lost in this area in total, 
including 27 ha of the blue-listed ecosystem Wb01 (86% of its local distribution) (Appendix 31).  
This loss of wetlands in the TSF is considered reversible in the long term.  Loss of wetland 
extent and function in the pit area is of moderate significance.  Although the loss in the pit area 
will be irreversible, the loss is less severe in this area than in the TSF because no listed 
ecosystems will be lost in the pit area (Table 8.12-12).     

The significance of degradation to wetlands was rated as minor because the extent of degradation 
was estimated to be low overall and the effects are expected to be reversible in the short term 
(Table 8.12-12).  

8.12.7 Likelihood of Effects 
Deciding whether a Project is likely to have significant effects is central to the concept and practice 
of an EA (CEA Agency 1994).  The likelihood of each potential residual effect is considered by 
assessing the probability of its occurrence and the confidence level inherent in the assessment.   

8.12.7.1 Probability of Occurrence 
The probability of wetland loss (i.e., replacement by infrastructure) is high in the TSF and pit 
area because construction of these facilities necessitates the clearing of vegetation and 
draining/filling-in of wetlands.  
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The probability of degradation to wetlands is rated as medium, except in the transmission line 
ROW, where it is rated as low.  Wetland composition and structure is intricately related to 
terrain, hydrology, and the surrounding vegetation, and it is probable for all of these factors to be 
at least slightly disturbed during the construction of roads and other mine infrastructure.  
However, the probability that vegetation clearing and construction will result in the degradation 
of wetlands is less probable in the transmission line ROW than in the mine facilities area (MFA) 
because in the former the extent of construction will be less and natural vegetation and terrain 
components will be maintained.   

The probability of the creation of new wetlands during closure, decommissioning, and post-
closure activities related to roads and the plant site area is also rated as medium.  Whether or not 
wetland communities actually establish in newly created depressions/pools will depend on 
whether those pools are temporary or permanent and the extent of available locations. 

8.12.7.2 Confidence Levels  
In areas where infrastructure is planned and the precise locations of wetlands are known, confidence 
is high in the estimate of wetland loss, assuming the infrastructure will be placed according to current 
plans.  The presence of each wetland considered in the assessment was identified and confirmed in 
the field, thus there is no uncertainty regarding the presence of these wetlands.  

The level of confidence regarding the assessment of degradation effects is intermediate.  The 
degradation effects were predicted to occur within a buffer width that was chosen to capture the 
majority of potential effects using all available information and professional judgment.  In some 
areas, the effects may not extend throughout this entire width, while in other areas, effects may 
extend beyond.  Thus, one can be confident that some degradation is highly likely, although the 
exact type and extent of degradation cannot be known for certain. 

One can be moderately confident about the beneficial effect of new wetland creation.  It is likely 
for this effect to occur, although the number, size, and type of potential new wetlands cannot be 
known at this time.  

8.12.7.3 Assessment Assumptions  
This assessment assumes that mitigation strategies will be implemented as suggested and that 
reclamation will return wetlands to baseline conditions in terms of the extent and function.  The 
assessment also assumes that some beneficial results will occur (i.e., the creation of new 
wetlands through construction activities).  The proposal of revegetating the TSF with open water, 
marsh, and swamp wetland plant species at closure as a mitigation option assumes that water and 
sediment quality will not cause wetland plants to accumulate significant concentrations of 
metals.  In the event the sediment and water quality at closure are not suitable, revegetating the 
TSF will be deferred pending improvements to water and sediment quality.  Finally, it is 
assumed that the placement of infrastructure will not change significantly from the current plans, 
so that estimates of loss and degradation will be accurate.  If these assumptions are not realized, 
the extent and significance of residual effects would need to be re-evaluated. 

 



 

 

Table 8.12-12 
Morrison Copper/Cold Project: Wetlands Effects Assessment Summary Table 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 
Loss of 
Wetland Extent 
and Function 

Roads Construction and 
Operation 

Adverse Negligible  No           

Loss of 
Wetland Extent 
and Function 

Roads Closure, 
Decommissioning, 
and Post-closure 

Beneficial Negligible Monitor to 
identify if areas 
may be suitable 

for wetland 
development 

Yes Possibility for 
depressions 

created during 
operation to 

become 
wetland 

communities 

Low Local Medium-
term 

One Time Reversible 
Short-term 

Neutral Minor Medium Intermediate 

Loss of 
Wetland Extent 
and Function 

Transmission 
Line 

Construction and 
Operation 

Adverse Negligible Avoid driving 
through or 
physically 
altering 

wetlands and 
monitor 

degraded areas 
to ensure no 

negative effect 
from Project on 

wetlands 

Yes Possible 
change of 
community 
structure to 
wetlands in 
degraded 

area. 

Low Local Medium-
term 

One Time Reversible 
Short-term 

Neutral Minor Low Intermediate 

Loss of 
Wetland Extent 
and Function 

Transmission 
Line 

Closure, 
Decommissioning, 
and Post-closure 

Neutral Negligible Monitor 
degraded areas 

to ensure no 
negative effect 
from Project on 

wetlands 

No           

Loss of 
Wetland Extent 
and Function 

Tailings 
Storage 
Facility 

Construction and 
Operation 

Adverse Major Blue-listed 
Wb01 bog 

ecosystem will 
be lost but a 
larger area of 

Wm01 marshes 
and shallow 
open water 

wetlands can be 
created in the 

TSF post-
closure 

Yes Loss of 26.65 
ha of blue-

listed Wb01. 

High Landscape / 
Watershed 

Far 
Future 

One Time Reversible 
Long-term 

Low Major High High 

  (continued) 



 

 

Table 8.12-12 
Morrison Copper/Cold Project: Wetlands Effects Assessment Summary Table (continued) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 
Loss of 
Wetland Extent 
and Function 

Tailings 
Storage 
Facility 

Closure, 
Decommissioning, 
and Post-closure 

Adverse Major Construct littoral 
marsh wetland 
communities 

along the 
beaches of the 

TSF and 
shallow open 

water wetlands 
in the TSF 

where water is 
<2 m deep. 

Yes Loss of 26.65 
ha of blue-

listed Wb01.  
However, 
could be 

compensated 
with the 

creation of 39 
ha sedge 

wetland and 
180 ha of 

shallow open 
water wetland 

in TSF 

High Landscape / 
Watershed 

Far 
Future 

One Time Reversible 
Long-term 

Low Major Medium Intermediate 

Loss of 
Wetland Extent 
and Function 

Waste Dumps Construction and 
Operation 

Adverse Negligible  No           

Loss of 
Wetland Extent 
and Function 

Waste Dumps Closure, 
Decommissioning, 
and Post-closure 

Adverse Negligible  No           

Loss of 
Wetland Extent 
and Function 

Water 
Management 

Construction and 
Operation 

Adverse Negligible  No           

Loss of 
Wetland Extent 
and Function 

Water 
Management 

Closure, 
Decommissioning, 
and Post-closure 

Beneficial Negligible Monitor to 
identify if areas 
may be suitable 

for wetland 
development 

Yes Possibility for 
depressions 

created during 
operation to 

become 
wetland 

communities 

Low Local Medium-
term 

One Time Reversible 
Short-term 

Neutral Minor Medium Intermediate 

Loss of 
Wetland Extent 
and Function 

Materials 
Storage and 

Borrow Areas 

Construction and 
Operation 

Adverse Negligible  No           

Loss of 
Wetland Extent 
and Function 

Materials 
Storage and 

Borrow Areas 

Closure, 
Decommissioning, 
and Post-closure 

Adverse Negligible  No           

Loss of 
Wetland Extent 
and Function 

Plant Site Area Construction and 
Operation 

Adverse Negligible  No           

  (continued) 



 

 

Table 8.12-12 
Morrison Copper/Cold Project: Wetlands Effects Assessment Summary Table (completed) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 
Loss of 
Wetland Extent 
and Function 

Plant Site Area Closure, 
Decommissioning, 
and Post-closure 

Beneficial Negligible Monitor to 
identify if areas 
may be suitable 

for wetland 
development 

Yes Possibility for 
depressions 

created during 
operation to 

become 
wetland 

communities 

Low Local Medium-
term 

One Time Reversible 
Short-term 

Neutral Minor Medium Intermediate 

Loss of 
Wetland Extent 
and Function 

Pit Area Construction and 
Operation 

Adverse Major Include areas 
lost into 

compensation 
plan for TSF 

Yes Loss of 0.4 ha 
Ws01 swamp 

in pit 

High Local Long-
term 

One Time Irreversible Neutral Moderate High High 

Loss of 
Wetland Extent 
and Function 

Pit Area Closure, 
Decommissioning, 
and Post-closure 

Adverse Major Include areas 
lost into 

compensation 
plan for TSF 

Yes Upland beach 
areas in TSF 

could be 
planted with 

willow swamp 
species to 

compensate 
for lost willow 
swamps in Pit 

Extent and 
TSF 

Medium Local Long-
term 

One Time Irreversible Neutral Moderate Medium Intermediate 

Loss of 
Wetland Extent 
and Function 

Dams Construction and 
Operation 

Adverse Negligible Monitor 
degraded areas 

to ensure no 
negative effect 
from Project on 

wetlands 

Yes Degraded 
areas could 

become 
affected areas 
and should be 

monitored 
during 

construction 
and operations 

Low Local Medium-
term 

Sporadic Reversible 
Short-term 

Neutral Minor Medium Intermediate 

Loss of 
Wetland Extent 
and Function 

Dams Closure, 
Decommissioning, 
and Post-closure 

Adverse Negligible Monitor to 
identify if areas 
may be suitable 

for wetland 
development 

Yes Degraded 
areas could 

become 
affected areas 
and should be 

monitored 
during 

construction 
and operations 

Low Local Medium-
term 

Sporadic Reversible 
Short-term 

Neutral Minor Medium Intermediate 
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8.13 Terrain, Surficial Materials, Overburden, and Soils 
This effects assessment considers the potential effects on terrain, overburden, and soils from the 
Project activities.  Development associated with Project activities will directly and indirectly 
affect the terrain, its component slopes, surficial materials including overburden, and the soils 
developed on these materials.  Direct effects will likely occur during construction, operations, 
and decommissioning.  Potential indirect effects to soil in adjacent areas could occur as dust 
(e.g., from the pit, waste rock, tailings, and roads) and drainage disruption (e.g., altering the soil 
moisture regime).  The effects are generally described as an alteration of the landscape and a loss 
of soils.  Terrain and surficial material (including overburden) effects are not commonly 
separated from soils as both are affected in a similar manner (temporarily disturbed and/or 
permanently removed and/or buried). 

There are two instances where effects on surficial material may occur in addition to the effects 
on soil: 

1. In borrow areas, where the surficial material is actively targeted for removal for use as 
structural material (aggregate and till borrow areas); here, potential effects include significant 
surface reconfiguration (overall lowering of the landscape and slope alteration). 

2. In the pit area, where the surficial material (overburden) above the ore is removed and will be 
handled separately (stockpiled and possibly later placed on the areas planned for reclamation 
outside of the pit area, e.g., the WRD). 

This effects assessment uses all currently available information on the Project design and 
existing environmental conditions (from baseline data) to provide a characterization of the 
potential effects on the soil and surficial material resources. 

8.13.1 Valued Environmental Components 
Following the completion of baseline studies (Appendices 32 and 33), soils (and overburden, 
which may be used as a soils base or if there is insufficient suitable soil) were selected as VECs, 
because of their importance as a basic component of the terrestrial ecosystem.  Soils mediate 
water flow and nutrient and carbon cycling within the landscape.  They partially control the type 
of vegetation that establishes and develops within the landscape.  Wildlife habitats and forest 
resources depend, in part, on the proper functioning of the soils in which they develop.  The 
current landscape is dominated by well-drained, generally forested, upland soils.  There is a 
minor, though significant, component of treeless or sparsely treed lowland or wetland soils.  
Both support habitats important to wildlife VECs. 

The effects will vary both in temporal and geographic extent.  Some of the effects will be short 
term (i.e., rectified by the end of the closure/decommissioning period), some will be long term, 
and others permanent. 
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8.13.2 Boundaries 

8.13.2.1 Spatial Boundaries 
For discussion and presentation purposes, the Project is generally divided into two geographic 
areas: the mine area (north) and the transmission line and mine site access road (south).  The 
Project footprint includes both the MFA and the linear developments to the south (the 
transmission line and mine site access road).  This total footprint, including the buffer and 
fragmented areas, includes approximately 2,028 ha. 

The MFA includes a number of individual mine components that, together with the fragmented 
and buffer areas around these components, extend across approximately 1,946 ha (1,140 ha of 
proposed direct disturbance and 806 ha of associated buffer/fragmented areas). 

The linear development area occupies 82 ha.  The area associated with the preferred transmission 
line route (Option B) is 70.8 ha, based on a 31-m cleared ROW width and a net length of 
22.8 km.  This does not include a 3-km segment of new road within the MFA footprint.  The 
Morrison East FSR, between the Old Jinx FSR and the south end of the MFA, is approximately 
3.4 km long. 

The mine components have unique temporal, spatial, and/or management/mitigation 
characteristics that require separate identification within the context of this effects assessment. 

The mine components include the following: 

• Major Disturbance 

• the tailings pond surface and dams (575 ha) 

• open pit (approximately 108 ha) 

• WRDs (171 ha) 

• low grade ore stockpile (approximately 30 ha) 

• Other Disturbances 

• Organic bearing material (soils salvaged for reclamation) and overburden stockpiles: 
includes a number of areas designated for storage of soils to be used for reclamation, 
overburden, and organic materials. 

• Plant site: includes the plant or mill site and associated areas, parking, and the 
substation. 

• Borrow areas: includes six areas identified for material extraction (two for aggregate 
and four for glacial till for structural fill); three of the till borrow areas occur within 
the TSF footprint. 

• Linear facilities: includes all land occupied by mine site linear facilities such as roads, 
tailings/reclaim water pipelines, the make-up water pipeline, diversion ditches, and 
the transmission line, in the MFA, from the substation to various mine facilities. 
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• Mine site access road: includes the Morrison East FSR which is 3.4 km long, that 
connects the Old Jinx FSR to the south end of the MFA; it is assumed that this road 
will not be upgraded. 

• Transmission line ROW: includes clearing for construction and operations.  The 
assumed width is 31 m.  The relative amount of direct soil disturbance is assumed to 
have a width of 6 m within the ROW. 

8.13.2.2 Temporal Boundaries 
The temporal phases (or stages) of the Project development are described: 

• construction phase (duration: 2 years) 

• operations (duration: 21 years) 

• closure and decommissioning (duration: 1 to 3 years) 

• post closure (duration 20 years) 

The nature of the effects is described by the phase within which they occur because, in the early 
phases of development, most activities disturb the soil, and in the latter phases, mitigative 
measures are applied.  Each disturbance is described as an adverse effect.  Neutral effects, 
common to the closure and decommissioning phase, simply imply that the reclamation activity 
that is to occur will alleviate the temporary loss related to this disturbance (i.e., the net result of 
reclamation activity is neutral). 

8.13.3 Identification and Description of Potential Effects 

8.13.3.1 Methodology and Definitions 
For the purposes of the evaluation of soil effects, the following definitions have been adopted to 
describe the relative geographic extent: 

• local (0 ha to 50 ha) 

• landscape (51 ha to 150 ha) 

• regional/watershed (151 ha to 1,500 ha) 

• transboundary (greater than 1,500 ha) 

8.13.3.2 Soil Alteration 
Currently, soil development occurs on the surficial materials within the relatively undisturbed 
terrain (slopes).  Soil alteration (or disturbance level) is described in this assessment by four terms: 

• lost/permanent (un-reclaimed) 

• lost/reclaimed (reclaimed) 

• degraded 

• fragmented/buffer 
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These various levels of soil landscape disturbance are indicated in Figure 8.13-1, for the mine 
area, Figure 8.13-2 for the transmission line ROW and mine site access road, and are 
summarized in Table 8.13-1. 

Table 8.13-1 
Summary of Disturbance Within Major Mine Component Areas and 

Along the Linear Corridor (Transmission Line ROW and Mine Access 
Road) at Closure (Mine Year 24) 

Lost Degraded 

 
Permanent 

(ha) 
Reclaimed 

(ha)  

Buffer/Fragmented 
Areas 
(ha) 

Total Area 
(ha) 

North - Mine Facilities Area      
Pit 108    108 
Tailings Storage Facility 510 65   575 
Waste Rock Dump 3 168   171 
Low Grade Ore Stockpile 0 30   30 
Other Mine Areas  28 100   128 
Linear Facilities 101 27   128 
Areas Adjacent to Development    518 518 
Buffer Area    288 288 
MFA Subtotal 750 390  806 1,946 
South - Linear Corridor      
Transmission Line   14   57 71 
Mine Access Road* 6 5   11 
Linear Corridor Subtotal 20 5  57 82 
Total Area 770 395  863 2,028 

* Mine Access Road is an existing disturbance.  

Lost 
Areas where the soils will be disturbed as a result of such activities as tailings reservoir filling 
operations, pit development, the WRD, and roads footprints are described as “lost.”  Lost areas 
reflect the most severe form of ground disturbance, where the soil will be removed or buried.  
This is commonly associated with developing facilities/infrastructure that will be present from 
the construction phase through to decommissioning or longer.  The major areas of direct soil 
disturbance will occur in the footprint of the mine facilities, especially the TSF, the WRDs, the 
mine pit, the plant site, and to a lesser extent, borrow areas, storage areas (overburden and soils), 
drainage diversion/collection ditches, the site access roads, and associated pipelines.  There is a 
potential for overburden loss if this material, where suitable for reclamation purposes, is mixed 
with unsuitable overburden or integrated into the WRD with unsuitable materials. 
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There are two degrees of lost: 

• lost/permanent: where it is anticipated that the disturbance will not be reclaimed by the 
end of closure/decommissioning; 

• lost/reclaimed: if the disturbance is to be reclaimed by the end of closure/
decommissioning, the effect is considered temporary. 

Lost-permanent, in relation to the transmission line ROW and the mine access road (surface, cut 
banks, and ditches), reflects the continued use of transmission line access trails within ROW and 
the mine access road, post-closure.  Lost/reclaimed reflects the disturbed portion of the buffer 
area along the mine access road that is currently revegetated. 

Degraded 
Areas where the degree and/or extent of soil disturbance are expected to be minor are called 
“degraded.”  These less severely affected soils generally include vegetation clearing areas, as 
found primarily along the transmission line ROW (Figure 8.13-2) or in laydown areas.  Soil 
disturbance associated with these clearing activities may range from soil compaction and/or 
mixing of soil layers (especially the surface layer with subsurface mineral horizons), to the 
removal of the forest floor and disturbance of mineral soil, where multiple passes of heavy 
equipment are required.  Soil compaction may cause decreased root penetration, decreased soil 
aeration, and altered site hydrology (reduced infiltration and saturated and unsaturated 
conductivity).  These are potentially detrimental effects to site productivity and are most 
common under conditions of poor trafficability (common to wet soil conditions and/or on steep 
and/or irregular terrain).  The periodic dustfall, onto otherwise undisturbed soils, may create 
“degraded” soil conditions in areas adjacent to, but not directly within, mine features such as the 
pit, roads, or tailings beach areas. 

Severe degradation may occur as a result of construction/maintenance of access roads.  Short 
spur and skid roads (excavated and bladed trails) will disturb the soil.  Most of these trails will be 
abandoned/reclaimed following the clearing required for construction.  It is likely that a single 
track will remain to provide access for line inspection, maintenance, and repair. 

Fragmented 
“Fragmented” describes areas that are between infrastructures, or within a 100-m wide buffer of 
the proposed infrastructure, that are likely to sustain little or no direct disturbance.  Areas next to 
infrastructure may be affected by the alteration of drainage, dust, or other unanticipated changes.  
They may also be affected by non-specific disturbances related to unplanned, emergency 
activities.  Fragmented areas can serve as important seed sources for establishing native species, 
contributing to the revegetation of adjacent disturbed areas. 

8.13.3.3 Development Area Effects 
In the following subsections, specific effects on terrain and soils are noted within the MFA and 
the transmission line and mine site access road. 
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Mine Facilities Area 
To indicate the effect on the soils and the general terrain in the MFA, the mine components in 
the MFA have been overlain on (i) the slope classification map, as illustrated in Figure 8.13-3, 
and (ii) the soils map (Figure 8.13-4).  The results of these overlays are summarized in 
Tables 8.13-2 and 8.13-3. 

The slopes within the MFA, though variable, are predominantly gentle.  The north half of the 
MFA, primarily occupied by the TSF, has mostly undulating terrain, in strong contrast to the 
terrain in the south half.  In the south half of the MFA, near the open pit and WRDs, the area has 
more moderate to moderately steep terrain.  The steepest slopes are associated with the major 
drainage channels, the bedrock controlled ridges and hilltops, and the steep, west-facing side-
slope along Morrison Lake.  This steep area includes the north end of the mine site access road 
(km 23 to 25 of the corridor of the main access road and the proposed transmission line). 

The soils to be disturbed by the mine development are primarily classified as Luvisols, indicating 
that the subsoil is clay-enriched.  They are developed in moderately well to imperfectly drained, 
moderately fine-textured, morainal material (SMU M1).  There are relatively minor areas of 
coarser textured, gravelly, Brunisolic soils developed in colluvial materials (SMU C1 and C2) and 
fluvial cappings (SMU F1 and F2) overlying the glacial till.  The colluvial parent materials are 
more common in the area of the open pit and WRD.  The less well-drained soils (SMUs M3 and 
L1), and wet organic soils (SMU O1) are most common in the depressional and toe slope positions 
in TSF area.  Open water (ponds and lakes) occupies approximately 2% of the MFA. 

The Project’s major effect on soils in the MFA will be the development of a post-mining 
landscape with a significant component of water cover (the TSF).  The dominant reconstructed 
upland landforms comprise the WRDs and the TSF dam faces.  These will be generally steeper 
and drier than those of the pre-mining landscape. 

Transmission Line Right-of-Way and Mine Site Access Road 
To indicate the effects of the clearing and development on the general terrain in the transmission 
line ROW (71 ha) and the mine site access road (11 ha), footprints of these facilities were 
overlain on: (i) the slope map and (ii) the soils map, as illustrated in Figures 8.13-5 and 8.13-6, 
respectively.  The results of these multiple overlays are summarized in Tables 8.13-2 and 8.13-4, 
for slopes and soils, respectively. 

The effects on slopes during the construction and operations phases of the transmission line and 
mine site access road are relatively minor, especially compared to those in the MFA.  Along the 
steeper sloping terrain of the transmission line, small cuts and fills will be required for 
construction/operational access to some pole locations.  There is potential for accelerated erosion 
in these areas.  As seen in Table 8.13-2, the steepest slopes (slope gradient >26% to 50%), 
occupy a small portion (5 ha) of the transmission line alignment.  These occur in the ridged, 
bedrock controlled area between kms 7 and 8, and along the side slopes of Hearne Hill, between 
kms 19 and 22.  Locally, short, steeper slopes may occur at many of the 20 stream crossings 
along this ROW. 
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Table 8.13-2 
Morrison Copper/Gold Project: Summary of Areal Extent of Slope Type 

within the Mine Facilities Area and the Linear Corridor 

   Mine Facilities Area 
 Linear 

Corridor  

Slope Classes 
Grade 

(%) Pit 

Tailings 
Storage 
Facility 

Waste Rock 
Dump/Low 
Grade Ore 

Other 
Mine 
Areas 

Linear 
Facilities 

Fragmented/
Buffer Areas  

Transmission 
Line/Access 

Road Total 
  ha ha Ha ha ha ha  ha ha 
1 level1 0–5 9 206 29 39 14 119  10 426 
2 gentle 6-15 36 295 69 55 45 283  50 833 
3 moderately 

gentle 
16–26 36 62 45 17 40 205  17 423 

4 moderate 27–49 26 12 37 14 25 161  5 280 
5 moderately steep 50–70 1 0 19 2 4 36  0 62 
6 steep >70 0 0 2 0 <1 2  0 4 
Total  108 575 201 128 128 806  82 2,028 

1Approximately 31 ha of open water is included in this value for level classes. 



 

 

Table 8.13-3 
Morrison Copper/Gold Project: Summary of Areal Extent of Soil Types 

within the Mine Facilities Area 
  Direct Disturbance Total 

Surficial Material Pit 
Tailings Storage 

Facility 
Waste Rock 
Dump/LGO1 

Other Mine 
Areas 

Linear 
Facilities 

Fragment and 
Mine Buffer 

Areas  

SMU ha ha ha ha ha ha ha % 
Colluvial         
C1 33 35 51 29 34 174 356 18 
C2 11 1 23 3 3 29 70 4 
Fluvial  0   0 0 0 0 
F1 0 7 0 3 3 21 34 2 
F2 0 4 0 0 <1 1 5 0 
Glaciofluvial         
G1 0 0 3 15 4 16 38 2 
G2 0 0 0 0 0 0 0 0 
Lacustrine         
L1 0 7 0 10 2 10 29 2 
L2 0 0 0 0 0 0 0 0 
Morainal         
M1 50 396 100 57 71 484 1,157 59 
M2 0 0 0 0 0 0 0 0 
M3 4 68 8 5 5 37 127 7 
Organic O1 5 45 8 3 2 18 81 4 
Bedrock R 0 3 <1 2 2 9 16 1 
Water 5 8 9 0 1 8 31 2 
Total 108 575 201 128 128 806 1,946 100 

1 LGO: Low grade ore stockpile. 
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Table 8.13-4 
Summary of Areal Extent of Soil Types within the Linear Corridor 

  

Soil Type 
Transmission Line ROW 

(31 m wide) area  
Mine Access Road 

Corridor 
(31 m wide)  

Total Corridor 
Footprint Area 

  ha %  ha %  ha % 
Colluvial         
C1 6.5 9  0.5 5  7 9 
C2 5.4 8  0 0  5.4 7 
Fluvial         
F1 5.2 7  0.8 7  6 7 
F2 0 0  0.4 4  0.4 <1 
Glaciofluvial         
G1 1.6 2  0 0  1.6 2 
G2 1 1  0 0  1 1 
Lacustrine         
L1 0 0  0 0  0 0 
L2 0 0  0 0  0 0 
Morainal         
M1 38.7 55  8.2 76  46.9 57 
M2 3.5 5  0 0  3.5 4 
M3 0.9 1  0.4 4  1.3 2 
Organic         
O1 0.5 1  0.5 5  1 1 
Bedrock         
R 2.2 3  0 0  2.2 3 
Water 0 0  0 0  0 0 
Anthropogenic 5.3 7  0 0  5.3 7 
Total 70.8 100  10.8 100  81.6 100 

 

Modest size cuts, fills, and drainage ditches will be required on the moderately gentle to 
moderate slopes (slope gradient >15% to 50%) along the mine site access road.  There is 
potential for accelerated erosion in these areas.  These steeper areas occur along the west aspect 
side slopes, just south of the MFA.  Locally, short, steeper slopes may occur at any of the three 
stream crossings along this route (see Section 8.14). 

The dominant soils along the transmission line are mapped as SMU M1 and are developed in 
moderately well to imperfectly drained, moderately fine-textured morainal materials.  Bedrock-
controlled ridges and steeper terrain are capped with well-drained, shallow to moderately thick 
gravelly, coarse-textured colluvial and moderately fine-textured morainal materials (roughly 
20% of the ROW).  They occur with infrequent bedrock outcrops (3% of the area).  Poorly 
drained morainal soils and shallow-capped organic soils occupy only 2% of the ROW. 

The dominant soils along the mine site access road include those mapped as SMU M1.  These 
soils are moderately well to imperfectly drained and are developed in moderately fine-textured 
moranial materials.  There are minor areas of wet soils (SMU M3). 
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A summary of the soils types potentially affected by the preferred transmission line route and the 
mine site access road is provided in Table 8.13-4.  The northernmost 3 km of the transmission 
line (north from approximately km 23 to the Morrison substation), is not shown in this total as it 
overlaps the MFA. 

The direct effect of transmission line construction and operations on the soils resource is relatively 
minor.  These effects are restricted to the direct disturbance associated with the development of 
pole installation and new access roads/trails for construction and operational maintenance 
(potential for sub-grade improvements, ditches, and cut/fills) and disturbance associated with 
clearing operations.  The soil landscapes along these routes are relatively moderate in their 
respective sensitivity to erosion, primarily because of the common occurrence of moderate to 
gentle slopes (Figure 8.13-5).  The potential for soil compaction and mixing may be an issue 
during clearing operations, if soils are wet (seasonally or year round).  This is especially common 
in imperfectly to poorly drained, moderately fine-textured mineral soils such as in SMU M1w, and 
M3, and very poorly drained organic soils mapped as SMU O1 (Figure 8.13-6). 

Careful planning for construction access is required to minimize the areas of new disturbance 
and the potential for accelerated erosion (especially from surface compaction and concentrated 
flow).  Sensitive areas include the approaches to each of the stream crossings (i.e., 20 streams: 5 
fish-bearing or potentially fish-bearing and 15 non-fish-bearing), areas of steep terrain 
(especially slope grades >27%), and wet soils (SMU O1, M1w, M3).  The transmission line is 
expected to remain in place following post-closure to provide power to the mine area water 
management facilities. 

Approximately 3.4 km of the mine site access road occurs along an existing road alignment.  
Maintenance, such as straightening, grade reduction, and drainage improvements, will be 
primarily incremental.  Soil salvage and stockpiling will occur where previously undisturbed 
soils are to be affected.  These soils will be stored for the long term, as it is anticipated that the 
road will be kept in place post-closure.  It is anticipated that any road cuts and fills will be 
revegetated to stabilize the soil surface and protect it from accelerated erosion.  Effects on soils 
from any additional clearing, beyond the areas of cuts and fills, would be similar to those noted 
for the clearing associated with the transmission line, as described above. 

The potential effects of the Project on the soils resource is summarized in Table 8.13-5. 

8.13.4 Mitigation and Management 
The primary mitigative management tools to reduce the effects on the soils resource involves (i) 
minimizing disturbed areas, (ii) implementing erosion control practices as early as practicable, 
and (iii) in areas of unavoidable disturbance, salvaging and storing suitable soil materials and 
overburden, followed by later replacement when the areas will be reclaimed.  As noted in 
Table 8.13-5, the opportunity for soil salvage occurs primarily during the construction phase of 
the Project, though the incremental development of some mine components, most notably the 
open pit, TSF, and borrow areas, allows for some salvage during operations. 

 



 

 

Table 8.13-5 
Morrison Copper/Cold Project: Soils Effects Assessment Summary Table 

Project 
Component(s) Description Project Phase(s) Nature Extent Mitigation and Management 

Potential 
for 

Residual 
Effects? 

Description of 
Residual Effects Magnitude

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance

Probability 
of 

Occurrence
Confidence 

Level 
Pit Alteration of landscape 

and loss of soils due to 
excavation 

Construction; 
Operations 

Adverse Major Salvage/stockpile soil and suitable 
overburden from footprint prior to ore 
extraction 

No            

TSF  Burial, flooding, and partial 
excavation of soils 

Construction; 
Operations 

Adverse Major Salvage/stockpile soil from dam and 
infrastructure footprint (ditches, 
roads, collection ponds, pipelines); 
salvage as needed from remainder of 
TSF pond area; dust control program 
required;  

No            

Waste Rock 
Dump 

Burial and partial 
excavation of soils 

Construction; 
Operations 

Adverse Major Salvage/stockpile soil from footprint 
prior to placement of rock waste (with 
'progressive' reclamation during 
operations) 

No            

Low Grade 
Stockpile 

Excavation, temporay 
burial, degradation 
(potential metal 
contamination) of soils 

Operations Adverse Major Salvage/stockpile soil in footprint 
prior to placement of low grade ore 
stockpile 

No            

Organic Bearing 
Material (Soil) & 
Overburden 
Stockpiles 

Excavation under 
overburden pile; 
degradation (compaction) 
of soils 

Construction; 
Operations 

Adverse Major Salvage/stockpile soil from footprint 
(except soil pile); implement erosion 
control and weed control programs 

No            

Plant Site Excavation (cuts/fills) of 
soils 

Construction Adverse Major Salvage/stockpile soil in footprint 
prior to disturbance 

No            

Borrow Areas 
Aggregate 

Excavation and loss of 
surficial material 
(aggregate)  

Construction; 
Operations 

Adverse Major Salvage/stockpile soil in footprint 
prior to disturbance 

No            

Borrow Areas Till Excavation and loss of 
surficial material (till) and 
soils 

Construction; 
Operations 

Adverse Major Salvage/stockpile soil in footprint 
prior to disturbance 

No            

TL ROW - 
Access Roads: 
construction/
maintenance 

Site clearing: degradation 
(compaction, erosion, 
dust); access trail - 
degradation (soil scalping 
- minor cuts/fills, 
compaction) of soils 

Construction; 
Operations 

Adverse Minor Alternative selection of preferred 
route alignment; salvage/stockpile 
soil from footprint of new or widened 
access roads/ditches and borrow 
areas; implement erosion and weed 
control programs 

No            

Linear Facilities 
(diversion 
ditches, roads, 
pipelines, on-site 
TL) 

Excavation (trenching; 
cuts/fills); degradation 
from clearing (compaction 
and soil scalping) 

Construction; 
Operations: 

Closure/
Decommissioning 

Adverse Major Salvage/stockpile soil from footprint 
of new or widened access roads; 
implement erosion control and weed 
control programs 

No            

Mine Site 
Access Road 

Excavation (trenching; 
cuts/fills); degradation 
from clearing (compaction 
and soil scalping) 

Construction; 
Operations 

Adverse Moderate Salvage/stockpile soil from footprint 
of new or widened access roads; 
implement erosion control and weed 
control programs 

            

Pit  Partial flooding  Closure/
Decommissioning; 

Post Closure 

Adverse Major Revegetation of exposed overburden 
along pit edge 

Yes Pit area will remain an 
open water/steep, 
unstable rock land 
complex; 108 ha 

High Landscape Far 
Future 

Continuous Irreversible Low Major High Intermediate

(continued) 



 

 

Table 8.13-5 
Morrison Copper/Cold Project: Soils Effects Assessment Summary Table (continued) 

Project 
Component(s) Description Project Phase(s) Nature Extent Mitigation and Management 

Potential 
for 

Residual 
Effects? 

Description of 
Residual Effects Magnitude

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance

Probability 
of 

Occurrence
Confidence 

Level 
TSF  Flooding Closure/

Decommissioning; 
Post Closure 

Adverse Major   Yes Open water (≈470 ha) on 
TSF surface; rock lined 
spillways and channels; 
loss of soil function 
including organic soil, until 
far future 

High Regional Far 
Future 

Continuous Irreversible Low Major High High 

TSF  Soil absent on dam slopes 
& crests 

Closure/
Decommissioning; 

Post Closure 

Neutral Moderate Upland reclamation of the dam faces 
and crest ;  

Yes Higher % of drier, steeply 
sloping (33% gradient) 
land 

Low Landscape Far 
Future 

Continuous Irreversible Neutral Minor High High 

TSF  Soil absent on tailings 
beach 

Closure/
Decommissioning; 

Post Closure 

Neutral Major Assuming good water and sediment 
quality*, terrestrial reclamation of the 
lowland/wetland beaches; beach 
reclamation to include replacement of 
soil material over a variety of 
potential materials (coarse or coarse 
non-pyritc tailings, NAG rock and or 
glacial till).  

Yes Non-forested Low Landscape Far 
Future 

Continuous Irreversible Low Minor High High 

Waste Rock 
Dump 

Soils absent Closure/
Decommissioning; 

Post Closure 

Neutral Moderate Reclaim; reslope and apply capping 
material and replace soil as surfaces 
become available 

Yes Higher % of drier, steeply 
sloping (40% gradient) 
land 

Low Regional Far 
Future 

Continuous Irreversible High Minor High High 

Low Grade Ore 
Stockpile 

Degradation (potential 
metal contamination) of 
soils 

Closure/
Decommissioning; 

Post Closure 

Neutral Moderate Remove all potentially contaminated 
material, regrade, rip, replace soil 
capping and revegetate 

No No Residual Effect          

Organic Bearing 
Material (Soil) & 
Overburden 
Stockpiles 

Exposed soils Closure/
Decommissioning; 

Post Closure 

Neutral Moderate Reslope (replace soil on remnant 
overburden or bare base area), rip 
where compacted, revegetate 

No No Residual Effect          

Plant site (water 
management/ 
power facilities) 

Soil absent, compact 
overburden, and exposed 
bedrock 

Closure/
Decommissioning; 

Post Closure 

Neutral Moderate Remove any potentially 
contaminated material, regrade, rip, 
and replace soil capping and 
revegetate; except in 5 ha area of 
long-term use for water management 
and site power 

Yes Partial area to remain for 
long-term water 
management  to far future 

Low Local Far 
Future 

Continuous Reversible 
Long-term 

High Negligible High High 

Borrow Areas 
Aggregate  

Exposed erodable surface Closure/
Decommissioning; 

Post Closure 

Neutral Moderate Reclaim (recontoure and add soil 
material for revegetation) 

Yes Material consumed by 
project; landscape will 
remain a steep sided 
depression 

Negligible Local Far 
Future 

Continuous Irreversible High Negligible High High 

 Borrow Areas 
Till 

Exposed erodable surface Closure/
Decommissioning; 

Post Closure 

Neutral Moderate Reclaim (recontour and cover with 
soil material for revegetation) 

Yes Material consumed by 
project; portion of 
reclaimed landscape will 
remain steep sided (18 ha 
buried by TSF tailings) 

Negligible Local Far 
Future 

Continuous Irreversible High Negligible High High 

Linear Facilities 
(diversion 
ditches, roads, 
pipelines, on-site 
TL)  

Potential disturbance 
associated with 
maintenance activities 
(compaction, vegetation 
loss)  

Closure/
Decommissioning; 

Post Closure 

Neutral Moderate Recontour, rip, replace soil material 
and revegetate, re-establish 
vegetation on areas disturbed for 
maintenance 

Yes Some to remain for long-
term; maintenance 
through Post-Closure 
(long-term water 
management; potential for 
water management 
pipeline leaks 

Low Local Far 
Future 

Continuous Reversible 
Long-term 

High Negligible Medium High 

(continued) 



 

 

Table 8.13-5 
Morrison Copper/Cold Project: Soils Effects Assessment Summary Table (completed) 

Project 
Component(s) Description Project Phase(s) Nature Extent Mitigation and Management 

Potential 
for 

Residual 
Effects? 

Description of 
Residual Effects Magnitude

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance

Probability 
of 

Occurrence
Confidence 

Level 
TL ROW - 
Access Roads: 
construction/
maintenance 

Potential disturbance 
associated with 
maintenance activities 
(compaction, vegetation 
loss)  

Closure/
Decommissioning; 

Post Closure 

Neutral Minor Recontour, rip, replace soil material 
and revegetate, re-establish 
vegetation on areas disturbed for 
maintenance 

Yes Required for continued 
use at site (to support 
water management); may 
possibly be used by 
others; if not, areas are to 
be reclaimed, with 
stockpiled soil at closure 

Low Local Far 
Future 

Continuous Reversible 
Long-term 

High Negligible Medium High 

Mine Site 
Access Road  

Potential disturbance 
associated with 
maintenance activities 
(compaction, vegetation 
loss)  

Closure/
Decommissioning; 

Post Closure 

  Recontour, rip, replace soil material 
and revegetate, re-establish 
vegetation on areas disturbed for 
maintenance 

Yes Required for long-term 
site access 

Low Local Far 
Future 

Continuous Reversible 
Long-term 

High Negligible Medium High 

* Mitigation and management will be revised if water and sediments quality is high in metals or if there is a potential for metal uptake by vegetation from capped tailings. 
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During the Project’s early phases, the availability of areas suitable for reclamation, areas that will 
not be re-disturbed by mine activities, is very limited and will include portions of the WRD, 
borrow pits, and some diversion channels.  Most soil and overburden will be stored long term 
and replaced during the post-operational phases, when much of the landscape will no longer be 
disturbed.  Following slope re-configuration, soil material suitable for use in reclamation will be 
replaced.  The WRD will be the largest single area that will be reclaimed using a soil cover.  
Potential soil replacement areas are as follows: 

• WRDs 

• TSF dam face and crests (and beach when and if water and sediment quality permits) 

• seepage collection dam facilities (face and drained reservoir) 

• linear facilities (redundant roads, pipelines, diversion ditches) 

• borrow areas (outside of the TSF footprint) 

• the stockpile footprints (once stockpiled material has been removed) 

• the plant site and other mine facilities footprints (once facilities have been removed) 

Soil will not be replaced on very steeply sloping terrain. 

8.13.5 Potential Residual Effects 
Long-lasting residual effects are anticipated in areas that will not be reclaimed/returned to a 
terrestrial environment and where facilities must be maintained for water management and/or 
monitoring after mining.  High magnitude residual effects will occur in the large areas, 
approximately 585 ha, where no soil replacement is anticipated.  Soil will not be replaced in 
areas of permanent water cover (546 ha comprising the TSF lake, the open pit lake, and seepage 
collection dam reservoirs) and the area of the highwall in the open pit (approximately 39 ha).  
The increased extent of water cover in the post-mine landscape represents a significant shift from 
2% (23 ha) of the Project area to approximately 48%. 

Lost function of organic soils (hydrologic water control and water quality mediator) represents a 
long-term to far future residual, high magnitude effect.  Organic soil development and the water 
absorption properties of depressional areas, is extremely slow to re-establish and most 
reclamation is aimed at the better drained topography of the upland soils.  Approximately 58 ha 
of organic soils (SMU O1) will be lost, primarily from within the TSF footprint.  Post-closure 
reclamation with the objective of establishing wet landscapes on the potentially wet periphery of 
the TSF pond (shallow submerged and near level beach area), is anticipated. 

The development of landscapes with steeper, potentially drier slopes (the WRD and the TSF dam 
faces), will result in low magnitude, local effects on the soils VEC.  Similarly, the residual 
effects of the reshaped landscapes in the reclaimed borrow areas (aggregate and glacial till), are 
considered to be of lower magnitude, i.e., rated as negligible as they will be in the same 
landforms, though in a somewhat altered configuration.  The reclaimed TSF beach area soils 
(post-closure) represent a low magnitude effect as they are anticipated to function as a poorly 
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drained soil, similar to those found scattered throughout the footprint area, though somewhat 
different in that they are concentrated in a single area. 

The areas with maintained facilities, generally those that are linear, will undergo very low or 
negligible magnitude effects.  In total, they cover <112 ha in the post-closure landscape.  These 
areas are required for post-mining activities and site monitoring and include: 

• the transmission line to the site (Bell substation to Project area) and within the site 
(connecting to the TSF and open pit areas), displaying soil effects similar to those of 
logging activities; 

• the main access road to and within the mine area (and on-site access roads to the TSF, 
pump stations, and water pipelines); 

• the pump stations and pipelines to move mine pit/tailings water. 

At the end of the closure/decommissioning period, approximately 390 ha (or 34%) of the 
disturbed MFA will be reclaimed.  This reclamation is mostly associated with the moderately 
sloping WRD and, to a lesser extent, the sand-based soils on the majority of the TSF dam faces, 
and possibly the beach areas.  Some of the linear developments (roads, pipelines, and diversion 
ditches) and smaller spatial components (borrow areas, plant site, etc.) will be reclaimed to much 
the same general topography as before development. 

The majority of the 730 ha (or 66%) of the disturbed MFA that is classified as un-reclaimed at 
closure is associated with the TSF and open pit (steep rock pit walls and flooded pit base).  This 
area will require ongoing maintenance, primarily associated with water quality issues and the 
associated long-term water management facilities.  Linear facilities required for ongoing site 
access and water movement, and possibly power lines to pump stations, will remain operational, 
and therefore un-reclaimed at closure. 

With improved water quality, there could be further reclamation in the beach areas and shallow 
submerged zone on the periphery of the open pit lake. 

8.13.6 Significance of Residual Effects 
Project effects on soils and landscapes within the MFA will be relatively significant.  The new 
landscapes, which include slopes, changes in drainage and soils created by the development of 
the TSF, the WRD, and the open pit, in particular, represent the areas of largest change.  The two 
largest areas where no soil replacement is anticipated include the water surface of the TSF and 
the open pit (steep unstable pit slopes and pit lake area).  There will be a permanent, significant 
reduction in the extent or amount of upland terrestrial terrain resulting from Project activities.  
This is considered to have major significance for the watershed (TSF) and landscape (open pit). 

The relative loss of organic soils and their unique function in the landscape have major 
significance.  These areas are less easily replicated through reclamation.  Within the Project area, 
the success of the reclaimed wetland areas will depend strongly on the changes in water quality 
and the temporal fluctuations in water levels realized in the post-closure TSF impoundment area 
(post-mine TSF lake and beaches). 
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The WRD development will have minor significance for the watershed.  It is anticipated that the 
reclamation planned for this facility will mitigate the majority of the effects, resulting in a 
temporary, non-permanent loss of soil resource function.  This assumes that a well-functioning 
soil is re-established in this generally steeper, likely drier than baseline, final soil landscape.  The 
reclaimed, upland landscapes, like the WRD slope faces and the TSF dam faces, will reasonably 
replicate the soils function to support vegetation, if not their actual landform (i.e., terraces with 
moderate slopes replace the moderately gentle slopes on undulating or rolling landforms). 

The effect in the areas where facilities (generally linear) are to be maintained, and may be 
reclaimed in the far future, are rated as having negligible significance.  The loss of specific types 
of colluviul and morainal upland terrain is considered negligible. 

The Project occurs within the Morice LRMP area, an area of approximately 1,500,000 ha.  
Residual effects listed in Table 8.13-5 are rated according to their significance within their 
relative geographic extent.  The significance of the soils resource residual effects on 
approximately 840 ha of the 1,140 ha that will be disturbed, may be somewhat diminished when 
contextualized by the Morice LRMP, where the Biogeoclimatic Zone, Sub-boreal Spruce (SBS), 
which includes the Project footprint, composes nearly 880,000 ha or 58% of the LRMP (BC 
MAL and BC ILMB 2007). 

8.13.7 Likelihood of Effects 
Deciding whether a Project is likely to have significant effects is central to the concept and practice 
of an EA (CEA Agency 1994).  The likelihood of each potential effect is evaluated by considering 
(a) the probability of its occurrence, and (b) the confidence level inherent in the assessment. 

8.13.7.1 Probability of Occurrence 
The probability of occurrence has been assessed for each VEC based on the best available 
knowledge likely for each effect.  Soils resources disturbance within the areas indicated will 
occur unless the operations do not proceed through their final phases.  This may be due to the 
long-term suspension of activities or early closure.  The probability of occurrence is high for 
most of the effects on the soils and surficial materials as these resources will likely be disturbed 
during the construction of all major mine components (open pit, TSF, WRD).  The probability of 
disturbance within the fragmented and buffered areas, if any, is far less certain and dependent on 
operational and climatic variables that are not fully known. 

The probability that reclamation activities will successfully mitigate the potential effects over time is 
subject to uncertainty because uncontrollable factors may affect success, especially because of 
weather and climate and their effect on conditions during the growing season.  The probability is 
rated as medium only where there is potential for other development scenarios to occur, such as, 
where assumptions of water quality prove to be less certain and may result in delays in implementing 
some reclamation activities, especially in the TSF beach and shallow littoral areas. 

8.13.7.2 Confidence Levels 
Based on the current available information, the confidence level in the predictions made for this 
effects assessment is high, for most effects, as the type of reclamation required for mitigation is 
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relatively common.  It assumes that normal soil management (especially salvage and soil 
replacement) is undertaken, as planned. 

Intermediate levels of confidence apply to the predictions related to the open pit and TSF areas.  
The open pit area is currently assumed to be un-reclaimed in the long term, although there are a 
number of variables that may alter some of the anticipated water quality and quantity 
assumptions.  As well, the final management of the pit highwalls, above the final pit lake 
elevation, may be more extensive than currently anticipated (e.g., the benches and the ultimate 
littoral area of the pit lake may be reclaimed). 

There are a number of variables within the TSF area that relate to both the water-covered portion 
(water quality, water quantity, as well as future temporal lake level fluctuations) and, to a lesser 
extent, the terrestrial areas (especially the subsoil type and quality on the dam face, crest, and 
beach areas), that affect the level of confidence for this area. 

8.13.7.3 Assessment Assumptions 
The key assumptions made in preparing the above assessment of conditions following the 
closure and decommissioning period include the following: 

• the anticipated surface water quality in the TSF at closure is not acceptable for discharge 
to the environment; 

• any post closure TSF discharges will be directed to the pit; 

• the major diversion ditch on the east side of the TSF will be managed in perpetuity and 
partially reclaimed at closure; 

• the water level fluctuations within the TSF will be such that soil moisture levels will be 
suitable for maintaining wetland conditions on the “beach” areas (far future); 

• cyclone sand tailings (coarse and non-pyritic) on the TSF dams and beaches will be 
sufficiently capped to preclude uptake of potentially deleterious compounds by soil 
animals and plant roots; 

• the seepage collection system (reservoirs, pumps, and pipelines to the TSF) at the main, 
north, and east collection dams will remain operational, though the dam faces will be 
reclaimed; 

• the main mine site access roads (especially to the water management facilities, TSF, and 
upper WRD) must remain operational to allow ongoing post closure activities and long-
term access for monitoring; 

• an effective root zone depth of 0.5 m, comprising 0.3 m of soil and 0.2 m of loose 
overburden, is sufficient in constructed, upland areas (WRD and TSF) to provide for a 
self-sustaining, productive, vegetative cover required for VEC wildlife habitat 
development; 

• the transmission line from the Bell substation to the Morrison mine site is to remain in 
operation post closure. 
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8.14 Terrain Hazards 
The following section of the EA is based on the terrain stability and natural hazards baseline 
study that was completed (Appendix 34) for the transmission line study corridor (TLSC) and 
terrain mapping information provided by Klohn Crippen Berger Ltd (Appendix 6) for the MFA.  
The EA considers the potential effects of the Project on the physical environment during the 
construction, operation, closure, and post-closure phases as well as possible mitigation measures 
or management plans that may be required to minimize these environmental effects. 

Terrain stability is influenced by the process of gravity-induced ground movement or mass 
wasting and may be affected by Project development work such as logging and the construction 
of roads, dams, waste dumps, etc.  Based on the baseline study results, terrain stability 
classification maps covering the Project area were prepared.  The maps were developed based 
primarily on slope angle, material type, material texture, and active slope processes and adjusted 
if seepage was identified within the terrain polygons.  Terrain stability classifications range from 
Class I (stable) to Class V (unstable).  These classifications can be used qualitatively to indicate 
the likelihood or probability of instability resulting from ground disturbance. 

The methods used in the terrain stability and natural hazards baseline study and an assessment of 
terrain hazards for the Project are discussed in Section 7.14.  The baseline study provided an 
assessment of existing natural hazards such as landslide, rock fall, debris flow, and snow 
avalanche. 

The assessment of the selected VECs is broadly subdivided into four stages: 

1. Identification and description of potential effects on each VEC (pre-mitigation ratings). 

2. Development of mitigation, enhancement, and management strategies to address identified 
effects. 

3. Determination and description of residual (post-mitigation) effects and their significance. 

4. Evaluation of the likelihood that the predicted effects will occur, and level of confidence of 
the results. 

8.14.1 Valued Environmental Component Selection 
The VEC selected for this section of the effects assessment is terrain.  Terrain represents the 
physical surface features of the environment.  These features undergo gradual modifications over 
extended periods of time as a result of natural processes of weathering and tectonic activity.  
Construction activity associated with mine development can modify these natural processes. 
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8.14.2 Boundaries 

8.14.2.1 Spatial  
The areas included in the effects assessment are the preferred transmission line route 
(Alternative “B”), the mine site access road, and the MFA.  The proposed transmission line route 
extends north from the Bell Mine substation to the southern edge of the MFA.  Road construction 
will be required to provide access to sections of the transmission line route.  The MFA includes an 
open pit, borrow pits for construction materials, a plant site, a TSF, WRDs, overburden and soil 
stockpiles, a low grade ore stockpile, haul roads, water diversion and seepage collection structures, 
and pipeline corridors.  The study area extends beyond the Project footprint and includes an area of 
approximately 19,100 ha (Figure 8.13-1).  

The study area is bounded to the east by Hearne Hill, to the west by Babine and Morrison lakes, 
to the south by the Bell Mine, and to the north by Nakinilerak Lake. 

8.14.2.2 Temporal  
The temporal boundaries of the proposed 21-year mine life include:  2 years of construction, 
21 years of operation, approximately 2 years of mine decommissioning and closure, and finally 
the post-closure phase.  The length of the post-closure phase will be determined based on the 
requirements for reclamation and water treatment and on the results of performance monitoring. 

Table 8.14-1 describes the duration and activities associated with each discrete phase of 
development. 

Table 8.14-1 
Morrison Project Phases and Activities 

Phase 
Duration 
(years) Description 

Construction 2 Construction of on-site components and off-site infrastructure.  
Includes stripping of open pit overburden, and construction of 
new transmission line. 

Operations 21 Mining, milling, waste disposal, and ongoing establishment of 
the tailings storage facility. 

Closure and 
Decommissioning 

1–3 Mine site will be decommissioned and reclaimed, with the 
objective of returning the area to the equivalent of its current 
(baseline) condition.  Includes removal of equipment and 
infrastructure; reclamation of waste dump, tailings 
impoundment, roads, and water courses; and re-vegetation. 

Post-Closure 100 Ongoing environmental monitoring and maintenance to ensure 
effective reclamation, until baseline or stable conditions are 
reached.  The duration of this phase may vary between VECs, 
depending on the amount of time required for a specific aspect 
of the environment to be reclaimed. 
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8.14.3 Identification and Description of Potential Effects 
The following potential environmental effects are assessed in the following sections: 

• Soil slope failure 

• Rock slope failure 

• Creek bank failure 

Definitions of the probability of potential effects are given in Table 8.14-2.  Potential effects are 
summarized in Table 8.14-3 at the end of this section. 

Table 8.14-2 
Description of the Probability of Potential Effects  

Very Low Slope failure is very remote under the existing or assumed site conditions. 
Low Slope failure is remote, although it is possible given specific combinations of site 

conditions. 
Moderate Slope failure is not likely, but possible if there is a significant change to one or more of the 

assumed site conditions. 
High Slope failure is probable unless the site conditions are significantly better than assumed. 
Very High Slope failure is imminent regardless of reasonable changes in the assumed site conditions. 

Source:  (BC MOFR 2004). 

8.14.3.1 Soil Slope Failure  
Gentle to moderate slopes within the MFA are predominantly stable.  Local areas of steeper 
terrain are moderately to marginally stable.  The moderately steep slope of Hearne Hill on the 
eastern side of the mine site, near the proposed WRD, is classified as moderately to marginally 
stable.  There is minimal evidence of mass movement within the MFA.  The presence of a 
rotational slide on the steep bank of a creek gully on the moderately steep terrain uphill of 
Booker Lake suggests that other shallow failures could be encountered locally on the steep 
slopes of Hearne Hill. 

The likelihood of landslide initiation following road construction or logging on the stable to 
moderately stable terrain within the MFA is expected to be very low to low.  Road cuts in the 
areas of moderately stable terrain may be susceptible to minor slumping.  The marginally stable 
terrain on the east side of the area is susceptible to local instability.  There is a moderate 
likelihood of landslide initiation following road construction or logging; however, road 
construction during the wet season will increase the potential for landslides.  The presence of 
weak, poorly drained soils may affect foundation stability for road construction. 

Waste rock dumps, stockpiles, and dams will be designed with adequate margins of safety to 
ensure stability during construction and for long-term stability and are not expected to affect 
undisturbed natural terrain stability. 
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Most of the transmission line route crosses stable, gently to moderately sloping terrain.  Short 
sections of the northern portion of the route between km 20 and km 20.6 and a section along the 
MFA access road between km 4 and km 4.75 cross moderately stable, moderate to moderately 
steep terrain.  The valley slope approximately 800 m east of the transmission line route is steeper 
and classified as marginally stable.  Small slide features, identified by previous studies in this 
area and also to the southeast on terrain classified as moderately to generally stable, may indicate 
possible local terrain instability.  Weak, poorly drained organic soils were identified locally on 
the lower slopes of Hearne Hill and at the base of the slope. 

The likelihood of landslide initiation following road construction or logging on the 
predominantly stable to generally stable terrain along the transmission line corridor is considered 
to be very low.  Road cuts in areas of moderately steep terrain may be susceptible to minor 
slumping where till is present.  The steeper slopes to the east of the transmission line corridor 
show evidence of local instability and could be susceptible to landslide initiation following road 
construction or logging with a low to moderate likelihood of failure.  Road construction during 
the wet season could increase the potential for road-related landslides.  Local areas of weak, 
poorly drained soils may affect foundation stability for road construction. 

8.14.3.2 Rock Slope Failure 
No evidence of rock fall activity was encountered within or near the Project area.   

The likelihood of natural rock fall hazard or instability caused by the Project is expected to be 
very low. 

The open-pit excavation will incorporate safety benches and be designed to minimize pit wall 
failure during the mining operation phase.  Final pit walls will be designed with adequate 
margins of safety to provide long-term stability. 

8.14.3.3 Creek Bank Failure 
A few small creeks exist in the Project area.  The creek channels that cross the transmission line 
corridor are less than 3 m wide and show no evidence of debris flow activity or significant creek 
bank instability.  To the north of Booker Lake a larger creek that flows into Morrison Lake was 
identified with a section of channel bank that shows evidence of soil and rock instability and the 
potential for rapid mass movement.  This creek may also be subject to debris flow activity. 

For the majority of the creeks in the Project area the likelihood of channel bank failure is 
expected to be low following road construction.  The likelihood of creek bank failure following 
road construction would be high in areas where natural creek bank instability is occurring. 

8.14.4 Mitigation and Management 
Mitigation strategies comprise a hierarchy of measures ranging from the complete avoidance of 
effects to compensating or offsetting effects that cannot be avoided.  Definitions of the types of 
mitigation that may be considered are given in Table 8.14-3. 
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Table 8.14-3 
Mitigation Hierarchy  

Type of 
Mitigation 

Level of 
Mitigation Definition 

Alternative Avoid Prevention of adverse environmental effects through selection of 
alternative project options (e.g., choosing an alternative site or process). 

Design Change Avoid or 
reduce 

Prevention of adverse environmental effects at source by 
implementing design changes at the early stages of project planning 
(e.g., installation of a clarifier prior to discharging contaminated water 
to a watercourse). 

Management 
Practices 

Avoid or 
reduce 

Minimization of adverse effects that cannot be prevented, through 
management practices to reduce the cause of the effect at source, and 
or the size of the effect at the receptor (e.g., watering unpaved roads 
to reduce dust). 

Monitoring and 
Adaptive 
Management 

Monitor and 
reduce 

Minimization and control of adverse effects through regular analysis 
and reporting where the potential for adverse effects is unclear, 
possibly because of scientific uncertainties, insufficient data, or 
unknown environmental and/or social interactions.  When potentially 
adverse effects are shown, mitigation/management practices will be 
implemented at an appropriate level. 

Compensation Offset Offsetting of remaining effects that cannot be prevented or reduced 
through remedial or compensatory actions, so that the net effect on the 
community or ecosystem is neutral or beneficial (e.g., enhancement of 
similar habitat in another area, enhancement of other 
social/economic/cultural benefits). 

 

8.14.4.1 Soil Slope Failure 
Access road and haul road construction on steep terrain over 65% should be avoided where 
possible.  Before development is undertaken on terrain classified as marginally stable, a field 
inspection by a qualified terrain specialist is required to assess stability.  This will be important 
for the routing of the main diversion ditch upslope of the WRD.  Cut slopes and fill slopes 
should be designed with adequate margins of safety to ensure stability.  Regular maintenance of 
road ditches and culverts will be required during mine operation, and if the roads are not 
deactivated maintenance should continue after the mine closes.  It may be necessary to remove 
weak, organic soils prior to road construction to provide a stable road base. 

A stability assessment by a qualified terrain specialist is required if logging is proposed on steep 
terrain classified as marginally stable.  Disturbed areas should be re-vegetated as part of the 
reclamation program. 

A monitoring program will be developed to ensure that the slopes associated with construction of 
WRDs, stockpiles, and dams perform in accordance with the designed stability objectives.  
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8.14.4.2 Rock Slope Failure 
No mitigation, enhancement, or management measures for natural bedrock slopes are considered 
necessary assuming excavations are designed to provide adequate stability and surface water is 
controlled.  Groundwater control may be required to ensure stability of deep rock excavations.   

A monitoring program will be required during mine operations in areas of potential pit slope 
instability to provide advance warning of failure.   

8.14.4.3 Creek Bank Failure 
Creek bank stability should be assessed prior to construction of road bridges or culverts.  
Unstable creek banks should be avoided where possible.  An assessment of debris flow potential 
should also be made to determine bridge abutment location and culvert size.  

It is anticipated that road bridges and culverts will be removed as part of road deactivation unless 
required for permanent access.  Long-term monitoring and maintenance should be undertaken to 
ensure unrestricted flows in natural drainage channels. 

8.14.5 Potential Residual Effects 
Residual effects are not anticipated during the Project’s construction and operation phases if 
construction design follows good engineering practice, regular maintenance is carried out, and 
effective safety procedures are developed.  Residual effects may occur after the mine closes, but 
these can be managed by a program of regular monitoring and maintenance. 

Inadequate monitoring and maintenance of road culverts and ditches could lead to slope failure 
(landslides) if fill slopes become saturated or soil erosion is left unchecked.  The potential 
residual effects are likely to be sporadic and low to medium magnitude affecting the local 
landscape.  The residual effects could affect the terrain over the long-term if not managed 
effectively but are reversible if remediation is carried out promptly.   

Surface erosion, internal piping, or saturation of soil materials forming waste dump slopes and 
dam slopes within the MFA could lead to instability if inadequately designed or in the absence of 
regular monitoring and maintenance.  The potential residual effects are likely to be sporadic and 
medium magnitude affecting the local landscape.  The residual effects represent a long-term 
concern if not managed effectively but are reversible if remediation is carried out promptly.   

Natural weathering of open-pit slopes and pit wall failure in the form local and sporadic ravelling 
or rock fall presents a residual effect after mine closure.  The far-future, irreversible residual 
effect is likely to be of low magnitude. 

No residual effects associated with natural drainages have been identified. 

8.14.6 Significance of Residual Effects 
The development of instability on steep, marginally stable terrain caused by poor or inadequate 
road monitoring and maintenance could be of moderate significance if landslide areas are not 
remediated promptly.  



Environmental and Socio-economic Effects Assessment 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II 8–325 Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

The potential residual effects associated with slope stability adjacent to waste dumps and dams 
within the MFA after mine closure are considered to be of moderate significance.  The residual 
effects could be of major significance if slope failure affects the foundation support of these 
facilities.     

The significance of potential residual effects associated with open-pit slope failure after mine 
closure is considered to be minor assuming access to the pit is prevented. 

These effects are summarized in Table 8.14-4. 

8.14.7 Likelihood of Effects 

8.14.7.1 Probability of Occurrence and Confidence Levels 
There is a medium probability of soil slope failure on marginally stable terrain if road drainage 
ditches and culverts are not maintained.  The level of road deactivation at mine closure or the 
requirements for road use after the mine closes and associated long-term management plans are 
not known at this time, and therefore the confidence level is low.   

Waste rock dump slopes and tailings dam slopes will be designed and constructed following 
good engineering practice and in accordance with established engineering standards and 
guidelines.  Long-term monitoring will be carried out to ensure stability; therefore, the 
probability of slope failure is low with a high confidence level. 

There is a high probability that rock ravelling will occur on the final open pit slope after mining 
is completed as a result of weathering processes, stress relief, and groundwater effects.  Because 
of the unknown nature of the bedrock and groundwater conditions the confidence level is low. 

8.14.7.2 Assessment Assumptions  
It has been assumed that a high standard of engineering practice will be employed in the design 
of the Project components and that BMPs will be followed during construction and operation of 
Project facilities.    

It is also assumed that environmental monitoring personnel will have adequate knowledge and 
experience to identify areas of potential geotechnical concern and the ability to recognize when 
enhanced monitoring or remediation measures are required.  Advice from a qualified 
geotechnical engineer may be required to develop the remediation plan.  Failure to recognize 
areas of impending slope failure and delay in implementing corrective action could have a 
detrimental affect on the health and safety of mine personnel or lead to an increase in the extent 
and consequence of environmental damage.  



 

 

Table 8.14-4 
Morrison Copper/Cold Project: Terrain Effects Assessment Summary Table 

Description 
Project 

Component(s) Project Phase(s) Nature 

Probability 
of 

Occurrence 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance Probability 

Confidence 
Level 

Soil slope failure 
due to road 
construction on 
gentle to moderate 
slope 

Mine haul roads 
and access road 

Construction, 
operation, and 

decommissioning 

Adverse Very Low to 
Low 

Minimize 
excavation, control 

surface water, 
maintain culverts 

and ditches, 
deactivate at mine 

closure 

No           

Soil slope failure 
due to road 
construction on 
gentle to moderate 
slope 

Permanent 
access roads 

Post-closure Adverse Low Maintain culverts 
and ditches 

Yes Road 
washout, 

saturation of 
road base 

Low Local Long-term Sporadic Reversible 
short-term 

Neutral Minor Low High 

Soil slope failure 
due to road 
construction on 
moderately steep to 
steep slope 

Mine haul roads 
and access road 

Construction, 
operation, and 

decommissioning 

Adverse Moderate Design cut and fill 
slopes to maximize 

stability, control 
surface water, 

maintain culverts 
and ditches, 

deactivate at mine 
closure 

No           

Soil slope failure 
due to road 
construction on 
moderately steep to 
steep slope 

Permanent 
access roads 

Post-closure Adverse Moderate Maintain culverts 
and ditches 

Yes Saturation of 
fill slopes 
and/or soil 

erosion 
leading to 

local 
landslide 

Medium Local Long-term Sporadic Reversible 
short-term 

Low Moderate Medium Low 

Soil slope failure 
due to logging on 
moderately steep to 
steep slope 

Mine site and 
transmission line 

corridor 

Construction, 
operation, and 
post-closure 

Adverse Moderate Assess stability 
prior to logging, 

reclaim disturbed 
areas, monitor 

No           

Soil slope failure 
due to mine 
development 

Mine site 
(including waste 

rock dump, 
stockpiles, 

borrow pits and 
dams) 

Construction and 
operation 

Adverse Low Design fill slopes, 
monitor stability of 
major structures, 

construct and 
maintain diversion 

ditches 

No           

Soil slope failure 
due to mine 
development 

Mine site 
(including waste 

rock dump, 
stockpiles, 

borrow pits and 
dams) 

Post-closure Adverse Moderate Design fill slopes, 
monitor stability of 
major structures, 

re-establish original 
surface drainages 

or maintain 
diversion ditches 

Yes Surface 
erosion, 
internal 
piping or 

saturation of 
fill slopes 
leading to 

slope failure 

Medium Local Long-term Sporadic Reversible 
short-term 

Low Moderate Low High 

(continued) 



 

 

Table 8.14-4 
Morrison Copper/Cold Project: Terrain Effects Assessment Summary Table (completed) 

Description 
Project 

Component(s) Project Phase(s) Nature 

Probability 
of 

Occurrence 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance Probability 

Confidence 
Level 

Rock slope failure 
due to surface 
disturbance 

Mine site, 
transmission 

corridor 

Construction, 
operation, and 
post-closure 

Adverse Very Low Design excavations 
to maximize 

stability, construct 
surface water 

diversions 

No           

Rock slope failure 
due to mining 

Open pit Operation Adverse Low Design pit wall, 
control surface 

water and 
groundwater, 

monitor stability 

No           

Rock slope failure 
due to mining 

Open pit Post-closure Neutral Moderate Design final pit 
walls for long-term 

stability 

Yes Weathering, 
and rock 
ravelling 

Low Local Far Future Sporadic Irreversible Low Minor High Low 

Creek bank failure 
due to Project 
construction 

Mine site, 
transmission line 

corridor, and 
roads 

Construction and 
operation 

Adverse Low Avoid unstable 
creek banks, 
design creek 

crossings based on 
debris flow 
potential 

No           

Creek bank failure 
due to Project 
construction 

Mine site, 
transmission line 

corridor, and 
roads 

Post-closure Adverse Low Remove road 
bridges and 

culverts 

No           
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8.15 Ecosystems and Vegetation 
This section evaluates potential effects of the Project on terrestrial ecosystems and vegetation at 
each stage of mine development.  The assessment of selected vegetation VECs is broadly 
subdivided into four stages: 

1. Identification and description of potential effects on each VEC (pre-mitigation ratings). 

2. Development of mitigation, enhancement, and management strategies to address identified 
effects. 

3. Determination and description of residual (post-mitigation) effects and their significance. 

4. Evaluation of the likelihood that the predicted effects will occur, and level of confidence of 
the results. 

A summary of the ecosystems and plant species within the Project area is in the vegetation 
environmental setting (Section 7.15). 

8.15.1 Issues Scoping 
Choosing the assessed ecosystem and vegetation attributes considered public and scientific 
insight and knowledge, as well as management and regulatory guidelines.  Ecosystems and plant 
species mentioned within the following provincial and federal databases and projects were also 
considered: 

• BC CDC 

• COSEWIC 

• SARA Registry 

• BC  Ministry of Environment’s Sensitive Ecosystem Inventory (SEI) 

Data collected during baseline studies (Appendix 35) in the Project area were used to evaluate 
potential Project effects on VECs.  Vegetation attributes indicated in the management objectives 
of the Morice LRMP (BC MAL and BC ILMB 2007) were considered as well.  Rescan also 
consulted with local community and First Nations members (Appendices 42 and 43) to ascertain 
vegetation species and attributes of local interest. 

TU/TEK information was collected for the area in and around the Project from 2007 to 2008 in 
collaboration with Lake Babine Nation leadership and community members.  A Lake Babine 
Nation review of and approval for the release of the TU/TEK information gathered and reported 
is still pending.  As such, TU/TEK consideration and inclusion in this section is unavailable 
before submission of the EA application.  TU/TEK may be considered at a later date in the post-
application process.  Chapter 6 provides additional detail about the TU/TEK methodology and 
study status. 
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The effects assessment for vegetation and plant communities (ecosystems) addresses the items 
identified in the TOR, which are: 

• local plant communities; 

• BC CDC, COSEWIC, and SARA-listed plant species; 

• long-term direct and indirect habitat loss or alteration; 

• vegetation productivity; and 

• invasive, noxious plants as defined in the province’s Integrated Pest Management Act 
(2003). 

Issues pertaining to the loss and/or alteration of wildlife habitat are discussed in the wildlife 
effects assessment (Section 8.16).  Vegetation productivity (post-mine closure) is addressed in 
the reclamation plan (Section 16.2). 

8.15.2 Valued Environmental Components 
VECs for the vegetation effects assessment were chosen through the issues scoping process.  
Vegetation VECs can be ecosystems or individual species of local, regional, provincial, or national 
conservation concern.  These may be chosen based on legislated conservation status, both federal 
and provincial, or through best practices.  Vegetation VECs can also be chosen through 
consultation with local community groups.  Three VECs were identified for the Project’s EA: 

1. All ecosystems not considered rare or sensitive. 

2. Ecosystems of interest (rare and sensitive ecosystems). 

3. Country food plants. 

Sustaining ecosystems in their natural state contributes to biodiversity, which is an objective 
outlined in the Morice LRMP (BC MAL and BC ILMB 2007).  Therefore, all ecosystems were 
chosen as a VEC and have been termed “undesignated ecosystems” (they are not listed or 
considered particularly sensitive).  Undesignated ecosystems contribute to biodiversity and 
provide wildlife habitat. 

Ecosystems of interest have been evaluated as a separate VEC from the undesignated ecosystems 
because of their rarity and/or sensitivity.  Rare ecosystems are those ecological communities 
listed as such by the BC CDC.  Sensitive ecosystems as defined by the SEI are ecosystems that 
are rare (dealt with separately here) and/or fragile (BC MOE 2007b).  Hence, for this report, 
sensitive ecosystems are defined as those ecosystems considered “fragile,” or easily degraded by 
disturbance (McPhee et al. 2000).  For this EA, sensitive ecosystems include: 

• riparian communities 

• wetland-transitional areas (transitional between wetland and upland) 

• wetlands (discussed in the Wetlands Effects Assessment, Section 8.12) 
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Rare or listed plant species, those tracked provincially by the BC CDC and federally by 
COSEWIC and SARA, were considered but rejected as a VEC because none of these species 
were identified in the Project area. 

Country food plants are those species that have been identified by local communities as 
important, and have therefore been included as a species VEC. 

8.15.3 Boundaries 

8.15.3.1 Spatial 
The vegetation effects assessment’s spatial boundaries include the Project footprint, the LSA, 
and the RSA (figures 8.15-1 and 8.15-2).  The footprint is defined as the area where the Project 
will affect vegetation.  It is composed of the infrastructure in the MFA and transmission line 
(Option B) and a buffer.  The buffer width varies with the type of infrastructure and probable 
effects on vegetation (Section 8.15.5).  The total footprint area covers 2,029 ha and terrestrial 
ecosystem mapping (TEM) was used to map the area.  The term footprint was also used in the 
baseline report (Appendix 35) and the environmental setting (Section 7.15) where it referred to 
the study area surrounding all of the different options for Project infrastructure. 

The LSA extends approximately 2 km from the Project footprint and covers 18,860 ha.  This 
study area was also mapped using TEM.  The RSA extends approximately 10 km from the 
Project footprint and covers 108,015 ha.  It was mapped using predictive ecosystem mapping 
(PEM) acquired from the BC MOE (Timberline Natural Resources Group 2007).  The potential 
effects of the Project on ecosystems and vegetation are discussed for the footprint area, set within 
the context of the local area (LSA) and within the broader, regional context (RSA). 

8.15.3.2 Temporal 
The effects assessment for ecosystems and vegetation examines potential effects at each stage of 
Project development, from construction through to post-closure.  Each development phase varies 
in duration and activity (Table 8.15-1). 

8.15.4 Identification of Potential Project Effects 
The Project will have several anticipated effects on vegetation VECs, including vegetation loss 
(cleared vegetation) and degradation.  Mine site, access road, and transmission line construction 
will necessitate vegetation removal.  Some of these areas will be reclaimed progressively or at 
closure (i.e., within 25 years), while others will be left un-reclaimed indefinitely (Section 16).  
Since forested ecosystems take many decades to reach maturity, all loss of ecosystems is an 
effect that will reach into the far-future (>50 years from the construction period); however, a 
distinction has been made between temporary loss (when reclamation is within 25 years, 
ecosystems can be expected to recover within 100 years) and permanent loss (where reclamation 
is not planned at closure, recovery will likely be >100 years).  Wherever vegetation is removed 
the remaining adjacent vegetation communities experience edge effects and can be fragmented.  
These effects degrade the remaining vegetation communities and are described in Table 8.15-2. 
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Table 8.15-1  
Morrison Project Phases and Activities 

Phase 
Duration 
(years) Activities 

Construction 2 Construction of on-site components and off-site infrastructure.  Includes 
stripping of open pit overburden and construction of new transmission 
line. 

Operations 21 Mining, milling, waste disposal, and on-going establishment of the 
tailings storage facility (TSF). 

Closure and 
Decommissioning 

2 Majority of the mine site will be decommissioned and reclaimed, with 
the objective of returning the area to the equivalent of its current 
(baseline) conditions in the long term.  Includes removal of equipment 
and infrastructure; reclamation of waste dump, tailings impoundment, 
roads and water courses; and re-vegetation. 

Post-Closure  Ongoing environmental monitoring and maintenance to ensure effective 
reclamation, until baseline or stable conditions are reached. 

 

Table 8.15-2  
Potential Project Effects on Vegetation 

Project Effect on 
Vegetation Description 
1) Lost-Permanent 
 

Areas that are cleared of vegetation and replaced by mine infrastructure (e.g., pit, 
tailings pond and supporting infrastructure) that will remain un-reclaimed indefinitely, 
or areas that are cleared of one type of ecosystem and replaced by another (e.g., 
forested ecosystems that will be replaced by shrub ecosystems along the 
transmission line right-of-way (ROW)); effect is >100 years in duration.  

2) Lost-Temporary 
 

Areas that are cleared of vegetation but which will be reclaimed progressively, or at-
closure; effect <100 years in duration. 

3) Degraded  
• Dust Dust from roads or blasting can directly interfere with plant physiology and dust with 

elevated metal levels may adversely affect vegetation. 
• Invasive 

Species 
Invasive species can displace native vegetation and alter the floristic composition of 
an ecosystem.  This can reduce biodiversity and affect wildlife species relying on 
the native plants for their habitat requirements. 

• Forest 
Fragmentation 

Fragmentation of an intact ecosystem can reduce its function as plant and animal 
habitat and many studies indicate its role in decreased biodiversity.  Wildlife effects 
from fragmentation are discussed in Section 8.16.   

• Windthrow When forest edges are created, the trees exposed to wind face increased mortality 
to windthrow (falling caused by wind exposure).  This also increases the likelihood 
of other edge effects.   

• Altered Local 
Hydrology 

Changes in surface water drainage can result from linear developments (e.g., 
roads), which can change both upstream and downstream plant communities 
(Spellerberg and Morrison 1998; Trombulak and Frissell 2000). 
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8.15.4.1 Description of Degradation Effects on Vegetation VECs 
A detailed description of the effects of dust, invasive plants, forest fragmentation, windthrow, and 
local hydrological changes is provided in the following sections.  See sections 8.15.5.1 and 
8.15.5.2 for area summaries of ecosystems that will be lost or degraded and the evaluation of these 
effects.  The rationale for the degradation buffer width is included in the following subsections 
where literature is available.  Based on the various buffers, a combined buffer width was chosen 
for calculating the areas affected (in hectares) to best incorporate all degradation effects. 

Dust 
Dust can have various effects on vegetation, depending on deposition load, duration, and 
frequency of dusting (all of which contribute to cumulative buildup), as well as the chemical 
properties of the dust and the plant species involved.  The buildup of dust over time can affect 
vegetation by: 

• physically smothering the leaf surface 

• blocking stomata 

• altering leaf physiology 

• changing soil pH and chemical composition 

The physical smothering of leaves by dust reduces the amount of light reaching the surface, 
thereby affecting photosynthetic processes (J. R. Thompson et al. 1984; Pyatt and Haywood 
1989; Farmer 1993).  Similarly, smaller particle sizes can obstruct stomata, which negatively 
affects photosynthesis (Environment Australia 1998).  A covering of dust has also been shown to 
cause an increase in leaf temperature, which can positively affect respiration but negatively 
affect photosynthesis and productivity (Eller 1977). 

Dust chemical composition can also affect plant leaves; it can change the levels of plant mineral 
nutrients and metabolites present, and can also encourage the growth of epiphylls or microflora 
on leaf surfaces (McCune 1991; CEPA/FPAC Working Group 1998; Anthony 2001).  Epiphylls 
can absorb up to 50% of the light available for photosynthesis, thus shading their host’s leaves.  
The chemicals found in dust can also physically damage leaves by causing foliar lesions.  In 
contrast, a study completed in Northern Alaska presented evidence that several common 
pioneering species benefited from mechanical disturbance and dust deposition caused by an 
increase in soil nutrient availability (Walker and Everett 1991). 

Particles can demonstrate different deposition patterns depending on their size.  Particles with an 
aerodynamic diameter of >30 µm tend to be deposited within 100 m of the source (if unobstructed), 
while particles <30 µm can be transported over much greater distances (US EPA 1995).  The 
distance that fugitive dust will travel is expected to be less in areas adjacent to the roads compared 
to areas adjacent to mine facilities because of the greater quantity of dust generated in the MFA 
(from blasting and traffic) and the greater amount of forest cover adjacent to roads. 

The vegetation adjacent to dust sources in the Project area could be subject to all of these dust-
related effects.  Simple actions, such as reducing the speed limit on unpaved roads or the use of 
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inert dust suppressants will mitigate these effects.  Further details of these mitigation strategies 
are provided in Section 8.15.6. 

Invasive Species 
Invasive plants generally refer to species (usually non-native or exotic) that have the ability to 
aggressively compete with and replace native vegetation when introduced into natural settings 
(Haber 1997).  Plants introduced to areas beyond their home range generally lack natural 
predators, which can translate into a competitive advantage over the native vegetation present.  
Invasive species that have the ability to rapidly establish and displace native vegetation are of the 
highest concern. 

The establishment of invasive plants in an area is dependent upon several factors: 

• creation of appropriate habitat 

• access to an invasive plant source 

• invasive plant dispersal mechanism 

Ground disturbance associated with construction activities creates the type of habitat favoured by 
invasive plant species.  Features fundamental to the construction process, namely transportation 
corridors and machinery travelling to and from the construction site provide access and dispersal 
mechanisms.  Invasive plants are often found along road verges and within areas that have 
sustained some level of disturbance.  Forest edges are susceptible to the introduction of invasive 
species’ propagules from adjacent clearings (Murphy and Lovett-Doust 2004).  Research in 
temperate forests shows exotic species may dominate the vegetation 10 to 30 m into the forest 
from an edge and changes in species composition may be measurable up to 60 m (Fraver 1994; 
Meiners and Pickett 1999; Honnay, Verheyen, and Hermy 2002; Harper et al. 2005; Flory and 
Clay 2006). 

Vehicles of any size (e.g., heavy machinery to all-terrain vehicles (ATVs)) travelling Project 
corridors can inadvertently transport plant propagules (seeds and/or vegetative parts) in tires, the 
undercarriage, or in mud on the vehicle to previously unaffected areas.  In addition to construction 
activities, other disturbances such as grazing can also worsen invasive plant problems. 

Forest Fragmentation 
Habitat fragmentation refers to the landscape-scale processes of both habitat loss and the 
breaking apart of continuous habitat into smaller, isolated patches (Fahrig 2003).  Habitat 
fragmentation is a serious ecological problem.  Forest clearing results in an increase in edge 
habitat and a decrease in forest connectivity.  These changes in landscape pattern can negatively 
affect wildlife movements.  In addition, an increase in edges is associated with changes to the 
abiotic and biotic environment (Murcia 1995). 

When forests meet open areas, the edge of the forest is exposed to increased sunlight, 
temperature, soil desiccation, and wind.  At higher latitudes (such as central and northern BC) 
where sun angles are low, incoming solar radiation will be significantly greater at forest edges 
than in the interior of a forest stand (Saunders, Hobbs, and Margules 1991).  Temperatures in 
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clearings are higher during the day and lower at night compared to adjacent forests.  These 
changes to the microclimate in the Pacific Northwest can extend 100 to 150 m into the forest.  
Southerly aspects also tend to experience greater edge effects than northerly aspects (Kremsater 
and Bunnell 1999). 

The altered abiotic environments at forest edges, in turn, alter the structure and composition of 
the vegetation community.  Seral, shade-intolerant species that thrive on open sites will increase 
in abundance.  Invasive species often proliferate in edge habitats where seed rain from adjacent 
clearings is high and the soils and vegetation are disturbed (Murphy and Lovett-Doust 2004).  As 
well, changes to wildlife movements caused by forest fragmentation may affect plant recruitment 
where plants rely on animals for seed or pollen dispersal. 

Windthrow 
Windthrow is an important edge effect.  It can cause significant tree mortality, which in turn can 
cause increased fire hazard and insect epidemics when windthrown trees are not salvaged 
(Stathers, Rollerson, and Mitchell 1994).  Wind velocities tend to be highest in clear cuts, 
intermediate in edges, and lowest in closed forests (Kremsater and Bunnell 1999).  Windthrow at 
forest edges usually occurs during the first few years after clearing as a result of increased 
exposure of susceptible trees.  Trees are susceptible to wind damage because they matured 
within in a closed canopy and are not adapted to higher wind speeds and turbulence (Saunders, 
Hobbs, and Margules 1991; Stathers, Rollerson, and Mitchell 1994).  Windthrow effects in BC 
have been documented to extend more than 100 m into forest stands (Burton 1991).  However, in 
general, most windthrow damage is concentrated within 10 to 20 m of the forest edge (Stathers, 
Rollerson, and Mitchell 1994). 

Independent of management/silvicultural regimes, windthrow hazard depends on topography, 
soil, and tree and stand characteristics (Stathers, Rollerson, and Mitchell 1994).  In the 
Engelmann Spruce Subalpine Fir (ESSF) biogeoclimatic zone, frequent storms, shallow and wet 
soils, and complex topography result in an elevated windthrow risk (Huggard, Klenner, and Vyse 
1999).  Species-dependent differences in root depths, height-to-diameter ratios, and height-to-
crown length ratios are also important (Stathers, Rollerson, and Mitchell 1994).  Of the species 
present within the Project area, spruce (Picea spp.) is generally more wind firm than subalpine 
fir (Abies lasiocarpa; Coates 1997; Huggard, Klenner, and Vyse 1999), and trembling aspen 
(Populus tremuloides) is quite susceptible to windthrow (Coates 1997). 

Overall, the risk of windthrow in the Project area is generally low to medium.  Prevailing winds 
are parallel to the direction of the proposed transmission line (Appendix 18), which should 
minimize windthrow along this route.  Also, spruce is a dominant tree species in the area and is 
relatively wind firm.  However, the transmission line follows some ridges with exposed soils that 
could increase risk of windthrow in those areas.  Windthrow may also be an issue in the MFA 
because significant portions of the existing forest is mature and old, and therefore tall. 

Areas with a higher risk of windthrow within the Project area were mapped using computer-based 
modelling (Figure 8.15-3).  Mature forests are more susceptible to windthrow.  Therefore, 
windthrow was predicted in areas with structural stages 5, 6, or 7 (mature to old forests) as mapped 
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by TEM.  Within these forested areas, trees exposed to higher winds or on thin soils are more at 
risk.  Higher winds and/or thinner soils are expected to occur under the following conditions: 

1. Crest positions. 

2. Site series SBSmc2 02 (tends to occur with shallow soils on upper slope and crest positions). 

3. Bedrock (R). 

4. Any of the following dominant soil types mapped by the TEM (see Appendix 33 for 
definitions): 

• lithic phase of M1, M2, C1, and C2 (shallow soils); 

• peaty phase of F2, L1, and M3 (soils with poor root-holding ability);  

• O1. 

Figure 8.15-3 does not include areas of risk within the centre of large components such as the 
TSF, the open pit, or the WRD, as the risk is only an issue at edges of clearings such as along 
smaller, or more linear components of the Project.  

Altered Local Hydrology 
Linear developments such as roads have been shown to disrupt surface water drainage and 
sedimentation patterns across the landscape, which can result in the alteration of both upstream 
and downstream plant communities (Spellerberg and Morrison 1998; Trombulak and Frissell 
2000).  Roads intercept surface and shallow subsurface flows, which can increase upstream 
ponding and lead to the development of wetter ecosystems (Trombulak and Frissell 2000).  
Reduced flows downstream can lead to drier communities there.  Stream diversions affect the 
timing and magnitude of streamflow.  Altered hydrological conditions can cause significant 
changes to the composition of riparian vegetation.  For example, declining water levels make soil 
and space available for new plants (often invasive) to establish, and may result in a shift from 
shallow-rooting to deep-rooting plant species (D. M. Richardson et al. 2007). 

Plant communities in the Project area that are likely to be most affected by altered hydrological 
regimes include riparian, wetter forests, wetter shrub/herb patches, and wetlands, which have 
also been identified as sensitive to disturbance.  The greater the change in plant species 
composition in wetland and riparian areas caused by hydrological disturbance, the greater the 
change in function(s) provided by these ecosystems (D. M. Richardson et al. 2007).  More details 
regarding potential hydrological effects from construction and mine operation and related 
infrastructure on surface water flow can be found in Section 8.5. 

8.15.5 Evaluating Project Effects on Vegetation VECs 
Project effects on vegetation are evaluated through a three-part process.  First, the areas of 
vegetation VECs affected by the Project are calculated where possible and/or VECs identified in 
the field are summarized.  Second, the effect to each VEC is evaluated prior to mitigation.  The  
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mitigation measures are then described for each potential effect.  Third, any residual effects 
(those remaining once mitigation is implemented) of the Project on vegetation VECs are 
evaluated and rated as a final level of significance. 

The areas of vegetation removed (lost) and degraded are calculated from ecosystem mapping.  
Some vegetation areas will be permanently lost in the pit and tailings impoundment areas.  Other 
areas will be cleared and then revegetated at closure, or lost temporarily.  These areas were 
calculated within the Project footprint from the Project description (Chapter 4).  The areas of 
degraded vegetation were calculated by establishing a buffer around infrastructure components.  
The width of these buffers depended on the types and intensity of disturbance.  For example, a 
buffer width of 30 m was applied to the roads and transmission line ROW, as edge effects 
potentially occurring from these features (e.g., windthrow, introduction of invasive plant species, 
and fugitive dust accumulation) are likely to be concentrated within this area (Section 8.15-4).  A 
buffer width of 100 m was applied to all infrastructure in the MFA because that is where 
disturbance will be concentrated.  The buffer widths used to calculate degradation effects are 
summarized in Table 8.15-3, along with the areas identified as permanently or temporarily lost. 

Table 8.15-3  
Spatial Extent and Types of Effects of Project Activities on Vegetation 
Feature/Activity Spatial Extent Type of Effect 
Mine Facilities Area (MFA):  
Mine infrastructure not to be reclaimed (e.g., pit, wet 
surface of tailings storage facility) 

Infrastructure footprint lost-permanent 

Mine infrastructure that will be reclaimed, (e.g., plant site, 
waste rock dump) 

Infrastructure footprint lost-temporary 

Road surface, ditches, and cut/fill areas1 31 m lost-permanent 
Secondary road surfaces, ditches, and cut/fill areas 18 m lost-permanent 
Disturbance buffer adjacent to infrastructure 100 m degraded 
Morrison East FSR1,2:  

Main access road surface, ditches, and cut/fill areas1 31 m lost-permanent 
Road edge 30 m from surface edge degraded 
Transmission Line:   
Infrastructure in the right-of-way (ROW) (towers/poles 
and roads) 

approximately  
10% of the ROW 

lost-permanent 

ROW clearing area; trees and shrub maintained at low 
height3 

31 m lost-permanent 

Edge of transmission line 30 m from edge  
of ROW 

degraded 

1 Roads are already present but will be maintained. 
2 The “Morrison East FSR” leads from the Old Jinx FSR to the MFA. 

After the areas of vegetation lost and degraded were calculated, the second step in the assessment 
process was to rate these effects on the vegetation communities.  Each potential effect was rated 
for the nature and extent of effects.  The nature of effects on ecosystems and vegetation was 
classified as beneficial, adverse, or neutral using professional judgment and, where possible, 
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quantitative methods.  The extent (area) of each potential effect then determines the level of 
effect on vegetation VECs (Table 8.15-4). 

Table 8.15-4  
Description of the Extent of Potential Effects on Vegetation VECs 

Extent of 
Effects Description of Each Effect 
Negligible Very slight change from the baseline conditions of plant community composition, structure, 

or plant population such that no discernible effect upon the local ecology results.  No change 
in ecological classification. 

Minor Small but noticeable shift away from the baseline conditions of plant community 
composition, structure, or plant population.  Changes in ecological quality are likely to be 
relatively small or of a temporary nature such that ecology is slightly affected.  Equivalent to 
small but measurable changes. 

Moderate A significant and noticeable shift from the baseline conditions of plant community 
composition, structure, or plant population that may be long term, or a high degree of 
change for a temporary period.  Results in a change in ecological status. 

Major Major shift away from the baseline conditions, fundamental change to plant community 
composition, structure, or plant population.  May include a relatively high degree of change 
for a long-term period, or by a very high amount for a shorter episode.  The overall ecology 
is greatly changed from baseline conditions. 

 

For the third step in the assessment process, the potential residual effects after mitigation were 
evaluated for the magnitude, geographic extent, duration, frequency, reversibility, and resilience.  
These variables are used to evaluate the level of significance of the residual effect. 

8.15.5.1 Summary of Areas Affected 
Project development is anticipated to result in both the loss and degradation of vegetation VECs 
in the area.  Losses are expected to be both permanent (>100 years) and temporary.  Reclamation 
is planned for all temporarily lost and degraded areas. 

The Project footprint covers 2,029 ha (Table 8.15-5), representing 11% and 2% of the local and 
regional study areas, respectively.  The largest effect from the Project is permanent loss (831 ha; 
41% of the footprint), followed by degradation (807 ha; 40% of the footprint ). 

The largest proportion of the footprint is associated with ecosystem degradation attributable to 
the mine site area (649 ha), followed by the permanent loss from the tailings impoundment 
(448 ha), and the temporary loss from the WRD (168 ha).  The net loss from the access road is 
actually lower because of the existing road infrastructure, but the footprint is a worst case 
scenario of the effects.  Similarly, permanent loss along the transmission line will include 
infrastructure (e.g., roads) that are not included.  Some percentage (approximately 10%) of the 
ROW will have permanent infrastructure and the effects would be rated similar to the lost-
permanent effect in the MFA. 
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Table 8.15-5 
Areas of Vegetation (ha) Affected by Mine Components 

Lost 
Project 
Component Feature 

Permanent 
(ha) 

Temporary 
(ha) 

Degraded 
(ha) 

Total 
(ha) 

Mine Facilities Area     

 

Beaches at Dams surrounding Tailings 
Impoundment (remain exposed until water level 

rises to discharge level) 44 0 0 44 

 

Borrow and Stockpile Areas  
(most will be reclaimed but some must remain 

open in order to provide material for post-
closure water management)  31 112 0 143 

 Dams 1 67 0 68 
 Diversion Channels 24 10 0 34 
 Open Pit 108 0 0 108 

 

Other (pump station, freshwater intake, 
explosives magazine, sanitary landfill, 
Ammonium Nitrate & Emulsion Silos, 

Administration Buildings, etc.) 0 10 0 10 

 

Pipelines 
 (some must remain open at closure  

for water management) 20 9 0 29 

 

Plant Site 
 (some will remain unreclaimed – assumed 

water management facilities) 7 6 0 13 

 

Roads 
 (most must remain unreclaimed for long term 

access monitoring / water management) 56 9 0 64 

 
Tailings Impoundment  

(interior, water covered area) 448 0 0 448 
 Ponds 7 0 0 7 
 Waste Rock Dump 4 168 0 172 
 Degraded Buffer (100 m) 0 0 649 649 
Subtotal  749 391 649 1789 

      
Transmission Line     
 ROW (Option B) 71 0 0 71 
 Degraded Buffer (30 m) 0 0 137 137 
Subtotal  71 0 137 208 
External 
Access 
Road      

 
Road surface, ditches and 

cut/fill areas 11 0 0 11 
 Degraded Buffer (30 m) 0 0 21 21 
Subtotal  11 0 21 32 

Grand Total  831 391 807 2029 
Proportion of Footprint 41% 19% 40% 100% 



 

 

Table 8.15-6 
Area Summaries of General Ecosystem Types Potentially Affected by the Project 

MFA  Transmission Line  Access Road  

Bec Unit 
General Ecosystem 

Type 

Lost-
Permanent 

(ha) 

Lost-
Temporary 

(ha) 
Degraded 

(ha) 

Effects 
Total 
(ha)  

Lost-
Permanent 

(ha) 
Degraded 

(ha) 

Effects 
Total 
(ha)  

Lost-
Permanent 

(ha) 
Degraded 

(ha) 

Effects 
Total 
(ha)  

Grand 
Total 

Effects 
(ha) 

Drier Forest 2 2 8 12  1 2 3  0 0 0  16 
Mesic Forest 616 365 614 1,595  55 107 162  10 20 30  1,788 

Sparse/Unvegetated 0.04 0 0.4 1  5 11 16  0 0 0  17 
Water 12 8 6 26  0 0 0  0 0 0  26 

Wetland Shrub/Herb 13 2 0 16  0 0 0  0.3 1 1  17 
Wetter Forest 102 8 9 120  9 17 26  0.1 0.2 0.3  147 

Wetter Shrub/Herb 3 0 0 3  0 0 0  0 0 0  3 
Total Forested Types 720 376 632 1,728  65 127 192  11 21 31  1,951 

SBSmc2 

Grand Total 748 387 638 1,773  71 137 208  11 21 31  2,013 
Drier Forest 0 0 11 11  0 0 0  0 0 0  11 
Mesic Forest 1 4 0.3 6  0 0 0  0 0 0  6 

Total Forested Types 1 4 11 16  0 0 0  0 0 0  16 
ESSFmv3 Grand Total 1 4 11 16  0 0 0  0 0 0  16 

Total Forested Types 721 381 643 1,744  65 127 192  11 21 31  1,967 
Combined Grand Total 749 391 649 1,789  71 137 208  11 21 31  2,029 
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Undesignated Ecosystems 
TEM and PEM mapping identified 103 ecosystem types in the study area.  These were grouped 
into “general ecosystem types” to simplify this analysis, as described in Section 7.15.  Country 
food plants occurred in many ecosystem types and are included in the undesignated ecosystem 
(general ecosystem types) area summaries. 

Overall, SBSmc2 mesic forest will be affected most by the Project with 1,788 ha lost and 
degraded (Table 8.15-6).  Within this ecosystem type, the MFA will have the greatest effect, 
with the permanent loss of 616 ha and degradation of a further 614 ha.  This area composes 14% 
of the LSA and 3% of the RSA (Table 8.15-7).  The second most affected general ecosystem 
type is SBSmc2 wetter forest, with 147 ha affected, primarily within the MFA: 7% of the LSA 
and 3% of the RSA.  Along the transmission line, the permanent loss of forested ecosystems is 
anticipated to be a total of 65 ha, the majority of which is mesic forest. 

Table 8.15-7 
Proportion of General Ecosystem Types Potentially Affected in 

Each Study Area 
  Local Study Area Regional Study Area 

Bec Unit 
General Ecosystem 

Type 

Grand 
Total 

Effects 
(ha)  

Mapped 
(ha) 

Proportion 
Affected 

(%) 
Mapped 

(ha) 

Proportion 
Affected 

(%) 
Drier Forest 16  253 6 92 17 
Mesic Forest 1,788  13,043 14 67,839 3 

Sparse/Unvegetated 17  625 3 186 9 
Water 26  2,248 1 16,145 0.16 

Wetland Shrub/Herb 17  260 7 430 4 
Wetter Forest 147  2,053 7 4,910 3 

Wetter Shrub/Herb 3  3 100 1,409 0 
Total Forested Types 1,951  15,349 13 72,841 3 

SBSmc2 

Grand Total 2,013  18,485 11 91,011 2 
ESSFmv3 Drier Forest 11  138 8  690 2 
 Mesic Forest 6  112 5  4,887 0.11 
 Total Forested Types 16  251 6  5,577 0.29 
  Grand Total 16  251 6  5,577 0.29 
Combined Total Forested Types 1,967  15,600 13  78,418 3 
  Grand Total 2,029  18,736 11  96,588 2 
 

Within the LSA, the general ecosystem type with the highest proportion affected will be wetter 
shrub/herb, of which 100% of the mapped area will be affected.  Within the RSA, the SBSmc2 
drier forest will experience the greatest proportional effect, with approximately 17% affected.  
No ecosystem type will be affected by the Project that does not also occur within the RSA. 
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When ecosystems are grouped by canopy height (structural stage), the majority of the areas 
removed or degraded are mature forests, with a total area of 1,514 ha (Table 8.15-8).  Again, the 
majority of the effects are within the MFA, with 625 ha of permanent loss and 471 ha of degraded 
areas; 15% and 4% of the mature forest in the LSA and RSA, respectively (Table 8.15-9).  Shrub 
and young forest follow mature forests in terms of effects, with the total of 250 ha and 220 ha, 
respectively.  Within the LSA, the structural stage with the greatest proportion affected will be 
mature-old forest (22%) and within the RSA, it will be young forest (26%). 

The effects described in the tables 8.15-6 to 8.15-9 account for prior forest harvesting within the 
area.  According to the available spatial data from June, 2007, approximately 176 ha (9%) of the 
footprint is composed of cutblocks of varying ages.  Similarly, cutblocks cover a total of 2,524 
ha (13%) and 4,754 ha (4%) of the LSA and RSA, respectively.  The structural stage information 
contained within the TEM data reflects this harvest history; structural stages 3 and 4 generally 
overlap with the cutblocks. In other words, the effects described in Table 8.15-8 and 8.15-9 
account for this prior disturbance.  The effects in terms of areas lost and degraded of the various 
general ecosystem types (Tables 8.15-6 and 8.15-7) are anticipated to be the same regardless of 
the harvest history in the area because these ecosystem types do not take age into account. So, 
for example, even if a wetter forest has been harvested and is now a very young forest, it is still a 
wetter forest that is predicted to be affected by Project activities. 

Ecosystems of Interest 
Rare Ecosystems 
No rare ecosystems were mapped by the TEM within the LSA.  However, the PEM map 
identified two red-listed ecosystems within the LSA (Section 7.15):  the Saskatoon/slender 
wheatgrass (SBSmc2 81; Amelanchier alnifolia/Elymus trachycaulus) and the bluegrass-slender 
wheatgrass (SBSmc2 82; Poa secunda ssp. Secunda-Elymus trachycaulus) ecosystems.   

Approximately 0.8 ha of the Saskatoon/slender wheatgrass ecosystem will be affected: 0.1 ha 
will be permanently lost and 0.7 ha will be degraded within the MFA. As well, 3 ha of the 
bluegrass-slender wheatgrass ecosystem will be affected:  0.2 ha within the transmission line 
corridor, and the remaining portion within the MFA.  These areas represent 0.1% and 0.2% of 
SBSmc2 81 and SBSmc2 82 within the RSA.   

Until further field work to confirm the location of these ecosystems is completed, this assessment 
based on the distribution of ecosystems as indicated by the PEM, rather than the TEM is 
assumed correct, because neither mapping methodology is completely accurate, and because the 
potential presence of these listed ecosystems should not be ignored.  

Listed wetlands were also identified during field surveys.  Approximately 31 ha of the blue-listed 
ecosystem, black spruce/creeping-snowberry/peat-mosses (Wb01; Picea mariana/Gaultheria 
hispidula/Sphagnum spp.), will be affected by the Project.  This effect is evaluated in the 
Wetlands Effects Assessment (Section 8.12). 

 



 

 

Table 8.15-8 
Area Summaries of Structural Stages Potentially Affected by the Project 

 MFA  Transmission Line  Access Road 

Structural Stage 
Name 

Structural 
Stage 

 Lost-
Permanent 

(ha) 

Lost-
Temporary 

(ha) 
Degraded 

(ha) 

Effects 
Total 
(ha)  

Lost-
Permanent 

(ha) 
Degraded 

(ha) 

Effects 
Total 
(ha)  

Lost-
Permanent 

(ha) 
Degraded 

(ha) 

Effects 
Total 
(ha) 

Grand 
Total 

Effects 
(ha) 

Sparse/Unvegetated 1  3 0 0 4  5 11 16  0 0 0 20 
Herb, Dwarf Shrub 2  0 0 0 0  0 0 0  0 1 2 2 
Shrub 3  39 31 100 170  22 43 65  2 4 6 241 
Young Forest 4  69 33 63 165  14 25 39  4 9 13 216 
Mature Forest 5-6  625 319 471 1,414  30 58 88  4 8 11 1,514 
Mature-Old 6-7  1 0 7 8  0 0 0  0 0 0 8 
Water/Snow/Ice N/A  12 8 8 28  0 0 0  0 0 0 28 
Grand Total   749 391 649 1,789  71 137 208  11 21 32 2,029 

 

Table 8.15-9 
Proportion of Structural Stages Potentially Affected In Each Study Area 

Structural Stage Name Grand Total Effects (ha) Mapped LSA Proportion of LSA Affected (%) Mapped RSA Proportion of RSA Affected (%) 
Sparse/Unvegetated 20 638 3 614 3 
Herb, Dwarf Shrub 2 81 2 2,593 0 
Shrub 241 3,844 6 21,555 1 
Young Forest 216 1,812 12 828 26 
Mature Forest 1,514 10,199 15 34,730 4 
Mature-Old 8 35 22 28,971 0 
Water/Snow/Ice 28 2,250 1 16,284 0 
Grand Total 2,029 18,860 11 105,575 2 
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Sensitive Ecosystems 
A total area of 320 ha of sensitive ecosystems will be affected (Table 8.15-10).  Riparian areas 
(which include a variety of ecosystem types) will be the most affected (278 ha).  The permanent 
loss of riparian ecosystems within the MFA composes the greatest proportion of the total.  The 
second most affected sensitive ecosystem is swamp forest, which will have 31 ha permanently 
lost in the MFA and 39 ha affected in total.  No transitional ecosystems are anticipated to be 
affected by the transmission line development according to the available ecosystem mapping and 
field plot data. 

Relative to the extent of sensitive ecosystems present in the two study areas, the low bench 
floodplain area will experience the greatest effect.  The only low bench floodplain mapped 
within the LSA will be permanently lost (Table 8.15-11).  In relation to the RSA, 18% of the 
mapped low bench floodplain is anticipated to be permanently lost. 

In addition to the areas of sensitive ecosystems mapped, five field plots within the MFA 
identified sensitive ecosystems.  The forest swamp unit (SBSmc2 12) is present in four locations: 
two within the proposed tailings impoundment, one within the WRD, and one within the 
overburden and organic sediment storage area.  One sedge (Carex sp.) marsh wetland 
surrounding a pond was in the northwestern corner of the tailings impoundment. 

8.15.5.2 Assessing the Effects on Vegetation VECs 
The effects of the Project on vegetation VECs are variable and have been categorized and 
described in the following subsections.  Mitigation measures for the effects are described in 
Section 8.15.6. 

Permanently Lost Areas 
This category includes all vegetation VECs that will be replaced by permanent infrastructure in the 
MFA, transmission line ROW, and by roads.  “Permanent” in this assessment includes any areas 
that will not be reclaimed for >100 years.  Also included are ecosystems that will be lost (cleared) 
along the transmission line ROW, with particular emphasis on forested ecosystems that will be 
replaced by shrub ecosystems.  The loss will occur during construction and last >100 years. 

The replacement of vegetation by infrastructure is an adverse effect, and the extent is major 
because of the dramatic shift away from current conditions (Table 8.15-12).  Mitigation is limited 
to reclamation.  Soil can be salvaged to be used elsewhere in the Project area for reclamation. 

The replacement of forested ecosystems by shrubs within the transmission line ROW is a major 
adverse effect as there will be a major shift away from baseline conditions and a change to the 
plant community structure.  These ecosystems will be permanently replaced by early seral stages 
(shrub/herb).  The remaining shrub ecosystems will still be of value to wildlife, soil stability, and 
biodiversity but the baseline conditions of forested areas will be greatly changed.  Ecosystems of 
interest are assessed similarly, with a major adverse effect caused by the sensitivity of the plant 
communities.  Riparian ecosystems are the only “ecosystem of interest” that will be affected by 
the transmission line.  A relatively small area will be lost in total (19 ha), which will be narrow 
strips of affected area scattered along the length of the ROW. 



 

 

Table 8.15-10 
Sensitive Ecosystems Potentially Affected by the Project 

Mine Facilities Area  Transmission Line Effects  South Access Road 
Sensitive 
Ecosystem 
Type 

BEC Unit / 
Site Series / 

Map Unit 
Ecosystem 

Name 

Lost-
Permanent 

(ha) 

Lost-
Temporary 

(ha) 
Degraded 

(ha) 

Total 
Effect 
(ha)  

Lost-
Permanent 

(ha) 
Degraded 

(ha) 

Total 
Effect 
(ha)  

Lost-
Permanent 

(ha) 

Lost-
Temporary 

(ha) 
Degraded 

(ha) 

Total 
Effect 
(ha) 

Grand 
Total 

Effects 
(ha) 

Riparian    116 54 87 257  6 12 19  1 0 2 2 278 

SBSmc2/12/SS 
Swamp 
Forest 31 3 5 39  0 0 0  0.1 0 0.2 0.3 39 

Transitional 
Ecosystem  

SBSmc2/00/LU 
Low bench 
floodplain 3 0 0 3  0 0 0  0 0 0 0 3 

Total    34 3 5 42  0 0 0  0 0 0 0 42 
Grand Total    149 57 92 299  6 12 19  1 0 2 3 320 

 

Table 8.15-11 
Proportion of Sensitive Ecosystems Potentially Affected In Each Study Area 

 Local Study Area  Regional Study Area 
Sensitive 
Ecosystem Type 

BEC Unit / Site Series / 
Map Unit Ecosystem Name 

Grand Total 
Effects (ha) 

 Mapped 
(ha) 

Proportion 
Affected (%)  

Mapped 
(ha) 

Proportion 
Affected (%) 

Riparian N/A N/A 278  2,358 12  12,833 2 
SBSmc2/12/SS1 Swamp Forest 39  183 22  1,679 2 Transitional 

Ecosystem  SBSmc2/00/LU Low bench floodplain 3  3 100  17 18 
Total   42  186 122  1,696 3 

Grand Total   320  2,544 13  14,529 2 
117 ha of map unit SS/BF (12/07) mix is included in the regional study area total. 
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Non-forested ecosystems that will be cleared along the ROW will experience a minor adverse 
effect as those ecosystems will be cleared for a short term but will return as a low structural 
stage, similar to baseline conditions.  These ecosystems were included in the assessment area as 
permanent loss as a worst case scenario. 

Clearing for the ROW during construction would have a minor adverse effect on country food 
plants; however, there is potential for a minor beneficial effect along the ROW during operation.  
These areas will be cut during construction and will likely be maintained at shrub height, which 
is suitable for berry plants. 

This beneficial effect may be counter-balanced with adverse effects from dust, introduction of 
invasive species, and changes to microclimates.  It is difficult to predict which effect will prevail, 
however, mitigation measures are to be implemented early to reduce the adverse effects, so the 
beneficial effects will likely predominate. 

Temporarily Lost Areas 
This category includes all vegetation VECs that will be replaced by mine infrastructure but will 
be reclaimed following mine closure.  The nature of the adverse effect is major for all ecosystem 
types and country food plants because of the large change from current conditions that will result 
from the replacement of these ecosystems by mine-related infrastructure.  The spatial extent of 
the effects will be highly localized. 

Degraded Areas 
Vegetation VECs that will be potentially exposed to dust, invasive plants, fragmentation, 
windthrow, and changes to hydrology are in this category.  Some percentage of the area will also 
be lost during the life of the mine because of unforeseen disturbances (e.g., laydown areas 
needed during the life of the mine).  These losses are not included in the “lost” category of the 
effects assessment as they are unknown at this time.  The nature of the effect of degradation is 
assessed as adverse and the extent is moderate as there would be a potential significant and 
noticeable shift from the baseline conditions in quality of plant community composition and 
ecology.  The effects of invasive plants could be particularly detrimental to the ecosystems of 
interest in the area. 

8.15.6 Mitigation, Enhancement, and Management Measures 
Project effects on ecosystems and vegetation cannot be avoided.  Reclamation is planned for most 
areas that will be disturbed by mining activities, except for the infrastructure classified as lost-
permanent.  In addition to reclamation, a number of mitigation measures will also be taken to 
minimize the identified effects.  The largest effects will occur during the Project’s construction 
phase.  For areas to be reclaimed, this effect will last through to decommissioning and closure.  For 
areas that will not be reclaimed, the effects will be permanent (>100 years).  The main areas where 
mitigation measures are required (in addition to reclamation) are highlighted in the subsections 
below and in detail in the Vegetation Management Plan (Section 13.9). 

As part of the environmental monitoring program for the Project, implementation of a Vegetation 
Effects Monitoring Program (Section 14.8) is proposed to document the effects of the Project on 
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vegetation and track the management activities through Project development, operation, and 
closure.  The Vegetation Effects Monitoring Program will allow the vegetation management plan 
to be continually revised to foster management strategies that continue to minimize the effects of 
the Project on vegetation VECs. 

8.15.6.1 Limiting Disturbance to Ecosystems 
Disturbance cannot be avoided with the development of the Project; however, efforts will be 
made to limit the extent of ground disturbance during construction and operation.  Disturbance to 
ecosystems of interest in particular will be avoided wherever possible.  The red-listed dry 
grassland/scrubland communities (SBSmc2 81 and 82), riparian, and transition ecosystems are 
the ecosystems of interest potentially affected most by the Project, particularly in the MFA.  
While the location of Project features is fairly fixed, care will be taken during construction to 
optimally place facilities as much as possible.  Additionally, ensuring natural drainage patterns 
are maintained, as best as possible, will help reduce the effects to all ecosystems of interest. 

8.15.6.2 Revegetation of Disturbed Areas 
The long-term revegetation goal is to encourage the re-establishment of native vegetation. 
Progressive reclamation (appropriate site preparation, soil handling, and revegetation) during 
mine operations and the implementation of the reclamation plan at mine closure will help offset 
vegetation losses that can be reclaimed.  Reclamation will include revegetating areas with 
species that are ecologically and functionally appropriate.  In the areas that can support forests, 
native tree species will be planted site-specifically and using forestry standards (maintained until 
free to grow) as a guide.  Details of reclamation activities are provided in the reclamation and 
closure plan (Section 16.2). 

For erosion protection, applying grass-legume erosion protection mixes with mulch and tackifier 
on areas deemed erodible (e.g., steep gradient lands inaccessible for conventional seeding) may 
be necessary.  Native species should be used where possible and appropriate.  Details on where 
and what species to plant are outlined in the reclamation plan. 

8.15.6.3 Mitigation for Dust 
Dust production will occur along unpaved roads and within the mine site area.  Procedures that 
can be implemented to minimize dust production include road watering and/or use of inert dust 
suppressants, regular road surface maintenance, and maintaining reduced speed limits. 

8.15.6.4 Mitigation for Invasive Plants 
Strategies to ensure invasive plants do not become problematic in the Project area have been 
outlined in detail in the Vegetation Management Plan (Section 13.9).  The key features of the 
plan include routine monitoring of disturbed areas (during mine operations through to closure 
and reclamation) to identify areas that may be susceptible to invasive plant establishment and a 
rapid response for the treatment of affected areas.  Effective management strategies are required 
early on in Project planning that address the introduction, spread, and effect of invasive species 
(Haber 1997).  Preventing invasive plant species from entering an area is more efficient and cost 
effective than dealing with their removal once established (J. Clark 2003; Polster 2005; USDA 
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2008).  Efforts of the Vegetation Management Plan focus on ensuring disturbed areas do not 
become prime habitat for invasive plants as well as limiting their introduction to the area.  
Restricting vehicular access to the area (e.g., mine-related vehicles only) where possible is an 
additional mitigation measure. 

8.15.6.5 Forest Edge Management and Windthrow 
Development in forested areas can have many edge effects such as windthrow.  The Windthrow 
Handbook for British Columbia Forests (Stathers, Rollerson, and Mitchell 1994) outlines ways 
to minimize windthrow, including careful location and design of boundaries, edge stabilization 
treatments (e.g., feathering edges to reduce drag force on trees), and monitoring to rectify failed 
mitigation techniques.  This reference can be used as a guide for mitigating windthrow damage. 

8.15.6.6 Mitigation for Altered Local Hydrology 
Avoiding wetter ecosystems and minimizing the size of the overall footprint are the best mitigation 
measures for reducing effects to local hydrology.  Where avoidance is not feasible, BMPs for 
construction will be implemented to minimize potential effects (e.g., ensuring proper drainage 
structures are in place and are functioning properly during operations). 

8.15.6.7 Mitigation for Ecosystems of Interest 
Avoiding and minimizing disturbance are best strategies for reducing Project effects on 
ecosystems of interest.  Where avoidance is not possible, there are some measures that can be put 
in place to minimize the effects, or at least help the reclamation process in the future. 

All mapped listed ecosystems should be verified for their presence and extent in the field prior to 
construction.  This was not done during the field surveys of 2006 and 2008 because the complete 
mapping data was not available until after the field season in 2008.  The wetter ecosystems of 
interest would require the mitigation measures outlined in sections 8.15.6.1 to 8.15.6.6.  The 
potentially lost and degraded red-listed ecosystems, SBSmc2 81 and 82, are dry 
grassland/scrubland communities.  They are threatened by changes to natural disturbances, such 
as climatic change, fire suppression, development, browsing, and invasive plants (Haeussler and 
Hetherington 1999).  For these drier ecosystems in the Project area, mitigating their 
loss/degradation can be achieved by reclamation only if they are maintained as dry ecosystems.  
Reclamation should consider establishing and maintaining these ecosystem types on well-drained 
soils on warm slopes (southerly aspects).  Post-reclamation could use active management of fire, 
herbivores, and invasive species control to maintain their diversity over time (Haeussler and 
Hetherington 1999). 

8.15.7 Potential Residual Effects 
The residual adverse effects of the Project on vegetation are largely associated with the Project’s 
construction phase.  Some of these effects will be temporary, where vegetation is removed and 
the areas are later revegetated.  Other areas will be permanently lost (>100 years).  These effects 
are (Table 8.15-12): 

• permanent replacement of ecosystems with infrastructure in the MFA, along roads and 
within the transmission line ROW; 
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• permanent loss of forested ecosystems along the transmission line ROW (through 
vegetation clearing and replacement by shrub ecosystems); 

• temporary replacement of ecosystems with infrastructure in the MFA;  

• degradation of vegetation adjacent to infrastructure through introduction of invasive 
plants, windthrow, dusting, and other edge effects. 

The permanent replacement of ecosystems with infrastructure for all Project components has 
been identified as high magnitude because these events represent the largest possible change 
from existing conditions.  In the MFA, permanent loss of vegetation will occur in the pit, TSF, 
and other infrastructure areas.  The spatial extent is local and the duration will last into the far 
future.  The frequency is a one-time event, occurring during the construction phase. 

A permanent loss of forested ecosystems will occur along the transmission line ROW where 
forests are cut and replaced by early seral-state shrub communities.  This adverse residual effect 
on forested ecosystems and ecosystems of interest is rated as moderate in magnitude.  The 
cleared forested areas will be allowed to grow back post-construction but not to baseline 
conditions (will remain in low structure/early seral stage).  The ecosystems of interest have the 
potential to not recover to baseline conditions because of their sensitivity to, or dependence on, 
disturbance regimes.  This effect is localized but will last into the far future.  It is a one-time 
event during construction and is irreversible.  Although the forests will remain in an early 
structural stage and the forests will not recover to what they currently are or could be, the 
resilience is rated as neutral because they can respond and adapt to effects.  Ecosystems of 
interest may have low resilience because of their inherent fragility. 

Clearing non-forested ecosystems such as shrub communities, meadows, and wetlands along the 
transmission line ROW is rated as a low magnitude effect.  These communities may not be 
altered during the clearing process, or may be affected only by disturbance from construction or 
not at all.  Where communities are disturbed, they will be free to regenerate to a shrub 
community in the short term.  The resilience is high and the areas should return to baseline 
conditions.  Country foods plants are typically shrub communities.  Removing forested areas and 
replacing them with shrub communities will likely have a beneficial effect for country food 
plants, and are therefore not evaluated as potential residual effects. 

For those areas that will be reclaimed at closure (lost-temporary) within the MFA, the effects are 
reversible in the long term, with the implementation of appropriate reclamation activities.  Once 
reclamation has taken place, much of the remaining ecosystems will likely be drier ecosystem 
types because of the nature of the laydown material (e.g., waste rock will drain water quickly, 
mimicking a rapidly drained natural site).  These sites may be similar to the baseline drier 
ecosystems but may cover more area than baseline.  It is difficult to predict the difference in area 
at this point and the assumption for this assessment is that reclamation will restore the areas of 
disturbance to baseline conditions.  Ecosystems were generally assessed as having a neutral 
resilience; they will be able to respond and ultimately recover from the imposed effects.  
However, ecosystems of interest were assigned a lower resilience. 
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Other areas that will be reclaimed within the MFA are ecosystems of interest.  These ecosystems 
have much lower resilience and are unlikely to re-establish, even with proper reclamation 
procedures.  Hence, the loss of these areas is given a high magnitude. 

Ecosystems will also be adversely affected through edge effects such as invasive species, 
windthrow, and dusting.  These areas will be degraded during the lifetime of the Project, but will 
be free to return to baseline conditions upon closure and so are given a low magnitude. 

8.15.8 Significance of Residual Effects 
The significance of the replacement of ecosystems with infrastructure for all Project components 
is dependent on whether it is permanent or temporary.  For the areas that will not be reclaimed 
(lost-permanent) within the MFA, the adverse residual effect is major in significance because 
this effect is irreversible. 

The adverse residual effect on undesignated forested ecosystems and ecosystems of interest in 
areas that are identified as lost-permanent within the transmission line ROW is assessed as 
having a moderate significance.  The resulting conditions still provide benefits to wildlife, 
biodiversity, soil protection and nutrients, etc., and therefore are not considered major.  These 
areas can be reclaimed but not to the same as baseline conditions.  The significance of the 
residual effect with respect to non-forested ecosystems and country food plants is considered 
negligible since the effect is reversible in the short term with high resilience after mitigation. 

For those undesignated ecosystems (including country food plants) that will be reclaimed at 
closure (lost-temporary) within the MFA, the residual effect has a moderate level of significance.  
The effect will produce a decline in the resource but will stabilize in the long term following 
mine closure.  Ecosystems of interest may be difficult to reclaim and would likely take a long 
time to recover.  The significance of the residual effect on this resource has been rated as major.  
Monitoring is recommended, the details of which are provided in Section 14.8. 

Those areas that are affected by edge effects will have a continuous disturbance effect 
throughout the life of the Project and into the far future where vegetation on the Project area is 
not reclaimed.  These effects may be small, as in the case of altered light regimes, or large if 
invasive plants invade.  With mitigation and monitoring, the residual significance is rated as low. 

8.15.9 Likelihood of Effects 
The likelihood of each potential residual effect is considered by assessing the probability of its 
occurrence and the confidence level inherent in the assessment. 

8.15.9.1 Probability of Occurrence 
The assessment of the probability of occurrence of the residual effects identified for vegetation 
VECs are based on best professional judgment and the success of proposed mitigation measures.  
There is a high probability that vegetation will be cleared for the construction of infrastructure.  
Therefore, vegetation VECs will be lost either permanently or temporarily during mine 
development.  There are currently ecosystems of interest that are predicted to be lost.  Assuming 
the infrastructure will be placed according to current plans and the mapping is accurate, the 
probability of losing these ecosystems is high.  However, these ecosystems should be verified in 
the field prior to construction. 



 

 

Table 8.15-12 
Morrison Copper/Cold Project: Ecosystems and Vegetation Effects Assessment Summary Table 

Description 
Project 

Component(s) 
Project 

Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 
LOST-PERMANENT                
1) Vegetation replaced by permanent Infrastructure             
VEC – Terrestrial 
Ecosystems (all 
types) 

Mine facilities area 
(MFA; pit and 

tailings storage 
facility (TSF)) and 
transmission line 
(tower footprint) 

Construction Adverse Major Salvage and 
stockpile soil and 
suitable 
overburden 
wherever possible 

Yes Vegetation 
permanently 
replace by 
infrastructure 

High Local Far future 
(>100 
years) 

One time Irreversible Low Major High High 

2) Clearing forests and replacing with shrubs in right-of-way (ROW)             
VEC – Forested 
Ecosystems 
VEC – 
Ecosystems of 
Interest 

Transmission line Construction Adverse Major Progressive 
reclamation; 
suitable top soil 
will be used at an 
adequate rooting 
depth; invasive 
plant 
management, dust 
control 

Yes Forested 
ecosystems lost 
and replaced with 
early seral stages 
to remain 
indefinitely 

Moderate Local Far future
(>100 
years) 

One time Irreversible Neutral Moderate High High 

3) Clearing non-forested vegetation (shrubs, meadows, etc.) in the ROW            
VEC – Non-
forested 
ecosystems 

Transmission Line Construction Adverse Moderate Progressive 
reclamation; 
suitable top soil 
will be used at an 
adequate rooting 
depth; invasive 
plant 
management, dust 
control 

Yes Ecosystems lost Low Local Medium 
term (20-
25 years) 

One time Reversible 
short-term 

High Negligible High High 

VEC – Country 
food plants (most 
country food 
plants are 
shrubs) 

Transmission Line Operation Beneficial Minor n/a No           

LOST-TEMPORARY                
1) Vegetation replaced by infrastructure but will be reclaimed either progressively or at closure           
VEC – Terrestrial 
ecosystems 
(undesignated) 
and country food 
plants 

MFA Construction Adverse Major Soil salvage, 
progressive 
reclamation; 
suitable top soil 
will be used at an 
adequate rooting 
depth 

Yes Vegetation 
replaced by 
infrastructure; 
reclaimed 
vegetation may 
not re-establish to 
the same level as 
pre-operation 

High Local Far future
(>50 

years) 

One time Reversible 
long term 

Neutral Moderate High High 

  (continued) 



 

 

Table 8.15-12 
Morrison Copper/Cold Project: Ecosystems and Vegetation Effects Assessment Summary Table (completed) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 
LOST-TEMPORARY                
1) Vegetation replaced by infrastructure but will be reclaimed either progressively or at closure           
VEC – 
Ecosystems of 
interest 

MFA Construction Adverse Major Soil salvage, 
progressive 
reclamation; 
suitable top soil 
will be used at 
an adequate 
rooting depth 

Yes Vegetation is 
listed and 
sensitive 
ecosystems 
replaced by 
infrastructure; 
reclaimed 
vegetation may 
not re-
establish to the 
same level as 
pre-operation 

High Local Far future
(>50 

years) 

One time Reversible 
long term 

Low Major High High 

DEGRADATION                 
1) Introduction of invasive plants, dust deposition on plants, alteration of microclimate, fragmentation           

VEC – Terrestrial 
ecosystems, 
ecosystems of 
interest, country 
foods 

MFA, 
Transmission 
Line, Roads 

Construction, 
Operation 

Adverse Moderate Invasive plant 
management, 
dust control, 
progressive 
reclamation 

Yes Vegetation 
may be 
degraded by 
edge effects 

Low Local Far future
(>50 

years) 

Continuous Reversible 
long term 

Neutral Low Moderate Moderate 

1 The definition of nature and extent varies for different topic areas.  This is simply a description of the predicted nature and extent of the effect, prior to mitigation (more information on factors to include in the descriptor are in the methodology text). 
2 Assumes mitigation measures are effective as planned and implemented. 
3 Assumes reclamation measures are effective as planned and implemented. 
4 Ecosystems of interest would have a lower resilience. 
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8.15.9.2 Confidence Levels 
The level of confidence associated with the potential residual effects resulting from Project 
development is high.  The vegetation will be cleared, and therefore lost vegetation VECs will 
occur with high confidence.  The amount of area cleared along the transmission line is less 
certain, but is unlikely to change the results of the effects assessment. 

8.15.9.3 Assessment Assumption 
The primary effects of Project development are anticipated to be the loss and degradation of 
ecosystems and vegetation.  The effects assessment table (Table 8.15-12) provides a summary of 
the ratings of potential effects for each VEC and the associated residual effects in 
correspondence with the Project component and phase. 

It is assumed that mitigation strategies are implemented and that reclamation will return 
ecosystems to baseline conditions.  It is also assumed that suitable soil will be salvaged and 
appropriately placed for reclamation at an adequate rooting depth to re-establish forested 
ecosystems.  For ecosystems of interest, it is assumed that substantial effort will be made to re-
establish these resources in reclaimable areas and that they will eventually return to baseline 
equivalent conditions.  If these assumptions are not realized, the assessment of residual effects 
would rate lost-temporary effects with increased magnitude and significance. 
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8.16 Wildlife and Wildlife Habitat 
The effects assessment for wildlife explicitly addresses potential wildlife and wildlife habitat 
issues and concerns from the development of the Project.  The assessment takes a VEC 
approach, which focuses on selected wildlife species and groups.  Selected wildlife VECs are 
those perceived to generate concern in regulators and the public.  VECs may include species that 
have conservation status, are of biological importance, or are regionally occurring species that 
have particular cultural, social, or economic significance to First Nations, the province, or other 
Canadians. 

Given the hierarchical nature of biological systems, wildlife effects are discussed with regard to 
changes at both the individual animal level (e.g., behaviour, physiological condition, survival) 
and the population level (population size, distribution, mortality rate, reproductive fitness).  
Effects at the population level are of greater concern than those at the individual level, thus the 
assessment primarily focuses on the effects to local populations.  However, population 
boundaries are not always distinct.  A population is defined as “a group of organisms coexisting 
at the same time and place and capable of interbreeding” (i.e., where a breeding group becomes 
isolated and diminished, and cannot produce enough offspring to maintain itself over time 
without immigrants from other populations; Colinvaux 1986), or as a group of non-specific 
organisms that occupy a loosely defined geographic region and exhibit reproductive continuity 
from generation to generation (Futuyma 1979).  Because the exact geographic population 
boundaries for the VEC local populations considered in this assessment are both unknown and 
dynamic, the assessment is generally qualitative. 

The assessment focuses on potential Project issues that may violate provincial and federal acts, 
policies, and BMP guidelines applicable to wildlife and wildlife habitat in BC.  Wildlife and 
wildlife habitat are protected under several forms of federal and provincial legislation, such as 
the BC Wildlife Act (1996a), the Canada Migratory Birds Convention Act (1994), SARA 
(2002c), and the BC Water Act (1988).  Particularly, Section 34 of the Wildlife Act (1996a) 
protects most vertebrate animals from direct harm and harassment and specifically protects birds, 
eggs, and occupied nests from possession, molestation, injury, or destruction.  The Canada 
Migratory Birds Convention Act prohibits killing migratory birds or depositing harmful 
substances in areas frequented by migratory birds and protects their eggs and nests.  Relevant 
wildlife regulatory requirements and management practices are outlined in the wildlife 
management plan (Section 13.10). 

8.16.1 Issue Scoping 
The wildlife and wildlife habitat environmental effects assessment was designed to address the 
potential effects of various mine activities and components on wildlife VECs and their habitats.  
To address Project wildlife issues identified in Section 6.9 of the TOR, the wildlife assessment 
analysis contains: 

• Quantitative and qualitative determination of overall loss or alteration of terrestrial and 
wetland habitat that will result from Project development.  This will involve ranking 
habitat quality for each VEC species so that the relative loss of high quality versus low 
quality habitat can be assessed in relation to the regional availability of habitat.  Regional 
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boundaries for assessment of relative habitat loss will be based on major watershed 
boundaries and eco-sections. 

• Qualitative assessment of possible physical hazards and attractants for wildlife (i.e., 
assessment of the potential effects of roads, transmission lines, pits, pipelines, and other 
structural features on wildlife feeding, migration and movement, denning and refuge, 
reproductive behaviour and success, and direct mortality). 

• Qualitative assessment of possible chemical hazards and attractants for wildlife (i.e., 
assessment of the potential effects of identified contaminants of potential concern on 
wildlife feeding, migration and movement, denning and refuge, reproductive behaviour 
and success, and direct mortality). 

• Qualitative assessment of possible sensory disturbance causing wildlife attraction or 
deterrence (i.e., assessment of the potential effects of noise, light, odours, and human 
presence on wildlife feeding, migration and movement, denning and refuge, reproductive 
behaviour and success, and direct mortality). 

• Qualitative assessment of the potential for population-level effects to VEC species 
resulting from the combination of: 

• habitat loss or alteration 

• physical hazards 

• chemical hazards 

• sensory disturbances 

• Proposed mitigation, monitoring, and compensation programs for avoiding, minimizing, 
tracking, and compensating Project-related effects on wildlife. 

The wildlife and wildlife habitat effects assessment was prepared according to applicable best 
management guidelines, Environmental Assessment Best Practice Guideline for Wildlife at Risk 
in Canada (Environment Canada 2004b).  The assessment is based on current available 
knowledge of species behaviour, presence, distribution, population biology, and ecology.  
Consideration is also given to linkages between predicted physical and biological changes 
resulting from the proposed development on both the individual and local population level.  

8.16.2 Spatial and Temporal Boundaries 

8.16.2.1 Spatial Boundaries 
The wildlife effects assessment considered two spatial areas, the LSA and the RSA (Figure 7.16-
1).  The LSA involves an area encompassing a 2 km buffer around the Project footprint.  This 
area contains the open pit mine site, stock pile, TSF, the transport lanes between them, and the 
haul road to Nose Bay, as well as the transmission line corridor from the Bell mine site on 
Babine Lake to the mine area.  The RSA is a larger area involving a 10 km buffer around the 
footprint.  Each effect was not necessarily assessed over this maximum area; for example, direct 
habitat loss associated with the development footprint was assessed in relation to habitat 
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availability within the RSA for most VECs, while mortality was assessed within the LSA.  The 
boundaries used for each assessment are outlined in the relevant sections.  

8.16.2.2 Temporal Boundaries 
Some of the wildlife VECs follow seasonal migration patterns (e.g., grizzly bears), while other 
species travel extensive distances to establish their home ranges (e.g., dispersion of juveniles).  
Western toad and some resident forest birds may spend their entire life cycle within the LSA, 
while other species, such as some raptors and waterfowl, are seasonal visitors.  Therefore, 
potential Project effects may vary temporally for each VEC, depending largely on the amount of 
time each VEC’s presence is anticipated in the area.  

The temporal boundaries considered involved the different phases of Project development, from 
construction through to post-closure.  Timelines for each phase are construction (2 years, plus 
1 year preparatory), operations (21 years), decommissioning and closure (2 years), and post-
closure (>100 years). 

8.16.3 Valued Environmental Component (VEC) 
A number of species or focal groups were considered as potential wildlife VECs for the Project, 
with those chosen for consideration meeting one or more of the following criteria: 

• species at risk or of conservation concern;   

• species or focal groups requiring enhanced consideration under the mandates of regulatory 
agencies:  BC MOE, Canadian Wildlife Service (CWS); 

• species identified as having a strong biological importance for the functioning of the 
ecosystem in the Project study area, including importance as keystone, indicator, and/or 
umbrella species;  

• species of cultural, social, and/or economic importance. 

The following sections review each of the above criteria and identify selected VECs, as well as 
VECs that were considered but not included in the effects assessment.  

8.16.3.1 Species at Risk or of Regional or Regulatory Importance 
The following were consulted to identify species at risk or of conservation concern, species or 
focal groups of regional importance, or those of particular interest to regulatory agencies: 

• COSEWIC 

• SARA (2002c) 

• Migratory Birds Convention Act (1994) 

• BC CDC 

• BC Red- and Blue-list 

• Morice LRMP 
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• BC Wildlife Act (2004) 

8.16.3.2 Species of Biological Importance 
Biological characteristics considered during the VEC selection process involved the role that a 
species plays in the health of its local ecosystem, including the role the species may play as a 
keystone, indicator, or umbrella species.  Keystone species are those that have relatively low 
population numbers compared to their importance in maintaining a balanced ecosystem (Helfield 
and Naiman 2006).  For example, moose are considered biologically important keystone species, 
as they are highly capable of modifying the local ecology, especially with regard to wetland 
vegetation (McLaren et al. 2000).     

The composition and/or fitness of an ecosystem can also be assessed by analyzing the presence, 
fitness, or changes occurring in the population of an “indicator species” (Niemi and McDonald 
2004).  As a result, assessing the potential for effects on indicator species, such as the American 
marten (Fecske, Jenks, and Smith 2002) or amphibians (Collins and Storfer 2003), can lead to 
knowledge about the state of the local ecosystem or general environmental health.  The 
“umbrella species” concept was also used in VEC selection.  Umbrella species, such as grizzly 
bear, are important because the protection that is afforded to these species results, directly or 
indirectly, in the protection of many other species with similar or smaller home ranges, or that 
require similar life requisites as the umbrella species (J. M. Roberge and Angelstam 2004).   

8.16.3.3 Species of Cultural, Social, or Economic Importance 
The Project is within an area claimed by the Lake Babine Nation.  TU/TEK information was 
collected for the area in and around the Morrison Project from 2007 to 2008 in collaboration with 
Lake Babine Nation leadership and community members.  Lake Babine Nation review of and 
approval for the release of the TU/TEK information gathered and reported is still pending.  As 
such, TU/TEK consideration and inclusion in this section was unavailable at the time of the EA 
submission.  TU/TEK may be considered at a later date in the post-application process.  Section 6 
provides additional detail about the TU/TEK methodology and study status.  Information from 
non-native local residents, land use studies, and community consultation is still considered in the 
assessment.  

8.16.3.4 VEC Selection 
The Project could affect wildlife and wildlife habitat both directly and indirectly throughout the 
mine life.  As a result, individual wildlife species and groups of wildlife species were isolated for 
future study as VECs because of their conservation status; biological importance; and cultural, 
social, and economic value. 

Each potential wildlife VEC was screened for inclusion in the EA through an evaluation of 
baseline study results and extensive consultation.  The consultation process involved holding 
public meetings with First Nations, local interest groups including regional and local government 
officials, community representatives, and the general public.  Wildlife VECs were selected based 
on the information gathered from the baseline study, conservation status, combined with public 
feedback, and reflects a balanced and knowledgeable synthesis of a wide range of information.  
Any species or wildlife group considered a VEC must be known to occur in, or be applicable to, 
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the Project study area.  There also must be a reasonable likelihood that the VEC would be 
affected by or have an influence on the Project.  The selected Project wildlife VECs and the 
rationales for their inclusion are presented in Table 8.16-1.  VECs that were considered for 
assessment but were not included are presented in Table 8.16-2. 

Table 8.16-1 
Wildlife Valued Environmental Components in the Morrison 

Environmental Assessment 
Wildlife VEC Source1 Rationale for Inclusion 
Grizzly bear  
(Ursus arctos 
horribilis) 

COSEWIC,  
BC Province 

Provincially blue-listed, federally species of Special Concern.  Species of cultural 
significance, and economically important to local hunters and guide outfitters.  
High value foraging habitat in the Project area and presence confirmed during 
baseline studies.  Potential loss of habitat, risk of direct mortality from human- or 
vehicle-interactions.  

Moose  
(Alces alces) 

First Nation Identified as an important food source for First Nations and local hunters.  
Biologically important as keystone species. High and moderately high moose 
winter habitat throughout the RSA and presence confirmed during baseline 
studies.  Potential loss of habitat, risk of direct mortality (vehicle interactions) and 
indirect mortality (increase hunting pressure), and potential movement barrier 
created by roads and increased traffic. 

Mule deer 
(Odocoileus 
hemionus) 

First Nation Identified as an important food source for First Nation and local hunters.  
Presence confirmed in the study area during baseline studies.   

American 
marten (Martes 
americana) 

First Nation Culturally and economically important furbearer to trappers.  Biological 
importance as an indicator species.  Presence confirmed in the study area 
during baseline studies. 

Fisher  
(Martes 
pennanti) 

First Nation, 
BC Province 

Provincially blue-listed. Economically important furbearer to trappers. Biological 
importance as an indicator species.  Presence confirmed in the study area 
during baseline studies. 

Western Toad  
(Bufo boreas) 

Canada 
Species at 
Risk Act 
(SARA) 

Species of Special Concern under Schedule 1 of SARA.  Biological importance 
as indicator species.  Confirmed presence in wetlands during baseline studies.  
Potential loss of breeding habitat and direct mortality. 

Waterfowl Migratory 
Birds 
Convention 
Act, BC 
Wildlife Act, 
First Nation 

Individuals, eggs, and active nests protected under Migratory Birds Convention 
Act and BC Wildlife Act.  Group includes economically and culturally important 
waterfowl species.  Confirmed presence on wetlands during baseline studies.  
Cavity-nesting species may be affected by changes in forest habitat. 

Forest Birds Migratory 
Birds 
Convention 
Act, BC 
Wildlife Act 

Individuals, eggs, and active nests protected under Migratory Birds Convention 
Act and BC Wildlife Act.  Confirmed presence of 56 species in the study area 
during baseline studies. 

Raptors (bald 
eagle, osprey) 

BC Wildlife 
Act, First 
Nation 

Nests and certain raptors protected under BC Wildlife Act.  Active bald eagle 
nests (3) and osprey observed on Morrison Lake.  Potential disturbance and 
direct mortality during vegetation clearing, potential poor water quality issues.  

1 Indicates document/group that identified the importance of the potential VEC. 
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Table 8.16-2 
Wildlife Valued Environmental Components Excluded from the 

Morrison Environmental Assessment 
Wildlife VEC Source1 Rationale for Exclusion 

Grouse spp.  
(Bonasa umbellus, 
Dendragapus 
canadensis, 
Dendragapus 
obscurus) 

First 
Nation 

Not listed under COSEWIC and Yellow-listed (Secure) in BC. Potential 
Project effects reflected by forest species assessments. 

Black Bear 
(Ursus americanus) 

First 
Nation 

Economically and culturally important species. Effects of the Project will be 
captured by analyses of changes in grizzly bear habitat. 

Beaver 
(Castor canadensis) 

First 
Nation 

Species of cultural significance. Not listed under COSEWIC and Yellow-
listed (Secure) in BC. Potential effects of Project on beaver dams and 
lodges are covered under separate permitting process under BC Wildlife 
Act. 

Grey wolf 
(Canis lupus) 

First 
Nation 

Considered not-at-risk under COSEWIC and Yellow-listed (Secure) in BC. 
Species of cultural significance. Prey species included in assessment 
(moose and mule deer), and potential effects of Project would be captured 
by analyses of changes in forest habitat and by considerations of other 
wide-ranging carnivores like grizzly bears.  

Bluebird 
(Siala spp.) 

First 
Nation 

Species of cultural significance.  May occur in the study area, but not found 
during baseline studies.  Effects of Project would be captured by analyses 
of changes in forest bird habitat 

Muskrat 
(Ondatra zibethicus)  

First 
Nation 

Species of cultural significance.  May occur in the study area, but not found 
during baseline studies.  Potential effects of Project on muskrat dams and 
lodges are covered under separate permitting process under BC Wildlife 
Act.  Other potential effects of Project would be captured by analyses of 
changes in wetland habitat. 

Porcupine 
(Erethizon dorsatum) 

First 
Nation 

Species of cultural significance.  Effects of Project would be captured by 
analyses of changes in forest habitat and by considerations made for 
American marten and fisher. 

Frog 
(Rana spp.) 

First 
Nation 

Species of cultural significance.  Presence of two species (Columbia 
spotted frog and northern wood frog) confirmed in the baseline studies.  
Both are considered not-at-risk under COSEWIC and Yellow-listed (Secure) 
in BC.  Effects of Project would be captured by analyses of changes to 
wetland habitats. 

Caribou 
(Rangifer tarandus) 

First 
Nation 

Species of cultural significance.  Unlikely to occur in the study area, not 
found during baseline studies. 

Rabbit 
(order Lagomorpha) 

First 
Nation 

Species of cultural significance.  Snowshoe hare found during baseline 
studies.  Effects of Project would be captured by analyses of changes in 
forest habitat. 

1 Indicates document/group that identified the importance of the potential VEC. 

8.16.4 Identification and Description of Potential Effects 
The wildlife effects assessment was designed to address the potential effects raised in 
Section 6.10 of the TOR.  This section provides a broad overview of each of the following four 
potential effects on wildlife in general.   

1. Habitat loss or alteration of terrestrial and wetland habitats 
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2. Physical hazards (factors that alter mortality, disrupt movements, and attract wildlife) 

3. Chemical hazards 

4. Sensory disturbance 

The following sections (8.16.5 to 8.16.13) are VEC-based and assess the risk of the Project 
effects on each VEC.  The duration and frequency of each potential effect was taken into account 
when determining the effects of greatest concern.  For example, an effect that occurs 
continuously throughout the life of the Project is likely to be of greater concern than a short-term 
effect that is confined to a discrete time period.  Each VEC-based section is subdivided 
according to the issues deemed to be of concern for that VEC (Table 8.16-3).  Where applicable, 
mine component (e.g., mine site or haul road) or development phase (e.g., construction or 
operations) effects are also discussed.  Within each section the likely effects of the Project on 
wildlife VECs are predicted and discussed, and the nature and extent of these effects assessed.  
The significance determination criteria used to assess the potential Project effects on wildlife are 
provided in Table 8.16-4.  A detailed description of the effects assessment methodology and 
variables are presented in Chapter 5.  

Some Project components will be developed in or adjacent to habitats or areas that are already 
modified (e.g., existing forestry activity) or fragmented (e.g., by Hagan Forest Service Road 
(FSR) and other forestry roads).  This could be either positive (i.e., species assemblages in the 
area have already changed and/or adapted to modification) or negative (i.e., habitats and/or 
species may be approaching thresholds or limits beyond which a measured change from baseline 
could occur) and was considered when predicting and assessing the nature and extent of effects 
on wildlife. 

Table 8.16-3 
Summary of Potential Effects Assessed for Wildlife VECs 

Physical Hazards  
and Attractants 

Sensory 
Disturbance 

VEC 

Habitat 
Loss or 

Alteration Mortality
Disruption 

of Movement
Chemical 
Hazards Noise Light 

Population- 
Level Effects 
(combined) 

Grizzly Bear X X X X X - X 
Moose X X X X X - X 
Mule Deer X X X X X - X 
American 
Marten 

X X X X X - X 

Fisher X X X X X - X 
Western Toad X X X X X - X 
Waterfowl X X X X X - X 
Forest Birds X X X X X X X 
Raptors X X X X X - X 
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Table 8.16-4 
Description of the Extent of Potential Effects  

Negligible Very slight change from the baseline conditions such that no discernible effect upon the 
local ecology/environment results.  No change in ecological classification. 

Minor Small but noticeable shift away from the baseline conditions.  Changes in environmental 
quality, etc., are likely to be relatively small, or be of a minor temporary nature such that 
ecology or environmental characteristics are slightly affected.  Equivalent to minor but 
measurable change within a class. 

Moderate A significant and noticeable shift from the baseline conditions that may be long term, or a 
high degree of change for a temporary period.  Results in a change in ecological status. 

Major Major shift away from the baseline conditions, fundamental change to environmental 
conditions.  May involve a relatively high degree of change for a long-term period, or by a 
very high amount for a shorter episode.  Ecology or environmental quality is greatly changed 
from the baseline situation. 

 

Population-level effects resulting from the combined effects of habitat loss and/or alteration, 
physical hazards and attractants, chemical hazards, and sensory disturbances may occur.  Often, 
the overall impact of multiple effects may be greater than they are in isolation, as one effect may 
weaken the resilience of a VEC to a subsequent or concomitant effect.  Therefore, the overall 
effects, which include the additive and sometimes multiplicative impacts of multiple effects, are 
assessed for each VEC.  The outcome of this evaluation highlights the wildlife VECs at the 
greatest overall risk of negative effects due to the Project.  The predicted overall significance of 
effects on each VEC is summarized at the end of this effects assessment in Section 8.16.14 
(Table 8.16-21).  

Proposed measures for avoiding, controlling, mitigating, and managing Project-related effects on 
wildlife are briefly summarized for each VEC and relevant effect.  Details of wildlife and 
wildlife habitat management and monitoring plans are further described in Section 13.10 
(wildlife management plan) and Section 14.9 (wildlife effects monitoring program).  

8.16.4.1 Habitat Loss or Alteration 
Habitat loss or alteration can result in direct and indirect effects on wildlife.  Wildlife habitat will 
be directly lost through clearing and modifying habitat during the construction phase of the mine 
site and TSF, mine roads, and transmission line corridor.  Wildlife habitat may also be reduced in 
value or functionally lost through indirect means such as habitat fragmentation, noise avoidance, 
and other activities associated with mine construction and operation.  This section outlines how 
direct habitat loss is quantitatively assessed for each VEC and reviews potential effects and 
considerations of indirect habitat loss on wildlife in general. 

Direct Habitat Loss 
Direct habitat loss is quantified through habitat suitability mapping conducted during baseline 
studies.  Habitat suitability mapping was completed for grizzly bear, moose, mule deer, American 
marten, and fisher in the RSA (Appendix 37).  The amount of suitable habitat that will be lost for 
these species because of the Project was calculated by overlaying the footprint of the mine 
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components with habitat models for each species.  The habitat rankings associated with the 
models, as well as baseline information, show the quality and use of the habitats that will be lost or 
degraded during the mine life.  As defined in Section 7.16, “suitable” habitat includes areas 
assigned a ranking of High (1), Moderately High (2), or Moderate (3) for grizzly bear, moose, and 
mule deer and High (H) or Moderate (M) for American marten and fisher.  The habitat assessment 
includes four categories of loss or alteration: lost (temporary and permanent), heavily degraded, 
lightly degraded, and fragmented (Figure 8.16-1).  Some of these lost or altered areas are 
temporary as they will be reclaimed during post closure (Section 16); however, habitat suitability 
of these areas for specific species will likely not reflect pre-disturbance conditions.  The habitat 
rankings for the areas associated with the species-specific habitat models provided the basis for 
discussion of the availability and quality of habitats to be lost, degraded, or fragmented.     

Habitat suitability mapping was not undertaken for toads, waterfowl, forest birds, and raptors.  
Western toads and waterfowl use wetland habitats during the breeding period, and therefore the 
assessment of habitat loss for these species focus on the amount of wetland habitat loss as a 
result of Project development.  Effects of habitat loss on forest birds and raptors are evaluated in 
a more qualitative manner, through consideration of habitat requirements within the study area. 

Indirect Habitat Loss 
In addition to direct habitat loss resulting from Project development, wildlife habitat may be 
reduced in value and effectively lost through indirect means such as habitat avoidance resulting 
from human presence and noise associated with mine construction and operation.  Such avoidance, 
particularly surrounding roads, has been documented for black bears (Ursus americanus; Brody 
and Pelton 1989), grizzly bears (Ursus arctos; McLellan and Shackleton 1988), wolves (Canis 
lupus; Thurber et al. 1994), bobcats (Felis rufus; Lovallo and Anderson 1996), and caribou 
(Rangifer tarandus; Klein 1979).  There is also some evidence that traffic noise can disrupt avian 
communities (Reijnen et al. 1995; Reijnen, Foppen, and Meeuwsen 1996). 

Indirect effects on wildlife and wildlife habitat can also result from dust created by vehicle traffic, 
habitat fragmentation, edge effects, and invasive species establishment.  Road dust can be lethal to 
amphibians in aquatic habitats close to the road and could also alter vegetation along the roadside, 
affecting wildlife habitat.  Linear developments such as roads, transmission lines, and fences can 
dissect continuous habitat, resulting in smaller fragmented habitat patches.  Habitat fragmentation 
reduces the total available habitat because some animals will not use isolated patches of habitat.  
The loss of intermediate habitat patches (“stepping stones”) may also contribute to population 
fragmentation (Trombulak and Frissell 2000).  Smaller, isolated populations are more vulnerable to 
genetic changes caused by factors such as inbreeding (e.g., (Gibeau and Heuer 1996).   

Fragmented forest habitats also result in higher edge-to-interior ratios, or edge effects.  Forest 
edges have a different set of environmental conditions (e.g., chemistry, temperature, and humidity) 
compared to forest interiors.  The loss of interior habitat is of concern for edge-sensitive species 
and smaller overall patch sizes may result in the loss of area-sensitive wildlife.  Indirect habitat loss 
can also result from the spread of undesirable or invasive plants and animals (Seabrook and 
Dettmann 1996; Parendes and Jones 2000), particularly along linear corridors.  Invasive species 
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have the ability to compete with and replace native vegetation and wildlife when introduced into 
natural settings, indirectly resulting in the loss of available habitat for native species.   

Many authors consider the effects of indirect habitat loss to be greater on some species than 
those attributed to direct habitat loss (Jalkotzky, Ross, and Nasserden 1997).  The effects on 
wildlife of indirect habitat losses will vary according to Project phase and component and the 
availability, quality, and use of those habitats affected in the area.  The mechanisms of indirect 
habitat loss for the Project involve physical hazards that fragment habitat and disrupt movement, 
human presence, noise, and other sensory disturbances that lead to habitat avoidance, and 
chemical hazards.  These issues are addressed in subsequent sections of this chapter. 

8.16.4.2 Physical Hazards and Attractants 
Physical hazards include Project components that may cause direct or indirect wildlife mortality 
or disrupt normal wildlife movement patterns.  This section reviews the potential effects of direct 
mortality from vehicle traffic and increased hunting pressure and indirect mortality from 
attractants on wildlife in general.  The potential effects of Project roads, transmission line, and 
mine infrastructure on wildlife movement patterns are also discussed.  Mortality effects 
associated with contaminated water are discussed in the chemical hazard section. 

Mortality 
Vehicle Traffic 
Currently, the main users of the FSRs within the study area are residents of Granisle and Topley 
Landing, visiting recreationalists, and forestry trucks.  The current level of use of these FSRs is 
low because of ongoing reforestation efforts, but has been higher in the past.  Canfor anticipates 
that forestry activities in and around the Project study area will increase as early as two years 
(2011) from now (2009).  This would result in a renewed influx of logging truck traffic along 
these FSRs, up to an estimated 10 logging trucks per day (Section 7.18 Land and Resource Use).  
The amount of vehicle traffic on the access road and roads within the mine site area will increase 
in response to the intensity of mine-related activities.  During mine operations, an estimated total 
of 20 vehicle return trips (or 40 vehicle trips daily) will be travelling between the barge at Nose 
Bay and the mine site along the access road per day (Section 8.18).  Some of this travelling will 
occur at night.   

Vehicle-related mortality is a principal effect of concern for wildlife.  Road impacts are cited as 
one of the major causes of mortality for a variety of wildlife species, sometimes with population-
scale consequences (Vieira 1999; Kerley et al. 2002; Deem and Emmons 2005).  Individuals of 
virtually all wildlife species living near a road could be involved in vehicle collisions.  Collisions 
between animals and vehicles also have implications for human safety, because colliding with a 
large animal or swerving off the road to avoid an animal could seriously damage vehicles and 
harm drivers and occupants. 
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Collisions between wildlife and vehicles are almost always lethal, with mortality rates greater 
than 80% documented for large animals and higher for smaller species (Seiler, Helldin, and 
Seiler 2004).  Significant numbers of animals are killed on roads each year (Forman 2000; 
Erritzoe, Mazgajski, and Rejt 2003).  However, reported numbers are underestimated because the 
rates are not corrected for carcasses removed by scavengers, injured animals moving away from 
the road, or animal remains that are too scattered or difficult to identify, particularly for small 
animals (Aresco 2005).  Taking into account these losses, actual roadkill rates are 12 to 16 times 
the recorded levels (Slater 2002). 

Most animals do not have innate or learned aversions to roads or roadside habitats.  In fact, roads 
may be selected as preferred habitat for some species and become population sinks (i.e., where a 
breeding group becomes isolated and diminished, and cannot produce enough offspring to 
maintain itself over time without immigrants from other populations) (Rosen and Lowe 1994; 
Mumme et al. 2000).  In addition, wildlife is more susceptible to vehicle collisions during certain 
times of the day and year.  Some species are more active at dawn and dusk (highly crepuscular), 
while others are nocturnal and more active at night.  During these periods visibility is low and the 
chances of vehicle strikes are relatively higher.  The distribution of animal roadkills throughout a 
landscape also follows general geographic and structural patterns.  Most casualties occur near 
water sources where shrub and vegetation cover is greater than in the surrounding area, at curves in 
the road, and during seasons corresponding to highest animal activity (i.e., breeding and 
dispersing; Drews 1995; Romin and Bissonette 1996; Main and Allen 2002; Nielsen, Anderson, 
and Grund 2003; Lee et al. 2004; Saeki and MacDonald 2004; Guter et al. 2005; Hell et al. 2005). 

Hunting 
A variety of wildlife species are currently hunted or trapped in the Project area, including moose, 
mule deer, black bear, mountain goat, grizzly bear, waterfowl, and grouse.  However, most local 
hunting activity focuses on moose.  Harvest rates by recreational hunters, including both guided 
and resident hunters, are regulated by a permitting and licensing system that is administered by 
the Province of British Columbia.  Members of the Lake Babine Nation do not require permits to 
hunt in the Morrison area, but do so under a system of clan territories.  Hunting and trapping is 
allowed within one’s clan’s territory or under another clan’s territory with permission from the 
respective clan’s hereditary chief.   

Increases in hunting pressure resulting from Project development will be a function of increased 
access created by the development of the transmission line corridor, the number of additional 
people anticipated to hunt in the area, and the quality of habitat to which hunting access will be 
provided.  Access to hunting grounds within the Project area is currently provided by a network 
of forestry roads that extend into the Booker Lake area and surrounding cutblocks.  The area can 
also be accessed from the southeast through forestry roads that lead to cutblocks south of 
Nakinilerak Lake.  The main road users in the area are residents of Granisle and Topley Landing, 
visiting recreationalists, and forestry trucks.  Approximately 3.5 km of the current access road 
will receive initial maintenance and 21 km of new and upgraded road will extend within the mine 
site area.  The mine site area will be security controlled gated during Project operations, 
preventing unauthorized entry to these areas for hunting and recreational purposes.  Although a 
linear road with stream crossings is not proposed along the right of way; however, access roads 
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and trails for maintenance of the 25 km long transmission line (Section 8.13 and 13.15) could be 
used by snowmobiles and ATVs for hunting purposes. 

The number of people employed by the Project will vary by Project phase.  During the 2-year 
construction period, up to 450 personnel will be employed.  The mine will operate 24 hours per 
day, 265 days per year.  Accommodations will not be provided on-site for either the construction 
or operations phases.  Local personnel will be expected to live in their own residences and non-
local personnel will use off-site infrastructure such as existing forest service camps, as well as 
apartments and hotels (mainly in Granisle).  During operations, employees will be transported to 
the mine site by bus and will not use personal vehicles to get to work in order to cut down on 
vehicle traffic.  

The proportion of these additional people that will pursue recreational hunting or use the 
potential increase in access points to hunting areas is unknown.  Hiring practices will be 
established to promote the hiring of First Nations and local personnel (Section 13.12); therefore, 
some fraction of the workforce will not represent additional people in the general area.  Harvest 
rates are regulated through a permit system designed to maintain viable populations.  The 
additional number of recreational hunters should not result in unsustainable regulated harvests of 
moose, bear, deer, and other hunted species.  It is therefore deemed unlikely that regulated 
harvesting will result in lower populations of hunted species over the life of the Project; 
however, an increase in unregulated hunting pressure has the potential to affect certain 
populations.  Increases in unregulated harvest of moose, bear, deer, and other species resulting 
from increased human presence in the Project area likely depends largely on access. 

Wildlife Attractants 
Materials or features may capture the positive attention of wildlife.  Odours associated with food, 
food sources, incinerators, garbage, landfills, or sewage may act as wildlife attractants, 
particularly for bears, foxes, and ravens.  Regenerating vegetation on road verges, salt and 
hydrocarbons from anthropogenic activities, and road carrion along haul and access roads can 
attract wildlife to roadsides, increasing their risk of mortality (Mineau and Brownlee 2005).   

Attractants can also take the form of refuge, shelter, nesting, or roosting habitat provided by 
physical structures.  Transmission line poles are potentially attractive as nesting or perching sites 
for raptor and owl species.  Certain lights, including multi-directional beacons on towers, aircraft 
lights, and multi-directional flood lights can attract birds towards human structures resulting in 
fatal collisions (Cochran and Graber 1958; Gauthreaux Jr. and Belser 2002).   

Project development will include both materials (e.g., waste products, TSF water, and odours) 
and features (e.g., roads, transmission line, lights, and landfill) with the potential to attract 
wildlife.  The presence of these attractants poses direct and indirect mortality risks to wildlife.  
Animals may incur direct harm through ingesting toxic or unhealthy waste products or attraction 
to development features that increase their risk of mortality.  Alternatively, animals can incur 
indirect harm by becoming habituated.  Wildlife that becomes habituated can pose a threat to 
human and wildlife safety (i.e., attacks or disease transmission), which often necessitates their 
relocation or destruction. 
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Wastes and wildlife attractants will be managed in accordance with the industrial and domestic 
waste management plan (Section 13.19), as well as the wildlife management plan 
(Section 13.10).  Management strategies to minimize and mitigate wildlife attraction to mine 
features are outlined in the transmission line management plan (Section 13.15) and wildlife 
management plan (Section 13.10).  

Disruptions to Movements 
Most wildlife species exhibit short- and long-range movements.  Short-range movements occur 
during day-to-day activities within a particular season and the extent of those daily movements 
define the seasonal home ranges of the species.  Some species, such as marmots, have a single 
home range all year, while others, such as moose, maintain separate summer and winter home 
ranges.  Long-range wildlife movements are typically passages between winter and summer ranges 
or are made as young individuals disperse to new territories.  The ability to move between summer 
and winter ranges is critical when one habitat cannot support a species during both seasons.   

Similarly, dispersal is critical for maintaining local populations as it provides new breeding 
individuals and increases genetic diversity (Gill 1978; Corn and Fogleman 1984; Breden 1987; 
Sjogren 1991).  Dispersal is also important to supplement small or declining populations, and re-
colonizes local populations lost to extinction (extirpation) events.  When local population 
extinctions occur because of stochastic events such as natural catastrophes (Shaffer 1981), these 
populations are typically “rescued” by movement of individuals from neighbouring populations, 
if facilitated by habitat continuity.  Mortality during dispersal over large areas is often high 
because of young’s inexperience in predator avoidance and their lack of protection by their natal 
group from members of the same species.  However, long-term effects on a species caused by the 
disruption of metapopulation dynamics (movement and interbreeding between small 
populations) are difficult to document and may not be readily apparent until years or decades 
after development initiation (Findlay and Houlahan 1997).  

Roads, transmission lines, above-ground pipelines, and human developments can act as barriers 
to movement and subdivide animal populations.  Most of the barrier effects for wildlife in 
association with the Project are expected to stem from three main components: roads, the 
transmission line corridor, and mine infrastructure.  The following sections outline potential 
effects of these Project components on wildlife in general.  

Roads 
Wildlife species and individuals within populations are not affected to the same degree by roads’ 
potential barrier effect.  Roads may act as filters that stop some individuals and allow others to 
pass through.  However, by filtering out different species or portions of a population, habitat 
barriers can have important effects on species distributions across fragmented landscapes 
(Kozakiewicz 1993).  The width, substrate, and volume of vehicle traffic along a road will affect 
species differently.  In general, large roads with relatively high traffic volume have the highest 
effect on wildlife crossing, whereby roads with high traffic volumes generally deter animals from 
crossing and roads with lower volumes are crossed or travelled along.   
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For the Project, the access road already exists and stretches approximately 44 km from the barge 
to the mine site.  Approximately 3.5 km of the north-end of current access road requires initial 
maintenance and 21 km of new and upgraded road will be developed within the mine site area.  
During operations, traffic volume is anticipated to increase to an estimated 20 vehicles roundtrip 
(or 40 vehicle trips) travelling to and from the mine site per day, in addition to local traffic and 
forestry traffic.  Because of the general north-south orientation of roads within the Project area, 
these roads may affect wildlife populations in two ways. 

1. Increased traffic volumes along the roads may decrease the crossing by certain species 
between the east and west side of the Project.  For example, observations during baseline 
studies suggest that the land between the south end of Morrison Lake and the north end of 
Babine Lake may act as an east to west travel corridor for wildlife.  As the access road 
extends north to south across this land corridor, in addition to a variety of other rough and 
gravel forestry roads and cut-blocks that already occur in the area, increased traffic volume 
across this land bridge could affect wildlife movement. 

2. Road-clearing activities that create earth berms in the summer and high snow banks in the 
winter may prevent certain species from crossing.  High snow banks can restrict the 
movement of ungulates across the road, thus creating a movement barrier.  Conversely, if an 
ungulate is successful in gaining access to the road, the animal may become trapped by snow 
banks.   

Transmission Line Corridor 
Power from BC Hydro will be delivered to the mine site via existing and new transmission lines.  
A new transmission line ROW corridor (31-m wide) will extend approximately 25 km from the 
Bell mine site to the Morrison mine site.  The transmission line corridor may deter certain 
species such as songbirds and small mammals from crossing because of the lack of cover and 
predation risk.  The degree to which the transmission line may act as a movement barrier to some 
birds and small mammals will largely depend on the structure and height of vegetation within the 
corridor. 

The transmission line corridor may benefit large animals by acting as a movement corridor, 
particularly for bears, moose, and deer.  Transmission line corridor will have lower vegetation 
growth (from grooming) and subsequently be relatively easy to move along.  Animals such as 
bears may also be attracted to the early successional plants and berries that generally grow within 
such corridors.   

Mine Infrastructure and Movement 
The mine infrastructure will present many stimuli (see sensory disturbance section) that will 
deter most wildlife from crossing through the footprint itself.  However, the degree to which the 
mine and associated infrastructure are avoided or crossed will depend on an interplay between 
deterrents to crossing (e.g., loud noises, human presence) and attractants (e.g., improperly 
disposed lunch foods).  In most cases where proper waste management is implemented, not 
crossing the mine site is expected to be more common than attraction to it for most VECS. 
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8.16.4.3 Chemical Hazards  
Mining operations could alter metal concentrations in the environment within and surrounding 
the immediate mine footprint.  Wildlife can be exposed to metals through their respective food 
chains (Hunter, Johnson, and Thompson 1987; Ma and Van der Voet 1993).  Sites contaminated 
with mining wastes often have elevated concentrations of metals that are observable in a variety 
of wildlife species (Hunter, Johnson, and Thompson 1987; Pascoe, Blanchet, and Linder 1994, 
1996).  Toxicity issues may lead to mortality if wildlife species are exposed to high quantities or 
concentrations of metals.  Low levels are not expected to cause mortality and are more likely to 
lead to sublethal effects such as decreased health, productivity, or fitness levels. 

For this effects assessment, a chemical hazard is defined as a chemical that could cause an 
adverse health effect on wildlife receptors (or VECs) because of mine development and 
operation.  This potential depends on the type and concentration of a chemical in the 
environment and the VEC exposure pathway.  Project-related sources of chemical hazards 
include the TSF, fugitive dust from mining activities, hazardous substances, and accidental spills.  
During construction, sewage generated by construction workers will be treated at an onsite 
sewage treatment plant and the effluent discharge to an acceptable surface location, or into an 
engineered and approved tiled drainage field near the plant site.  Alternatively, sewage may be 
hauled to the Granisle STP.  Potential chemicals of concern related to the TSF and dust 
generation are outlined in the following sections. 

Hazardous substances to be used at the mine site during operations may include fuel, oil, 
hydraulic fluid, explosives, ferric sulphate, sulphuric acid, and chlorine.  Accidental spills of 
these types of substances will be prevented through handling and storage protocols and practices 
outlined in the industrial and domestic waste management plan (Section 13.19).  In the event of a 
spill, the spill contingency and emergency response plan (Section 13.18) will ensure that these 
products are immediately contained and cleaned up.  Between the time of a spill and its cleanup, 
there is the potential for acute effects on wildlife VECs in the spill vicinity.  Therefore, water, 
soils, and vegetation within the spill area will be monitored when required to ensure that the 
concentration levels are within the regulatory guidelines.  Small amounts of chemicals may be 
released to the environment from fuelling machinery or filling the storage tanks.  The release of 
such small quantities will likely have negligible effects on wildlife VECs, and therefore not 
require ongoing monitoring.   

Tailings Storage Facility 
During operations, closure, and post-closure the average metal concentrations of the water and 
sediment within the TSF is predicted to exceed several BC and/or CCME aquatic life guidelines 
(Appendix 23; see also Table 2.4-1 in Appendix 39).  The water quality model predicted to 
exceed water quality guidelines up to 99 years post-closure for seven metal concentrations 
including arsenic, cadmium, chromium, copper, lead, silver, and zinc (Table 7.2-2 in Appendix 
23).  Three additional metal concentrations (mercury, iron and nickel) will exceed either water or 
sediment quality guidelines for a period of years (up to 24 years) after closure. 

For wildlife, the risks from metal uptake normally results from soil and vegetation ingestion.  
Thus, a risk assessment was conducted for eight wildlife species to evaluate the potential effects 
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of 10 metal chemicals from the incidental ingestion, inhalation, or dermal absorption of air, 
water, soil, and/or vegetation associated with the TSF during operations (21 years) and post-
closure (>100 year; Appendix 39).  The wildlife species assessed were grizzly bear, moose, mule 
deer, American marten, fisher, barred owl, goldeneye, and red-winged blackbird.  The risk 
assessment found no potential for wildlife health risks to occur in the TSF during mining 
operations or post-closure phase. 

In addition to the risk assessment, monitoring criteria were established for heavy metals in 
wetland vegetation and aquatic invertebrates for the closure and post-closure stage of the Project 
(Appendix 39).  The monitoring criteria are the predicted maximum metal concentrations that 
would pose no potential health risk to wildlife that consume the wetland vegetation and aquatic 
invertebrates.  Upon closure and reclamation of the TSF, invertebrate tissue and wetlands will be 
monitored and compared to the monitoring criteria.  In the event that metals concentrations are 
observed to approach the monitoring criteria, adaptive management would then be initiated. 

Fugitive Dust 
Fugitive dust can be created by vehicle traffic on unpaved roads, ore transfer, truck loading and 
unloading, and blasting.  Fugitive dust will be mitigated and managed according to the air 
emissions and fugitive dust management plan (Section 13.2).  This plan ensures that the ambient 
air quality meets the Canada Wide Standards and British Columbia (BC) Ambient Air Quality 
and Pollution Control Objectives (BC MOE 2009b).  Because fugitive dust might contribute to 
elevated metal concentrations in the soil and plants proximate to mining activities, consumable 
country food tissues were evaluated for nine metals: aluminum, arsenic, barium, chromium, 
copper, iron, lead, selenium, and vanadium.  These metals were evaluated in moose, grouse 
(Phasianidae sp.), lake trout (Salvelinus namaycush), black huckleberry (Vaccinium 
membranaceium), and raspberry (Rubus sp.; Appendix 43).  Generally, the concentrations 
measured in these tissues were within ranges measured in other areas of Canada and the Arctic.  
Levels measured will act as benchmarks for detecting any changes or increases in metals that 
might occur in the future because of mine-related activity.   

8.16.4.4 Sensory Disturbance 
Sensory disturbance refers to any disturbance (noise, visual, kinaesthetic (e.g., vibrations), or 
olfactory) that has the potential to negatively effect an animal, most commonly through a 
behavioural, endocrine (e.g., acute or chronic stress reaction), or energetic response.  The 
responses of wildlife to sensory disturbance vary by species, distance to disturbance, and timing 
with sensitive periods (e.g., breeding).  Some species become acclimated, some react to each 
disturbance but remain in the area, and others avoid areas of frequent disturbance.  When 
animals react to disturbances, they may lose time and energy that is normally devoted to key 
behaviours such as feeding, breeding, or watching for predators or avoid important habitats near 
disturbance sources (Ward et al. 1999; Gibeau et al. 2002; Bautista et al. 2004).  The loss of time 
devoted to essential activities can ultimately lead to reduced body condition or health (Kraabel 
and Miller 1997), reduced reproductive success, and/or mortality of offspring and parent.  For 
example, vegetation clearing during the migratory bird breeding period could result in mortality 
of adults and young birds or eggs in the nest or abandonment of nests, potentially reducing 
reproductive success. 
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Reproductive success is defined as the number of young that each female produces that survive to 
a reproductive age.  Two key components of reproductive success are adult female longevity and 
birth rate and survival of young.  The number of years that a female survives determines how many 
young she will likely produce; thus, even small changes in the average female lifespan can result in 
rapid population changes.  Birth rate and juvenile survival depend on good female condition.  For 
instance, females in good condition will often have more, fatter, healthier offspring with an 
increased chance of surviving to adulthood.  When adult females are displaced into lower quality 
habitat, their young may be subject to lower feeding rates and lower body masses.  

Potential sources of disturbance during the construction and operations Project phases include 
noise from traffic, industry, and blasting; visual disturbance associated with lights and human 
presence; and odours (which are addressed as wildlife attractants).  Disturbances during the 
construction phase are mainly expected to be short term in duration and localized in spatial 
extent.  Of greater concern is the potential for continuous disturbance beginning at construction 
and continuing through operations and potentially into the decommissioning and closure phases.  
Species that have a limited ability to acclimate to disturbances will be at the greatest risk for 
long-term sensory disturbances.  The following sections describe the potential effects of Project-
related disturbance on wildlife in general.    

Noise  
Noise affects wildlife species differently.  The source, duration, and intensity of noise all have a 
bearing on the nature and magnitude of observed effects.  At one extreme, brief, intense, 
localized noise (e.g., blasting) can result in a physiological stress response, which is considered 
an acute effect.  At the other extreme, long-term, low-level continuous noise can result in 
population-level effects such as decreased reproductive rates and/or decreased fitness if the 
population is unable to acclimate to the disturbance.  Such a response is considered a chronic 
effect.  Habituation and adaptation can allow wildlife to accommodate noise in their 
environment, which may eventually allow the animal to overcome these effects.   

Effects of sound on a species most commonly depends on amplitude (volume) and frequency 
(pitch).  Sound levels decrease with distance from the source, and as such it is important to 
reference the distance between the source and the location of a sound pressure level (SPL) 
reading.  Different animals are sensitive to different frequency ranges; bats are sensitive to 
ultrasound (above 20 kJ) frequencies, whereas some birds (Kreithen and Quine 1979), 
amphibians (Hetherington 1992), and large mammals are sensitive to infrasound (below 20 Hz).  
Despite the species-specific nature of noise effects, limited information on reactions of all 
species to noise means that inferences about the existence and nature of potential effects must 
often be drawn from studies on other related species or taxa.  Separating the effects of noise from 
the effects of other disturbances that are present concomitant with noise (e.g., visual stimuli) can 
also be difficult.  For example, disturbances from traffic noise are difficult to causally 
disentangle from the physical/visual disturbance attributable to vehicles. 

The potential effects of Project-related noise on wildlife use outcomes of noise models 
(Section 8.21).  During construction, noise is predicted to frequently extend (to levels of 25 to 
35 dB) north along Morrison Lake from the mine site and across the southern quarter of 
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Nakinilerak Lake, as sound travels well over water (Figures 8.21-1, 8.21-2).  This is especially 
true for night-time construction noise (Figure 8.21-2), as conditions are more favourable for 
sound propagation.  During operations, noise will be present relatively consistently or frequently, 
24-hours a day, along the access road and surrounding the mine site footprint (Figures 8.21-3, 
8.21-4).  Maximum sound levels during blasting (60 to > 75 dB) are predicted to extend farther 
and at higher levels along Morrison Lake, south into the mouth of Babine Lake, and 5 to 7 km to 
the west and south of the blasting area (Figures 8.21-5, 8.21-6).  Therefore, Project noise could 
interact with wildlife VECs. 

Project-specific noise will include traffic, industrial noise, and blasting.  The following sections 
summarize these noise sources and potential effects on wildlife in general.  The Project will not 
require frequent helicopter and airplane support.  Minimal support may occur during 
construction or emergency evacuations.  Because of the lack of significant aircraft support, the 
effect of aircraft noise on wildlife VECs is not evaluated.  

Traffic Noise 
Trucks hauling ore and waste rock within the mine site and hauling mining supplies, concentrate, 
and personnel along the access road will be the main sources of anthropogenic noise along roads in 
the Project area.  The haul trucks used for the Project will comply with the manufacturer’s noise 
limits for heavy-duty trucks and Canadian guidelines.  For example, under Transport Canada, the 
maximum allowable noise level from a heavy-duty truck is 83 dB as measured 15 m from the truck 
under maximum acceleration (i.e., under the noisiest operating condition).  The rate at which this 
truck noise will attenuate along the roadsides will depend to some extent on ground cover, 
atmospheric conditions, and remaining vegetation along the access road to muffle traffic noise.  

Modelling indicates traffic associated with the Project will generate noise levels more than 55 to 
65 dB above baseline on the road, which will attenuate to approximately 25 to 30 dB 1 to 2 km 
away, depending on the surrounding landscape, vegetation, and time of day (noise travels farther 
during the night; Figures 8.21-3, 8.21-4).  At a consistent rate of two trucks per hour, traffic 
volumes and noise at the levels indicated from the model may disturb some wildlife VECs, 
particularly those using habitats immediately adjacent to the road.  Wildlife within the area are 
already exposed to traffic noise from Highway 16 and other existing roads.  However, it is likely 
that traffic will be concentrated within certain time frames during the 24-hour operations period 
and that noise may be focused within those times rather than spread evenly through the day.  

Industrial Noise 
Industrial noise consists of low-level, continuous sound produced by day-to-day operations and 
from equipment such as generators and compressors.  Additional sources of Project noise include 
portal and ventilation fans, sand- and gravel-generating machinery, and noise associated with ore 
transfer and the tailings cyclone (Figures 8.21-3, 8.21-4).  Many of these noise sources can be 
mitigated, but cannot be eliminated (Section 8.21).  At some sites, noise from industrial sources 
is likely to act cumulatively with other noises, including traffic, to create disturbance.  Thus, it 
may be difficult to distinguish the effects of industrial noise in isolation from these other sources.  
However, in remote or isolated locations where only low-level, continuous noise is produced, 
industrial noise can be considered as a separate type of noise disturbance.   
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According to noise modelling maps, industrial noise levels will occur within the mine site and 
tailings cyclone areas (Figures 8.21-3, 8.21-4).  Industrial noise levels within the southern 
portion of the mine footprint will range from >65 dB to 55 to 60 dB.  Daily average noise levels 
are slightly lower in the northern portion of the mine site, with the northern third of the footprint 
noise-free, and the mid-section mainly experiencing noise levels of 30 to 35 dB (except in 
tailings cyclone areas; Figure 8.21-3).  A similar trend is seen with average night-time sound 
levels, except sound attenuates slightly farther from the mine site during the night 
(Figure 8.21-4).  Noise levels from the tailings cyclone areas will exceed 65 dB at the centre of 
the cyclones during the day and night and attenuate to 25 to 30 dB 1 to 2 km away.    

Blasting 
Explosives and other loud sounds that are brief in duration and high intensity pose two particular 
concerns for wildlife:  (1) the potential for physiological damage from extremely high SPLs, and 
(2) the difficulty of habituating to sounds that are infrequent and/or random in occurrence.  
Therefore, each time a blasting sound is experienced it may result in a strong stress response and 
energetically expensive behaviours.  Project-related blasting will occur during access road and 
open pit construction and during potential avalanche control in the winter. 

Based on model assumptions (Section 8.21), blasting during construction and operations is 
predicted to generate noise levels of >75 dB near the southern end of the mine footprint 
(Figures 8.21-5, 8.21-6).  Noise levels of more than 75 dB will radiate outwards for up to 2 km 
during construction with levels of 63 dB propagating to the north end of Morrison and 
Nakinilerak lakes (Figure 8.21-5).  Sound levels of up to 60 to 63 dB are also anticipated to 
travel northwest and northeast within forested areas approximately 7 km away from the blast 
origin.  Noise levels ranging from 60 to 69 dB are expected to propagate 10 km southwest and 
southeast from the blast origin (Figure 8.21-5).   

During operations, blasting noise will be partially attenuated by pit walls.  Noise levels of 63 to 
69 dB are anticipated to extend northwest up to 6 km from the blasts along the valley and 
Morrison Lake, which will attenuate to levels of 60 to 63 dB for an additional 2 km 
(Figure 8.21-6).  A similar pattern is seen to the southeast.  Sound at levels of 63 to 69 dB extend 
approximately 5 km directly west of the blast site and approximately 7.5 km to the southwest at 
levels of 60 to 63 dB.  Blast noise is predicted to travel less distance to the east and quickly 
attenuate because of the elevated landscape and forest.  

Visual Disturbance 
Visual disturbance can occur from human presence and artificial lighting.  Human presence does 
not affect wildlife and wildlife habitat in one single way, instead human presence and activity can 
affect wildlife and wildlife habitat through direct habitat loss, and indirectly through hunting 
pressure, attracting wildlife to human use areas and wastes, creating movement barriers, and noise 
disturbance.  Therefore, the effects of human presence on wildlife are addressed in part under other 
sections.  This section addresses the potential affects of artificial lighting on wildlife in general.  
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Artificial Light  
Artificial lighting has varying effects on wildlife groups (insects (Eisenbeis 2002), amphibians 
(Buchanan 2002; Wise and Buchanan 2002), and birds (Cochran and Graber 1958; Gauthreaux 
Jr. and Belser 2002)).  In some instances, as for nocturnally foraging frogs, the result can be 
beneficial (Wise and Buchanan 2002), but most of the time, artificial lighting interferes with 
normal animal behaviours and is harmful.  For example, birds may be attracted to lights and fly 
off course, colliding with lit infrastructure (e.g., G. D. Johnson et al. 2002).  Artificial lighting at 
the Project will be limited to the mine and pit areas.  Lighting will likely be on continuously 
during dusk hours.  

8.16.5 Grizzly Bear 

8.16.5.1 Spatial and Temporal Boundaries for Grizzly Bear 
Because grizzly bears have a relatively large home range and use a variety of different elevations 
and habitat types among seasons, the RSA was selected as the effects assessment area.  While 
some effects, such as direct mortality, may affect individual grizzly bears moving through the 
LSA, other effects, such as sensory disturbance and functional habitat loss, may affect the use of 
habitat by the local grizzly bear population within the RSA.  Effects that extend beyond the RSA, 
and potentially involve interactions with other proposed/existing projects are in the cumulative 
effects assessment section for wildlife (Section 11.13).   

Grizzly bears use many different habitat types among seasons to meet their metabolic demands. 
Often, grizzly bears move among habitats based on where the most edible vegetation is, which 
may vary seasonally and with elevation and aspect.  During the winter months, grizzly bears are 
in hibernation, and thus Project considerations during the winter season mainly pertain to 
activities that could occur near denning sites, such as avalanche blasting and control.  Grizzly 
bears prefer to den at high elevations, at or near the treeline below the ridge crest, where mid-
winter thaws are unlikely.  This habitat type is limited in the RSA, and therefore Project effects 
will mainly be evaluated for their effects on spring, summer, and fall grizzly bear habitat.   

Potential Project effects on grizzly bear are anticipated to start during the construction phase and 
continue through operations and into decommissioning/closure.  The post-closure Project phase 
is expected to have a substantially lesser effect on grizzly bear.   

8.16.5.2 Potential Effects on Grizzly Bear 
Table 8.16-6 (at the end of this section) summarizes potential Project effects considered, 
applicable mitigation measures, and residual results for grizzly bear.  The following sections 
describe each of these potential effects on grizzly bear.  

8.16.5.3 Habitat Loss or Alteration 
Grizzly bears are omnivorous and exploit different resources throughout the year.  During the 
spring, grizzly bears are found at low elevation sites, such as riparian areas, where vegetation 
emerges after the snowpack melts (Ash 1985).  Grizzly bears may migrate to higher elevations in 
the summer as vegetation in those areas emerges.  During the fall, grizzly bears feed on berries 
and may descend to lower elevation areas that have suitable forage (BC MWLAP 2004). 
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Modelling of suitable habitat that supports grizzly bears was conducted for the spring, summer, and 
fall seasons (Appendix 37).  Suitable habitat for grizzly bears near the access road and the mine 
site infrastructure were identified within the RSA, mostly at lower elevations in the valley bottoms 
for the spring, early summer, and fall models.  The amount of grizzly bear habitat lost, heavily 
degraded, lightly degraded, or fragmented because of the Project is presented in Table 8.16-5. 

Table 8.16-5 
Grizzly Bear Spring, Summer, and Fall Habitat Lost, Heavily Degraded, 

Lightly Degraded, and Fragmented in the LSA and RSA  
  Area Altered (Ha) (%LSA) (%RSA) 

Season 
Habitat 
Quality Lost 

Heavily 
Degraded 

Lightly 
Degraded Fragmented Total Altered 

High 2.38 Ha        
(8.6%) (0.5%) 

0.0 Ha   (0.0%) 
(0.0%) 

0.0 Ha       
(0.0%) (0.0%) 

0.0 Ha       
(0.0%) (0.0%) 

2.38 Ha  
(8.6%) (0.5%) 

Spring 

Moderately-
high 

7.29 Ha      
(1.2%) (0.2%) 

3.63 Ha (0.6%) 
(0.1%) 

7.29 Ha     
(1.2%) (0.2%) 

6.26 Ha     
(1.0%) (0.1%) 

24.46 Ha  
(4.0%) (0.6%) 

Moderate 1003.09 Ha 
(8.4%) (1.6%) 

148.18 Ha 
(1.2%) (0.2%) 

317.70 Ha 
(2.7%) (0.5%) 

250.74 Ha 
(2.1%) (0.4%) 

1719.70  
Ha (14.3%) (2.7%) 

Low 118.89 Ha 
(8.3%) (1.5%) 

28.32 Ha 
(2.0%) (0.4%) 

51.14 Ha   
(3.6%) (0.7%) 

13.51 Ha   
(1.0%) (0.2%) 

211.87  
Ha (14.8%) (2.7%) 

Very Low 56.25 Ha   
(4.1%) (0.7%) 

8.49 Ha (0.6%) 
(0.1%) 

18.04 Ha   
(1.3%) (0.2%) 

22.47 Ha   
(1.7%) (0.3%) 

105.25  
Ha (7.8%) (1.2%) 

Spring 

Nil 1.7 Ha       
(4.6%) (0.3%) 

0.03 Ha (0.1%) 
(0.0%) 

0.04 Ha     
(0.1%) (0.0%) 

0.0 Ha       
(0.0%) (0.0%) 

1.77  
Ha (4.8%) (0.3%) 

High 157.26 Ha 
(4.3%) (0.9%) 

45.11 Ha 
(1.2%) (0.3%) 

112.51 Ha 
(3.1%) (0.7%) 

77.46 Ha   
(2.1%) (0.5%) 

392.34  
Ha (10.7%) (2.3%) 

Moderately-
high 

686.77 Ha 
(10.0%) 
(2.0%) 

90.47 Ha 
(1.3%) (0.3%) 

177.76 Ha 
(2.6%) (0.5%) 

141.66 Ha 
(2.1%) (0.4%) 

1096.66 Ha  
(15.9%) (3.2%) 

Moderate 
268.12 Ha 
(11.1%) 
(1.6%) 

19.49 Ha 
(0.8%) (0.1%) 

41.86 Ha   
(1.7%) (0.3%) 

46.59 Ha   
(1.9%) (0.3%) 

376.06 Ha  
(15.6%) (2.3%) 

Low 110.71 Ha 
(5.1%) (0.7%) 

31.36 Ha 
(1.4%) (0.2%) 

56.99 Ha   
(2.6%) (0.4%) 

20.59 Ha   
(0.9%) (0.1%) 

219.65 Ha  
(10.0%) (1.4%) 

Very Low 9.02 Ha    
(4.2%) (0.6%) 

2.19 Ha (1.0%) 
(0.2%) 

5.05 Ha     
(2.3%) (0.4%) 

6.67 Ha     
(3.1%) (0.5%) 

22.93 Ha  
(10.6%) (1.6%) 

Summer 

Nil 2.68 Ha    
(7.2%) (0.4%) 

0.06 Ha  
(0.2%) (0.0%) 

0.05 Ha     
(0.1%) (0.0%) 

0.0 Ha       
(0.0%) (0.0%) 

2.78 Ha 
 (7.5%) (0.4%) 

(continued) 
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Table 8.16-5 
Grizzly Bear Spring, Summer, and Fall Habitat Lost, Heavily Degraded, 

Lightly Degraded, and Fragmented in the LSA and RSA (completed) 
  Area Altered (Ha) (%LSA) (%RSA) 

Season 
Habitat 
Quality Lost 

Heavily 
Degraded 

Lightly 
Degraded Fragmented Total Altered 

High 157.26 Ha 
(4.3%) (0.9%) 

45.11 Ha 
(1.2%) (0.3%) 

112.51 Ha 
(3.1%) (0.7%) 

77.46 Ha   
(2.1%) (0.5%) 

392.34 Ha  
(10.7%) (2.3%) 

Moderately-
high 

641.61 Ha 
(9.7%) (2.0%) 

87.21 Ha 
(1.3%) (0.3%) 

171.27 Ha 
(2.6%) (0.5%) 

138.16 Ha 
(2.1%) (0.4%) 

1038.25 Ha  
(15.8%) (3.2%) 

Moderate 302.01 Ha 
(9.8%) (1.4%) 

20.00 Ha 
(0.7%) (0.1%) 

43.18 Ha   
(1.4%) (0.2%) 

44.10 Ha   
(1.4%) (0.2%) 

409.29 Ha 
 (13.3%) (1.8%) 

Low 121.97 Ha 
(6.7%) (1.1%) 

34.11 Ha 
(1.9%) (0.3%) 

62.16 Ha   
(3.4%) (0.6%) 

26.58 Ha   
(1.5%) (0.2%) 

244.82 Ha ( 
13.5%) (2.2%) 

Very Low 9.02 Ha    
(3.5%) (0.6%) 

2.19 Ha (0.8%) 
(0.2%) 

5.05 Ha     
(1.9%) (0.4%) 

6.67 Ha     
(2.6%) (0.5%) 

22.93 Ha  
(8.8%) (1.6%) 

Fall 

Nil 1.70 Ha    
(4.6%) (0.3%) 

0.03 Ha (0.1%) 
(0.0%) 

0.04 Ha     
(0.1%) (0.0%) 0 (0.0%) (0.0%) 1.77 Ha  

(4.8%) (0.3%) 

First % is amount altered in LSA; second % is amount altered in RSA. 
Suitable habitat is defined as High + Moderately-high + Moderate. 

A notable portion of grizzly bear habitat in the LSA will be lost or degraded because of the 
Project.  The functional percentage of suitable habitat lost or heavily degraded in the LSA and 
RSA in each season is: spring: 9.2% (LSA), 1.7% (RSA); summer: 9.8% (LSA), 1.9% (RSA); 
fall: 9.4% (LSA), 1.7% (RSA).  The loss of close to 10% of habitat in the LSA in all seasons will 
likely have an effect on grizzly bears habitat use within the LSA.  However, this effect is not 
likely to be as great as it would be for less mobile species with a smaller home range or species 
that are strictly confined to the LSA.  Some grizzly bears may be displaced into other areas 
surrounding the Project and close to 98% of the original habitat in the RSA will remain to 
support grizzly bears.  If the habitat that bears are displaced into is not as high in quality as the 
habitat lost, the displacement may result in a diminished body condition or reduced 
reproductivity.  Increased intraspecific competition for the highest quality habitat remaining 
outside of the RSA may also force some grizzly bears, likely younger and smaller males, into 
less optimal habitat. 

While some habitat will be lost, other habitat could be indirectly created.  For instance, new, 
early successional vegetation growing along the transmission line corridor may attract bears.  
The open habitat increases direct sunlight, potentially allowing an earlier snowmelt and higher 
availability of green plants for forage earlier in the spring.  However, attracting bears to locations 
where they may interact with humans is not desirable for safety reasons for both parties.  

In the absence of mitigation during construction, operations, decommissioning/closure, and post-
closure phases, the effect of habitat loss on grizzly bears is predicted to be of a minor extent.   
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Mitigation and Management of Habitat Loss on Grizzly Bear 
Mitigation and enhancement cannot eliminate the effect of habitat loss on grizzly bears, as the 
Project footprint exists within the constraints of the Project design and engineering 
considerations.  Mitigation possibilities that may be applied include (Section 13.10):  

• Maintain and prohibit mine-related human activity within the potential habitat corridor 
between Morrison and Babine lakes and reduce the speed of vehicles travelling across this 
area.  This may allow for easier grizzly bear movement between the west and east sides of 
the Project area.  Grizzly bears can thereby travel to new habitat if required (e.g., if 
sufficient habitat required to sustain them is no longer present for a season for the density 
of bears using it), or if they are displaced from the LSA.   

• Reclaim disturbed habitat to reflect pre-disturbance values after mine closure. 

Potential Residual Effect of Habitat Loss on Grizzly Bear 
The residual effect of habitat loss caused by the footprint is still expected to be of medium 
magnitude, local geographic extent, with long-term duration, and continuous frequency.  Effects 
of habitat loss are reversible in the long term with a suitable closure and reclamation plan.  After 
mine closure, disturbed habitat will be reclaimed; however, areas of permanent habitat loss will 
likely be the pit, plant site, TSF, road infrastructure, and seepage collection ditches.  In 
consideration of grizzly bears’ large home ranges and the availability of suitable habitat 
remaining in the RSA, the residual effect of habitat loss following mitigation is thus expected to 
be of negligible significance.    

8.16.5.4 Physical Hazards and Attractants 

Mortality  
The probability of vehicle collisions with grizzly bears is expected to vary along the mine access 
road.  Areas of greater concern include sections where the alignment is relatively straight and 
vehicle speed limits are higher, where there are blind turns, or where habitat adjacent to the 
roadway is suitable for grizzly bears as identified in the habitat suitability baseline report 
(Appendix 37).  Seasonal differences in behaviour may also make grizzly bears more vulnerable 
to vehicle strikes at certain times of the year.  For instance, when grizzly bears first emerge from 
dens in early spring, they tend to be less cognizant of potential dangers than later in the summer.  
Grizzly bears may be attracted to forage of early seral stage vegetation that can establish in 
disturbed sites such as along the edges of the access road.  Other attractants to the road include 
vehicle-killed wildlife (carrion) or waste discarded from vehicles.  Attractants on or near roads 
can increase the time that bears spend along roads, and hence increase their risk of mortality. 

Mortality resulting from attraction to human-used sites can also contribute to overall mortality of 
grizzly bears, and pose safety risks to humans.  Bears may become problem animals if they are 
attracted to human-created wastes and foods, requiring their relocation (which can increase their 
death rate) or destruction.  Based on data from Yellowstone National Park, Schwartz et al. (2006) 
concluded that bears that come into conflict with humans have a higher probability of dying 
within a year of the conflict.  Problem bears are destroyed for human safety, or are often 
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relocated into territories occupied by other bears or have relatively less suitable habitat leading to 
lower survival.  Effects are greater if the bears that live in closer proximity to humans are 
females.  However, if problem grizzly bears remain trouble free for ≥2 years, their survival rate 
returns to that of unmanaged bears.  These results demonstrate that managers need to make 
efforts to minimize or eliminate potential conflict situations (e.g., proper storage and removal of 
garbage, an attractant management program) to maintain a high rate of survival of grizzly bears 
near human developments (Schwartz et al. 2006).   

Indirect mortality of grizzly bears as a result of increased hunting pressure may be of far greater 
magnitude and concern than direct morality (Ross 2002).  Grizzly bears could be at risk from 
increased hunting and poaching pressure if the Project increases human use of and access to the 
area.  Grizzly bear hunting is regulated by a quota system in BC, and over-harvest caused by 
registered hunter kills in the area is considered unlikely.  The existing Project access road is not 
gated or regulated.  There will be a security gate to the entrance of the mine site with regulated 
entry.  No personal vehicles will be brought to site, reducing the possibility of unauthorized 
vehicular access into the area.  The mine access road (and the portion of the existing Jinx road 
contained therein) will also be decommissioned upon mine closure; the Hagan FSR will not be 
decommissioned.  No hunting or fishing will take place on the mine site, but there could be 
increased fishing/hunting activities occurring in the personal time of mine employees within the 
larger area.  

Finally, if grizzly bear dens are nearby, and particularly below areas of avalanche blasting for the 
Project, induced avalanches or the explosion itself could cause the collapse of grizzly bear dens 
and subsequent deaths of animals inside.  Implementation of avalanche control measures is 
expected for the Project (Section 10.5.2), and potential avalanche zones where measures may be 
implemented that overlap potential denning habitat include the lower slopes of Hearne Hill.  As 
grizzly bear den locations are often not known prior to blasting, the frequency with which this 
effect occurs with similar project developments is not well-known.  

In the absence of mitigation during the active life of the mine (i.e., construction, operations, and 
decommissioning/closure phases), the potential Project effects on mortality of grizzly bears are 
predicted to be of moderate extent.   

Mitigation and Management of Mortality on Grizzly Bears 
Mitigation that may reduce the rating of this effect on grizzly bear mortality includes 
(Section 13.10):  

• conduct employee education programs for working around wildlife; 

• avoid trapping wildlife on the access road by managing bank height;  

• minimize potential vehicle-related wildlife mortalities (speed limits and signage in areas 
of grizzly bear crossing); 

• document cases and locations where collisions between wildlife and vehicles have 
occurred or have a higher likelihood of occurring (i.e., locations where wildlife are 
attracted to the haul road for foraging, travel, or crossing);  
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• minimize potential wildlife attraction to the road, thereby reducing the risk of conflicts 
between vehicles and wildlife;  

• prohibit hunting in the Project area; 

• limit public access to the Project area; 

• avoid human activity near identified key wildlife habitats during sensitive wildlife 
periods (e.g., denning); 

• prohibit littering in the Project area; 

• prohibit feeding wildlife;  

• store and remove all waste and wildlife attractants. 

To minimize the potential effect of mortalities due to vehicle strikes, all traffic associated with 
the Project is expected to adhere to speed limits at all times (50 km/h, and to reduce speed in 
areas of difficult terrain or important wildlife areas).   

The effectiveness of the implemented measures should be monitored to detect their success or 
failure to mitigate for Project effects (Section 14.9).  Monitoring will identify opportunities for 
adaptive management if necessary. 
Significance of Residual Effect of Mortality on Grizzly Bears 
With the suggested mitigation, residual effects of the Project on grizzly bear mortality can be 
reduced.  However, despite adherence to mitigation (such as speed limits) the possibility of grizzly 
bear collisions with Project vehicles and from human-bear interactions is a potential residual effect.  
These mortalities may affect the overall grizzly bear population levels along the access road and 
highway, especially if females are killed, as females drive the reproductive output of the 
population.  Therefore, the residual effects following mitigation are expected to be of medium 
magnitude, regional in geographic extent, medium term in duration with sporadic frequency, and 
reversible in the long term once Project-related activities have subsided.  The residual effect of 
Project activities on mortality is thus expected to be of minor significance for grizzly bears.  

Disruption of Movements  
Grizzly bears have large home ranges with separate seasonal habitats.  Travel routes within and 
between habitats are variable and in most cases not easily identifiable in the landscape, but are 
important.  Therefore, the greatest potential effects to grizzly bear movements are when one 
seasonal habitat is completely isolated from another.  However, the Project development is 
unlikely to result in the isolation of seasonal grizzly bear habitats.  While the presence of 
physical structures such as the open pits, diversion ditches, and the TSF may affect the 
movements of individual bears, large areas of continuous suitable habitat will remain, providing 
corridors around the developments.  Therefore, alternative travel routes between suitable habitats 
will be available near the mine site. 

Roads, on the other hand, may pose a greater threat as barriers to grizzly bear movement.  
Females are particularly sensitive to road traffic, and avoid crossing large roads in some parts of 
their range (Ross 2002; Waller and Servheen 2005).  In Banff National Park, the Trans Canada 
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Highway, which has high traffic volumes, acts as a barrier to grizzly bear movement, particularly 
for female grizzly bears (Gibeau and Herrero 1998).  Waller and Servheen (2005) showed that 
bears will continue to cross roads when traffic volumes are <10 vehicles per hour.  Conversely, 
over seven years of research, grizzly bears were shown to avoid areas within 100 m of roads, 
independent of traffic volumes, suggesting that even low levels of traffic can displace grizzly 
bears (McLellan and Shackleton 1988).  However, there is evidence that bears will cross roads 
when absolutely necessary (Gibeau and Herrero 1998).  Thus, roads may not act as complete 
barriers to grizzly bear movements.  Instead, it is more likely that they displace bears from 
suitable foraging habitat, or deter more females than males from crossing, which can then lead to 
decreased social organization and impaired breeding behaviours. 

The transmission line will likely present a landscape feature that will not cause a barrier to 
movement, but could present a path of low resistance for north-south movement without the 
deterring aspect of road traffic.   

Project traffic along the access road is predicted to be approximately 1.7 vehicles per hour (over a 24-
hour operation phase).  In reality, traffic is more likely to occur in pulses, which may affect 
movement during pulse periods.  Therefore, in the absence of mitigation during the active life of the 
mine, potential effects of the Project are predicted to be of minor extent on grizzly bear movements.  

Mitigation and Management of Disruption to Movement on Grizzly Bears 
Mitigation strategies that may reduce the rating of this effect include (Section 13.10):  

• prohibit human activity in identified key wildlife habitats and movement corridors 
(particularly the land corridor between Morrison and Babine lakes);  

• manage roadside vegetation re-growth to minimize attractiveness to grizzly bears; 

• minimize potential vehicle-related wildlife mortalities (e.g., speed limits and signage in 
areas of grizzly bear crossing); 

• decrease speed limits along the access road where it bisects the potential land corridor 
between Morrison and Babine lakes;   

• document cases and locations where collisions between wildlife and vehicles have 
occurred or have a higher likelihood of occurring (i.e., locations where wildlife are 
attracted to the haul road for foraging, travel, or crossing);  

• minimize potential wildlife attraction to the road (removing road carrion), thereby 
reducing the risk of conflicts between vehicles and wildlife.  

Potential Residual Effect of Disruption to Movement on Grizzly Bears 
With the suggested mitigation, residual effects of the Project on grizzly bears’ movement can be 
substantially reduced.  Residual effects following mitigation are expected to be of low 
magnitude, landscape level in geographic extent, of medium-term duration with regular 
frequency, and effects will be reversible in the short term once Project-related activities have 
subsided.  Decommissioning the mine site roads, which will attempt to restore the previous 
habitat value, will likely aid in reducing to non-significant levels any movement effects during 
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the post-closure phase (road decommissioning will likely not take place for many years 
following the decommissioning/closure phase).  The residual effect of Project activities on 
grizzly bear movements is thus expected to be of negligible significance.  

8.16.5.5 Chemical Hazards 
Habitats within the Project area are used by grizzly bears during the spring, summer, and fall.  
Although grizzly bears hibernate for approximately six months of the year and their home range 
sizes are typically large (averaging 52 to 222 km2 for females and 137 to 804 km2 for males, 
depending on the region) (BC MWLAP 2004), it is possible that individuals may be exposed to 
heavy metals from ingesting prey animals, vegetation, soil/sediments, and water.   

A wildlife risk assessment conducted for the Project (Appendix 39) assessed the risk of metal 
uptake associated with the TSF on grizzly bear.  Results concluded the exposure ratio values for 
all heavy metals were well below the threshold exposure ratio of 0.5 for grizzly bear.  Grizzly bear 
had the lowest exposure ratio values among all receptors of potential concern, resulting from 
lower rates of soil ingestion (relative to herbivores), smaller surface area to volume ratio, and low 
exposure time because their home range is large relative to the TSF area.  The highest exposure 
ratio was 0.001 from the exposure to copper, mainly predicted to from soil ingestion.  Water 
ingestion constituted relatively minor intakes of chemicals of potential concern. 

Considering the results of the grizzly bear risk assessment, the effects of Project-related chemical 
hazards on grizzly bear are expected to be of negligible extent.  Monitoring criteria were 
established for heavy metals in wetland vegetation and aquatic invertebrates of the TSF, which 
would pose no potential health risk to wildlife that consume the wetland vegetation and aquatic 
invertebrates during the closure and post-closure stage of the Project (Appendix 39).  If wildlife 
is found to be drinking, eating, or using water or vegetation within the TSF during the closure or 
post-closure phases, invertebrate tissue and wetlands will be monitored and compared to the 
monitoring criteria.  In the event that metals concentrations are observed to approach the 
monitoring criteria, adaptive management would then be initiated to minimize the risk of metal 
uptake to wildlife.   

8.16.5.6 Sensory Disturbance 
Activity and noise associated with blasting, traffic, industrial noise, and human activity during 
Project construction and operation may alter normal grizzly bear distribution, behaviours, and 
health in the RSA.  Grizzly bears may avoid areas with frequent sensory stimuli surrounding 
Project infrastructure, leading to indirect habitat loss.  Animals may spend more time being 
vigilant or less time feeding in response to auditory or visual disturbances.  In response, animals 
may experience high metabolic stress levels (AMEC Americas Limited 2005) leading to a 
reduced body condition and a decrease in reproductive success.  This section evaluates the 
potential effects of Project-related sensory disturbances on grizzly bear distribution, feeding and 
denning habitat use, and reproductive success.  

Grizzly bears may avoid areas or alter behaviour (e.g., increase nocturnal activity (although in 
the case of 24-hour traffic and operations, increases in nocturnal activities may be unlikely)), in 
response to high levels of noise associated with roads, blasting, and other industrial activities.  
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For example, grizzly bears in BC were found to have 78 to 80% avoidance rates of logging areas 
with noise levels ranging from 60 to 106 dB (Archibald, Ellis, and Hamilton 1987).  Similarly, 
Mace and Jonkel (1984) found logging activity frequently displaced grizzly bears, although it is 
uncertain which aspect of the logging (habitat modification, human presence and activity, or 
noise) was responsible for this displacement.  Grizzly bears may avoid human activity areas, 
such as high-use roads, during human active periods (7 am to 6 pm; Mueller 2001), or avoid 
habitat near human activity altogether.  For example, major development projects and associated 
infrastructure have been found to negatively affect habitat use by grizzly bears up to a distance of 
23 km from the sites (C. J. Johnson et al. 2005).  However, in some cases, grizzly bears have 
been found to habituate to consistent and predictable road traffic and industrial noise over time 
and not be displaced from important habitats (McLellan and Shackleton 1989).  

Disturbance from human activities can result in reduced foraging time (AMEC Americas 
Limited 2005), elevated energy expenditure (Reynolds, Reynolds III, and Follmann 1986), den 
abandonment (Quimby 1974) [helicopter]; (Harding and Nagy 1980) [seismic vehicle, gravel 
mining operations]; (Swenson et al. 1997) [non-motorized human activity], and displacement 
from foraging and denning habitats (Craighead and Craighead 1972).  Linnell et al. (2000) found 
grizzly bears generally select den sites 1 to 2 km from areas with human activity, such as roads 
and industrial activity.  Activity closer than 1 km, and especially within 200 m of a den, caused 
variable responses, including den abandonment (Linnell et al. 2000).  Females and cubs, in 
particular, are vulnerable to disturbance effects at den sites (Linnell et al. 2000).  Reduced 
reproductive success of pregnant females has been documented as a result of den disturbance, 
and den abandonment has been linked to increased cub mortality (Schoen et al. 1987; Swenson et 
al. 1997; Linnell et al. 2000; Ross 2002).   

The noise effects of explosives or blasting may have a minor effect on hibernating grizzly bears 
(at greater distances from the blast) because dens are likely acoustically isolated (Linnell et al. 
2000).  However, extreme noise events close to den sites are highly likely to disturb grizzly bears 
(Amstrup 1993; Linnell et al. 2000).  Areas where avalanche control may be required in the 
Project area include the lower slopes of Hearne Hill (Section 10.5).  Although this area may have 
limited value as grizzly bear denning habitat, the potential use of this habitat for grizzly bear 
hibernation is uncertain.  Therefore, a precautionary approach should be taken to minimize 
potential disturbance to hibernating grizzly bears. 

The potential for Project-related noise to disturb grizzly bear habitat use is the highest surrounding 
the mine site, TSF, and along the access road corridor during heavy traffic periods.  According to 
the sound model developed for the Project (Section 8.21), areas where sound levels are expected to 
exceed 60 dB during the construction phase are centered around the south end of the TSF (from 
dam construction) and the west central portion of the mine footprint (from building and road 
construction; see Section 8.21, figures 8.21-1 and 8.21-2).  During the operations phase, sound 
levels exceeding 60 dB are expected to be centered in areas of general operation activities (e.g., 
mill, open pit, maintenance facilities, tailings cyclones; see Section 8.21, figures 8.21-3 and 
8.21-4).  Blasting events in the pit area could cause impulse noises of up to 82 dB as far as 2 km 
away from the pit during construction; however, impulse noises would decrease during operations 
because of attenuation with pit walls (see Section 8.21:  figures 8.21-5 and 8.21-6).   



 

 

Table 8.16-6 
Morrison Copper/Gold Project: Grizzly Bear Effects Assessment Summary Table 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Habitat Loss or 
Alteration 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Prohibit mine-related 
human activity within 
potential habitat 
corridor between 
Morrison and Babine 
lakes and reduce the 
speed of vehicles 
travelling across this 
area.  This may allow 
for easier grizzly bear 
movement between the 
west and east sides of 
the Project area.  
Grizzly bears can 
thereby travel to new 
habitat if required (e.g., 
if sufficient habitat 
required to sustain 
them is no longer 
present for a season for 
the density of bears 
using it), or if they are 
displaced from the LSA. 
• Reclaim disturbed 
habitat to reflect pre-
disturbance values after 
mine closure. 

Yes • The functional 
percentage of 
suitable grizzly bear 
habitat lost or heavily 
degraded from the 
LSA and RSA in each 
season is: spring: 
9.2% (LSA), 1.7% 
(RSA); summer: 9.8% 
(LSA), 1.9% (RSA); 
fall: 9.4% (LSA), 
1.7% (RSA). 

Medium Local Long-term Continuous Reversible 
long-term 

Neutral Negligible Medium High 

Physical 
Hazards - 
Mortality 
(Direct and 
Indirect) 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Moderate • Conduct employee 
education programs for 
working around wildlife. 
• Avoid trapping wildlife 
on the access road by 
managing bank height. 
• Minimize potential 
vehicle-related wildlife 
mortalities (speed limits 
and signage in areas of 
grizzly bear crossing). 
• Document cases and 
locations where 
collisions between 
wildlife and vehicles 
have occurred or have 
a higher likelihood of 
occurring (i.e., locations 
where wildlife are 
attracted to the haul 
road for foraging, travel, 
or crossing).•  

Yes • Mortality from the 
possibility of grizzly 
bear collisions with 
Project vehicles and 
from interactions with 
humans. 
• Increased human 
presence and activity 
resulting in 
unregulated bear 
hunting. 

Medium Regional Medium-
term 

Sporadic Reversible 
long-term 

Low Minor Medium High 

(continued) 



 

 

Table 8.16-6 
Morrison Copper/Gold Project: Grizzly Bear Effects Assessment Summary Table (continued) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

     Minimize potential 
wildlife attraction to the 
road, thereby reducing 
the risk of conflicts 
between vehicles and 
wildlife. 
• Prohibit hunting in the 
Project area. 
• Limit public access to 
the Project area. 
• Avoid human activity 
near identified key 
wildlife habitats during 
sensitive wildlife 
periods (e.g., denning). 
• Prohibit littering in the 
Project area. 
• Prohibit feeding 
wildlife. 
• Store and remove all 
waste and wildlife 
attractants. 

           

Physical 
Hazards - 
Disruption of 
Movement 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Prohibit human 
activity in identified key 
wildlife habitats and 
movement corridors 
(particularly the land 
corridor between 
Morrison and Babine 
lakes). 
• Manage road-side 
vegetation re-growth to 
minimize attractiveness 
to grizzly bears. 
• Minimize potential 
vehicle-related wildlife 
mortalities (e.g., speed 
limits and signage in 
areas of grizzly bear 
crossing). 
• Decrease speed limits 
along the access road 
where it bisects the 
potential land corridor 
between Morrison and 
Babine lakes.• 

Yes • Decreased 
movement across the 
mine site and access 
road 

Low Landscape/ 
Watershed 

Medium-
term 

Regular Reversible 
short-term 

High Negligible Medium Intermediate 

(continued) 

 



 

 

Table 8.16-6 
Morrison Copper/Gold Project: Grizzly Bear Effects Assessment Summary Table (continued) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

     Document cases and 
locations where 
collisions between 
wildlife and vehicles 
have occurred or have 
a higher likelihood of 
occurring (i.e., locations 
where wildlife are 
attracted to the haul 
road for foraging, travel, 
or crossing). 
• Minimize potential 
wildlife attraction to the 
road (removing road 
carrion), thereby 
reducing the risk 
vehicle strikes. 

           

Chemical 
Hazards and 
Attractants 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Negligible • If wildlife is found to 
be drinking, eating, or 
using water or 
vegetation within the 
TSF during the closure 
or post-closure phases, 
invertebrate tissue and 
wetlands will be 
monitored and 
compared to the 
monitoring criteria.  In 
the event that metals 
concentrations are 
observed to approach 
the monitoring criteria, 
adaptive management 
would then be initiated 
to minimize the risk of 
metal uptake to wildlife. 

No           

Sensory 
Disturbance 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Moderate • Conduct an employee 
education program for 
working around wildlife. 
• Limit public access to 
the Project area. 
• Prohibit domestic 
animals in the Project 
area. 
• Prohibit human 
activity in identified key 
wildlife habitats, near 
den sites, and 
movement corridors.• 

Yes • Disturbance to 
behaviour and 
distribution of grizzly 
bears in the RSA as a 
result of combined 
anthropogenic 
disturbances (i.e., 
noise, visual and 
odour). 

Low Local Medium-
term 

Regular Reversible 
long-term 

Neutral Minor Low Intermediate 

(continued) 



 

 

Table 8.16-6 
Morrison Copper/Gold Project: Grizzly Bear Effects Assessment Summary Table (completed) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

     Minimize sources of 
noise through noise 
control measures. 
• Minimize fugitive dust 
and noise associated 
with haul truck traffic. 
• Use a precautionary 
approach and scan for 
bear dens before 
blasting/avalanche 
control. 

           

Combined 
Effects of the 
Project 
(Population 
level impacts) 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning, 
post-closure 

Adverse           Minor   
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The Project RSA and LSA contain suitable summer foraging habitat for grizzly bear.  The extent 
of grizzly bear habitat avoidance or habituation is not certain; however, individual grizzly bears 
are anticipated to avoid the area.  In the absence of mitigation during construction, operations, 
and decommissioning/closure, the effect of sensory disturbance on grizzly bears is predicted to 
be of moderate extent.   

Mitigation and Management of Sensory Disturbance on Grizzly Bears 
Mitigation strategies that may be applied to reduce the significance of sensory disturbance on 
grizzly bear include (Section 13.10):  

• conduct an employee education program for working around wildlife; 

• limit public access to the Project area; 

• prohibit domestic animals in the Project area; 

• prohibit human activity in identified key wildlife habitats, near den sites, and movement 
corridors; 

• minimize sources of noise through noise control measures; 

• minimize fugitive dust and noise associated with haul truck traffic;  

• use a precautionary approach and scan for bear dens before blasting/avalanche control. 

Potential Residual Effect of Sensory Disturbance on Grizzly Bears 
With the suggested mitigation, the effects of sensory disturbances on grizzly bears can be 
reduced.  There is still a high probability of some disturbance to feeding, behaviour, and the 
health and reproductive success of grizzly bears in the RSA as a result of combined 
anthropogenic disturbances.  Residual effects following mitigation are expected to be of low 
magnitude, local geographic extent, medium term in duration, and with regular frequency; 
effects will be reversible in the long term.  The residual effect of sensory disturbance resulting 
from Project activities is thus expected to be of minor significance for grizzly bears.   

8.16.5.7 Overall Effect on Grizzly Bear 
Overall, individual grizzly bears are anticipated to be affected by Project development.  The 
extent of these effects on the local grizzly bear population is uncertain.  However, considering all 
aforementioned effects combined on grizzly bears, the amount of suitable grizzly bear habitat in 
the RSA, and existing human disturbance and activity (i.e., forestry, roads, and hunting) in the 
area, the overall potential Project effect on the local grizzly bear population is predicted to be of 
minor residual significance (Table 8.16-21). 

8.16.6 Moose 

8.16.6.1 Spatial and Temporal Boundaries for Moose 
Because moose have a relatively large home range and use a variety of different elevations and 
habitat types among seasons, the RSA was selected as the EA area.  Some effects, such as 
vehicle traffic, may affect individual moose moving through the LSA; while other effects, such 
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as Project roads and infrastructure, may disrupt moose movements and potentially affect the 
long-term stability of the moose population in the RSA.  Effects on moose in an area larger than 
the RSA, and potential interactions with other proposed/existing projects, will be in the 
cumulative effects assessment for wildlife (Section 11.13).   

While other seasonal habitats are important, winter habitat is generally considered the limiting 
factor in the carrying capacity of a land base for moose.  During winter, nutritional quality of 
available forage is reduced and moose metabolic demands are higher from moving through the 
snowpack and tolerating colder weather.  Therefore, a large number of effects from the Project 
will mainly be evaluated for their effects to moose winter range, for which habitat suitability 
modelling was completed.    

8.16.6.2 Potential Effects on Moose 
Table 8.16-8 (at the end of this section) summarizes potential Project effects considered, 
applicable mitigation measures, and residual results for moose.  The following sections describe 
each of these potential effects on moose.  

8.16.6.3 Habitat Loss or Alteration 
Moose are found in a variety of habitats throughout the year and migrate seasonally among 
elevations.  Moose frequent valley bottoms in winter and spring, and may also use higher 
elevation habitat (up to 2,600 m) in summer and fall (Cowan and Guiget 1978; Stevens 1983).  
In the Project area, moose or moose sign were incidentally observed frequently throughout the 
MFA, particularly near the southeast side of Morrison Lake, as well as along the proposed 
transmission line route from the southeastern tip of Morrison Lake down along Newman 
Peninsula in Babine Lake (Appendix 37).  Moose are generalists that use a variety of browse 
species, especially willow (Salix spp).  During the winter, the availability of browse and presence 
of mature forest to provide snow interception and security is generally recognized as the limiting 
factor for moose.  Therefore, modelling of suitable habitat that supports moose was conducted 
for the winter season (Appendix 37).   

Overall, a relatively high amount of suitable moose winter habitat was identified within the RSA 
(55,726 ha; or 56% of RSA).  Suitable winter habitat that will be lost or heavily degraded from 
Project development includes 9.2% of the available suitable habitat in the LSA and 1.8% of 
available suitable habitat in the RSA.  The amount of moose winter habitat lost, heavily 
degraded, lightly degraded, or fragmented because of the Project is summarized in Table 8.16-7. 

Based on an average moose home range size of 1,280 to 7,300 ha (Doerr 1983), the amount of 
suitable habitat that will be lost represents a small portion of any particular individual’s home 
range.  However, the proportion of suitable winter habitat altered relative to the available suitable 
winter habitat within the LSA (32%) and RSA (5.8%) is relatively high.  Because winter habitat is 
considered a limiting factor in the carrying capacity of the landscape for moose, a relatively high 
reduction in the amount of suitable moose winter habitat is expected to affect the local moose 
population.  In the absence of mitigation during construction, operations, decommissioning/ 
closure, and post-closure phases, the effect of the terrestrial habitat loss for moose is expected to be 
of moderate extent. 
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Table 8.16-7 
Moose Winter Habitat Lost, Heavily Degraded, Lightly Degraded and 

Fragmented in the LSA and RSA 
Area Altered (Ha) (%LSA) (%RSA) 

Season 
Habitat 
Quality Lost 

Heavily  
Degraded 

Lightly  
Degraded Fragmented Total Altered 

High 3.51 Ha     
(4.0%) (0.3%) 

0.21 Ha  
(0.2%) (0.0%) 

0.57 Ha     
(0.7%) (0.1%) 

0.60 Ha      
(0.7%) (0.1%) 

4.89 Ha  
(5.6%) (0.4%) 

Moderately-
high 

184.35 Ha  
(4.7%) (1.0%) 

48.39 Ha  
(1.2%) (0.3%) 

119.10 Ha  
(3.0%) (0.7%) 

86.66 Ha    
(2.2%) (0.5%) 

438.49 Ha  
(11.1%) (2.5%) 

Moderate 677.48 Ha  
(9.9%) (1.9%) 

87.41 Ha  
(1.3%) (0.2%) 

171.30 Ha  
(2.5%) (0.5%) 

135.11 Ha  
(2.0%) (0.4%) 

1071.30 Ha  
(15.7%) (2.9%) 

Low 306.27 Ha  
(10.9%) (1.8%) 

84.48 Ha  
(3.0%) (0.5%) 

43.69 Ha    
(1.6%) (0.3%) 

48.19 Ha    
(1.7%) (0.3%) 

482.63 Ha  
(17.1%) (2.9%) 

Very Low 60.62 Ha   
(3.6%) (0.5%) 

7.93 Ha  
(0.5%) (0.1%) 

16.31 Ha    
(1.0%) (0.1%) 

22.41 Ha  
(1.3%) (0.2%) 

107.27 Ha 
 (6.3%) (0.9%) 

Winter 

Nil 1.36 Ha     
(1.7%) (0.6%) 

1.01 Ha 
 (1.3%) (0.4%) 

2.45 Ha     
(3.0%) (1.0%) 

0 Ha  
(0%) (0%) 

4.82 Ha 
 (6.0%) (2.0%) 

First % is amount altered in LSA; second % is amount altered in RSA. 
Suitable habitat is defined as High + Moderately-high + Moderate. 

Mitigation and Management of Habitat Loss  
Mitigation and enhancement cannot eliminate the effect of habitat loss on moose, as the Project 
footprint exists within the constraints of the Project design and engineering considerations.  
Mitigation possibilities that may be applied include (Section 13.10):  

• Maintain and prohibit mine-related human activity within a potential habitat corridor 
between Morrison and Babine lakes and reduce the speed of vehicles travelling across this 
area.  This may allow for easier movement of moose between the west and east sides of the 
Project area.   

• Reclaim disturbed habitat to reflect pre-disturbance values after mine closure. 

Potential Residual Effect of Habitat Loss 
The amount of suitable winter moose habitat that will be temporarily or permanently lost or 
degraded as a result of Project development represents a significant portion of the total amount 
of suitable winter habitat in the LSA and RSA.  The mitigation and enhancement suggested will 
reverse this effect over the long term but will not greatly reduce the effect of moose winter 
habitat loss or degradation in the short term.  Therefore, the residual effect of habitat loss caused 
by Project development is expected to be of medium magnitude, local geographic extent, with 
long-term duration, and continuous frequency.  After mine closure, disturbed habitat will be 
reclaimed, but some habitat, particularly in the mine pit and TSF, will likely be lost and remain 
unsuitable beyond the closure/decommissioning period.  Considering the total available suitable 
habitat potentially affected in the RSA, moose use within the area, and the long-term duration of 
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this effect, the residual effect of habitat loss following mitigation is expected to be of moderate 
significance.  

8.16.6.4 Physical Hazards and Attractants 

Mortality 
Project-related moose mortality may occur directly from vehicle traffic and/or attraction to 
Project roads.  Closed roads or roads with minimal traffic are frequently used as travel routes by 
ungulates, probably because such use is beneficial from an energetic standpoint (Jalkotzky, Ross, 
and Nasserden 1997).  During the winter, the Project’s plowed access road may provide a 
relatively effective and energetically efficient means of travel for moose, particularly when 
snowpack conditions hamper movements through alternative routes.  Moose travelling along the 
access road during the winter months are at greater risk of vehicle strikes as they could become 
trapped on the road by high snow banks created by plowing.  Such barriers can increase the 
probability of vehicular collisions as moose are unable to clear the road to avoid oncoming 
traffic.  Salting roads in the winter is also of particular concern for large ungulates (deer, moose), 
which can be attracted to the roadside salts not only in the winter but also during the summer 
when the salts have dissolved into the receiving environment (e.g., ponds or wetlands adjacent to 
the road; D. Fraser and Thomas 1982; Environment Canada 2001).   

Observations during baseline studies suggest that the land between the south end of Morrison 
Lake and the north end of Babine Lake may act as an east-west travel corridor for wildlife, 
particularly moose.  This area also consists of large, intact sections of suitable winter moose 
habitat.  The mine access road will extend north to south across this corridor, in addition to a 
variety of rough and gravel forestry roads and cutblocks that exist in the area.  Currently, traffic 
in this area is limited to hunting or recreational users.  During mine operations, a minimum 
estimate of 20 vehicles (i.e., total of 40 one way trips) will be travelling along the access road per 
day and some of this travelling will occur at night.  This increase in vehicle traffic will increase 
the risk of moose and vehicle collisions.   

The combination of increased human presence, year round accessibility (winter road plowing) and 
transmission line access may indirectly increase moose mortality from hunting and poaching 
within the RSA.  Moose hunting is regulated by a permitting and licensing system that is 
administered by the Province of British Columbia, and although members of the Lake Babine 
Nation do not require permits to hunt in the Morrison area, they do so under a system of Clan 
territories.  Therefore, permitted and Lake Babine Nation hunting will likely not affect moose 
mortality in the RSA.  However, moose poaching, especially from ATV use along access roads and 
trails for transmission line maintenance, may increase moose mortality.   

In the absence of mitigation during the active life of the mine, the potential Project effects on 
moose mortality from the combination of vehicle collisions and hunting is expected to be of 
moderate extent. 

Mitigation and Management for Mortality  
Mitigation strategies that may reduce the rating of this effect on moose include (Section 13.10):  
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• conduct employee education programs for working and living around wildlife; 

• avoid trapping wildlife on the haul road by managing bank height or creating gaps in the 
banks (i.e., escape pathways);  

• minimize potential vehicle-related wildlife mortalities (e.g., wildlife right-of-way, speed 
limits, and signage in areas of moose crossing);  

• minimize potential wildlife attraction to the road (e.g., avoid road salts and manage 
roadside vegetation), thereby reducing the risk of conflicts between vehicles and wildlife; 

• limit public access to the mine area; 

• prohibit hunting within the mine area; 

• prohibit domestic animals in the mine area; 

• avoid human activity near identified key wildlife habitats during sensitive wildlife 
periods (e.g., calving); 

• prohibit feeding wildlife in the Project area;  

• store and remove all waste and wildlife attractants. 

Moose have also been selected as a focal species for long-term monitoring (Section 14.9). 
Potential Residual Effect of Mortality  
With the suggested mitigation, residual effects of the Project on moose mortality can be reduced.  
Residual effects following mitigation are expected to be of medium magnitude, local geographic 
extent, medium-term duration with sporadic frequency; effects will be reversible in the long term 
once Project-related activities have subsided.  The residual effect of Project activities on moose 
mortality is thus expected to be of minor significance.  

Disruption to Movements 
The Project access road currently traverses areas of moderately high suitable and occupied 
moose winter habitat.  Spring habitat use from April to June was also found, with observations 
and evidence of cow and calf presence in the study area.  The effects of the access road on moose 
will likely relate primarily to the physical presence of vehicles and humans, not the presence of 
the road itself.  While studies have documented the reactions of moose to vehicle traffic, it is 
unknown if the reactions result in a disruption of movements (Tracey 1997).  Moose will cross 
major highways (Forman and Deblinger 2000) and are often found along roads in forested areas 
where the open canopy and recently disturbed road verge contains succulent and high-quality 
forage.  At low traffic volumes, moose are more likely to use the access road as a movement 
corridor, particularly when snowpack conditions hamper movements, rather than treat it as a 
barrier to movement.  The presence of moose crossing or travelling along the road will increase 
the risk of mortality as a result of collisions with vehicles (see above). 

As mentioned above, the land between the south end of Morrison Lake and the north end of 
Babine Lake may act as an east-west travel corridor for moose.  The combination of habitat loss 
(from infrastructure), new and upgraded roads within the mine site, increased traffic along the 
access road and through the potential movement corridor, and additional plowing of roads during 
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winter (creating snow banks), may alter moose movement behaviour from baseline conditions.  
Therefore, in the absence of mitigation the potential Project effects are predicted to have a minor 
effect on moose movement. 

Mitigation and Management for Disruption of Movement  
Mitigation strategies that may reduce the rating of this effect include (Section 13.10):  

• prohibit human activity in identified key moose habitats and movement corridors; 

• avoid trapping moose on roads by managing bank height and creating escape pathways 
(i.e., gaps) in snow banks;  

• minimize potential vehicle-related moose mortalities (e.g., wildlife right-of-way, speed 
limits, and signage in areas of moose crossing);  

• apply tighter speed limit restrictions on vehicle-related traffic along part of the access 
road that bisects potential movement corridor;  

• document cases and locations where collisions between moose and vehicles have 
occurred or have a higher likelihood of occurring (i.e., locations where moose are 
attracted to the haul road for foraging, travelling, or crossing).  

Potential Residual Effect of Disruption of Movement  
With the suggested mitigation, residual effects of the Project on the disruption of movement of 
moose are expected to be of low magnitude, landscape level in geographic extent, and extend 
into the medium term with regular frequency.  Effects will be reversible in the long term once 
Project-related activities have subsided, and particularly if the access road is decommissioned 
and restored to its previous habitat value.  The residual effect of potential Project-related 
activities on disrupting moose movements is thus expected to be of negligible significance.  

8.16.6.5 Chemical Hazards  
Moose may occur in the Project area year-round.  Moose rely heavily on aquatic-associated 
vegetation during the spring and summer, and any elevation in chemicals in aquatic ecosystems 
and wetlands would therefore be particularly problematic for moose.  A wildlife risk assessment 
conducted for the Project (Appendix 39) assessed the risk of metal uptake associated with the 
TSF on moose.  Results concluded the exposure ratio values for all heavy metals were well below 
the threshold exposure ratio of 0.5 for moose.  The highest exposure ratio value was 0.0229 from 
copper exposure.  Copper exposure was primarily from soil ingestion, which is typical of 
herbivores because of the association of soils in plant roots.  However, because vegetation is not 
predicted to grow in the TSF, it is likely that the soil/sediment consumption intakes are 
overestimated for moose and other herbivores. 

Considering the results of the moose risk assessment, the effects of Project-related chemical 
hazards on moose are expected to be of a negligible extent.  Monitoring criteria were established 
for heavy metals in wetland vegetation and aquatic invertebrates of the TSF that would pose no 
potential health risk to wildlife that consume the wetland vegetation and aquatic invertebrates 
during the closure and post-closure stage of the Project (Appendix 39).  If wildlife is found to be 
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drinking, eating, or using water or vegetation within the TSF during the closure or post-closure 
phases, invertebrate tissue and wetlands will be monitored and compared to the monitoring criteria.  
In the event that metals concentrations are observed to approach the monitoring criteria, adaptive 
management would then be initiated to minimize the risk of metal uptake to wildlife.   

8.16.6.6 Sensory Disturbance 
Project-related noise and human activity may affect moose behaviour.  The noise from Project 
traffic is expected to be intermittent and extend within a small area surrounding the road.  
Studies of moose behaviour in the presence of vehicular traffic suggest that while individuals 
may or may not react to traffic, habitat avoidance does not necessarily occur, particularly where 
high quality habitats occur adjacent to the road.  Studies of moose in Denali National Park 
indicate that many animals habituated to traffic and were observed foraging near the road (Yost 
and Wright 2001).  In one study, 50% showed no reaction to buses, 20% showed a mild reaction, 
and 29% showed a strong reaction within 20 m of the road (Tracey 1997).  In general, the spatial 
pattern of preferred forage and cover relative to the road had a greater influence on moose 
distribution than the traffic volume (based on approximately 70 return bus trips per day during 
the visitor season; Yost and Wright 2001).  The physical level of sound (dB) that may affect 
moose behaviour is not well understood.  In addition, research on large ungulate species suggest 
that noise alone probably does not directly influence behaviour, but interactions between visual 
and aural stimuli likely result in altered behaviours such as habitat avoidance or stress responses 
(Andersen, Linnell, and Langvatn 1996; Nellemann and Cameron 1996). 

Moose may be less tolerant of human presence than of disturbance associated with mechanical 
activity.  For example, Andersen, Linnell, and Langvatn (1996) documented greater flight/flush 
distances for moose in the presence of people.  Direct overflights by jet aircraft did not flush 
moose, whereas skiers and walkers caused moose to flush at distances of 200 to 400 m.  Studies 
on other ungulates have found similar results (Freddy, Bronaugh, and Fowler 1986), with 
disturbances by people generally having greater effects than disturbances of mechanical origin.  
However, ungulates have shown the capability to adapt to human presence when that presence is 
confined to predictable areas (Andersen, Linnell, and Langvatn 1996). 

In the absence of mitigation the effect of Project-related sensory disturbance on moose is 
predicted to be of a minor extent.   

Mitigation and Management of Sensory Disturbance on Moose 
Mitigation strategies that may be applied to reduce the significance of sensory disturbance on 
moose include (Section 13.10):  

• conduct an employee education program for working around wildlife; 

• limit public access to the Project area; 

• prohibit domestic animals in the Project area; 

• prohibit human activity in identified key wildlife habitats and movement corridors; 

• minimize sources of noise through noise control measures;  
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• minimize fugitive dust and noise associated with haul truck traffic. 

Potential Residual Effect of Sensory Disturbance on Moose 
With mitigation, residual effects of sensory disturbance on moose are expected to be of low 
magnitude, local geographic extent, and medium term in duration with regular frequency.  Effects 
will be reversible in the long term once Project-related activities have subsided and sensory 
disturbances diminish.  Individual moose will likely avoid the immediate Project area because of 
noise and human presence but continue to occupy the RSA.  The residual effect of sensory 
disturbance as a result of Project activities is thus expected to be of minor significance for moose. 

8.16.6.7 Overall Effect on Moose 
Each of the aforementioned effects, (habitat loss or alteration, mortality, disruption to movement, 
chemical hazards, and sensory disturbance), are predicted to have negligible to moderate residual 
effects on moose in isolation.  However, these individual effects likely interact, creating additive or 
synergistic effects that have a different nature or extent for the local moose population as a whole.  
Considering these effects in combination with the amount of available suitable winter habitat in the 
RSA, current moose presence in the area, and past human activity, the overall residual effect on the 
local moose population is predicted to be of moderate significance (Table 8.16-21).  Monitoring 
the moose populations in the study area will form an important component of the Wildlife Effects 
Monitoring Program (Section 14.9) and adaptive management for the Project.   

 



 

 

Table 8.16-8 
Morrison Copper/Gold Project: Moose Effects Assessment Summary Table 

Description 
Project  

Component(s) 
Project  

Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience  
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Habitat Loss 
or Alteration 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning, 
post-closure 

Adverse Moderate • Prohibit mine-related 
human activity within a 
potential habitat 
corridor between 
Morrison and Babine 
lakes and reduce the 
speed of vehicles 
travelling across this 
area.  This may allow 
for easier movement 
between the west and 
east sides of the 
Project area.   
• Reclaim disturbed 
habitat to reflect pre-
disturbance values 
after mine closure. 

Yes • Loss or alteration of 
suitable winter 
habitat in the LSA 
(32%) and RSA 
(5.8%) 

Medium Local Long-
term 

Continuous Reversible 
Long-term 

Neutral Moderate Medium Intermediate 

Physical 
Hazards - 
Mortality 
(Direct and 
Indirect) 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning, 
post-closure 

Adverse Moderate • Conduct employee 
education programs for 
working and living 
around wildlife. 
• Avoid trapping wildlife 
on the haul road by 
managing bank height 
or creating gaps in the 
banks (i.e., escape 
pathways).  
• Minimize potential 
vehicle-related wildlife 
mortalities (e.g., wildlife 
right-of-way, speed 
limits, and signage in 
areas of moose 
crossing).  
• Minimize potential 
wildlife attraction to the 
road (e.g., avoid road 
salts and manage 
roadside vegetation), 
thereby reducing the 
risk of vehicle strikes. 
• Limit public access to 
the mine area. 
• Prohibit hunting within 
the mine area. 
• Prohibit domestic 
animals in the mine 
area.•  

Yes • Mortality from the 
possibility of moose 
collisions with Project 
vehicles. 
• Increased human 
presence and activity 
resulting in increased 
moose hunting. 
• Attraction to roads 
because of easier 
movement (or road 
salts if used), 
resulting in increased 
vehicle-related 
mortality. 

Medium Local Medium-
term 

Sporadic Reversible 
Long-term 

Neutral Minor High Intermediate 

(continued) 



 

 

Table 8.16-8 
Morrison Copper/Gold Project: Moose Effects Assessment Summary Table (continued) 

Description 
Project  

Component(s) 
Project  

Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience  
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

     • Avoid human activity 
near identified key 
wildlife habitats during 
sensitive wildlife 
periods (e.g., calving). 
• Prohibit feeding 
wildlife in the Project 
area.  
• Store and remove all 
waste and wildlife 
attractants. 

           

Physical 
Hazards - 
Disruption of 
Movement 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Prohibit human 
activity in identified key 
moose habitats and 
movement corridors. 
• Avoid trapping moose 
on the haul road by 
managing bank height 
and creating escape 
pathways (i.e., gaps) in 
snowbanks.  
• Minimize potential 
vehicle-related moose 
mortalities (e.g., wildlife 
right-of-way, speed 
limits and signage in 
areas of moose 
crossing).  
• Apply tighter speed 
limit restrictions along 
part of the access road 
that bisects potential 
movement corridor. 
• Document cases and 
locations where 
collisions between 
moose and vehicles 
have occurred or have 
a higher likelihood of 
occurring (i.e., 
locations where moose 
are attracted to the 
haul road for foraging, 
travel, or crossing). 

Yes • Land between the 
south end of 
Morrison Lake and 
the north end of 
Babine Lake may act 
as an east-west 
travel corridor for 
moose.  The 
combination of 
increased traffic 
through the potential 
movement corridor, 
and plowing the road 
during winter 
(creating snow 
banks), may alter 
moose crossing 
behaviour from 
baseline conditions.   

Low Landscape / 
Watershed 

Medium-
term 

Regular Reversible 
Long-term 

Neutral Negligible Low Intermediate 

(continued) 



 

 

Table 8.16-8 
Morrison Copper/Gold Project:  Assessment Overview Table for Moose (completed) 

Description 
Project  

Component(s) 
Project  

Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience  
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Chemical 
Hazards and 
Attractants 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Negligible If wildlife is found to be 
drinking, eating, or 
using water or 
vegetation within the 
TSF during the closure 
or post-closure phases, 
invertebrate tissue and 
wetlands will be 
monitored and 
compared to the 
monitoring criteria.  In 
the event that metal 
concentrations are 
observed to approach 
the monitoring criteria, 
adaptive management 
would then be initiated 
to minimize the risk of 
metal uptake to wildlife.   

No           

Sensory 
Disturbance 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Conduct an employee 
education program for 
working around wildlife; 
• Limit public access to 
the Project area; 
• Prohibit domestic 
animals in the Project 
area; 
• Prohibit human 
activity in identified key 
wildlife habitats and 
movement corridors; 
• Minimize sources of 
noise through noise 
control measures; 
• Minimize fugitive dust 
and noise associated 
with haul truck traffic. 

Yes • Individual moose 
will likely avoid the 
immediate Project 
area because of 
noise and human 
presence but 
continue to occupy 
the regional study 
area. 

Low Local Medium-
term 

Regular Reversible 
Long-term 

Neutral Minor Low Intermediate 

Combined 
Effects of the 
Project 
(Population 
level impacts) 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning, 
post-closure 

           Moderate Medium Intermediate 
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8.16.7 Mule Deer 

8.16.7.1 Spatial and Temporal Boundaries for Mule Deer 
Because mule deer have a relatively large annual home range and use a variety of different 
elevations and habitat types among seasons, the RSA was selected as the EA area.  Some effects, 
such as vehicle traffic, may affect individual mule deer moving through the LSA, while other 
effects, such as sensory disturbance, may extend into the RSA.  Potential effects on mule deer 
extending beyond the RSA, and potential interactions with other proposed/existing projects, are 
in the cumulative effects assessment for wildlife (Section 11.13). 

The availability of winter range is recognized as the limiting factor for maintaining mule deer 
populations in an area (Thomas 1979; Mackie et al. 1998).  During winter, the nutritional quality 
of available forage is reduced and mule deer energy requirements are higher from moving 
through the snowpack and thermoregulating to survive colder weather.  Therefore, the evaluation 
of the potential Project effects focuses on effects to wintering mule deer and the potential 
influence on winter range.    

8.16.7.2 Potential Effects on Mule Deer 
Table 8.16-10 (at the end of this section) summarizes potential Project effects considered, 
applicable mitigation measures, and residual results for mule deer.  The following sections 
describe each of these potential effects on mule deer.  

8.16.7.3 Habitat Loss or Alteration 
Mule deer habitat selection and movement patterns vary among areas of their range because of 
differences in climate, topography, and available habitat (Mackie et al. 1998).  This species is 
generally adaptable, uses many different habitat types, and browses on a variety of species.  
Mule deer require specific habitat conditions during winter that may limit their winter range area 
to only a few hectares.  Suitable winter range requires available rooted browse or arboreal forage 
(lichen and litterfall) interspersed with stands of mature forest that provide snow interception.  
These areas are further enhanced by the presence of an understorey that can provide security or 
screening cover.  In the central and southern BC interior, mule deer winter range is generally 
lower elevation areas supporting mature Douglas-fir dominated forest on steep south- and west-
facing sites with broken terrain (Armleder, Dawson, and Thomson 1986). 

Use of winter range is heavily influenced by the winter snowpack, primarily because of the 
increased energetic costs of locomotion through deep snow and the increased predation risk 
associated with restricted movement.  Deer may move from areas producing abundant rooted 
forage (e.g. cut blocks) when snowpack is not limiting to areas supporting mature conifer forest 
during periods of deep snow.  The availability of these two vegetation types in close proximity 
enhances the value of winter range.  Most forage that is available in the winter for mule deer 
consumption is too low in nutritional value (protein) to meet the maintenance needs of deer 
(Wallmo et al. 1977), thus deer survive by accumulating energy reserves before winter, and 
adopting an energy conserving mode of behaviour (Moen 1978).  Habitats used during periods of 
deep snow cover and extreme-cold temperatures are considered critical winter range, which often 
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contains high thermal cover and snow interception (Gilbert, Wallmo, and Gill 1970; Pauley, 
Peek, and Zager 1993; Secord 1994).     

Overall, suitable winter habitat was not identified within the RSA and LSA for mule deer 
(Table 8.16-9; Appendix 37).  This is due to persistent snowpacks of more than 50 cm in the 
Project area.  It also reflects the limited ability to predict areas that may be used by isolated 
populations of deer during winter.  In the Project area, potential mule deer winter habitats would be 
limited to areas where topography (aspect and slope) and canopy cover combine to provide 
conditions that limit snowpack depths or result in conditions, such as crusting, that allow deer to 
move on top of the snowpack.  However, these resulting small pockets of suitable winter habitat 
are difficult to predict with the available digital data.  Considering that the model was developed by 
extending results of deer habitat use in areas of the province supporting the Interior Douglas-fir 
BEC, and low elevation within the study area is represented by the Sub-Boreal Spruce 
biogeoclimatic ecosystem zone, there is a high degree of uncertainty with respect to the mule deer 
model’s ability to predict site-specific winter range.  Therefore, in consideration of this uncertainty 
and the confirmed presence of mule deer in the RSA during non-winter seasons, the effect of 
habitat loss or alteration on mule deer before mitigation is predicted to be of minor extent.  

Table 8.16-9 
Mule Deer Habitat Lost, Heavily Degraded, Lightly Degraded and 

Fragmented in the LSA and RSA 
Area Altered (Ha) (%LSA) (%RSA) 

Season 
Habitat 
Quality Lost 

Heavily  
Degraded 

Lightly  
Degraded Fragmented Total Altered 

High 0.00 Ha   
(0.0%) (0.0%) 

0.00 Ha     
(0.0%) (0.0%) 

0.00 Ha    
(0.0%) (0.0%) 

0.00 Ha   
(0.0%) (0.0%) 

0.00 Ha  
(0.0%) (0.0%) 

Moderately-
high 

0.00 Ha   
(0.0%) (0.0%) 

0.00 Ha    
(0.0%) (0.0%) 

0.00 Ha   
(0.0%) (0.0%) 

0.00 Ha    
(0.0%) (0.0%) 

0.00 Ha  
(0.0%) (0.0%) 

Moderate 0.00 Ha   
(0.0%) (0.0%) 

0.00 Ha    
(0.0%) (0.0%) 

0.00 Ha   
(0.0%) (0.0%) 

0.00 Ha  
(0.0%) (0.0%) 

0.00 Ha  
(0.0%) (0.0%) 

Low 0.00 Ha   
(0.0%) (0.0%) 

0.00 Ha    
(0.0%) (0.0%) 

0.00 Ha    
(0.0%) (0.0%) 

0.00 Ha   
(0.0%) (0.0%) 

0.00 Ha  
(0.0%) (0.0%) 

Very Low 1222.78 Ha  
(8.5%) (1.6%) 

188.62 Ha  
(1.3%) (0.3%) 

394.17 Ha  
(2.7%) (0.5%) 

292.96 Ha  
(2.0%) (0.4%) 

2098.53 Ha  
(14.5%) 
(2.8%) 

Winter 

Nil 10.81 Ha    
(1.1%) (0.1%) 

0.03 Ha  
(0.0%) (0.0%) 

0.04 Ha     
(0.0%) (0.0%) 

0.00 Ha 
(0.0%) (0.0%) 

10.88 Ha  
(1.1%) (0.1%) 

First % is amount altered in LSA; second % is amount altered in RSA. 
Suitable habitat is defined as High + Moderately-high + Moderate. 

Mitigation and Management of Habitat Loss or Alteration 
Mitigation possibilities that may be applied include (Section 13.10):  

• Maintain and prohibit mine-related human activity within a potential habitat corridor 
between Morrison and Babine lakes and reduce the speed of vehicles travelling across this 
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area.  This may allow for easier mule deer movement between the west and east sides of 
the Project area and minimize habitat fragmentation.   

• Identify pockets of occupied winter habitat for mule deer in conjunction with moose 
monitoring aerial surveys (Section 14.9). 

• Limit disturbance, including noise and sensory, within and near occupied winter range (if 
identified) that may degrade habitat value.  

• Reclaim disturbed habitat to reflect pre-disturbance values after mine closure. 

Potential Residual Effect of Habitat Loss or Alteration 
With mitigation, pockets of occupied mule deer winter habitat (if present) can be identified and 
avoided with higher certainty.  The residual effect of habitat loss due to Project development is 
therefore expected to be of low magnitude, local geographic extent, and long-term duration with 
continuous frequency.  Thus, the residual effect of habitat loss or alteration on mule deer 
following mitigation is expected to be of negligible significance.  

8.16.7.4 Physical Hazards and Attractants 

Mortality 
Project-related mule deer mortality may occur directly from vehicle traffic and/or attraction to 
Project roads, and indirectly from human presence and sensory disturbance increasing stress and 
use of deer energy reserves, resulting in winter kill.  Some additional hunting pressure may also 
contribute to indirect mortality.  Mule deer do not have innate or learned aversions to roads or 
roadside habitats.  In fact, regenerating vegetation on road verges and salt along haul and access 
roads can attract deer to roadsides, increasing their risk of mortality (Mineau and Brownlee 
2005).  Salting roads in the winter is of particular concern for large ungulates (deer, moose), 
which can be attracted to the roadside salts not only in the winter but also during the summer 
when the salts have dissolved into the receiving environment (e.g., ponds or wetlands adjacent to 
the road; D. Fraser and Thomas 1982; Environment Canada 2001).   

The potential risk of mule deer and vehicle collisions will vary depending on the season and time 
of day.  During winter, mule deer may select roads as travel corridors for ease of movement.  If 
roadside snowbanks (from plowing) are too high, deer may become trapped on the road and 
unable to avoid oncoming vehicle.  In these situations, animals may be hit or run for long 
distances ahead of vehicles, exhausting themselves and incurring a great deal of stress.  
Considering the complex energy balance required to sustain deer through winter, even slight 
increases in energy demand may result in the depletion of fat reserves that can lead to mortality 
later in winter.  Although individual deer may periodically travel through the LSA, large groups 
of mule deer are not expected to reside in the RSA during winter because of the limited available 
suitable winter habitat.  Therefore, the potential risk of mule deer and vehicle collision will likely 
be higher during spring, summer, and fall, particularly during dawn and dusk periods when 
animals are foraging along roadside vegetation.  

Mule deer are currently hunted in the Project area.  As mentioned previously, harvest rates by 
recreational hunters, including both guided and resident hunters, are regulated by a permitting 
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and licensing system that is administered by the Province of British Columbia.  It is therefore 
deemed unlikely that regulated harvesting will result in lower populations of mule deer over the 
life of the Project; however, an increase in unregulated hunting pressure from the combination of 
increased human presence and additional access (transmission line and access roads for 
maintenance) could affect local mule deer populations.  

In absence of mitigation during the active life of the mine, the potential Project effects on mule 
deer mortality from the combination of vehicle collisions and hunting is expected to be of a 
minor extent. 

Mitigation and Management of Mortality 
Mitigation strategies that may reduce the rating of Project-related mule deer mortality include 
(Section 13.10):  

• conduct employee education programs for working and living around wildlife; 

• avoid trapping wildlife on the haul road by managing bank height or creating gaps in the 
banks (i.e., escape pathways);  

• minimize potential vehicle-related wildlife mortalities (e.g., wildlife right-of-way, speed 
limits, and signage in areas of mule deer crossing);  

• minimize potential wildlife attraction to the road (e.g., avoid road salts and manage 
roadside vegetation), thereby reducing the risk of conflicts between vehicles and wildlife; 

• limit public access to the mine area; 

• prohibit hunting within the mine area; 

• prohibit domestic animals in the mine area; 

• avoid human activity near identified key wildlife habitats during sensitive wildlife 
periods (e.g., calving); 

• prohibit feeding wildlife in the Project area;  

• store and remove of all waste and wildlife attractants. 

The effectiveness of the implemented measures should be monitored to detect their success or 
failure to mitigate for effects of the Project (Section 14.9).  Monitoring will identify 
opportunities for adaptive management if necessary. 
Potential Residual Effect of Mortality  
Although the potential risk of vehicle-related mule deer mortality can be reduced with mitigation, 
the combined effect of increased human presence and upgraded and increased access on mule deer 
mortality from stress on deer during vulnerable periods, or illegal hunting, is difficult to mitigate.  
Residual effects are expected to be of medium magnitude, landscape geographic extent, and 
medium term in duration with sporadic frequency.  Effects will be reversible in the long term once 
Project-related operation activities have subsided.  With mitigation, the residual effect of Project 
activities on mule deer mortality is thus expected to be of minor significance.  
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Disruption to Movement 
In BC, mule deer may be migratory or sedentary.  Migratory mule deer have multiple seasonal 
home ranges, moving from moister, higher elevation habitats in the summer to lower elevation 
habitats with shallower snow in the winter.  Migration may be obligate (e.g., a regular and 
predictable occurrence) or facultative (e.g., depending upon snow conditions in the higher 
elevation forcing movement to winter range).  Other deer may not migrate and remain sedentary 
within similar areas all year.  Seasonal patterns of deer use in the Project area are not well 
understood, but it is anticipated that elevational movements follow the phenology of plant forage 
to optimize protein content and nutritional quality. 

Similar to moose, the effects of Project infrastructure on mule deer movements are likely related 
primarily to the physical presence of vehicles, humans, and snow banks along roads, not the 
presence of the roads or mine itself.  Generally, mule deer avoid busy roads and areas with 
people and disturbances but are occasionally attracted to road verges for forage availability and 
human-populated areas to avoid predators or exploit available resources such as gardens or 
plants used in landscaping.  The predicted increase in vehicle traffic along the Project roads may 
at times deter mule deer from crossing, particularly in the presence of oncoming traffic, but 
individuals are still likely to cross. 

The transmission line will likely present a landscape feature that will not cause a barrier to 
movement, but could present a path of low resistance for north-south movement without the 
deterring aspect of road traffic.  Early seral stage vegetation along the transmission line corridor 
is also anticipated to attract deer, potentially changing local movement patterns. 

In the absence of mitigation, the Project is predicted to affect the movement of mule deer to a 
minor extent.   

Mitigation and Management of Disruption to Movement 
Mitigation strategies that may reduce the rating of this effect include (Section 13.10):  

• Maintain and prohibit mine-related human activity within a potential habitat corridor 
between Morrison and Babine lakes and reduce the speed of vehicles travelling across 
this area.  This may allow for easier movement of mule deer between the west and east 
sides of the Project area and minimize habitat fragmentation.   

• Aid mule deer crossing the haul road by managing bank height and creating escape 
pathways (i.e., gaps) in snow banks and restrict vehicle speed limits. 

• Apply tighter speed limit restrictions along part of the access road that bisects potential 
movement corridor. 

• Document cases and locations of mule deer observations, potential risks of collisions, or 
possible movement areas (i.e., locations where mule deer are attracted to the haul road for 
foraging, travel, or crossing) have a higher likelihood of occurring.  

Potential Residual Effect of Disruption to Movement 
Individual mule deer may not cross the road at times, but considering the topography and limited 
suitable winter range in the RSA, existing road infrastructure, and the relatively low number of 
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vehicles predicted to travel along the roads per hour, residual effects of the Project on mule deer 
movement within the RSA can be reduced with mitigation.  Residual effects following mitigation 
are expected to be of low magnitude, landscape level in geographic extent, and extend into the 
long term with regular frequency.  Effects will be reversible in the long term once Project-related 
activities have subsided, and particularly if the mine roads are decommissioned and restored to 
its previous habitat value.  The residual effect of Project activities on disrupting mule deer 
movement is thus expected to be of negligible significance.  

8.16.7.5 Chemical Hazards  
Mule deer are present within the Project area mainly during the spring, summer, and fall seasons.  
Although suitable winter habitat was not identified in the area, there may be limited use or the 
occasional individual moving through during winter.  Mule deer may ingest chemicals of 
concern through water, soil, and vegetation associated with the TSF.  A wildlife risk assessment 
conducted for the Project (Appendix 39) assessed the risk of metal uptake associated with the 
TSF on mule deer.  Results concluded the exposure ratio values for mule deer were below the 
threshold of 0.5.  Moose and mule deer have similar characteristics because they are both 
mammalian herbivores.  Therefore, the highest exposure ratio was also from copper exposure, 
which was 0.0384.  Exposure ratio values were also higher for chromium (0.0185) and nickel 
(0.0113).  These exposure ratio values are also likely to be overestimated because the 
calculations assumed that the soil was ingested in association with vegetation ingestion. 

Considering the results of the mule deer risk assessment, the effects of Project-related chemical 
hazards on mule deer are expected to be of negligible extent.  Monitoring criteria were established 
for heavy metals in wetland vegetation and aquatic invertebrates of the TSF that would pose no 
potential health risk to wildlife that consume the wetland vegetation and aquatic invertebrates 
during the closure and post-closure stage of the Project (Appendix 39).  If wildlife is found to be 
drinking, eating, or using water or vegetation within the TSF during the closure or post-closure 
phases, invertebrate tissue and wetlands will be monitored and compared to the monitoring criteria.  
In the event that metals concentrations are observed to approach the monitoring criteria, adaptive 
management would then be initiated to minimize the risk of metal uptake to wildlife.   

8.16.7.6 Sensory Disturbance 
Project-related human activity and noise are expected to occur in association with traffic along 
the proposed access road, industrial noise at the mine site, and blasting.  Deer have shown a 
reduced response to noise relative to other ungulates and can habituate to relatively high noise 
levels or volumes of traffic (Weisenberger et al. 1996).  For example, deer in Minnesota 
habituated to high traffic volumes of snowmobiles (up to 195 snowmobiles per day; Dorrance, 
Savage, and Huff 1975).  As part of an Ecological Risk Assessment Framework, a conservative 
estimate of 92.5 dB was considered a sound threshold where higher sound levels may affect mule 
deer (Efroymson et al. 2001).  This estimate was based on short and/or intermittent sounds (noise 
resulting from military aircraft overflights).  Project-related intermittent noise (i.e., pit blasting) 
is predicted to be less than 82 dB during construction and less than 62 dB during operations 
within a 2 km area surrounding the pit site, well below the sound threshold level for mule deer.  
Longer and more persistent and continuous noise may elicit different responses but to what 
degree is not well understood. 
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Other types of sensory disturbance such as visual and olfactory may also occur.  Deer in a hunted 
population are known to respond by running from the sight of humans on foot, in some cases 
showing a greater flight response than to individuals on ATVs or in vehicles.  Habituation may 
occur; however, this may make deer more vulnerable to indirect mortality at the edge of the 
development.  Olfactory influences on deer behaviour may also occur, although these effects are 
not well understood.  

Mule deer are likely more vulnerable to sensory disturbance during the winter because the 
energetic cost of movement is higher, food quality and availability is lower, and the body 
condition of animals tends to be poorer.  Although the extent of winter range in the Project area 
is uncertain, it is likely limited because of topography and past human activity.  Therefore, 
considering the ability of mule deer to habituate to high noise levels, the effect of Project-related 
sensory disturbances on mule deer before mitigation is predicted to be of a minor extent. 

Mitigation and Management of Sensory Disturbance 
Mitigation strategies that may be applied to reduce the significance of sensory disturbance on 
mule deer include (Section 13.10):  

• limit public access to the mine area; 

• prohibit domestic animals in the mine area; 

• avoid human activity and noise in identified pockets of suitable winter habitat for mule 
deer (assessed in conjunction with moose monitoring aerial surveys; Section 14.9). 

• prohibit human activity in identified habitat corridor; 

• minimize sources of noise through noise control measures;  

• minimize fugitive dust and noise associated with haul truck traffic. 

Potential Residual Effect of Sensory Disturbance 
With the suggested mitigation, residual effects are expected to be of low magnitude, local in 
geographic extent, and medium term in duration with regular frequency.  Residual effects will be 
reversible in the long term once Project-related activities have subsided and sensory disturbances 
diminish.  The residual effect of sensory disturbances on mule deer resulting from Project 
activities is thus expected to be of negligible significance.  

8.16.7.7 Overall Effect on Mule Deer 
Each of the aforementioned components, (habitat loss or alteration, mortality, disruption to 
movement, chemical hazards, and sensory disturbance), are predicted to have negligible to minor 
residual effects on mule deer in isolation.  However, these individual effects likely interact, 
creating additive or synergistic effects that have a different nature or extent on the local mule deer 
population as a whole.  Considering these effects in combination with the topography and limited 
suitable winter habitat (although uncertain), past human activity and existing road infrastructure, 
and the stable status of the regional mule deer population, the overall residual effect on the local 
mule deer population after mitigation is predicted to be of negligible significance (Table 8.16-21). 



 

 

Table 8.16-10 
Morrison Copper/Gold Project: Mule Deer Effects Assessment Summary Table 

Description 
Project  

Component(s) 
Project  

Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Habitat Loss 
or Alteration 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Maintain and prohibit mine-
related human activity within 
a potential habitat corridor 
between Morrison and 
Babine lakes and reduce the 
speed of vehicles travelling 
across this area.  This may 
allow for easier movement of 
mule deer between the west 
and east sides of the Project 
area and minimize habitat 
fragmentation.   
• Identify pockets of 
occupied winter habitat for 
mule deer in conjunction 
with moose monitoring aerial 
surveys (Section 14.9). 
• Limit disturbance, including 
noise and sensory, within 
and nearby occupied winter 
range (if identified) that may 
degrade habitat value.  
• Reclaim disturbed habitat 
to reflect pre-disturbance 
values after mine closure. 

Yes • Potential loss of 
mule deer habitat. 

Low Local Long-term Continuous Reversible 
Long-term 

Neutral Negligible Low Low 

Physical 
Hazards - 
Mortality 
(Direct and 
Indirect) 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Conduct employee 
education programs for 
working and living around 
wildlife. 
• Avoid trapping wildlife on 
the haul road by managing 
bank height or creating gaps 
in the banks (i.e., escape 
pathways).  
• Minimize potential vehicle-
related wildlife mortalities 
(e.g., wildlife right-of-way, 
speed limits, and signage in 
areas of mule deer 
crossing).  
• Minimize potential wildlife 
attraction to the road (e.g., 
avoid road salts and manage 
roadside vegetation), 
thereby reducing the risk of 
vehicle strikes. 
• Limit public access to the 
mine area; 
• Prohibit hunting within the 
mine area; 

Yes • Mortality from the 
possibility of mule 
deer collisions with 
Project vehicles. 
• Increased human 
presence and activity 
resulting in increased 
illegal mule deer 
hunting  
• Attraction to roads 
because of easier 
movement (or road 
salts if used), 
resulting in increased 
vehicle-related 
mortality. 

Medium Landscape / 
Watershed 

Medium-
term 

Sporadic Reversible 
Long-term 

Neutral Minor Low Intermediate 

(continued) 



 

 

Table 8.16-10 
Morrison Copper/Gold Project: Mule Deer Effects Assessment Summary Table (continued) 

Description 
Project  

Component(s) 
Project  

Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

     • Prohibit domestic animals 
in the mine area;•  
• Avoid human activity near 
identified key wildlife 
habitats during sensitive 
wildlife periods (e.g., 
calving); 
• Prohibit feeding wildlife in 
the Project area;  
• Store and remove all waste 
and wildlife attractants. 

           

Physical 
Hazards - 
Disruption of 
Movement 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Prohibit mine-related 
human activity within a 
potential habitat corridor 
between Morrison and 
Babine lakes and reduce the 
speed of vehicles travelling 
across this area.  This may 
allow for easier mule deer 
movement between the west 
and east sides of the Project 
area and minimize habitat 
fragmentation.   
• Aid mule deer crossing the 
haul road by managing bank 
height and creating escape 
pathways (i.e., gaps) in 
snowbanks and restrict 
vehicle speed limits. 
• Apply tighter speed limit 
restrictions along part of the 
access road that bisects 
potential movement corridor. 
• Document cases and 
locations of mule deer 
observations, potential risks 
of collisions, or possible 
movement areas (i.e., 
locations where mule deer 
are attracted to the haul road 
for foraging, travel, or 
crossing) have a higher 
likelihood of occurring. 

Yes The predicted 
increase in vehicle 
traffic along the 
Project roads may at 
times deter mule 
deer from crossing, 
particularly in the 
presence of 
oncoming traffic. 

Low Landscape / 
Watershed 

Long-term Regular Reversible 
Long-term 

High Negligible Low Intermediate 

(continued) 



 

 

 Table 8.16-10 
Morrison Copper/Gold Project: Mule Deer Effects Assessment Summary Table (completed) 

Description 
Project  

Component(s) 
Project  

Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Chemical 
Hazards 
and 
Attractants 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Negligible If wildlife is found to be 
drinking, eating, or using 
water or vegetation within 
the TSF during the closure 
or post-closure phases, 
invertebrate tissue and 
wetlands will be monitored 
and compared to the 
monitoring criteria.  In the 
event that metal 
concentrations are observed 
to approach the monitoring 
criteria, adaptive 
management would then be 
initiated to minimize the risk 
of metal uptake to wildlife.   

No           

Sensory 
Disturbance 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Limit public access to the 
mine area. 
• Prohibit domestic animals 
in the mine area. 
• Avoid human activity and 
noise in identified pockets of 
suitable winter habitat for 
mule deer (assessed in 
conjunction with moose 
monitoring aerial surveys; 
Section 14.9). 
• Prohibit human activity in 
identified habitat corridor. 
• Minimize sources of noise 
through noise control 
measures. 
• Minimize fugitive dust and 
noise associated with haul 
truck traffic. 

Yes • Human activity and 
noise from traffic, 
mine site, and 
blasting events 
resulting in 
avoidance or 
elevated stress. 

Low Local Medium-
term 

Regular Reversible 
Long-term 

High Negligible Low Intermediate 

Combined 
Effects of 
the Project 
(Population 
level 
impacts) 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning, 
post-closure 

Adverse           Negligible Medium Low 
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8.16.8 American Marten 

8.16.8.1 Spatial Boundaries for American Marten 
Although the home range sizes of American marten are smaller (5.25 km2 for males, 3.16 km2 
for females; Lofroth 1993) than those of the larger ranging species discussed thus far, the 
network of neighbouring marten home ranges is important, as this represents the breeding 
population in the area.  Therefore, the RSA was selected as the effects assessment area for 
American marten.  Potential Project effects on American marten are anticipated to start during 
the construction phase and continue through operations and into decommissioning/closure.  

8.16.8.2 Potential Effects on American Marten 
Table 8.16-12 (at the end of this section) summarizes potential Project effects considered, 
applicable mitigation measures, and residual results for American marten.  The following 
sections describe each of these potential effects on American marten.  

8.16.8.3 Habitat Loss or Alteration 
Habitat suitability modelling was conducted for the American marten, which has the greatest 
economic value to regional fur harvest.  The American marten is generally found in older stands 
of coniferous and mixed forests that have abundant small mammal prey species and coarse 
woody debris (CWD).  This habitat is used year-round.  As such, mature conifer forest loss was 
used to infer habitat effects on American marten.  The presence of CWD is important for 
providing access to subnivean (underground) travel corridors, hunting areas, and dens for this 
species during the winter (Lofroth and Steventon 1990; Sherburne and Bissonette 1994).  
Therefore, the modelling of suitable habitat for this species focused on the winter season 
(Appendix 37).  The majority of suitable habitat for American marten that was identified occurs 
scattered throughout the LSA and RSA (Appendix 37); some suitable habitat is near the access 
road alignment, transmission line, and the mine site infrastructure.   

Overall, suitable habitat lost or heavily degraded in winter caused by the Project includes 10.6% 
of the LSA and 1.8% of the RSA.  The amount of American marten habitat lost, heavily 
degraded, or lightly degraded due to the Project is presented in Table 8.16-11. 

American marten are largely dependent on mature and old growth conifer forest that contain 
large trees and CWD to provide denning and foraging habitat in summer (Strickland and Douglas 
1987; Buskirk and Ruggiero 1994; I. D. Thompson and Harested 1994) as well as subnivean 
access to mammalian prey in winter (Koehler, Blakesley, and Koehler 1990).  Open early seral 
stage vegetation is generally avoided by marten during winter.  

Reclamation at mine closure will be designed to restore habitat to comparable value to that lost 
during mine development and operation.  However, the succession of reclaimed habitat to high-
value forest habitat will take many years (>100 years) and will not be possible in some areas 
(mine pit, TSF, waste rock area).  To minimize effects on individual American marten, CWD 
will be maintained in adjacent areas where possible, such as along the access road (Wildlife 
Management Plan, Section 13.10). 
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Table 8.16-11  
American Marten Winter Habitat Lost, Heavily Degraded,  

Lightly Degraded, and Fragmented 
Area Altered (Ha) (%LSA) (%RSA) 

Season 
Habitat  
Quality Lost 

Heavily  
Degraded 

Lightly  
Degraded Fragmented Total Altered 

High 856.76 Ha  
(9.9%) (1.8%) 

106.21 Ha  
(1.2%) (0.2%) 

211.17 Ha  
(2.4%) (0.5%) 

177.48 Ha    
(2.1%) (0.4%) 

1351.62 Ha 
 (15.6%) (2.9%) 

Moderate 117.55 Ha  
(7.0%) (0.9%) 

9.15 Ha  
(0.6%) (0.1%) 

19.05 Ha   
(1.1%) (0.2%) 

23.83 Ha    
(1.4%) (0.2%) 

169.58 Ha  
(10.1%) (1.4%) 

Low 224.91 Ha  
(5.2%) (1.1%) 

49.37 Ha  
(1.2%) (0.2%) 

121.63 Ha  
(2.8%) (0.6%) 

87.58 Ha    
(2.0%) (0.4%) 

483.49 Ha  
(11.2%) (2.3%) 

Winter 

Nil 34.37 Ha    
(4.1%) (0.8%) 

23.92 Ha  
(2.9%) (0.6%) 

42.37 Ha   
(5.1%) (1.0%) 

4.07 Ha      
(0.5%) (0.1%) 

104.73 Ha  
(12.5%) (2.5%) 

First % is amount altered in LSA; second % is amount altered in RSA. 
Suitable habitat is defined as High + Moderate. 

A small number of individuals may be affected by habitat loss within the development area during 
construction; however, it is unlikely that more than a few marten home ranges will be modified by 
more than 25%.  This proportion represents a threshold identified as sufficient for marten to 
abandon a locale (Hargis and Bissonnette 1997).  As shifts in American marten home ranges do not 
typically occur (Buskirk and Ruggiero 1994), changes to individual home ranges  as a result of 
construction would therefore differ from baseline; however, the level of habitat change at a 
regional level is relatively low and the effects will be localized.  The effect of terrestrial habitat loss 
for American marten is thus expected to be of a minor extent before mitigation during the 
construction, operations, decommissioning/closure, and post-closure phases. 

Mitigation and Management of Habitat Loss for American Marten 
Mitigation and enhancement cannot eliminate the effect of habitat loss on American marten.  
Mitigation possibilities that may be applied include (Section 13.10):  

• Maintain and prohibit mine-related human activity within potential habitat corridor 
between Morrison and Babine lakes and reduce the speed of vehicles travelling across this 
area.  This will minimize potential disturbance to this area, as well as reduce possible 
vehicle interactions with martens.   

• Reclaim disturbed habitat to reflect pre-disturbance values after mine closure. 

Potential Residual Effect of Habitat Loss on American Marten 
The amount of suitable American marten habitat that will be temporarily or permanently lost or 
degraded as a result of Project development represents a total amount of 10.6% of suitable habitat 
available in the LSA and 1.8% of the RSA.  The mitigation and enhancement suggested will not 
greatly reduce the effect of habitat loss, as the Project footprint exists within the constraints of the 
Project design and engineering considerations.  The residual effect of habitat loss because of the 
footprint is therefore expected to be of low magnitude, local in geographic extent, long term in 
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duration, and continuous frequency.  Effects of habitat loss are reversible in the long term, once 
site reclamation produces trees of a suitable age and structure.  After mine closure, the majority of 
disturbed habitat will be reclaimed to reflect pre-disturbance values where possible.  The residual 
effect of habitat loss following mitigation is thus expected to be of minor significance.    

8.16.8.4 Physical Hazards and Attractants 

Mortality 
American marten may suffer from direct mortality caused by factors associated with the potential 
development, including vehicle interactions, destruction of wildlife in conflict with development, 
and possible chemical-induced mortality (see chemical hazards section below).  Generally, the 
primary human-caused mortality of American marten throughout its distribution in the region is 
from fur harvest.  American marten on affected traplines may receive increased pressure from 
enhanced access; however, as harvest of the resource on individual tenures is strictly regulated, it 
is anticipated that trappers will manage the local fur harvest to maintain sustainable marten 
populations.  

Carrion from road-killed wildlife, including small animals like hares (Hargis and McCullough 
1984), may act as an attractant to American marten along the access road and road infrastructure.  
This attraction will increase the mortality risk due to vehicle strikes, or increased predation from 
both mammalian and avian predators.  The exposure of American marten to vehicular collisions 
is anticipated to be relatively low along the access road because marten appear to avoid roads 
and areas that lack overhead cover (K. G. Poole et al. 2004).  Data on vehicle strike mortalities 
along highways in the Bulkley-Stikine District collected between 1983 and 2002 documented 
three American marten mortalities in 19 years (Sielecki 2004).  Similarly, in Banff National 
Park, American marten made up 2% of small vertebrate roadkills (Clevenger, Chruszcz, and 
Gunson 2003).   

Female American marten select different structures to use as natal dens (where parturition occurs; 
Buskirk and Ruggiero 1994).  The majority (70%) of natal dens in this study were in old growth 
trees, hollow logs, and underneath rocks.  Typically, parturition occurs in late March for marten, 
with the active development of the foetus occurring in mid-February (Powell, Buskirk, and 
Zielinski 2003), although no detailed study on the reproductive ecology of marten has been 
conducted near the Project area.  Young grow and develop at a fairly rapid rate, and are able to 
leave the den site after approximately 50 days, although they are still dependent on parental care 
for several more weeks (Buskirk and Ruggiero 1994).  Martens will also use a second den site 
(maternal den) where young are moved to while they are developing (Powell, Buskirk, and 
Zielinski 2003).  A significant amount of high to moderate suitable winter, and thus denning, 
habitat occurs in the Project area.  Vulnerable marten kits in dens may be killed during 
construction if the animals cannot readily abandon the den, although American marten are known 
to move kits (young) to other dens during disturbance events.  If localized disturbance during 
Project construction induced this behaviour, then the potential for mortality would be minimized.  
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Because American marten avoid roads and will potentially move kits from disturbance areas, the 
effect of the Project on marten mortality (direct and indirect) is anticipated to be of a negligible 
extent.  

Disruption of Movements 
Noise from large vehicles and operations and avoiding modified and edge habitat along the 
ROW may act as a barrier and potentially affect American marten movement patterns.  Of the 
effects assessed for American marten, barrier to movement effects of the Project are expected to 
be among the greatest.   

Snow tracks studies reveal that the American marten avoids roads (Robitaille and Aubry 2000).  
Generally, American marten prefer forest home ranges that are more than 40 years of age, and 
avoid forest edges, road verges, and areas that lack overhead cover (K. G. Poole et al. 2004).  
Large tracts of treeless, early seral stage habitat can act as barriers for American marten (Hawley 
and Newby 1957; Gibilisco 1994).  American marten have also been found to avoid smaller 
patches of forest, even when rodents are present as a food resource (K. G. Poole et al. 2004).  
Therefore, forest patches that become isolated from Project development will likely be avoided 
by marten.   

Although the majority of the access road already exists, the development of mine roads, 
infrastructure, and the transmission line, along with increased traffic and human activity, may 
create a barrier to local marten movement.  Therefore, in the absence of mitigation, the Project is 
predicted to affect the movement of American marten to a minor extent.   

Mitigation and Management of Disruption to Movement for American Marten 
Mitigation strategies that may reduce the rating of this effect include (Section 13.10):  

• Maintain and prohibit mine-related human activity within potential habitat corridor 
between Morrison and Babine lakes and reduce the speed of vehicles travelling across this 
area.  This will minimize potential disturbance to this area, and reduce possible vehicle 
interactions with martens. 

• Maintain existing road culverts to facilitate habitat connectivity for martens. 

• Document cases and locations where collisions between wildlife and vehicles have 
occurred or have a higher likelihood of occurring (i.e., locations where wildlife are 
attracted to the access road for foraging, travel, or crossing) and allowing for adaptive 
management  where possible (providing additional road culverts in high incident areas).  

Potential Residual Effect of Disruption to Movement on American Marten 
With the mitigation suggested, the Project’s residual effects American marten movements are 
expected to be of medium magnitude, landscape in geographic extent, medium term in duration 
with regular frequency; effects will be reversible in the long term, as it takes many years 
(>100 years) for vegetation to form a new, mature forest.  The residual effect of Project activities 
on movement is thus expected to be of minor significance.  During the decommissioning and 
closure phase of the Project, provisions will be made for re-establishing habitat corridors through 
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the valley; this will help to re-establish movement patterns of American marten if they are 
disrupted.   

8.16.8.5 Chemical Hazards  
American marten generally avoid areas without substantial conifer cover.  Given this behavioural 
disposition, there is a low likelihood that marten will be attracted to the TSF.  However, it is 
possible that individuals may be exposed to heavy metals from ingesting prey animals, 
vegetation, soil/sediments, and water associated with the TSF.  

A wildlife risk assessment conducted for the Project (Appendix 39) assessed the risk of metal 
uptake associated with the TSF on American marten.  Results concluded the exposure ratio 
values for American marten were below the threshold exposure ratios of 0.5.  American marten 
had the highest exposure ratio values for many metals among all receptors of potential concern.  
The highest marten exposure ratio value was 0.134 for copper, from the ingestion of prey meat 
and soil.  Relative to other mammalian omnivores that were assessed, American marten is the 
smallest in size.  Smaller animals tend to have larger metabolic rates, requiring higher ingestion 
rates of food per unit body mass.  This causes a higher chemical of potential concern exposure 
per unit body mass through food ingestion pathways for smaller animals compared with larger 
ones.  For example, American marten consume 23% of their body weight daily as prey meat, 
while fishers consume 17.3% and grizzly bears 8.4% as wet weight ingestions (Table 2.5-2 in 
Appendix 39).  Therefore, smaller omnivorous mammals have higher chemical of potential 
concern exposure rates per unit body mass than larger mammals.  American marten also has a 
high exposure time in the TSF area because its home range is small relative to the TSF.  
American marten that live near the TSF may spend up to half of the year in the TSF area.  In 
comparison, the TSF area is less than 10% of the home range of a grizzly bear. 

Considering the results of the American marten risk assessment, their relatively smaller home 
range size, metabolic characteristics, and habitat preferences, the effects of Project-related 
chemical hazards on American marten are expected to be of a negligible extent.  Monitoring 
criteria were established for heavy metals in wetland vegetation and aquatic invertebrates of the 
TSF that would pose no potential health risk to wildlife that consume the wetland vegetation and 
aquatic invertebrates during the closure and post-closure stage of the Project (Appendix 39).  If 
wildlife is found to be drinking, eating, or using water or vegetation within the TSF during the 
closure or post-closure phases, invertebrate tissue and wetlands will be monitored and compared 
to the monitoring criteria.  In the event that metals concentrations are observed to approach the 
monitoring criteria, adaptive management would then be initiated to minimize the risk of metal 
uptake to wildlife. 

8.16.8.6 Sensory Disturbance 
No specific research exists on the effects of industrial noise on American marten.  Effects of noise 
on other members of the family Mustelidae and small mammals are also poorly known.  However, 
if there is an effect, it will likely affect those individuals adjacent to industrial noise within the 
Project area or along the access road.  No specific research appears to exist on the effects of 
blasting on American marten.  There is some evidence that noise associated with off-road vehicles, 
noise that may exceed 60 db, does not influence the presence (occupancy) of marten within 
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suitable habitat (Zielinski, Slauson, and Bowles 2008).  However, the scope of the study did not 
include behavioural or physiological responses to noise and is thus limited in its applicability.  
Potential issues from sensory stimuli would likely include physiological damage caused by high 
SPLs, stress, and/or diminished foraging efficiency resulting from an increase in alert behaviour.   

In the absence of any noise-reducing mitigation, the effect of the Project is predicted to have a low 
significance on sensory disturbances to American marten, as noise can affect habitat use, normal 
behaviours, and stress levels; this can sometimes lead to lower reproductive rates and health.  
However, as areas with a high degree of noise will likely be avoided, the Project will pose more of 
an issue to American marten by increasing the habitat loss via functional habitat loss, as well as 
increasing population fragmentation (see Section 8.16.7.4).  Other sensory disturbance such as 
visual or olfactory are not anticipated to provide a substantial effect on American marten.  Marten 
are easily habituated to humans and curious by nature, suggesting that visual stimuli such as human 
activity or movement would likely have minor influence on behaviour.   

In the absence of mitigation, the effect of Project-related noise on American marten is relatively 
uncertain but expected to be of a minor extent. 

Mitigation and Management of Sensory Disturbance for American Marten 
Mitigation strategies that may be applied to reduce the significance of sensory disturbance on 
American marten include (Section 13.10):  

• limit public access to the Project area; 

• prohibit human activity in identified key wildlife habitats, breeding sites, and movement 
corridors; 

• minimize sources of noise through noise control measures;  

• minimize noise associated with haul truck traffic.  

Potential Residual Effect of Sensory Disturbance on American Marten 
With sound-reducing mitigation, residual sensory effects of the Project are expected to be of low 
magnitude, local geographic extent, medium term in duration with regular frequency, and 
reversible in the long term.  The residual effect of Project activities on sensory effects is thus 
expected to be of negligible significance for American marten.    

8.16.8.7 Overall Effect on American Marten 
Each of the aforementioned components, (habitat loss or alteration, mortality, disruption to 
movement, chemical hazards, and sensory disturbance) are predicted to have negligible to minor 
residual effects on American marten in isolation.  However, these individual effects likely 
interact, creating additive or synergistic effects that have a different nature or extent on the local 
fisher population as a whole.  Considering these effects in combination with the existing road 
within the area, the relatively high amount of suitable marten winter habitat within the RSA, and 
the stable status of this species regional population, the overall residual effect on the local 
American marten population is predicted to be of negligible significance (Table 8.16-21).  



 

 

Table 8.16-12 
Morrison Copper/Gold Project: American Marten Effects Assessment Summary Table 

Description 
Project 

Component(s) 
Project  

Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Habitat Loss 
or Alteration 

Mine site, 
access road, 

transmission line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Prohibit mine-related 
human activity within 
potential habitat corridor 
between Morrison and 
Babine lakes and reduce 
the speed of vehicles 
travelling across this area.  
This will minimize potential 
disturbance to this area, as 
well as reduce possible 
vehicle strikes. 
• Reclaim disturbed habitat 
to reflect pre-disturbance 
values after mine closure 

Yes Suitable winter 
habitat lost or heavily 
degraded because of 
the Project includes 
10.6% of the LSA 
and 1.8% of the RSA. 

Low Local Long-term Continuous Reversible 
Long-term 

Neutral Minor Medium Intermediate 

Physical 
Hazards - 
Mortality 
(Direct and 
Indirect) 

Mine site, 
access road, 

transmission line 

Construction, 
operations, 

decommissioning 

Adverse Negligible             

Physical 
Hazards - 
Disruption of 
Movement 

Mine site, 
access road, 

transmission line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Prohibit mine-related 
human activity within 
potential habitat corridor 
between Morrison and 
Babine lakes and reduce 
the speed of vehicles 
travelling across this area.  
This will minimize potential 
disturbance to this area, as 
well as reduce possible 
vehicle strikes 
• Maintain existing road 
culverts to facilitate habitat 
connectivity for martens. 
• Document cases and 
locations where collisions 
between wildlife and 
vehicles have occurred or 
have a higher likelihood of 
occurring (i.e., locations 
where wildlife are attracted 
to the access road for 
foraging, travel, or 
crossing) and allowing for 
adaptive management  
where possible (providing 
additional road culverts in 
high incident areas). 

Yes Development of mine 
roads, infrastructure, 
and the transmission 
line, along with 
increased traffic and 
human activity, may 
create a barrier to 
local marten 
movement. 

Medium Landscape / 
Watershed 

Medium-term Regular Reversible 
Long-term 

Neutral Minor Medium Intermediate 

(continued) 



 

 

Table 8.16-12 
Morrison Copper/Gold Project: American Marten Effects Assessment Summary Table (completed) 

Description 
Project 

Component(s) 
Project  

Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Chemical 
Hazards and 
Attractants 

Mine site, 
access road, 

transmission line 

Construction, 
operations, 

decommissioning 

Adverse Negligible If wildlife is found to be 
drinking, eating, or using 
water or vegetation within 
the TSF during the closure 
or post-closure phases, 
invertebrate tissue and 
wetlands will be monitored 
and compared to the 
monitoring criteria.  In the 
event that metal 
concentrations are observed 
to approach the monitoring 
criteria, adaptive 
management would then be 
initiated to minimize the risk 
of metal uptake to wildlife. 

No           

Sensory 
Disturbance 

Mine site, 
access road, 

transmission line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Limit public access to the 
Project area. 
• Prohibit human activity in 
identified key wildlife 
habitats, breeding sites, and 
movement corridors; 
• Minimize sources of noise 
through noise control 
measures; 
• Minimize noise associated 
with haul truck traffic. 

Yes Areas with a high 
degree of Project-
related noise will 
likely be avoided 

Low Local Medium-term Regular Reversible 
Long-term 

High Negligible Low Intermediate 

Combined 
Effects of the 
Project 
(Population 
level impacts) 

Mine site, 
access road, 

transmission line 

Construction, 
operations, 

decommissioning, 
post-closure 

Adverse           Negligible Low Intermediate 
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8.16.9 Fisher 

8.16.9.1 Spatial and Temporal Boundaries for Fisher 
Studies on fisher from across North America derived a mean home range size of 38 km2 for 
males and 15 km2 for females (Powell 1994).  Therefore, the RSA was selected as the effects 
assessment area for fisher.  Potential Project effects on fisher are anticipated to start during the 
construction phase and continue through operations and into decommissioning/closure.  

8.16.9.2 Potential Effects on Fisher 
Table 8.16-14 (at the end of this section) summarizes potential Project effects considered, 
applicable mitigation measures, and residual results for fisher.  The following sections describe 
each of these potential effects on fisher.  

8.16.9.3 Habitat Loss or Alteration 
Fishers generally avoid areas of early stage vegetation because of a lack of overhead cover 
(Powell, Buskirk, and Zielinski 2003).  From the limited research conducted, fishers in BC show a 
strong affinity for forested riparian zones (Weir 1995b), probably because the relatively higher 
density of late-successional forest features (e.g., large, declining black cottonwood trees, spruce 
trees with rust brooms) are important to fishers.  Fishers appear to select riparian habitat; however, 
they also appear to use a variety of upland habitats for many other life requirements (Weir 1995a). 

Female fishers have relatively stringent requirement for forest structure in which they rear their 
kits.  Natal (i.e., whelping) and maternal (i.e., rearing) dens are typically found in tree cavities, 
primarily in large deciduous trees (Weir 1999; Powell, Buskirk, and Zielinski 2003), likely 
because they provide thermal benefits and are more defendable (Leonard 1980).  Female fishers 
use between one and five maternal dens following abandonment of the original natal den (Paragi, 
Arthur, and Krohn 1996).  

Habitat suitability modelling was conducted for fisher winter habitat (Appendix 37).  Loss of 
mature coniferous forest is of particular importance for predicting effects of the Project on fisher.  
Fisher denning habitat, associated with the lower elevation mature conifer forest, may be locally 
limiting.  Fishers use many different structures for fulfilling security and thermal requirements in 
the winter.  These structures include subnivean burrows, snow dens, hollow logs, tree cavities, 
large branches, and witch’s brooms for resting dens (Powell 1977; Weir 1999).  Fisher will 
typically favour old-growth forests that are dominated by conifers with some deciduous 
component to provide the required structure for resting den sites.  Overly mature trees or snags 
provide cavities, large branches, and witch’s broom; a high level of CWD provides hollow logs 
and creates snow dens; and high canopy closure aids in snow interception for ease of travel.  
Suitable habitat for the fisher was identified throughout the RSA, some of which is near the 
proposed access road, mine site infrastructure, and transmission line corridor.   

Overall 57,086 ha of suitable fisher habitat were identified within the RSA.  Of the suitable 
habitat identified for fisher, approximately 944 ha will be directly lost as a result of Project 
development, which represents 1.8% of the available, suitable habitat in the RSA.  Most of this 
loss will occur in association with the development of the mine site, TSF, and access road.  The 
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amount of fisher habitat lost, heavily degraded, lightly degraded, or fragmented because of the 
Project is presented in Table 8.16-13. 

Table 8.16-13  
Fisher Winter Habitat Lost, Heavily Degraded, Lightly Degraded,  

and Fragmented 
Area Altered (Ha) (%LSA) (%RSA) 

Season 
Habitat 
Quality Lost 

Heavily 
Degraded 

Lightly 
Degraded Fragmented Total Altered 

High 846.09 Ha  
(10.2%) (1.9%) 

105.27 Ha  
(1.3%) (0.2%) 

209.22 Ha  
(2.5%) (0.5%) 

176.01 Ha  
(2.1%) (0.4%) 

1336.59 Ha  
(16.2%) (3.1%) 

Moderate 97.41 Ha    
(5.8%) (0.7%) 

3.98 Ha  
(0.2%) (0.0%) 

8.38 Ha     
(0.5%) (0.1%) 

11.60 Ha    
(0.7%) (0.1%) 

121.38 Ha  
(7.2%) (0.9%) 

Low 254.62 Ha  
(5.5%) (1.1%) 

55.44 Ha  
(1.2%) (0.2%) 

134.11 Ha  
(2.9%) (0.6%) 

100.86 Ha  
(2.2%) (0.4%) 

545.04 Ha  
(11.7%) (2.3%) 

Winter 

Nil 35.46 Ha    
(4.2%) (0.8%) 

23.95 Ha  
(2.8%) (0.5%) 

42.50 Ha    
(5.0%) (1.0%) 

4.49 Ha      
(0.5%) (0.1%) 

106.40 Ha  
(12.6%) (2.4%) 

First % is amount altered in LSA; second % is amount altered in RSA. 
Suitable habitat is defined as High + Moderate. 

The average home range size for male and female fishers is 38 km2 and 15 km2, respectively 
(Powell 1994).  The loss of approximately 846 ha of high-quality winter habitat (10.2% and 
1.9% of identified winter habitat in the LSA and RSA, respectively) could result in a shift in the 
size or location of the home ranges of some individuals closest to Project infrastructure.  
Therefore, the effect of terrestrial habitat loss for fisher is expected to be of a minor extent. 

Mitigation and Management of Habitat Loss for Fisher 
Mitigation and enhancement cannot eliminate the effect of habitat loss on fisher.  Mitigation 
possibilities that may be applied include (Section 13.10):  

• Prohibit mine-related human activity within identified high-quality areas outside of the 
Project footprint, particularly within riparian areas with old stands of cottonwoods.  

• Reclaim disturbed habitat to reflect pre-disturbance values after mine closure. 

Potential Residual Effect of Habitat Loss for Fisher 
The amount of suitable fisher habitat that will be temporarily or permanently lost or degraded as 
a result of Project development represents 1.8% (classified as lost or heavily degraded) of the 
total amount of suitable habitat available in the RSA.  The mitigation and enhancement 
suggested will not greatly reduce the effect of habitat loss, as the Project footprint exists within 
the constraints of the Project design and engineering considerations.  The residual effect of 
habitat loss is therefore still expected to be of low magnitude, local in geographic extent, long 
term in duration, and continuous frequency.  Effects of habitat loss are reversible in the long term 
with a suitable closure and reclamation plan.  After mine closure, disturbed habitat will be 
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reclaimed to reflect pre-disturbance values as closely as possible.  The residual effect of habitat 
loss following mitigation is expected to be of minor significance.    

8.16.9.4 Physical Hazards and Attractants 

Mortality 
Project-related fisher mortality may occur directly from vehicle strikes and/or attraction to 
Project roads, and possible chemical-induced mortality (see Chemical Hazards section below).  
Fishers are generalist predators and typically eat any animal they can catch and kill, although 
they often specialize on porcupines (Erethizon dorsatum) and snowshoe hares (Lepus 
americanus) in some areas (Powell 1993).  Other reported meat items that they consume include 
deer (Odocoileus spp., primarily as carrion), squirrels (Tamiasciurus spp. and Glaucomys spp.), 
microtines (voles and related species), shrews (Sorex spp.), birds (mostly passerine and 
galliform), American martens, and snakes, all of which may be found as roadkill along road 
verges (Coulter 1966; Clem 1977; Kelly 1977; Arthur, Krohn, and Gilbert 1989; Giuliano, 
Litvatis, and Stevens 1989; Kuehn 1989; S. K. Martin 1994).  

Sensitive periods for fisher include the early winter months when females are preparing and 
giving birth to young.  High and moderate suitable winter (denning) habitat does occur in the 
Project area.  Therefore, clearing trees could potentially cause some incidental mortality of 
females or females and offspring.  

Some additional trapping pressure may also contribute to indirect mortality.  Regulated harvest 
of fisher within the registered traplines affected by the development may increase with increased 
access to local trappers.  As traplines are managed by individual tenure holders, it is anticipated 
that harvest would be managed to ensure long-term sustainability of the resource; however, 
incidentally catching fisher associated with the marten harvest may result in some overharvest of 
fisher dependent on trapline activity.  Compulsory reporting of fisher harvest by trappers is 
required, suggesting that monitoring the harvest by provincial biologists will also contribute to 
ensuring local populations are sustained. 

In the absence of mitigation during the active life of the mine, the effect of the Project is 
predicted to affect the mortality (direct and indirect) of fisher to a minor extent.   

Mitigation and Management of Mortality 
Mitigation strategies that may reduce the rating of Project-related fisher mortality include 
(Section 13.10):  

• conduct employee education programs for working and living around wildlife; 

• minimize potential wildlife attraction to the road (e.g., remove road carrion and manage 
roadside vegetation), thereby reducing the risk of conflicts between vehicles and wildlife; 

• limit public access to the mine area; 

• prohibit hunting and trapping within the mine area; 

• prohibit domestic animals in the mine area; 
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• avoid human activity near identified key wildlife habitats outside of the Project footprint 
during sensitive wildlife periods (e.g., old cottonwood stands in riparian areas); 

• prohibit feeding wildlife in the Project area;  

• store and remove all waste and wildlife attractants. 

Potential Residual Effects of Mortality 
With the suggested mitigation, the Project’s residual effects on fisher mortality are expected to 
be of low magnitude, local geographic extent, and long term in duration with sporadic frequency; 
effects will be reversible in the short term.  The residual effect of Project activities on mortality 
is thus expected to be of negligible significance for fisher.  

Disruption to Movement 
Project clearing associated with infrastructure development, roads, and the transmission line ROW 
may sufficiently limit vegetation cover to influence fisher use of some areas.  Fisher tend to avoid 
open habitats that lack any form of overhead shrub or tree cover such as clear cuts (Raine 1981; 
Weir 1995b).  Instead, fisher select older seral stands with continuous canopy cover to provide 
security cover from predators (de Vos 1952; Coulter 1966; Kelly 1977; Powell 1977; Arthur, 
Krohn, and Gilbert 1989).  For example, translocated fishers avoided early seral stage stands and 
selected coniferous forests more often than expected (Weir and Harestad 1997).  Therefore, 
clearing habitat, particularly larger tracts, may make fisher more hesitant to cross the area.   

Deep, soft snow may also inhibit fisher movements.  Fishers are reported to modify their small-
scale movements within stands to avoid areas with less-supportive snow (Leonard 1980; Raine 
1983).  Weir (1995a) suggested that fishers in the East Cariboo region of central BC used 
patches with large trees because the overstorey closure afforded by these trees may have 
increased snow interception.  Therefore, movement may be hindered by the Project in the winter 
as fisher may be reluctant to cross areas with increased snow deeps caused by lack of canopy 
cover, such as the road and transmission line ROW.  

Although the majority of the access road already exists, the development of mine roads, 
infrastructure, and the transmission line, along with increased traffic and human activity, may 
create a barrier to local fisher movement.  Therefore, in the absence of mitigation, the Project is 
predicted to affect fisher movement to a minor extent.   

Mitigation and Management of Disruption to Movement for Fisher 
Mitigation strategies that may reduce the rating of this effect include the following 
(Section 13.10).  

• Maintain and prohibit mine-related human activity within potential habitat corridor 
between Morrison and Babine lakes and reduce the speed of vehicles travelling across this 
area.  This will minimize potential disturbance to this area, and reduce possible vehicle 
interactions with martens. 

• Document cases and locations where collisions between wildlife and vehicles have 
occurred or have a higher likelihood of occurring (i.e., locations where wildlife are 
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attracted to the access road for foraging, travel, or crossing) and allowing for adaptive 
management where possible (providing additional road culverts in high incident areas).  

Potential Residual Effects of Disruption to Movement on Fisher 
With the suggested mitigation, residual effects are expected to be of medium magnitude, 
landscape in geographic extent, medium term in duration with regular frequency; effects will be 
reversible in the long term.  The residual effect of Project activities on fisher movement is thus 
expected to be of minor significance.  During the decommissioning and closure phase of the 
Project, provisions will be made for re-establishing habitat corridors through the valley; this will 
help to re-establish fisher movement patterns if they are disrupted.   

8.16.9.5 Chemical Hazards and Attractants 
Fisher may be exposed to Project-related heavy metals from ingesting prey animals, vegetation, 
soil/sediments, and water associated with the TSF.  A wildlife risk assessment conducted for the 
Project (Appendix 39) assessed the risk of metal uptake associated with the TSF on fisher.  
Results concluded the exposure ratio values for fisher were below the threshold exposure ratio of 
0.5.  Fisher is in the same class as grizzly bear and American marten (i.e., omnivorous mammals) 
and has the same formulas for calculating ingestion rates for soil, water, and prey for their 
wildlife characteristics.  Differences in the exposure ratio between omnivorous mammals are 
primarily the result of the differences in home range and exposure time in the TSF.  The highest 
exposure ratio value for fisher was 0.0424 for copper; the primary source of copper would be 
through the ingestion of soil.  

Considering the results of the fisher risk assessment, the effects of Project-related chemical hazards 
on fisher are expected to be of a negligible extent.  Monitoring criteria were established for heavy 
metals in wetland vegetation and aquatic invertebrates of the TSF that would pose no potential 
health risk to wildlife that consume the wetland vegetation and aquatic invertebrates during the 
closure and post-closure stage of the Project (Appendix 39).  If wildlife is found to be drinking, 
eating, or using water or vegetation within the TSF during the closure or post-closure phases, 
invertebrate tissue and wetlands will be monitored and compared to the monitoring criteria.  In the 
event that metals concentrations are observed to approach the monitoring criteria, adaptive 
management would then be initiated to minimize the risk of metal uptake to wildlife 

8.16.9.6 Sensory Disturbance 
No research exists on the effects of sensory disturbances on fisher.  Research on American 
marten suggests that some sounds, even those above 60 dB, may not alter territory occupancy 
(Zielinski, Slauson, and Bowles 2008).  However, it is not known whether there are behavioural 
or physiological changes that result during the exposure to sound events.  Thus, the effects to 
fisher from noise resulting from Project activities could include physiological damage caused by 
high SPLs, stress, and/or diminished foraging efficiency due to increased alert behaviour.  This 
can sometimes lead to lower reproductive rates and health of animals.  However, areas with a 
high degree of noise will likely be avoided. 

Fisher prefer covered habitat in older forests, but dispersal in late winter involves travelling great 
distances over height of land and fisher may be transient within most habitat types, including 



Environmental and Socio-economic Effects Assessment 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II 8–448 Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

areas near avalanche tracks.  This occurrence is anticipated to be rare and avalanche control 
measures are therefore not expected to incur adverse effects on this species. 

Other forms of sensory disturbance such as visual effects from humans and machinery and 
olfactory influences (human smells, garbage incineration) are not well understood.  Considering 
that fisher are more sensitive to disturbance than marten, it is likely that visual disturbance from 
increased human activity may have a greater effect on fisher as habituation seems to be a less 
documented event for this species.   

In the absence of mitigation strategies, the effect of sensory disturbances associated with the 
Project are expected to affect fisher to a minor extent. 

Mitigation and Management of Sensory Disturbance for Fisher 
Mitigation strategies that may be applied to reduce the significance of sensory disturbance on 
fisher include (Section 13.10):  

• limit public access to the Project area; 

• prohibit human activity in identified key wildlife habitats, breeding sites, and movement 
corridors outside of the Project footprint; 

• minimize sources of noise through noise control measures;  

• minimize noise associated with haul truck traffic.  

Potential Residual Effects of Sensory Disturbance on Fisher 
With sound-reducing mitigation and avoidance of highly suitable habitat outside of the Project 
footprint, the residual effects following mitigation are expected to be of low magnitude, local 
geographic extent, medium term in duration with regular frequency, and reversible in the long 
term.  The residual effect of Project activities on sensory effects is thus expected to be of 
negligible significance for fisher.    

8.16.9.7 Overall Effect on Fisher 
Each of the aforementioned components, (habitat loss or alteration, mortality, disruption to 
movement, chemical hazards, and sensory disturbance) are predicted to have negligible to minor 
residual effects on fisher in isolation.  However, these individual effects likely interact; creating 
additive or synergistic effects that have a different nature or extent on the local fisher population 
as a whole.  Considering these effects in combination with past human activity within the area, 
the amount of remaining suitable winter habitat in the RSA after Project development, limited 
research and uncertainty on the effects of human activity development on fisher, and the 
conservation status of this species, the overall residual effect on the local fisher population is 
predicted to be of minor significance (Table 8.16-21). 

 



 

 

Table 8.16-14 
Morrison Copper/Gold Project: Fisher Effects Assessment Summary Table 

Description 
Project  

Component(s) 
Project  

Phase(s) Nature Extent 
Mitigation and  
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience  
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Habitat Loss or 
Alteration 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Prohibit mine-
related human 
activity within 
identified high quality 
areas outside of the 
Project footprint, 
particularly within 
riparian areas with 
old stands of 
cottonwoods.  
• Reclaim disturbed 
habitat to reflect pre-
disturbance values 
after mine closure. 

Yes The amount of suitable 
fisher habitat that will 
be temporarily or 
permanently lost or 
degraded as a result 
of Project 
development 
represents 1.8% 
(classified as lost or 
heavily degraded) of 
the total amount of 
suitable habitat 
available in the RSA.   

Low Local Long-term Continuous Reversible 
Long-term 

Low Minor High Intermediate 

Physical 
Hazards - 
Mortality 
(Direct and 
Indirect) 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Conduct employee 
education programs 
for working and living 
around wildlife. 
• Minimize potential 
wildlife attraction to 
the road (e.g., 
remove road carrion 
and manage 
roadside vegetation), 
thereby reducing the 
risk of vehicle 
strikes. 
• Limit public access 
to the mine area. 
• Prohibit hunting 
and trapping within 
the mine area. 
• Prohibit domestic 
animals in the mine 
area. 
• Avoid human 
activity near 
identified key wildlife 
habitats outside of 
the Project footprint 
during sensitive 
wildlife periods (e.g., 
old cottonwood 
stands in riparian 
areas). 
• Prohibit feeding 
wildlife in the Project 
area.  
• Store and remove 
all waste and wildlife 
attractants. 

Yes • Clearing trees could 
cause some incidental 
mortality of females or 
offspring. 
• Mortality from vehicle 
strikes. 

Low Local Long-term Sporadic Reversible 
Short-term 

Low Negligible Low Intermediate 

(continued) 



 

 

 Table 8.16-14 
Morrison Copper/Gold Project: Fisher Effects Assessment Summary Table (continued) 

Description 
Project  

Component(s) 
Project  

Phase(s) Nature Extent 
Mitigation and  
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience  
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Physical 
Hazards - 
Disruption of 
Movement 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Prohibit mine-related 
human activity within 
potential habitat corridor 
between Morrison and 
Babine lakes and 
reduce the speed of 
vehicles travelling 
across this area.  This 
will minimize potential 
disturbance to this area, 
as well as reduce 
possible vehicle strikes. 
• Document cases and 
locations where 
collisions between 
wildlife and vehicles 
have occurred or have a 
higher likelihood of 
occurring (i.e., locations 
where wildlife are 
attracted to the access 
road for foraging, travel, 
or crossing) and 
allowing for adaptive 
management  where 
possible (providing 
additional road culverts 
in high incident areas). 

Yes • Fisher may be 
reluctant to cross 
gaps/fragments in 
forest cover (mine site, 
transmission line 
corridor, and/or roads), 
limiting east-west 
movement 

Medium Landscape / 
Watershed 

Medium-
term 

Regular Reversible 
Long-term 

Low Minor Medium Intermediate 

Chemical 
Hazards and 
Attractants 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Negligible If wildlife are found to be 
drinking, eating, or using 
water or vegetation 
within the TSF during 
the closure or post-
closure phases, 
wetlands and 
invertebrate tissue will 
be monitored and 
compared to the 
monitoring criteria.  In 
the event that metals 
concentrations are 
observed to approach 
the monitoring criteria, 
adaptive management 
would then be initiated 
to minimize the risk of 
metal uptake to wildlife 

           

(continued) 



 

 

Table 8.16-14 
Morrison Copper/Gold Project: Fisher Effects Assessment Summary Table (completed) 

Description 
Project  

Component(s) 
Project  

Phase(s) Nature Extent 
Mitigation and  
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience  
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Sensory 
Disturbance 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Limit public access to 
the Project area. 
• Prohibit human activity 
in identified key wildlife 
habitats, breeding sites, 
and movement corridors 
outside of the Project 
footprint. 
• Minimize sources of 
noise through noise 
control measures.  
• Minimize noise 
associated with haul 
truck traffic. 

Yes • Elevated stress 
levels and/or habitat 
avoidance in areas of 
high noise and human 
disturbance. 

Low Local Medium-
term 

Regular Reversible 
Long-term 

Low Negligible Medium Intermediate 

Combined 
Effects of the 
Project 
(Population 
level impacts) 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning, 
post-closure 

           Minor   

 

 



Environmental and Socio-economic Effects Assessment 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II 8–455 Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8.16.10 Western Toad 

8.16.10.1 Spatial and Temporal Boundaries for Western Toad 
Western toads require a variety of terrestrial and aquatic habitats to complete different stages of 
their life cycle:  spring breeding, summer foraging, and winter hibernation.  Toads migrate over 
relatively long distances each spring from their winter terrestrial hibernation sites to aquatic 
breeding sites, and then to forested feeding sites during the summer.  Toads are capable of 
moving over 5 km to breeding sites (Davis 2002).  Of greatest concern for toad populations will 
be Project activities (e.g., construction of roads, haul truck traffic) coming into contact with 
breeding ponds or migration routes to and from ponds.  Thus, the effects on western toad are 
evaluated for the LSA and are anticipated to start during the construction phase and continue 
through operations and into decommissioning/closure.  

8.16.10.2 Potential Effects 
Table 8.16-15 (at the end of this section) summarizes potential Project effects considered, 
applicable mitigation measures, and residual results for western toad.  The following sections 
describe each of these potential effects on western toad.  

8.16.10.3 Habitat Loss or Alteration 
Toads are found in a variety of habitats, and breeding ponds are their only predictable habitat 
feature.  Therefore, traditional habitat suitability modelling cannot be conducted for western toad 
and this assessment is qualitative rather than quantitative.  

Western toad habitat typically includes a combination of upland and wetland areas (Wind and 
Dupuis 2002).  Terrestrial habitats are used for most of the year (Bartelt and Peterson 1994) but 
toads return to aquatic habitats for one or two weeks each spring to breed.  The distance moved 
between upland habitats and summer ranges following breeding varies from 400 m to several 
kilometres (Davis 2002).  Nearly every vegetated habitat in the local Project area could support 
some terrestrial habitats that can be exploited by toads.  Western toads were observed in adult 
and tadpole stages (indicative of active breeding populations) at Booker Lake and in adult form 
at the W1 wetland site in the proposed open pit site (Appendix 38).  Both locations where 
western toads were observed are within the proposed footprint: this is of particular concern for 
Booker Lake, the only breeding location found in the LSA for western toad. 

In the absence of mitigation, habitat loss due to the Project is expected to affect western toad to a 
moderate extent.  

Mitigation and Management of Habitat Loss for Western Toad 
Mitigation strategies that may be applied to reduce the effects of habitat loss on western toad 
include (Section 13.10):  

• Avoid human activity in identified key wildlife habitats during sensitive periods, such as 
toad breeding sites and migration areas, outside of the Project footprint.  Buffer zones 
around wetlands and riparian areas recommended by the BC MOE should also be 
designated and avoided. 
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• Construct and maintain roadside ditches in the mine site to minimize standing water to 
prevent toad breeding.   

• Minimize road dust production through road watering (generally only in the summer 
months), regular road surface maintenance, and speed limits.  

Potential Residual Effect of Habitat Loss on Western Toad 
Toad breeding was identified in Booker Lake (the location of the potential open pit), and this 
habitat will be lost.  However, with mitigation the Project’s residual effects on western toad from 
habitat loss are expected to be of low magnitude, local in geographic extent, and long-term in 
duration with regular frequency; effects will be irreversible.  The residual effect is thus expected 
to be of minor significance on western toad.    

8.16.10.4 Physical Hazards and Attractants 

Mortality 
The potential source of physical hazards and attractants identified for western toad in association 
with Project development is vehicle collisions along the access road.  While it is possible that 
toads may also be killed directly in the construction and mining operations process, this issue is 
covered under the effects of habitat loss.   

The existing access road and new and upgraded mine roads traverse terrestrial habitats likely used 
by western toad, which may be attracted to the road for basking and result in vehicle-related 
mortality (Kinsey and Law 1998).  Even low-traffic roads can cause considerable mortality, 
particularly during breeding migrations (Lesbarrères, Lodé, and Merilä 2004).  Because western 
toad is a COSEWIC species of Special Concern, the CEA Agency requires that a monitoring plan 
records and assesses western toad mortalities caused by access road traffic (see Section 13.10). 

In the absence of mitigation during construction, operations, and decommissioning, vehicle-
related mortality is expected to affect western toad to a minor extent.   

Mitigation and Management of Mortality for Western Toad  
Mitigation strategies that may reduce the rating of Project-related western toad mortality include 
(Section 13.10):  

• minimize potential vehicle-related wildlife mortalities (e.g., speed limits, adaptive 
management); 

• document cases and locations where collisions between western toad and vehicles have 
occurred or have a higher likelihood of occurring (i.e., locations where western toad 
migrations cross the road);  

• avoid human activity near identified breeding and migration corridors outside of the Project 
footprint, particularly during sensitive periods;  

• prohibit littering in the Project area. 
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Potential Residual Effect of Mortality for Western Toad 
With the suggested mitigation, the Project’s residual effects on western toad mortality during the 
construction and operations is expected to be of low magnitude, local in geographic extent, 
medium term in duration with regular frequency; effects will be reversible in the long term.  The 
residual effect is thus expected to be of negligible significance for western toad.    

Disruption to Movement 
Western toads use terrestrial habitats for most of the year (Bartelt and Peterson 1994) but return 
to aquatic habitats for one or two weeks each spring to breed, covering distances from hundreds 
of metres to several kilometres (Wind and Dupuis 2002).  The predicted levels of terrestrial and 
wetland habitat loss in the valley (Section 8.16.10.3 Habitat Loss) could potentially create 
barriers for east-west toad movements between terrestrial and aquatic habitats in the local area.   

Western toad could potentially occupy most of the terrestrial habitats surrounding the access 
road.  In addition, several wetlands close to the access road were identified as highly suitable 
breeding habitat for toads (Appendix 31; Appendix 38).  The road may bisect areas used by toads 
to travel from terrestrial to aquatic habitats, potentially creating a barrier to movements through 
behaviour changes or road-related mortality.     

In the absence of mitigation, the Project’s disruptive effect to western toad movement is 
predicted to be of minor extent during construction, operations, and closure phases.   

Mitigation and Management of Disruption to Movement for Western Toad 
Mitigation strategies that may reduce this rating on western toad include (Section 13.10):  

• minimize potential vehicle-related wildlife mortalities (e.g. speed limits, adaptive 
management);  

• document cases and locations where collisions between western toad and vehicles have 
occurred or have a higher likelihood of occurring (i.e., locations where western toad 
migrations cross the road).  

Potential Residual Effect of Disruption to Movement on Western Toad 
Considering the existing road infrastructure, location of identified breeding sites, and availability 
of habitat for toads, the Project’s residual effects following mitigation are expected to be of low 
magnitude, local in geographic extent, medium term in duration with regular frequency; effects 
will be reversible in the short term.  Project activities’ residual effect movement is thus expected 
to be of negligible significance.    

8.16.10.5 Chemical Hazards  
Western toads and western toad habitat were both identified within the Project area, and it is 
anticipated that toads will be attracted to the wetland environment of the proposed mine and 
TSF.  They could be exposed to chemicals of potential concern by ingesting soil, water, and prey 
species, and by dermal absorption.  Amphibians are particularity sensitive to environmental 
contaminants.  Western toads were found breeding in the footprint area and may use the TSF for 
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breeding in the future.  In the absence of mitigation, chemical issues due to the Project are 
expected to affect western toad to a minor extent.   

Mitigation and Management of Chemical Hazards  
Mitigation strategies that may be applied include (Section 13.10):  

• minimize attractiveness of poor quality water sources by removing standing water or 
vegetation; 

• record incidental sightings of western toad presence and breeding activity near the TSF;  

• monitor for unanticipated attractants associated with the TSF and area to implement 
adaptive management (e.g., formation of small ponds near the TSF requiring diversion). 

Potential Residual Effect of Chemical Hazards 
With the suggested mitigation, the Project’s residual chemical effects on western toad are 
expected to be of negligible magnitude, local in geographic extent, medium term in duration with 
regular frequency; effects will be reversible in the long term.  The residual chemical effect from 
Project activities is thus expected to be of negligible significance on western toad.    

8.16.10.6 Sensory Disturbance 
The two main forms of sensory disturbance associated with the Project are noise and light.   
Road and traffic noise can affect some amphibian species when the frequency of noise coincides 
with that of calling male frogs (Sun and Narins 2005).  However, western toads do not produce a 
mating call and actively search for females instead (Wind and Dupuis 2002).  Males will clasp 
any object that resembles a female toad and only vocalize when grasped by another male—a 
“release” call or “chirp”.  Hence, noise likely would not directly interfere with toad mating and 
the effect is expected to be negligible. 

8.16.10.7 Overall Effect on Western Toad 
Each of the aforementioned effects, (habitat loss or alteration, mortality, disruption to movement, 
chemical hazards, and sensory disturbance), are predicted to have negligible to minor residual 
effects on western toad in isolation.  However, these individual effects likely interact; creating 
additive or synergistic effects that have a different nature or extent on the local western toad 
population as a whole.  Considering these effects in combination with past human activity within 
the area, breeding habitat within the Project footprint, and the conservation status of this species, 
the overall residual effect on the local western toad population is predicted to be of minor 
significance (Table 8.16-21). 

 



 

 

Table 8.16-15 
Morrison Copper/Gold Project: Western Toad Effects Assessment Summary Table 

Description 
Project  

Component(s) Project Phase(s) Nature Extent 
Mitigation and  
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience  
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Habitat Loss or 
Alteration 

Mine site, access 
road, 

transmission line 

Construction, 
operations, 

decommissioning 

Adverse Moderate • Avoid human activity 
in identified key wildlife 
habitats during sensitive 
periods, such as toad 
breeding sites and 
migration areas, outside 
of the Project footprint.  
Buffer zones around 
wetlands and riparian 
areas recommended by 
the BC Ministry of 
Environment should 
also be designated and 
avoided. 
• Roadside ditches in 
the mine site should be 
constructed and 
maintained to minimize 
standing water to 
prevent toad breeding. 
• Road dust production 
will be minimized 
through road watering 
(generally only in the 
summer months), 
regular road surface 
maintenance, and 
speed limits. 

Yes • Loss of identified 
breeding pond. 

Low Local Long-term Regular Irreversible Neutral Minor Medium Low 

Physical 
Hazards - 
Mortality 
(Direct and 
Indirect) 

Mine site, access 
road, 

transmission line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Minimize potential 
vehicle-related wildlife 
mortalities (e.g. speed 
limits, adaptive 
management). 
• Document cases and 
locations where 
collisions between 
western toad and 
vehicles have occurred 
or have a higher 
likelihood of occurring 
(i.e., locations where 
western toad migrate 
across the road). 
• Avoid human activity 
near identified breeding 
and migration corridors 
outside of the Project 
footprint, particularly 
during sensitive 
periods. 
• Prohibit littering in the 
Project area. 

Yes • Potential toad 
mortality 
associated with 
incidental traffic 
interactions. 

Low Local Medium-
term 

Regular Reversible 
Long-term 

Low Negligible Medium Low 

(continued) 



 

 

Table 8.16-15 
Morrison Copper/Gold Project: Western Toad Effects Assessment Summary Table (completed) 

Description 
Project  

Component(s) Project Phase(s) Nature Extent 
Mitigation and  
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience  
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Physical 
Hazards - 
Disruption of 
Movement 

Mine site, access 
road, 

transmission line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Minimize potential 
vehicle-related wildlife 
mortalities (e.g. speed 
limits, adaptive 
management). 
• Document cases and 
locations where 
collisions between 
western toad and 
vehicles have occurred 
or have a higher 
likelihood of occurring 
(i.e., locations where 
western toad migrations 
cross the road). 

Yes • Roads and 
infrastructure may 
limit toad 
movement 
between terrestrial 
and wetland 
habitats. 

Low Local Medium-
term 

Regular Reversible 
Short-term 

Neutral Negligible Low Low 

Chemical 
Hazards and 
Attractants 

Mine site, access 
road, 

transmission line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Minimize 
attractiveness of poor 
quality water sources by 
removing standing 
water or vegetation. 
• Record incidental 
sightings of the 
presence of western 
toads and breeding 
activity in proximity to 
the TSF. 
• Monitor unanticipated 
attractants associated 
with the TSF and area 
to implement adaptive 
management (e.g. 
formation of small 
ponds near the TSF 
requiring diversion). 

Yes • Potential 
breeding or use of 
low water quality 
habitats in the local 
area. 

Negligible Local Medium-
term 

Regular Reversible 
Long-term 

Low Negligible Medium Low 

Sensory 
Disturbance 

Mine site, access 
road, 

transmission line 

Construction, 
operations, 

decommissioning 

Adverse Negligible  No           

Combined 
Effects of the 
Project 
(Population 
level impacts) 

Mine site, access 
road, 

transmission line 

Construction, 
operations, 

decommissioning, 
post-closure 

           Minor Medium Low 
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8.16.11 Waterfowl  

8.16.11.1 Spatial and Temporal Boundaries for Waterfowl 
The RSA was selected as the effects assessment area for waterfowl (including water birds and 
riverine birds) because sound modelling conducted for the Project (Section 8.21) predicted that 
noise from Project activities would extend past the LSA and carry up Morrison Lake and as far 
south as the tip of Babine Lake.  Thus, sensory disturbances could affect waterfowl within the 
RSA.  Potential Project effects on waterfowl are anticipated to start during the construction phase 
and continue through operations and into decommissioning/closure (to a lesser extent).  

8.16.11.2 Potential Effects 
Table 8.16-17 (at the end of this section) summarizes potential Project effects considered, 
applicable mitigation measures, and residual results for waterfowl.  The following sections 
describe each of these potential effects on waterfowl.  

8.16.11.3 Habitat Loss or Alteration 
Waterfowl are an important component of biodiversity and are intrinsically linked to freshwater 
and adjacent riparian areas.  Waterfowl, water birds, and riverine birds occur in the study area 
during stopovers en route to their final breeding destination during migration or breeding.  The 
arrival of the majority of species takes place in early May, after which some species, like greater 
white-fronted geese (Anser albifrons), will continue northward to breed.  Other species will 
remain and use the study area for breeding.  Fall migration takes place around late August to 
September when the majority of species leave the study area; however, some species will remain 
as long as there is open water.  Suitable habitat for waterfowl was identified by quantifying the 
amount of four habitat types (water, wetland shrub/herb, wetter forest, wetter shrub/herb) within 
the RSA (Table 8.16-16). 

Table 8.16-16  
Water and Water-associated Habitat Lost and Degraded 

Area Altered (Ha) (%LSA) (%RSA) 
Habitat Type Lost Degraded Total Altered 

Water 
19.99 Ha  

(0.9%) (0.1%) 
6.45 Ha  

(0.3%) (0.0%) 
26.44 Ha  

(1.2%) (0.2%) 

Wetland Shrub/Herb 
15.35 Ha  

(5.9%) (3.6%) 
1.30 Ha 

 (0.5%) (0.3%) 
16.65 Ha 

(6.4%) (3.9%) 

Wetter Forest 
117.11 Ha  

(5.7%) (2.4%) 
28.27 Ha  

(1.4%) (0.6%) 
145.38 Ha  

(7.1%) (3.0%) 

Wetter Shrub/Herb 
3.10 Ha  

(100%) (0.2%) 
0.00 Ha  

(0.0%) (0.0%) 
3.10 Ha  

100%) (0.2%) 

First % is amount altered in LSA; second % is amount altered in RSA. 

Some species that nest farther away from waterbodies could be affected by habitat loss if their 
nesting habitat is removed.  For instance, nest records for the BC interior indicate that lesser 
scaup can nest up to 60 m from lake shoreline (Campbell et al. 1990).  Nests are more commonly 



Environmental and Socio-economic Effects Assessment 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II 8–464 Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

found in grasses, cinquefoil (Potentilla spp), Canadian milk vetch (Astragalus canadensis), 
bulrush, and on old muskrat houses close to lakes (Campbell et al. 1990; Austin, Custer, and 
Afton 1998).  Thus, a small portion of waterfowl could be affected by habitat removal around 
waterbodies.  In addition, lower wildlife biodiversity in wetlands have been correlated to the 
density of paved roads within 1 to 2 km (Findlay and Houlahan 1997; Findlay and Bourdages 
2000).  Therefore, in the absence of mitigation, the Project’s habitat loss effect (direct and 
functional) for waterfowl during construction and operations is predicted to be of a minor extent.   

Mitigation and Management of Habitat Loss for Waterfowl 
Mitigation strategies that may be applied to reduce the effects of habitat loss on waterfowl 
include (Section 13.10):  

• Avoiding open water areas and breeding sites during the waterfowl breeding season 
(April 1 to July 31). 

• Designing reclaimed land during mine closure to restore affected waterbodies or riparian 
habitat lost during mine development and operation, where possible.  Where water 
quality or chemical uptake by aquatic vegetation along polluted water is an issue, the 
attractiveness of poor water quality sites will be minimized. 

Potential Residual Effect of Habitat Loss on Waterfowl 
The amount of waterfowl habitat that will be lost or degraded because of Project activities 
represents a small proportion of the total habitat available in the study area.  Some degradation of 
habitat for individual birds may occur, but the direct habitat loss (i.e., not including functional 
habitat loss caused by noise and sensory disturbance) is not expected to affect the population-
level carrying capacity of the landscape for waterfowl, especially if clearing is done outside of 
the breeding season.  Residual effects following mitigation are expected to be of low magnitude, 
local in geographic extent, short term in duration, and with continuous frequency where they 
occur; effects will be reversible in the short term.  The residual effect of habitat loss on 
waterfowl is thus expected to be of negligible significance.  Noise effects on waterfowl and 
waterfowl habitat does affect indirect habitat use and is assessed in Section 8.16.11.6.    

8.16.11.4 Physical Hazards and Attractants 

Mortality 
Waterfowl may be vulnerable to direct mortality from vehicle strikes and some low-flying or 
migrating waterfowl may collide with infrastructure (e.g., guy wires).  However, waterfowl 
collisions with vehicles and infrastructure are likely to be rare and may affect only a few 
individuals sporadically.  Of more concern, waterfowl may be exposed to contaminated water 
sources (discussed below in Chemical Hazards) or strike transmission line wires. 

Bird electrocutions and collisions with transmission lines can cause power outages and are a 
widespread problem for both utility companies and bird populations.  Waterfowl may be 
susceptible to death by electrocution when birds touch both the conductor and the earth wire or 
tower structure.  For the majority of species, electrocutions represent a small proportion of 
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mortalities, approximately 0.03 to 5% of all fatality sources, and rarely affect healthy populations 
with good reproductive potential.  In others, particularly large birds, electrocutions have been 
reported as the main source of mortality, and in some cases are causing bird populations to decline.  
Collisions can account for 0.5 to 20% of mortalities and be biologically significant for rare, high 
risk, or small local populations.  Large birds, such as Ciconiiformes (storks) are also at greater risk, 
particularly where transmission lines cross lowland areas near wetlands or shorelines were 
waterfowl frequent or migrate (Bevanger 1998; Cooper and Day 1998; Moritzi et al. 2001).  

Fourteen species of waterfowl were observed within the study area during baselines 
(Appendix 36).  None of these species are considered a conservation concern or large in size.  In 
addition, large numbers of waterfowl were not observed using ponds or lakes (including Morrison 
Lake) within the study area, suggesting this area is not used as a substantial migration corridor.  
The transmission line corridor mainly crosses forested habitat and avoids the shoreline and 
associated wetlands of Babine Lake.  Therefore, the effect of the Project on waterfowl mortality 
(from vehicle strikes, transmission line electrocutions) is anticipated to be of a negligible extent.  

Disruption of Movements 
Direct barrier effects of habitat modifications at the scale associated with the Project are not 
normally incurred by waterfowl.  Waterfowl are anticipated to fly well above the access corridor 
and mine site.  Certain areas of high human activity and sensory disturbance may be selectively 
avoided by species that soar at low elevations in open habitat, and these species may modify the 
route selected slightly when infrastructure is in their flight paths.  However, this should not limit 
their dispersal or movements between habitat patches in general.  Therefore, the Project is 
expected to have a negligible effect on waterfowl movements.  

8.16.11.5 Chemical Hazards  
Many waterfowl species flying long distances during migration take advantage of suitable 
conditions in temporary waterbodies (Briggs 1992; Kingsford and Porter 1993; Lawler et al. 
1993).  Birds, in particular waterfowl, are unable to discern between the water in TSFs and natural 
ponds (Ryan and Shanks 1996).  Artificial waters, such as dams, sewage ponds, boredrains, and 
mining waterbodies are used extensively by waterfowl, presumably as refuge during long-
distance movements.  Many waterfowl migrate at night and sometimes land on unsuitable or 
even hazardous shiny surfaces, such as toxic ponds (Read 2001).  A compounding problem could 
be the selection of inappropriate landing sites by hungry, thirsty, or exhausted birds searching for 
food, water, or resting sites.  The number of waterfowl visitations increase at any waterbody with 
the addition of attractive features such as shallow flats, old trees in the water, tree cover on the 
banks, and islands for birds to roost (Olsen and Weston 2004).  Even contaminated sediments can 
be extremely problematic for waterbirds, as waterfowl and geese that rely on aquatic plants and 
crustaceans have a tendency to ingest sediments during foraging.   

A risk assessment was performed for waterfowl using Barrow’s goldeneye (Bucephala islandica) 
as a focal species among the waterfowl group (Appendix 39).  Barrow’s goldeneye has been 
confirmed in the Project area (Appendix 36).  The risk assessment evaluated the potential for 
Barrow’s goldeneye exposure to chemicals of potential concern through ingesting water, sediment, 
and vegetation associated with the TSF.  The results concluded the exposure ratio values for 
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goldeneye were below the threshold exposure ratio of 0.5.  The highest exposure ratio was 0.0885 
for vanadium exposure, followed by 0.0703 for copper, and 0.0221 for chromium.  Although the 
main exposure to copper was from soil/sediment ingestion, water exposure was also a main source, 
contributing about 37% of the total estimated daily intake.  This is expected because goldeneye 
(and other waterfowl), spend a significant amount of time in the water feeding on aquatic 
invertebrates and insects.  Incidental soil/sediment ingestion would normally result from searching 
for aquatic invertebrates for food.  However, there would be no invertebrates living in the water or 
sediments during operations, therefore the soil/sediment ingestion rates are likely overestimated. 

Considering the results of the barrow’s goldeneye risk assessment, the effects of Project-related 
chemical hazards on waterfowl are expected to be of a negligible extent.  Monitoring criteria 
were established for heavy metals in wetland vegetation and aquatic invertebrates of the TSF that 
would pose no potential health risk to wildlife that consume the wetland vegetation and aquatic 
invertebrates during the closure and post-closure stage of the Project (Appendix 39).  If wildlife 
is found to be drinking, eating, or using water or vegetation within the TSF during the closure or 
post-closure phases, invertebrate tissue and wetlands will be monitored and compared to the 
monitoring criteria.  In the event that metals concentrations are observed to approach the 
monitoring criteria, adaptive management would then be initiated to minimize the risk of metal 
uptake to wildlife 

8.16.11.6 Sensory Disturbance 
Waterfowl responses to noise have been reported, although the effects are difficult to generalize 
as they vary by species.  For example, some waterfowl habituate to noise (e.g., black ducks 
(Anas rubripes), habituate to aircraft noise), whereas others become sensitive to noise over time 
(e.g., wood ducks (Aix sponsa); Conomy, Collazo et al. 1998; Conomy, Dubovsky et al. 1998).  
As baseline surveys showed relatively few waterfowl near the mine site, this section focuses less 
on ambient noise from the mine and more on the potential effects of traffic and blasting noise on 
waterfowl.  

Waterfowl may respond differently to various levels of traffic noise.  Noise modelling conducted 
for the Project (Section 8.21) shows that noise associated with construction (figures 8.21-1 and 
8.21-2) and operations (figures 8.21-3 and 8.21-4) will permeate up Morrison Lake and also 
extend to the northern tip of Babine Lake.  Noise levels are greatest (>65 dB) directly adjacent to 
the mine site during construction.  Sound carries well over water and, as a result, noise levels of 
around 25 to 40 dB are expected to travel up Morrison Lake during construction and operations.  
Pulse sound events (blasting) will cause noise in excess of 60 dB to travel halfway up Morrison 
Lake and also extend south to the northern tip of Babine Lake (figures 8.21-5 and 8.21-6).    

There is a paucity of research reporting the specific level of sound by which waterfowl species 
become affected (i.e., flush or become agitated).  High volume noise events, such as aircraft 
noise, can agitate waterfowl species (US DOT 2004), but other research suggests that some 
species are sensitive to low volume noise events, such as that caused by human recreation 
(Burger 1981).  The potential for Project-related noise to disturb waterfowl will be the greatest in 
areas that are affected by frequent traffic, industrial noise, and blasting.  Sensory disturbance in 
the valleys during the breeding season could decrease reproductive success.  Low nest 
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attentiveness has been shown to result in high nest predation and slows egg development (Alrich 
and Raveling 1983; Tombre and Erikstad 1996).  Further, if adult birds are disturbed frequently 
enough, they may simply abandon their nest.  

Because sound travels well over water, noise levels are anticipated to extend up Morrison Lake 
and south towards the north end of Babine Lake.  Although waterfowl habituation to noise levels 
remains uncertain, the area is not a significant migration corridor as the number of waterfowl 
present within the area is relatively low.  Therefore, the extent of Project-related sensory 
disturbance on waterfowl is expected to be minor.  

Mitigation and Management of Sensory Disturbance 
Mitigation strategies that may be applied to reduce the significance of sensory disturbance on 
waterfowl include (Section 13.10):  

• limit public access to the Project area; 

• prohibit human activity along lake and wetland shorelines outside of the Project footprint 
during the bird breeding season (April 1 to July 31); 

• minimize sources of noise through noise control measures;  

• minimize noise associated with haul truck traffic.  

Potential Residual Effect of Sensory Disturbance 
With the suggested mitigation, residual effects following mitigation are expected to be of low 
magnitude, local in geographic extent, and short-term in duration with regular frequency; effects 
will be reversible in the short term.  The residual effect of sensory disturbance caused by Project 
activities is thus expected to be of minor significance for waterfowl.   

8.16.11.7 Overall Effect of Project on Waterfowl 
Each of the aforementioned effects, (habitat loss or alteration, mortality, chemical hazards, and 
sensory disturbance) are predicted to have negligible to minor residual effects on waterfowl in 
isolation.  However, these individual effects likely interact, creating additive or synergistic 
effects that have a different nature or extent on the local waterfowl populations as a whole.  
Considering these effects in combination, the overall residual effect on the local waterfowl 
population is predicted to be of minor significance (Table 8.16-21).  



 

 

Table 8.16-17 
Morrison Copper/Gold Project: Waterfowl Effects Assessment Summary Table 

Description 
Project  

Component(s) Project Phase(s) Nature Extent 
Mitigation and  
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience  
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Habitat Loss or 
Alteration 

Mine site, access 
road, 

transmission line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Avoid open water 
areas and breeding 
sites during the 
waterfowl breeding 
season (April 1 to 
July 31). 
• Design reclamation 
during mine closure to 
restore affected 
waterbodies or riparian 
habitat lost during mine 
development and 
operation, where 
possible.  Where water 
quality or chemical 
uptake by aquatic 
vegetation alongside 
polluted water is an 
issue; the attractiveness 
of poor water quality 
sites will be minimized. 

Yes • Loss or alteration 
of waterfowl habitat 
within the local and 
regional study areas. 

Low Local Short-term Continuous Reversible 
Short-term 

Neutral Minor High High 

Physical 
Hazards - 
Mortality 
(Direct and 
Indirect) 

Mine site, access 
road, 

transmission line 

Construction, 
operations, 

decommissioning 

Adverse Negligible  No           

Physical 
Hazards - 
Disruption of 
Movement 

Mine site, access 
road, 

transmission line 

Construction, 
operations, 

decommissioning 

Adverse Negligible  No           

Chemical 
Hazards and 
Attractants 

Mine site, access 
road, 

transmission line 

Construction, 
operations, 

decommissioning 

Adverse Negligible If wildlife is found to be 
drinking, eating, or 
using water or 
vegetation within the 
TSF during the closure 
or post-closure phases, 
invertebrate tissue and 
wetlands will be 
monitored and 
compared to the 
monitoring criteria.  In 
the event that metal 
concentrations are 
observed to approach 
the monitoring criteria, 
adaptive management 
would then be initiated 
to minimize the risk of 
metal uptake to wildlife. 

No           

(continued) 



 

 

Table 8.16-17 
Morrison Copper/Gold Project: Waterfowl Effects Assessment Summary Table (completed) 

Description 
Project  

Component(s) Project Phase(s) Nature Extent 
Mitigation and  
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience  
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Sensory 
Disturbance 

Mine site, access 
road, 

transmission line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Limit public access to 
the Project area. 
• Prohibit human activity 
along lake and wetland 
shorelines outside of 
the Project footprint 
during the bird breeding 
season (April 1 to 
July 31). 
• Minimize sources of 
noise through noise 
control measures.  
• Minimize noise 
associated with haul 
truck traffic. 

Yes • Noise associated 
with the mine 
(machinery, 
infastructure, traffic, 
blasting) may disturb 
waterfowl, potentially 
causing habitat 
avoidance, 
increased stress 
during breeding 
periods possibly 
decreasing 
reproductive 
success. However, 
some acclimation to 
noise anticipated. 

Low Local Short-term Regular Reversible 
Short-term 

Neutral Minor High Intermediate 

Combined 
Effects of the 
Project 
(Population 
level impacts) 

Mine site, access 
road, 

transmission line 

Construction, 
operations, 

decommissioning, 
post-closure 

Adverse           Minor   
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8.16.12 Forest Birds 

8.16.12.1 Spatial and Temporal Boundaries 
Because the breeding home range size of forest birds is generally small, the effects assessment 
for this group focused on the LSA.  Potential Project effects on forest birds are anticipated to 
start during the construction phase and continue through operations and into decommissioning/ 
closure (to a lesser extent).  

8.16.12.2 Potential Effects 
Table 8.16-18 (at the end of this section) summarizes potential Project effects considered, 
applicable mitigation measures, and residual results for forest birds.  The following sections 
describe each of these potential effects on forest birds.  

8.16.12.3 Habitat Loss or Alteration 
No habitat suitability mapping was undertaken for any of the avian VECs; the evaluation of 
habitat loss for birds is therefore qualitative.  

The habitat requirements of forest birds are diverse in the Project area, and include intact forest 
stands, edge, and wetland habitats.  Up to 54 species of songbirds were identified during baseline 
surveys in 2005.  Species were detected throughout the study area including the Engelmann 
Spruce/Subalpine Fir and Sub-Boreal Spruce zones, although species diversity and abundance was 
highest within the Sub-Boreal Spruce zone (Appendix 39).  A total of 1,262 ha of terrestrial and 
wetland habitats will be directly lost during Project construction.  This direct habitat loss will occur 
wherever forest stands are cleared or where roads and/or infrastructure replace open spaces.  Most 
songbirds are sensitive to habitat features such as vegetation composition and layering, snags, and 
CWD, and the age of trees within a stand (Harrison, Schmiegelow, and Naidoo 2005).  Thus, even 
the removal of snags and other debris from otherwise open areas can constitute direct habitat loss 
for species that rely on these features.  This habitat loss will result in the loss of the nesting 
territories and nesting habitat of individual birds within the development area.   

The potential for population-level effects on songbirds increases when habitat modification results 
in the loss of nesting habitat across a landscape.  A reduction in foraging ability and success is a 
secondary effect of direct habitat loss.  The songbird species that are most likely to be affected by 
habitat loss are those that rely on intact forest stands with a high proportion of interior habitat.  The 
early seral stage vegetation that will develop as clearings regenerate following Project construction 
may enhance overall habitat value for those species preferring to forage along edges.  Of the 
songbird species identified in the study area, many are considered to be interior forest habitat 
specialists (e.g., mountain chickadee (Poecile gambeli)), and pine siskin (Carduelis pinus). 

Vegetation clearing, such as along the transmission line, mine site, and roads will cause habitat 
loss but will also modify habitats by creating “edge habitat,” defined as open or clear areas 
adjacent to previously undisturbed or contiguous forest tracts (Morrison, Bolger, and Sillett 
2004).  Edge habitats have different characteristics than habitat interiors.  Many songbirds prefer 
to nest and/or feed along edge habitats, such as the blue-listed barn swallow (Hirundo rustica).  
The early seral stage vegetation that will develop as clearings regenerate following Project 
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construction may enhance overall habitat value for those species preferring to forage or nest 
along edges (e.g., sage thrashers).  Barn swallows are also widely known for their use of artificial 
nest sites associated with human habitation, including any sort of building, shed, bridge, culvert, 
or other structure that provides a wall with overhang and/or flat ledge (Brown and Brown 1999).  
Developing the mine site may therefore provide additional local nest sites for this species.  

Despite an expected increase in food availability at forest edges, some species, including 
insectivorous and seed-eating species, avoid edge habitats and favour older growth habitats 
(Schmiegelow and Monkkonen 2002).  The amount of indirect habitat loss resulting from 
fragmentation is therefore likely to have a greater effect on these interior specialists than on 
species that are attracted to edges.   

The amount of overall habitat loss is relatively small and the effects of habitat loss on forest 
birds will be localized.  In absence of mitigation, the effect of habitat loss (direct and functional) 
for forest birds is predicted to be of a minor extent.  

Mitigation and Management of Habitat Loss for Forest Birds 
Mitigation strategies that may be applied to reduce the effects of habitat loss on forest birds 
include (Section 13.10):  

• Avoid construction during breeding season (April 1 to July 31).  Otherwise pre-
construction bird surveys will be conducted to identify and avoid nesting sites. 

• Retain snags, downed logs, stumps, and other forest features along the transmission line 
ROW to enhance wildlife habitat.  Top hazardous trees within or along the transmission 
line ROW or other sites to provide “wildlife trees” for birds. 

• Where possible, reclamation during mine closure will be designed to restore habitat of 
comparable value to that lost during mine development and operation. 

Potential Residual Effect of Habitat Loss on Forest Birds 
Overall, some loss of the nesting territories and habitat of individual birds will occur, but habitat 
loss is not expected to affect the population-level carrying capacity of the landscape for forest 
birds.  Residual effects following mitigation are expected to be of low magnitude, local geographic 
extent, short term in duration with continuous frequency; effects will be reversible in the short 
term.  The residual effect of habitat loss on forest birds is expected to be of negligible significance.   

8.16.12.4 Physical Hazards and Attractants 

Mortality 
Songbirds and perching birds may be susceptible to Project-related mortality from vehicle strikes, 
collisions with infrastructure associated with attraction to lights (see Section 8.16.12.6), predator 
changes, direct habitat removal, increased hunting pressure (for grouse species), or exposure to 
contaminants (Section 8.16.12.5).  Birds are vulnerable to vehicle strikes, particularly when they 
fly close to the ground or have a nest on the ground adjacent to the road which they fly towards or 
flush from when they are disturbed by sound.  Edge species nesting along road rights-of-way are at 
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higher risk of vehicle collisions than interior specialists.  In addition, songbirds that prefer edge 
habitat may suffer from greater indirect mortality from predators and brood parasites.  Roads may 
increase predation and parasitism rates on songbird nests by corvids (e.g., crows and jays), which 
often are attracted to roads and forest edges for prey (Paton 1994).  

Directly clearing habitat during construction can also disturb or destroy songbird nest sites and 
associated eggs and young.  However, the BC Wildlife Act (1996a) specifically protects birds and 
their eggs from possession, molestation, or destruction.  With mitigation, this potential effect can 
be avoided or minimized.  

Grouse species are hunted in the area, and increased access and increased human activity in the 
surrounding areas may increase mortality caused by hunting.  The number of staff that will 
pursue recreational hunting of grouse is unknown and thus this potential effect is rated with a 
high degree of uncertainty. 

Without mitigation, construction activities taking place during the breeding season will likely 
disturb or kill songbird nests and associated chicks.  Therefore, the Project’s effects on forest 
bird mortality, before mitigation, are predicted to be of a moderate extent.   

Mitigation and Management of Mortality for Forest Birds 
Mitigation strategies that may reduce the rating of this effect on forest birds include 
(Section 13.10):  

• avoid construction during breeding season (April 1 to July 31). Otherwise pre-
construction bird surveys will be conducted to identify and avoid nesting sites; 

• minimize potential vehicle-related wildlife mortalities (e.g., speed limits);  

• limit public access to the mine area; 

• prohibit grouse hunting within the mine area; 

• prohibit domestic animals in the mine area;  

• store and remove all waste and wildlife attractants. 

To ensure compliance with the BC Wildlife Act, nest avoidance mitigation strategies and 
monitoring will be conducted to identify and avoid active bird nests at risk of disturbance from 
Project vegetation clearing and construction. 

Potential Residual Effect of Mortality on Forest Birds 
With the suggested mitigation, the Project’s residual effects forest bird mortality are expected to 
be of low magnitude, local in geographic extent, short term in duration, and with sporadic 
frequency; effects will be reversible in the long term.  The residual effect is thus expected to be 
of a negligible significance.    
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Disruption of Movements 
Certain species, including insectivorous and seed-eating species, avoid edge habitats.  These 
species may favour old growth habitats and are most sensitive to fragmentation, even when linking 
corridors are present (Schmiegelow and Monkkonen 2002).  Forest understorey birds are among 
the most sensitive group to potential movement barrier effects (Balmford and Long 1994; 
Stattersfield et al. 1998).  Connectivity (their ability to move among habitat patches in disturbed 
landscape) is not defined solely by the availability of linear forest corridors, despite the focus that 
such corridors have received (Noss and Cooperrider 1994).  Rather, current evidence indicates that 
movement through a landscape represents the sum of each species’ ability to pass through forest, 
disturbed non-forest habitats, and boundaries between them (P. D. Taylor et al. 1993; Haas 1995; 
Sieving, Willson, and De Santo 1996; D. K. Rosenberg, Noon, and Meslow 1997; Norton, 
Hannon, and Schmiegelow 2000; Sieving, Willson, and De Santo 2000; Belisle and C. C. St. Clair 
2002; Hannon and Schmiegelow 2002).  The permeability of habitat boundaries to bird movements 
ranges over a continuum from “hard” boundaries that birds do not or cannot successfully cross to 
“soft” boundaries that are readily crossed (Stamps, Buechner, and Krishnan 1987).   

Small forest birds adapted to shrub and tree-dominated habitats frequently exhibit a reluctance to 
move far from woody vegetative cover (Sieving, Willson, and De Santo 1996; Desrochers and 
Hannon 1997; Rail et al. 1997) because it provides escape cover sought when attacked by 
predators (Lima 1987, 1990).  Thus, hard boundaries for forest songbirds are those with high 
contrast between forest and non-forest vegetation, such as cleared rights-of-way.  Hard 
boundaries represent disjunct resource distributions for birds adapted to forage and nest in 
woody vegetation, but they also abruptly alter the predation risk for slower flying forest birds 
(Norrdahl and Korpimaki 1998).  

Clearing vegetation for the mine site and roads and transmission line corridor could increase the 
reluctance of forest songbirds to cross through these areas; this is expected to be an issue for 
understorey birds, but of low consequence for all other groups.  In the absence of mitigation, the 
Project is expected to affect movement, particularly of understorey songbirds, to a minor extent, 
but effects will not be sufficiently high to affect population level dynamics.   

Mitigation and Management of Disruption of Movements for Forest Birds 
Mitigation strategies that may reduce the rating of this effect on forest birds include 
(Section 13.10):  

• Limit human activity to Project footprint area. 

• Retain snags, downed logs, stumps, and other forest features along the transmission line 
ROW to enhance wildlife habitat.  Top hazardous trees within or along the transmission 
line ROW or other sites to provide “wildlife trees” for birds. 

• Where possible, design reclamation during mine closure to restore habitat of comparable 
value to that lost during mine development and operation. 
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Potential Residual Effect of Disruption of Movements on Forest Birds 
With the suggested mitigation, the Project’s residual effects on forest bird movement are 
expected to be of negligible magnitude, local geographic extent, long term in duration with 
sporadic frequency; effects will be reversible in the long term.  The residual effect of Project 
activities on forest bird movement is thus expected to be of negligible significance.    

8.16.12.5 Chemical Hazards  
Birds are one of the most sensitive vertebrates to the toxic effects associated with mines.  
Further, birds are more likely to suffer from mortality at mines possessing copper-gold 
complexes caused by the resulting formation of copper-cyanide complexes, which are highly 
toxic to birds.  However, PBM does not plan on using cyanide on-site.  Age, sex, diet, and body 
condition all are factors that affect a bird’s susceptibility to poisoning.  Generally, embryos and 
young birds, particularly dependent or altricial birds, appear to be more sensitive than adults to 
poisoning by contaminants.  Dietary deficiencies, low fat reserves, poor physiological condition, 
and high energy needs, such as during as migration, may increase vulnerability.  Also, there can 
be considerable variability in the sensitivity of individual species to the likelihood of chemical 
uptake.  For instance, species that reside near water and that may be attracted to tailings (e.g., 
waterfowl and water birds) may be highly susceptible.   

Among songbirds, those that habituate easily to human presence and that are ground feeders may 
be more likely to intake seed and vegetation materials containing wind-blown concentrate 
residues or chemicals from spills.  The main uptake routes for chemicals associated with mining 
for terrestrial upland birds are consuming: contaminated seeds and vegetation with concentrate 
and chemical residues, dead or struggling poisoned insects, granular formulations consumed 
coincidentally with other food items to aid in mechanical digestion, contaminated water, and 
inhalation.  

A wildlife risk assessment conducted for the Project (Appendix 39) assessed the risk of metal 
uptake associated with the TSF on red-winged blackbird, a focal species to represent the forest 
bird group.  Results concluded the exposure ratio values for red-winged blackbird was below the 
threshold exposure ratio of 0.5.  The highest exposure ratio values were 0.333 for vanadium and 
0.281 for copper.  Red-winged blackbird is a passerine bird species that feed on terrestrial and 
flying insects and have limited contact with water compared to goldeneye.  The main exposure 
route to vanadium was from soil/sediment ingestion.  Incidental soil/sediment ingestion would 
occur when red-winged blackbirds forage for insects in the tailings.  Water exposure was 
substantially lower.  

Considering the results of the red-winged blackbird risk assessment, the effects of Project-related 
chemical hazards on forest birds are expected to be of negligible extent.  Monitoring criteria 
were established for heavy metals in wetland vegetation and aquatic invertebrates of the TSF that 
would pose no potential health risk to wildlife that consume the wetland vegetation and aquatic 
invertebrates during the closure and post-closure stage of the Project (Appendix 39).  If wildlife 
is found to be drinking, eating, or using water or vegetation within the TSF during the closure or 
post-closure phases, invertebrate tissue and wetlands will be monitored and compared to the 
monitoring criteria.  In the event that metals concentrations are observed to approach the 
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monitoring criteria, adaptive management would then be initiated to minimize the risk of metal 
uptake to wildlife 

8.16.12.6 Sensory Disturbance 

Noise 
Noise levels will increase because of Project-related activities during the construction, 
operations, and closure phases near the mine site and road.  Noise models were produced to 
portray the daytime and night-time noise levels during construction and operations (Section 8.21) 
Numerous studies have documented population-level effects of noise on songbirds, particularly 
forest songbirds (W. D. Clark and Karr 1979; Van Der Zande et al. 1984; Reijnen and Foppen 
1994; Reijnen et al. 1995; Reijnen, Foppen, and Meeuwsen 1996).  These effects include a lower 
density of territorial males, reduced total annual output of males, and reduced overall population 
sizes (Reijnen and Foppen 1994).  Effects have been observed to extend as far as 1.8 km from a 
busy highway and as much as 600 m from a rural road (Reijnen, Foppen, and Meeuwsen 1996).  
However, these studies involved roads with extremely high traffic densities (5,000 to 50,000 
vehicles per day), and it is unlikely that effects of the same magnitude would occur in association 
with the access road (approximately 40 vehicles per day during operations). 

The potential effect of continuous background noise on songbirds, such as noise caused by 
generators at the mine site, is likely to be similar to that observed near high-traffic roads, where 
traffic noise masks breeding and territorial calls.  However, these effects would be highly 
localized within the Project area.  Considerable efforts have been expended in the agricultural 
industry to try and deter birds from crops by using firearms, pyrotechnics, and other noise 
generators.  Many species have shown that they can habituate to these types of disturbances, with 
some species such as red-winged blackbirds learning to anticipate propane cannon firings 
(Larkin 1996).  Birds can also tolerate sounds that are painful to humans without being deterred 
from feeding areas, even though permanent threshold shifts (hearing damage) do occur in birds 
at about half the duration of that required to cause similar damage in mammals (Larkin 1996).  
Hearing damage can upset breeding and territorial behaviours that rely heavily on song.  
Although industrial noise will be continuous, it will be at low levels and the disturbance effects 
will therefore likely be negligible for songbirds.    

Avalanche control noise was also considered as a potential sensory disturbance to birds.  Most of 
the species observed in the area during summer months are expected to migrate to areas farther 
south during the winter.  Given that most terrestrial upland bird species would be present in low 
numbers at the time of year associated with avalanche control, and would not be engaged in 
breeding activity, effects from noise associated with avalanche control are expected to be 
negligible.    

Lighting 
Lighting associated with the mine and mine-related infrastructure could affect migratory and 
nocturnal bird species and bring them into conflict with structures.  Artificial lighting often 
attracts birds, drawing them towards human structures and resulting in fatal collisions (Cochran 
and Graber 1958; Gauthreaux Jr. and Belser 2002).  For some bird species, cable-strikes 
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represent 3% to 5% of total mortality (Bevanger 1998).  Typically, most light and cable strikes 
occur during nights with fog or low cloud.  Towers that are more than 60 m, and support 
continuous or fast-strobing red lights that are horizontally mounted to shine outside the site, 
cause the greatest numbers of fatalities for migrating birds (Manville 2001).  Lights also have the 
potential to temporarily distract nocturnally migrating birds or cause them to temporarily veer off 
course if they are flying at low altitudes.   Artificial lighting at the mine facilities is likely to be 
on continuously during dusk hours, which increases the potential for effects to flight path choices 
and mortality.   

In the absence of mitigation, the Project’s effect on sensory disturbance (including noise and 
lighting) to songbirds is predicted to be of a minor extent.  

Mitigation and Management of Sensory Disturbance for Forest Birds 
Mitigation strategies that may be applied to reduce the significance of sensory disturbance on 
forest birds include (Section 13.10):  

• Avoid construction during breeding season (April 1 to July 31). Otherwise pre-construction 
bird surveys will be conducted to identify and avoid nesting sites.  Set buffer distance 
around identified nest sites to minimize construction or mine activity disturbance. 

• Limit public access to the Project area. 

• Prohibit unnecessary human activity outside of the Project footprint, particularly during 
the bird breeding season (April 1 to July 31). 

• Minimize noise sources through noise control measures.  

• Minimize noise associated with haul truck traffic. 

• Direct lighting to minimize potential attractiveness to birds to reduce bird strikes against 
lit infrastructure.   

Potential Residual Effect of Sensory Disturbance on Forest Birds 
With the suggested mitigation, the Project’s residual sensory effects on forest birds are expected 
to be of negligible magnitude, local geographic extent, short term in duration with sporadic 
frequency; effects will be reversible in the short term.  The residual effect of sensory disturbance 
caused by Project activities is thus expected to be of negligible significance.    

8.16.12.7 Overall Effect of Project on Forest Birds 
Each of the aforementioned effects, (habitat loss or alteration, mortality, chemical hazards, and 
sensory disturbance), are predicted to have negligible to minor residual effects on forest birds in 
isolation.  However, these individual effects likely interact, creating additive or synergistic 
effects that have a different nature or extent on the local forest bird populations as a whole.  
Considering these effects in combination, the overall residual effect on the local forest bird 
populations is predicted to be of negligible significance (Table 8.16-21).  



 

 

Table 8.16-18 
Morrison Copper/Gold Project: Forest Birds Effects Assessment Summary Table 

Description 
Project  

Component(s) Project Phase(s) Nature Extent 
Mitigation and  
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience  
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Habitat Loss or 
Alteration 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Avoid construction 
during breeding season 
(April 1 to July 31). 
Otherwise pre-
construction bird 
surveys will be 
conducted to identify 
and avoid nesting sites. 
• Retain snags, 
downed logs, stumps, 
and other forest 
features along the 
transmission line right-
of-way to enhance 
wildlife habitat. Top 
hazardous trees within 
or along the 
transmission line right-
of-way or other sites to 
provide “wildlife trees” 
for birds. 
• Where possible, 
design reclamation 
during mine closure to 
restore habitat of 
comparable value to 
that lost during mine 
development and 
operation. 

Yes • Some loss of the 
nesting territories 
and habitat of 
individual birds 
will occur, but the 
habitat loss is not 
expected to affect 
the population-
level carrying 
capacity of the 
landscape. 

Low Local Short-term Continuous Reversible 
Short-term 

Neutral Negligible Medium Intermediate 

Physical 
Hazards - 
Mortality 
(Direct and 
Indirect) 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Moderate • Avoid construction 
during breeding season 
(April 1 to July 31). 
Otherwise pre-
construction bird 
surveys will be 
conducted to identify 
and avoid nesting sites. 
• Minimize potential 
vehicle-related wildlife 
mortalities (e.g., speed 
limits).  
• Limit public access to 
the mine area. 
• Prohibit grouse 
hunting within the mine 
area. 
• Prohibit domestic 
animals in the mine 
area. 
• Store and remove all 
waste and wildlife 
attractants. 

Yes • Mitigation greatly 
reduces the risk of 
Project-related 
forest bird 
mortality, 
however, mortality 
still may occur 
from vehicle 
strikes and 
construction 
clearing. 

Low Local Short-term Sporadic Reversible 
Long-term 

Neutral Negligible Low Intermediate 

(continued) 



 

 

Table 8.16-18 
Morrison Copper/Gold Project: Forest Birds Effects Assessment Summary Table (continued) 

Description 
Project  

Component(s) Project Phase(s) Nature Extent 
Mitigation and  
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience  
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Physical 
Hazards - 
Disruption of 
Movement 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Limit human activity 
to Project footprint 
area. 
• Retain snags, 
downed logs, stumps, 
and other forest 
features along the 
transmission line right-
of-way to enhance 
wildlife habitat. Top 
hazardous trees within 
or along the 
transmission line right-
of-way or other sites to 
provide “wildlife trees” 
for birds. 
• Where possible, 
design reclamation 
during mine closure to 
restore habitat of 
comparable value to 
that lost during mine 
development and 
operation. 

Yes • Reluctance for 
understorey birds 
to cross gaps in 
forest cover 
(transmission line 
corridor, mine 
roads). 

Negligible Local Long-term Sporadic Reversible 
Long-term 

Neutral Negligible Low Intermediate 

Chemical 
Hazards and 
Attractants 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Negligible If wildlife is found to be 
drinking, eating, or 
using water or 
vegetation within the 
TSF during the closure 
or post-closure phases, 
invertebrate tissue and 
wetlands will be 
monitored and 
compared to the 
monitoring criteria.  In 
the event that metal 
concentrations are 
observed to approach 
the monitoring criteria, 
adaptive management 
would then be initiated 
to minimize the risk of 
metal uptake to wildlife. 

No           

Sensory 
Disturbance 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Avoid construction 
during breeding season 
(April 1 to July 31). 
Otherwise pre-
construction bird 
surveys will be 
conducted to identify 
and avoid nesting sites. 

Yes • Some habitat 
avoidance 
surrounding areas 
of high 
noise/human use. 

Negligible Local Short-term Sporadic Reversible 
Short-term 

Neutral Negligible Low High 

(continued) 



 

 

Table 8.16-18 
Morrison Copper/Gold Project: Forest Birds Effects Assessment Summary Table (completed) 

Description 
Project  

Component(s) Project Phase(s) Nature Extent 
Mitigation and  
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience  
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

     • Set buffer distance 
around identified nest 
sites to minimize 
construction or mine 
activity disturbance. 
• Limit public access to 
the Project area. 
• Prohibit unnecessary 
human activity outside 
of the Project footprint, 
particularly during the 
bird breeding season 
(April 1 to July 31). 
• Minimize sources of 
noise through noise 
control measures.  
• Minimize noise 
associated with haul 
truck traffic. 
• Direct lighting to 
minimize potential 
attractiveness to birds 
to reduce bird strikes 
against lit 
infrastructure.   

           

Combined 
Effects of the 
Project 
(Population 
level impacts) 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning, 
post-closure 

           Negligible   
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8.16.13 Raptors 

8.16.13.1 Spatial and Temporal Boundaries for Raptors 
The RSA was selected as the effects assessment area for raptors (i.e., hawks, owls, and eagles) 
because some species require large breeding territories with suitable hunting habitat to support 
breeding pairs and their chicks.  Potential Project effects on raptors are anticipated to start during 
the construction phase and continue through operations and into decommissioning/closure (to a 
lesser extent).  

8.16.13.2 Potential Effects on Raptors  
Table 8.16-20 (at the end of this section) summarizes potential Project effects considered, 
applicable mitigation measures, and residual results for raptors.  The following sections describe 
each of these potential effects on raptors.  

8.16.13.3 Habitat Loss or Alteration 
Habitat suitability mapping was not conducted for raptors; therefore, conclusions are mainly 
qualitative and extrapolated from baseline inventories conducted within and surrounding the 
proposed footprint of the mine and access road.  Potential suitable habitat for raptors was 
identified by quantifying the amount of three forest habitat types (young, mature, and old) within 
the LSA and RSA (Table 8.16-19). 

Table 8.16-19 
Forested Habitat Lost and Degraded 

Area Altered (Ha) (%LSA) (%RSA) 
Forest Type Lost Degraded Total Altered 
Young 119 Ha  

(6.6%) (14.3%) 
97.53 Ha  

(5.4%) (11.8%) 
216.25 Ha  

(11.9%) (26%) 
Mature 970 Ha  

(9.5%) (1.6%) 
543.83 Ha  

(5.3%) (1.6%) 
1,513.47 Ha  

(14.8%) (4.4%) 
Old 1.12 Ha  

(3.2%) (0.0%) 
6.91 Ha  

(3.2%) (0.0%) 
8.03 Ha  

(22.6%) (0.0%) 

First % is amount altered in LSA; second % is amount altered in RSA. 

Large home ranges and low population densities make forest raptors especially sensitive to 
habitat fragmentation, which can negatively affect some species such as eagles, northern 
goshawk, and sharp-shinned hawk (BC MWLAP 2005a).  Two bald eagle nests were found on 
the shores of Morrison Lake (Appendix 36).  If construction occurs outside of the nesting season, 
circumventing direct disruption of breeding attempts due to habitat loss and alteration, it is likely 
that these species will simply avoid the area and choose to breed elsewhere or habituate to 
disturbance.  Both northern goshawk and sharp-shinned hawk typically prefer large tracts of 
contiguous forest for nesting (BC MWLAP 2005a).  Sharp-shinned hawks are also widely 
dispersed and breed in large stands of deciduous, coniferous, and mixed pine-hardwood forests 
and in human-modified pine plantations with well-developed canopies (Bildstein and Meyer 
2000).  Although these species were not recorded during surveys, it is likely that they use the 
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area.  Nesting was not indicated during baseline studies for northern goshawk and a relatively 
small amount of potential foraging habitat will be lost. 

Some species potentially occurring or observed in the Project area (e.g., American kestrel, red-
tailed hawk, and merlin) are considered to be adaptable and to have moderate to high abilities to 
co-exist in human modified landscapes (BC MWLAP 2005a), particularly where ecologically 
important features such as nest sites are retained (Berry, Bock, and Haire 1998).  For example, 
the American kestrel and red-tailed hawk are wide ranging species throughout North America 
and are found in a variety of habitats, including urbanized landscapes.  Both species will use 
roadsides for hunting and are also frequently seen sitting on utility poles watching for prey along 
roadsides (Preston and Beane 1993; Smallwood and Bird 2002).  Merlin are also wide ranging 
throughout North America and are known to readily habituate to nearby human activity in the 
absence of direct threats (Warkentin, Gomez-Mestre, and McDaniel 2005).  

Of the owls potentially occurring in the Project footprint, most have been recorded breeding in 
modified environments, where suitable nesting and foraging habitat still exists.  Great horned 
owls, for example, are resilient to degradation of nesting habitat and are somewhat tolerant to 
disturbance of nests and roosts.  While the species does not occur in heavily urbanized areas 
unless well-wooded parkland is available, rural areas with patches of open fields and woodlands 
are good habitat for great horned owls.  Similarly, long-eared owl can breed in urban and rural 
environments, provided that thickets of deciduous or coniferous trees are available (BC MWLAP 
2005a).  

While individuals may be temporarily displaced during construction, the potential for long-term 
effects resulting from habitat loss and fragmentation is expected to be low for the raptor species 
inhabiting the area.  Many of the species that will potentially lose some nesting habitat have a 
demonstrated ability to co-exist with development, and are expected to continue to occur in the 
area following Project development.  In addition, open, early seral stage vegetated habitat 
associated with rights-of-way may provide enhanced foraging and hunting opportunities for many 
of these species.  However, removing nests and associated habitat not only contravenes the BC 
Wildlife Act (1996a) but reduces the breeding potential of raptors in the study area.  Therefore, 
without mitigation, habitat loss caused by the Project is expected to affect raptors to a minor extent.   

Mitigation and Management of Habitat Loss for Raptors 
Mitigation strategies that may be applied to reduce the effects of habitat loss on raptors include 
(Section 13.10):  

• Conduct a survey for raptor nests before construction and site clearing of the mine area and 
new roads to identify and avoid raptor nests, and avoid contravening the BC Wildlife Act 
(1996a), Section 34(1b). 

• Retain snags, downed logs, stumps, and other forest features along the transmission line 
ROW to enhance wildlife habitat.  Top hazardous trees within or along the transmission 
line ROW or other sites to provide “wildlife trees” for birds. 

• Where possible, design reclamation during mine closure to restore habitat of comparable 
value to that lost during mine development and operation.  
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Potential Residual Effect of Habitat Loss on Raptors 
With the suggested mitigation, the Project’s residual effects from habitat loss are expected to be 
of low magnitude, local geographic extent, long term in duration with continuous frequency; 
effects will be reversible in the short term.  The residual effect of habitat loss is thus expected to 
be of negligible significance.   

8.16.13.4 Physical Hazards and Attractants 

Mortality 
Raptors may be vulnerable to direct mortality from vehicle strikes, electrocution from perching 
or nesting on transmission line poles, construction activities destroying raptor nests, or exposure 
to contaminated water sources (discussed below in Chemical Hazards).  Raptors and owls are 
attracted to open areas or edge habitat (Preston and Beane 1993; Smallwood and Bird 2002), 
such as road verges and rights-of-ways, to hunt small mammals.  Roadsides can also have an 
increased number of small mammals (voles, mice) if human garbage (especially compostable 
foods) is discarded from a vehicle window.  Carrion can also attract raptors to roads and increase 
their risk of vehicle strikes.  Raptors generally hunt during the dawn and dusk hours and will be 
more susceptible to traffic strikes during these times, especially because visibility is low.    

Bird electrocutions and collisions with transmission lines not only represent a significant source of 
mortality for some species, but could affect Project operations by causing power outages.  Large 
birds, such as storks, diurnal birds of prey (Falconiformes), owls (Strigiformes), and thermal 
soarers (e.g., hawks, eagles, vultures, and condors) are at the greatest risk of electrocution.  
Raptors that build a nest atop a power line pole will also be at increased risk of electrocution.  
The majority of bird collisions occur in specific habitats, including next to wetlands (Bevanger 
1998), between resting and foraging areas (Savereno et al. 1996), near and parallel to shores (e.g. 
Cooper and Day 1998), valleys and river valleys (Bevanger 1998; Moritzi et al. 2001), and along 
ridge lines where soaring birds congregate on thermal updrafts (Barrios and Rodriguez 2004). 

For some species, particularly large birds, electrocutions have been reported as the main source 
of mortality, and in some cases are causing populations of birds to decline, including bald eagles, 
which were identified as nesting in the Project area.  For example, electrocutions have been 
reported to cause between 55 and 72% of bald eagle mortalities (Weech et al. 2003).  Juveniles 
are also at greater risk because of gregarious behaviour and a perching, rather than soaring, 
hunting strategy.  Examples include the Spanish Imperial Eagle (Aquila adalberti) where 
electrocutions account for 60% of mortalities (Ferrer and Hiraldo 1992), California condor 
(Gymnogyps californianus), and eagle owls (Bubo bubo), where electrocution rates have 
increased as the population has declined (Rubolini et al. 2001).  Western European Bonelli’s 
eagle (Hieraaetus fasciatus) populations are also declining because of transmission line strikes 
and electrocutions (Real and Manosa 1997). 

In most areas, the numbers of birds electrocuted and thus the magnitude of the effect on bird 
populations is low, but in some areas, where large-bodied birds are abundant and alternate roosts 
are scarce, the magnitude may be moderate.  Given the location and length of the proposed 
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transmission line, the existing road infrastructure, and raptor species potentially occurring in the 
area, the Project’s effect on raptor mortality before mitigation is predicted to be of minor extent.   

Mitigation and Management of Mortality on Raptors 
Mitigation strategies that may reduce the rating of this effect on raptors include (Section 13.10):  

• conduct a survey for raptor nests before construction and site clearing of the mine area 
and new roads to identify and avoid clearing a tree containing a raptor nest, and avoid 
contravening the BC Wildlife Act (1996a), Section 34(1b); 

• minimize potential vehicle-related raptor mortalities through speed limits, no littering 
policy, and road carrion removal; 

• minimize bird electrocutions by deterring nest building or perching on power poles 
through design considerations; 

• limit public access to the mine area; 

• prohibit domestic animals in the mine area;  

• store and remove all waste and wildlife attractants. 

To ensure compliance with the BC Wildlife Act (1996a), nest avoidance mitigation strategies and 
monitoring will be conducted to identify and avoid active raptor nests at risk of disturbance from 
Project vegetation clearing and construction.  The transmission will be monitored for evidence of 
bird electrocutions (e.g., char marks on transmission lines), collision-related mortalities (e.g., 
charred birds beneath transmission lines), possible perches or nesting sites, and bird activity or 
signs of bird activity (e.g., white wash or bird droppings).  Monitoring activities will determine 
the success or failure to mitigate for effects of the Project (Section 14.9) and will identify 
opportunities for adaptive management if necessary. 
Potential Residual Effect of Mortality on Raptors 
With mitigation, Project effects on raptor mortality are expected to be of negligible magnitude, 
local geographic extent, long term in duration with sporadic frequency; effects will be reversible 
in the long term.  The residual effect of Project activities is thus expected to be of negligible 
significance on mortality of raptors.    

Disruption of Movements 
Direct barrier effects from habitat modifications at the scale associated with the Project are not 
normally incurred by raptors.  Raptors that feed on small mammals associated with open patches 
may exploit clearings, while forest raptors are unlikely to be resistant to crossing patches as they 
do not face the same predation risks in doing so as do small understorey dwelling birds.  Raptors 
are anticipated to fly well above the access corridor and mine site.  Certain areas of high human 
activity and sensory disturbance may be selectively avoided by species that soar at low 
elevations in open habitat, and these species may modify the route selected slightly when 
infrastructure is in their flight path.  However, this should not limit their dispersal or movements 
between habitat patches in general.  Therefore, the Project is expected to have a negligible effect 
on raptor movements.  
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8.16.13.5 Chemical Hazards  
Birds of prey that live in extensive geographical areas can accumulate high levels of heavy 
metals and metalloids in their bodies, as they occupy the top of their food chain.  Some raptor 
species, particularly young birds, may be sensitive to poisoning by contaminants if they are 
ingested in sufficient quantities.  If small mammals, fish, and small birds accumulate chemicals 
in their tissues, raptors that prey on them may accumulate toxins from successively eating those 
tissues.  Of the metals and metalloids predicted to potentially increase near the mine, mercury 
and lead pose the greatest risks to raptors, as they have been shown to kill raptors at elevated 
body burdens.  Lead has the greatest acute population effects on carrion-eating raptors, such as 
bald eagles (Pattee and Hennes 1983).   

A wildlife risk assessment conducted for the Project (Appendix 39) assessed the risk of metal 
uptake associated with the TSF on barred owl, a focal species to represent the raptor group.  
Results concluded the exposure ratio values for barred owl were below the threshold exposure 
ratio of 0.5.  Barred owls are carnivores and have low soil ingestion rate per unit body mass.  The 
highest exposure ratio for barred owl was 0.131 for vanadium, followed by 0.117 for copper.  
The primary exposure route for vanadium was from soil ingestion. 

Considering the results of the barred owl risk assessment, the large territory sizes of raptors, and 
long life spans, the effects of Project-related chemical hazards on raptors are expected to be of 
negligible extent.  Monitoring criteria were established for heavy metals in wetland vegetation 
and aquatic invertebrates of the TSF that would pose no potential health risk to wildlife that 
consume wetland vegetation and aquatic invertebrates during the closure and post-closure stage 
of the Project (Appendix 39).  If wildlife is found to be drinking, eating, or using water or 
vegetation within the TSF during the closure or post-closure phases, invertebrate tissue and 
wetlands will be monitored and compared to the monitoring criteria.  In the event that metal 
concentrations are observed to approach the monitoring criteria, adaptive management would then 
be initiated to minimize the risk of metal uptake to wildlife. 

8.16.13.6 Sensory Disturbance 
Raptors, in general, can become highly tolerant and habituated to anthropogenic noise (White 
and Thurlow 1985), particularly continuous, low-level noise (such as road and industrial noise), 
although the level of response to noise is species specific (Schueck, Marzluff, and Steenhoff 
2001).  Of the potentially occurring raptor species in the area, red-tailed hawk will readily use 
roads for hunting, including busy highways.  In addition, most studies have found that bald 
eagles are fairly tolerant of non-threatening background disturbances (J. D. Fraser, Frenzel, and 
Mathisen 1985; Grubb and King 1991).  Therefore, the effects of sensory disturbance from the 
road (visual and noise) may not deter raptors from using the area. 

Sudden, loud, and unexpected noises (e.g., blasting) may disturb raptors, particularly at nest 
sites.  Noise from blasting of >75 dB is expected to radiate outwards for up to 2 km during 
construction with levels of 63 dB propagating to the north end of Morrison and Nakinilerak lakes 
(Section 8.21).  Two bald eagle nests were identified along Morrison Lake (Appendix 36).  
Raptors are generally the most vulnerable to sensory disturbance effects at their nest sites, when 
stimuli are sufficient to cause nest abandonment and failure (Kochert et al. 2002).  Fraser, 
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Frenzel, and Mathisen (1985) found that 10% of nesting bald eagles interrupted their incubation 
or brooding activities during intermittent loud noises.  Eagles are most likely to abandon nests 
during the incubation period, which typically occurs from April through June in BC (Campbell et 
al. 1990).  However, measures to reduce nest site disturbance are recommended over the entire 
breeding season (BC MWLAP 2005a).  

Open pit walls resemble steep-sided ledges and offer attractive nesting locations for cliff-nesting 
raptors such as peregrine falcons, rough-legged hawk, and gyrfalcons.  These species have been 
found to nest along mine pit walls, particularly in northern environments were cliff habitat is 
limited (Rescan 2009).  Mining activity, particularly basting, within a pit that contains an active 
raptor nest could cause nest abandonment or decrease reproductive success.  However, because 
cliff habitats are not limited in the Project area, raptor nesting within pit walls may not be a 
concern.  

Vegetation clearing of the mine site and associated roads and transmission line corridor could 
disrupt breeding of raptors near the footprint; however, most would likely habituate or relocate to 
habitat with lower levels of sensory disturbance.  Although blasting during construction and 
operations will be intermittent, blasting noise may disturb nesting individuals and possibly nest 
failure.  Therefore, in the absence of mitigation the effect of sensory disturbance on raptors is 
predicted to be of a minor extent.   

Mitigation and Management of Sensory Disturbance on Raptors 
Mitigation strategies that may be applied to reduce the significance of sensory disturbance on 
raptors include (Section 13.10):  

• Conduct breeding bird pre-construction surveys to identify and avoid raptor nesting sites.  
Set BC MOE recommended buffer zones around identified nest sites to minimize 
construction or mine activity disturbance. 

• Limit public access to the Project area. 

• Prohibit human activity along lake and wetland shorelines outside of the Project footprint 
during the raptor breeding season (May to August). 

• Minimize sources of noise through noise control measures.  

• Minimize noise associated with haul truck traffic. 

• Monitor open pit walls during operations to detect and deter potential raptor nesting or 
nesting activity.  If a nest is established along pit walls, mining activity (especially 
blasting) may need to halt to ensure compliance with the BC Wildlife Act (1996a) and 
minimize disturbance to nesting raptors. 

Potential Residual Effect of Sensory Disturbance on Raptors 
If active nests are identified at the time of construction, activities associated with road-building 
may disturb nesting individuals and possibly cause nest failure.  However, low-level noise, such 
as road noise, is not likely to have a population-level effect on raptors (Schueck, Marzluff, and 
Steenhoff 2001; Krausman et al. 2005), particularly if adequate buffer zones are in place around 
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active nesting areas (White and Thurlow 1985).  Overall, the long-term persistence and the 
population of each species are not expected to be affected by human activities in the area, even if 
some nesting individuals are disturbed.  With the suggested mitigation, residual effects following 
mitigation are expected to be of low magnitude, local in geographic extent, short term in 
duration, and with regular frequency; effects will be reversible in the short term.  The residual 
effect of sensory disturbance cause by Project activities is thus expected to be of negligible 
significance on raptors.    

8.16.13.7 Overall Effect of Project on Raptors 
Each of the aforementioned effects (habitat loss or alteration, mortality, chemical hazards, and 
sensory disturbance) are predicted to have negligible residual effects on raptors in isolation.  
However, these individual effects likely interact, creating additive or synergistic effects that have 
a different nature or extent on the local raptor populations as a whole.  Considering these effects 
in combination, the overall residual effect on the local raptor populations is predicted to be of 
negligible significance (Table 8.16-21). 



 

 

Table 8.16-20 
Morrison Copper/Gold Project: Raptor Effects Assessment Summary Table 

Description 
Project  

Component(s) Project Phase(s) Nature Extent 
Mitigation and  
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience  
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Habitat Loss 
or Alteration 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Conduct a survey for raptors 
nests before construction and 
site clearing of the mine area 
and new roads to identify and 
avoid raptor nests, and avoid 
contravening the BC Wildlife 
Act, Section 34(1b). 
• Retain snags, downed logs, 
stumps, and other forest 
features along the 
transmission line right-of-way 
to enhance wildlife habitat. 
Top hazardous trees within or 
along the transmission line 
right-of-way or other sites to 
provide “wildlife trees” for 
birds. 
• Where possible, design 
reclamation during mine 
closure to restore habitat of 
comparable value to that lost 
during mine development and 
operation.   

Yes • Loss or 
alteration of 
habitat. 

Low Local Long-term Continuous Reversible 
Short-term 

Neutral Negligible Medium Intermediate 

Physical 
Hazards - 
Mortality 
(Direct and 
Indirect) 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Conduct a survey for raptor 
nests before construction and 
site clearing of the mine area 
and new roads to identify and 
avoid clearing a tree 
containing a raptor nest, and 
avoid contravening the BC 
Wildlife Act, Section 34(1b). 
• Minimize potential vehicle-
related raptor mortalities 
through speed limits, no 
littering policy, and road 
carrion removal.  
• Minimize bird electrocutions 
by deterring nest building or 
perching on power poles 
through design 
considerations. 
• Limit public access to the 
mine area. 
• Prohibit domestic animals in 
the mine area. 
• Store and remove all waste 
and wildlife attractants. 

Yes • Electrocutions 
with transmission 
line expected at 
low levels post 
mitigation; 
possible vehicle 
strikes with 
mitigation. 

Negligible Local Long-term Sporadic Reversible 
Long-term 

Low Negligible Low Intermediate 

PhysicalHaz
ards - 
Disruption of 
Movement 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Negligible  No           

(continued) 



 

 

Table 8.16-20 
Morrison Copper/Gold Project: Raptor Effects Assessment Summary Table (completed) 

Description 
Project  

Component(s) Project Phase(s) Nature Extent 
Mitigation and  
Management 

Potential for 
Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience  
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Chemical 
Hazards and 
Attractants 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Negligible If wildlife is found to be 
drinking, eating, or using water 
or vegetation within the TSF 
during the closure or post-
closure phases, invertebrate 
tissue and wetlands will be 
monitored and compared to 
the monitoring criteria.  In the 
event that metal 
concentrations are observed 
to approach the monitoring 
criteria, adaptive management 
would then be initiated to 
minimize the risk of metal 
uptake to wildlife. 

No           

Sensory 
Disturbance 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning 

Adverse Minor • Conduct breeding bird pre-
construction surveys to 
identify and avoid raptor 
nesting sites.  Set BC Ministry 
of Environment recommended 
buffer zones around identified 
nest sites to minimize 
construction or mine activity 
disturbance. 
• Limit public access to the 
Project area. 
• Prohibit human activity along 
lake and wetland shorelines 
outside of the Project footprint 
during the raptor breeding 
season (May to August). 
• Minimize sources of noise 
through noise control 
measures.  
• Minimize noise associated 
with haul truck traffic. 
• Monitor open pit walls during 
operations to detect and deter 
potential raptor nesting or 
nesting activity.  If a nest is 
established along pit walls, 
mining activity (especially 
blasting) may need to be 
halted to ensure compliance 
with the BC Wildlife Act and 
minimize disturbance to 
nesting raptors. 

Yes • Intermittent and 
loud noise may 
cause raptors to 
flush from nest. 

Low Local Short-term Regular Reversible 
Short-term 

Neutral Negligible Low Intermediate 

Combined 
Effects of the 
Project 
(Population 
level impacts) 

Mine site, 
access road, 
transmission 

line 

Construction, 
operations, 

decommissioning, 
post-closure 

           Negligible   
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8.16.14 Significance of Residual Effects 
Table 8.16-21 summarizes the overall significance ratings for the Project (habitat loss, physical 
hazards and attractants, chemical hazards, and sensory disturbances) for each VEC.  Overall, the 
Project is expected to have the largest potential overall effect on moose.  Lesser effects are 
predicted for grizzly bear, fisher, western toad, and waterfowl.   

Table 8.16-21  
Summary of Overall Significance of Project Effects on each VEC 

 
Grizzly  
Bear Moose Mule Deer 

American 
marten Fisher 

Western 
toad Waterfowl Forest birds Raptors 

Overall 
Rating 

Minor Moderate Negligible Negligible Minor Minor Minor Negligible Negligible 

 

8.16.15 Likelihood of Effects 
Deciding whether a Project is likely to have significant effects is central to the concept and practice 
of an EA (CEA Agency 1994).  The likelihood of each potential effect is evaluated by considering 
(a) the probability of its occurrence, and (b) the confidence level inherent in the assessment.  

8.16.15.1 Probability of Occurrence 
Assessing the probability of occurrence is based on the best available knowledge for each effect 
and on the Project description details supplied (e.g., for modelling) at the time of the writing of 
the effects assessment.  Any change to these details may affect the outcome of the effects 
assessment.  If the probability of an effect can be accurately quantified, it is also represented as a 
percentage.  If a quantitative estimation is not possible, then the choice of descriptor is based on 
best professional judgment.     

8.16.15.2 Confidence Levels  
Some degree of scientific uncertainty is associated with the information and methods used in the 
prediction of effects; hence, the confidence levels of the assessment must be recognized (CEA 
Agency 1994).  For each effect, the limitations and uncertainties associated with the data and 
their analyses are documented in the relevant sections, including the reliability or variability of 
results or conclusions.  The evaluation of confidence limits is determined through best 
professional judgment and expertise and the amount of information available.  

8.16.15.3 Assessment Assumptions  
This assessment assumes that mitigation strategies will be implemented as suggested and that 
reclamation will return habitat to baseline conditions in terms of the extent and function.  The 
assessment incorporates results and assumptions made for noise modelling, water modelling, and 
wildlife risk assessment.  This assessment also assumes traffic volumes, Project components, and 
employment projections outlined in the Project description will not change significantly.  Finally, 
it assumes that infrastructure placement will not change significantly from the current plans, so 
that estimates of loss and degradation will be accurate.  If these assumptions are not realized, the 
extent and significance of residual effects would need to be re-evaluated. 
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8.17 Archaeology 
Archaeological sites are physical evidence of past human presence in a given area.  There are an 
unknown and finite number of archaeological sites in British Columbia (BC).  Archaeological 
sites are fragile and non-renewable resources that are valued for a number of reasons.  The 
archaeological value of a site is derived from information recovered through systematic site 
investigation.  This information can be permanently lost through site disturbance if the sites are 
not avoided or mitigated prior to ground-altering developments.  For information regarding the 
current archaeological setting, see Section 7.17. 

The assessment of the selected VECs is broadly subdivided into four stages: 

1. Identification and description of potential effects on each VEC (pre-mitigation ratings). 

2. Development of mitigation, enhancement, and management strategies to address identified 
effects. 

3. Determination and description of residual (post-mitigation) effects and their significance. 

4. Evaluation of the likelihood that the predicted effects will occur, and level of confidence of 
the results. 

8.17.1 Valued Environmental Component Selection 
The VECs of concern are archaeological and heritage sites protected by the Heritage 
Conservation Act (HCA).  Types of sites that have been found in the region include culturally 
modified trees (CMTs), cultural trails, archaeological sites, burial sites, earthwork features, and 
historical sites (e.g., structures, features, and material culture). 

The potential loss of information from archaeological sites as a result of direct and indirect 
effects from development activities is specifically of concern.  Developments that involve soil 
excavation, movement, or disturbance have the potential to affect any archaeological materials 
that may be present.  Road construction, land clearing, and excavation are all examples of 
activities that may adversely affect archaeological deposits. 

In BC, sites that predate 1846 AD are automatically protected under the HCA (1996b), and 
burial and rock art sites are protected regardless of age.  Unrecorded archaeological sites and 
materials in a disturbed context are also protected.   

TU/TEK information was collected in and around the Project area from 2007 to 2008 in 
collaboration with Lake Babine Nation leadership and community members.  Review of the 
TU/TEK report and approval for its release by the Lake Babine Nation is pending.  Publicly 
available traditional use information was reviewed prior to field studies.  Lake Babine Nation 
members with knowledge of the Project area participated in the field component of this 
assessment and in the 2006, 2007, 2008, and 2009 field seasons. 
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Draft copies of the archaeological impact assessment (AIA) Interim report (Appendix 41) that 
details the archaeological resources located within the project area and the required protective 
measures were submitted to the Lake Babine Nation for review and comment on April 22, 2009. 

8.17.2 Boundaries 

8.17.2.1 Spatial  
Spatial boundaries for the archaeology and heritage resources effects assessment include the 
Project footprint as assessed during the AIA (see Appendix 41) and are illustrated in Figure 8.17-1.  

8.17.2.2 Temporal  
The assessment examines potential effects at each of the different stages of Project development, 
from construction to post-closure.  Table 5.2-2 describes the duration and activities associated 
with each discrete development phase.   

8.17.3 Identification and Description of Potential Effects 
Direct and indirect effects to archaeological and heritage resources could occur as a result of 
ground disturbance activities and increased human presence during the Project life.  Ground-
altering activities in the Project area are expected to include clearing and grading during road 
construction and maintenance, land clearing and excavation for foundations/footings for on-site 
structures, drilling, blasting, exploration activities, utility installation, and flooding the TSF.  
These activities could affect archaeological sites if present.  In addition, increased human 
presence in the area may affect sites within walking distance from Project facilities or access 
corridors.  As the archaeological survey was largely restricted to the Project disturbance footprint 
as defined at the time the survey was undertaken (Figure 8.17-1), Project construction activity 
may affect recorded and unrecorded sites beyond the assessed area if substantive changes are 
made to the layout of mine components.  Table 8.17-1 provides definitions for the extent of 
potential effects; Table 8.17-2 summarizes the potential effects outlined below. 

Table 8.17-1 
Description of the Extent of Potential Effects  

Negligible No change to very slight change from the baseline conditions such that there is no discernible effect 
upon archaeological sites.  

Minor Small but noticeable shift away from the baseline conditions.  Changes in archaeological sites integrity, 
etc., are likely to be relatively small such that archaeological sites integrity is slightly affected.   

Moderate A significant and noticeable shift from the baseline conditions that may be long term.  Results in a 
change in the integrity of archaeological sites. 

Major Major shift away from the baseline conditions, fundamental changes to the integrity of archaeological 
sites. 
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Ground-altering activities in the open pit area will directly affect site GhSn-3 and may affect site 
GhSn-4.  Both of these CMT sites have already been heavily affected by logging activities and 
are in poor condition.  Because of the relatively recent age of these sites, they are not protected 
by the HCA.  Effects from ground disturbance are expected to be negligible since these sites 
have been recorded, are in poor condition, and are unlikely to provide any additional 
archaeological information.   

Archaeological site GhSn-5 is approximately 100 m west of options A and B of the TLSC and 
southeast of the MFA and may be indirectly affected by increased human presence.  The site 
consists of CMTs postdating 1846 AD, and is not protected by the HCA because of its age.  The 
cut block containing the site has since been logged and the site has already undergone substantial 
forestry-related effects.  Indirect effects from increased human presence are expected to be 
negligible because the site has been recorded, is in poor condition, and is unlikely to provide any 
additional archaeological information. 

Archaeological site GhSn-7 recorded in 2008 during the archaeological impact assessment (AIA) 
for the Project is in the TSF.  It is a pre-contact period (prehistoric) site protected by the HCA 
and is characterized by lithic materials made of sedimentary rock.  Site GhSn-7 has been 
assigned an overall significance rating of moderate.  Flooding the TSF will result in major effects 
that will adversely disturb and/or destroy any remaining cultural deposits at this location. 

8.17.4 Mitigation and Management 
Mitigation strategies comprise a hierarchy of measures ranging from completely avoiding effects 
to compensating or offsetting effects that cannot be avoided (Table 5.2-7).  Archaeology and 
heritage resources are most vulnerable to Project-related effects when construction and ground 
disturbance are most invasive.  Protecting and preserving archaeological and heritage sites is the 
primary goal; therefore, site avoidance is the preferred management strategy and can often be 
attained through Project redesign.  If avoidance is not possible, mitigation measures can be 
developed to reduce adverse effects to a negligible level.  These measures can range from the 
creation of a buffer zone around a site to systematic data recovery through site excavation.   

For the Project, site GhSn-7 will require systematic data recovery prior to construction activities 
carried out under a HCA Section 12 Site Alteration Permit and a Section 14 Heritage 
Investigation permit.  Sites GhSn-3, GhSn-4, and GhSn-5 will require no mitigation since these 
sites are not protected by the HCA, have been heavily affected by past logging activities, and are 
in poor condition.  While there is low potential for additional archaeological sites to be 
encountered within the AIA study area, if an unanticipated discovery of an archaeological site is 
made, the Archaeological Chance Find Procedure (Appendix 41, sub-appendix 1) that was 
developed for the Project will be implemented.  

Mitigation measures are summarized in Table 8.17-2. 

8.17.5 Potential Residual Effects 
Adverse residual effects are those predicted to remain after mitigation measures have been 
undertaken.  Regarding archaeological and heritage resources, these are effects that may occur 
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once archaeological assessments of the Project footprint have been undertaken; archaeological 
sites within the development areas have been recorded, assessed, and mitigated; and education 
programs and communication procedures have been implemented. 

A potential residual effect for the Project may be the increased human presence near archaeological 
and heritage sites, which could result in adverse effects to the integrity of those sites. 

A standardized set of descriptors is used to further determine the extent of residual effects 
(Table 8.17-2); these definitions will be modified as needed within assessment sections.  Criteria 
for describing residual effects include: 

• Magnitude • Duration • Reversibility 

• Spatial Extent • Frequency • Resilience 

8.17.6 Significance of Residual Effects 
Because of the remoteness of the Project area and the difficulty involved in locating and 
identifying archaeological sites, the significance of the potential residual effect of increased 
human presence is considered to be negligible (see Table 8.17-2). 

8.17.7 Likelihood of Effects 

8.17.7.1 Probability of Occurrence 
The probability of encountering additional archaeological sites in the assessed footprint is 
considered to be low.  There is moderate potential that increased human presence in the Project 
area may indirectly or directly affect archaeological sites.  However, if Project personnel are 
provided with archaeological and heritage awareness training, this effect is expected to be low. 

8.17.7.2 Confidence Levels 
Even the most thorough investigation may fail to reveal the presence of all archaeological and 
heritage resources that may be present.  However, based on the current information available there 
is a high level of confidence that the probability of significant adverse residual effects will be low. 

8.17.7.3 Assessment Assumptions 
The archaeology and heritage resource effects assessment assumes that there will not be any 
substantive changes made to the layout of the mine components. 

 



 

 

Table 8.17-2 
Morrison Copper/Gold Project: Archaeology Effects Assessment Summary Table 

Description 
Project 

Component(s) 
Project 

Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 

Potential effects 
to archaeological 
site GhSn-3 

Mine site Construction
/operations 

Neutral Negligible This site has 
been heavily 
affected by past 
logging 
activities, is in 
poor condition, 
and is not 
protected by 
the. HCA. No 
further work 
required. 

No .          

Potential effects 
to archaeological 
site GhSn-4 

Mine site Construction
/operations 

Neutral Negligible This site has 
been heavily 
affected by past 
logging 
activities, is in 
poor condition, 
and is not 
protected by the 
HCA. No further 
work required. 

No           

Potential effects 
to archaeological 
site GhSn-5 

Transmission 
line 

Construction
/operations 

Neutral Negligible This site has 
been heavily 
affected by past 
logging 
activities, is in 
poor condition, 
and is not 
protected by the 
HCA. No further 
work required. 

No           

Potential effects 
to archaeological 
site GhSn-7 

Mine site Construction
/operations 

Adverse Major Systematic data 
recovery will be 
required at this 
site prior to 
construction 
activities in the 
TSF. 

No           

  (continued) 



 

 

Table 8.17-2 
Morrison Copper/Gold Project: Archaeology Effects Assessment Summary Table (completed)  

Description 
Project 

Component(s) 
Project 

Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 

Potential effects 
to as-yet 
unrecorded 
archaeological/ 
heritage 
resources 

Mine 
site/access 

road/ 
transmission 

line 

Construction
/operations/ 
closure/post-

closure 

Adverse Negligible Archaeological 
Chance Find 
Procedure and 
Heritage 
Awareness 
Training 

Yes Increased 
human 
presence near 
archaeological 
and heritage 
sites, both 
recorded and 
as yet 
unrecorded, 
which could 
result in 
adverse effects 
to the integrity 
of those sites. 

Negligible Local Long-
term 

Sporadic Irreversible Low Negligible Low High 
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8.18 Land and Resource Use 

8.18.1 Introduction 
This section investigates the potential environmental effects of the Project on land and resource 
use.  The Morrison Copper/Gold Project Land and Resource Use Baseline Study (Appendix 42) 
summarizes land management objectives as well as land tenures and users near the Project, 
which were collected through a combination of desk- and field-based research.  This information 
provides the background information necessary for identifying and assessing potential effects 
related to the Project.  Also, issues scoping during consultation efforts with the Lake Babine 
Nation, government, and members of the public are considered in the effects assessment.  

The pertinent baseline details are summarized in Section 7.18, including existing management 
approaches, forestry, mineral tenures, angling, guide outfitting, access, hunting, and trapping.  To 
a limited extent based on existing, contemporary Lake Babine Nation use, this section addresses 
the land interests of the Lake Babine Nation.  A more comprehensive  and detailed accounting of 
Lake Babine Nation TU/TEK information was collected for the area in and around the Project 
from 2007 to 2008 in collaboration with Lake Babine Nation leadership and community 
members.  Lake Babine Nation review of and approval for the release of the TU/TEK 
information gathered and reported is still pending.  As such, TU/TEK consideration and 
inclusion in this section is limited to information gathered during the land and resource use 
baseline data collection effort.  TU/TEK may be considered at a later date in the post-application 
process.  Chapter 6 provides additional detail about the TU/TEK methodology and study status.    

In general, this assessment will not consider the interaction between individual activities 
associated with the Project, as described in Table 8.18-1, and land uses.  Instead, it will focus on 
the overall aspect of each component, including the mine site (and associated infrastructure) and 
access routes, transmission line, and human resources (e.g., mine personnel and schedule).  This 
section may assess specific overlaps between individual Project activities and land uses only if 
deemed necessary and appropriate.   

This assessment follows a VECs approach, which is outlined in Chapter 5.  Any changes to this 
approach will be noted in the relevant part of this section.   

8.18.2 Valued Environmental Components  
The land and resource use VECs have been selected based on a review of the Project’s TOR, 
supporting documentation from consultation efforts (Chapter 2), values documented in the 
Morice LRMP, information contained in Appendix 42, and professional knowledge and 
experience.   

Table 8.18-1 provides an overview of the VECs selected for the Morrison land use effects 
assessment.  Five VECs are assessed in this section: access, quality, quantity, culture, and 
management objectives.   
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Table 8.18-1 
Description of Selected VECs for Land and Resource Use 

VEC Description Identified by Link to Project 
Access Access to land near the Project is 

supported by a network of forest 
service roads (FSR) and Lake 
Babine, and is valued for a variety of 
recreational, business, and 
subsistence purposes by a variety of 
groups, including Lake Babine Nation 
and non-Aboriginals.     

• Tenure holders, 
including barge 
operators 

• Professional 
judgment 

• Government 
agencies 

The existing access road 
will be maintained to 
accommodate increased 
traffic and industrial use.   

Quality of 
Experience 

Both Aboriginal and non-Aboriginal 
land users and tenure holders value 
the quality of remote activities and 
experiences in and around the 
Project site.  Various aspects of the 
environment may be affected by 
activities and infrastructure 
associated with the Project, including 
aesthetic changes such as noise, 
dust, and visual quality.   

• Lake Babine 
Nation 

• Tenure holders 
• Professional 

judgment 

Mine operations, 
transmission line, traffic 
and other industrial 
activities. 

Quantity of 
Resources 

The abundant natural resources, 
including wildlife, fish, minerals, trees 
and vegetation available in and 
around the Project area, are valued 
by land users and tenure holders 
alike.  The Project may affect the 
quantity of these resources and the 
ability of stakeholders to harvest from 
the area.   

• Lake Babine 
Nation 

• Tenure holders 
• Professional 

judgment 

Interacting effects on 
wildlife, fish, and 
vegetation with mine 
facilities, transmission 
line, haul route 

Cultural 
Value of 
Land 

Lake Babine Nation values the area 
in and around the Project for cultural 
reasons related to their potlatch 
system, their treaty, and the longevity 
of the use and knowledge of the land 
from generation to generation. 
Non-Aboriginal people also value the 
area for its history. 

• Lake Babine 
Nation 

• Professional 
judgment 

The Project is in an area 
valued for a variety of 
subsistence, historic, and 
cultural uses. 

Land 
Management 
Objectives 

The Project lies within the Morice 
LRMP, which include a number of 
biophysical and socio-economic 
goals and objectives.     

• Government 
agencies 

• Morice Planning 
participants 

Development of the mine 
site, transmission line, 
and haul route overlaps 
with the boundary of the 
Morice LRMP. 

 

Access to the area for a variety of land users and tenure holders—members of the Lake Babine 
Nation, forestry companies, trapline holders, mineral explorers, and claim holders, resident 
hunters, and recreationists—is supported by a network of FSRs (e.g., Hagan and Jinx).  These 
FSRs provide access to a remote area for timber harvesting, other economic activities, and with 
many opportunities for recreational and subsistence activities.  Access has been identified on 
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several occasions in consultation contexts (e.g., community meetings, comments on the draft 
TOR, and meetings with stakeholders) as a valued resource and a means of facilitating a range of 
land use activities and experiences in and around the Project area.  This section will describe the 
possible Project effects to access that land users and tenure holders may experience during the 
various Project phases.  This may include improved, impeded, or prohibited access to existing 
tenure users and tenure holders, and safety issues caused by increased truck traffic.   

The quality of land use experience may be of high importance to users and tenure holders who 
access the Project area, depending on the goal of their activity.  Many land users seek out the area 
in and around the Project area for a remote wilderness experience, a noise-free/reduced 
environment, relatively contaminant-free country foods, hunting and fishing.  As documented in 
the LRMP, the land use baseline study, and in the consultation process, the area serves as a quality 
isolated backcountry destination for a variety of locals, regional visitors, and international tourists.  
Project-related activities, such as blasting, ROW clearing and maintenance, truck traffic, and 
general mine operations may depreciate or interfere with the aesthetics and enjoyment of land use 
activities by land users, including noise, air, water, and visual quality.   

Quantity of resources is also identified as a VEC.  Many land tenure holders and users are drawn 
to the area for its abundant renewable resources, including wildlife, fish, and vegetation.  As 
such, changes to the number and/or health of these resources could change the patterns of current 
harvesting and consuming these resources in the Project area.  The current level of the resources 
determines continued use of the area, and is also tied to the economic prosperity of land-based 
activities.  Forestry practitioners and mineral explorers are the dominant large industrial land 
users.  Some land users depend on the resources for subsistence and livelihood, others for 
recreational and cultural reasons.  To effectively assess Project effects on this VEC, it is 
necessary to reflect the results of several other effects assessments, including wildlife and 
wildlife habitat (Section 8.16), fish and fish habitat (Section 8.10), and ecosystems and 
vegetation (Section 8.15).  The effects assessment for this VEC will focus on the priorities of 
hunting, trapping, fishing, plant harvesting, and forestry activities, namely moose, marten, 
sockeye salmon, lake trout, and merchantable timber.   

The fourth VEC captures both Aboriginal and non-Aboriginal cultural values associated with the 
area in and around the Project.  Beyond resource and quality considerations, land users and 
tenure holders may seek the land for culture, custom, and tradition reasons, especially members 
of the Lake Babine Nation.  The land provides the context for relationship between its 
membership and the environment, intergenerational knowledge transfer, hands-on learning, and 
history.  This understanding of the land is integral to Lake Babine Nation identity and 
worldview.  Potential effects of the Project on the land—including those related to the access, 
quality, and quantity VECs discussed above—may therefore alter the cultural connection to the 
land for members of the Lake Babine Nation.   

The final land and resource use VEC is related to land management objectives identified by 
consensus through the Morice LRMP process.  Numerous stakeholders, including First Nations 
groups, participated in this process to establish a wide variety of goals, objectives, and strategies 
related to economic, culture, biodiversity, and access considerations.  The Project is assessed for 
its compatibility with these LRMP outcomes and its consistency with the long-term vision of the 
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LRMP insofar as the Project may influence the effectiveness with which goals related to land use 
are achieved.  The Project is consistent with access and mineral resource objectives, but conflicts 
to varying degrees with cultural heritage resources, hunting and fishing, recreation, botanical 
forest products, guide outfitting, and timber objectives.  Although the Morice LRMP is not 
legally binding, the objectives and goals outlined in the LRMP were developed through a 
lengthy, consensus-based process, the plan was approved by ministers, and, as such, deserve 
consideration, including conflicts resolution.  

8.18.3 Study Boundaries 

8.18.3.1 Spatial Boundaries 
This assessment considers primary and secondary spatial boundaries (Figure 8.18-1).  The 
primary spatial boundary encompasses effects directly related to the mine facilities, processes, 
concentrate and supply haul route, transmission line, and infrastructure.  This boundary also 
mirrors the biophysical study area, as these land use effects will be strongly tied to a range of 
biophysical effects.  The primary spatial boundary is related to the access, quality, and quantity 
VECs.  The secondary study spatial boundary includes a larger area that encompasses Lake 
Babine Nation traditional territory and the Morice LRMP boundaries, and will be particularly 
relevant for assessing the cultural and land management VECs.   

8.18.3.2 Temporal Boundaries 
The Project consists of four distinct phases: construction, operations, closure, and post-closure.  
The construction phase will last approximately two years, and involves constructing the mine 
facilities and improving the maintenance of the current FSRs.  The operations phase will run for 
21 years and include extraction, processing, and transporting ore.  The closure phase will occur 
over two years and entail decommissioning and removing infrastructure from the Project site 
with the exception of the transmission line.  The 50-year post-closure phase will involve ongoing 
monitoring and water quality treatment.  Given the existing use of the access road by forestry 
interests in the Project area, the main Project access and concentrate haul route will not be 
decommissioned.  Table 8.18-2 provides details about each phase.  

8.18.4 Identification and Description of Potential Effects 

8.18.4.1 Overview 
The potential effects are described in terms of their direction and extent.  The direction can be 
either adverse or beneficial.  The extent can range from negligible to major.  Table 8.18-3 
provides brief descriptions of each possible extent.   
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Table 8.18-2 
Project Phases and Associated Activities, by Component 

Phase 
(Duration) 

Mine Site/ 
Transmission Line Access Road Highway 16 

Human 
Resources 

Construction  
(2 years) 

Construction of mine 
infrastructure and facilities 

Initial maintenance of 
existing access road 

Using highway to 
transport 

construction 
materials 

Projected 
workforce of 
360 people. 

Operations 
(21 years) 

Mining and production of 
ore 

Using access road to 
transport concentrate, 

supplies and mine 
workers 

Using highway to 
transport concentrate 
to Stewart, BC for 10 
haul trucks each day 

Projected 
workforce of 
251 people. 

Closure 
(2 years) 

Closure, decommissioning 
and/or removal of 

components 

Using access road for 
removing infrastructure 

Using highway to 
remove 

infrastructure. 

Projected 
workforce of 
75 people. 

Post-closure1 
(50+ years) 

Will maintain treatment 
plant, water management 

facilities, electrical 
distribution and on-site 

access 

Using access road for 
monitoring and 

maintenance activities at 
the mine site.  Re-
establish road user 

permitting 

n/a Projected 
workforce of 
one person, 

contractors as 
required. 

The post-closure phase is determined by the time required for the component to return to baseline conditions. 

Table 8.18-3 
Description of the Extent of Potential Effects  

Negligible Very slight change from the baseline conditions such that no discernible effect upon land 
use activity.   

Minor Small but noticeable shift away from the baseline conditions.  Changes in land use 
experience are likely to be relatively small, or be of a temporary nature such that normal or 
expected land use characteristics are slightly affected.   

Moderate A significant and noticeable shift from the baseline conditions that may be long term; or a 
high degree of change for a temporary period.  May result in changes in land use pattern, 
experience, or decision making. 

Major Major shift away from the baseline conditions, fundamental change to land use activity.  May 
include a relatively high degree of change for a long-term period, or by a very high amount 
for a shorter episode.  Land use quality is greatly changed from the baseline situation. 

8.18.4.2 Rationale  
Several considerations and analyses were applied to identify the Project’s potential effects on 
land use activities and tenures, including Project components and processes, input from 
stakeholders and Lake Babine Nation as documented in the consultation report (Section 2), and 
technical expert knowledge and literature review.   

Furthermore, changes to land use patterns have been assessed for all stages of the Project, 
including construction, operations, closure, and post-closure.  Project effects are subdivided by 
interest groups, for whom effects may vary based on their objectives, timing of use, access 
methods, and activities.  Interest groups have been identified through baseline research and 
consultation efforts and include: Lake Babine Nation, Canadian Forest Products Ltd. (Canfor), 
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Tukii Lodge Hunting Camp, Ookpik Lodge, angling guides, trapline holders, resident hunters 
and anglers, and mineral developers.   

8.18.4.3 VEC: Land Use Access 

Overview 
Existing access to the area in and around the proposed Project is designed to support forest 
industry logging activities by Canfor and Houston Forest Products.  The FSRs from the barge 
landing on the east side of Babine Lake to the Project site are Morrison East, Hagan, Jinx, and 
Nose Bay.  The proposed Project site is presently accessible by vehicles during summer road 
conditions and by ATVs, snowmobiles, and large industrial trucks with high clearance during 
poor weather and wet season weather conditions.  Assessing potential effects on access will 
focus primarily on the portion of the access road from Michelle Bay to the proposed Project site 
on the east side of Morrison Lake.  The concentrate haul route from Michelle Bay to Stewart will 
use the public highway system, and thus is not expected to induce a significant change in land 
use activities and/or interests. 

Changes in access patterns may arise as a result of initial maintenance to restore the road to initial 
specifications and increased use of the access road.  Changes may be experienced by the current 
road users (e.g., Lake Babine Nation, Canfor, Tukii Lodge Hunting camp, Ookpik Lodge, mineral 
developers, trapline holders, third party users, and poachers).  There are four distinct categories of 
potential effects related to access, each of which may be perceived as beneficial or adverse 
depending on the context, objectives, and interests of the particular land use group.  The effects 
also vary with the Project phase.  Potential effects will be assessed from the perspective of each 
interest group, based on feedback and input in the consultation process; experience on existing, 
similar projects; and/or technical expert knowledge.  

The Project could improve accessibility to the Project area during operations and post-closure 
phases for various interest groups (Effect 1).  Baseline road conditions and existing road network 
maintenance allow for seasonal access by ATVs, skidoos, and logging and four-wheel drive 
trucks.  The better maintained road will be maintained year-round.  Also, public use of the road 
will remain unrestricted.  Although the year-round maintenance on the existing road 
infrastructure will not markedly improve accessibility in and around the Project, year-round 
access route maintenance may attract existing and new land users to the area during seasons 
when access was previously impossible or difficult.  Also, it is anticipated that the increased 
number of barge sailings may increase the number of land users who access the area in and 
around the Project site.  Construction crews may access the area with their personal and 
recreational vehicles, thus increasing the land users and activities in the primary study area.  This 
may raise the awareness of and interest in the primary study area through word-of-mouth 
publicity regarding the desirable resources and activities in the primary study area.     

While accessibility improves during operations and post-closure phases, it may be diminished or 
limited during the construction and closure phases (Effect 2).  Road closures and delays for 
safety and logistical reasons may negatively affect land use groups by interfering or hindering 
their access.  These challenges may arise from traffic movement, equipment, machinery, and 
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supplies to and from the mine site.  Access to the security-controlled mine site area will be 
prohibited by public for safety reasons over the Project life.  

Public access to the mine site will be prohibited for safety and security purposes.  As such, an 
area of 3,235 ha covering the mining lease will not be available for other tenured and non-
tenured land users.  The significance of this effect will depend on whether comparable areas are 
available to the land user in and around the Project area.  The mining lease area will be 
prohibited to the public during all phases, including some restrictions during post-closure (to 
perpetuity) (Effect 3).   

Any of the interest groups will be able to use the access road during the Project life.  However, 
road use may present increased risks in terms of road hazards, including the presence of 
concentrate and supply haul trucks and heavy machinery, which may require added caution and 
awareness when travelling along the road.  The road will be radio-controlled and public not using 
this travel safety requirement will increase personal risk to safety (Effect 4).  

Table 8.18-4 provides an overview of the access effects that pertain to each land user group.  
Because of differences in specific areas, seasons of use, and use objectives, extent and direction 
of the effects for this VEC are discussed below for each land interest group. 

Table 8.18-4 
Summary Table of Potential Effects Assessed for 

Land Use Groups related to Access 

Land Use Group 

Effect 1 
Improved 
Access 

Effect 2 
Diminished 

Access 

Effect 3 
Prohibited 

Access 

Effect 4 
Increased Road 

Hazards 
Lake Babine Nation Minor 

Beneficial Minor Adverse Minor Adverse Minor Adverse/ 
Negligible 

Canfor Moderate 
Beneficial Major Adverse Major Adverse or 

Beneficial 
Minor Adverse/ 

Negligible 
Tukii Lodge Hunting Camp Minor 

Beneficial Negligible Moderate Adverse Negligible 

Ookpik Lodge  Minor 
Beneficial Negligible N/A Negligible 

Mineral Developers Minor 
Beneficial Minor Adverse Major Adverse Minor Adverse/ 

Negligible 
Trapline Holders Negligible Negligible Negligible Negligible 
Resident Hunters Moderate 

Beneficial Minor Adverse N/A Minor Adverse/ 
Negligible 

Ministry of Environment and 
Conservation Office Minor Adverse Minor Beneficial N/A N/A 
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Lake Babine Nation 
The Project lies within the traditional territory of the Lake Babine Nation, and access to the 
primary study area may be either increased or decreased, depending on the Project phase.  
Members of the Lake Babine Nation, especially those from Old Fort and Fort Babine, have and 
continue to use trails to access the area for cultural and traditional activities, including hunting, 
trapping, fishing, and plant gathering.  Although the level of Lake Babine Nation use of the area 
in and around the Project is not documented in publicly available information, the consultation 
record and land use baseline study provide descriptions and details of past and contemporary use.  
There are nearly 200 Lake Babine Nation members residing in the area, including 80 persons 
reported in Fort Babine in 2006 and unreported census data for Old Fort (because of its small 
size and seasonal nature).   

Improved Access (Effect 1) 
During the operations and post-closure phases, accessibility for Lake Babine Nation members 
will improve through year-round existing access road maintenance.  The road will be open to 
public use up to the mine site gate, pursuant to safety requirements such as speed limits and radio 
frequency monitoring and use.  This will enable Lake Babine Nation members to access their 
traditional territory for traditional activities more easily and quickly during all seasons.  A minor 
beneficial effect will be experienced by Lake Babine Nation users during these two phases. 

Diminished Access (Effect 2) 
Road access for Lake Babine Nation land users may be limited during mine construction and 
closure.  At times, the access road may be closed to public use for transporting heavy equipment 
and maintaining the road or constructing the transmission line.  Limited or delayed access during 
these two phases is expected to have a minor adverse effect on Lake Babine Nation members, 
largely dependent on the season and the length of the delays.   

Prohibited Access (Effect 3) 
Access to the mine site will be prohibited at all times during the Project within the mining lease 
area.  The area directly overlapping the mine site, including the TSF area, is and has been used 
by members of the Lake Babine Nation for a variety of traditional use activities.  As such, access 
restrictions to the mine site are expected to have a minor adverse effect on Lake Babine Nation 
members.  There are comparable areas in and around the mining lease available to Lake Babine 
Nation members for their use.  Furthermore, there are few Lake Babine Nation members who 
currently access the mining lease area.   

Increased Road Hazards (Effect 4) 
Lastly, Lake Babine Nation road users may encounter increased on-road hazards associated with 
heavy industrial traffic.  These risks may be present during construction and closure phases, 
when mine equipment will be moved to and from the mine site, and road construction will be in 
progress.  Effects are expected to be minor adverse during these phases, as road use will be 
intermittent and the duration of interruptions will be relatively short.  During operations this 
effect is expected to be minor adverse because of the higher level of traffic, including haul 
trucks, personnel buses, and supply vehicles.  Existing Lake Babine Nation land users are 
already accustomed to high levels of industrial traffic from previous, present, and future logging 
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activities in the primary study area.  Given the minimal level of Project-related traffic during 
post-closure, the road hazard effect is expected to be negligible during this phase. 

Canfor and HoustonForest Products 
Houston Forest Products tenures lie outside of the Project study area on the west side of Lake 
Babine.  However, Houston owns a 50-person forestry camp near the Project, approximately 
2 km southwest of the mouth of Morrison Creek.   

Canfor’s forest tenure overlaps with the Project site and has been operational within the past five 
years.  Canfor plans to continue logging efforts for another two years from the time of writing.  
Roads have been constructed to support forestry endeavours, which Canfor currently maintains.  
PBM and Canfor have signed a Road Use Agreement (signed December 1, 2005), which grants 
PBM non-exclusive use of the road and stipulates a maintenance schedule and work.    

Currently, there is a low level of road use by forestry companies; however, logging efforts will 
escalate in 2 years to an estimated level of 10 logging trucks per day for 150 days per year, along 
with pickup and low-bed traffic of 10 vehicles a day for 180 days.  This increase in forestry 
activity may coincide with the mine construction phase.   

Improved Access (Effect 1) 
Forestry companies will benefit from the maintained road providing improved accessibility of 
the existing road due to year-round maintenance during operations and post-closure phases.  The 
road will be open to public and industrial uses, with limitations based on safety considerations.  
This will provide forestry companies with the opportunity to consider logging in the winter 
months, improving both the efficiency and reliability of logging efforts and potentially increase 
profits.  Year-round accessibility is expected to have a moderate beneficial effect on forestry 
companies.   

Diminished Access (Effect 2) 
Access may be limited during construction and closure, which may have a major adverse effect 
on forestry interests in and around the Project site, depending on when the delays and limitations 
to access occur during the increased logging endeavours.  This assessment assumes the worst-
case scenario, where Project construction/decommissioning may occur at the same time as high 
levels of logging activity by forestry companies.   

Prohibited or Coordinated Access (Effect 3) 
Canfor has identified areas of timber harvest called strategic blocks within the area directly 
overlapping with the mine site.  A total area of 278 ha is planned for harvest in the next two to 
four years.  The yield from these strategic blocks is estimated to be 90,000 m3 of timber.  Based 
on two different access scenarios, there may be two different effects outcomes.  The worst case 
scenario would include prohibited access to the strategic blocks, which would result in a 
significant loss of timber harvest potential for Canfor (major adverse effect).  Conversely, the 
best case scenario would be a concurrence of Canfor’s strategic block logging plans and PBM’s 
construction timing.  The scenario would require Canfor and PBM to negotiate a coordinated 
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timber removal from the mine site by allowing Canfor access to the mine site.  If this were to 
occur, this would result in a major beneficial effect for Canfor.   

Increased Road Hazards (Effect 4) 
Forestry companies may also face on-road hazards and decreased road safety associated with 
heavy industrial traffic.  These risks will be present during construction and closure phases, when 
mine equipment will be moved to and from the mine site, and road work will be in progress.  As 
logging truck operators are experienced and trained in mixed-road traffic situations, it is 
expected to have a minor adverse effect on forestry interests during these phases.  During 
operations, haul trucks and supply vehicles will regularly travel the road, and road closures are 
not expected; road safety issues at this time are expected to be minor and adverse.  During the 
post-closure phase, the rating on this effect is expected to decrease to negligible, because there 
will be minimal Project-related traffic on the road.   

Tukii Lodge Hunting Camp 
The primary study area overlaps with portions of the tenures of two guide outfitters, namely 
David Hooper (Tukii Lodge Hunting Camp) and Stewart Berg (Double Eagle Guide and 
Outfitters).  Both of these operations access the area by boat and/or floatplane and do not use the 
current network of FSRs to access their tenure areas.  The mine site and part of the access road 
overlap with Mr. Hooper’s tenure, and the remainder of the access road (to the barge on the east 
side of Babine Lake) is in Mr. Berg’s tenure area.  Given that Mr. Berg’s guiding activities are 
concentrated in areas outside the primary study area, this assessment will concentrate on the 
effects of the Project on Tukii Lodge Hunting Camp.  

Generally, guide outfitting activities are concentrated in the summer and fall (May to November), 
with the exception of wolf hunting in winter (February and March).  Guide outfitting provides the 
sole source income for both Mr. Hooper and Mr. Berg.  Infrastructure and resources supporting 
guide outfitting endeavours are also within the Project vicinity, including camps and cabins.  One 
of Mr. Hooper’s is directly adjacent to the proposed pit area.   

Improved Access (Effect 1) 
Tukii Lodge Hunting Camp may benefit from improved accessibility to the area during 
operations and post-closure, although this is expected to be a minor beneficial effect because 
primary access to the area is by air or water.  Year-round accessibility may provide Tukii Lodge 
Hunting Camp with additional access options in addition to boat and air, especially for wolf 
hunts in the winter.  Vehicular access may reduce transportation costs and, as such, be more 
desirable from a business perspective to Tukii Lodge.   

Diminished Access (Effect 2) 
During construction and closure, potential access limitations caused by delays and interruptions 
in road traffic for road upgrades will result in a negligible effect on access for this tenure holder, 
as these roads are not currently used by Tukii Lodge.   
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Prohibited Access (Effect 3) 
The mining lease area will not be accessible to the public, including Tukii Lodge patrons, during 
the life of the Project into the post-closure phase.  The hunting camp facilities remain accessible, 
for use in adjacent areas. The prohibited access will result in a reduction of Tukii Lodge guide 
outfitting tenure area by 3,235 ha out of a total of 727,972 ha (0.44%).  However, the area in and 
around the mining lease is of high significance to Tukii Lodge, because much of their moose 
hunting activities are concentrated in this area with support from the hunting camp along 
Morrison Lake.  As such, the Project is anticipated to have a moderate adverse effect to Tukii 
Lodge because of prohibited access.  

Increased Road Hazards (Effect 4) 
Increased road hazards on the existing access road may affect Tukii Lodge, if they use the road.  
However, because they do not indicate regular or anticipated use of the road, this effect is 
expected to be negligible.     

Ookpik Lodge 
Improved Access (Effect 1) 
During operations and post-closure, year-round mine access route and FSR maintenance may 
provide Ookpik Lodge with alternative and potentially more affordable transportation options for 
their consideration in bringing clients to their remote wilderness lodge.  However, currently 
Ookpik Lodge accesses their facilities via boat on a seasonal basis.  As such, the changes in 
access will have a minor beneficial effect during operations and post-closure as it increases 
Ookpik Lodge’s access options. 

Diminished Access (Effect 2) 
During construction and closure, there will be an increase in road closures and delays as equipment 
and materials are transported to and from the Project mine site.  These interruptions in access will 
not affect Ookpik Lodge as they do not currently access their facilities via the existing FSR 
network.  As such, the Project will have a negligible effect during construction and closure.   

Increased Road Hazards (Effect 4) 
There will be increased road hazards throughout the Project life with the introduction of 
construction equipment, ore concentrate trucks, and support and personnel vehicles.  There will 
be more chances of collisions and/or incidents in a mixed-traffic scenario.  However, Ookpik 
Lodge accesses their lodge by water as opposed to vehicular methods.  Therefore, the Project is 
expected to have a negligible effect during all phases.   

Mineral Development 
There are several mineral tenures near the Project, and relevant mineral developers may 
experience improved and/or limited accessibility, as well as increased and/or decreased levels of 
on-road hazards, depending on the Project phase.   

The access methods and considerations of each mineral developer are not known.  As of January 
2005, the province implemented an online mineral staking initiative that allows anyone with an 
interest in mineral development to purchase rights to a particular area for purposes of exploring 
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and/or developing the tenure area.  As such, it is assumed that tenure holders use the current 
network of FSRs to access their tenure areas to fulfill their annual tenure work requirements to 
maintain good standing with the province (MTO 2009).  (However, in some cases, mineral 
developers may not need to access their tenure area, because they may choose payment instead 
of exploration and/or development work, which allows them to extend their tenure for several 
years.) 

Many of the potentially affected mineral tenure holders are individuals; there are also two 
companies holding mineral claims in the Project area, including Maclaren Forest Products and 
Copper Ridge Exploration (CRE 2009).  CRE is in early exploration stages, and there are no 
immediate plans to enter the EA/permitting process.  Access is reported to be by helicopter and 
logging road (CRE 2009).  It is assumed that other mineral interests follow similar access 
methods.   

Improved Access (Effect 1) 
Mineral developers may experience an enhanced ability to access their claim areas during 
operations and post-closure phases as a result of year-round access road maintenance.  However, 
most of the other mineral claims are on the west side of the Morrison Lake and rely on a separate 
network of FSRs that diverge from the Project’s access road at the mouth of Morrison Creek.  As 
such, this effect is expected to be minor beneficial as it will take less time and effort to access the 
area during the winter months and may increase mineral developers’ capacity to develop their 
claims.  However, access after the point of divergence is unknown and its condition will be 
unchanged by the Project.  As such, it may still be difficult and/or impossible to access mineral 
claims via vehicle, depending on road routes and conditions.     

Diminished Access (Effect 2) 
During construction and closure, mineral developers may encounter delays and impediments to 
accessing their claim areas because of road maintenance activities and installing or removing 
mining equipment.  It is expected that this will be a minor adverse effect, because the road does 
not cover the entire access route for the majority of mineral claim areas and alternative modes of 
transportation (e.g., helicopters) are already employed to continue to assist and support mineral 
developers with their access needs.   

Prohibited Access(Effect 3) 
Mineral claims held by Mr. Keith Morris overlap directly with the TSF.  Public access to the 
mine site will be prohibited because of safety considerations with the exception of mine 
personnel and related consultants.  As such, access to Mr. Morris’ claim area will be infeasible 
and impracticable during all Project phases.  The effect of this prohibited access for Mr. Morris 
is anticipated to be major adverse.   

Increased Road Hazards (Effect 4) 
Besides effects from increased road accessibility, mineral developers may experience greater need 
to time access to their tenure area during all phases because of increased levels of industrial traffic.  
Careful timing and adherence to radio frequency control protocols should reduce exposure to 
increased road hazards.  During construction and closure activities, mineral developers may 
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encounter risks from mine equipment transportation to and from the Project site; this is expected to 
be a minor adverse effect.  During operations, mineral claim holders may experience hazards 
related to the 11 concentrate haul trucks and 8 personnel buses per day travelling along the access 
road; it is anticipated that this effect will be minor adverse.  There are existing levels of industrial 
traffic from logging activities, and, as such, mineral developers are already aware of safety 
considerations and procedures.  During the post-closure phase, traffic volumes are expected to 
decrease to near baseline conditions, and as a result, mineral developers will encounter fewer road 
hazards.  This effect is predicted to be negligible compared to baseline conditions.  

Trapline Holders 
Two registered trapline tenures overlap with the primary study area, held by Alex Michell and 
Leonard Williams et al.  The former intersects with the access road and a portion of the 
transmission line, while the latter overlaps with the mine facilities.  Both traplines have remained 
unused in the last 3 and 10 years, respectively.  Because trapline access has not occurred for 
several years, access methods are unknown, but if trapping activity were to resume they might be 
through a combination of truck and skidoo.  Trapping activity is concentrated in the winter 
months and focused primarily on marten.   

Improved Access (Effect 1) 
Because of the initial and ongoing road maintenance, trappers may experience improved access 
during operations and post-closure phases, if they re-initiated their trapline activities.  However, 
because the trapline holders have not trapped in the area for several years, they are not currently 
use the existing road infrastructure, and the effect is considered negligible.   

Diminished Access (Effect 2) 
During construction and closure, access to traplines may be impeded and/or delayed because of 
road work, as well as transporting equipment and infrastructure to/from the mine site.  However, 
because these trappers do not currently access their traplines, this effect is expected to be 
negligible.   

Prohibited Access (Effect 3) 
During all Project phases, access to the mine site, including mine processing and TSF area, will be 
prohibited to the public for safety reasons.  Mr. Williams’ will not be able to access this portion of 
his trapline tenure area, which amounts to 35% of his total trapline area total of 9,144 ha.  Given 
that the trapline has not been actively used since 2006 (and there is no anticipated future use of the 
trapline because of a lack of interest and time), this effect is predicted to be negligible. 

Increased Road Hazards (Effect 4) 
Finally, trappers may experience increased road hazards during all Project phases with different 
levels and types of traffic during each phase.  During operations and post-closure, trapline 
holders may experience increased road hazards caused by an influx in haul, supply, and 
personnel traffic.  They may encounter equipment and infrastructure moving to and from the 
mine site during construction and closure phases.  During every phase, these effects are expected 
to be negligible because of the lack of current and anticipated levels of trapline activities.   
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Resident Hunters  
According to the provincial big game kill database (BC MOE 2007a), there is a high level of 
hunting activity in Wildlife Management Unit (WMU) 6-08, within which the mine site 
represents 0.2% of its total area.  The primary focus of resident hunting in and around the Project 
site is moose.   

Improved Access (Effect 1) 
During operations and post-closure, it is anticipated that resident hunters will experience a 
moderate benefit from improved year-round accessibility to the area because of road maintenance 
and public road use with minimal impediments.  More specifically, it may extend the hunting 
season for hunters that do not have specialized equipment to access areas with snow cover.  Given 
continued maintenance throughout the year, resident hunters with trucks will now be able to access 
the area along the haul route and near the Project throughout the hunting season.   

Diminished Access (Effect 2) 
The opposite may be the case during construction when temporary road delays and closures may 
impede resident hunter access to the Project area, which is expected to be a minor adverse effect, 
because of the short-term nature of the access barriers and the availability of other areas within 
the WMU for pursuing wildlife.   

Increased Road Hazards (Effect 4) 
Resident hunters accessing the area in and around the Project will need to consider on-road 
hazards.  During construction and closure, transporting industrial equipment to and from the 
mine site is expected to have a minor adverse effect on resident hunters.  The operations phase 
will present resident hunters with regular, daily industrial haul traffic volumes during the 
summer and fall hunting season.  The increased on-road risk is anticipated to be a temporary, 
minor adverse effect.  During the post-closure phase, traffic levels are expected to decline 
significantly.  The resultant decrease in road hazards is expected to have a negligible effect on 
resident hunters. 

Conservation Office 
Increased interest and access by poachers to the area in and around the mining lease is anticipated 
because of year-round mine access road maintenance.  The poaching level will affect the 
Conservation Office’s ability to regulate and enforce hunting restrictions and licensing 
requirements.  The Conservation Office currently has significant concerns regarding this area 
because of large hunting pressure and its shared border with Region 7, which has more relaxed 
regulations regarding moose hunting (Nixon, pers. comm., 2009).  Based on the number of 
complaints regarding poaching, the Conservation Office set up a 2-point moose decoy in 2002 and 
within three hours an unlicensed person shot at it.  The short period indicates to the Conservation 
Office that there may be a poaching problem, but further testing is required to confirm this.   

Improved Access (Effect 1) 
Year-round accessibility may increase opportunities for poachers to engage in illegal hunting.  
This may have a minor adverse effect during operations and post-closure on the Conversation 
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Office in their attempt to regulate and reduce poaching in and around the Project area.  This may 
require additional attention and effort to address poaching issues related to the Project.   

Diminished Access (Effect 2) 
During construction and closure, the access road may be temporarily closed or delays may occur 
for transporting mine infrastructure and equipment and maintaining the road.  These interruptions 
may cause the area in and around the Project to decline in attractiveness to poachers, who generally 
seek easy kill opportunities.  These phases may act as a poaching deterrent, and, as such, have a 
minor beneficial effect on Conservation Office enforcement efforts. 

8.18.4.4 VEC: Quality of Land Use Experience 

Overview 
The “quality of land use experience” is a broad phrase meant to capture several key issues and 
subjective experiences of land users, which are difficult to quantify, but are, nevertheless, 
critically related to decisions regarding activities, level of effort, access timing, and avoidance.  
The two aspects of quality, distinctive characteristics and sensory enjoyment, are included in this 
VEC.  This provides an understanding of which characteristics of the area attract land users with 
a variety of cultural, economic, and social purposes.  It also helps to frame the effects of changes 
to the quality caused by Project activities and infrastructure and determine their significance to 
each land user group. 

First, there are certain important, distinctive characteristics, properties, and attributes related to 
the Project area.  The area in and around the Project provides some land users with something 
that may not be as readily available in other areas or in their place of permanent residence.  For 
example: 

• seclusion/retreat from population centres; 

• fresh air and clean water; 

• quietness or noise-reduced areas; 

• uninterrupted viewscapes of mountain ranges and lakes; 

• space between land users or very little overlap between land uses; 

• abundance of fish, wildlife, and vegetation resources; 

• opportunities for mineral development discoveries. 

Related to its distinctiveness, land users may also consider the primary study area to be superior 
to other areas available for land-based activities (e.g., wilderness, abundance, and locally 
recognized and renowned destination).   

Secondly, land users may experience sensory enjoyment, satisfaction, and fulfillment (e.g., sight, 
taste, sound, touch, smell) related to their use of the Project area, including: 

• undisturbed viewscapes and wildlife sightings/observations; 
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• healthy subsistence resources, including fish and animal meat, and plants; 

• clean air and water; 

• a sense of peace and quiet, with a natural soundscape. 

Although the study area is marked by pockets of earlier development (especially related to 
forestry and mining), this disturbance is not evident from all parts of the study area, and land 
users can still appreciate a remote, semi-pristine wilderness experience.  Furthermore, it is 
recognized that for some land uses there are alternative areas of comparable quality of 
experience.  Where this is the case, these will be discussed in each land user interest group.    

Project-related activities and infrastructure may result in changes in the aesthetic quality of 
experience for various land uses in and around the Project site; effects may include increased 
noise, dust and pollutant levels, visual disruptions, and water quality degradation.  The 
assessment of Project-related effects on the quality of land use experiences is linked to effects 
assessments in other disciplines, including Human Health (Section 8.22) and Visual Quality 
(Section 8.20).  In general, there are five categories of effects related to quality of experience.   

This assessment distinguishes between effects related to health versus those related to quality of 
experience.  Disruption of the subjective quality of experience for most people is predicted to 
occur at lower levels of disturbance and earlier in the disturbance process (i.e. noxious noise 
stimuli may cause a stress response before long-term hearing damage) than health effects.  The 
effects of noise, contaminants, and water and air quality on human health are discussed in 
Section 8.22.  This will be extrapolated to estimate the effects on the quality of experience for 
land users—i.e., if any major adverse effects on health are predicted, it is assumed that similar or 
more severe effects to the qualitative experience have occurred.  

Increased levels of noise related to haul traffic, operating industrial infrastructure, and mine 
processes (such as blasting and crushing) may impair or depreciate enjoyment of and 
appreciation for relatively undisturbed backcountry recreational and economic opportunities 
(Effect 1) that attract land users to the Project area.  Almost every land user interest group 
(except mineral developers and forestry companies) values this aspect of the Project area.  
Aesthetic quality of the area serves cultural, social, and economic purposes.  For example, an 
important part of the business strategy and selling feature for Tukii and Ookpik lodges is the 
scenic nature of the landscape, which attracts clients from the region and internationally.  

Dust and pollutants generated from concentrate haul traffic, blasting activities, and mining 
equipment operating may depreciate the quality of experience to nearby land users (Effect 2).  
Beyond the health concerns related to the presence of dust and pollutants, these may create visual 
disruptions and/or disagreeable smells, depending on the relative distance from the mine site and 
access road and land user resilience to changing conditions.   

The Project may also affect water quality conditions in and around the Project site (Effect 3).  No 
direct discharge into Morrison Lake is anticipated during operations, but post-closure treated 
water discharge is predicted, and will need to meet provincially established permit conditions 
and water quality standards.  From a land user perspective, the treated discharge water condition 
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may have additional cosmetic and aesthetic concerns near the point of discharge into Morrison 
Lake.  For example, the US EPA has secondary guidelines that address the cosmetics of drinking 
water (e.g., skin and tooth discoloration) and aesthetic effects (e.g., taste, odour, and color).  
These standards are not required, but they provide a possible indication of disruptions in the 
quality of experience by land user groups related to their water consumption while in and around 
the Project site.  Table 8.18-5 summarizes the contaminant and the levels at which there are 
cosmetic or aesthetic effects on drinking water. 

Table 8.18-5 
Summary Secondary Drinking Water Standards 

Contaminant Secondary Standard 
Aluminum 0.05 to 0.2 mg/L 
Chloride 250 mg/L 
Color 15 (color units) 
Copper 1.0 mg/L 
Corrosivity Noncorrosive 
Fluoride 2.0 mg/L 
Foaming agents 0.5 mg/L 
Iron 0.3 mg/L 
Manganese 0.05 mg/L 
Odour 3 threshold odour number 
pH 6.5 to 8.5 
Silver 0.10 mg/L 
Sulfate 250 mg/L 
Total Dissolved Solids 500 mg/L 
Zinc 5 mg/L 

Source: (US EPA 2009). 

Appendix 23 provides predictions on post-closure water quality, but there is some uncertainty at 
this time regarding absolute values.  Therefore, it is not possible to determine secondary effects 
on water quality with a high level of certainty.  The effects assessment will assume conservative 
assumptions that tend towards a worst case scenario, in which metal levels meet provincially 
determined health requirements, but exceed the above stated standards, resulting in an unpleasant 
water drinking experience for land users.  The extent of the effect will be driven by many factors 
related to the distance from the mine site water treatment discharge, time of year, dilution effects, 
and Morrison Lake limnological processes.    

Visual quality is an important part of the experience in the primary study area.  The mine site 
components and infrastructure and transmission line will alter, detract or disrupt some of the 
existing viewsheds sought by current land users depending on the perspective (Effect 4).  It is 
recognized that the area in and around the Project site was previously disturbed by logging 
activities and, as such, there are existing disrupted viewsheds relative to natural, undisturbed 
conditions.  The visual quality modelling has considered active forestry tenure areas.  Earlier 
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disturbance will diminish the significance of the effect.  Visual quality objectives in the Morrison 
Lake watershed were an important consideration of the Morice LRMP management objectives. 

Finally, the presence of new land users, increasing the total numbers of users, for hunting, 
recreational, boating, or angling activities may detract from the quality of the experience of 
existing users (Effect 5).  It is anticipated that word-of-mouth and improved year-round 
accessibility will increase interest in and the attractiveness of the area in and around the Project for 
several land user groups.  It is difficult to predict or project the scale of third party presence 
increases.  Depending on sensitivity levels of existing land users and the number of new users, this 
effect will range in significance.  It is assumed that a modest level of interest will be generated by 
the construction crews housed at the Houston Camp and mine employees living in Granisle and 
communities beyond.  This is expected to result in a modest increase in new land users.     

The land use interest groups most likely to experience quality of experience effects will be the 
Lake Babine Nation, Tukii Lodge Hunting Camp, Ookpik Lodge, and resident hunters.  Forestry 
companies, mineral developers, trapline holders, and poachers have been left out of this 
assessment of quality effects because they have lower levels of concern and/or consideration for 
this VEC.  The rest of this section provides an overview of each Project quality effect across the 
relevant land user groups, because these groups share the same values for quality of experience 
regarding noise and dust pollutants, unobstructed viewscapes, and clean drinking water.   

It is assumed that for each Project effect on the quality of experience conditions will return to 
baseline during the post-closure phase for each land user group.  As such, the post-closure phase 
is not discussed in the following description of effects, including extent and direction, because it 
is anticipated to be negligible compared to existing experiences.  Post-closure return to baseline 
conditions is captured in the effects assessment tables included at the end of this section 
(tables 8.18-10 to 8.18-14).  This section focuses on construction and operations with limited 
reference to effects of closure activities. 

Table 8.18-6 provides an overview of the quality effects that pertain to each land user group for 
construction, operations, and closure.  Because of differences in specific areas, seasons of use, 
and use objectives, extent and direction of the effects for this VEC are identified below for each 
land interest group. 

Lake Babine Nation 
Increased Noise (Effect 1) 
Section 8.22 identifies and assesses the human health effects of mine-related noise on the most 
sensitive human receptors.  During construction, operations, and closure, it is anticipated that the 
Project will generate noise from mining activities (such as blasting and crushing), haul traffic, 
and mine component construction.  Effects on human receptors were assessed for different types 
of industrial noise (e.g., blasting, haul traffic, and operation of heavy equipment) at two different 
times, against noise thresholds provided by the Alberta Energy and Utilities Board (EUB) Guide 
Noise Control Directive.  Lake Babine Nation members accessing the area around the Project 
site may be exposed to industrial noise; however, their mobility and ability to choose an area of 
comparable use is high.  As such, the noise quality effect is determined to be minor adverse.     
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Table 8.18-6 
Summary Table of Potential Effects Assessed for Land Use Groups 

Related to Quality 

Land Use Group 
Effect 1 

Increased Noise 

Effect 2 
Increased 
Dust and 

Pollutants 

Effect 3 
Diminished 

Water 
Quality 

Effect 4 
Diminished 

Visual 
Quality 

Effect 5 
Third Party 
Presence 

Lake Babine Nation Minor adverse Minor adverse Minor 
adverse 

Minor 
adverse 

Minor 
adverse 

Tukii Lodge 
Hunting Camp 

Major Adverse Minor adverse Moderate 
adverse 

Moderate 
adverse 

Moderate 
adverse 

Ookpik Lodge Minor adverse Negligible Negligible Negligible Minor 
adverse 

Resident Hunter Minor adverse Minor Adverse Minor 
adverse 

Minor 
adverse 

Minor 
adverse 

 

Increased Dust and Pollutants (Effect 2) 
The effect of air quality on human receptors is assessed in Section 8.22 for Tukii Lodge Hunting 
Camp with the rationale that this camp would experience the greatest human health risk out of 
any of the land user groups, given its proximity to the mine site and the duration of its annual 
operations (i.e., eight months a year).  Modelling results for a variety of air pollutants (including 
NO2, O3, SO2, CO, and PM2.5) indicate a negligible effect on human health.  However, while the 
presence of Project-induced air pollutants close to the mine site may not present a health risk, it 
may detract from the wilderness experience sought by land users.  Because of the mobility and 
access to other comparable areas, it is anticipated that the effect of industrially generated dust 
and pollutants will have a minor adverse effect on Lake Babine Nation land users.    

Diminished Water Quality (Effect 3) 
Water quality is a significant concern for members of the Lake Babine Nation as documented in 
the consultation record.  It is assumed that the worst case scenario would result in exceedances of 
the secondary water quality standards developed by the US EPA during construction, operations, 
and closure.  In this case, it is anticipated that Lake Babine Nation land users would endure a 
minor adverse effect on their quality of experience, because they have the mobility and ability to 
select alternative water sources and locations.     

Diminished Visual Quality (Effect 4) 
Visual quality modelling results are discussed in Section 8.20.  Viewshed modelling overlays 
and incorporates Project components into the existing landscape and terrain from a variety of 
different perspectives linked to relevant land user groups.  The results of the analysis indicate a 
minor adverse effect for the area in and around the mine site for users along the southern end of 
Morrison Lake, and negligible effect for the transmission line (especially from Old Fort) during 
construction, operations, and closure.    
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Increased Third Party Presence (Effect 5) 
There is a high level of sensitivity among Lake Babine Nation members using the land in the 
study area to the presence of third party users.  Given the assumed moderate increase in interest 
in the area near the Project site by new land users, there is a predicted minor adverse effect on 
this group of Lake Babine Nation member land users.   

Tukii Lodge Hunting Camp 
Increased Noise (Effect 1) 
Section 8.22 identifies and assesses the human health effects of industrial noise related to the 
mine on Tukii Lodge Hunting Camp (500 m from the plant site, 1,600 m from the open pit).  
Results of the assessment indicate that moderate noise-related health effects are expected for: 

• Predicted mine site noise for receptors at Tukii Lodge Hunting Camp (construction and 
operations);  

• Predicted maximum blasting noise (once or twice daily) for receptors at Tukii Lodge 
Hunting Camp (82 dBA during construction and 62 dBA during operations). 

The Tukii Lodge Hunting Camp is expected to experience continuous exposure to Project-related 
noise and daily blasting for the eight months that the lodge is operational next to the mine site.  
The predicted blasting noise levels effect would be moderate and there is the possibility that 
sensitive receptors at Tukii Lodge camp could be irritated by the noise and unable to cope with 
it.  Such irritation could lead to health effects (Section 8.22).  Such noise would likely affect the 
quality of experience for Mr. Hooper and his clients, and may reduce land user motivation in 
accessing the Project area.  This is expected to have a major adverse effect on Mr. Hooper’s 
guiding operation during construction and operations phases.  Industrial noise generated along 
the access road is expected to have negligible effect, because Tukii Lodge currently does not use 
the FSR network to access their tenure near Morrison Lake.     

Increased Dust and Pollutants (Effect 2) 
Section 8.22 discusses the Project effects on land users related to air quality.  The assessment 
focuses on the land user at greatest risk, namely Tukii Lodge Hunting Camp, given its proximity to 
the mine site and the annual hunting camp occupancy period of eight months.  Air quality 
modelling was conducted for a variety of air pollutants, including NO2, O3, SO2, CO, and PM2.5.  
The results of the assessment indicate a negligible effect on human health for Tukii Lodge Hunting 
Camp.  While the presence of mine-generated air pollutants close to the Project site may not 
present a health concern, it diminishes the wilderness experience sought by Tukii Lodge users.  As 
such, the effect of air pollution on the Tukii Lodge Hunting camp is expected to have a minor 
adverse effect during construction, operations, and negligible effect post-closure.  Pollutants 
generated on the access road have a negligible effect on Tukii Lodge because of existing alternate 
methods for accessing the site via water and air as opposed to trucks along the FSRs. 

Diminished Water Quality (Effect 3) 
Section 8.4 summarizes Project water quality effects. Tukii Lodge Hunting Camp currently uses 
Morrison Lake as a drinking water source.  The water quality effects assessment predicts 
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potential risk of siltation and surface runoff to enter Morrison Lake with a minor effect on 
overall water quality during construction and operations.  As a result, the drinking water quality 
experienced by operators and guests at Tukii Lodge Hunting Camp may be diminished by such 
events should they occur when the hunting camp is occupied.  While the change in actual water 
quality may be minor or negligible, the perception would be that this is a moderate adverse effect 
during construction, operations, and closure.     

Diminished Visual Quality (Effect 4) 
Visual quality assessments supported by GIS modelling (Section 8.20) was conducted from 
various perspectives for both the mine site and transmission line corridor.  Based on animated 
panoramic views generated by the model, the effects on Tukii Lodge Hunting camp range from 
slight to major, depending on the vantage point.  For example, from the lake (one of the preferred 
travel methods), there is a view of the tailings dam, whereas at the hunting camp itself, trees 
block the view of the mine site.  Considering Tukii Lodge’s movement and use of the area 
around the mine site, the effect of the Project on Tukii Lodge’s visual quality is minor increasing 
to moderate adverse during construction and operations.  The effects of the view of the 
transmission line are considered to be negligible for Tukii Lodge, since the transmission line is 
not visible from the hunting camp.  

Increased Third Party Presence (Effect 5) 
The owners of Tukii Lodge Hunting Camp are sensitive to increased land users in the area of 
Morrison Lake, especially additional hunting pressure.  This effects assessment assumes a 
moderate increase in new users attracted to the area close to the mine site.  This is anticipated to 
have a moderate effect on Tukii Lodge Hunting Camp during all phases.   

Ookpik Lodge 
Increased Noise (Effect 1) 
Section 8.22 modelled human health effects from Project-generated noise on human receptors 
with the highest sensitivity, which included Ookpik Lodge (615 m from the proposal access 
road).  The human health effects of daytime and night-time noise on human receptors at Ookpik 
Lodge are assessed as negligible during construction and operations.  The decibel levels for these 
two locations during the daytime for construction and operations periods were modelled at a 
level of 33 dBA.1  Thus, while health may not be significantly affected, the quality of land use 
experience for Ookpik Lodge is anticipated to experience a minor adverse effect, especially 
given their self-identified sensitivity to industrial noise.   

Increased Dust and Pollutants (Effect 2) 
Section 8.22 determined the effects of industrially generated dust and pollutants to be negligible 
for the land user at greatest risk closest to the Project site, (Tukii Lodge Hunting Camp). As 
such, the effects of dust and pollutants on Ookpik Lodge are anticipated to also be negligible.    

                                                 

1 The permissible sound level (PSL) for new facilities in a remote area according to the EBU should not exceed 
40 dBA from a distance of 1.5 km away.   
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Diminished Water Quality (Effect 3) 
Given the significant distance of Ookpik Lodge from the Project site, it is expected that the 
assumed negative effects of the Project on water quality will be sufficiently diluted by the time it 
reaches their facilities.  As such, the effect would be negligible on Ookpik Lodge during all 
Project phases.   

Diminished Visual Quality (Effect 4) 
The mine component that will have the greatest visual quality effect on Ookpik Lodge is the 
transmission line.  Section 8.20 generated animated panoramic views of the transmission line from 
Babine Lake and the air.  At the lodge, the view of the transmission line will be blocked by trees 
surrounding the lodge.  However, boat and air access will provide a clear view of the transmission 
line.  There is an existing high degree of visual disturbance caused by logging activities.  As such, 
the visual effects of the transmission line on Ookpik Lodge are considered negligible.  

Increased Third Party Presence (Effect 5) 
Ookpik Lodge owners are sensitive to increased land user interest and access to the area in and 
around the Project.  Year-round haul road maintenance allows continuous access by new land 
users.  Ookpik Lodge sells a remote wilderness experience on Babine Lake and additional land 
users potentially conflict with this business model.  However, given that the lodge is not 
accessible from the FSR network, third party users would have to exert a high level of effort 
through difficult terrain to reach the lodge.  As such, the anticipated effect of Project-related 
third party presence on Ookpik Lodge is negligible.   

Resident Hunters 
Increased Noise (Effect 1) 

While the noise modelling (Section 8.22) focused on sensitive receptors, including Tukii Lodge 
Hunting Camp, Houston Camp, and Ookpik Lodge, the results of these assessments can be 
extrapolated and applied to resident hunters accessing the area around the mine site.  During 
construction, operations, and closure, resident hunters may be exposed to industrial noise, 
including blasting, haul traffic, and heavy equipment operation.  However, the extent of this 
effect is diminished by the resident hunters’ ability to select an alternative area of comparable 
hunting desirability.  Indeed, the presence of industrial activity will make the area less desirable 
for hunting, acting to repel such users and the effect of noise on resident hunters is considered to 
be minor to negligible adverse for construction and operations.  

Increased Dust and Pollutants (Effect 2) 
Section 8.22 provides information on air quality modelling and risk assessment for the land user 
at greatest risk (Tukii Lodge Hunting Camp), given proximity and length of annual operations.  
Because the model results indicate a negligible effect on Tukii Lodge, resident hunters with great 
mobility and flexibility around site selection are anticipated to experience a negligible adverse 
effect.  
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Diminished Water Quality (Effect 3) 
Should the Project exceed secondary water quality guidelines, the fact that few resident hunters 
are likely to hunt near the mine site as it will be a restricted hunting zone, diminishes the 
potential for their use of surface creek or lake water for drinking purposes, and the Project effect 
on drinking water quality for hunters is negligible.   

Diminished Visual Quality (Effect 4) 
Section 8.20 models visual quality from a variety of perspectives close to the mine site and the 
transmission line.  Resident hunters accessing the area around the site and travelling along the 
access road may experience visual quality effects during construction, operations, and closure.  
The extent and direction of this effect is expected to be minor adverse for the mine site and 
negligible for the transmission line.   

Increased Third Party Presence (Effect 5) 
Resident hunters have a relatively higher tolerance for third party presence as compared to other 
land user groups in this assessment.  However, there is still a desire for exclusivity and 
remoteness with few overlaps with other land users, especially other resident hunters.  Given the 
assumption of a moderate increase in new land users, the effect to resident hunters will be minor 
adverse during all Project phases.   

8.18.4.5 VEC: Quantity of Resources 

Overview 
The Project’s effect on land uses related to quantity of resources relies on the effects assessment 
of several other disciplines, including wildlife and wildlife habitat (Section 8.16), fish and fish 
habitat (Section 8.10), and ecosystems and vegetation (Section 8.15).  It is anticipated that any 
changes in population trends and distributions of fish, wildlife, and vegetation caused by Project 
processes and infrastructure may indirectly affect resource-dependent activities (e.g., trapping, 
hunting, fishing, and plant gathering) near the Project site.  If the Project is expected to create an 
increase in a particular species, more land users may be attracted to the area or current users may 
experience a corresponding increase in their capture success rate.  Alternatively, if Project 
components or processes cause a decline in a specific resource, there may be a drop in the 
number of land users who seek to capture the species (or who are repeatedly frustrated in their 
endeavour to do so).  Also, land users aiming to harvest a particular species may see a decline in 
their success rate with fewer desired species near the Project.   

While the aforementioned effects are indirect, there are also potential direct effects from required 
vegetation and timber removal for installation of the mine infrastructure, the transmission line, 
and the access road upgrade.  This may affect forestry tenures in and around the Project site.    

The quantity of available game is of particular importance to guide outfitters, members of the 
Lake Babine Nation, resident hunters, and trapline holders.  The most highly valued species in 
the Project area are moose (for hunting) and marten (for trapping).  Section 8.16 identifies five 
common Project effects across nine wildlife VECs, including moose and marten.  The wildlife 
effects are generally categorized as habitat loss, physical hazards and attractants, disruption to 



Environmental and Socio-economic Effects Assessment 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II 8–535 Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

movement, chemical hazards and attractants, and sensory disturbance.  These are not discussed 
in further detail according to Project phases.  

The wildlife effects assessment is conducted for each of the aforementioned effects, but also 
provides an extent rating which considers the combination of these effects for each of the 
wildlife VECs.  The results of the combined wildlife effects assessment for moose and marten 
provide indications of population level and distribution effects.  Over the course of the Project, 
the overall effect of the Project on moose is expected to be moderate and adverse, and for marten 
the extent is anticipated to be negligible.    

The levels of available moose and marten may affect the number of hunters and trappers 
attracted to the Project area and their associated success rates (Effects 1, 2, and 8).  Depending 
on the scale of decline in game populations, some hunters and trappers may reconsider taking the 
time and effort needed to access the area.  Indeed, hunting will be restricted on the mine site. 
This effect may be experienced differently across the various wildlife-related land use interest 
groups, including economic losses, diminished cultural experience and practice of traditional 
activities, and decline in the recreational value of the Project area.   

Land users access the area around the Project for gathering vegetation, including plants, berries, 
bark, and trees for a variety of ceremonial, subsistence, and medicinal purposes.  Sometimes 
vegetation gathering activities occur concurrently with other land uses, such as hunting, trapping, 
and fishing.  The Country Foods Baseline Study (Appendix 43) identified the following 
frequently harvested vegetation among Aboriginal and non-Aboriginal land users: black 
huckleberry and raspberry.  These species are assessed in Section 8.15 under a VEC for country 
food plants.  Section 8.15 identifies four categories of vegetation effects from the Project 
including (a) lost-permanent (Effect 3), (b) lost-temporary (Effect 4), and (c) degraded (Effect 6) 
(due to dust, invasive species, forest fragmentation, windthrow, and altered local hydrology).  
Furthermore, after the initial clearing and throughout the Project life, the transmission line 
corridor will regrow with vegetation that will attract plant harvesters (Effect 5). 

The levels of available vegetative country foods in the Project area may affect the number of 
gatherers who access the area and their ability to harvest these foods.  The effects on vegetation 
gatherers will vary depending on the Project component and phase.  Data on exact locations and 
timing of vegetation harvest activities are difficult to collect and are not available for this 
Project; however, for the purpose of this effects assessment, it will be assumed that harvesting 
occurs in all areas in and around the Project site (conservative assessment).   

The quantity of fish available to resident anglers, angling guides, and members of the Lake 
Babine Nation around the Project depends on the lethal, sublethal, and habitat losses as reported 
in Section 8.10.  The land use assessment will consider the two most sought-after species, 
namely lake trout and sockeye salmon, as identified by angling interests (Appendix 42).   

According to the fisheries effects assessment, the overall Project effect on sockeye salmon and 
lake trout is considered negligible during all phases.  As a result, there is no expected 
corresponding effect on the quantity of fish available for fishing in the Project area for all phases 
(Effect 7).  Barring other considerations (e.g., access), the land use interest groups dependent on 
fish resources, including the Lake Babine Nation, angling guides, and resident anglers, are 
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expected to remain at the same level as during baseline conditions over the course of the Project.  
This effect is expected to have a negligible effect across all land users.   

This section will also discuss the timing of timber harvest related to mine construction and 
operations activities.  This sequencing of harvest with Project construction timing is important to 
Canfor timber interests.  The Project may affect Canfor’s ability to harvest its strategic blocks, 
which are scheduled for logging in two to four years (Effect 9).  If the Project begins construction 
before the harvesting timeframe, the effect on Canfor may be significant.  If the construction 
phase occurs during or after harvesting, the effect will decline.  

In summary, this section describes the effects of the Project on the quantity of each resource, 
focusing on the most highly desirable species, including sockeye salmon and lake trout for fish 
species; moose and marten for wildlife species; and black huckleberry and raspberry for 
vegetation species.  Potential changes in the timber supply levels will also be assessed.  
Table 8.18-7 summarizes the extent and direction of the effects per land user group. 

Lake Babine Nation 
Decreased Moose Presence (Effect 1) 
According to Section 8.16, moose will be affected by human presence and sensory disturbance 
from Project-related activities, which will result in moose avoiding the mine site and access road 
during construction.  This shift of the moose population away from the Project area may result in 
the temporary loss of interest and desire of Lake Babine Nation hunters to access the area.  This 
is expected to have a moderate adverse effect on Lake Babine Nation members during the 
construction phase.   

Increased Moose Presence (Effect 2) 
During operations, the sensory disturbance will decline and moose will adjust to human and 
industrial presence in the Project site area and increased traffic on the access road.  As such, it is 
predicted that the distribution of the moose population will shift back to the mine components, 
especially the transmission line, which functions as a travel corridor for moose (Section 8.16).  
Furthermore, Section 8.16 discusses wildlife attractants to the access road corridor caused by using 
salt for de-icing during the winter months for maintenance purposes.  The combined factors may 
lead to a perceived increase in moose in the area close to the Project, which may raise interest and 
desirability of the Project as a destination for moose hunting.  This is expected to have a moderate 
beneficial effect on Lake Babine Nation hunters during operations if hunting success can be 
increased outside the mine restricted hunting zone (no firearm discharge).  This effect will 
diminish slight during closure and post-closure to an extent of minor and direction of adverse. 



 

 

Table 8.18-7 
Morrison Copper/Gold Project:  

Summary Table of Potential Effects Assessed for Land Use Groups related to Quantity 

Land Use 
Group 

Effect 1 
Decreased 

Moose 
Presence  

Effect 2 
Increased 

Moose 
Presence  

Effect 3 
Permanent 
Vegetation 

Loss 

Effect 4 
Temporary 
Vegetation 

Loss  

Effect 5 
Increased 
Vegetation 
Availability  

Effect 6 
Degraded 
Vegetation 

Effect 7 
Fish 

Maintenance 

Effect 8 
Marten 

Maintenance 

Effect 9 
Timber 

Harvesting 
Timing 

Lake Babine 
Nation 

Moderate 
Adverse 

Minor/Moderate 
Adverse 

Minor  
Adverse 

Negligible Minor 
Beneficial 

Moderate 
Adverse 

Negligible N/A N/A 

Tukki Lodge 
Hunting 
Camp 

Major 
Adverse 

Moderate 
Beneficial 

N/A  N/A N/A N/A Negligible N/A N/A 

Oopik Lodge  Minor 
Adverse 

Minor Beneficial N/A N/A N/A N/A N/A N/A N/A 

Trapline 
Holder 

N/A N/A N/A N/A N/A N/A N/A Negligible  N/A 

Resident 
Hunter 

Minor 
Adverse 

Minor Beneficial N/A N/A N/A N/A N/A N/A N/A 

Canfor N/A N/A N/A N/A N/A N/A N/A N/A Mixed 

Angling 
Guides 

N/A N/A N/A N/A N/A N/A Negligible  N/A N/A 

Conservation 
Office 

Moderate 
Beneficial 

Moderate 
Adverse 

N/A N/A N/A N/A N/A N/A N/A 

* Fugitive dust concentrations for construction and operations include estimated background concentrations of 1.3 µg/m3 and 3.4 µg/m3 for PM2.5 and PM  
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Permanent Vegetation Loss (Effect 3) 
During construction at the mine site and along the transmission line and the access road, 831 ha 
of vegetation will be permanently removed and replaced with Project components.  This is 
expected to have a minor adverse effect on vegetation gatherers because of the permanence of 
the loss of harvest ability, but also the availability of comparable vegetative resource elsewhere 
near the Project site.   

Temporary Vegetation Loss (Effect 4) 
There is also the predicted effect of temporary loss of vegetative country foods for all Project 
components during construction amounting to 391 ha, lasting in some cases until closure.  This is 
anticipated to have a negligible effect on the harvesting activities of gatherers because of the 
potential for re-vegetation immediately after construction or during closure.  Vegetation replaced 
by infrastructure but reclaimed progressively at closure is predicted to have a major adverse 
effect because vegetation may not re-establish to the same level of baseline conditions.  During 
construction and operations, the degradation of country foods from dust, invasive plants, 
alteration of microclimate, and fragmentation is expected to be a moderate adverse effect.   

Degraded Vegetation (Effect 5) 
Finally, during construction and operations, the vegetation effects assessment calculated an area 
of 807 ha that would be degraded by Project activities, which may have a moderate adverse 
effect on vegetation gatherers.   Most of the degraded vegetation will be along the access road, 
which is generally the focus of vegetative harvest because of ease of access.    

Increased Vegetation Availability (Effect 6) 
During operations, vegetation-related land users may experience a minor beneficial effect from 
an increased availability of country foods along the transmission line, and improved accessibility 
because of better maintained roads.   

Maintenance of Fish Populations (Effect 7) 
The fisheries effects assessment (Section 8.10) determined the overall Project effect on sockeye 
salmon and lake trout is considered negligible during all phases.  Fish harvest levels of the Lake 
Babine Nation members are expected to remain at the same level as during baseline conditions 
over the life of the Project.  This effect is rated as negligible. 

Tukii Lodge Hunting Camp 
Decreased Moose Presence (Effect 1) 
The potential shift of moose presence away from the Project during the construction phase may 
have a significant effect on guide outfitter Mr. Dave Hooper, whose hunting efforts are 
concentrated along the shore of Morrison Lake.  It is expected that Tukii Lodge Hunting Camp 
may experience a moderate adverse effect if moose population are moderately affected by the 
Project.  Effects may include loss of income caused by a decline in clients or pricing related to 
lower moose abundance and kill success.  If the effect is long term, a loss of livelihood and 
business may result.   
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Increased Moose Presence (Effect 2) 
During operations, closure, and post-closure, it is predicted that the moose population 
distribution will shift back into the area near the Project.  The indirect effect on Tukii Lodge 
operations next to the mine site are expected to be minor beneficial during operations, especially 
along the transmission line which acts as a moose attractant.  The effect may diminish during 
closure and post-closure to negligible.  

Maintenance of Fish Populations (Effect 6) 
Tukii Lodge also offers its clients fishing expeditions.  The abundance of rainbow trout and lake 
trout in the nearby waterbodies is critical to this aspect of Tukii Lodge’s business.  The Project’s 
effect on fish habitat and population is expected to be negligible and, as such, the indirect effect 
on Tukii Lodge’s fishing operations will be negligible across all Project phases.    

Ookpik Lodge 
Decreased Moose Presence (Effect 1) 
Ookpik Lodge offers its customers a wilderness lodging experience.  As part of this business 
model, Ookpik Lodge relies on the local wildlife abundance for viewing by its clients.  The 
Project may cause a shift of moose population away from the area in and around the Project 
components (e.g,. access road and transmission line) during construction.  As a result, the 
indirect effect on Ookpik Lodge is expected to be minor adverse.   

Increased Moose Presence (Effect 2) 
During operations, closure, and post-closure, the distribution of moose is anticipated to return to 
the Project area, especially along the transmission line.  Ookpik Lodge is most proximate to the 
access road and transmission line.  Corridors are predicted to attract moose and other wildlife as 
they are easy travel corridors and contain desirable moose habitat.  As such, the indirect effect on 
Ookpik Lodge is expected to be minor beneficial.   

Trapline Holders 
Maintenance of Marten Populations (Effect 7) 
While Project effects on marten are anticipated to be minor adverse, the resultant effect on the 
trapline activity during the course of the Project is expected to be negligible because of the lack 
of trapline current activity.     

Resident Hunters 
Decreased Moose Presence (Effect 1) 
The Project will create sensory disturbance from human and industrial presence, which is 
predicted to divert moose from the Project area during construction.  This perceived decline in 
moose population may decrease the desirability of the Project site among resident hunters.  The 
level of effort and time required to access areas close to the Project may deter some hunters from 
attempting moose hunting during construction.  The indirect effect on resident hunters related to 
this shift in moose is rated to be minor adverse, given their mobility and ability to choose an area 
with comparable or improved moose abundance to pursue their hunting interests.   
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Increased Moose Presence (Effect 2) 
Operations, closure, and post-closure phases may create a shift in the moose population towards 
the Project area.  As moose adjust to human and industrial presence, there may be a perceived 
increase in moose among resident hunters.  This indirect effect is anticipated to be minor 
beneficial. 

Canfor 
Timber Harvest Timing (Effect 8) 
The construction, presence, and removal of several Project components, including the processing 
plant, tailings pond, waste management facilities, the transmission line, and the access road will 
affect the level of available timber.  Removal or revegetation will depend on the Project phase: 
construction and operations phases will require removing timber stands, whereas closure and 
post-closure will allow for restoration of forested ecosystems.   

The Project overlaps with 149 ha of Canfor’s tenure that is currently in a plantation phase, which is 
expected to continue for another two years.  This part of Canfor’s tenure is not free growing2 and, 
Canfor still has an outstanding obligation to fulfill under provincial forestry legislation (BC MOFR 
2009).  To harvest the timber, Canfor must be released from this obligation via the Forest and 
Range Practices Act (2002b).  The mine construction phase is expected to have a moderate adverse 
effect on Canfor’s ability to harvest commercially viable timber in the overlap given the obligation.   

Canfor has also identified 278 ha of strategic blocks, which are reasonably expected to be 
harvested over the next three years.  Using Canfor’s estimated yield of 325 m3/ha, the strategic 
blocks represent approximately 90,000 m3 of timber.  One of Canfor’s main concerns is the 
alienation of their timber supply caused by the installation and maintenance of mine facilities.  It 
is Canfor’s intention to harvest all unconstrained mature timber within the study area consistent 
with their harvesting rights.  Determining whether this is an adverse or beneficial effect of the 
Project depends on the sequencing of construction and harvesting timelines.  If Project 
construction begins before Canfor plans to harvest its strategic blocks (e.g., before two years), 
the Project will have a major adverse effect on Canfor’s ability to execute its rights under the 
forest tenure.  However, if construction occurs during or after logging the strategic blocks, the 
Project is expected to have a negligible effect.   

During mine operations, forest tenure holders will not be able to access their tenure areas directly 
overlapping with the mine site, because access will be prohibited.  Canfor will not be able to 
develop or harvest timber on areas directly need for mine infrastructure.  This effect is expected 
to have a localized major adverse effect on the level of harvest, depending on the average 
plantation and re-growth period.   

                                                 
2 Free growing status is defined as an established seedling of an acceptable commercial species that is free from growth-
inhibiting brush, weed, and excessive tree competition; or young trees that are as high as or higher than competing brush, with 
1 m of free-growing space around their tops (BC MOF 2008).  
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Closure and post-closure phases will allow for ease of access and re-growth of timber stands, 
which is expected to have a negligible effect on forest tenure holders.  

Angling Guides and Resident Anglers 
Maintenance of Fish Populations (Effect 6) 
The effects of the Project on fish habitat and population is anticipated to be negligible and, as 
such, the indirect effect on angling guides and resident anglers corresponding is rated at 
negligible during all Project phases.   

Conservation Office 
Decreased Moose Presence (Effect 1) 
Given the predicted shift in moose population away from the Project site and access road during 
construction, the hunting pressure from poachers is expected to require fewer resources and time 
from the Conservation Office to manage.  This effect is expected to be moderate beneficial.   

Increased Moose Presence (Effect 2) 
Moose are expected to return to the Project site once construction is complete and the population 
has adjusted to the industrial presence.  As such, the Project site may require additional attention 
and resources to address potential poaching issues that may arise from increased interest in 
moose hunting in the Project area.  This is anticipated to have a moderate adverse effect on the 
Conservation Office.   

8.18.4.6 VEC: Cultural Land Values 
The area around the Project is valued and used by members of the Lake Babine Nation, 
especially the communities of Old Fort and Fort Babine.  There are several important cultural 
values attributed to the land, related to practising traditional land uses, transferring TEK/TU 
between generations, remnants and signs of past occupancy and use (e.g., CMTs and cache pits), 
and their connection to the land.  Furthermore, there are non-Aboriginal historical values in the 
Project area, including the former Morrison Fish Hatchery and various historic cabins and 
camps.   

A thorough and comprehensive assessment of cultural effects was not possible at the time of 
writing.  The results of the TEK/TU study conducted with Lake Babine Nation leadership and 
knowledge holders in 2007 and 2008 documents site-specific details of TEK/TU information and 
predicted effects and mitigation measures proposed by knowledge holders.  However, the report 
is presently under review by the Lake Babine Nation, and therefore information is not available 
for consideration and assessment.  Chapter 6 provides more details about the status of the 
TEK/TU study.  

As a result, the assessment of culture in this section is broad and based on publicly available 
information and the consultation record (Chapter 2), which is limited in scope and detail.  Some 
of the assessed effects are necessarily speculative, requiring confirmation by and further 
discussion with leaders and members of the Lake Babine Nation.  However, there is still value in 
a cultural assessment (despite a lack of information) because it discusses and sketches the 
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potential effects on a variety of aspects related to culture, which is of significant value and 
interest to the Lake Babine Nation.   

Lake Babine Nation 
With respect to Project-related employment, Lake Babine Nation land users may experience both 
an increase and/or decrease in their ability to undertake traditional land use activities, depending 
on the Project phase.   

Increased Capability to Engage in Traditional Land Use Activities 
Members of the Lake Babine Nation who are employed at the mine may enjoy an increase in 
their annual salary, allowing them to purchase land use-related equipment (e.g., ATVs, skidoos, 
hunting gear, and boats) as well as fuel to support access to traditional land use activities.  
Provincial economic analyses have noted the high cost of fuel as a barrier to trapline access and 
activity (BC Stats 2005).  Relatively high mine-related incomes may help individuals and 
families overcome financial barriers to participating in traditional use activities.  This is expected 
to provide a minor beneficial effect to Lake Babine Nation mine employees during construction 
and operations.  The socio-economic effects assessment (Section 8.19) provides a more detailed 
discussion of employment-related benefits to traditional use activities.    

Decreased Opportunities for Traditional Land Use Activities 
Conversely, Lake Babine Nation participation in traditional use may be impeded by employment 
scheduling considerations and requirements.  Employees at the mine site will work on a 12-hour 
rotation with shift changes for mine personnel at 6 am and 6 pm and administrative staff working 
from 8 am to 4 pm.  This work schedule allows for short three-day trips during the week, but 
cannot accommodate extended time off outside paid vacation leave.  Some seasonal traditional use 
activities occur over several weeks and require extensive travel and/or preparation and follow-up.  
For example, Old Fort and Fort Babine residents participate in the annual salmon harvest in 
August.  This is a significant cultural event and many Lake Babine Nation members set aside 
several weeks to capture a year’s supply of salmon for family and community members.  Given the 
work shift rotation, Lake Babine Nation employees may be impeded in their ability to take part in 
these important seasonal activities.  This is expected to have a moderate adverse effect on Lake 
Babine Nation members employed at the mine during construction and operations.   

During closure and post-closure phases, the loss of mine-related income for Lake Babine Nation 
employees may hinder their ability to participate in traditional use activities.  Over the 21-year 
operations phase, Lake Babine Nation employees may have grown accustomed to the relatively 
high income levels related to working at a mine.  At closure, the effect of the income loss may 
cause a minor adverse effect on Lake Babine Nation employees needing financial support to 
undertake traditional use activities, especially those that are more remote, requiring specialized 
equipment and larger amounts of fuel to access.    

Loss of Traditional Ecological Knowledge (TEK) 
Lake Babine Nation members are concerned about the loss of TEK caused by inaccessibility to 
the mine footprint.  The TEK specific to the Project area may include information about wildlife, 
fish, and vegetation population trends; movement patterns; habitat suitability; and management 
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strategies.  Furthermore, Lake Babine Nation members predict that mine employment of younger 
Lake Babine Nation members may detract from the intergenerational contact and communication 
necessary for the transfer of TEK, which may lead to further loss of TEK as Elders and older 
knowledge holders pass away before the transfer can occur.   

Maintaining and communicating TEK is highly valued among First Nations culture, and could 
have implications for the entire cultural community.  The Project is expected to have a minor 
adverse effect on TEK most notably during the construction and operations phases of the Project, 
but also extending into closure and post-closure phases.  The extent of the effect is assessed to be 
minor because the loss of TEK is already occurring in the Project area and the Project is not 
expected to add to this trend substantially.   

Loss of Traditional Use Skills and Expertise 
Lake Babine Nation members are also concerned about the loss of knowledge and expertise of 
specific traditional land uses caused by both mine employment by its membership, and a direct 
loss of land areas overlapping with the mine footprint.  These uses include trapping, hunting, 
fishing, and plant gathering.  As these activities can be conducted elsewhere throughout their 
traditional territory, the Project is anticipated to have a minor adverse effect on this land-based 
expertise.  Again, this trend is already occurring in the Project area as numbers of Lake Babine 
Nation land users decline for a variety of reasons, including dependence on wage economy, lack 
of resources to access the site, and lack of interest in the younger generation.  

Culturally-sensitive Areas 
Without the data from the Lake Babine Nation TEK/TU study, it is difficult to assess the specific 
Project effects on possible culturally sensitive areas.  Known archaeological site are generally 
areas of high importance to First Nation groups.  Section 8.17 identifies Project effects on five 
archaeological sites that were identified during field investigations.  The effects were determined 
to be negligible on four of the sites, except site GhSn-7, which will require systematic data 
recovery to mitigate for the major adverse effect of the Project on this site during construction 
and operations.   

If there are additional sites of significance to Lake Babine Nation members that overlap directly 
with the mine footprint, access road, and/or transmission line, it is speculated that this effect may 
be moderate adverse, especially during construction and operations because of disturbance or 
interference to or removal of the culturally sensitive area or feature.  The rating is tentative and 
may change based on the site and its level of significance to Lake Babine Nation members as 
well as levels of prior and predicted disturbance.  For increased confidence in the rating, more 
detailed information from Lake Babine Nation is required to ensure protection or avoidance of 
specific sites.    

Increased Intra-Clan Disagreement regarding Project area 
There is an ongoing disagreement between two clans of the Lake Babine Nation regarding the 
traditional right to govern and manage the area around the Project site according to Aboriginal 
law.  The controversy stems from a series of miscommunications and mismanagement by the 
province regarding the trapline tenure system in the 1980s.  From the initiation of the trapline 
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tenure system in the 1920s, some Lake Babine Nation members consider clan and trapline 
territories synonymous.  The Bear and the Frog clans disagree on which clan has the traditional 
and cultural jurisdiction over the Project area and this disagreement has carried over into the 
trapline tenure arena with frequent requests to the BC MOE for individuals to be added to 
traplines.  This disagreement has not been resolved to date.  In recent years, it has become more 
heated, especially with discussions about Project-related compensation and remuneration.   

It is anticipated that this inter-clan controversy will continue, and may be exacerbated by 
discussions (and perceptions) about Project-related benefits throughout the life of the mine.  It is 
expected that the Project may have a minor adverse effect in this regard.   

Connection to the Land 
This broader Aboriginal worldview speaks to the interconnectedness and interdependence of all 
forms of life and their relation to the land, which provides critical habitat and resources for 
sustenance.  As a reflection of this reality, Lake Babine Nation members hold a deep regard and 
respect for the land and, as such, are motivated to provide for its preservation and maintain its 
balance.  In this worldview, there are no distinctions between humans, wildlife, fish, vegetation, 
and landscape features.  All are alive and critical to intricate balance and any effect experienced 
by even the smallest of aspects of the land is also believed to be experienced by the whole.   

As such, environmental and social effects of the Project are expected to affect the Lake Babine 
Nation membership connection to their traditional lands, which may be experienced community-
wide during all Project phases.  This is independent of whether or not people have accessed or 
use the Project site.  It is a matter of mental well-being.  This is anticipated to be a minor adverse 
effect, given prior disturbance and balanced by the need for economic development for Lake 
Babine Nation members.  

Non-Aboriginal Heritage Value of Historic Camps/Cabins 
Cultural and heritage values in the Project area are not limited to the Lake Babine Nation, and there 
are a number of historic camps and cabins whose exact locations have not been documented or are 
unknown.  While sites may not have been used in recent times, they may still represent valued non-
Aboriginal heritage features, particularly relating to fishery, mining, and forestry history in the 
area.  Some of these sites are around the access road or the mine site, and as such, may be damaged 
or lost during construction.  This is expected to be a minor adverse effect.   

8.18.4.7 VEC: Land Management Objectives 
The Project could either support or contradict land use-related objectives and goals developed as 
part of the Morice LRMP process, which was approved in July 2007.  The objectives relevant to 
land use, their description, and potential interactions with the Project are summarized in 
Table 8.18-8.  The LRMP is not a legally binding document, although it is approved at the 
ministerial level.  However, given the extensive effort, time, and input from a variety of 
stakeholders and First Nations, the Morice LRMP deserves review and consideration within the 
planning, construction, and operations of the Project.   



Environmental and Socio-economic Effects Assessment 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II 8–545 Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8.18.5 Mitigation and Management 
The following section describes the mitigation measures agreed upon by PBM to address some 
of the potential effects of the Project on land user groups.   

8.18.5.1 General Mitigation 
The following mitigation measures apply across all land user interest groups and address effects 
on access, quality, quantity, and management objectives. 

Best practice environment management: 
• A suite of management and monitoring plans will be implemented based on best 

environmental practices standards to address a variety of issues, including dust 
suppression, noise abatement, wildlife, fisheries, vegetation, reclamation, and 
archaeological and cultural resources.  

• Communication with and input from land use interest groups during development of best 
practices EMPs, especially the plans related to vegetation, wildlife, and fisheries. 

• For more information refer to Chapter 13 (Environment Management Systems). 

8.18.5.2 Lake Babine Nation 
The mitigation measure deemed appropriate by PBM for addressing the range of access, quality, 
quantity, and cultural effects of the Project on Lake Babine Nation land users may be addressed 
through an Impact Benefit Agreement (IBA).  The IBA will be negotiated between PBM and Lake 
Babine Nation leadership during the post-application phase of the EA process, based on the effects 
identified above.  The exact outcomes will depend on the priorities and objectives of Lake Babine 
Nation, and therefore the details of its terms and conditions are not known at the time of writing.   

8.18.5.3 Canfor 
PBM commits to ongoing discussions with Canfor regarding coordinated timber removal from 
the Project site as a mitigation measures specific to address Canfor’s interests (quantity of 
resources VEC). 

8.18.5.4 Tukii Lodge 
PBM commits to engaging the owners of Tukii Lodge Hunting Camp in a discussion during the 
post-application period of the EA process.  The outcomes of the discussions will be mutually 
agreeable mitigation measures to address the range of minor to major effects of the Project on the 
operations and business of Tukii Lodge during all phases of the Project related to access, quality, 
and quantity VECs.   
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Table 8.18-8 
Summary of Land Use Objectives and Project Effect on Objectives 

Land Use 
Value Description of Objective 

Potential Effect(s) of Project on 
Objective Nature Extent 

Cultural 
Heritage 

• Preserve in an untouched state, 
archaeological sites and sites 
indicating traditional use and 
occupancy 

• Conserve the composition, 
structure and function of areas of 
traditional use sites, or where 
trails are concentrated or 
numerous. 

• Maintain or restore traditional 
First Nations access to cultural 
heritage resources and traditional 
use areas 

• Minimize effects to First Nations 
cultural heritage resources and 
traditional use areas when 
managing forest health or 
catastrophic events 

• Recognize and respect First 
Nations traditional use areas and 
activities 

• Recognize and respect First 
Nations traditional ecological 
knowledge and wisdom 

Constructing the mine site and access 
road may affect traditional use, 

occupancy, and archaeological sites 

Adverse Minor 

Hunting and 
Fishing 

• Maintain access opportunities to 
fulfil a range of activities 
associated with recreational 
hunting and fishing  

• Maintain or increase the range of 
opportunities to hunt across the 
LRMP area by maintaining 
sustainable wildlife populations 

• Maintain or increase the range of 
opportunities to fish across the 
LRMP area by maintaining 
sustainable fish populations 

Construction and mine site and haul 
traffic may affect guide outfitter and 
fishing endeavours (due to issues 
related to access and quantity of 

resources) 

Adverse Minor 

Recreation • Maintain or improve the integrity 
and functionality of recreation 
features and facilities 

• Maintain or improve the integrity 
and functionality of trails; 
respecting traditional First Nations 
trail networks 

• Maintain opportunities for 
motorized and non-motorized 
terrestrial recreation 

• Maintain opportunities for a non-
motorized recreation experience 
on lakes 

The Project may impede recreational 
access and quality of experience. 

Adverse Minor 

(continued) 
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Table 8.18-8 
Summary of Land Use Objectives and Project Effect on Objectives 

(continued) 
Land Use 
Value Description of Objective 

Potential Effect(s) of Project on 
Objective Nature Extent 

Access • Minimize and, where necessary, 
mitigate both immediate and 
cumulative access-related effects 
to environmental values; 

• Encourage access development 
to support social and economic 
values and address associated 
issues; 

The Project supports LRMP access 
objectives 

Beneficial Minor 

Botanical 
Forest 
Products 

• Maintain or enhance the 
distribution and abundance of 
culturally important botanical 
species over time; 

• Maintain or enhance access to 
areas with cultural important 
botanical species; 

• Minimize effects to culturally 
important botanical species and 
the ecosystems that support 
them; 

The Project will result in permanent 
and temporary loss to culturally 

significant botanical species where 
these exist in the mine footprint 

Adverse Minor 

Guide 
Outfitting 

• Maintain sustainable populations 
of game species; 

• Maintain guide outfitting 
opportunities across the LRMP 
area; 

• Maintain physical access to guide 
territories; 

The Project may severely affect guide 
outfitting endeavours around Morrison 

Lake 

Adverse Minor 

Minerals 
and Energy 

• Promote mineral, aggregate, and 
energy projects that provide a 
variety of economic opportunities 
for their full life cycles; 

• Maintain the legal right of access 
for mineral exploration; 

• Allow for access for aggregate 
and energy exploration and 
development outside of protected 
areas; 

• Minimize environmental effecs, 
over the full lifecycle, of mineral, 
aggregate and energy projects; 

• Encourage opportunities to 
develop mineral and energy 
resources; 

The Project is a mineral development 
and, as such, supports the LRMP 

objectives 

Beneficial Major 

(continued) 
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Table 8.18-8 
Summary of Land Use Objectives and Project Effect on Objectives 

(completed) 
Land Use 
Value Description of Objective 

Potential Effect(s) of Project on 
Objective Nature Extent 

Timber • Maintain or increase timber 
production and harvesting across 
the available land base; 

• Maintain the health of the timber 
resources; 

• Minimize alienation of the available 
productive forest land base due to 
development activities; 

• Reduce non-recoverable losses 
over time; 

• Maintain a forest land base to 
support small, area-based forest 
tenures; 

The Project may affect forestry 
tenure areas directly overlapping 

with the mine footprint. 

Adverse Minor 

Trapping • Provide trapping opportunities 
across the land base; 

• Provide trapping opportunities 
within each registered trapline area; 

• Maintain or enhance access to 
registered traplines; 

• Manage the effects of land use 
activities on the integrity of traplines 
and access trails used to maintain 
traplines. 

There is currently no trapline activity 
near the Project.  The Project will 

enhance access to trapline 
territories. 

Neutral Negligible 

 

8.18.5.5 Ookpik Lodge 
There are no proposed mitigation measures to address the effects of the Project on the operations 
and business of Ookpik Lodge. 

8.18.5.6 Conservation Office 
To address the effects of poaching related to moose presence and absence at the Project site, 
PBM commits to informing the Conservation Office of camp locations and work shift schedules.   

8.18.5.7 Mineral Developers 
PBM will work in collaboration with the BC Ministry of Energy, Mines, and Petroleum (BC 
MEMPR) to resolve the claim issue with Mr. Keith Morris, which currently overlaps with the 
Project’s TSF.   

8.18.5.8 Morice LRMP Implementation and Monitoring Committee 
There are no proposed mitigation measures to address the conflicts with the Morice LRMP.   
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8.18.6 Significance of Residual Effects 

8.18.6.1 Overview 
Table 8.18-9 describes the residual effects of the Project on each VEC according to land user 
group.  There are several effects for each VEC with a range of residual effects, of which the 
highest rating is provided in Table 8.18-9.  The moderate and major residual ratings have been 
highlighted.  The remainder of this section provides more detailed information on residual 
effects, including their magnitude, geographic extent, duration, frequency, reversibility, 
resilience, probability, and confidence levels related to each VEC.   

Table 8.18-9 
Summary Table of Residual Effects on Each Land User Group 

 Valued Ecosystem Components 
 Access Quality Quantity Culture Management 
Lake Babine Nation Moderate Moderate Moderate Moderate N/A 
Tukii Lodge Hunting Camp Major Major Moderate N/A N/A 
Ookpik Lodge Minor Minor Minor N/A N/A 
Resident Hunter Minor Minor Minor N/A N/A 
Trapline Holders None N/A Negligible N/A N/A 
Angling Guides N/A N/A Negligible N/A N/A 
Canfor Major N/A Major N/A N/A 
Mineral Developers Minor N/A N/A N/A N/A 
Conservation Office Moderate N/A Moderate N/A N/A 
Morice LRMP N/A N/A N/A N/A Minor 
 

8.18.6.2 Residual Access Effects 
After applying mitigation measures to the potential land use effects identified in 
Section 8.18.4.3, there are several residual effects related to access for each land user group.  
Table 8.18-10 provides a summary of the magnitude, geographic extent, duration, frequency, 
reversibility, resilience, probability, and confidence level of each effect. 

8.18.6.3 Residual Quality of Experience Effects 
After applying mitigation measures to the potential land use effects identified in 
Section 8.18.4.4, there are several residual effects related to quality of experience for each land 
user group.  Table 8.18-11 provides a summary of the magnitude, geographic extent, duration, 
frequency, reversibility, resilience, probability, and confidence level of each effect.     

8.18.6.4 Residual Quantity of Resource Effects 
After applying mitigation measures to the potential land use effects identified in 
Section 8.18.4.5, there are several residual effects related to quantity of resources for each land 
user group.  Table 8.18-12 provides a summary of the magnitude, geographic extent, duration, 
frequency, reversibility, resilience, probability, and confidence level of each effect.   



Environmental and Socio-economic Effects Assessment 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II 8–550 Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

8.18.6.5 Residual Cultural Value Effects 
After applying mitigation measures to the potential land use effects identified in 
Section 8.18.4.6, there are several residual effects related to cultural value for Lake Babine 
Nation.  Table 8.18-13 provides a summary of the magnitude, geographic extent, duration, 
frequency, reversibility, resilience, probability, and confidence level of each effect.     

8.18.6.6 Residual Management Objectives Effects 
After applying mitigation measures to the potential land use effects identified in 
Section 8.18.4.7, there are several residual effects related to management objectives of the 
Morice LRMP.  Table 8.18-14 provides a summary of the magnitude, geographic extent, 
duration, frequency, reversibility, resilience, probability, and confidence level of each effect.     

8.18.7 Likelihood of Effects 

8.18.7.1 Probability of Occurrence 
The probability of the occurrence of an effect is determined by reviewing best available 
information for each land user group and the details provided in the Project description.  Changes 
in these parameters may affect the outcomes of the effects ratings.  Because of a lack of 
quantitative data on land uses in the Project area, the effects descriptors reflect professional 
judgment. 

8.18.7.2 Confidence Levels 
As with most social science research, there is a degree of uncertainty, especially given the lack of 
quantitative data.  Each residual effect is given a confidence rating based on professional 
judgment and available information.  It is acknowledge that there are limitations to the 
information that may affect the reliability of results and conclusions. 

8.18.7.3 Assessment Assumptions 
Several assumptions regarding the Project have been made to identify and assess potential effects 
on land use: 

• access to the mine site and ancillary structures will be closed to the public in the area 
defined by the mining lease; 

• mine-related traffic during operations will amount to the following per day: 
11 concentrate trucks, and a combination of personnel busses and service trucks for a 
total of 20 vehicles roundtrip daily;   

• all personnel will be transported by bus and will not be allowed to drive their personal 
vehicles, including mine and construction personnel;  

• mine personnel work schedules will be in 12-hour shifts and administrative staff work 
8-hour shifts; 

• personnel buses will accommodate 37 to 40 passengers; 
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• shift change for mine personnel will occur twice daily at 6 am and 6 pm and 
administrative staff will work from 8 am to 4 pm; 

• industry (e.g., logging and mining) vehicles are the priority on barge sailings.  Limited 
numbers of non-personnel, recreational vehicles are transported to the east side of Babine 
Lake on the barge;  

• up to half of the construction personnel may reside at Houston Forest Camp or Andy 
Meintz Camp, which together have a capacity for 230 personnel; 

• the other half of the construction personnel will reside in any one of the surrounding 
communities, including Granisle, Topley, Houston, and Smithers;  

• operations personnel will reside in any one of the surrounding communities, including 
Granisle, Topley, Houston, and Smithers;  

• blasting will occur once a day, 365 days per year; 

• construction will begin in the summer of 2011 (based on an EA application submittal in 
the fourth quarter of 2009 and a successful review and certificate issuance). 

Changes to these assumptions based on a finalized mine plan could necessitate re-evaluating the 
effects assessment of land and resource uses. 



 

Table 8.18-10 
Morrison Copper/Gold Project:  Land Use Access Effects Assessment Summary Table 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Lake Babine Nation 

Improved access to 
part of traditional 
territory (including 
consistent year-
round accessibility) 

Access road Operations,     
Post-closure 

Beneficial Minor None Yes Improved access 
to part of Lake 
Babine Nation 

traditional 
territory during 
operations and 
post-closure. 

Low Landscape Long-term Continuous Irreversible High Minor Medium Intermediate 

Limitations to 
access part of 
traditional territory 

Access road Construction,     
Closure 

Adverse Minor None Yes Use of the 
access road may 

be delayed or 
temporarily 

closed during 
road upgrading, 

and construction/ 
closure at the 

mine site. 

Low Landscape Short-term Sporadic Reversible 
short-term 

High Minor High High 

Prohibited access 
to part of traditional 
territory 

Mine site All phases Adverse Minor None Yes Access to the 
Lake Babine 

Nation traditional 
territory that 

overlaps with the 
mine lease will 
be restricted for 

the life of the 
Project. 

Medium Local Long-term Continuous Irreversible High Moderate High High 

Increased road 
hazards when 
using access road 

Access road Construction, 
Operations,    

Closure 

Adverse Minor None Yes Road upgrading 
and mine site 
construction/ 
closure may 

increase road 
hazards for Lake 

Babine Nation 
road users. 

Low Landscape Short-term Continuous Reversible 
short-term 

High Minor Medium Intermediate 

 

  Post-closure Adverse Negligible None No Project-related 
traffic and road 
hazards will be 
minimal during 
post-closure 

         

Canfor 

Improved access to 
forest tenure areas 
(including 
consistent year-
round accessibility)    

Access road Operations, Post-
closure 

Beneficial Moderate None Yes Improved road 
conditions when 
accessing tenure 

areas during 
operations and 
post-closure. 

Low Landscape Long-term Continuous Irreversible High Minor High High 

  (continued) 



Table 8.18-10 
Morrison Copper/Gold Project:  Land Use Access Effects Assessment Summary Table (continued) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Canfor 
Limitations to 
access forest 
tenure areas 

Access road Construction, 
Closure 

Adverse Major None Yes Use of the 
access road may 

be delayed or 
temporarily 

closed during 
road upgrading, 

and construction/ 
closure at the 

mine site. 

Low Landscape Short-term Sporadic Reversible 
short-term 

High Minor High High 

Prohibited access 
to part of forest 
tenure (278 ha of 
strategic blocks) 

Mine site All phases Adverse Major  Yes Inability to 
access the part 

of Canfor's 
tenure 

overlapping with 
the mine site due 

to security and 
safety. 

High Local Long-term Continuous Irreversible Low Major High High 

Increased road 
hazards when 
using access road 

Access road Construction, 
Operations, 

Closure 

Adverse Minor None Yes Road upgrading 
and mine site 
construction/ 
closure may 

increase road 
hazards for other 

forestry 
companies. 

Low Landscape Short-term Continuous Reversible 
short-term 

High Minor High High 

  

Post-closure 

 

Negligible None No Project-related 
traffic and road 
hazards will be 
minimal during 

monitoring. 

         

Tukii Lodge Hunting Camp 
Improved access to 
Tukii Hunting Camp 
and tenured 
outfitting area 
(including 
consistent year-
round accessibility) 

Access road Operations, Post-
closure 

Beneficial Minor None Yes Improved road 
conditions and 

consistent year-
round access to 
tenured outfitting 

area 

Low Landscape Long-term Continuous Irreversible High Minor Medium Intermediate 

Limitations to 
access to Tukii 
Hunting Camp and 
tenured outfitting 
areas  

Access road Construction, 
Closure 

Adverse Negligible None No Guide outfitters 
do not currently 
use the road for 
access to the 

area. 

         

Prohibited access 
to Tukii Hunting 
Camp and tenured 
outfitting area 
overlapping with 
the mine site 

Mine site All phases Adverse Moderate Reach mutually 
agreeable terms of 

accommodation 

Yes Guide outfitter 
currently uses 
the area in and 

around the mine 
site to hunt 

moose and black 
bear. 

Medium Landscape Long-term Continuous Reversible 
long-term 

Low Moderate High High 

  (continued) 



Table 8.18-10 
Morrison Copper/Gold Project:  Land Use Access Effects Assessment Summary Table (continued) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Tukii Lodge Hunting Camp 

Increased road 
hazards when 
using access road 

Access road All phases Adverse Negligible None. No Guide outfitters 
do not currently 
use the road for 

area access. 

         

Ookpik Lodge 
Improved access to 
lodge (including 
consistent year-
round accessibility) 

Access road Operations, 
 Post-closure 

Beneficial Minor None. Yes Improved road 
conditions and 

consistent year-
round access to 

lodge. 

Low Local Long-term Continuous Irreversible High Minor High High 

Limitations to 
accessing the lodge 

Access road Construction, 
Closure 

Adverse Negligible None. No Owners do not 
currently use the 
road for access 

their lodge 

         

Increased road 
hazards when 
using access road 

Access road All phases Adverse Negligible None. No Owners do not 
currently use the 
road for access 

their lodge 

         

Mineral Developers 
Improved access to 
mineral 
development 
sites/activities 
(including 
consistent year-
round accessibility) 

Access road Operations, Post-
closure 

Beneficial Minor None. Yes Improved road 
conditions when 
accessing claims 

during 
operations and 
post-closure. 

Low Local Long-term Continuous Irreversible High Minor High High 

Limitations to 
access to mineral 
development 
sites/activities 

Access road Construction, 
Closure 

Adverse Minor None. Yes Use of the 
access road may 

be delayed or 
temporarily 

closed during 
road upgrading, 

and 
construction/clos
ure at the mine 

site. 

Low Local Short-term Sporadic Reversible 
short-term 

High Minor High High 

Prohibited access 
to mineral claim 
overlapping with 
the waste 
management 
facility 

Mine site All phases Adverse Major In cooperation 
with BC MEMPR's 

claim resolution 
process, PBM to 

obtain rights to the 
mineral claim 
tenure area 

currently held by 
Mr. Keith Morris. 

No Ownership of 
mineral claim 

directly 
overlapping with 

the waste 
management 
facility will be 
transferred to 

PBM. 

         

Increased road 
hazards when 
using access road 

Access road Construction, 
Operation,    
Closure 

Adverse Minor None. Yes Road upgrading 
and mine site 

construction/clo
sure may 

increase road 
hazards for 

other mineral 
developers. 

Low Landscape Short-
term 

Sporadic Reversible 
short-term 

Medium Minor High High 
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Table 8.18-10 
Morrison Copper/Gold Project:  Land Use Access Effects Assessment Summary Table (continued) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Mineral Developers 

Increased road 
hazards when 
using access road 

Access road Construction, 
Operation,    

Closure 

Adverse Minor None Yes Road upgrading 
and mine site 
construction/ 
closure may 

increase road 
hazards for other 

mineral 
developers 

Low Landscape Short-term Sporadic Reversible 
short-term 

Medium Minor High High 

 

 Post-closure  Negligible None No Project-related 
traffic and road 
hazards will be 
minimal during 
post-closure 

         

Trapline Tenure Holders 
Improved access to 
trapline (including 
consistent year-
round accessibility) 

Access road Operations,  
 Post-closure 

Beneficial Negligible None No Trappers do not 
currently use the 
mine site area, 
which has been 

in use for 
decades 

         

Limitations to 
access to trapline 

Access road Construction, 
Closure 

Adverse Negligible None No Trappers do not 
currently use the 
mine site area, 
not in use for 

decades 

         

Prohibited access 
to the area of the 
trapline tenure that 
overlaps with the 
mine site  

Mine site All phases Adverse Negligible None No Trappers do not 
currently use the 
mine site area, 
which has been 

in use for 
decades 

         

Increased road 
hazards when 
using access road 

Access road All phases Adverse Negligible None No Trappers do not 
currently use the 
mine site area, 
not in use for 

decades 

         

Resident Hunters 
Improved access to 
hunting areas, 
especially mouth of 
Morrison Creek 
(including 
consistent year-
round accessibility) 

Access road, 
transmission line 

Operations, Post-
closure 

Beneficial Minor None Yes Improved road 
conditions when 

accessing 
hunting areas 

Low Landscape Long-term Continuous Irreversible High Minor Medium High 

Limitations to 
access hunting 
areas, especially 
the mouth of 
Morrison Creek 

Access road, 
transmission line 

Construction, 
Closure 

Adverse Minor None. Yes Use of the 
access road may 

be delayed or 
temporarily 

closed during 
road upgrading, 

and construction/ 
closure at the 

mine site 

Low Landscape Short-term Sporadic Reversible 
short-term 

High Minor High High 

  (continued) 



Table 8.18-10 
Morrison Copper/Gold Project:  Land Use Access Effects Assessment Summary Table (completed) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Resident Hunters 

Limitations to 
access hunting 
areas, especially 
the mouth of 
Morrison Creek 

Access road, 
transmission line 

Construction, 
Closure 

Adverse Minor None. Yes Use of the 
access road may 

be delayed or 
temporarily 

closed during 
road upgrading, 

and construction/ 
closure at the 

mine site. 

Low Landscape Short-term Sporadic Reversible 
short-term 

High Minor High High 

Increased road 
hazards when 
using access road 

Access road Construction, 
Operations, 

Closure 

Adverse Minor None. Yes Road upgrading 
and mine site 
construction/ 
closure may 

increase road 
hazards for 

resident hunters. 

Low Landscape Short-term Sporadic Reversible 
short-term 

Medium Minor High High 

 

 Post-closure  Negligible None. No Project-related 
traffic and road 
hazards will be 
minimal during 

monitoring. 

         

Ministry of Environment - Conservation Office (re: regulating poachers) 
Improved access 
for poachers to 
wildlife-abundant 
areas (including 
consistent year-
round accessibility) 

Access road, 
transmission line 

Operations, Post-
closure 

Adverse Minor None Yes Improved road 
conditions and 

year-round 
accessibility may 

increase the 
number of 
poaching 

incidents in the 
primary study 

area 

Low Landscape Long-term Continuous Reversible 
short-term 

Medium Moderate Medium Intermediate 

Limitations to 
access for 
poachers to 
wildlife-abundant 
areas 

Access road, 
transmission 

line 

Construction, 
Closure 

Beneficial Minor None No           

 



Table 8.18-11 
Morrison Copper/Gold Project: Quality of Experience Effects Assessment Summary Table 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Lake Babine Nation 

Increased noise 
levels from mine-
related activities 
and haul truck 
traffic affect quality 
of experience 

Mine site, 
Access road  

(within 1.5 km) 

Construction, 
Operations,  

Closure 

Adverse Minor None Yes The aesthetic 
quality of land 
use activities 

may be 
diminished by 

noise associated 
with the mine 

during 
construction and 

operations 

Medium Landscape Long-term Sporadic Reversible 
long-term 

Neutral Moderate High Intermediate 

Increased presence 
of dust and other 
air pollutants 
diminishes 
aesthetic quality of 
experience 

All components Construction, 
Operations, 

Closure 

Adverse Minor None Yes The aesthetic 
quality of land 
use activities 

may be 
diminished by 

the resulting dust 
associated with 
the access road 

during 
construction and 

operations 

Low Landscape Long-term Continuous Reversible 
long-term 

Neutral Minor High Intermediate 

Diminished drinking 
water quality  

Mine site All phases Adverse Minor None Yes Increased 
cosmetic and 

aesthetic effects 
of the drinking 

water 

Low Local Long-term Continuous Reversible 
long-term 

High Minor Low Low 

Diminished visual 
quality  

Mine Site Construction, 
Operations, 

Closure 

Adverse Minor None Yes The quality of 
land use 

activities may be 
diminished by 

visual 
obstructions and 
disruptions from 

mine 
infrastructure 
and activities. 

Medium Local Long-term Continuous Irreversible Neutral Moderate Medium High 

Diminished visual 
quality  

Transmission 
line 

Construction, 
Operations, 

Closure 

Adverse Negligible None No           

Increased third-
party presence 

All components All phases Adverse Minor None Yes Increased 
interest in the 

Project area due 
to increased 

accessibility by 
new land users 

Low Landscape Long-term Seasonal Reversible 
long-term 

Low Minor Medium Intermediate 

Decreased noise 
levels related to an 
absence of mine-
related activities 
allows resumption 
of quality of land 
use experience 

Mine site, 
Access road 

(within 1.5 km) 

Post-closure Beneficial Negligible None No            

  (continued) 



Table 8.18-11 
Morrison Copper/Gold Project: Quality of Experience Effects Assessment Summary Table (continued) 

Description 

Project 
Component(s) 

Project Phase(s) Nature Extent Mitigation and 
Management 

Potential 
for 

Residual 
Effects 

Description Magnitude Geographic 
Extent 

Duration Frequency Reversibility Resilience 
(Context) 

Significance Probability 
of 

Occurrence 

Confidence 
Level 

Lake Babine Nation 

Decreased 
presence of dust 
and other air 
pollutants 
enhance aesthetic 
quality of 
experience 

All components Post-closure Beneficial Negligible None No           

Improved visual 
quality  

Mine Site Post-closure Beneficial Minor None Yes The quality of 
land use 

activities may 
improve based 
on a cessation 

of industrial 
activities and 

decommission-
ing of 

infrastructure. 
However, 

tailings facility 
and the open pit 

will remain. 

Medium Local Long-term Continuous Irreversible Neutral Minor Medium High 

Improved visual 
quality  

Transmission 
line 

Post-closure Beneficial Negligible None No           

Tukii Lodge Hunting Camp 

Increased noise 
levels from mine-
related activities 
affects quality of 
experience 

Mine site         
(within 1.5 km) 

Construction,    
Operations,  

Closure 

Adverse Major None Yes The aesthetic 
quality of land 
use activities 

may be 
diminished by 

noise 
associated with 
the mine during 

construction 
and operations 

High Local Long-term Continuous Reversible 
long-term 

Low Moderate High High 

Increased noise 
levels from haul 
truck traffic affects 
quality of 
experience 

Access road 
(within 1.5 km) 

Construction, 
Operations,  

Closure 

Adverse Negligible None No           

Increased 
presence of dust 
and other air 
pollutants 
diminishes 
aesthetic quality of 
experience 

Mine Site Construction, 
Operations 

Adverse Minor None Yes The aesthetic 
quality of land 
use activities 

may be 
diminished by 
the resulting 

dust associated 
with the access 

road during 
construction 

and operations 

High Local Long-term Continuous Reversible 
long-term 

Low Major High High 

  (continued) 



Table 8.18-11 
Morrison Copper/Gold Project: Quality of Experience Effects Assessment Summary Table (continued) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 

Tukii Lodge Hunting Camp 

Increased 
presence of dust 
and other air 
pollutants 
diminishes 
aesthetic quality of 
experience 

Access road, 
transmission 

line 

Construction, 
Operations 

Adverse Negligible None No           

Diminished 
drinking water 
quality  

Mine Site All phases Adverse Major Reach mutually 
agreeable terms 

of 
accommodation. 

Yes Increased 
cosmetic and 

aesthetic 
effects of the 
drinking water 

High Local Long-term Continuous Irreversible Low Major Medium Intermediate 

Diminished visual 
quality  

Mine Site Construction, 
Operations 

Adverse Moderate None Yes The quality of 
land use 

activities may 
be diminished 

by visual 
obstructions 

and disruptions 
from mine 

infrastructure 
and activities. 

Low Local Long-term Continuous Reversible 
long-term 

Low Moderate High High 

Diminished visual 
quality  

Transmission 
line 

Construction, 
Operations 

Adverse Negligible None No           

Increased third 
party presence 
(e.g., boaters and 
new land users) 

All components All phases Adverse Moderate None Yes Increased 
interest in the 
project area 

due to 
increased 

accessibility by 
new land users 

Low Landscape Long-term Continuous Reversible 
long-term 

Low Moderate Medium Intermediate 

Decreased noise 
levels related to 
an absence of 
mine-related 
activities allows 
resumption of 
quality of land use 
experience 

Mine site,        
Access road      

(within 1.5 km) 

Post-closure Beneficial Negligible None No            

Decreased 
presence of dust 
and other air 
pollutants 
enhance aesthetic 
quality of 
experience 

Mine Site Post-closure Beneficial Negligible None No            

  (continued) 



Table 8.18-11 
Morrison Copper/Gold Project: Quality of Experience Effects Assessment Summary Table (continued) 

Description 
Project 
Component(s) Project Phase(s) Nature Extent 

Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Tukii Lodge Hunting Camp 
Decreased 
presence of dust 
and other air 
pollutants enhance 
aesthetic quality of 
experience 

Access road, 
transmission line 

Post-closure Beneficial Negligible None No           

Improved visual 
quality  

Mine Site Closure, Post-
closure 

Beneficial Negligible None No           

Improved visual 
quality  

Transmission 
line 

Closure, Post-
closure 

Beneficial Negligible None No           

Ookpik Lodge 
Increased noise 
levels from mine-
related activities 
affects quality of 
experience 

Mine site  (within 
1.5 km) 

Construction, 
Operations,  

Closure 

Adverse Negligible None No           

Increased noise 
levels from haul 
truck traffic affects 
quality of 
experience 

Access road 
(within 1.5 km) 

Construction,    
Operations,  

Closure 

Adverse Minor None No           

Decreased noise 
levels related to an 
absence of mine-
related activities 
allows resumption 
of quality of land 
use experience 

Access road 
(within 1.5 km) 

Post-closure Beneficial Negligible  No           

Increased presence 
of dust and other 
air pollutants 
diminishes 
aesthetic quality of 
experience 

Access road Construction, 
Operations 

Adverse Negligible None No           

Decreased 
presence of dust 
and other air 
pollutants enhance 
aesthetic quality of 
experience 

Access road Post-closure Beneficial Negligible None No           

Diminished drinking 
water quality  

Mine site All phases Adverse Negligible None No           

  (continued) 

 
 



Table 8.18-11 
Morrison Copper/Gold Project: Quality of Experience Effects Assessment Summary Table (continued) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Ookpik Lodge 

Diminished visual 
quality  

Access road, 
transmission line 

Construction, 
Operations 

Adverse Negligible None No           

Improved visual 
quality  

Access road, 
transmission line 

Closure,            
Post-closure 

Beneficial Negligible None No           

Increased third 
party presence 

All components All phases Adverse Negligible None Yes Increased 
interest in the 

project area due 
to increased 

accessibility by 
new land users 

Low Landscape Long-term Continuous Reversible 
long-term 

Low Minor Medium Intermediate 

Registered Hunters 
Increased noise 
levels from mine-
related activities 
and haul truck 
traffic affect quality 
of experience 

Mine site,      
Access road           
(within 1.5 km) 

Construction,    
Operations,  

Closure 

Adverse Minor None Yes The aesthetic 
quality of land 
use activities 

may be 
diminished by 

noise associated 
with the mine 

during 
construction and 

operations 

Low Landscape Short-term Sporadic Reversible 
short-term 

Neutral Minor High Intermediate 

Increased presence 
of dust and other 
air pollutants 
diminishes 
aesthetic quality of 
experience 

All components Construction, 
Operations, 

Closure 

Adverse Minor None Yes The aesthetic 
quality of land 
use activities 

may be 
diminished by 

the resulting dust 
associated with 
the access road 

during 
construction and 

operations 

Low Landscape Long-term Continuous Reversible 
long-term 

Neutral Minor High Intermediate 

Diminished drinking 
water quality  

Mine Site All phases Adverse Minor None Yes Increased 
cosmetic and 

aesthetic effects 
of the drinking 

water 

Low Local Long-term Continuous Irreversible High Minor Medium Low 

Diminished visual 
quality  

Mine Site Construction, 
Operations, 

Closure 

Adverse Minor None Yes The quality of 
land use 

activities may be 
diminished by 

visual 
obstructions and 
disruptions from 

mine 
infrastructure 
and activities. 

Low Local Long-term Continuous Irreversible Neutral Moderate Medium High 

  (continued) 

 



Table 8.18-11 
Morrison Copper/Gold Project: Quality of Experience Effects Assessment Summary Table (completed) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 

Registered Hunters 

Diminished visual 
quality  

Transmission 
line 

Construction, 
Operations, 

Closure 

Adverse Negligible None Yes The quality of 
land use 

activities may 
be diminished 

by visual 
obstructions 

and disruptions 
from mine 

infrastructure 
and activities. 

Low Landscape Long-term Continuous Reversible 
long-term 

Neutral Minor Medium High 

Increased third 
party presence 

All components All phases Adverse Minor None Yes Increased 
interest in the 
project area 

due to 
increased 

accessibility by 
new land users 

Low Landscape Long-term Seasonal Reversible 
long-term 

Low Minor Medium Intermediate 

Decreased noise 
levels related to 
an absence of 
mine-related 
activities allows 
resumption of 
quality of land use 
experience 

Mine site         
(within 1.5 km) 

Post-closure Beneficial Negligible None No           

Decreased 
presence of dust 
and other air 
pollutants 
enhance aesthetic 
quality of 
experience 

All components Post-closure Beneficial Negligible None No           

Improved visual 
quality  

Mine Site Post-closure Adverse Minor None Yes The quality of 
land use 

activities may 
improve based 
on a cessation 

of industrial 
activities and 

decommission-
ing of 

infrastructure. 
However, 

tailings facility 
and the open pit 

will remain. 

Medium Local Long-term Continuous Irreversible Neutral Minor Medium High 

Improved visual 
quality  

Transmission 
line 

Post-closure Beneficial Negligible None No           

 



Table 8.18-12 
Morrison Copper/Gold Project: Quantity of Resources Effects Assessment Summary Table 

Description 

Project 
Component(s) Project Phase(s) Nature Extent 

Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 

Lake Babine Nation 
Decreased 
presence of moose 
due to human and 
sensory avoidance 

Mine Site, 
Access Road 

Construction Adverse Moderate None Yes Construction 
activity and 
industrial 
presence may 
temporarily 
decrease the 
number of 
moose available 
for harvest by 
Lake Babine 
Nation members 
during 
construction 

Medium Landscape Short-term Continuous Reversible 
short-term 

High Moderate Medium Low 

Increased presence 
of moose due to 
shift in distribution 

All components Operations Beneficial Moderate None Yes Moose may 
return to the 
area in and 
around the 
mouth of 
Morrison Creek 
during 
operations, 
which will 
increase the 
moose available 
for Lake Babine 
Nation harvest 

Medium Landscape Long-term Continuous Reversible 
long-term 

High Moderate Medium Low 

Increased presence 
of moose due to 
shift in distribution 

All components Closure, Post-
closure 

Beneficial Minor None Yes Moose 
population may 
increase due to 
a decline in 
mine-related 
activity and 
industrial 
presence.  This 
may increase the 
moose available 
for Lake Babine 
Nation harvest. 

Medium Landscape Long-term Continuous Reversible 
long-term 

High Minor Medium Low 

Permanent loss of 
vegetative country 
food harvest 
capability (810 ha) 

Mine Site, 
Transmission 

Line 

All phases Adverse Minor None Yes Installation of 
mine 
infrastructure 
and construction 
of components 
will require 
permanent 
removal of 
vegetation, 
resulting in loss 
of Lake Babine 
Nation 
vegetative 
harvest in 
perpetuity. 

Low Local Far Future Continuous Irreversible Neutral Minor High Intermediate 

  (continued) 



Table 8.18-12 
Morrison Copper/Gold Project: Quantity of Resources Effects Assessment Summary Table (continued) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 

Lake Babine Nation 
Temporary loss of 
vegetative country 
food harvest 
capability (817 ha) 

Mine Site, 
Transmission 

Line 

Construction, 
Operations 

Adverse Negligible None No           

Increase in the 
availability of 
vegetative country 
foods 

Transmission 
Line 

Operations Beneficial Minor None Yes Typically, 
transmission 
line right of 
ways (once 

cleared) regrow 
with berry-

bearing plants, 
which will 

increase Lake 
Babine Nation 

vegetative 
harvest 
capacity 

Low Local Long-term Continuous Reversible 
long-term 

High Minor High High 

Degraded 
abundance and 
quality of 
vegetative country 
food 

All components, 
esp Access 

Road 

Construction, 
Operations 

Adverse Moderate None Yes Presence of 
industrially-

generated dust 
during 

construction 
and operations 
will negatively 

affect the 
quality and 
quantity of 
vegetation 
along the 

Access Road 
available for 
Lake Babine 

Nation harvest 

Medium Local Long-term Continuous Reversible 
long-term 

Neutral Moderate High High 

Maintenance of 
fish harvest levels 
due to negligible 
effects of the 
Project on fish 
habitat 

All components All phases Beneficial Negligible None No                     

Decreased 
presence of 
moose due to 
human and 
sensory avoidance 

Mine Site, 
Access Road 

Construction Adverse Moderate None Yes Construction 
activity and 
industrial 

presence may 
temporarily 

decrease the 
number of 

moose 
available for 

harvest during 
construction 

High Landscape Short-
term 

Continuous Reversible 
short-term 

Low Moderate Medium Low 

  (continued) 



Table 8.18-12 
Morrison Copper/Gold Project: Quantity of Resources Effects Assessment Summary Table (continued) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 

Tukii Lodge Hunting Camp 
Decreased 
presence of 
moose due to 
human and 
sensory avoidance 

Mine Site, 
Access Road 

Construction Adverse Moderate None Yes Construction 
activity and 
industrial 

presence may 
temporarily 

decrease the 
number of 

moose 
available for 

harvest during 
construction 

High Landscape Short-
term 

Continuous Reversible 
short-term 

Low Moderate Medium Low 

Increased 
presence of 
moose due to shift 
in distribution, 
especially near 
mouth of Morrison 
Creek 

All components Operations Beneficial Minor None Yes Moose may 
return to the 
area in and 
around the 
mouth of 

Morrison Creek 
during 

operations, 
which will 

increase the 
moose 

available for 
harvest 

Medium Landscape Long-term Continuous Reversible 
long-term 

High Minor Medium Low 

Increased 
presence of 
moose due to shift 
in distribution, 
especially near 
mouth of Morrison 
Creek 

All components Closure, Post-
closure 

Beneficial Negligible None No                    

Maintenance of 
fish harvest levels 
due to negligible 
effects of the 
project on fish 
habitat 

All components All phases Beneficial Negligible None No                    

Ookpik Lodge 
Decreased 
presence of 
moose due to 
human and 
sensory avoidance 

Access Road, 
Transmission 

Line 

Construction Adverse Minor None Yes Construction 
activity and 
industrial 

presence may 
temporarily 

decrease the 
number of 

moose 
available for 

wildlife viewing 
during 

construction 

Low Local Short-
term 

Continuous Reversible 
short-term 

Low Minor Medium Low 

  (continued) 

 



Table 8.18-12 
Morrison Copper/Gold Project: Quantity of Resources Effects Assessment Summary Table (continued) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 

Ookpik Lodge 
Decreased 
presence of moose 
due to human and 
sensory avoidance 

Access Road, 
Transmission 

Line 

Construction Adverse Minor None Yes Construction 
activity and 
industrial 
presence may 
temporarily 
decrease the 
number of 
moose available 
for wildlife 
viewing during 
construction 

Low Local Short-term Continuous Reversible 
short-term 

Low Minor Medium Low 

Increased presence 
of moose 
population for 
wildlife viewing due 
to attraction to mine 
components 

Access Road, 
Transmission 

Line 

Operations, 
Closure, Post-

closure 

Beneficial Minor None Yes Moose may 
return to the 
area in and 
around the 
mouth of 
Morrison Creek 
during 
operations, 
which will 
increase the 
moose available 
for wildlife 
viewing 

Low Local Long-term Continuous Reversible 
long-term 

High Minor Medium Low 

Trapline Holders 
Maintenance of 
marten population 
levels for 
harvesting 

All components All phases Beneficial Negligible None No                     

Registered Hunters 
Decreased 
presence of moose 
due to human and 
sensory avoidance 

Mine Site, 
Access Road 

Construction Adverse Minor None Yes Construction 
activity and 
industrial 
presence may 
temporarily 
decrease the 
number of 
moose available 
for harvest 
during 
construction 

Low Landscape Short-term Continuous Reversible 
short-term 

High Minor Medium Low 

Increased presence 
of moose due to 
shift in distribution 

All components, 
esp 
Transmission 
Line 

Operations, 
Closure,           
Post-closure 

Beneficial Minor None Yes Moose may 
return to the 
area in and 
around the 
mouth of 
Morrison Creek 
during 
operations, 
which will 
increase the 
moose available 
for harvest 

Low Landscape Long-term Continuous Reversible 
long-term 

High Minor Medium Low 

  (continued) 



Table 8.18-12 
Morrison Copper/Gold Project: Quantity of Resources Effects Assessment Summary Table (continued) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 

Canfor 
Outstanding 
forestry tenure 
obligations for free 
growing impede 
Canfor's ability to 
harvest timber in 
the areas of 
overlap. 

All components Construction Adverse Moderate Discussions with 
Ministry of 
Forestry and 
Range to discuss 
release of 
Canfor's forestry 
obligation. 

No                     

Harvest of 
strategic blocks  
BEFORE or 
DURING Project 
construction 

All components Construction Beneficial Negligible Coordinate with 
forest tenure 
holder as to the 
timing and 
locations of 
timber removal.  
Compensation if 
project proceeds 
before fall 2010. 

No                     

Harvest of 
strategic blocks  
AFTER Project 
construction 

  

Adverse Major 

 

Yes Major loss to 
merchantable 
timber 

High Landscape Short-
term 

One time Irreversible Neutral Major Unknown Intermediate 

Inability to 
develop, and/or 
harvest timber 
stands due to 
continuous 
vegetation 
suppression and 
management. 

Mine site   Operations  Adverse Moderate Compensation 
for loss of 
harvestable 
timber stands or 
transfer of forest 
tenure to PBM 
over the 21 years 
of operations.   

Yes The Project 
footprint will not 
be available for 
harvest of 
merchantable 
timber.  There 
will be 
temporary and 
permanent loss 
of timber. 

Medium Local Long-term Continuous Reversible 
long-term 

Neutral Moderate Medium  Low 

Regrowth of 
timber stands 
within tenure area 
for future harvest. 

All components Closure, Post-
closure 

Beneficial Negligible Coordinate with 
forest tenure 
holder as to the 
timing and 
locations of 
revegetation 
efforts. 

Yes The area in and 
around the 
Project footprint 
will once again 
be viable for 
timber 
harvesting, 
although some 
areas will be 
permanently 
lost. 

Low Landscape Long-term Continuous Reversible 
long-term 

Neutral Minor Medium Low 

Angling Guides and Registered Anglers 

Maintenance of 
fish harvest levels 
due to negligible 
effects of the 
project on fish 
habitat (e.g., Lake 
Trout and 
Sockeye Salmon). 

All components All phases Adverse Negligible Work with 
angling guides, 

resident and 
Aboriginal 
anglers to 
develop a 
Fisheries 

Management 
Plan. 

No                     

  (continued) 



Table 8.18-12 
Morrison Copper/Gold Project: Quantity of Resources Effects Assessment Summary Table (completed) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 

Ministry of Environment - Conservation Office 

Decreased 
poaching interest 
in the area due to 
a decrease in 
presence of 
moose due to 
human and 
sensory avoidance 

All components Construction Beneficial Moderate None Yes Availability of 
moose drives 
the level of 
poaching 
interest and the 
necessary 
Conservation 
Office 
enforcement 
levels.  An 
decrease in 
moose during 
construction 
may result in 
lower levels of 
poaching, and, 
as such, fewer 
Conservation 
Office 
resources to 
enforce hunting 
regulations and 
licensing. 

Medium Landscape Short-
term 

Continuous Reversible 
short-term 

High Moderate Medium Low 

Increased 
poaching interest 
in the area due to 
increased 
presence of 
moose, especially 
at the mouth of 
Morrison Creek 

All components, 
esp 

Transmission 
Line 

Operations, 
Closure,         

Post-closure 

Adverse Moderate None Yes An increase in 
moose during 
operations may 
create 
increased 
poaching 
interest, which 
will necessitate 
increased 
Conservation 
office resources 
to regulate. 

Medium Landscape Long-term Continuous Reversible 
long-term 

Low Moderate Medium  Low 

Lake Babine Nation 
Increased 
capability to 
practice traditional 
activities due to 
increase in 
financial 
resources. 

Human 
Resources 

Construction, 
operations 

Beneficial Minor None. Yes Increased 
incomes to 

enable 
purchasing of 

fuel and 
equipment for 
traditional land 
use activities. 

Low Individual Long-term Regular Reversible 
long-term 

Neutral Minor High High 

 



Table 8.18-13 
Morrison Copper/Gold Project: Cultural Values Effects Assessment Summary Table 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 

Lake Babine Nation 
Increased 
capability to 
practice traditional 
activities due to 
increase in 
financial 
resources. 

Human 
Resources 

Construction, 
operations 

Beneficial Minor None Yes Increased 
incomes to 

enable 
purchasing of 

fuel and 
equipment for 
traditional land 
use activities. 

Low Individual Long-term Regular Reversible 
long-term 

Neutral Minor High High 

Decreased 
opportunity to 
practice traditional 
activities due to 
employment 
scheduling 
conflicts.  

Human 
Resources 

Construction, 
operations 

Adverse Moderate None No If employees’ 
schedules are 
flexible in this 

sense, no 
residual effects 
are expected. 

                  

Decreased 
opportunity to 
practice traditional 
activities due to 
decline in financial 
resources 

Human 
Resources 

Closure,          
post-closure 

Adverse Minor None No                     

Decreased 
transfer of TEK 
about the Project 
area between 
generations of 
Lake Babine 
Nation members, 
including 
population trends, 
movement 
patterns, 
management 
strategies, and 
species-specific 
habitat suitability 
needs 

All components All phases Adverse Minor None Yes   Low Community Long-term Regular Irreversible Low Minor Medium Intermediate 

Loss of knowledge 
and expertise 
regarding specific 
traditional land 
uses, including 
trapping, hunting, 
and plant 
gathering. 

All components All phases Adverse Minor None Yes   Low Community Long-term Regular Irreversible Low Minor Medium Intermediate 

  (continued) 



Table 8.18-13 
Morrison Copper/Gold Project: Cultural Values Effects Assessment Summary Table (completed) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 

Lake Babine Nation 

Loss or 
degradation of 
culturally-sensitive 
areas 

All components All phases Adverse Moderate None Yes The access 
road may 

overlap with 
extremely-

sensitive areas, 
but both the 

mine site and 
road are areas 
of existing/prior 

use. 

Medium Local Long-term Continuous Irreversible Low Moderate Medium Low 

Increased intra-
Lake Babine 
Nation 
disagreement 
regarding the clan 
ownership of the 
area in the vicinity 
of the Project 

All components All phases Adverse Minor None. Yes   Low Community Short-
term 

Regular Reversible 
short-term 

Low Minor High Intermediate 

Decreased 
spiritual/cultural 
connection to the 
land 

All components All phases Adverse Minor None. Yes Increased 
industrial 

development in 
the area may 
affect some 
First Nations 

residents' 
spiritual/ 
cultural 

connection with 
the land. 

Low Community Long-term Regular Reversible 
long-term 

Low Minor Medium Intermediate 

 



Table 8.18-14 
Morrison Copper/Gold Project: Management Objectives Effects Assessment Summary Table 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 

Morice LRMP 
Project conflicts 
with cultural 
heritage resources 
objectives 

All components Construction, 
Operations, 

Closure 

Adverse Minor TBC - arch Yes TU sites, no 
significant new 
impacts. 

Low Local Long-term Continuous Reversible 
long-term 

High Minor Low Low 

Project conflicts 
with hunting and 
fishing objectives 

All components Construction, 
Operations, 

Closure 

Adverse Minor TBC - wildlife, 
aquatics (fish, 

game and 
furbearer 

populations) 

Yes   Low Local Long-term Continuous Reversible 
long-term 

High Minor High High 

Project conflicts 
with recreation 
objectives 

All components Construction, 
Operations, 

Closure 

Adverse Minor TBC - reevaluate 
based on other 

final effects. 

Yes   Low Local Long-term Continuous Reversible 
long-term 

High Minor Medium High 

Support for access 
objectives 

All components Construction, 
Operations, 

Closure 

Beneficial Minor Work with ILMB 
(as well as Lake 
Babine Nation, 
guide outfitters 

and interest 
groups) to develop 

an access 
management plan 

for the road. 

No The area is 
already 
accessible via 
the existing road; 
with an effective 
access 
management 
plan, these 
objectives 
should not be 
affected. 

         

Project conflicts 
with botanical  
forest products 
objectives 

All components Construction, 
Operations, 

Closure 

Adverse Minor TBC - veg Yes   Low Local Long-term Continuous Reversible 
long-term 

High Minor High High 

Project conflicts 
with guide outfitting 
objectives 

All components Construction, 
Operations, 

Closure 

Adverse Minor TBC - wildlife, 
aquatics (fish, 

game and 
furbearer 

populations) 

Yes   Medium Local Long-term Continuous Reversible 
long-term 

Low Moderate High High 

Support for mineral 
and energy 
resource objectives 

All components Construction, 
Operations, 

Closure 

Beneficial Major None. Yes The project will 
support the 
mineral resource 
objectives of the 
LRMP. 

High Regional Long-term Continuous Reversible 
long-term 

High Moderate High High 

Project conflicts 
with timber 
objectives 

All components Construction, 
Operations, 

Closure 

Adverse Minor Work with forestry 
tenure holders to 
develop a timber 

supply 
management plan. 

Yes   Medium Local Long-term Continuous Reversible 
long-term 

Neutral Moderate High High 

Project is neutral 
towards trapping 
objectives 

All components Construction, 
Operations, 

Closure 

Negligible Neutral Work with trapline 
tenure holders to 
develop a wildlife 

management plan. 

No                     
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8.19 Socio-economic Effects Assessment 

8.19.1 Introduction 
A wide range of inter-dependent aspects of the human environment are considered when assessing 
the potential socio-economic effects of a project on the surrounding communities and region.  Such 
aspects include population and demographics, community well-being, programs and services, 
health and safety, housing, economic stability, infrastructure, and socio-cultural identity and 
sustainability.  Section 7.19 provides an overview of the current characteristics of each study area, 
while Appendix 45 provides comprehensive supporting details.    

To determine the potential socio-economic effects of PBM’s Project, relevant issues and 
considerations were highlighted in comprehensive baseline studies composed of desk-based data 
and community-based field research.  Meetings and interviews with local First Nations and non-
Aboriginal leaders, professionals, land users, stakeholders, and community members were held to 
further understand and confirm the validity and representation of information collected from 
statistical and literature sources, as it applies to the communities/populations in question.  
Economic modelling work, media scanning, literature review, observations at comparable 
operating projects, community information meetings, and input from the public and governmental 
regulators contributed to the issue scoping process and subsequent assessment of the identified 
potential socio-economic effects. 

8.19.2 Valued Socio-economic Component Selection 
Valued socio-economic components (VSECs) are issue- and interest-based human environment 
elements valued and espoused by members of communities in the Project’s study area.  VSECS 
are comparable to VECs defined in other sections.  Eight VSECs were selected for the Project:  

1. Employment and income  

2. Education, skills, and training 

3. Business opportunities and economic development 

4. Population and demographics 

5. Services and infrastructure 

6. Cultural identity and sustainability 

7. Community well-being (CWB) 

8. Land-based livelihoods 

The primary Project component associated with each VSEC and effect is Human Resources, 
although some VSECs and effects are also related to physical aspects of the Project (e.g., noise 
and dust generation).  Table 8.19-1 lists and describes each VSEC and how it was identified.   
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Table 8.19-1 
Summary of Valued Socio-economic Components  

VSEC Description Identification Source 
Employment and income 
opportunities 

Opportunities related to direct and indirect 
hiring, salaries, and wages of Project's 
workforce. 

First Nations, public, and 
issues scoping 

Education, skills, and 
training 

Increased opportunities for and achievement 
of education and training necessary to obtain 
employment related to the Project, and/or the 
potential for skills development on the job.  
Also considers existing skill levels available in 
the study area, and how these may be 
enhanced. 

First Nations, public, and 
issues scoping 

Business opportunities 
and economic 
development 

Direct, indirect, and induced business 
opportunities and economic development 
resulting from goods and services required for 
the Project. 

First Nations, public, 
government, and issues 

scoping 

Cultural identity and 
sustainability 

Ways of being, thinking, and acting valued 
and expressed by distinct cultural groups such 
as First Nations. 

First Nations and issues 
scoping 

Community well-being Quality of life and health of community 
members and community as a whole. 

First Nations, public, 
government, and issues 

scoping 
Population and 
demographics 

Changes in population size and demographic 
profiles resulting from in-migration of workers 
to study communities (i.e., related to direct, 
indirect, and induced employment, business 
opportunities, etc.). 

Public and issues scoping

Services and 
infrastructure 

Changes in the demand and/or competition for 
goods, services, and community amenities and 
resources, including tax revenue allotment. 

Public, government, and 
issues scoping 

Land-based livelihoods Environmental degradation associated with 
the Project’s activities may indirectly affect 
surrounding businesses that cater to clients 
wanting wilderness and/or hunting experience 
(i.e., wilderness lodge and hunting camp on 
Morrison Lake). 

Public, stakeholders, and 
issues scoping 

 

8.19.3 Boundaries 

8.19.3.1 Spatial  
Socio-economic influences and trends are far-reaching, and hence socio-economic study areas 
tend to be larger than those in bio-physical effects assessments.  As such, the study areas 
considered when assessing the Project socio-economic effects extend from nearby communities 
and municipalities to the province-wide.   
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The Project is anticipated to potentially affect five spatial boundary categories: provincial, 
regional, First Nations, and primary and secondary communities. 

The province of BC is the broadest spatial boundary category and is included because of the 
large-scale economic implications of natural resource-based projects.  Northwestern BC is the 
next spatial category, with specific focus on the Bulkley-Nechako Regional District (BNRD).  

The Project area is within the asserted traditional territory of the Lake Babine Nation.  As such, 
the First Nation as a whole—as well as its individual communities—are considered distinctly 
and are also included within the primary study community spatial category (along with the non-
Aboriginal community of Granisle and smaller settlements of Topley, Topley Landing, and 
Smithers Landing).  Primary study communities are likely to be involved in Project-related 
employment and the provision of goods and services to the Project.  Additionally, the Project 
may affect community well-being aspects.   

Secondary communities are relatively large communities and service centres slightly farther 
from the Project including Smithers, Burns Lake, Houston, and Telkwa.  These communities are 
also expected to provide labour and services to the Project.  Stewart is included as a secondary 
community because it is a concentrate haul route destination. 

Table 8.19-2 lists, defines, and provides the rationale for the spatial boundaries and their 
respective communities.  Figure 8.19-1 illustrates the spatial boundaries that encompass the 
socio-economic study area and communities. 

8.19.3.2 Temporal Boundaries 
The socio-economic effects assessment considers four temporal phases during which potential 
socio-economic effects could occur:  

• Construction phase (2 years): includes construction of the mine site, transmission line, 
surface upgrading of the access road, and associated opportunities for employment, 
business, training, etc.   

• Operations phase (21 years): involves the extraction, processing, and transport of ore and 
associated opportunities for employment, business, training, etc. 

• Decommissioning (1 to 2 years): involves the removal of all production-related Project 
components and implementation of reclamation program and associated opportunities for 
employment, business, training, etc. 

• Post-closure (~100 years): involves water quality and environmental monitoring of the 
site. 

As deemed appropriate, some phases have been amalgamated for the assessment.  In particular, 
decommissioning and post-closure have been coupled in many instances as the timelines of these 
two periods are sequential, without clearly defined boundaries and have comparable effects 
throughout this socio-economic effects assessment. 
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Table 8.19-2 
Overview of Spatial Boundaries and Communities  

Spatial Boundary 
Category Description Rationale 
Provincial British Columbia The Project will contribute to the provincial 

economy through revenue, resource 
development, employment, income, and skills 
development.   

Regional  Northwestern BC and the 
Bulkley-Nechako Regional 

District 

The Project will rely largely on northwestern BC 
for human resources, supplies, services, and 
other requirements.  In particular, the Bulkley-
Nechako Regional District is expected to have 
important ties to the Project, because the Project 
is within its boundaries.  

First Nations Lake Babine Nation The Project is in the asserted territory of the Lake 
Babine Nation.  Local First Nations are 
represented collectively within this spatial 
boundary category in addition to specific 
communities in the primary communities’ 
category.   

Primary 
Communities 

All Lake Babine Nation 
communities (Fort Babine, Old 
Fort, Tachet, Donald’s Landing, 

and Woyenne), Granisle, 
Topley, Topley Landing, and 

Smithers Landing 

The primary communities are all near the Project 
and are expected to be a potential source of 
labour, goods, and services.  Primary 
communities’ quality of life may also be affected. 

Secondary 
Communities 

Burns Lake, Houston, Telkwa, 
Smithers, and Stewart 

Providing the labour force, supplies, and service 
contracts will likely involve Smithers, Burns Lake, 
Houston, and Telkwa.  Smithers may also serve 
as a transportation hub for Project supplies, acting 
as a primary service centre for the region.  
Copper/gold concentrate from the Project will be 
transported to the Port of Stewart before shipment 
overseas.  Mine supply and concentrate hauling 
activities may affect existing traffic levels and 
patterns, as well as economic conditions in 
Stewart, Houston, and Burns Lake. 

 

8.19.4 Economic Impact Modelling 

8.19.4.1 Economic Terminology 
Economic terms used in the following sections are defined here to assist the reader.  

Basic prices: prices received for goods or services by the producer versus those paid by the final 
consumer, which are inclusive of any receivable subsidies yet exclude any tax payable as a 
consequence of its production or sale and any separately invoiced transport charges. 
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Granisle 33.47
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Woyeene 112.18
Old Fort (Nedo'ats) 16.27
Topley 76.56
Donald Landing 88.71
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Houston 89.73
Smithers 71.39
Telkwa 71.64
Stewart 246.42

Primary Communities:

Secondary Communities:

1:4,250,000
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Direct effects: effects associated with an initial change in demand for Project inputs by the 
proponent.  Direct effects will result from PBM’s expenditure on inputs in mine construction and 
operation (including contracted services billed directly to PBM).  Direct effects pertain to the 
deliveries by suppliers and industries needed to satisfy final demand expenditures on products. 

Economic output: the total value of production in all industries associated with Project 
expenditures. 

Expenditure: payments for the purchase of goods and services. 

Final demand: demand for products by end users, as opposed to the intermediate demand of 
suppliers for inputs in their respective production processes.   

Flow: any change that occurs over an interval of time, usually measured per unit of time. 

Government taxes: financial government transfers.  Taxes include personal and corporation 
taxes, goods and services tax (GST), provincial sales tax (PST), as well as other commodity 
taxes (e.g., gas taxes, liquor and lottery taxes, and profits), air transportation taxes, duties, and 
excise taxes. 

Gross domestic product (GDP): GDP is a measure of the total value added to the BC provincial 
economy by productive activities or the unduplicated total value of goods and services.  BCIOM 
reports GDP in basic prices, excluding taxes on products. 

Indirect effects: effects associated with changes in intermediate demand among the chain of 
Project suppliers (triggered by direct effects).  Industries supplying goods and services to the 
Project will increase expenditure on inputs to expand output, and in turn so will their respective 
suppliers and so on.  There are several rounds of gradually diminishing indirect effects with the 
increased demand from the Project’s direct suppliers stimulating the first round. 

Induced effects: effects associated with increased direct and indirect employment opportunities 
created by the Project that lead to increased levels of household income and increased 
consumption.  Induced effects derive from increased income and translate as increased consumer 
spending. 

Inflation: the overall upward price movement of goods and services in an economy over time. 

Intermediate demand: the demand Project suppliers and their suppliers have for inputs in their 
respective production processes. 

Macroeconomic: a branch of economics that deals with the performance, structure, and 
behaviour of the provincial economy as a whole.  Macroeconomic analysis in this study is 
limited to BC, and therefore excludes national economic effects. 

Output: the total value of production in all industries.   
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Shock: simulating a change in the usage or production of a commodity or group of commodities 
using an economic model.  This will cause a new economic equilibrium, whereby the total 
supply (production) and demand (usage) of goods and services in the economy are represented as 
equal.  The model will report on the associated change in levels of economic activity.  

Stocks: usually a physical entity measured at points in time, which may have accumulated in the 
past in response to flows. 

8.19.4.2 Background 
The BC government’s input-output model (BCIOM) was used to estimate the Project’s economic 
effects for both the construction and operations phases.  The BCIOM is specifically used to 
analyze the propagation of demand throughout the economy from a stimulus such as a particular 
investment project, which may directly alter demand within a specific industry, or the final 
demand of end consumers across all industries (Ghanem 2005).   

The BCIOM is derived from Statistics Canada’s national model and draws on national 
accounting input-output tables comprising 727 commodities, 300 industries, and 170 final 
demand categories.  These tables are used to represent the flow of goods and services between 
industries (mutually as inputs and outputs) that make up the production processes of all 
industries.  With the exception of wage data from 2007, the data that are used in BCIOM are 
from 2004, although periodically updated by Statistics Canada.   

Data from the input-output tables are used in a complex matrix representing a snapshot of the 
provincial economy in 2004.  The BCIOM uses algorithms that channel demand for commodities 
from the point of final consumption back through to the inputs required in the early stages of 
their production.  In practice, inputs and outputs are referenced in terms of quantities, but the 
model works strictly in monetary terms (i.e., $200,000 in vehicles versus two vehicles).     

The model is consistent with national accounting theory and specifically the expenditure method 
of calculating GDP, which maintains that the total value of production in an economy (i.e., GDP) 
corresponds with the amount of income generated from production and also the total value of 
expenditure on final products.  Equally, GDP can be calculated as the sum of the value added 
from all factors of production throughout the intermediate stages of production.  In a similar 
respect, input-output modelling is based on the theory that the sum of all a product’s input costs 
are representative of its final value.  For example, in the Project’s construction and operations 
phases, total expenditures on inputs (e.g., capital infrastructure and equipment) plus margins 
(e.g., transport, taxes, and mark-ups) respectively sum to the approximate value of the 
constructed mine and mine production.   

The model is also consistent with economic theory, given the aggregate supply of goods and 
services must equal aggregate demand for goods and services in an economy.  PBM’s 
expenditures during the construction and operations phases are expressions of demand 
represented in the model as the value of new output.  This is because any increase in Project-
related consumption (demand) must be met with new output (supply).   
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The BCIOM simulates how the change in demand generated by PBM is likely to circulate to 
industry (i.e., supplier businesses) and the employees of PBM and industry and in turn their 
household supplier industries to ultimately affect the wider economy.  The model is “shocked,” 
which in simple terms means output as represented in the model is inflated by the capital cost of 
construction (adjusted for tax and imports) to reflect the increase in demand for goods and 
services predicted to arise in response to the Project’s construction.  As a result of this first 
simulation, the model will adjust to a new supply-demand equilibrium, reporting new levels of 
overall economic activity.  The same is the case for the second simulation, except that the model 
is used to simulate the overall increase in demand associated with operations, and hence output 
in the model is adjusted upwards by an amount equal to the Project’s estimated annual operating 
cost (adjusted for tax and imports).   

The BCIOM reports effects on output, GDP in basic prices, employment, income, and tax revenue.  
Direct, indirect, and induced effects are reported for each of these indicators or economic activities.  
The model analyzes the direct effects of the initial change in demand from Project expenditures as 
well as the indirect effects associated with subsequent changes in demand in intermediate supply 
industries.  The demand associated with the direct expenditures outlaid by the mine is filtered 
along the input supply chain generating various rounds of gradually diminishing indirect effects.  
Induced effects occur as employee income (from direct and indirect Project employment) is re-
injected into the economy through increased household spending.  This is based on the assumption 
that prior to the Project, all direct and indirect employees were receiving employment insurance 
(EI) or income from another safety net program, and as a consequence of the Project will receive 
more income than would otherwise be the case.  

The magnitude of the Project’s effects on the reported economic indicators is determined by the 
multipliers used.  The BCIOM data can be used to calculate more than 4,500 different 
multipliers, which essentially measure the interdependencies of industries.  These multipliers are 
based on relationships established from observed 2004 economic data.  Multipliers trace the 
economic effects of an initial round of demand from an economic activity (e.g., a new mine’s 
production) through the economy, matching certain industry expenditures with “typical” 
consumption and production patterns.  Multipliers are ratios of the total effect to the exogenous 
shock.  In other words, multipliers represent the effects on particular areas of the economy for 
each $1 increase or decrease in expenditure in a given industry.  Multipliers are highest in those 
industries with the most linkages to other sectors (Cross and Ghanem 2006).3   

BCIOM has been in use since the mid-1970s and applied in hundreds of economic impact studies 
for a wide variety of projects (from mining to the 2010 Vancouver Olympics).  Despite a number 
of weaknesses outlined below, input-output models are considered highly useful tools in 
macroeconomic analysis and remain one of the most comprehensive instruments available to 
support broad-scale economic analysis. 

                                                 
3 Employment multipliers are somewhat different, and represent the economy-wide effects for each $1 million 
increase or decrease in expenditure in a given industry (Horne 2007).   
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8.19.4.3 Assumptions and Caveats 
All economic models represent simplified reality.  A number of simplifying assumptions and 
caveats associated with the BCIOM have been identified: 

• The BCIOM is a static model.  Therefore, it is assumed that the general structure of the 
economy and relationships between industries in 2004 are still applicable now.  Many 
recent adjustments to the province’s economic context are not incorporated (e.g., exchange 
rate, trade patterns, political contexts, and consumer confidence). 

• The BCIOM is a flow model.  Stocks are not represented as there is no explicit 
representation of time of in the model.  It is assumed that all intermediate goods can be 
produced without additions to capital stock. 

• The model is not able to forecast changes over time.  It assumes the effects will be 
immediate and all at once, ignoring lag time and that a stream of effects will occur over 
time.  Furthermore, the model does not reflect that the value of receiving income in 10 
years is less valuable than receiving it all today. 

• All dollar values in the analysis are measured in current prices.  Constant prices, which 
counter inflation effects, have not been used, because time is not explicitly represented in 
the model.  It is possible that inflation could lead to an underestimation of the effects.  If 
only some inputs increase in price, then an overestimation in those inputs becoming 
relatively cheaper and an underestimation of those becoming relatively more expensive 
may occur.   

• The model does not distinguish regional differences.  Thus, the effects would not differ 
even if the Project was elsewhere in province.   

• Proportional linear relationships exist between inputs and outputs, implying marginal 
changes (i.e., changes in output resulting from one more input unit) are equal to average 
changes.  This discounts the potential for economies of scale (i.e., when a firm expansion 
decreases the long run average cost of producing an extra unit of output). 

• It is assumed that increases and decreases in demand will deliver the same proportional 
effect, if all else remains the same.  However, it is less likely that a decrease in demand 
will actually spark an economic slowdown, unless all funds originated from overseas.  
Economic interactions are dynamic and complex in reality, with wide-ranging effects.  

• Supply is assumed to be perfectly elastic; any increase in demand will lead to an 
automatic increase in supply.  This assumption holds because demand and supply cannot 
be represented simultaneously by the model, yet disregards the potential for bottlenecks 
in the supply chain, price increases, substitution effects, or changes to import ratios. 

• All industries are assumed to be operating at full capacity.  Therefore, any increase in 
demand for output is presumed to require an increase in employment, which discounts the 
potential for worker re-deployment and capacity constraints. 

• Input expenditure data are net of taxes (e.g., GST and PST), with the exception of fuel 
purchases that have embedded excise taxes.  All tax data are generated using the model, 
based on averages for an industry or commodity. 
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• In this analysis, commodities produced in BC have a greater effect than those imported 
from elsewhere.  The BCIOM incorporates default import ratios that assume goods and 
services are produced in BC but may have been manufactured elsewhere.  

• The GDP figures are derived using imperfect information provided by the proponent, 
based on wages, salaries, and benefits only.  Operating surpluses, depreciation, and other 
factors affecting GDP are currently unknown. 

• It is assumed that BC residents have a marginal propensity to consume of 0.8, meaning 
they spend 80% of their earned income on goods and services and save the remainder. 

• All employment figures are expressed as “jobs,” which does not necessarily mean full-
time jobs.  Short-term contracts are common in the mining industry, especially in 
construction (in which case job estimates can appear misleadingly high). 

• It is assumed that workers employed by the Project obtained income from employment 
insurance or another safety net program before being hired. 

• There is no consideration of any economic displacement effects in existing industries 
(i.e., the potential for any adverse effects on other firms competing for scarce resources).   

• Social costs/externalities (costs experienced by the community not directly involved in 
the Project) are excluded, hence social and environmental analyses are also necessary.  

• The model precision is estimated to be no more than 10% above or below the actual 
figures. 

8.19.4.4 Input Data 
As mentioned above, all input data were entered into the model in dollar terms.  Estimates of 
total construction expenditures and annual operating costs were estimated by PBM at $490 
million and $89 million, respectively.  These were the data used to run the model; however the 
estimated cost of construction has since been revised upwards by approximately 5% from $490 
million to $516 million.  As such, the reported results may have been slightly underestimated.  

Before entry into the BCIOM, aggregate expenditures for construction and annual operating 
costs were broken down into detailed product categories based on information collected from 
PBM.  Where PBM was unable to identify the details of expenditures, allocations were made by 
analysts at Statistics Canada according to average industry expenditure patterns in 2004.   

8.19.4.5 Results 
A range of economic effects are anticipated to result from PBM’s expenditures in each phase of the 
Project.  These expenditures will have varying effects, depending on the specific goods and 
services purchased and the typical path of demand associated with such expenditures.  Notably, the 
model does not provide precise forecasts but rather generates estimates of how the overall level of 
economic activity could be expected to change as a result of new demand generated by the Project, 
assuming the future economy is comparable to that in 2004.  Beyond the normal error band for this 
type of modelling, results for the construction phase are now expected to be approximately 5% 
above reported levels, in light of a proportional increase in the input data (i.e., the model’s 
structure is linear).  
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To understand the results and ensure their comparability, economic effects are presented for one 
year of construction and operations.  Thus, in any one year of construction or operations, the 
Project is expected to increase economic activity by the reported level above baseline conditions.  
Any reference to annual increases or contributions that follows does not pertain to cumulative 
growth from preceding years, but rather growth above baseline conditions in any given year.  
However, the results presented in this section can be multiplied by the length of the phase (two in 
the case of construction and 21 for operations) to get the overall effect across time for each phase.   

Construction Stage 
A summary of the predicted economic effects associated with the Project’s construction phase as 
reported by the BCIOM is provided in Table 8.19-3 at the provincial level, therefore 
incorporating all study communities.  As primary and secondary communities are near the mine, 
these effects will probably be particularly prevalent there.  

Table 8.19-3 
Annual Economic Effects from Project Construction  

 CDN$ (Millions) 
 Direct Indirect Induced Total 

     

Project expenditure $245 - - - 
Supply industry output change  $70.6 $33.1 $33.2 $136.9 
     

Project contribution to GDP $35.3 - - $35.3 
Supply industry contribution to GDP $35.1 $14 $20 $69.1 
    Total contribution to GDP    $104.3 
     

Project employment (jobs) 225 - - 225 
Supply industry employment (jobs) 422 188 282 892 
    Total Employment (jobs)    1,117 
     

Project addition to household income $35.3 - - $35.3 
Supply industry addition to household income $22.7 $8.9 $11.9 $43.4 
    Total addition to Household Income    $78.7 
     

Project derived federal tax revenue  $9.5 - - $9.5 
Project derived provincial tax revenue  $12.7 - - $12.7 
    Total Project Tax Revenue $22.2 - - $22.2 
     

Supply industry derived federal tax revenue  $3.1 $1.2 $2.8 $7.1 
Supply industry derived provincial tax revenue  $1.9 $0.9 $2.9 $5.7 
Supply industry derived municipal tax revenue  $0.2 $0.2 $0.5 $0.9 
    Total Supply Industry Tax Revenue $5.1 $2.3 $6.1 $13.5 
     

    Total Tax Revenue     $35.8 

Note: Employment estimates are based on annual wages in 2007. 
Source: (BC Stats 2009). 
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PBM estimated that construction will span approximately two years with total expenditures 
amounting to $490 million (since revised to $516 million) and annual expenditures to be half that 
(i.e., $245 million or $258 million based on revised figure).  In light of the upwards revisions to  
PBM’s estimate of construction expenditures, the effects may be slightly more substantial than 
indicated by the model results presented in Table 8.19-3 and referenced below.  PBM’s annual 
expenditures give rise to output increases, which represent the annual change in the value of 
production expected in the provincial economy from the Project’s construction.  During each year 
of construction, Project expenditures are expected to create demand for $71 million in new output 
from direct suppliers, who in turn are expected to create demand for $33 million in output from 
their respective suppliers (i.e., indirect Project suppliers).  Demand is filtered down a chain of 
indirect suppliers, gradually diminishing in significance as the initial stimulus becomes further 
removed.  Induced effects on output are estimated at $33 million above baseline conditions, owing 
to new demand for goods and services from employees who are hired directly by PBM (including 
both company staff and external contractors) or with indirect suppliers.  Thus, the total increase in 
output resulting from construction is estimated at $137 million annually.   

GDP is a measure of the value added to the provincial economy by activities attributable to the 
Project, which differs from output in that contributions are specifically counted only once as 
opposed to at each stage of production.4  Increases in GDP are representative of economic growth.  
Provincial GDP will reportedly increase by $35 million as a result of direct employment with the 
Project above baseline conditions in each year of construction.  Direct suppliers are expected to 
annually contribute another $35 million to GDP, and indirect suppliers an additional $14 million 
from labour hires and increased production in response to Project demand.  Additionally, the 
Project’s direct and indirect employees are expected to annually induce demand for a further 
$20 million increase to GDP.  The total increase in GDP arising from the Project’s direct, indirect, 
and induced effects are expected to total $209 million in each year of construction.   

The BCIOM estimates that in each year of construction, the Project will provide 225 jobs 
directly and 422 jobs with direct suppliers.  Further, the Project will annually maintain an 
estimated 188 indirect jobs in supply industries and 282 induced jobs across a variety of 
industries.  Cumulatively, the Project is expected to create 1,117 jobs in each year of 
construction; however, this employment is not necessarily full-time, but may be part-time, 
seasonal, or temporary.   

In each year of construction, the BCIOM reports that PBM’s direct employees will benefit from 
$35 million in household income, while employees of direct suppliers will be remunerated with 
$23 million.  Household income among employees of indirect supplier industries reportedly will 
amount to $9 million annually.  The Project is also anticipated to induce $12 million in new 
household income in BC annually, as wages are paid to the employees of businesses supplying 
the household demand of direct and indirect employees.  The Project’s total contribution to 

                                                 
4 By comparison, “output” encompasses the value of inputs in initial and intermediary products and again on final 
products, leading to double counting and an overestimation of the total value of the Project’s economic contribution.   
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household income in BC, including direct, indirect, and induced effects, is estimated at 
$79 million per year. 

The economic activity associated with the construction phase is anticipated to contribute to 
government tax revenues in the form of personal taxes, corporate income taxes, as well as 
commodity taxes (fewer subsidies).  Reportedly, PBM will annually generate $22 million in 
direct tax revenue, of which nearly $10 million will go to the federal government and nearly $13 
million will go to the province.  Direct suppliers are expected to annually contribute $5 million 
to tax revenue, indirect suppliers $2 million, and the Project’s induced effects are expected to 
annually generate $6 million in tax revenue.  In contrast to tax collected directly from PBM, 
Table 8.19-3 shows that the majority of the revenue collected from supplier industries will be 
directed to the federal government instead of the provincial government.  Municipal 
governments will receive the least amount of tax revenue from suppliers.  In total, all tax revenue 
from supply industries is expected to amount to $6 million, which in conjunction with the $5 
million in PBM-generated revenue brings total Project-related tax revenue to almost $12 million 
in each year of construction. 

Operations Stage 
Table 8.19-4 provides a synopsis of the anticipated economic effects in BC associated with the 
Project’s operations phase.  While this analysis is done at the provincial scale, it is expected that 
effects will be concentrated in the primary and secondary study communities because of their 
proximity to the Project.   

PBM expenditures during the Project’s operations phase are predicted to reach almost 
$1.9 billion across the 21 years of production, or $90 million annually.  Annual expenditures are 
anticipated to create demand for $54 million in new output from direct suppliers.  As demand for 
direct supplier output grows, inputs necessary to produce these goods and services will be 
required, and hence $21 million in indirect output is also expected each year.  Demand generated 
by direct and indirect employees’ household consumption is expected to annually induce $12 
million in new output.  In total, the Project has the potential to generate $87 million in output in 
each year of operations.   

The Project’s operations phase is expected to stimulate economic growth in the province, directly 
adding $19 million to GDP annually through employment income.  Direct suppliers and indirect 
suppliers are also expected to make significant contributions to GDP as they hire labour and 
increase production, respectively contributing an estimated $14 million and $11 million in each 
year of operations.  The BCIOM reports that the Project will further boost GDP by $7 million in 
each year of operations in response to the demand induced by direct and indirect employees.  
The sum of the Project’s direct, indirect, and induced effects on GDP are estimated to total $50 
million annually.   

It is expected that the Project’s operations phase will annually create 251 direct jobs with PBM.  
The BCIOM reports that in each year of operations, direct suppliers will generate 94 jobs and 
indirect suppliers 155 jobs.  Additionally, the Project is expected to result in 101 induced jobs.  
In combination, the Project’s direct, indirect, and induced effects on employment are anticipated 
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to result in the creation of 601 jobs above baseline conditions in any given year of operations, 
which may be full-time, part-time, seasonal, or temporary. 

Table 8.19-4 
Annual Economic Effects of Project Operations  

 CND$ (Millions) 
 Direct Indirect Induced Total 
     

Project expenditure $89.5 - - - 
Supply industry output change  $53.8 $21.4 $11.9 $87.1 
     

Project contribution to GDP $18.5 - - $18.5 
Supply industry contribution to GDP $13.9 $10.5 $7.1 $31.5 
    Total contribution to GDP    $50.0 
     

Project employment (jobs) 251 - - 251 
Supply industry employment (jobs) 94 155 101 350 
    Total Employment (jobs)    601 
     

Project addition to household income $18.5 - - $18.5 
Supply industry addition to household income $5.4 $6.8 $4.2 $16.4 
    Total addition to Household Income    $34.9 
     

Project derived federal tax revenue  $2.9 - - $2.9 
Project derived provincial tax revenue  $2.5 - - $2.5 
    Total Project Tax Revenue $5.4 - - $5.4 
     

Supply industry derived federal tax revenue  $1.1 $0.9 $1.0 $3.0 
Supply industry derived provincial tax revenue  $0.9 $0.6 $1.0 $2.5 
Supply industry derived municipal tax revenue  $0.3 $0.2 $0.2 $0.7 
    Total Supply Industry Tax Revenue $2.3 $1.7 $2.2 $6.2 
     

    Total Tax Revenue     $11.7 

Note: Employment estimates are based on annual wages in 2007. 
Source: (BC Stats 2009). 

Household income directly received as remuneration by PBM employees is predicted to amount 
to $19 million annually.  Direct suppliers are expected to receive approximately $5 million 
annually and indirect suppliers $7 million annually.  Induced effects are reported to result in 
$12 million in annual household income in BC, to employees of businesses serving the 
household demands of direct and indirect employees.  The Project’s operations phase is expected 
to generate a total of $35 million in provincial household income annually.  

Government tax revenues collected from PBM are expected to total just over $5 million annually, 
which is to be split between the federal and provincial governments as shown in Table 8.19-4.  
Direct suppliers, indirect suppliers, and household suppliers economic activities will each 
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contribute approximately $2 million in government revenue, bringing supplier contributions to $6 
million in total.  The federal government will claim the majority of the revenue, followed by the 
province, and then the municipal governments.  In total, the economic activity associated with 
operations is anticipated to contribute almost $12 million to government tax revenues (including 
personal taxes, corporate income taxes, and commodity taxes less subsidies).   

8.19.5 Identification and Description of Potential Effects 

8.19.5.1 Nature and Extent of Effects 
This section describes the nature and extent of each potential effect prior to the establishment of 
mitigation and/or enhancement measures.  The nature of an effect can be beneficial, adverse, 
neutral, or mixed.  The extent of effects can be classified as negligible, minor, moderate, or 
major and is estimated based on the anticipated variance from the current baseline conditions as 
summarized in Table 8.19-5.   

Table 8.19-5  
Potential Effects Descriptor Definitions 

Nature and Extent Definition 
Nature of effect 
Beneficial Positive, advantageous to individuals, community, or region. 
Adverse Negative, detrimental to individual, community, or region. 
Neutral Neither positive nor negative; impartial. 
Mixed Equally positive or negative, depending on circumstances or perspective. 

Extent of effect 
Negligible Very slight change from the baseline conditions such that no discernible 

effect is expected. 
Minor A slight but measurable change from the baseline conditions.  Changes are 

expected to be relatively small, and/or be temporary, and/or affect only a 
small number of people. 

Moderate A noticeable and relatively substantial change from the baseline conditions.  
Changes may be longer term, occur at a higher degree for a temporary 
period, and/or may affect a larger number of people. 

Major A substantial shift from baseline conditions.  A fundamental alteration to the 
baseline characteristics of a community or population, and/or affecting a 
large number of people for the long term. 

 

Effects will be assessed for four discrete phases of the Project lifecycle: construction, operations, 
decommissioning, and post-closure.  Analysis of effects may be combined in many instances 
where multiple phases are expected to have effects of a similar nature and extent (e.g., 
decommissioning and post-closure). 

While biophysical effects (e.g., water quality) are typically assessed relative to baseline 
conditions, the socio-economic assessment must recognize the negative effect associated with the 
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loss of project benefits—for example, the loss of employment at closure.  As such, when the 
prior phase is foreseen to be optimal to baseline conditions, effects will be assessed relative to 
the prior phase, rather than the current baseline. 

The following sections describe the nature and extent of effects associated with each VSEC. 

8.19.5.2 Employment and Income 
Over its lifecycle, the Project will have various direct, indirect, and induced effects on 
employment and income in the socio-economic study communities.  A summary of anticipated 
effects is presented in Table 8.19-6 followed by a discussion of the analysis.  

Increase in Employment (Effect 1)   
The Project’s human resource activities will create a number of jobs across each phase of the 
mine’s life.  Project-related increases in employment are considered beneficial because they have 
largely positive connotations in communities, improving socio-economic circumstances on many 
levels that are explored throughout this assessment.   

According to the BCIOM, in each year of construction 225 jobs will be generated directly with 
PBM and 422 jobs with direct suppliers.  In total there will 450 direct PBM jobs created across 
the two years along with 844 direct supplier jobs.  In addition, the Project will create indirect and 
induced employment, respectively estimated to account for 188 and 282 jobs annually during 
construction.  In total, the model predicts that construction activities will generate 1,117 jobs per 
year; however, because of the nature of construction work, many of these jobs may be part-time, 
temporary, and/or contract.  PBM intends to have 200 persons on site at any one time during 
construction.   

For each year of operations, BCIOM predicts that 251 jobs will be created with PBM and 94 
with direct supplier.  Examples of the types of jobs that will be created and the skill requirements 
necessary to obtain them can be found in Section 4.22.  The model also predicts that the Project 
will generate 155 indirect and 101 induced jobs.  In total, the operations phase is expected to 
generate 601 jobs annually in positions that are more likely to be full-time and longer than those 
created in construction.  PBM intends to have 151 persons on site at any one time during 
operations. 

Overall, the extent of the Project’s employment effects are expected to be generally equal 
between construction and operations phases in the study communities, with a high number of 
jobs for a short time balanced by a lower level of employment for a more sustained period.  

For decommissioning, the Project will employ an estimated 60 workers of which 40 can be 
expected to be on site at any one time.  The 60-person workforce hired for decommissioning is 
expected to thin down substantially after 1 to 2 years for post-closure.  The employment effects 
of these phases are considered negligible. 

 



 

 

Table 8.19-6 
Morrison Copper/Gold Project: Potential Effects on Employment and Income 

  Effect Affected Communities Project Phase(s) Nature Extent 
Construction and operations Minor Granisle, Topley Landing, Smithers 

Landing, Topley, Burns Lake, Houston, 
and Telkwa 

Decommissioning/post-closure 
Beneficial 

Negligible 

Construction and operations Moderate 

1 Increase in employment:  
Directly hiring workforce, indirect 
supplier hiring, and induced hiring in 
response to new consumption from 
direct and indirect employee wages. 

Lake Babine Nation communities and 
Smithers Decommissioning/post-closure 

Beneficial 
Negligible 

Operations Negligible Granisle, Topley Landing, Smithers 
Landing, Topley, Burns Lake, Houston, 

and Telkwa 
Decommissioning/post-closure 

Adverse 
Minor 

Operations Negligible 

2 Decrease in employment: 
Loss of direct, indirect, and induced 
employment (lay offs). 

Lake Babine Nation communities and 
Smithers Decommissioning/post-closure 

Adverse 
Moderate 

Construction and operations Minor Granisle, Burns Lake, Houston, 
Smithers, and Telkwa 

Decommissioning/post-closure 

Beneficial 

Negligible 

Construction and operations Moderate 

3 Increase in income: 
Payments of wages and salaries of 
direct, indirect, and induced 
employees. Lake Babine Nation communities, 

Topley Landing, Smithers Landing, and 
Topley Decommissioning/post-closure 

Beneficial 

Negligible 

Operations Negligible Granisle, Burns Lake, Houston, 
Smithers, and Telkwa Decommissioning/post-closure 

Adverse 
Minor 

Operations Negligible 

4 Decrease in income: 
Ceased wage and salary payment for 
direct, indirect, and induced 
employees. Lake Babine Nation communities, 

Topley Landing, Smithers Landing, and 
Topley Decommissioning/post-closure 

Adverse 

Moderate 

Lake Babine Nation communities Construction and operations Adverse Moderate 5 Variable access to employment 
and income:  
Unequal opportunities across 
genders, ethnicities, cultures, ages, 
and abilities from pre-existing socio-
cultural issues. 

Burns Lake, Houston, Smithers, Topley 
Landing, Smithers Landing, Topley, and 

Telkwa 

Construction and operations Adverse Minor 
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The extent of the Project’s effects on employment will vary by community, depending not only 
on the opportunities available but also the likelihood that jobs will materialize based on current 
community capacity.  This further depends on factors that are often difficult to quantify, such as 
the degree to which existing members in each community are interested, available, and qualified 
to undertake Project-related work.  Capacity also depends on the demands of other large 
employers operating in the region, including upcoming (and closing) regional resource projects.5     

Granisle is the closest community to the Project and had an estimated 25% unemployment rate 
(35 persons) in 2006 (Statistics Canada 2007a).  A large proportion of the community’s current 
population are of retirement age and hence the extent to which they will be able to benefit from 
Project employment is predicted to be minor.  

While the communities of Topley, Topley Landing, and Smithers Landing are believed to have 
relatively high levels of unemployment (averaging 14%, or 85 persons in the broader Bulkley 
Nechako Electoral District G), the actual number of persons obtaining employment is expected 
to be very small (Statistics Canada 2007a).6   

Burns Lake, Houston, and Telkwa are relatively larger communities within the local region with 
unemployment rates estimated at around 10% in 2006 (Statistics Canada 2007a).  It is likely that 
some direct, indirect, and induced employment will be created in these communities, although 
because of their relatively larger size and the presumably random distribution of employee 
residences, the overall degree of change is expected to be minor. 

The Project’s effects on employment are expected to be greatest in the Lake Babine Nation 
communities of Tachet, Old Fort, Donald’s Landing, Fort Babine, and Woyenne, most of which 
are near the Project, and have high unemployment rates estimated at up to 42% in 2006 (in 
Tachet; Statistics Canada 2007a).  A moderate increase in employment opportunities is expected, 
although the extent of change is ultimately contingent upon various complex factors, such as the 
Lake Babine Nation’s relationship with PBM and the availability of transportation options 
between these isolated communities and the mine site.    

The extent to which the Project will affect employment is also expected to be moderate in 
Smithers, where the unemployment rate stood at 8.5% (240 persons) in 2006.  Direct, indirect, 
and induced employment is expected to increase significantly because Smithers has an 
established reputation as a regional mining centre.  This community offers the largest range of 

                                                 
5 Notably, a number of mining projects in the region are proceeding towards closure (e.g., Eskay Creek, 
Huckleberry, and Kemess South mines) that could potentially create new supplies of unemployed persons from the 
region with mining skills that could be absorbed by the Project if the timing of mine closures corresponds with the 
Project’s commencement.   

6 Topley was estimated to have a population of 118 persons in 2006, while the populations of other two communities 
were not large enough to be reported.  The Bulkley Nechako Electoral District G had a total population of 1,060 
residents in 2006 spread across a vast area of approximately 14,400km2, with the numbers of unemployed persons 
assumed to be spread throughout the region.   
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goods and services in the local region and is expected to channel a significant proportion of the 
expenditures made by the Project and its employees.  Smithers is also expected to be a central 
hub for trucking services between the mine site and the Port of Stewart. 

In summary, the Project’s construction and operations phases are expected to have a minor 
beneficial effect on Granisle, Topley Landing, Smithers Landing, Topley, Burns Lake, Houston, 
and Telkwa and a moderate beneficial effect on the Lake Babine Nation communities and 
Smithers.   

The effects of decommissioning and post-closure are projected to be beneficial but negligible in 
all of the study communities, because of the small workforce requirements during these phases.  

Decrease in Employment (Effect 2) 
A substantial number of employment contracts will terminate as construction ends and 
operations commence and again between the end of operations and the beginning of 
decommissioning.  While the Project creates employment in each phase and is not expected to 
reduce employment below baseline conditions, there will be significant net job losses between 
phases.  The Project’s role in decreasing employment is considered an adverse effect, as 
unemployment is known to bring socio-economic hardship to individuals and families and may 
exacerbate social problems such as crime, depression, poverty, and financial dependencies on 
government sources (R. Taylor and Saunders 2002).     

Based on employment increase estimates from the BCIOM, there will be 302 fewer direct jobs 
annually available with the PBM and direct suppliers between construction and operations.  
Additionally, 285 direct jobs may be lost between operations and decommissioning, with 
employment continuing to decline by another 55 direct jobs in the post-closure phase.  At any 
one time, the mine site is expected to have 49 fewer employees on site in operations than in 
construction, 190 fewer employees on site at any one time during decommissioning as compared 
to operations, and 55 fewer employees on site between post-closure and decommissioning.  In 
total, 340 direct job losses are expected between operations and decommissioning/post-closure, 
leaving only a handful of on-site jobs throughout post-closure.  This decrease in employment 
levels may have important socio-economic implications for local communities.  

Additional indirect and induced job losses are projected to arise as suppliers and employees of 
both the Project and its suppliers re-adjust demand to reflect the Project’s absence.  While job 
losses have not been explicitly estimated using the BCIOM, job increased data were used in 
estimating potential losses.  If the economy is in decline at closure (representing a worst case 
scenario), it is possible that employment losses could be experienced at a scale comparable to the 
original increases.  Calculations of the net differences in job numbers between phases indicate 
employment losses could total 516 jobs in operations and nearly 600 jobs in decommissioning 
and post-closure; however, the effect of employment losses will generally be less substantial than 
the initial increases (Horne 2007).   

The loss of employment among construction workers is expected to be negligible in overall 
terms compared to that occurring among operation workers.  Construction opportunities tend to 
be transient by nature, with short-term contract work common to the industry.  On this basis, 
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contractors employed during construction are typically better equipped than operations workers 
to manage employment losses.  By comparison, the operations workforce may work for many 
years on the Project, and thus the effect of job losses at closure may be felt more significantly.   

The extent of the Project-related employment decreases will depend on employee preparedness 
for job termination, work availability, the future economic climate, and the accessibility of 
similar opportunities.  While many in the Project’s workforce may become unemployed, with 
planning, others are expected to obtain work in the next phase of the Project, acquire work 
elsewhere on another Project, commence further study, or move into retirement.  If other 
resource developments are hiring at the same time that the Project is downsizing its labour 
supply, it is possible that employment losses could be offset.  The availability of jobs will 
ultimately depend on the future economic conditions.    

To be conservative, this assessment concludes that there is a potential, although not a significant 
likelihood, for the scale of the effect to match the extent of the initial increase.  It is assumed that 
those communities affected by a decrease in employment will be the same as those initially 
affected by an increase in employment during construction and operations.  The same community 
dynamics pertinent to an increase in employment in the study communities (see Effect 1) underpin 
the analysis of a decrease in employment, generally causing effects opposite in nature, yet of 
comparable extent.  

In summary, the employment decline at the onset of operations is anticipated to have a negligible 
adverse effect in all study communities.  At the onset of decommissioning and post-closure, the 
effect is considered as minor adverse in Granisle, Topley Landing, Smithers Landing, Topley, 
Burns Lake, Houston, and Telkwa, and moderate adverse in the Lake Babine Nation 
communities and Smithers.   

Increase in Income (Effect 3)   
Through the creation of direct, indirect, and induced employment, particularly within the mining 
sector, the Project is expected to increase income in the study communities.  Income increases are 
largely considered to be beneficial in that, similar to employment, they can improve self-esteem, 
reduce poverty, and lower financial dependencies on social assistance.  Additional income can help 
individuals and families buy more of the goods and services they desire, facilitating improvements 
in health, education, and overall standards of living.  While income increases are predominantly 
considered beneficial, it is also possible that this effect could have negative socio-economic 
implications for communities if income inequalities are widened (see Effect 5) or if income is used 
to fuel drug and alcohol abuse, gambling habits, prostitution, and/or other undesirable activities 
(see Section 8.19.6.7).   

Employees in the mining industry tend to receive higher annual salaries and benefits than 
employees in most other industries, with total employee earnings and benefits averaging 
$101,900 per annum in BC in 2007 (PricewaterhouseCoopers 2008).  This was more than double 
the $42,230 average annual full-time earnings of BC residents in 2005 (Statistics Canada 2007a).  
During operations, the Project intends to pay salaries starting at $48,000 per year ranging up to 
over $200,000 per year, which include contributions to a Workers Compensation Plan, the 
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Canadian Pension Plan, as well as medical and employment insurance.  Information on 
construction wages and benefits was not available, as external contracting companies will 
primarily determine this.  

The BCIOM estimates that the Project will generate a total of almost $79 million in household 
income in each year of construction via salary and wage payments to direct, indirect, and induced 
employment.  Of this total, PBM and direct supplier employees’ incomes are anticipated to account 
for $58 million per year.  For each year of operation, the model predicts a total increase of $35 
million, of which $24 million stems from the Project’s direct effects.  As with Effects 1 and 2, the 
extent of the effects between construction and operations are considered comparable because, 
though income in operations will be lower, it will be sustained for a longer period.  Because the 
number of jobs created during post-closure and decommissioning is relatively small and will 
decline over time, the effects on income over this period are expected to be negligible.    

It is assumed that communities affected by an increase in income will be the same as those 
initially affected by an increase in employment.  However, the extent of the rise in income is a 
function of employment and salaries associated with the types of employment that are 
realistically accessible by community members with their existing education and skill levels.  
Inevitably, such factors may vary significantly within a single community and are difficult to 
ascertain.  The degree to which income will rise also depends on current income and earnings 
levels.  Recent census data confirms that relative to BC, education levels are basic, income levels 
low, and rates of dependency on social assistance high in many of the primary and secondary 
study communities.    

Only a limited number of income opportunities are expected to be realized in the retirement 
village of Granisle because of its small potential labour force.  Census data indicate that median 
earnings and income after tax in the community were slightly below provincial levels in 2005 
and also that education levels were relatively high compared to many of the other primary 
communities, suggesting significant income increases are likely among the small number of 
existing residents who seek and obtain Project-related employment (Statistics Canada 2007a).7   

The secondary communities of Burns Lake, Houston, Smithers, and Telkwa are projected to 
experience a minor increase in income, as the larger size of these communities will dilute the 
effect.  Relative to BC in 2006, earnings and income levels were reported to be slightly above 
average in Houston and Telkwa, slightly below average in Burns Lake, and on par with the 
province in Smithers.  While relatively low levels of education were observed in these 
communities in 2006 compared to the province, much of population in these communities had 
higher levels of attainment than the primary communities.  Furthermore, numerous residents in 
Burns Lake, Houston, Smithers, and Telkwa were reported to be working in resource-based 
industries in 2006, suggesting they may have suitable skills and on-the-job experience (Statistics 

                                                 
7 It is probable that the community will experience job-related immigration as discussed in Section 8.19.6.4, which 
is likely to increase future average incomes and earning levels in the community, but will have minimal implications 
for the future income levels of the current population.   
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Canada 2007a).  It is likely that direct, indirect, and induced Project-related employment will 
compose a wide spectrum of jobs with varied salaries that will be split across these communities 
contributing to a minor overall increase in income.    

In Topley Landing, Smithers Landing, and Topley the effect of an income increase from Project-
related employment is likely to be significant given the proximity of these communities to the 
Project, as well as their relatively small size.  In particular, changes will be potentially most 
perceptible in the smaller scale communities of Topley Landing and Smithers Landing, where 
even one or two high-paying jobs could substantially alter the income profile of the community.  
Data on education and income levels specific to Topley Landing, Smithers Landing, and Topley 
were not available.  

The First Nations communities of Tachet, Old Fort, Donald’s Landing, Fort Babine, and 
Woyenne are characterized by high unemployment and low levels of education and income 
(Statistics Canada 2007a).8  The populations of these communities were observed to have 
younger median ages than those of non-Aboriginal study communities, with many residents 
expected to be or become of working age during the life of the Project.  The overall extent of an 
income increase in these communities is expected to be moderate.  

In summary, increases in income are expected to be minor and beneficial during construction and 
operations in the communities of Granisle, Burns Lake, Houston, Smithers, and Telkwa.  For the 
majority of the primary communities, including the Lake Babine Nation communities, Topley 
Landing, Smithers Landing, and Topley the Project’s effect on income is expected to be beneficial 
and moderate throughout construction and operations.  The effects of decommissioning and post-
closure are projected to be beneficial yet negligible in all of the study communities.  

Decrease in Income (Effect 4) 
At the conclusion of the mine’s construction and operations phases, income is expected to fall as 
employment levels decline.  As discussed under Effect 2, the Project will actually create income 
and employment in each phase above baseline conditions.  It is expected that there will be direct, 
indirect, and induced income decreases following the completion of each phase, as the Project, 
its suppliers, and providers of goods and services to direct and indirect employees lay off staff, 
thereby reducing their incomes.  This is considered an adverse effect, given a decrease in income 
can reduce self-esteem, increase poverty, intensify financial dependencies, and generally restrict 
the ability of individuals and families to buy the goods and services they desire.   

By calculating the difference in income levels predicted by the BCIOM between phases, estimates 
of potential net decreases in income between phases have been generated.  The amount of income 
received by PBM employees and direct suppliers is expected to be reduced by $34 million per year 
between construction and operations and by up to $24 million per year between operations and 
post-closure.  Depending on the state of the economy and other factors, indirect and induced 

                                                 
8 An exception included the full-time working residents of Woyenne, who reported full-time median earnings in 
excess of provincial levels in 2005.   



Environmental and Socio-economic Effects Assessment 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II 8–616 Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

income could also be reduced significantly, bringing total potential income losses to $79 million at 
the end of construction and $35 million at the end of operations.  Notably, a full reversal in effects 
is considered a worst case scenario.  Following the logic discussed for Effect 2, income losses for 
construction workers are expected to be less significant than those among operations workers 
because of the nature and duration of contract work in these industries.   

The communities affected by income decreases are expected to be the same communities affected 
by income increases (Effect 3).  Many of the factors that account for the extent to which these 
communities will be affected are similar to those already discussed in relation to decreases in 
employment (Effect 2).  For example, both income and employment decreases are influenced by 
employee planning and preparedness for obtaining future work, study, or retirement; job 
opportunities in the subsequent phase of the Project; and the economic climate of the future 
including opportunities at other resource projects.  Many of these factors are beyond the control of 
the proponent, particularly the background economic conditions, which in a worst case scenario, 
have the potential to magnify this effect. 

Additionally, the manner in which employees manage their finances will have important 
implications for the significance of income losses as employment opportunities decline.  While it 
is difficult to predict whether or not employees will independently and responsibly manage their 
finances, it is plausible, in operations particularly, that there is time to save and invest income to 
generate income returns beyond the Project’s life.   

In summary, the loss of income scheduled to occur as employees are laid off at the beginning of 
operations is expected to have a negligible adverse effect in all study communities, largely 
because contractors are expected to be aware of the short-term nature of construction work and 
also because of the new employment opportunities available during operations.  For 
decommissioning and post-closure, the effect is considered adverse and minor in Granisle, Burns 
Lake, Houston, Smithers, and Telkwa and adverse and moderate in the Lake Babine Nation 
communities, Topley Landing, Smithers Landing, and Topley. 

Variable Access to Employment and Income (Effect 5)   
While the Project is widely expected to increase employment above baseline conditions, this may 
not necessarily translate into increased employment across all groups within the study 
communities.  Pre-existing social, cultural, and psychological barriers can diminish the ability of 
some groups to realistically access employment and income.  This may include gender and/or 
cultural barriers, as well as a lack of self-esteem and/or low levels of education and training.  
Furthermore, it is acknowledged that many barriers to employment can form in the workplace, 
capable of preventing potential employees from successfully entering the workforce (INAC 
1996).  While socio-economic inequalities may already be prevalent on a wide scale, the Project 
could inadvertently exacerbate employment and income disparities in the study communities by 
increasing the relative size of the local resource-based industry and the proportion of male-
oriented and often culturally indifferent employment opportunities.  

Any role the Project has in reducing the relative proportion of employment and income 
opportunities in communities that are practically accessible to all contingents of the population—
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including vulnerable groups—is recognized as an adverse effect.  Vulnerable groups are defined 
here as sets of people with limited opportunities to access education, employment, and/or 
income, and include women and First Nations.  Reducing the potential for equal access to 
employment and income opportunities suppresses these socio-economically disadvantaged 
groups who tend to be less mobile and limited in their ability to gain financial independence.  

The extent of this effect is dependent on the prevalence of different vulnerable groups; the total 
number of persons who are classified as vulnerable; and the extent to which vulnerable groups are 
already disadvantaged by a lack of employment, income, and education.  Because of information 
constraints, only effects on First Nations and women have been explicitly analyzed; however, the 
classification of vulnerable groups could be widened to include anyone unemployed, in poverty, 
handicapped, or without education, which would increase the scope of this effect.   

This effect is expected to be equally prevalent in both construction and operations, with 
vulnerable persons missing out on a large number of economic benefits of a short and temporary 
nature in construction and lower number of more sustained opportunities in operations.  

The Project potentially will have a moderate adverse effect in the communities of Tachet, Old Fort, 
Donald’s Landing, Fort Babine, and Woyenne where multiple sets of vulnerable groups are 
present, including First Nations and women.  These Aboriginal communities report high baseline 
rates of unemployment, low levels of income, and high rates of social assistance.  It is also likely 
that hidden unemployment exists, whereby persons desiring a job stop actively seeking work, 
having become disengaged.  First Nations access to employment and income is limited as a result 
of basic education levels, limited public transport options, attitudinal factors, cultural apathy 
among employers, and the low motivation levels perceived by employers (J. Botti 2008, pers. 
comm.).   

Women are represented in fewer numbers than men in most of these communities.  Females 
demonstrate lower participation rates in the labour force than males yet encounter comparably 
high unemployment rates.  In addition, women often have greater levels of education than males 
yet suffer from higher levels of unemployment and accordingly are more reliant on social 
assistance than men.  To some degree, lower participation rates are linked with child-bearing, 
care-taking, and related domestic activities, which can restrict the ability and desire of women to 
undertake full-time work.  As such, employment that is not flexible can exacerbate employment 
and income disparities for First Nations and women.  

The primary and secondary communities of Burns Lake, Houston, Smithers, Topley Landing, 
Smithers Landing, Topley, and Telkwa are predominantly non-Aboriginal, which reduces the 
pertinence of this effect.  Women compose the largest vulnerable group subject to inequalities in 
these communities.  It is expected that the Project will have only have a minor effect in these 
communities relative to First Nation communities.   

In summary, any decrease in the potential for equal access to employment and income during 
construction and operations is considered a moderate and adverse effect in Tachet, Old Fort, 
Donald’s Landing, Fort Babine, and Woyenne.  Expected effects are less significant in the non-
Aboriginal communities of Burns Lake, Houston, Smithers, Topley Landing, Smithers Landing, 
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Topley, and Telkwa.  Hence this effect is estimated to be minor in both construction and 
operations in these communities.   

8.19.5.3 Education, Skills, and Training 
Education, skills, and training are inherently pertinent to, and will influence the level of, 
employment and related socio-economic Project benefits.  Therefore, the opportunities and 
demand for programs that address the education and training needs of the local communities are 
anticipated to change with the development of the Project, as well as the overall level of skills, 
training, and educational qualifications held by residents of the study communities.  The various 
effects of the Project associated with education opportunities and skill levels are summarized in 
Table 8.19-7.  Detailed information on each effect is described in following subsections. 

Increase in skills base (Effect 1) 
During construction and operations, jobs of various skill levels will be available with the Project.  
The recommended skills and experience levels required to access employment positions in 
operations are documented in the Section 4.22.  There will be increased incentive for local 
residents to pursue education and training in the interests of obtaining employment with the 
Project, and (typical of the mining industry) there will be opportunities for on-the-job training for 
many positions (enabling less-skilled workers to obtain both employment and training).  
Furthermore, skilled persons will be attracted to the area by the employment opportunities, 
augmenting skills levels in local communities. 

The skills base is generally expected to grow among workers who receive training to be hired for 
the Project and also those from the study area communities who are employed directly by the 
Project and gain on-the-job training and experience, allowing even those with little skill or 
experience to benefit substantially.  Recent and upcoming mine closures in the region coupled 
with the declining forestry sector have produced a substantial body of industrial workers with 
skill sets that are transferable to multiple-level mining-related positions.  As such, a significant 
amount of skilled labour and resources is already available in many of the secondary study 
communities.  However, skill levels in the Lake Babine Nations communities are generally very 
low and may increase more significantly in relative terms than other study communities as a 
result of the Project.   

Many of the skills learned in positions created by the Project are anticipated to be transferable to 
other mining projects and across industries, providing benefits to employees beyond the life of 
the Project.  In particular, equipment operators, trades people, and truck drivers are expected to 
obtain skills and experience through the Project that enhance their future employability.  While 
certain training will be company or Project specific, safety training and certain types of general 
training will likely increase the transferable skills base of communities. 



 

 

Table 8.19-7 
Morrison Copper/Gold Project: Potential Effects on Education, Skills, and Training 

  Description of Effect Affected Communities Project Phase(s) Nature Extent 
Construction and operations Moderate Lake Babine Nation communities 

Decommissioning/post-closure 
Beneficial

Negligible
Construction and operations Minor Granisle, Burns Lake, Houston, and 

Smithers 
Decommissioning/post-closure 

Beneficial

Negligible
Construction and operations 

1 Increase in skills base:  
Incentive for unskilled locals to obtain job-
specific skills; Project employees obtain on-
the-job training and experience; Individuals 
with skills and experience are attracted to 
the Project area by employment 
opportunities. Topley Landing, Smithers Landing, 

Topley, and Telkwa 
Decommissioning/post-closure 

Beneficial Negligible

2 Decrease in skills base:  
Out-migration of skilled labour at closure; 
loss of incentive for education and training. 

Lake Babine Nation communities, 
Granisle, Burns Lake, and Houston 

Decommissioning/post-closure Adverse Negligible

Granisle, Topley Landing, Smithers 
Landing, Topley, and Telkwa 

Construction and operations Beneficial Minor 3 Increased demand for training and skill 
development resources:  
Increased demand for locally available 
education and training programs and 
resources. 

Lake Babine Nation communities, Topley 
Landing, Houston, and Smithers 

Construction and operations Beneficial Minor 

4 Decreased demand for training and skill 
development resources:  
Decreased demand for locally available 
education and training programs and 
resources. 

Lake Babine Nation communities, 
Granisle, Topley Landing,  Burns Lake, 

Houston, Smithers Landing, Topley, and 
Telkwa 

Decommissioning/post-closure Neutral Negligible

Construction and operations 5 Decreased incentive to 
continue/complete education:  
Decreased motivation to continue with 
education relative to the immediate gains 
from receiving a salary. 

Lake Babine Nation communities, Burns 
Lake, Houston, and Smithers 

Decommissioning/post-closure 

Adverse Minor 

Lake Babine Nation communities, Burns 
Lake, Houston, and Smithers 

Construction and operations Beneficial Minor 6 Improved essential work and life skills:  
Enhanced essential life skills and work skills 
through steady employment and income 
management.  Topley Landing, Smithers Landing, 

Topley, and Telkwa 
Construction and operations Beneficial Negligible
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All of the study communities have moderately higher levels of unemployment than the 
provincial average, further indicating labour is readily available.  Additionally, the education 
levels in these communities are generally lower than the provincial average, suggesting that 
skills upgrading will likely be required.  These factors, combined with the existence of 
educational institutions in Burns Lake and Smithers that offer upgrading and trades training, lead 
to an expectation for this to be a moderate beneficial effect during construction and operations in 
the Lake Babine Nation communities and minor beneficial effect in Granisle, Burns Lake, 
Houston, and Smithers.  This effect was deemed negligible in the other study communities. 

At closure and decommissioning, the extent of increase in the skills base effect will diminish to 
become negligible for all communities as only a small workforce will be required to undertake 
the decommissioning of the mine.  Work will probably entail environmental monitoring and 
mine site security, which could in part be carried out by locals who are provided with training 
along with specialists from Smithers. 

Decrease in labour and skills base/ inventory (Effect 2)  
At closure, a decrease in labour and skills base/inventory is expected as skilled labourers may 
leave the study area to pursue employment elsewhere, while unskilled residents may have less 
incentive to obtain education and training without the immediate benefit of Project employment.  
Apart from those employees who retain employment with the Project (e.g., to implement mine 
closure and decommissioning, environmental monitoring plans), or use their transferable skills to 
become involved in other local businesses or retire, it is possible that a substantial proportion of 
mine employees living in the Granisle, Topley Landing, Topley, and the Highway 16 
communities (i.e., Burns Lake and Houston) may relocate to other regions to find similar work.   

Many of the benefits of skills development during previous phases will have lasting positive 
effects after closure.  Overall, the extent of this effect will largely depend on the future economic 
climate and status of other projects in the area, which will govern whether or not skilled workers 
can remain employed in the study communities.  Thus, with noted uncertainty, this effect is 
predicted to be adverse to a negligible extent for all communities. 

Increased demand for training and skill development resources (Effect 3) 
Corresponding with Effect 1 (i.e., an increase in the skills base) is an increased demand for 
training and skill development resources.  This includes the anticipated demand for education 
and training programs (and the staff and resources needed to deliver these programs) to develop 
the skills required for employment; thus, this demand is an indirect effect of employment 
opportunities with the Project during construction and operations.  Training in advance of hiring 
and on-the-job training are expected to trigger demand for the resources necessary to deliver 
training.  Nearby educational institutions such as the College of New Caledonia in Burns Lake 
and the Northwest Community College in Smithers have the capacity and interest to address 
predicted demands (Appendix 45).   

The majority of the demand for training and skills development is expected to come from the 
Lake Babine Nation communities.  Relative to the non-Aboriginal study communities, a 
combination of high unemployment rates and lower education levels is anticipated to translate 
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into a relatively higher demand for training from these communities.  Studies have demonstrated 
that continued education and access to sector-specific training and support directly correlate with 
higher employment and income for Aboriginal graduates (Walters, White, and Maxim 2004).  
Therefore, a major development such as the Project presents a positive opportunity for First 
Nation youth in the area to develop their skills and employment potential, provided that the 
relevant training and education is available and accessible. 

The increased demand for education and training resources is considered beneficial during both 
construction and operations to a minor extent for the communities mentioned above as well as 
Granisle, Topley Landing, Smithers Landing, and Telkwa. 

Decreased demand for training and skill development resources (Effect 4) 
Upon the mine’s closure, the need for Project-specific education and training is anticipated to 
decline.  It is expected that PBM will host employment transition and skills transfer workshops 
for laid off employees, but beyond this a decrease in demand for training and skill development 
programs and resources is expected.  Looking forward approximately two decades (i.e., to when 
mine closure will occur) it is likely that there will be other mining developments to replace the 
Project, in addition to the projected revitalization of the region’s forestry industry.  This is also 
relevant to the loss of employment effect in the previous VSEC. 

These factors will generate ongoing education and training needs that are expected to offset the 
extent of losses associated with the Project.  Therefore, the effect of a decrease in demand for 
programs in Granisle, the Lake Babine Nation communities, Burns Lake, and Houston will be 
adverse, to a negligible extent. 

Decreased incentive to continue / complete education (Effect 5) 
The Project may also generate a decreased incentive level for local community residents to either 
continue or complete their education.  This effect pertains to lowered motivation to pursue 
education relative to the immediate gains and incentive from receiving a salary or contractor 
wages from the mine. 

Many of the Aboriginal primary communities have populations characterized with significant 
numbers of younger, high school- and college-aged persons.  As youth in high school or college 
witness the employment benefits received by other community members (including high-paying 
salaries) throughout construction and operations phases, this may indirectly result in a decision to 
prematurely leave school to join the workforce.  In addition, study communities including those 
of the Lake Babine Nation, Burns Lake, Houston, and Smithers have, on average, lower levels of 
education attainment and income relative to the province, and hence the absence of a high school 
certificate and costly further education is not uncommon, or something most residents are 
adverse to.  The combination of these factors may cause a minor adverse effect on these 
communities during the construction and operations phases of the Project. 
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Improved essential work and life skills (Effect 6)  
Improved essential work and life skills may include learning skills, accountability, time 
management, communication, and financial responsibility, which are enhanced through 
workplace experience.  

Individuals from local communities with lower than average education or skill levels, and/or 
persons that have historically been challenged socially by life circumstances will have an 
opportunity to be involved in entry, low-skill level jobs offering them valuable life and 
professional experiences (e.g., ability to participate in inter-personal communications).  At the 
other end of the spectrum, professionals may be able to take on advanced levels of responsibilities 
and enhance their portfolio of career experiences.  The outcome of such opportunities and 
experiences is personal and professional development that benefits the individual, their family, and 
also the wider community.  For the Lake Babine Nation communities, Burns Lake, Houston, 
Smithers, and Telkwa this effect is considered beneficial and minor during the construction and 
operations phase and beneficial but negligible for Topley Landing and Smithers Landing. 

8.19.5.4 Business Opportunities and Economic Development 
The Project is anticipated to alter business opportunities and economic development in the study 
communities.  Based on the results of the BCIOM, effects on business opportunities are quantified 
in terms of direct, indirect, and induced output changes, while those on economic development are 
measured according to the direct, indirect, and induced changes in GDP and tax revenues.  
Potential effects on business opportunities and economic development stemming from the Project 
are summarized in Table 8.19-8 and discussed in the following subsections.   

Increase in Business Opportunities (Effect 1) 
Demand from the Project and its employees for goods and services is anticipated to provide local 
suppliers with business opportunities throughout the life of the mine, although primarily during 
the construction and operations phases.  An increase in business opportunities is considered a 
beneficial effect, contributing to employment, income, and the economic well-being of 
individuals and families (see Section 8.19.6.7).  The Project is also expected to enhance 
economic growth and expand the region’s capacity as a business center. 

The main business contracts available during construction will be for the development of the open 
pit mine and the construction of mine site buildings, roads, pipelines, dams, and diversion ditches, 
as well as the construction of a transmission line and other mine components.  During operations 
the primary contracts will be for trucking (ore haul); additional smaller contracts may include the 
provision of services such as laundry, janitorial, first-aid, and site security services.  Only limited 
business contracts will be available during decommissioning in areas related to the disassembly 
and removal of infrastructure.  For post-closure, required services may include maintenance of the 
water treatment plant as well as water quality and other environmental monitoring.   

Indirect and induced business opportunities are also expected in the study communities.  
Opportunities will respectively exist for suppliers further along the Project’s input supply chain 
and for businesses satisfying the household demand of direct and indirect employees.  



 

 

Table 8.19-8 
Morrison Copper/Gold Project: Potential Effects on Business Opportunities and Economic 

Development 
  Description of Effect Affected Communities Project Phase(s) Nature Extent 

Construction and operations Moderate Granisle, Burns Lake, Houston, and 
Smithers Decommissioning/post-closure 

Beneficial 
Negligible 

Construction and operations Minor 

1 Increase in business opportunities:  
Direct, indirect, and induced business 
opportunities created through demand 
from the Project and its employees. 

Lake Babine Nation communities, 
Topley Landing, Smithers Landing, 

Topley, and Telkwa 
Decommissioning/post-closure 

Beneficial 
Negligible 

Operations Negligible Granisle, Burns Lake, Houston, and 
Smithers Decommissioning/post-closure 

Adverse 
Moderate 

Operations Negligible 

2 Decrease in business opportunities: 
Decreased or ceased direct, indirect, and 
induced business opportunities created 
through demand from the Project and its 
employees. 

Lake Babine Nation communities, 
Smithers Landing, Topley, and Telkwa Decommissioning/post-closure 

Adverse 
Minor 

Construction and operations Moderate Region of northwestern BC 
Decommissioning/post-closure 

Beneficial 
Negligible 

Construction and operations Minor 

3 Increased economic development:  
Direct, indirect, and induced economic 
growth derived from new demand for 
goods and services from the Project and 
its employees. 

Province 
Decommissioning/post-closure 

Beneficial 
Negligible 

Operations Negligible Region of northwestern BC 
Decommissioning/post-closure 

Adverse 
Moderate 

Operations Negligible 

4 Decreased economic development: 
Direct, indirect, and induced economic 
decline derived from the absence of 
demand for goods and services from the 
Project and its employees. 

Province 
Decommissioning/post-closure 

Adverse 
Minor 

(continued) 



 

 

Table 8.19-8 
Morrison Copper/Gold Project: Potential Effects on Business Opportunities and Economic 

Development (completed) 
  Description of Effect Affected Communities Project Phase(s) Nature Extent 

Construction and operations Moderate All primary communities and Smithers 
Decommissioning/post-closure 

Adverse 
Negligible 

Construction and operations Minor 

5 Increased economic dependency on 
mining sector:  
Increased reliance on mining sector as an 
employment source Burns Lake, Houston, Telkwa, and 

northwestern BC Decommissioning/post-closure 
Adverse 

Negligible 
Construction and operations Minor 6 Increased specialization of mining 

industry:  
Increased capacity for the region to 
become a mining hub, attracting other 
projects and technology advances 

Region of northwestern BC and 
Smithers 

Decommissioning/post-closure 

Beneficial 

Negligible 
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The BCIOM was used to estimate the value of output from supplier industries needed as inputs in 
mine construction and operations, assuming business opportunities will be commensurate to the 
Project’s input requirements.  PBM is expected to annually consume $245 million on goods and 
services during construction, requiring direct suppliers to increase output by $71 million and 
indirect suppliers to increase output by $33 million.  Furthermore, direct and indirect Project 
employees are expected to induce demand for another $33 million in output from household 
suppliers, supporting a diverse array of business opportunities.   

Adhering to the same logic for operations, the BCIOM reports $90 million in annual 
expenditures will be consumed on goods and services used by PBM, requiring a $54 million 
increase in output among direct suppliers, a $21 million increase among indirect suppliers, and a 
$12 million increase in induced output among household suppliers.  Separately, PBM estimates 
expenditures of approximately $8 million on contracted services during decommissioning 
(however, it is not clear how much will constitute output, given this phase was not modelled).   

The total annual value of business opportunities available during construction will be 
approximately double that of operations, with output increases respectively estimated at $137 
million versus $87 million.  This is largely because projects typically contract out the majority of 
construction work, whereas operations contract work tends to be more limited.  However, the 
direct, indirect, and induced business opportunities generated over the 21 year operations phase 
are expected to remain significant, with any deficit in the total amount of output expected to be 
offset by the longevity of this phase.  For decommissioning, any increase in business 
opportunities is considered to be negligible and was not included in the model calculations.   

The extent of increased business opportunities will depend on whether infrastructural, financial, 
and educational capacity exists to develop businesses; whether there is enough additional 
demand to warrant business expansions; and the nature and flexibility of any procurement 
policies.  While contract allocation details are unknown, it is certain that the effect will be of a 
larger magnitude if business contracts are concentrated locally.   

Because of information constraints, the existing and future ability of local businesses to meet 
construction and operations needs can only be speculated.  It is expected that business 
opportunities will increase moderately in Granisle, given its proximity to the mine site.  While 
many businesses have downscaled in size and closed in the community since the early 1990s, it 
is expected that the Project will help to revitalize business.   

The communities of Burns Lake, Houston, and Smithers are the largest of the study communities 
and are home to a wide range of existing businesses.  In particular, a number of mine service and 
supply businesses are based out of Smithers.  Hence, it is expected the Project and its employees 
will encourage expansions and new business opportunities in these communities.   

The smaller study communities (including the Lake Babine Nation communities, Topley 
Landing, Smithers Landing, Topley, and Telkwa) are also anticipated to experience an increase 
in business opportunities to a lesser degree, as existing businesses typically have a small base of 
potential employees and customers, with fewer resources at their disposal to capitalize on new 
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demand.  As such, it is unlikely that large-scale business expansions and business starts will 
materialize quickly in these communities.     

In summary, the effect of an increase in business opportunities in Granisle, Burns Lake, Houston, 
and Smithers is anticipated to be beneficial and moderate during construction and operations.  For 
both of these phases, the effect is deemed beneficial and minor in the Lake Babine Nation 
communities, Topley Landing, Smithers Landing, Topley, and Telkwa.  An increase in business 
opportunities in any of the study communities during decommissioning and post-closure is 
expected to be negligible, as no significant procurement or contracting opportunities will be 
available.  

Decrease in Business Opportunities (Effect 2) 
The overall number of supply contracts will decline between construction and operations and 
again between operations and decommissioning/post-closure.  A decrease in business 
opportunities is considered adverse because it can increase unemployment, lower incomes, and 
reduce community prosperity.   

The key difference in effects between the phases is that construction contract losses are 
accompanied by new opportunities in operation, whereas decommissioning and post-closure 
offer limited prospects for advancing business.  Additionally, it is expected that construction 
businesses are more accustomed to short and finite business contracts than those providing goods 
and services for operations.  As such, effects are only considered significant at the end of 
operations and the beginning of decommissioning/post-closure, when the majority of service and 
supply contracts will terminate.  Contract work available after this time will be limited to site 
disassembly, remediation, and environmental monitoring.  At the end of the mine’s operating 
life, as business opportunities recede, it is possible that some supplier businesses will become 
redundant and close or will need to make significant cutbacks.   

In response to the direct decline in business opportunities, there is also expected to be a reduction 
in indirect and induced opportunities at the time of decommissioning.  In the same way that 
increased demand at the onset of the Project has trickle down effects, a decrease in demand can 
also have far-ranging effects. 

BCIOM data show that the $67 million net decrease in direct output expected at the end of 
construction is to be largely offset by the estimated $54 million in annual output that will be 
sustained throughout 21 years of operation.  At decommissioning/post-closure, the majority of 
the $54 million in annual output will be lost.  This is considered a significant loss because only a 
limited amount of new output is expected in the final phase in response to the $8 million in 
decommissioning expenditures.  Beyond the direct losses in business opportunities, indirect and 
induced losses may compose up to $87 million in output between operations and post-closure if 
business confidence is weak. 

The extent of change within the study communities will depend on a number of variables including 
the quantity of business contracts offered locally, the size of these contracts, the state of the future 
economy, business adaptability and profitability, demand from other projects, and whether or not 
employees and their families remain in the study communities once operations ends.  The region is 
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rich in mineral potential, has a strong history of mining and resource development, and hence it is 
very possible that future developments could offset predicted losses. 

The communities affected by decreases in business opportunities mirror those affected by 
increases (See Effect 1).  Similarly, the effects of a decrease are expected to be of the same 
extent, yet opposite nature.  Using a conservative approach, it is assumed that a decrease in 
output could generate the same level yet reverse nature as an increase in business opportunities.  
This would only be the case if the economy is entering or in an economic downturn; however, it 
is just as likely that an opposite scenario may exist, in which case a surplus of new and 
alternative economic and business opportunities is likely. 

In summary, a decrease in business opportunities during operations (i.e., end of construction) is 
considered an adverse and negligible effect in all communities.  At decommissioning and post-
closure, this effect is considered adverse and moderate in Granisle, Burns Lake, Houston, and 
Smithers and adverse and minor in the Lake Babine Nation communities, Topley Landing, 
Smithers Landing, Topley, and Telkwa.   

Increased Economic Development (Effect 3) 
The Project is expected to create direct, indirect, and induced demand for goods, services, and 
employees, helping to drive economic development.  Economic development is considered a 
beneficial effect for many of the same reasons as the other economic effects already discussed, in 
that it generates employment, income, and can increase standards of living.  

Economic development is considered synonymous with economic growth or increases in GDP 
(i.e., unduplicated increases in the total value of goods and services produced/consumed).  
However, the GDP estimates generated by BCIOM are in basic prices and as such do not include 
taxes on products and are not fully reflective of government expenditures.  Government 
expenditures are integral components of GDP measured at market prices, which contribute to 
economic development.  Government expenditures generally go towards infrastructure and 
service provision, as well as subsidies that stimulate the economy.  The model does report effects 
on tax revenue, which are representative of government expenditure.   

During each year of construction, the BCIOM reports that economic growth will be underpinned 
by a $104 million GDP increase and a $36 million increase in tax revenue.  During each year of 
operations, GDP is expected to increase by $50 million and tax revenue by $12 million.  
Economic development in construction is expected to be more intense, although of significantly 
shorter duration than operations and hence the effects are considered comparable.  The Project’s 
decommissioning/post-closure phase is expected to have a negligible effect on economic 
development, as revenues and expenditures will be relatively minimal. 

The degree to which communities will be affected by an increase in economic development is a 
function of many factors, including existing economic dynamics, business confidence levels, and 
in particular the level of new spending that actually eventuates.  In particular, household 
spending will be largely influenced by the degree of new employment and income generated.  
These are attributes more easily analyzed for the province and region as opposed to individual 
community levels.   
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Rates of economic growth in BC have reportedly exceeded those across Canada in recent years, 
as have levels of business confidence (Statistics Canada 2007b; CFIB 2008).  More recently, the 
province has been affected by the global financial crisis and accordingly economic growth in the 
province has slowed.  It is difficult to anticipate the extent of this slowdown, but if it persists 
through to mine construction, economic growth may be less substantial than the results of 
BCIOM indicate.  If business confidence is low, businesses expanding their output may be less 
inclined to hire new labour, especially if they are not at full capacity as assumed by the model.  
However, based on patterns of past economic cycles, it is likely that the economy will begin 
recovering before this time.   

In light of these many influential factors, the Project’s effects on economic development are 
considered minor in the province.  The extent of the effects will be more concentrated within 
northwestern BC, where the population is smaller and the economy is more dependent on resource 
developments.  The Project’s effect on regional economic development is assessed as moderate.  

In summary, the Project’s effect on economic development during construction and operations is 
expected to be beneficial and minor at the provincial level, and beneficial and moderate in 
northwestern BC.  Any increase in economic development related to decommissioning and post-
closure is expected to be negligible.  

Decreased Economic Development (Effect 4) 
Economic development may decline upon the commencement of operations and also the 
decommissioning of the Project as demand for goods and services diminishes and employers lay 
off employees.  With reduced employment opportunities, there will also be reduced tax revenues 
received across all levels of government and potential decreases in other areas of the economy 
including business development and consumer spending.  A decrease in economic development 
is perceived as an adverse effect because it can destabilize an economy, increase unemployment, 
and lead to a decline in income and business opportunities in communities.   

Project contributions to GDP are to remain positive over all phases; however, economic 
development is expected to slow between phases.  In total, there is potential for a $38 million direct 
($54 million direct, indirect, and induced) net decline in GDP to occur between operations and 
construction according to BCIOM, in addition to a $19 million direct ($24 million direct, indirect, 
and induced) decline in tax revenue.  This decrease in economic development is considered 
negligible, as the high growth experienced during construction is transitory and the decline is to be 
largely offset by the overall level of economic growth expected in the longer operations phase.   

At the end of operations, it is expected that GDP will decline by $32 million directly and tax 
revenue by $8 million directly.  The indirect and induced effects associated with 
decommissioning and post-closure will also further reduce contributions to GDP from a total of 
$50 million (along with tax revenue from a total of $12 million).  The extent to which economic 
development will decrease and the initial GDP and tax increases will be reversed depends on the 
Project’s decommissioning and post-closure labour expenditures, the re-employability of laid off 
operations workers, and the economic opportunities available with other large projects.    
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The extent of the effect will be governed by the same factors pertinent to an increase in 
economic development (see Effect 3), with the same communities expected to affected, but in 
opposite respects.  As such, decreases in economic development during the decommissioning 
and post-closure phases are perceived as adverse and minor at the provincial scale, and adverse 
and moderate in the region.  This is taking a conservative approach whereby it is assumed that 
the underlying baseline conditions of the economy will not necessarily support the continued 
employment of any of those hired in response to the Project’s indirect and induced effects.  
These are worst case predictions that have the potential to eventuate, but are not probable.9  By 
contrast, any decrease in economic development occurring between construction and operations 
is expected to be negligible.   

Increased Economic Dependency on Mining Sector (Effect 5) 
The Project is anticipated to play a key role in the future economies of the primary and 
secondary communities and has the potential to increase economic dependencies on the mining 
sector both in construction and operations and marginally during decommissioning and post-
closure.  As residents of these communities take up employment directly with the mine, and with 
businesses growing to meet the demand generated by the Project, the study communities will 
become increasingly reliant on the mining sector. 

This effect is considered adverse because it narrows the economic diversity of the study 
communities.  For many communities, building the economy around a single sector will increase 
vulnerability to economic downturns and specifically to fluctuations in markets.  When mineral 
prices plummet, mining projects can easily become uneconomical and suddenly close, causing 
dependent communities to be disproportionately affected by economic losses as well as 
subsequent population declines.   

The Project is one of multiple industry projects presently under exploration and development in 
the region.  Furthermore, because the Project is not a fly-in/fly-out Project, direct and indirect 
employees will induce demand for goods and services from a variety of local businesses serving 
household demands, which will help to diversify the economy and protect it against the risks of 
economic dependency. 

The degree of community dependency associated with the Project will depend on the current 
diversity of the local economy, the proportion of residents to be involved in Project-related 
employment, and whether or not the vulnerability of these communities happens to be exposed 
by a weak economy at the time of decommissioning.   

Northwestern BC already exhibits a larger dependence on primary resource industries (including 
mining, forestry, and fishing) than much of the rest of the province.  Over time, the region has 
experienced the boom-bust patterns prevalent in mining.  In recent years, the primary and 
secondary study communities have also been adversely affected by downturns in the forestry 

                                                 
9 There is reason to believe these effects will not be as significant as the initial increase because the multiplier effect 
is rarely as pronounced for project closures as it is for project starts (Horne 2007).  
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industry and the tourism industry to a lesser extent.  As such, study communities currently 
exhibit high levels of unemployment, with a more confined range of job opportunities, than the 
larger population centres in the southern province.   

It is expected that the primary communities will experience a moderate increase in economic 
dependency because they are the smallest study communities, observed to have the least diverse 
economies, and are nearest the Project.  Smithers is also expected to see a moderate change, 
because, though its economy is noted to be based upon a wider range of other industries, it is 
already developing into a regional mining centre and is thus more prone to such an effect.  
Meanwhile, the secondary communities of Burns Lake, Houston, and Telkwa are larger and 
more diverse than the primary communities and less affiliated with mining than Smithers, and 
hence are expected to experience minor effects.   

In summary, the secondary communities of Burns Lake, Houston, and Telkwa and the region are 
expected to be adversely affected to a minor extent in construction and operations, while Smithers 
and all the primary communities are expected to be adversely affected by an increase in economic 
dependency to a moderate degree.  Notably, the effects may vary in both directions if the economic 
conditions are excessively weak or strong.  Any increase in dependency in any of the study 
communities at decommissioning and post-closure are considered adverse and negligible. 

Increased Mining Specialization (Effect 6) 
The Project has the potential to help bolster the size of the mining sector in northwestern BC 
region and to further promote the development of Smithers as the mining centre of the north.  By 
adding to the aggregate demand for mining goods and services, the Project encourages 
specialized suppliers to set up business and invest in new technology and innovations.  As the 
number of suppliers grows, the cost of doing business falls and in turn more projects become 
economical.  Furthermore, as more projects develop, the government has more incentive to 
provide infrastructure to support industry growth.  Therefore, the Project can potentially play a 
key role in furthering mining specialization in the region. 

An increase in mining specialization as a result of the Project is considered to be beneficial to the 
study communities.  This is because the Project is expected to assist in the development of the 
region’s comparative advantage as a key mineral producer, promoting further economic 
development and local business development.  This effect is expected to be most prevalent 
during construction and operations.   

The extent of change will be a function of whether or not mining industry mining markets are 
strong and if there are enough economical projects in existence to warrant industry growth.  The 
Project will further mining specialization and attract more business when commodity prices are 
favourable.  By contrast, if prices are slumping, the Project may have a minimal effect in 
encouraging regional mining specialization.    

The communities expected to be most affected include northwestern BC and Smithers.  As one 
project set against a backdrop of many, and assuming there is potential that mining markets may 
be weak, the Project’s effects on mining specialization in Smithers and the region are projected 
to be of minor benefit during construction and operations, and negligible during 
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decommissioning and post-closure.  Similar to an increase in economic dependency on the 
mining sector (Effect 5), the effects may vary in both directions if the economic conditions are 
particularly weak or strong. 

8.19.5.5 Population and Demographics 
The population and demographic structure of the study communities may be altered by the 
Project’s various phases, as summarized in Table 8.19-9.  A discussion of these identified effects 
on population and demographics follows.  

Increase in Population (Effect 1) 
The Project’s direct, indirect, and induced hiring activities are expected to entice new people to 
move into the area for employment, increasing the population of the study communities.  Some 
of the study communities view Project-related population growth as a benefit, while others may 
perceive population to include a mix of benefits and drawbacks.  This effect is perceived as 
beneficial because it can provide impetus to improve existing infrastructure and services (see 
Section 8.19.6.5), is consistent with many community plans and economic growth goals, can 
increase property values, and can restore community pride by reversing population declines 
observed across the wider region.  Conversely, population growth can have adverse connotations 
because it can increase strain on some community resources; put stress on the natural 
environment; and increase competition for, and hence the cost of, basic goods and services.  
Finally, changes to community dynamics can be mixed because the change in community 
relations, size, and diversity may be perceived as positive or negative depending on personal 
opinion (see Effect 3).  

While local hiring is preferred because it is more logistically convenient, there will likely be a 
need to hire persons with specialized skill sets from elsewhere to fully satisfy labour 
requirements.  These persons may move into the study communities to be close to their 
employment and may also bring their families.  Business opportunities will also increase because 
of the Project, as discussed in Section 8.19.6.3, attracting speculative job seekers and 
entrepreneurs (and their families) to the area.   

While an accurate prediction of population change is not possible, it was estimated using job 
numbers from the BCIOM that PBM will directly employ a maximum of 647 employees 
(including employees of direct suppliers) during each year of construction, and a maximum of 
345 employees (including employees of direct suppliers) annually over operations, assuming job 
numbers equate with employees.10  As the study communities near the Project have significant 
numbers of unemployed persons able to work at the mine, it is expected that a large degree of  
 

                                                 
10 Calculations are based on the assumption that jobs (which could be part-time, full-time, or short-term contract 
positions, etc.) equate with employees.  If single employees are completing more or less than one job, then these 
estimates may be under- or over-estimated.  



 

 

Table 8.19-9 
Morrison Copper/Gold Project: Potential Effects on Population and Demographics 

 
Description of Effect Affected Communities Project Phase(s) Nature Extent 

Construction and operations  Major Granisle 
Decommissioning/post-closure 

Beneficial 
Negligible 

Construction and operations Moderate Lake Babine Nation communities, 
Topley Landing, Smithers Landing, and 

Topley Decommissioning/post-closure 

Mixed 

Negligible 

Construction and operations Moderate 

1 Increase in population:  
Hiring may induce 
population growth. 

Burns Lake, Houston, Telkwa, and 
Smithers Decommissioning/post-closure 

Beneficial 
Negligible 

Operations Negligible Granisle 

Decommissioning/post-closure 

Adverse 

Moderate 

Operations Negligible Lake Babine Nation communities, 
Topley Landing, Smithers Landing, and 

Topley Decommissioning/post-closure 

Mixed 

Minor 

Operations Negligible 

2 Decrease in Population: 
The decline in job 
opportunities may result 
in declining populations. 

Burns Lake, Houston, Telkwa, and 
Smithers Decommissioning/post-closure 

Adverse 
Minor 

Construction and operations Moderate Granisle 

Decommissioning/post-closure 

Mixed 

Negligible 

Construction and operations Minor 

3 Change in community 
demographics:  
Project-related 
immigration may alter the 
gender balance, skills 
levels, and community 
culture. 

Lake Babine Nation communities, 
Topley Landing, Smithers Landing, 

Topley, Burns Lake, Houston, Smithers, 
and Telkwa 

Decommissioning/post-closure 

Mixed 

Negligible 
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local hiring will occur, providing residents are equipped with adequate skills.  In the unlikely 
scenario that up to 50% of direct employees were to in-migrate from elsewhere, all of who have 
average-sized families, the population is predicted at most to increase by an estimated 563 
persons in construction and 536 persons in operations.11   

Indirect and induced employment, together estimated at 460 employees in construction and 256 
in operations, may also cause in-migration to the study communities.  However, these positions 
are less likely to be in the high-paying mining sector and hence will be less likely to cause 
families to move, unless job opportunities happen to be sparse.  In the unlikely (but plausible) 
case that 40% of indirect and induced employment needs were met by in-migrants with average-
sized families, the population could additionally increase by 184 persons in construction and 102 
persons in operations.   

Therefore, cumulatively, the Project could cause the population in the local primary and secondary 
study communities to increase by a total of 747 persons during the construction phase and 
638 persons during the operations phase.  Even in this highly unlikely scenario, in-migrants would 
likely be spread throughout the communities, minimizing the effects in specific communities.  
However, given the strong history of mining in the region and the forthcoming closure of other 
mines in the area, it is likely that the vast majority of employees (including skilled labour) will be 
sourced locally.   

Population increases during construction are expected to be high but short-term, while increases 
in operations are expected to be lower but of a more permanent nature.  Any population increases 
during decommissioning are expected to be negligible.  Overall, the degree of population change 
as a result of the Project will be contingent upon existing population dynamics, the amount of 
local hiring, whether or not new employees to the area bring their families, the availability of 
infrastructure (e.g., housing), other economic opportunities in the region, and personal 
perceptions about the desirability of communities as places to live.  

The population dynamics of Granisle are particularly unique, because the community was 
founded as a mining settlement in the late 1960s that grew to approximately 2,000 persons in the 
early 1970s.  Since mine closures in the early 1990s, the community’s population has plummeted, 
although between 2001 and 2006 there was a slight increase to 365 persons (Statistics Canada 
2007a).  Following the mine closures, a community plan was developed with strategies for 
promoting economic and population growth.  Granisle is one of the closest communities to the 
Project site with significant capacity for growth.  Because of this, and in appreciation of the 
community’s wider socio-economic objectives, population growth is likely to occur to a major 
extent and have a mostly beneficial nature.    

The Lake Babine Nation communities of Tachet, Old Fort, Donald’s Landing, Fort Babine, and 
Woyenne are characterized with small yet rising populations according to available 2006 Census 

                                                 
11 This estimate was calculated using the average family size for the BNRD (3.0) according to 2006 Census data, 
which was marginally above the average provincial household size (2.9; Statistics Canada 2007a). 
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data.  From all indications, these communities are growing and are expected to continue growing 
with the Project’s presence.  While population growth may provide benefits such as potentially 
strengthening the unity of the Lake Babine Nation and its political weight, it is noted that clean 
drinking water is already in limited supply in some communities such as Fort Babine and Tachet, 
which population growth may exacerbate (INAC 2006).  As such, population growth is 
considered to have moderate and mixed effects.    

The small populations of Topley Landing, Smithers Landing, and Topley are also anticipated to 
experience some potentially moderate population increases.  These communities are very small and 
may have limited capacity for population increases; even a minor increase will be perceived as 
having a relatively moderate-sized effect overall.  An increase in population may stretch the supply 
of community infrastructure and tarnish the natural landscape on which local tourism relies.  From 
a business perspective, it is possible that the Project will increase the economic potential of these 
communities and increase the value of local real estate; therefore, this effect is considered to be of 
a moderate extent and mixed nature.  

The larger communities of Burns Lake, Houston, Telkwa, and Smithers are slightly farther from 
the site, yet offer a relatively wide range of goods and services expected to attract potential in-
migrants.  With the exception of Burns Lake, where the population increased by almost 9%, 
these communities all experienced population declines in the range of 4 to 12% between 2001 
and 2006 (Statistics Canada 2007a).  This effect is considered beneficial and moderate, as the 
Project is expected to help slow or potentially reverse this trend, helping re-stimulate direct, 
indirect, and induced economic growth in these communities. 

In summary, population increases are projected to have a major beneficial nature during 
construction and operations in Granisle.  In the remainder of the primary communities, including 
the Lake Babine Nation communities, Topley Landing, Smithers Landing, and Topley, the 
Project’s effects on population growth are forecast to be of a mixed nature and moderate extent.  
The Projects effects in construction and operations in Burns Lake, Houston, Smithers, and 
Telkwa are expected to be beneficial and moderate.  The effects of decommissioning and post-
closure are projected to be beneficial yet negligible and beneficial in all study communities.  

Decrease in Population (Effect 2) 
Many of the people who move to the study communities for the purposes of direct, indirect, and 
induced employment may leave the community once the operations phase is complete.  The 
nature of Project-related population declines are for the most part adverse, although they are 
noted to be mixed in some communities.  Population declines can lead to a gradual deterioration 
of infrastructure and service provision over the long term as well as reduced potential for 
economic growth and lower property values.  However, declining populations can be beneficial 
if strain on certain community resources and the natural environment is alleviated. 

The population is expected to remain above baseline conditions in all phases with some major 
net declines likely between phases.  Many workers will in-migrate to the primary and secondary 
communities for construction and leave once it is complete.  Others may arrive for operations, 
possibly resulting in a large population exodus at the time of decommissioning.   
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The range of the potential population decline in the primary and secondary study communities 
will be a function of the increase described under Effect 1.  The direct net decrease is estimated 
at 302 persons in operations and up to 345 persons in decommissioning/post-closure in response 
to the Project’s direct effects and by up to 109 and 638 persons (respectively) if potential direct, 
indirect, and induced effects are summed.  The change is unlikely to be as abrupt or severe as the 
initial increase, based on the assumption that some will remain in the area beyond Project 
closure, particularly if the economy facilitates alternative local employment opportunities.  The 
Project is also expected to further develop the regional focus on mining, enhancing the likelihood 
of other projects developing in the region (see Section 8.19.6.3) and of residents remaining in the 
local communities. 

While some of the direct workforce may move away at the end of construction, overall the 
decrease is expected to be negligible as short-term construction contractors are unlikely to take 
up permanent residence in these communities.  Project-related population decreases are expected 
to be most relevant at the end of the mine’s operating life.   

Factors that will govern the extent of the effect include the economic climate at closure, the 
number of employees entering retirement or taking up further study, the potential for 
employment with fly-in/out operations (allowing employees and their families to remain in the 
study communities) and employment opportunities in alternative industries.  These factors are 
often difficult to predict.  

The same communities affected by a population increase may be affected by a population 
decrease with the nature of the effects reversed (see Effect 1).  Where communities are predicted 
to experience a mixed beneficial/adverse effect relating to population increase, the effect remains 
mixed but the factors of influence are expected to be reversed (e.g., strains on the supply of 
community infrastructure will be alleviated as opposed to increased). 

In summary, any decrease in population occurring at the onset of operations is considered 
negligible.  Decreases in the population will cause a moderate adverse effect at decommissioning 
and post-closure in Granisle.  Over the same phase, population declines are considered mixed 
and minor in the Lake Babine Nation communities, Topley Landing, Smithers Landing, and 
Topley.  The Projects effects on Burns Lake, Houston, Smithers, and Telkwa are expected to be 
adverse and minor as a result of the Project’s decommissioning and post-closure phases.  

Change in Community Demographics (Effect 3) 
In response to Project-induced population increases, there is potential for the age, gender, and 
cultural structure of the study communities to change.  A change in community demographics is 
considered to be a mixed effect this can either strengthen community cohesion or undermine it if 
tension and conflict arise between old and new residents.  A demographic change also has the 
potential to affect the services that are required to meet the community’s needs, both positively and 
negatively, depending on whether they are under- or overused (e.g., children’s facilities and 
services).  

Mining communities often attract largely male populations, as many direct employment 
opportunities are typically male-oriented (e.g., heavy labour and trades work).  This can alter the 
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overall gender balance of communities.  However, if incoming workers migrate and settle with 
their families in the study communities, this may equally increase the population of both genders 
and also increase age diversity in the primary and secondary communities.  Indirect and induced 
employment opportunities as a result of the Project are anticipated to attract a more diverse 
spectrum of immigrants.   

The measure of change in a community’s demographic structure will depend on in-migration 
levels, the type of in-migrants, and community resilience to change.  Community demographics 
are expected to shift most significantly during construction and operations as compared to 
decommissioning and post-closure.  This is when an influx of new residents seeking employment 
will most likely be wishing to in-migrate to the primary and secondary communities.  
Demographic change occurring at the end of the mine’s operating life is anticipated to be lagged 
and less significant. 

A significant degree of demographic change is expected in Granisle, where the present 
population is mostly retirement age.  It is likely that the population’s demographics will 
progressively transform across construction and operations, along with its service requirements, 
as new and younger residents move to the community. 

It is more difficult to predict the ways in which the other communities will be affected.  The 
majority of study communities are already male dominant and the Project has the potential to 
widen this gender imbalance.  However, it is also possible that a Project-driven demographic 
change could serve to help revitalize a variety of businesses and services offered in communities. 

In Granisle, the effects of demographic change are assessed as mixed and moderate in 
construction and operations.  At the same time, the Project’s effects are predicted to be mixed 
and minor in all other study communities.  During decommissioning and post-closure, 
demographic change is projected to be mixed but negligible in all study communities.  

8.19.5.6 Services and Infrastructure 
The development of community services and infrastructure fundamentally relates to changes in 
the size of the population and/or the nature of a community’s demographic needs.  The Project 
could cause an influx of new residents to move into the study communities, as new workers and 
their families in-migrate, which is expected to alter community components and have substantial 
socio-economic implications.  Six effects have been identified for the services and infrastructure 
VSEC.  The nature of these effects vary widely, from adverse, neutral, mixed, to beneficial, all 
depending on community and mine phase.  The nature and extent of each effect is summarized in 
Table 8.19-10 below and described in more detail in the following subsections. 

Increased demand on community infrastructure, programs, and services (Effect 1) 
During the construction and operations phases, Project-related in-migration bringing new people 
to the surrounding communities (Section 8.19.6.3) may increase usage of and competition for 
infrastructure, services, amenities, and resources.  Thus, the Project may generate increased 
demand for existing community infrastructure, programs, and services. 



 

 

Table 8.19-10 
Morrison Copper/Gold Project: Potential Effects on Services and Infrastructure 

  Effect Affected Communities Project Phase(s) Nature Extent 
Granisle, Burns Lake, and Houston Construction and operations Mixed Moderate 1 Increased demand on community infrastructure, 

programs, and services:  
Project-related immigration may increase usage and 
competition for goods, services, and community amenities 
and resources.  

Lake Babine Nation communities 
and Smithers 

Construction and operations Mixed Minor 

2 Decreased demand on community infrastructure, 
programs, and services:  
As workers' jobs are terminated upon mine closure, mine-job 
related emigration may reduce usage and competition for 
goods, services, and community amenities and resources.  

Lake Babine Nation communities, 
Granisle, Burns Lake, Houston, and 

Smithers 

Decommissioning/post-closure Mixed Negligible 

All communities, except for Granisle 
and Lake Babine Nation 

communities 

Construction and operations Beneficial 
 

Minor 

Granisle Construction and operations Beneficial Moderate 

3 Increased tax base and provision of community 
infrastructure and services:  
Project and employee income tax and other tax payments will 
contribute to government revenues. 

Lake Babine Nation communities Construction and operations Beneficial Negligible 

Operations Negligible All communities, except for Granisle 
and Lake Babine Nation 

communities 
Decommissioning/post-closure 

Adverse 
 Minor 

Operations Negligible Granisle 
Decommissioning/post-closure 

Adverse 
Moderate 

Operations Negligible 

4 Decreased tax base and provision of community 
infrastructure and services:  
Reduced Project and employee income tax and other tax 
payments will decrease government revenues. 

Lake Babine Nation communities 

Decommissioning/post-closure 

Adverse 
 Negligible 

Granisle, Topley Landing, Smithers 
Landing, and Topley 

Construction and operations Mixed Major 5 Increased property value and housing demand:  
The mine's development and operations will trigger an 
upward surge in the market value of residential and 
commercial properties and need for housing in the 
surrounding area. 

Burns Lake, Houston, and Smithers Construction and operations Mixed Moderate 

6 Decreased property value:  
The mine's closure will result in a lower market value of 
residential and commercial properties and need for housing 
in the surrounding area. 

Granisle, Topley Landing, Topley, 
Burns Lake, Houston, and Smithers 

Decommissioning/post-closure Mixed Minor 
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The Project is advantageously within an area previously designed and built to meet the 
infrastructural needs of two previous mining operations, as well as continued forestry and 
silviculture operations.  FSRs, a fully operational industrial barge across Lake Babine, and gravel 
and paved roads provide ample access and transportation infrastructure to support the Project’s 
proposed hauling activities.  Residents of the surrounding communities (both current and new 
residents associated with mine hires), may experience stress from having to share Highway 118 
with the additional Project traffic.   

A change in population size, diversity, and demographics will create a need for improved 
communications infrastructure and services to meet the needs of this new community profile.  
For example, although other primary study communities have cellular coverage, it does not 
currently exist in Granisle and the demand for it is anticipated, in addition to that of high-speed 
internet services. 

There are also multiple communities within commutable distance from the Project.  Aggregately, 
these communities provide a wide range of programs and services.  However, Granisle is unique 
because there are only two critical services available, pertaining to health and education.  The 
health care centre is fully operational, with an office and examination and operating room.  There 
is currently only one nurse and administrative assistant on a full-time basis, in addition to a 
doctor who visits on a weekly basis.  Currently, this is sufficient for Granisle’s population of 365 
(Statistics Canada 2007a).  However, services may be strained and unable to meet the demands 
of a higher population with more diversified demographics.  The elementary and secondary 
school has all necessary amenities and enrolment is currently under capacity.  An increase in the 
number of students enrolled at Babine Elementary and Secondary School will inevitably require 
the hiring and accommodation of additional staff.    

Services and infrastructure currently missing in Granisle that are necessary to support the 
Project’s anticipated population influx include a grocery store, a hardware store, public 
transportation, financial institutions, and a community centre.  A centre for senior citizens is 
actively used; however, few other venues and programs exist for younger adults.  The ice rink 
serves as a recreational opportunity for children, but a community centre with a higher diversity 
of programs (such as aerobics classes, weightlifting, leisure education courses, activities, etc.) 
would be valued by the population. 

Nearby service centres such as Houston, Burns Lake, and Smithers offer substantially more 
community programs and services for all demographics because of their higher population and 
tax base.  The challenge for residents of smaller villages is that accessing these communities 
entails travelling 45 minute to an hour-and-a-half by automobile.  

Some Lake Babine Nation members who live off-reserve or in other Lake Babine communities 
farther away (e.g., Fort Babine or Woyenne) who gain employment with the Project may opt to 
move to Tachet to be closer to the mine site.  This population increase will likely translate into 
an increase in demand for Tachet’s programs and services such as use of the community centre, 
Band services and administration, and health and social services to address any possible effects 
working at the mine will have on employees and their families. 
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There are both positive and negative elements to this effect for all communities, to varying 
degrees.  The beneficial aspects pertain to the anticipation that with a population increase, new 
programs, services, and infrastructure would be developed or improved through funding and 
resources to meet this demand.  The negative aspect of this effect is derived from the anticipation 
of increased pressure on existing capacity and resources and in turn, the ability of residents to 
have their health, social, education, and recreation needs met. 

In summary, during the construction and operations phases, the nature of this effect is considered 
mixed, to a moderate extent, having a combination of equal beneficial and adverse consequences 
for Granisle, Burns Lake, and Houston, the closet and most accessible community service centres 
to the Project.  The Lake Babine Nation communities and Smithers are predicted to experience a 
mixed effect to a minor extent during construction and operations.  

Decreased demand on community infrastructure, programs, and services (Effect 2)  
The second effect, a potential decrease in demand on community infrastructure, programs, and 
services, is in contrast to the first.  As the workers’ jobs are terminated upon mine closure, it is 
predicted that Project-related out-migration may reduce usage of and competition for 
infrastructure, services, and community amenities and resources.  Showing opposite dynamics to 
Effect 1, a decrease in demand on community infrastructure will alleviate pressure on 
infrastructure, programs, and services because of decreases in the size of the population base.  

However, this reduction in demand may also result in the possible downsizing of education, health, 
and/or other services that have materialized over the two decades of the mine’s operations, 
including potential job losses and service cutbacks.  It is anticipated that families and/or mine 
employees that have reached the retirement age may choose to remain in Granisle; this could help 
offset the severity of a mass residential exodus from this community. 

Service centres such as Burns Lake and Houston may also witness a decrease in program and 
service usage associated with Project-related out-migration.  This may also be offset if former 
Project employees choose to settle in these communities to establish residency closer to new 
occupations. 

There are both positive and negative elements to this effect for all communities when the mine 
closes.  The positive aspect of this effect is that with the mine’s closure, there will be a 
population decrease (described in Effect 2 of the population and demographics VSEC above); 
any pressure previously experienced from high demand to the local program and services’ 
capacity and resources will be alleviated.  Alternatively, the potential negative aspect of this 
effect is that established programs, services, and infrastructure would deteriorate through loss in 
funding and resources due to lack of demand.  

In summary, this effect will be experienced by all communities in the decommissioning and 
post-closure phases.  The nature of this effect is mixed, having a combination of equal beneficial 
and adverse consequences and experienced to a negligible extent. 
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Increased tax base and provision of community infrastructure and services (Effect 3) 
The Project could potentially increase the tax base of communities, thereby facilitating increased 
provision of services and infrastructure.  Additions to government revenue are made through 
paying corporate and personal income taxes as well as net commodity taxes.  An increase in the 
tax base and provision of community infrastructure and services is considered beneficial because 
it is probable that economic growth will be stimulated and community infrastructure and services 
improved (i.e., to meet the demands identified in Effect 1).   

PBM and its direct employees make direct contributions to tax revenue while indirect and 
induced suppliers and their employees make indirect and induced contributions.  The BCIOM 
shows that tax revenue, analogous for government expenditure, will directly increase by $27 
million in each year of Project construction, while indirect and induced effects will respectively 
contribute $2 million and $6 million to revenue.  Tax revenue in operations was annually 
estimated to increase directly by $8 million and indirectly by $2 million, while the Project’s 
induced effects were estimated to contribute another $2 million in each year of operations.    

In each of the two construction years, tax contributions are expected to total $35 million, 
whereas in each of the 21 years of operation, total tax contributions are expected to reach 
$12 million.  The level of tax revenue generated during decommissioning and post-closure is 
expected to be negligible in overall terms.  

The extent of this effect in the local study communities will depend on the number of residents 
who obtain Project-related employment, their income levels, and whether or not communities have 
political influence (i.e., have necessary political support to attract public projects).  It is possible 
that an increase in the tax base may lead to enhanced service and infrastructure provision; however, 
such changes will ultimately depend on the political directives of government. 

Throughout construction and operations phases, residents in all the primary and secondary 
communities are expected to make contributions to tax revenue as they pay income tax and 
purchase goods and services, while employers will also pay corporate taxes.  It is expected that 
these contributions may cause minor and beneficial improvements to infrastructure and services, 
which will more than likely be shared across all of these communities.  The effect will be 
primarily concentrated in Granisle, where the population is likely to grow most substantially, 
estimated to have a moderate effect during construction and operations. 

This effect may be less prevalent in the Lake Babine Nation communities because residents have 
higher rates of eligibility for tax exemptions (Government of Canada 2002).  Sections 87 and 90 of 
the Indian Act stipulate that “registered Indians [sic] do not pay federal or provincial taxes on their 
personal and real property that is on a reserve.  Personal property includes goods, services and 
income consistent with Canada Customs and Revenue Agency (CCRA) policies” (Assembly of 
First Nations 2009).  First Nations living or working on-reserve are not taxed on their income when 
work duties performed are principally on-reserve.  The Lake Babine Nation are exempt from 
paying GST and PST when on-reserve in most cases, but always pay taxes as normal when off-
reserve.  Government-to-government funding for programs and services on reserve fall under the 
jurisdiction of Indian and Northern Affairs Canada (INAC).  The Lake Babine Nation benefit from 
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government-funded community infrastructure and services, and hence this effect is still applicable, 
although in less significant terms.  Because many residents have limited transport options and 
spend the majority of their time on-reserve, unless any such government-funded improvement is 
on-reserve, it will be of limited benefit to residents.  Therefore, the effect for the Lake Babine 
Nation communities is anticipated to be beneficial yet negligible.  

In summary, the effect is anticipated to be beneficial in nature and moderate in extent in Granisle, 
minor in extent in all other primarily non-Aboriginal communities, and negligible in extent in the 
Lake Babine Nation communities.   

Decreased tax base and provision of community infrastructure and services (Effect 4) 

As construction and operations end, the Project could trigger direct, indirect, and induced 
decreases in the communities’ tax base, and therefore government-funded services and 
infrastructure.  This effect is considered adverse because less revenue would be available to 
stimulate economic growth and improve community infrastructure and services.   

As employees are laid off, businesses close, and spending declines, it is expected that tax 
contributions to government revenue will diminish.  Based on the results of the BCIOM, it is 
expected that between construction and operations direct tax contributions will fall by 
$19 million directly and up to $24 million per year (including direct, indirect, and induced 
effects) if prevailing economic conditions are adverse enough to cause the economy to contract 
to the same extent to which it expanded.  At decommissioning/post-closure, tax revenue is 
expected to fall directly by $8 million and up to $12 million (including direct, indirect, and 
induced effects), once again depending on economic conditions.  

The extent of this effect in the local study communities will depend on the same factors relevant 
to an increase in the tax base of communities (Effect 3).  In particular, the significance of the 
effect will depend on the fall in income-tax paying employees of the Project who are residents, 
the level of the income losses, and the political influence of the communities.   

The net loss in tax revenue at the end of construction is considered negligible because the Project’s 
operations will result in 21 years of significant contributions whereas losses expected at 
decommissioning and post-closure will not be followed with any stimulus of comparable size or 
length. 

It is predicted that there will be falling tax revenue contributions in all of the primary and 
secondary communities at closure, and particularly in Granisle where the population may decline 
significantly.  This effect is driven by the fact that many residents may cease to pay as much 
income tax, property tax, or purchase as many goods and services.  Additionally, declines in 
corporate tax payments are expected among businesses.  It is expected that most infrastructure 
and services that are improved during the Project’s operation will be retained with any 
deterioration highly uncertain and expected to be lagged in any case.   

In consideration of all these factors, this decrease has the potential to be of a minor extent in 
Granisle and a negligible extent in the other primarily non-Aboriginal study communities.  This 
effect is also anticipated to be of minimal significance in the Lake Babine Nation communities 
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for the reasons highlighted under Effect 3 (e.g., a higher number of tax exemptions, and the need 
for any improvement in facilities and services to occur on-reserve in order to be realized). 

In summary, during the decommissioning and post-closure phases, this effect is predicted to be 
adverse to a minor extent in Granisle and negligible in the other all study communities.    

Increased property value and housing demand (Effect 5) 
Project development and operation, and specifically the employment and in-migration generated 
by the Project, may trigger an upward surge in the market value of residential and commercial 
properties and need for housing in the surrounding communities.  

As a professional property assessor in the region notes (K. Waldie 2009, pers. comm.):  

the Project’s study communities have different economic histories that have influenced 
overall housing supply and demand.  Besides indicators such as local economic activity 
and diversity, larger, non-community related factors inform the variability in the regional 
real estate market such as global market cycles and provincial trans-boundary real estate 
investments.   

The anticipation of property value increases build on the existing evidence of speculative 
purchases that have been occurring since 2004.  Exploration in northwestern BC in general has 
caused a surge in real estate activity in Granisle and other nearby communities. In general, effects 
on housing supply and demand and property values result from increased employment 
opportunities.  Moreover, wherever employment opportunities and related employee and employer 
needs are focused, that is where the effect will be greatest (K. Waldie 2009, pers. comm.).   

Stewart, for example, saw a rise in property values and sales in 2005 during exploration and 
environmental studies for the anticipated development of the Galore Creek mining project. 
Smithers, which was to be the staging point for a number of regional mines (including the Galore 
Creek project and the proposed Davidson project), demonstrated increases in property market 
value (before the announcement of the Galore project suspension).  Despite the nature of 
speculation in real estate value trends and predictions, it is ultimately housing supply and demand 
from mine employees that will dictate the extent of this effect (K. Waldie 2009, pers. comm.).   

Because of various factors such as proximity and community attractiveness (e.g., aesthetics, 
availability, and access to amenities, etc.) this effect will vary in extent in different communities.  
Additionally, housing availability is limited in some communities while not in others.  As such, 
this effect is considered mixed in nature, having both beneficial and adverse aspects to a 
potentially major extent for Granisle, Topley Landing, Topley; and to a moderate extent for 
Burns Lake, Houston, and Smithers.  

Decreased property value and housing demand (Effect 6) 
Just as the mine’s construction and operations will influence a real estate revitalization, the 
mine's closure may result in a lower market value of residential and commercial properties in the 
surrounding area. 
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In general, when a mine closes, the communities with little or no economic diversity experience 
the greatest drop in real estate market value (K. Waldie 2009, pers. comm.).  Local history shows 
that Granisle, which was built with the sole purpose of supporting the Granisle and Bell mines, had 
no other economic base than mining.  Therefore, when the mines shut down in the early 1990s, real 
estate values plummeted.  The same trend was observed in Stewart following the closure of the 
Premier and Granduc mines.  The same trend is anticipated upon the Morrison mine’s closure; 
however, the degree of change may not be as dramatic because tourism has been developing in the 
area and may offset the future extent of this effect (K. Waldie 2009, pers. comm.).  

This effect is considered mixed in nature, having both beneficial and adverse aspects, and is 
predicted to be minor in extent for Granisle, Topley Landing, Topley, Burns Lake, Houston, and 
Smithers.  

8.19.5.7 Cultural Identity and Sustainability 
Cultural identity and sustainability in this report refers exclusively to the culture and traditions of 
the Lake Babine Nation.  With a worldview that espouses balance and interconnectedness, these 
aspects are integral to the well-being and vitality of First Nations groups (Salee 2006) and this 
VSEC identifies the main components of the Lake Babine Nation’s cultural sustainability that 
may potentially be affected by the Project.  Four potential cultural identity and sustainability 
effects are summarized in Table 8.19-11 and described in detail in the following subsections. 

Decreased knowledge/participation in Carrier/Lake Babine cultural and/or traditional land 
use activities and customs (Effect 1)   
The first effect on Lake Babine Nation culture is a potential decrease in knowledge and 
participation in Carrier/ Babine language, cultural, and/or land use activities.  The Project may 
indirectly contribute to these effects in the following ways: 

• Employment in twelve-hour shifts, in addition to a one- to two-hour commute time (from 
Granisle, Topley Landing, and/or Tachet, depending on weather and road conditions), 
may reduce opportunities for employees from the Lake Babine Nation to partake in 
cultural activities with the Lake Babine Nation community, including balhats 
(multipurpose traditional ceremonies), mourning rites, hunting, and salmon harvests. 

• Time away from the community may also reduce the amount of time employees from the 
Lake Babine Nation speak in their traditional native language.   

• Continued interaction with a substantially non-Aboriginal workforce may induce 
decreased knowledge and use of the Carrier/Babine language. 

Research demonstrates that individuals who participate in a subsistence or traditional lifestyle will 
reduce time spent or even cease participating in these activities.  Time away at the mine creates 
barriers to this lifestyle, and during time off mine workers may prefer to spend more time with 
their family instead of hunting or fishing (Gibson and Klinck 2004).  A daily shift at the mine site, 
including round-trip commute time, will require an approximate 14 hour day.  This may 
significantly reduce the availability of time and energy to fish, hunt, and trap, for example.  
Moreover, mine employment may result in Lake Babine Nation members moving to live closer to  
 



 

 

Table 8.19-11 
Morrison Copper/Gold Project: Potential Effects on Cultural Identity and Sustainability 

  Effect Affected Communities Project Phase(s) Nature Extent 
1 Decreased knowledge/participation in Carrier/Lake 

Babine cultural and/or traditional land use activities 
and customs:  
Lake Babine Nation members employed with the 
Project may have reduced opportunities to speak in 
their native language and/or partake in cultural activities 
with family and fellow Lake Babine Nation members. 

Lake Babine Nation 
communities 

Construction and operations Adverse Moderate 

2 Increased knowledge/participation in Carrier/Lake 
Babine cultural and/or traditional land use activities 
and customs:  
Increased income and time available in between shifts 
during operations may increase available time to speak 
in native language and/or partake in cultural activities 
with family and fellow Lake Babine Nation members. 

Lake Babine Nation 
communities 

Construction and operations Beneficial Minor 

3 Increased intercultural exchange:  
Interaction of mixed outsider/western and Lake Babine 
Nation workforce will increase awareness of western 
techno-rational worldviews and values as well as 
Aboriginal, traditional, and specifically, Lake Babine 
Nation worldviews and values. 

Lake Babine Nation 
communities 

Construction and operations Mixed Moderate 

4 Decreased intercultural exchange: 
Reduced interaction of mixed outsider/western co-
workers because of job terminations will reduce 
opportunity for exposure to, and awareness of western 
techno-rational worldviews and values as well as 
Aboriginal, traditional, and specifically, Lake Babine 
Nation worldviews and values. 

Lake Babine Nation 
communities 

Decommissioning/post-
closure 

Mixed Negligible 
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the mine, either at forestry camps during construction and/or in Tachet with extended family 
members.  For those employees who may leave families in Fort Babine or Woyenne, this 
minimizes time spent with family and fellow clan members.  Consequently, employment 
commitments may make it challenging, if not impossible, to participate in cultural events (for 
example, to attend ceremonial balhats, participate in traditional mourning rites, and/or assist with 
the communal salmon harvest in August and September) and speak in traditional Carrier/Babine 
language.  

The decrease in knowledge/participation in Lake Babine Nation cultural language and activities, 
related to Project employment during construction and operations is predicted to be a moderate 
adverse effect.  

Increased knowledge/participation in Carrier /Lake Babine cultural and/or traditional land 
use activities and customs (Effect 2) 
While Effect 1 acknowledges potential adverse effects on Lake Babine Nation cultural activities, it 
is also possible that the incomes generated by Project-related employment, as well as periods of 
time off during shift cycles, may also result in increased participation in these activities.  Income 
earned through Project-related employment (including direct, indirect, and induced earnings) may 
enable employees from the Lake Babine Nation, their families, and the broader community to 
purchase the vehicles, fuel, and equipment necessary to fully participate in traditional activities 
mentioned above.  As with the opposite effect, research has also shown that mining development 
and wages that ensue from them can actually increase the subsistence lifestyle and traditional 
activities through income and the use of better technology such as time saving equipment for 
travelling and hunting (Gibson and Klinck 2004).  For instance, participation in trapping or hunting 
often requires a vehicle to access the general area, followed by a boat, ATV or snow machine, 
depending on the season.  Combined with the cost of fuel and equipment (e.g., guns, ammunition, 
fishing nets), the cost of these activities may be prohibitively high for many people.  With mining 
wages, these same activities and equipment become more accessible. 

This effect is predicted to be beneficial to a minor extent during the construction and operations 
phases.  

Increased Intercultural exchange (Effect 3) 
The third effect pertains to interaction of outsider/western and Lake Babine Nation workforce 
members and is predicted to arise from exposure to different cultures through the recruitment of 
a diverse workforce.  From a First Nations’ standpoint, there will be an experienced increase in 
exposure to the western techno-rational worldviews and values commonly held by their non-
Aboriginal co-workers.  Conversely, non-Aboriginal employees will be exposed to Aboriginal, 
traditional, and specifically, Lake Babine Nation worldviews and values.  

There are equally potential positive and negative aspects associated to this intercultural dynamic 
effect, and thus the nature of the effect is deemed to be mixed.  Diversity and exposure to 
different cultures, in general, is beneficial because it is assumed that raised awareness about 
someone or something previously unknown can enhance trust, understanding, and respect 
between cultures.  From this perspective, a diverse workforce can contribute to broader 
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perspectives and a harmonious workplace.  Furthermore, a diverse workforce will encompass 
persons of different backgrounds with unique methods of thinking and problem solving who may 
contribute to increased productivity.  

Conversely, diversity and exposure to different cultures and different ways of thinking and 
working can lead to tension, if not conflict, in the workplace.  Moreover, from an Aboriginal and 
cultural sustainability perspective, the long-term implications of exposure and possible 
embracing of non-Aboriginal western or Euro-centric cultures may negate the efforts and 
interests of Lake Babine towards cultural identity and sustainability. 

In summary, this effect is considered mixed, both positive and adverse, in nature, to a moderate 
extent during the construction and operations phases of the Project, as it is anticipated that the 
workforce will have a substantial proportion of Lake Babine Nation members as well as a diverse 
range of other individuals with cultural background that will migrate to the area for work. 

Decrease of intercultural exchange through lack of exposure to different cultures through 
workplace environment (Effect 4) 
The fourth effect is the reverse of the third and involves a reduction in interaction between Lake 
Babine Nation members and outsider or western/Euro-Canadian co-workers because of job 
terminations.  

This effect assumes that upon the mine’s closure, there will be less opportunity for exposure to 
and awareness of western techno-rational worldviews and values as well as Aboriginal, 
traditional, and specifically, Lake Babine Nation worldviews and values.  This decrease in 
exposure and interaction pertains to the workplace as well as interactions occurring in local 
communities where workers resided during the life of the mine.  For similar reasons stated 
above, this effect is considered mixed to a negligible extent during the decommissioning and 
post closure phase of the Project. 

8.19.5.8 Community Well-being 
The well-being of a community is at the core of any socio-economic effects assessment.  Human 
and social health indicators are becoming increasingly integrated into the EA process (Noble 
2005).  It is fundamentally dependent on the effects of other VSECs and comprises numerous 
social components and dynamics that are reflected in the wide range of effects identified and 
described below.  In addition, many components of CWB will also depend on personal 
experiences and opinion.  Seven effects are identified pertaining to the well-being of the 
Project’s study communities.  The nature and extent of each effect is summarized in Table 8.19-
12 and described in detail in the following subsections. 

  



 

 

Table 8.19-12 
Morrison Copper/Gold Project: Potential Effects on Community Well-being 

  Effect Affected Communities Project Phase(s) Nature Extent 
Lake Babine Nation communities, Granisle, 

Burns Lake, and Houston 
Construction and operations Beneficial Moderate 1 Increased individual self-esteem/ 

community pride and engagement:  
Increase in an overall sense of self-
worth and capacity through 
employment; skills development, 
salaries, and benefits.  

Topley Landing, Smithers Landing, Topley, 
Telkwa, and Smithers 

Construction and operations Beneficial Minor 

Lake Babine Nation communities and Granisle Moderate 2 Decreased individual self-esteem/ 
community pride and engagement: 
Decrease in an overall sense of self-
worth and capacity, skills 
development, salaries, and benefits 
because of job and contract 
termination upon the mine’s closure.   

Burns Lake, Houston, Smithers, Topley 
Landing, Smithers Landing, Topley, and 

Telkwa 

Decommissioning/post-closure Adverse 

Minor 

Lake Babine Nation communities, Granisle, 
Topley Landing, Smithers Landing, and Topley 

Construction and operations Moderate 3 Increased financial independence 
and access to goods and services:  
Improved access to goods and 
services through increased income, 
economic development, etc. 

Burns Lake, Houston, Telkwa, and Smithers Construction and operations 

Beneficial 

Minor 

Construction  Minor Lake Babine Nation communities, Granisle, 
Topley Landing, Smithers Landing,  Burns 

Lake, and Houston Operations Moderate 

4 Increased participation in 
socially/health-damaging 
activities:  
Potential increase in drug and alcohol 
use and other societal challenges 
through disposable income generated 
from job salaries. 

Topley, Telkwa, and Smithers Construction and operations 

Adverse 

Minor 

(continued) 



 

 

Table 8.19-12 
Morrison Copper/Gold Project: Potential Effects on Community Well-being (completed) 

  Effect Affected Communities Project Phase(s) Nature Extent 
Lake Babine Nation communities, Granisle, 

and Topley Landing 
Construction and operations Moderate 5 Increased family stress and 

dysfunction:  
Potential disruption to families 
resulting in increased stress, 
separation, and breakdowns in 
familial relationships. 

Burns Lake and Houston Construction and operations 

Adverse 

Minor 

6 Decrease in quality of natural 
environment, recreation, road 
traffic and safety:  
The construction and operation of the 
mine and concentrate hauling 
activities may cause deterioration to 
the environment, outdoor recreation, 
and road safety. 

Granisle, Topley Landing, Tachet, and Topley Construction and operations Adverse Minor 

Construction and operations Minor 7 Decreased purchasing power and 
increased cost of living:  
The Project may give rise to 
consumer price inflation that affects 
the cost of living for those whose 
wages do not keep pace with the 
local inflation rate. 

Northwestern BC 

Decommissioning/post-closure 

Adverse 

Negligible
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Increased individual self-esteem/community pride and engagement (Effect 1)  
The first effect on CWB is an increase in individual self esteem as well as community pride and 
engagement.  This effect is underpinned by an expected rise in the overall sense of self-worth of 
mine workers as a result of the Project’s direct, indirect, and induced workforce hiring, training 
and skills development, and salaries and benefits received.  In general, well-being starts with the 
individual, and extends to the family unit and wider community through well-being indicators 
such as family life involvement, social participation, interest in leisure activities, general health 
conditions and community service contributions (HRSDC 2008).  CWB is positively influenced 
by social participation, activity, and cohesion.  By increasing positive social interaction, social 
connectedness is enhanced, benefitting overall community vitality (Salee 2006). 

The extent of this effect in the local study communities will depend on the existing levels of 
CWB indicators.  For example the ability to provide oneself and family with adequate housing, 
education and access to clean drinking water are some of the key CWB indicators pointing to 
lower-than-average CWB indexes in the Lake Babine Nation communities.  Jobs and income 
provided by PBM allow employees and their families to participate in activities that enhance 
self-esteem and in turn increase community engagement.  Financial security is a well-being 
indicator that contributes to an individual’s standard of living (HRSDC 2008).  As income 
provides stability for an individual through the assurance of shelter, food, and clothing, it also 
permits one to take advantage of opportunities that may have not been possible without the 
income derived from the job.     

The Project’s effects on the nearby communities of Granisle, Burns Lake, and Houston are 
expected to be moderate and beneficial.  Employment levels and participation rates, as well as 
opportunities for training and skills development, are anticipated to increase in these 
communities as a direct consequence of mine construction and operations.  Local business 
owners and employees are also expected to indirectly benefit from the Project. 

For the communities of Topley Landing, Smithers Landing, Topley, Telkwa, and Smithers, this 
effect is minor in extent.  This effect is anticipated to be less substantial than in other communities 
because of a combination of factors including fewer residents taking up jobs at the mine due to 
distance and/or a lack of interest in the mine and associated employment opportunities. 

Decreased individual self-esteem /community pride and engagement (Effect 2) 
The second effect is the reverse of the first: a decrease in an individual self-esteem, community 
pride, and engagement.  Employment and business contract termination upon the mine’s closure, 
it is predicted that there will be a reduced overall sense of self-worth and capacity, skills 
development, salaries, and benefits.  Just as the mine created jobs and income for local 
community members, its closure will bring an end to financial security for individuals that had 
been working at the mine.  Unless a major project in a nearby area develops in the next 20 years 
to replace the Project, imminent unemployment and/or the stress of seeking and transitioning into 
another industry or region for work will produce lower self-esteem, and less pride and 
engagement at individual and community levels. 
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The province’s forestry industry has experienced similar effects when mills have closed and 
rendered employees jobless.  The termination of operations and employment may influence the 
collective morale of a community as well as the individual.  The sense of identity loss through 
unemployment fundamentally affects the self-esteem and confidence of those individuals.  
Forced back into “survival mode,” people are required to focus on basic survival necessities such 
as the costs of shelter, food, and clothing.  Social participation, volunteerism, and leisure 
activities in turn rank lower in prioritization.  

This effect is predicted to be adverse for all communities during the closure/decommissioning 
phase of the Project.  For Granisle, the Lake Babine Nation communities, Burns Lake, and 
Houston, the extent of this effect is moderate.  For the communities of Topley Landing, Smithers 
Landing, Topley, Telkwa, and Smithers, this effect is minor in extent.  As with the reverse of this 
effect, variance in the extent of the effect between communities is reflective of differences in 
population demographics, size, proportion of residents estimated to be a part of the mine’s 
workforce, and community proximity. 

Increased financial independence and access to goods and services (Effect 3) 
Residents of the study communities may experience an increase in financial independence and 
access to goods and services because of the Project.  This Project’s influence in driving this effect 
is twofold.  Firstly, as residents of the study communities obtain direct, indirect, and induced 
employment, their disposable income may increase.  Additionally, the Project is expected to have a 
role in expanding the number, size, and diversity of businesses in the local area, which can lead 
businesses to sell more goods at lower prices (i.e., because of cost advantages associated with 
increasing production) as well as new goods and services not previously sold in the region.  The 
Project’s role in helping community members increase their financial independence and enhance 
their ability to purchase a wider range of goods and services than before is considered a beneficial 
effect. 

The effect is expected to be evident in both construction and operations.  Any gains in this effect 
during decommissioning and post-closure are expected to be offset by the high number of job 
and income losses expected (see Section 8.19.6.2).   

The extent of this effect in the local study communities will depend on existing levels of 
financial dependence/independence, the level of Project-related employment realized, income 
level changes, and the variety of goods and services currently available. 

The primary communities presently demonstrate higher levels of dependence on social assistance 
and lower baseline incomes than was average in the most of the secondary communities and the 
province.  Accordingly, the benefit of improved finances is expected to be more pronounced in 
the primary communities than in the secondary communities. 

In summary, this effect is considered to be beneficial and potentially moderate in all primary 
communities during the construction and operations phase.  In the secondary communities the 
effect was expected to be beneficial and minor during construction and operations.   
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Increased participation in socially/health-damaging activities (Effect 4)  
Indirect effects of the Project may result in increased participation in socially/health-damaging 
activities, potentially including an increase in drug and alcohol use and other associated societal 
challenges through misuse of disposable income generated from job salaries and short-term, 
high-paying contract work. 

While holding a stable job and generating high income from employment has largely positive 
connotations leading many to abstain from socially/health-damaging activities, research on social 
and community health in the mining sector has found that labour and shift-based work in the 
natural resources industries is susceptible to substance abuse among employees.  Although most 
companies in Canada have strict anti-drug and alcohol policies, between shifts a high rate of 
mine workers are speculated to participate in socially/health-damaging activities such as drug use 
outside of work hours (LaPalme 2003).  In addition to having more disposable income, drug 
trafficking generally tends to increase in the communities surrounding a mine as the 
demographics of the workforce are a prime market for drug traffickers and sex workers.  This 
may lead to another element to socially and health-damaging activities, which is an increase in 
prostitution, and consequently an increase in potential unprotected sex and associated risks.   

Because the Project is not a fly-in/fly-out operation it has less potential to contribute to the off-
shift “partying” environment typically associated with such operations.  However, the proposed 
12-hour work shift, which will include an additional 1.5 to 2 hour round trip commute, still 
contributes to a high-risk environment.  Socially/health-damaging activities have an increased 
likelihood of occurrence in these communities given they are already prevalent, evidenced by the 
region’s above-average rates of spousal abuse and serious drug offences relative to BC (BC 
Ministry of Public Safety and Solicitor General 2008).  These issues may be exacerbated by 
employment at the Project and related social constraints such as family separation and being 
single and without family which can induce stress, loneliness and/or boredom.  Moreover, 
evidence suggests that relative to females, males—who are anticipated to compose the majority 
of the mine workforce during both construction and operations—are more susceptible to 
engaging in socially/health-damaging activities (LaPalme 2003).  

In general, the combination of stress from the job and easy access to drugs, alcohol, and sex 
workers contribute to complicate these social activities.  These complications are not isolated to 
the individual mine worker.  For instance, behaviours and activities stemming from altered states 
of mind hinder individuals’ mental capacity to reason and make good decisions that also affect 
family life, relationships, and even health and safety.  Domestic violence is exacerbated by the 
influence of alcohol.  Drug and alcohol use will often cause individuals to act in ways that are 
not conducive to CWB and may contribute to criminal activity and an increased need for 
policing and monitoring (HRSDC 2008). 

This effect is adverse in nature for all communities.  The effect is predicted to be minor in extent 
during construction for Granisle, Topley Landing, the Lake Babine Nation communities, 
Smithers Landing, Burns Lake, and Houston and moderate during operations for the same 
communities.  Topley, Telkwa, and Smithers are anticipated to experience the effect to a minor 
extent during both construction and operations.  This is because these communities are either 
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without pubs and public places to loiter at and engage in such activities or they are farther 
removed from the Project and less likely to house large concentrations of mine workers. 

Increased family stress and dysfunction (Effect 5) 
The Project may also lead to an increase in family stress and dysfunction.  Mine shift work 
schedules can be disruptive to families and sometimes lead to stress and breakdown in familial 
relationships.  The ongoing absence of a spouse increases the level of stress a couple feels in the 
home, as the balance of household responsibilities can shift dramatically (e.g., domestic and 
childcare left at home).  At an extreme end of the continuum, the combination of stress, anger, 
and potential substance abuse may lead to domestic violence and abuse; when combined with the 
stress of commuting along forestry roads early in the morning and late at night, this may 
contribute to the disruption of family and community health (Kuyek and Coumans 2003). 

The Project’s potential to increase family stress and dysfunction is predicted to be a moderate 
adverse effect in Granisle, Topley Landing, and the Lake Babine Nation communities during the 
construction and operations phases.  This effect in the secondary communities of Burns Lake and 
Houston is expected to be adverse to a minor extent during construction and operations as it is 
expected that most mine workers and their families will reside in the former communities, which 
are within a commuting distance to the mine. 

Decreased quality of natural environment, recreation, road traffic and safety (Effect 6) 
The Project may decrease the quality of the natural environment, recreation, road traffic, and 
safety.  The construction and operation of the mine and concentrate hauling activities may 
directly or indirectly cause deterioration to the environment, outdoor recreation, and road safety 
for communities near the Project or community members that live and commute nearby. 

Activities at the mine site are expected to increase noise levels (for details, see Section 8.2).  
Increased noise will not directly affect a particular community, but it may affect property and 
business owners that are residents of nearby communities, including for example the owner of 
Tukii Lodge Guide Outfitters in Smithers Landing.  This individual has a moose hunting camp 
1.5 km north of the Project that will be affected by the noise because of changes to the status of 
the natural environment and moose habitat.  Noise from the mine site’s operations will also 
affect Tukii Lodge’s clients’ overall experience as paying guide outfitting clients.  

The owners of Ookpik Wilderness Lodge rely on the sense of solitude and remoteness provided 
by the surrounding environment.  The Project is expected to generate similar effects to those 
already experienced at the lodge in years past caused by logging in the local area.  In particular, 
noise disturbance from mining activities and increased boat traffic in addition to dust from trucks 
travelling along the nearby haul route that passes approximately 1 km behind their business, may 
affect the wildlife and wildlife habitat surrounding the Lodge.  While noise levels do not pose a 
health risk to humans, guests may experience less satisfaction from stays at Ookpik Wilderness 
Lodge relative to baseline conditions depending on personal noise tolerance levels.  Additionally 
any ensuing declines in wildlife viewing can detract from the recreational experiences of guests.     
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Increased truck hauling traffic along Highway 118, across the barge, and on the east side of 
Babine Lake on a year-round basis will also affect recreation more widely in the area.  The 
Babine Lake area and its parks host a wide range of recreational activities such as hiking, fishing, 
boating, hunting, and cross-country skiing.  An increase in truck traffic volume may alter the 
quality of recreation in numerous ways.  For instance, the barge’s availability for public usage 
may decrease because of the demand and necessity for mine-related trucking activity.  Trucks 
travelling by the turnoff for Tachet, Topley Landing, and along Highway 118 may also increase 
the likelihood for traffic accidents.  In addition, exhaust emitted from trucks may contribute to 
the degradation of air quality in the area along Highway 118 where community residents of 
Granisle, Topley Landing, Tachet, and Smithers Landing travel.  

Air quality, noise, safety, and the general state of the environment are CWB indicators (HRSDC 
2008) that may be degraded in response to the Project’s hauling activities.  This effect is 
specifically focused on the residents of Granisle, Tachet, Topley Landing, and Topley and is 
predicted to be adverse in nature and minor in extent during the construction and operations 
phases. 

Altered purchasing power and increased cost of living (Effect 7)  
Lastly, the Project has the potential to affect CWB by altering purchasing power and increasing 
cost of living on a regional level.  As the Project supplier businesses and employees rapidly 
increase their demand for goods and services, pressure can mount on the existing supply of goods 
and services in the study communities leading to price increases.  Price inflation affects purchasing 
power, which is the value of money in terms of the quantity of goods and services it can buy.  If 
income remains constant but prices increase (i.e., inflation occurs), purchasing power decreases.  A 
decrease in purchasing power translates into an increase in the cost of living, likely affecting 
persons whose wage increases fail to keep pace with the local inflation rate.   

This effect has the potential to be adverse in nature because an increase in the cost of living is 
considered undesirable.  In particular, inflation is expected to be a strain for low-income earners 
and vulnerable groups, potentially jeopardizing CWB.  This effect is expected to be prevalent 
primarily during construction and operations, with minimal applicability to decommissioning 
and post-closure phases. 

The extent of the effects in the study communities depends on whether or not supply can keep 
pace with demand, whether or not price inflation transpires, and to what degree in relation to the 
movement of wage increases.  Provincial economic growth rates also have a bearing on the 
extent of the effects locally, with the recent dip in economic growth expected to limit inflation in 
the short term.   

Housing and food costs are often first to increase in response to population growth associated 
with a resource project of this nature and are the main drivers of inflation, pushing up the cost of 
living.  Families that own their homes are expected to be less affected by an increase in the cost 
of living, as well as those with high-paying jobs at the mine or in associated sectors.  
Homeownership rates are relatively high on average in the study communities and across the 
BNRD compared to the province. 
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Though a degree of inflation is naturally expected within the economy, inflation in northwestern 
BC may be accelerated because of the effects of the Project.  If substantial in-migration occurs 
during construction and operations, significant pressure may be placed on housing and it may be 
difficult to meet housing demand with current infrastructure.  This gap between capacity and 
demand may drive an increase in the cost of living.  Similarly, it is also possible that there may 
be business supply tensions during the initial construction stages, leading to an increase in prices.  
This effect will be minor in the region given the high homeownership rates and because inflation 
is speculated to be falling.   

In summary, this effect is adverse and minor for the region during construction and operations 
and negligible during decommissioning and post-closure. 

8.19.5.9 VSEC: Land-based livelihoods  
The Project is expected to affect the environment in multiple capacities, which can in turn 
influence the business profits, personal incomes, and the quality of life of residents from the 
study communities who are dependent on land-based livelihoods.  The Project’s effects on this 
VSEC are summarized in Table 8.19-13 and discussed. 

Table 8.19-13 
Potential Effects on Land-based Livelihoods 

  Effect Affected Businesses Project Phase(s) Nature Extent 
Tukii Lodge Guide 

Outfitters 
Construction and 

operations 
 

Moderate 1 Decrease in business 
profits, personal incomes 
and quality of life:  
Project disturbances to 
natural environment harm 
businesses offering 
wilderness and/or hunting 
experiences 

Ookpik Wilderness Lodge Construction and 
operations 

Adverse 

Minor 
 

 

Decrease in business profits, personal incomes and quality of life (Effect 1)  
As a consequence of Project-related deterioration in the natural environment during construction 
and operations, the value of business profits and personal incomes among those dependent on 
land-based livelihoods may decline, as well as their quality of life.  Land-based livelihoods refer 
to those businesses whose products and/or services are fundamentally connected to the natural 
environment or associated elements thereof.  For example, outdoor recreation, eco-tourism, and 
guide outfitting offer clients experiences dependent on the integrity of certain environmental 
components such as wildlife, wildlife habitat, and landscape visual quality.  Any decrease in 
business profits, personal incomes, and quality of life resulting from Project-related 
environmental degradation are considered adverse.   

As discussed previously under Effect 6 for the Community Well-being VSEC, disruption to the 
natural environment may occur in response to the mine's activities, with repercussions for the 
viability of businesses that offer wilderness and/or hunting experiences to their clients, many of 
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whom are return customers.  Beyond the economic losses experienced by those whose livelihoods 
depend on the land, it is expected that many of the relevant stakeholders value their livelihoods for 
more than the economic returns activities bring, but also the associated quality of life.  

The extent of the decrease in business profits, personal incomes, and quality of life is expected to 
be prevalent throughout both construction and operations, with greatest duration in operations.   
The extent to which local residents with land-based livelihoods will be affected by income losses 
and quality of life declines depends foremost on the degree of environmental disturbance expected 
and associated impacts on the viability of the business and reduced gratification from participation 
in such activities both as service providers and users.  Some of the damage inflicted to the 
environment may be difficult to reverse in the short to medium term, requiring income sourced 
from alternative means.  This will broadly depend on whether or not those affected are willing to 
adapt, are equipped with transferable skills, and whether or not alternative opportunities exist.   

This effect will influence individuals and families operating land-based livelihood type 
businesses near the mine site or mine-related activities more than communities.  In particular, 
two family-run businesses operate near the Project, which could be affected: Tukii Lodge Guide 
Outfitters and the Ookpik Wilderness Lodge.  These business owners are tenure holders and one 
has a registered licence for the use of the land that intersects the Project and associated Project 
components such as the access route.  Details of land usage by these businesses as well as 
resident hunters and trappers are described in Appendix 42.   

A decrease in business profits, personal incomes, and quality of life among communities reliant 
on land-based livelihoods will be an adverse effect.  The extent of adversity is predicted to be 
potentially moderate during construction and operations for Tukii Lodge Guide Outfitters and 
minor during construction and operations for Ookpik Wilderness Lodge. 

8.19.6 Mitigation and Management 
The following section outlines measures to mitigate the identified potential adverse effects and 
enhance the potential benefits of the Project.  These measures were developed in response to the 
identified effects with consideration of baseline characteristics and input from the public and 
First Nations consultation activities.   

Mitigation and enhancement measures are further elaborated in the Project’s Social Management 
Plan (SMP) in Chapter 13.  The SMP canvasses all of PBM’s initiatives and overarching 
strategies for responsibly managing potential social and community issues arising in response to 
the Project.  The SMP provides a framework for implementing meaningful mitigation measures 
that specifically address likely effects and for facilitating ongoing monitoring of 
mitigation/enhancement activities and accountability.   

This section broadly describes the proposed mitigation/enhancement measures in the SMP as 
they pertain to the potential effects described in Section 8.19.5.  Each effect was identified as 
adverse, beneficial, or mixed and is subsequently assigned mitigation where it has been 
developed.  This section describes how mitigation/enhancement measures will minimize the 
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Project’s adverse effects and maximize beneficial effects to improve the social dimensions of the 
Project.  A table summarizing the proposed mitigation is at the end of each VSEC section.  

8.19.6.1 Employment and Income 

Increase in Employment (Effect 1) 
The Project is expected to cause a beneficial increase in employment in the study communities.  
To enhance this effect in the local primary and secondary communities, local hiring policies will 
be implemented (including a minimum local employment target whereby 30% of the workforce 
is to come from the primary and secondary communities, as opposed to having recently in-
migrated),12 in conjunction with apprenticeships, mentorships, and on-the-job-training programs.  
Together, these initiatives are likely to increase local employment.  To further maximize Project 
benefits for local communities, enhancement measures will also include hiring a Human 
Resources Manager based in Granisle who will coordinate PBM job/business fairs in local 
communities to advertise employment vacancies and act as a point of contact for local residents 
looking for employment information.   

If the above measures are not implemented, local residents, who will experience the widest range 
of effects (including the majority of adverse effects), may not benefit from the full extent of the 
Project’s potential employment opportunities.   

Decrease in Employment (Effect 2) 
As the Project winds down production and decommissioning commences, employment in the 
study communities is subsequently projected to decrease.  To help minimize the significance of 
this adverse effect, PBM will provide (in advance of closure): individual career counselling 
sessions, skills transfer and employment transition workshops, retraining programs, information 
kits regarding preparations for closure, and comprehensive employment references and 
documentation of job skills and responsibilities.  Through the acquisition of skills, training, and 
experience during the Project’s operations phase, it is likely that employees will be well-
equipped to find new work.  However, the availability of work will ultimately be contingent on 
the future economic climate.  

In the absence of mitigation, there is a greater likelihood that unemployment will be magnified 
and persist as an issue over the medium term.    

Increase in Income (Effect 3) 
Income increases expected in response to the Project are considered beneficial.  Proposed 
enhancement measures comprise the same measures intended to address an increase in 
employment (Effect 1), including local hiring policies, hiring a Human Resources Manager, 
hosting local job/business fairs and providing apprenticeships, mentorships, and on-the-job-

                                                 
12 A minimum of 30% of the workforce will be hired from the primary and secondary communities, providing 
demand for employment from adequately qualified local residents exists. 
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training programs.  Additionally, financial management training will be provided for Project 
employees to help them responsibly manage their income.   

If enhancement measures are not adopted, the benefits of increased income may be spread across 
the entire province, which could dilute local community benefits to the point of their becoming 
insignificant.    

Decrease in Income (Effect 4) 
A loss of income related to job losses at closure in the study communities is regarded as an 
adverse effect.  As with a decrease in employment (Effect 2), PBM can help to counteract this 
effect by providing career counselling, skills transfer and employment transition workshops, 
retraining programs, information kits preparing employees for closure, comprehensive references 
and documenting job skills and responsibilities.  Financial management training during 
operations will also have lasting benefits in terms of mitigating the extent that expected income 
losses will be felt at the household level.  In particular, PBM employees will be offered an option 
to invest a small proportion of their wages in a retirement or other savings fund.  This would 
lower the risk of an income decline at decommissioning given that employees may not transition 
into new employment immediately.   

Without mitigation, income losses may be sustained for a longer period of time than would 
otherwise be the case, particularly if alternative job opportunities are limited at the time of 
decommissioning and post-closure.   

Variable Access to Employment and Income (Effect 5)   
The Project has the potential to adversely affect vulnerable groups already affected by pre-
existing barriers by reducing the relative proportion of accessible employment and income 
opportunities.  This effect can be minimized by providing some flexible jobs that are suitable to 
women and First Nations (i.e., the primary identified vulnerable groups).  First Nations 
participation in cultural events will be facilitated wherever feasible and practical through 
flexibility in the area of shift changes.  Furthermore, by putting in place an equal opportunity 
employment policy as well as an enforceable anti-discrimination policy, it is expected that 
employment opportunities for women and First Nations may be optimized (HRSDC 2009).   

If there is no mitigation, it is possible that the Project will exaggerate the inequalities of income 
and employment already experienced by these groups.  

Summary of Mitigation 
See Table 8.19-14 for more specific details on the mitigation that is proposed to address the 
Project’s effects on employment and income. 
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Table 8.19-14 
Mitigation for Effects on Employment and Income 

Mitigation Description Effect Addressed 
Hire a Human Resources 
Manager 

Employ a locally based Human Resources Manager to coordinate information 
sessions and job/ business fairs, providing local residents with a contact 
person to discuss all matters related to employment, training and business 
contracts. 

Effect 1 and 3 

Local hiring policies Aim to hire a minimum of 30% (or more) of employees from primary and 
secondary communities (as opposed to those who in-migrate) in both 
construction and operations, providing demand for employment from 
adequately qualified local residents exists. 

Effects 1 and 3 

Local job/business fairs PBM will hold at least one job/ business fair in both a primary and a secondary 
community in advance of the Project’s construction and operations to inform 
local residents and businesses of upcoming opportunities for employment, 
procurement contracts, etc., as well as the requirements for obtaining these 
positions (e.g., required skills/certifications).   

Effect 1 and 3 

Apprenticeships, 
mentorships, and on-the-
job-training programs 

With the guidance and support of relevant government agencies. PBM will 
encourage ongoing opportunities for employees (particularly youth and recent 
graduates) to obtain apprenticeships, mentorships, and on-the-job training 
associated with the Project. 

Effects 1 and 3 

Career counselling  Offer career counselling services in advance of decommissioning, providing 
employees desiring career advice with individual sessions. 

Effects 2 and 4 

Skills transfer and 
employment transition 
workshops  

In advance of full or temporary closure, PBM will provide skills transfer and 
employment transition workshops to all interested employees. 

Effects 2 and 4 

Retraining programs Where applicable and possible, PBM will support retraining of select 
employees for employment with decommissioning and post-closure (e.g., 
monitoring) activities. 

Effects 2 and 4 

Information kits on 
preparing for mine closure  

In advance of project closure (temporary or full), PBM will provide all 
employees with an information kit to support the transition with details on the 
scheduled date of mine closure, employment insurance, job websites, known 
opportunities with other Projects, resumé writing, job searching techniques, 
and programs offered at local educational institutions.   

Effects 2 and 4 

Documenting and tracking 
skills and certifications 

Develop Human Resources skills and certification intake, monitoring, and 
evaluation system to assist workers with skill set transferability and career 
development. 

Effects 2 and 4 

References Provide written or phone references demonstrating employees’ skills and 
experience attained on the job. 

Effects 2 and 4 

Financial management 
training Run seminars for employees regarding basic financial management skills and 

opportunities.  Employees will also be provided an option to contribute to 
registered savings or investment plans, through automated paycheque 
deductions, which will become available once employment terminates.  This 
training may assist First Nations transferring to the wage economy (i.e., from a 
traditional or non-wage economy).    

Effects 3 and 4 

Equal opportunity and 
anti-discrimination policy 

Implement an equal opportunity employment policy along with an enforceable 
anti-discrimination policy to support vulnerable groups in the work place. 

Effect 5 
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8.19.6.2 Education, Training, and Skills Development 

Increase in labour and skills base/ inventory (Effect 1) 
The Project is predicted to attract skilled labour to the area for skilled jobs and build job-specific 
skills among local residents.  Additionally, those residents hired for the Project will have the 
opportunity to develop on-the-job training and experience.  PBM will enhance this effect in local 
communities by partnering with local education institutions to develop and deliver general and 
industry-specific training, sponsoring scholarships, providing mentorship and apprenticeship 
programs, conducting a community-based skills inventory and needs assessment, and providing 
professional support for mining-specific education programs.  

In the absence of these proposed plans, local residents may not have access to the jobs created by 
the Project and, in turn, may not benefit from potential skill development and training 
opportunities.  

Decrease in labour and skills base/ inventory (Effect 2) 
After the mine closes, skilled labour may be attracted elsewhere for skilled jobs, while unskilled 
locals will have less incentive to obtain job-specific skills for mining or any other industry. 

To minimize this adverse effect and create beneficial outcomes, PBM will develop an initiative 
that will involve collaboration with industry professionals to deliver retraining programs for a 
select number of employees for Project-related decommissioning and post-closure work where 
possible as well as programs focused on skills transferability within and across industries. 

Without the implementation of these programs, employees and local residents will have an 
increased probability of experiencing a decrease in their skills base after closure, as skilled 
residents may need to leave to pursue employment in other communities or provinces. 

Increased demand for training and skill development resources (Effect 3) 
Based on the number of jobs anticipated to be generated by the Project and the availability of 
persons with employment capacity, there may be an increased demand for training programs.  
Recommended plans to enhance this effect are the same ones proposed for Effect 1. 

As with Effect 1, should these plans not be implemented local residents may not have access to 
the jobs created from the Project and consequently may not benefit from potential skill 
development and employment opportunities.  

Decreased demand for training and skill development resources (Effect 4) 
Once the mine closes, there may be less demand for mining-related training programs and 
resources.  Local residents, faced with unemployment may require skills transfer support instead of 
mining-related training.  As such, in addition to providing retraining programs for a select number 
of employees to enable them to continue working with the Project during decommissioning and 
post-closure where possible, PBM will also provide programs facilitating skills transferability 
between industries. 
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Without these initiatives, demand for training and skills development resources may fall more 
significantly, potentially reducing the regions future capacity to provide educational services 
both with respect to quality and quantity.  Additionally, these mitigations may avoid prolonging 
the amount of time operations workers will need to transition into future employment. 

Decreased incentive to continue/complete education (Effect 5)   
When a development provides job opportunities, some individuals may be unmotivated to 
continue their education in preference for immediate gains from receiving a substantial income.  
To address this adverse potential effect, PBM will implement the following mitigation strategies: 
corporate sponsored scholarships and minimum age and education level hiring policies.  Through 
such initiatives, those seeking employment (as well as Project employees) will be encouraged 
and supported to develop their knowledge and skills by either completing or pursuing their high 
school and college diplomas.  

In the absence of these mitigation plans, lower education attainment levels and high school 
incompletion rates may potentially continue or even worsen throughout the study communities. 

Improved essential work and life skills (Effect 6) 
Employment at the mine may provide employees the opportunity to gain and/or improve essential 
skills in their work environment.  To bolster this positive effect, a number of on-the-job activities 
are proposed, including mentorship programs, life and career skills training, and financial 
management training that focuses on those that are transitioning from non-wage financial income 
(e.g., social assistance and other government transfers) to wage-based income (e.g., bi-weekly 
paycheques or invoice prompted payments for contractors). 

Without implementing these plans, the support employees may need to access the optimal level of 
opportunity from working at the mine may be diminished or compromised because of difficulties 
in transitioning into the workforce.  This will be particularly relevant for potential employees from 
diverse cultural backgrounds, and those with little past experience in waged employment. 

Summary of Mitigation 
Table 8.19-15 provides more specific details on the proposed mitigation to address the Projects 
effects on employment and income. 

8.19.6.3 Business Opportunities and Economic Development 

Increase in Business Opportunities (Effect 1) 
An increase in business opportunities is considered a beneficial effect of the Project.  To enhance 
business opportunities, business needs will be advertised in advance of the Project at local 
job/business fairs, coordinated by a Human Resources Manager to be hired by PBM.  Furthermore, 
PBM can advance business opportunities in the study communities by forming partnerships and 
working with local economic development associations such as the Lakes Economic Development 
Authority and the Lake Babine Nation wherever possible.   
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Table 8.19-15 
Mitigation for Effects on Education, Training, and Skill Development 

Mitigation Description Effect Addressed 
Skills development and 
training programs and 
partnerships 

Provide guidance to educational institutions on skill 
requirements and if feasible establish partnership-funded 
training programs with local educational institutions in 
Granisle and Burns Lake (e.g., the College of New 
Caledonia, Northwest Community College) and/or with 
institutions that offer satellite training specifically for rural and 
Aboriginal groups (e.g., BCIT). This may include skill 
transferability and retraining programs. 

Effects 1 and 3 

Scholarships and awards 
for local students 

Fund scholarships, bursaries, and awards for local 
community high school, college, and university students. 

Effects 1, 3 and 5 

Apprenticeships, 
mentorships, and on-the-
job-training programs 

With the guidance and support of relevant government 
agencies. PBM will encourage ongoing opportunities for 
employees (particularly youth and recent graduates) to obtain 
apprenticeships, mentorships, and on-the-job training 
associated with the Project. 

Effects 1, 3, and 6 

Skills inventory and needs 
assessment survey 

Complete (or support the completion of) a Skills Inventory 
and Needs Analysis (SINA) for Granisle, Burns Lake, and the 
Lake Babine Nation.  This will be done in collaboration with 
local governments, training institutions, and/or special 
interest groups. 

Effects 1 and 3 

Skills transfer and 
employment transition 
workshops  

In advance of full or temporary closure, PBM will provide 
skills transfer and employment transition workshops to all 
interested employees. 

Effects 2 and 4 

Retraining programs Develop a system to monitor and evaluate employee skills 
and certifications to assist workers skill transferability and 
career development.   

Effects 2 and 4 

Provision of professional 
support for mining-specific 
education programs 

Support local and regional mining education programs (e.g., 
NWCC’s School of Exploration and Mining) by enabling 
trained and experienced employees to provide guest lectures 
etc. to students, linking studies with real employment 
opportunities.  

Effects 1, 2, 3 and 4 

Minimum age and 
education level hiring 
policies 

Implement a minimum hiring age policy of 18 years and/or 
the achievement of a high school diploma. 

Effect 5 

Life and career skills 
training 

PBM will provide employees with training and resources in 
the following areas: communication, time management, 
business etiquette, dispute resolution, etc.  

Effect 6 

Financial management 
training 

PBM will provide seminars for employees regarding basic 
financial management skills and opportunities.  Employees 
will also be provided an option to contribute to registered 
savings or investment plans, through automated paycheque 
deductions, which will become available once employment 
terminates. This training may assist First Nations transferring 
to the wage economy (i.e., from a traditional or non-wage 
economy).   

Effect 6 
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A significant number of business contracts may be allocated in the primary and secondary 
communities, because doing business locally tends to have cost advantages, in addition to the 
fact that Smithers is a well-established mining service centre for northwestern BC.  In the 
absence of mitigation activities, which ensure businesses have early knowledge of the Project’s 
needs and can adapt their services accordingly, there is a greater probability that only limited 
business will be conducted in the primary and secondary communities, and thus benefits to the 
local communities will be diminished.  

Decrease in Business Opportunities (Effect 2) 
Reduced business opportunities at closure are considered an adverse effect.  Measures that PBM 
will take to assist businesses include providing them with clear guidelines regarding the length of 
business contracts to allow businesses to plan for and best manage the changing levels of 
demand for their goods and services and providing them with references and/or testimonials to 
help them obtain future work.  While few mitigation actions exist to significantly ease this effect, 
these measures are anticipated to assist businesses obtain new work more easily than would 
otherwise be the case.   

Increased Economic Development (Effect 3) 
Economic development is a beneficial Project effect.  Measures to enhance this effect in the local 
primary and secondary communities include local hiring policies, hiring a Human Resources 
Manager to coordinate advertising business needs in advance of the Project at local job/business 
fairs, and PBM cooperation and partnerships with local economic development associations 
wherever possible.  Additionally apprenticeships, mentorships, and on-the-job-training programs 
are expected to positively contribute to economic development. 

Without these mitigation activities, economic development will not necessarily be concentrated 
locally in the primary and secondary communities, allowing the Project’s economic benefits to 
be dissolved across the province.   

Decreased Economic Development (Effect 4) 
After stimulating increased economic development, the Project may play a role in slowing 
economic growth and development once the operations phase is complete.  In combination, PBM 
can adopt a number of measures to help minimize this effect.  Such measures include providing 
businesses with clear contract dates throughout construction and operations and by ensuring 
employees are prepared for closure.  In advance of closure, PBM will provide career counselling, 
skills transfer and employment transition workshops, retraining programs, information kits, 
documentation and tracking employee skills and certifications, and references/testimonials 

In the absence of these mitigation measures, it is possible that Project-reliant local businesses 
and employees may be inadequately prepared for decommissioning and post-closure, potentially 
causing a collapse in economic growth and development. 

Increased Economic Dependency on Mining Sector (Effect 5) 
Increased economic dependency on the mining sector (as a result of employment and business 
opportunities related to the Project) is considered an adverse effect, because vulnerability to 
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changing economic conditions is accentuated.  This effect will be mitigated through the creation 
of a Community Sustainability Advisory Committee.  This committee can help to resolve 
concerns about increased economic dependency on the mining sector by providing initiatives to 
diversify the economy through marketing communities to other types of businesses (e.g., 
retirement and/or adventure/wilderness tourism).  Furthermore, skills transfer workshops that 
develop transferable skills will be offered at decommissioning, enabling employment transition 
into other industries.  Without this mitigation, the economies of the primary and secondary 
communities are likely to become inherently less sustainable over time.  

Increased Mining Specialization (Effect 6) 
The Project is expected to help the region develop a comparative advantage in providing mining 
goods and services.  This is considered a positive effect.  Enhancement measures to build the 
local skills base and business capacity include local hiring policies, hiring a PBM Human 
Resources Manager, hosting local job/business fairs and apprenticeships, mentorships, and on-
the-job-training programs.  If no enhancement measures are applied, there will be less incentive 
for employment and economic activity associated with the mining industry to occur in the region 
in the future.  

Summary of Mitigation 
More specific details on the mitigation proposed to address the Project’s effects on business 
opportunities and economic development are provided in Table 8.19-16. 

8.19.6.4 Population and Demographics 

Increase in Population (Effect 1) 
An increase in population as a result of the Project is considered beneficial in some of the study 
communities and mixed in others.  To enhance Project-related population growth, and 
specifically to ensure the rate and overall level of growth is manageable, mitigation will include 
implementing local hiring policies, hosting local job/ business fairs and providing 
apprenticeships, mentorships, and on-the-job-training programs.  In this way, PBM will 
endeavour to focus on hiring residents from the primary and secondary communities, facilitating 
a controlled pace and moderate overall population increase.   

Decrease in Population (Effect 2) 
The Project’s role in causing population declines among the study communities is considered 
both an adverse and mixed effect depending on the affected study community.  To mitigate this 
effect, the same mitigation for an increase in population applies.  By applying local hiring 
policies, hosting local job/business fairs and providing skills and training programs, the initial 
population increase will be steadier, consequently moderating the potential for a sudden and 
sizable decrease in the population at closure.  
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Table 8.19-16 
Mitigation for Effects on Business Opportunities and 

Economic Development  
Mitigation Description Effect Addressed 
Hire a Human Resources 
Manager 

Employ a locally based Human Resources Manager to coordinate information 
sessions and job/business fairs, providing local residents with a contact person 
to discuss all matters related to employment, training and business contracts 

Effects 1, 3, and 6 

Local job/business fairs PBM will hold at least one job/business fair in both a primary and a secondary 
community in advance of the Project’s construction and operations to inform 
local residents and businesses of upcoming opportunities for employment, 
procurement contracts, etc., as well as the requirements for obtaining these 
positions (e.g., required skills/certifications).   

Effects 1, 3, and 6 

Support local economic 
development associations 

Partner with local economic development associations and support local 
initiative wherever possible.  For example, have representatives on the Lakes 
Economic Development Authority and work with the Lake Babine Nation.  

Effects 1 and 3 

Emphasize contract 
timelines  

Provide very clear information on the timelines of contract work. Effects 2 and 4 

References and/or 
testimonials 

Provide references and/or testimonials to businesses that served the Project 
with high quality goods and services to assist them with their future marketing 
activities. 

Effects 2 and 4 

Local hiring policies Aim to hire a minimum of 30% (or more) of employees from primary and 
secondary communities (as opposed to those who in-migrate) in both 
construction and operations, providing demand for employment from adequately 
qualified local residents exists.   

Effects 3 and 6 

Apprenticeships, 
mentorships, and on-the-
job-training programs 

With the guidance and support of relevant government agencies. PBM will 
encourage ongoing opportunities for employees (particularly youth and recent 
graduates) to obtain apprenticeships, mentorships, and on-the-job training 
associated with the Project. 

Effects 3 and 6 

Career counselling Offer career counselling services in advance of decommissioning, providing 
employees desiring career advice with individual sessions.   

Effect 4 

Skills transfer and 
employment transition 
workshops  

Provide skills transfer and employment transition workshops to all interested 
employees.   

Effect 4 

Retraining programs Where applicable and possible, PBM will support retraining of select employees 
for employment with decommissioning and post-closure (e.g., monitoring) 
activities. 

Effect 4 

Information kits on 
preparing for mine closure  

In advance of project closure (temporary or full), PBM will provide all employees 
with an information kit to support the transition with details on the scheduled 
date of mine closure, employment insurance, job websites, known opportunities 
with other Projects, resumé writing, job searching techniques, and programs 
offered at local educational institutions.   

Effect 4 

Documentation and 
tracking of skills and 
certifications. 

Develop a system to monitor and evaluate employee skills and certifications to 
assist workers skill transferability and career development.   

Effect 4 

References Provide written or phone references demonstrating employees’ skills and 
experience attained on the job.  

Effect 4 

  (continued) 
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Table 8.19-16 
Mitigation for Effects on Business Opportunities and 

Economic Development (completed) 
Mitigation Description Effect Addressed 
Financial management 
training 

Run seminars for employees regarding basic financial management skills and 
opportunities.  Employees will also be provided an option to contribute to 
registered savings or investment plans, through automated paycheque 
deductions, which will become available once employment terminates.  This 
training may assist First Nations transferring to the wage economy (i.e., from a 
traditional or non-wage economy).    

Effect 4 

Community Sustainability 
Advisory Committee 

Establish Community Sustainability Advisory Committee (comprising 
representatives from local communities, government, and PBM), with a 
mandate to identify, resolve, and monitor community issues arising because of 
the Project, such as concerns around the economic dependency, traffic and 
road use, environmental and human health issues, etc. (e.g., economic diversity 
could be enhanced through community marketing strategies). 

Effect 5 

 

Change in Community Demographics (Effect 3) 
A shift in the communities’ demographic structure caused by Project-related immigration to the 
study communities is considered a mixed effect.  Mitigation to address this effect includes inter-
cultural training for PBM employees along with implementing an equal opportunity policy and an 
enforceable anti-discrimination policy to encourage tolerance and smooth community relations.  
Furthermore, with clear communications to government planning agencies, it is possible that 
infrastructure and services needed to support the changing needs of study community residents can 
be put in place.  Without mitigation, it is possible that community tensions will mount in the 
workplace and in the community if strains on community resources eventuate.   

Summary of Mitigation 
Mitigation that addresses population and demographic change as a result of the Project is 
outlined in Table 8.19-17. 

8.19.6.5 Services and Infrastructure 

Increased demand on community infrastructure, programs and services (Effect 1) 
In-migrating residents for mine work are anticipated to increase demand for goods, services, and 
community amenities and resources.  Plans to enhance the positive nature of this effect and 
reduce its adverse aspects include proactive company communications with community planning 
authorities and service providers, hiring a Community Liaison to establish and lead a Community 
Sustainability Advisory Committee in addition to appointing the Human Resources Manager 
with the responsibility of coordinating employee housing for in-migrating employees.  
Additionally, the mitigations already described that indirectly reduce the need for in-migration 
by encouraging hiring existing residents will reduce the significance of this effect.  These 
mitigations include local hiring policies, hosting local job/business fairs, and providing 
apprenticeships, mentorships, and on-the-job-training programs.    
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Table 8.19-17 
Mitigation for Effects on Population and Demographics 

Mitigation Description Effect Addressed 
Local hiring policies Aim to hire a minimum of 30% (or more) of employees from primary and 

secondary communities (as opposed to those who in-migrate) in both 
construction and operations, providing demand for employment from 
adequately qualified local residents exists.   

Effects 1 and 2 

Apprenticeships, 
mentorships, and on-
the-job-training 
programs 

With the guidance and support of relevant government agencies. PBM 
will encourage ongoing opportunities for employees (particularly youth 
and recent graduates) to obtain apprenticeships, mentorships, and on-
the-job training associated with the Project. 

Effects 1 and 2 

Local job/business 
Fairs 

PBM will hold at least one job/business fair in both a primary and a 
secondary community in advance of the Project’s construction and 
operations to inform local residents and businesses of upcoming 
opportunities for employment, procurement contracts, etc., as well as 
the requirements for obtaining these positions (e.g., required 
skills/certifications).   

Effects 1 and 2 

Inter-cultural training  Provide a mandatory intercultural training session for all managers and 
employees to promote inter-cultural awareness and foster inter-cultural 
and interpersonal communication skills.   

Effect 3 

Equal opportunity and 
anti-discrimination 
policy 

Implement an equal opportunity employment policy along with an 
enforceable anti-discrimination policy to support vulnerable groups in 
the workplace. 

Effect 3 

Communication with 
community planning 
authorities and service 
providers 

Regularly update local municipal and regional planning agencies on the 
status of mining activities and human resources statistics, to increase 
awareness of potential and ongoing changes in demand for 
infrastructure and services. 

Effect 3 

 

In the absence of these plans, it is possible that community providers may not be able to 
adequately anticipate and plan for the demands of a higher population.  The lack of 
communication between the company and community leaders may also indirectly result in 
community tension from resident frustration and negative perception of the company. 

Decreased demand on community infrastructure, programs and services (Effect 2) 
When the mine closes, the opposite effect from the one described above is expected.  Out-
migration of residents whose jobs have terminated will result in a decrease in population.  This in 
turn will reduce usage levels and demand for goods, services, and community amenities and 
resources.  To mitigate the adverse and enhance the beneficial aspects of this effect, the same 
strategies for Effect 1 will be implemented, with the exception of employee housing 
coordination.  This includes company communication with community planning authorities and 
service providers and the establishment of a Community Sustainability Advisory Committee and 
Community Liaison, as well as the mitigations designed to encourage local hiring.  

In the absence of this mitigation, it is possible that community providers may not be able to 
adequately anticipate and plan for the consequences of a substantial population and demand 
decline.  This could result in unexpected business bankruptcies and business and service 
provision employee lay offs.  
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Increased tax base and provision of community infrastructure and services (Effect 3) 
Employee income tax and other tax payments may contribute to government revenues and 
spending.  There are no enhancement plans to alter the course or extent of this effect.  However, 
the same plans listed above for Effect 2 are recommended to enhance this effect by helping to 
create conduits between community needs and government spending decisions.  This includes 
communication with community planning authorities and forming a multi-stakeholder 
Community Sustainability Advisory Committee. 

Without implementing these plans, it is possible that messages concerning service and 
infrastructure needs may be missed or overlooked because of a lack of coordinated systems for 
relaying important information to local government representatives. 

Decreased tax base and provision of community infrastructure and services (Effect 4) 
Once the mine closed, the reduced amount of employee income tax and other tax payments are 
expected to decrease government revenues and spending. 

Similar to above, there are no mitigation plans to alter the course or extent of this effect.  
However, the same plans proposed above for Effects 2 and 3 are recommended for this effect to 
provide information needed for short- and long-term planning regarding local government 
spending and changing needs in the communities.  This includes communication with 
community planning authorities and forming a multi-stakeholder Community Sustainability 
Advisory Committee. 

Without implementing these plans, it is possible that messages regarding the mine’s activities 
and closure implications will not be communicated because of a lack of coordinated systems for 
relaying important information to local government representatives.  This may hinder the 
capability of local government and planning authorities to adequately plan for the communities’ 
economic and service provision transition after mine closure. 

Increased property value and housing demand (Effect 5) 
The mine's development and operations are predicted to cause an upward surge in the market 
value of residential and commercial properties in the surrounding area and increase residential 
housing demand. 

Because of the multifaceted nature of the real estate market and its dependence on many external 
factors, there are no direct enhancement or mitigation plans to address this effect.  Measures 
designed to encourage local employment may indirectly reduce the demand for housing, and thus 
the potential for price fluctuations.  As such, local hiring policies, hosting local job/business fairs, 
and developing apprenticeships, mentorships, and on-the-job-training programs are part of the 
mitigation plan.  Furthermore, for practical purposes and to decrease the adverse effects of 
employee stress in finding housing, employee housing is to be coordinated by the Human Resources 
Manager to assist new employees transitioning into new residences in communities close to the 
mine.  This may help streamline demand and moderate property value and housing demand 
increases.  Furthermore, hiring a Community Liaison, establishing a Community Sustainability 
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Advisory Committee, and ensuring that company communications with community planning 
authorities occur may assist this process. 

Without efforts to coordinate employee housing and other described mitigation measures, the 
nature and extent of this effect may prove more adverse than beneficial because new residents to 
the area may have significant trouble finding available and suitable accommodation, which may 
also have spinoff effects in terms of compromised health and productivity.  Additionally, the 
supply of affordable housing may decrease because of the predicted influx of residents.  In 
particular, those who do not own a home in these communities may be disadvantaged by 
increasing rental rates and property prices. 

Decreased property value and housing demand (Effect 6) 
At the time of the Project’s closure, it is possible that a population exodus may cause property 
values and housing demands to decline.  To minimize this effect, PBM will implement the 
mitigation measures described as relevant to Effects 2, 3, and 4.  By reducing the initial increase in 
population and pressure on services and infrastructure, the potential for subsequent decline is 
lessened.  

In the absence of this mitigation, fluctuations in property values and housing demand have the 
potential to be significantly more volatile, creating uncertainty for local residents wishing to 
purchase homes in the study communities.  From this perspective, mitigation is valuable because 
it will reduce the potential significance of this effect. 

Summary of Mitigation 
Mitigation that addresses effects on community services and infrastructure as a result of the 
Project is outlined in Table 8.19-18. 

8.19.6.6 Cultural Identity and Sustainability 

Decreased knowledge/participation in Carrier/Lake Babine cultural and/or traditional land 
use activities and customs (Effect 1) 
Lake Babine Nation members working at the mine will have less opportunity to partake in 
cultural activities with family and fellow Lake Babine Nation members.  This effect may 
ultimately diminish these individuals’ cultural identity by rendering the activities that represent 
their culture inaccessible to them. 

Mitigating this adverse effect involves implementing a company policy that allows for work 
schedule flexibility for Aboriginal members to participate in traditional activities.  PBM will also 
sponsor snowmobiling and wilderness safety training programs to demonstrate corporate support 
for cultural activities and safety.  To encourage family connections and health, PBM will sponsor 
and coordinate youth, Elder, and family language and culture camps in collaboration with the 
Lake Babine Nation. 
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Table 8.19-18 
Mitigation for Effects on Services and Infrastructure 

Mitigation Description Effect Addressed 
Communicate with 
community planning 
authorities and service 
providers 

Regularly update local municipal and regional planning agencies on 
the status of mining activities and human resources statistics, to 
increase awareness of potential and ongoing changes in demand for 
infrastructure and services. 

Effects 1, 2, 3, 4, 5, 
and 6 

Hire a Community 
Liaison and establish a 
Community 
Sustainability Advisory 
Committee  

Establish Community Sustainability Advisory Committee (comprising 
representatives from local communities, government, and PBM), with 
a mandate to identify, resolve, and monitor community issues arising 
because of the Project, such as concerns around the economic 
dependency, traffic and road use, environmental and human health 
issues, etc.  

Effects 1, 2, 3, 4, 5, 
and 6 

Local hiring policies Aim to hire a minimum of 30% (or more) of employees from primary 
and secondary communities (as opposed to those who in-migrate) in 
both construction and operations, providing demand for employment 
from adequately qualified local residents exists.   

Effects 1, 2, 3, 4, 5 
and 6 

Apprenticeships, 
mentorships, and on-
the-job-training 
programs 

With the guidance and support of relevant government agencies.  
PBM will encourage ongoing opportunities for employees (particularly 
youth and recent graduates) to obtain apprenticeships, mentorships, 
and on-the-job training associated with the Project. 

Effects 1, 2, 3, 4, 5 
and 6 

Local job/ business 
Fairs 

PBM will hold at least one job/business fair in both a primary and a 
secondary community in advance of the Project’s construction and 
operations to inform local residents and businesses of upcoming 
opportunities for employment, procurement contracts, etc., as well as 
the requirements for obtaining these positions (e.g., required 
skills/certifications).   

Effects 1, 2, 3, 4, 5 
and 6 

 

Without these plans, Lake Babine Nation members working at the mine may feel removed from 
their cultural and familial roots and indirectly increase the severity of other adverse effects 
related to CWB and cultural sustainability. 

Increased knowledge/participation in Carrier/Lake Babine cultural and/or traditional land use 
activities and customs (Effect 2) 
The opposite effect to the one previously discussed (Effect 1) is also possible as an increase in 
income and time available between work shifts will also increase opportunities for Lake Babine 
Nation members to partake in cultural activities. 

Plans proposed to enhance this positive effect include the same as those recommended for 
Effect 1.  Without these plans, Lake Babine Nation members may not be able to access or take 
advantage of the possible beneficial aspects of this effect. 

Increased intercultural exchange through exposure to different cultures (Effect 3) 
Project employees may include local residents and local members of the Lake Babine Nation, as 
well as people from outside the region and people of euro-Canadian background and other ethnic 
ancestry.  In particular, the mixture and daily interactions between Lake Babine Nation members 
and their non-Aboriginal co-workers will increase awareness and exchange of western non-
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Aboriginal worldviews and as well as Aboriginal, traditional, and specifically, Lake Babine 
Nation worldviews and values.  

Plans to enhance this benefit and mitigate any possible adverse effects include intercultural 
training for management and employees.  Without these plans, Lake Babine Nation members and 
non-Aboriginal workers may experience misguided communications and unnecessary 
misunderstandings, racial and inter-personal conflict in addition to missing out on opportunities 
to learn new perspectives.  These mitigation measures will also reduce the risk of PBM 
management making uninformed decisions regarding employees because of a lack of 
intercultural understanding. 

Decrease of intercultural exchange through lack of exposure to different cultures through 
workplace environment (Effect 4) 
When the mine closes, there may be less interaction between Lake Babine Nation members and 
non-Aboriginal individuals, specifically, those who were working at the mine.  Consequently, 
there may be reduced opportunity for cross-cultural exchange between Aboriginal and non-
Aboriginal residents.   

Plans to mitigate this adverse effect are the same as those proposed for Effect 3.  In the absence 
of these plans, there will be minimal difference in effect nature and extent. 

Summary of Mitigation 
Mitigation addressing effects on the cultural identity and sustainability of the Lake Babine 
Nation as a result of the Project is outlined in Table 8.19-19. 

Table 8.19-19 
Mitigation for Effects on Cultural Identity and Sustainability 

Mitigation Description Effect Addressed 
Sponsorship of non-
work related safety 
training 

As part of their broader health and safety training program, PBM 
will include optional sessions or resources on topics of particular 
interest to employees.  This may include such topics as 
snowmobiling safety, wilderness First Aid, and/or survival skills.   

Effects 1 and 2 

Intercultural training Provide a mandatory intercultural training session for all 
managers and employees to promote inter-cultural awareness 
and foster inter-cultural, interpersonal, and communication 
skills.   

Effects 3 and 4 

 

8.19.6.7 Community Well-being  

Increased individual self-esteem /community pride and engagement (Effect 1) 
Local residents hired into the mine’s workforce may experience an increase in an overall sense 
of self-worth and capacity through skill development, experience, and engaging in salaried work. 
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Strategies to enhance this effect include hiring a Community Liaison, to form a community-driven 
sustainability committee, and to sponsoring company family-oriented social events.  In the absence 
of these proposed plans, the surrounding communities may not develop a positive view of the 
company and employees may not feel a connection between their roles as mine employees and 
roles as community citizens.  Employees’ sense of self-worth is also an important factor for mental 
well-being and may indirectly affect levels of productivity and job retention, etc. 

Decreased individual self-esteem /community pride and engagement (Effect 2) 
The mine’s closure and subsequent job terminations and loss of salary income is predicted to 
have the reverse effect from the previously described effect and result in a decrease in an overall 
sense of self-worth and capacity, and consequently community pride and engagement.  

Plans to mitigate this adverse effect include establishing a corporate Community Sustainability 
Advisory Committee, providing company-sponsored financial management and general life skill 
development training programs for employees. 

Without these plans, it is uncertain how employees will react, adjust, and transition when they lose 
their jobs from the mine.  However, without any support or acknowledgment, the potential for the 
mine’s closure to negatively affect the community will be greater than with plans in place. 

Increased financial independence and access to goods and services (Effect 3) 
Project employment and supplies demand is expected to cause an increase in financial 
independence for local residents and better access to goods and services because of business 
development from the mine’s activities and employee purchasing needs. 

Proposed plans to enhance this benefit include establishing a community sustainability 
committee and offering financial management training programs to employees.  A conduit 
between the company and the community would ensure the sustainability of community 
economic development.  Employees and their families would benefit from financial planning and 
management skill development to better utilize their disposable income. 

The absence of communication between the community and company may reduce this effect’s 
beneficial level.  Residents without experience and knowledge of financial planning matters may 
not actually experience the potential benefits of financial independence if income generated is 
not budgeted adequately. 

Increased participation in socially/health-damaging activities (Effect 4) 
Some proportion of mine employees may be susceptible to increased drug and alcohol use 
arising from increased disposable income generated from job salaries.  Societal challenges 
associated with alcohol and drug use activities and trafficking are also predicted to rise with the 
mine’s development.  

Plans to mitigate this adverse effect include all plans proposed for the previous effects, in 
addition to the implementation and strict enforcement of a zero-tolerance drug and alcohol 
policy.  Supporting employees to take substance abuse programs can reduce the costs to business 
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by increasing productivity.  Additionally, assisting employees in this regard will also have 
indirect positive effects on family and community health. 

In the absence of these mitigation measures, it is possible that employees may exhibit increased 
levels of substance abuse.  Moreover, the level of alcohol- and drug-related incidents such as 
domestic violence, criminal activity, and general misdemeanours may increase over the course of 
the mine’s life. 

Increased family stress and dysfunction (Effect 5) 
The Project’s proposed shift schedule may be disruptive to families and result in increased stress 
and breakdowns in familial relationships, including general dysfunction, domestic violence, and 
child abuse. 

Plans to mitigate this adverse effect include providing training on financial management and 
general life skills, establishing a Community Sustainability Advisory Committee, and supporting 
substance abuse counselling, treatment and rehabilitation.   

In the absence of these mitigation measures, the pressures of the long work/travel schedules and 
associated personal stress may have negative indirect effects on the employees, their families, 
and contribute to socially pathological situations including an interconnected combination of 
substance abuse, family violence, criminality, and discrimination. 

Decreased quality of natural environment, recreation, road traffic, and safety (Effect 6) 
Traffic from the Project’s hauling activities and supplies transportation may indirectly cause 
deterioration to the environment, outdoor recreation, and road safety near Topley Landing, 
Granisle, Tachet, and Topley.  In addition, increased traffic activity may potentially increase the 
level of highway-related accidents involving other vehicles and/or accidents and malfunctions. 

To mitigate this adverse predicted effect, communications and preventive measures should be 
fostered and developed through a Community Sustainability Advisory Committee.  These plans 
should be implemented in conjunction with the air quality, noise, and human health effects 
mitigation management plans described in sections 8.3, 8.21, and 8.22, respectively. 

If no mitigation measures are applied, there will be an absence of communication and relations 
between the company and these communities, a negative perception of the company, and a 
potentially higher risk of traffic-related accidents and environmental degradation. 

Decreased purchasing power and increased cost of living (Effect 7) 
The Project may cause consumer price inflation that consequently may increase the cost of living 
for residents whose wages do not keep pace with the local inflation rate.  There are minimal 
mitigation measures to address this effect except to support mine employees and their families in 
their knowledge and practice of financial management.  Having the Human Resources Manager 
coordinate employee housing may minimize the potential for inflation to be driven by housing 
cost increases, because demand for available housing is likely to be streamlined, lessening the 
likelihood of sudden price escalations.    
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Summary of Mitigation 
More specific details on the mitigation proposed to address the Project’s effects on CWB are 
provided in Table 8.19-20. 

Table 8.19-20 
Mitigation for Effects on Community Well-being 

Mitigation Description Effect Addressed 
Hire a Community Liaison  Oversee community development initiatives and act as PBM’s primary point 

of contact for public and local organizations on externally focused 
community issues.  This position will also oversee the Community 
Sustainability Advisory Committee, and facilitate the implementation of 
elected community programs and initiatives (e.g., Aboriginal youth, women, 
and leadership awards; fundraising events; corporate donations to local 
social, health, education, and sports programs). 

Effects 1, 2, 4, 5, and 6 

Community Sustainability 
Advisory Committee 

Establish Community Sustainability Advisory Committee (comprising 
representatives from local communities, government, and PBM), with a 
mandate to identify, resolve, and monitor community issues arising 
because of the Project, such as concerns around the economic 
dependency, traffic and road use, environmental and human health issues, 
etc. 

Effects 1, 4, 5 and 6 

Financial management 
and general life skill 
development training 
programs 

Run seminars for employees regarding basic financial management skills 
and opportunities.  Employees will also be provided an option to contribute 
to registered savings or investment plans, through automated paycheque 
deductions, which will become available once employment terminates.  
PBM will also provide employees with training and resources in the 
following areas: communication, time management, business etiquette, 
dispute resolution, etc.  

Effects 2, 3, 4, 5 and 7 

Support for substance 
abuse treatment 

PBM will enforce a zero tolerance drugs-and-alcohol policy on site, and will 
encourage and enable employees to deal with substance abuse issues, 
where applicable.   

Effects 4, and 5 

Zero tolerance drug and 
alcohol policy 

PBM will strictly monitor and enforce a company-wide zero tolerance 
prohibition of drug and alcohol use before and during work shifts.  

Effect 4 

 

8.19.6.8 Land-based Livelihoods 

Decrease in business profits, personal incomes and quality of life (Effect 1)  
The Project is expected to have adverse effects on the natural environment (as detailed in other 
sections of the Application) and thus also on the business profits, personal income, and quality of 
life derived by those with land-based livelihoods.  Affected stakeholders include the owners of 
Tukii Lodge Guide Outfitters (Mr. Dave Hooper) and Ookpik Wilderness Lodge (Caroll 
Hofmeister).   

PBM will meet with potentially affected stakeholders to discuss the nature of their concerns and 
any simple steps that could be taken to reduce the degree of this effect.  Those adversely affected 
may also benefit from involvement in the Community Sustainability Advisory Committee, 
whose mandate is to ensure resident concerns (including those pertaining to the Project’s effects 
on the natural environmental and sustainability) are voiced and addressed through participatory 
planning and resolution processes wherever possible.   



Environmental and Socio-economic Effects Assessment 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II 8–674 Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

The effects on Tukii Lodge Guide Outfitters are predicted to be the most significant and on this 
basis warrant the most comprehensive mitigation strategy.  PBM will seek conditional agreement 
on a relocation strategy and/or negotiate conditions for a financial compensation agreement with 
the owner of Tukii Lodge Guide Outfitters to adequately mitigate this effect.   

These mitigations seek to ensure that economic losses likely to be experienced by those with land-
based livelihoods will be acknowledged and appropriately compensated in the case of Tukii Lodge 
Guide Outfitters.  Refer to Section 8.21 for additional mitigation pertaining to land use activities. 

Summary of Mitigation 
Mitigation that addresses the Project’s effects on land-based livelihoods is detailed below in 
Table 8.19-21. 

Table 8.19-21  
Mitigation for Effects on Land-based Livelihoods  

Mitigation Description Effect Addressed 
Communication with 
stakeholders 

PBM is pleased to meet with potentially affected residents to discuss the Project’s likely 
effects on their livelihoods and quality of life and any simple measures that could avert 
this potential adverse effect.   

Effect 1 

Community 
Sustainability 
Advisory Committee 

Establish Community Sustainability Advisory Committee (comprising representatives 
from local communities, government, and PBM), with a mandate to identify, resolve, 
and monitor community issues arising because of the Project, such as concerns 
around the economic dependency, traffic and road use, environmental and human 
health issues, etc. 

Effect 1 

Compensation/ 
Relocation Package 

Seek conditional agreement on a relocation strategy and/or negotiate conditions for a 
mutually agreed-upon financial compensation agreement with Tukii Lodge Guide 
Outfitters.   

Effect 1 

8.19.7 Significance and Likelihood of Residual Effects 
The Project’s residual effects are those that are expected to persist after PBM has implemented 
the mitigation and enhancement measures described in Section 8.19.6.  The residual effects 
generally differ from the original effects described in Section 8.19.5 because the proposed 
mitigation/enhancement measures further the significance of the Project’s beneficial effects and 
diminish the significance of its adverse effects.  This section describes the Project’s residual 
effects by VSEC according to a variety of descriptors. 

8.19.7.1 Notes on the Descriptors for the Project’s Socio-economic Residual Effects 
Descriptors 
A set of standardized descriptors outlined in the EA methodology (Section 5.0) were used to 
assess the Project’s residual effects.  These descriptors have been rated in accordance with best 
professional judgment and in consideration of the pre-mitigation identification and description of 
potential effects, past experiences at other mines, relevant literature findings, baseline research, 
field observations, and First Nations and public concerns expressed during consultation.  

The magnitude of the different residual effects often varies between communities and phases.  
The Project’s residual effects are reported to have a geographic extent relevant to the 
community, regional, or provincial level, depending on the definition of the affected 
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communities in Section 8.19.6.  Typically, the magnitude of effects is higher in construction than 
in operations, largely because of the higher number of jobs available during this phase.  At the 
same time, effects are generally predicted to have a short-term duration in construction and 
decommissioning/ post-closure, and medium-term duration in operations.  The frequency of the 
expected effects is considered continuous in most cases because residents are expected to be 
affected over continuous intervals by the Project’s phases (e.g., residents are assumed to be 
either employed or unemployed on a continual basis).   

The descriptor for resilience to change is less fitting for the Project’s socio-economic effects than 
bio-physical effects, because human environments by nature are highly dynamic.  To some 
extent, the resilience of a community is a function of its ability to accommodate growth and 
change in light of its diversity and any capacity constraints such as a lack of infrastructure.  For 
the purposes of this assessment the resilience of the study communities to adapt to change is 
deemed neutral in most cases because change was assumed possible in these communities, but 
the level of receptiveness to that change was difficult to predict.   

The above factors are used to determine the overall significance of both beneficial and adverse 
effects as minor, moderate, or major.  As the last stage of the assessment, each effect is assigned 
a probability of occurrence (low, medium, or high) and confidence level (low, medium, or high).  
These factors will speak to the likelihood that predicted effects will occur, recognizing that there 
are dynamic and uncertain factors that have the potential to undermine the certainty of the 
assessment, such as the underlying state of the future economy.   

8.19.7.2 Employment and Income 
In each of the study communities and phases, changes in employment and income are expected 
to occur at the community level, have a continuous frequency, and be reversible over the short 
term.  Resilience to change is also constant across communities and phases, and is assessed as 
neutral, because while none of the communities reported full-employment or above-average 
incomes, it is unclear as to how many residents are interested, available, and qualified for 
Project-related employment.  Differences in the magnitude, duration, and significance of effects 
by community and phase are discussed under the specific effects, followed by a discussion of the 
likelihood of effects.   

The assessment of the Project’s residual effects on employment and income is summarized in 
Table 8.19-22.   

Increase in Employment (Effect 1) 
After mitigation, the increase in direct, indirect, and induced employment is not expected to 
change from the previous estimate of 1,117 jobs in construction and 601 jobs in operations; 
however, the proportion of residents from the primary and secondary communities gaining work 
is expected to increase.  As such, the enhancement measures will increase the significance of the 
effects in each of the affected study communities.   

The employment increase will be of high magnitude and short-term duration in construction and 
of medium magnitude and medium duration in operations in the communities of Granisle, 
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Topley Landing, Smithers Landing, Topley, Burns Lake, Houston, and Telkwa.  Accordingly, 
the overall significance of the effect in these communities is considered moderate for both 
phases.  By contrast, an increase in employment is expected to be of high magnitude for both the 
short-term construction and the medium-term operations in Lake Babine Nation communities, 
and Smithers.  In these communities an increase in employment is likely to be a major effect.  

An increase in employment is an effect of high probability, while the confidence levels are 
intermediate because there is uncertainty around the exact number of direct, indirect, and 
induced positions to be created and how many study community residents have interest, 
availability, and qualifications necessary for Project-related employment.  

Decrease in Employment (Effect 2) 
After mitigation, the decrease in employment at the time of decommissioning and post-closure is 
still expected to amount to 340 direct job losses (285 at decommissioning and another 55 at post-
closure), and up to 600 job losses if all indirect and induced jobs are also lost in a worst case 
scenario (e.g., if closure coincided with a severe economic depression).  Mitigation will not 
prevent direct job losses from occurring, but is anticipated to accelerate the transition of direct 
employees into new employment at closure, which in turn is expected to help sustain indirect and 
induced employment.  Therefore, mitigation reduces the likelihood of unemployment ensuing in 
the primary and secondary communities.    

Because enhancement measures were adopted to increase employment in the primary and 
secondary communities, the potential for job loss is also heightened in these communities.  
Mitigation is expected to prevent unemployment from matching the initial increase in 
employment predicted in the primary and secondary communities.  Therefore, mitigation is in 
fact expected to lower the significance of this effect, though the final significance rating is 
similar to the assessment of the extent of the effects before all mitigation.    

A decline in employment of low magnitude is expected at the onset of the decommissioning and 
post-closure phase, leading to an overall effect of minor significance in the communities of 
Granisle, Topley Landing, Smithers Landing, Topley, Burns Lake, Houston, and Telkwa.  In the 
Lake Babine Nation communities and Smithers the decrease in employment is anticipated to be 
of medium magnitude and short-term duration as of decommissioning and post-closure, giving 
rise to a moderate effect. 

A decrease in Project-related employment is an effect of high probability, although confidence 
levels are considered low as the level of indirect and induced employment losses are uncertain and 
beyond the control of PBM.  Ultimately, the continued employment of indirect and induced 
employees, as well as the re-employment of direct employees, depends on the future state of the 
economy.   

Increase in Income (Effect 3) 
The increase in household income resulting from the Project’s direct, indirect, and induced effects 
after enhancement measures remains in the predicted range of $79 million for construction and 
$35 million for operations.  Enhancement measures are expected to encourage income increases in 
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the local primary and secondary communities by increasing the proportion of high-salaried mining 
jobs held by residents and providing employees with improved financial management skills.  

An income increase is anticipated to be of high magnitude and short-term duration in construction, 
and of medium magnitude and medium-term duration in operations in the communities of 
Granisle, Burns Lake, Houston, Smithers, and Telkwa.  In these communities, an income increase 
has the potential to have moderate significance.  By comparison, this effect is estimates as high 
magnitude both for the short-term construction phase and medium-term operations phase in the 
Lake Babine Nation communities, Topley Landing, Smithers Landing, and Topley.  In these 
communities the significance of this potential effect is considered major.   

The effect of an increase in income is assessed to have a medium probability of occurring with 
intermediate confidence levels.  Some uncertainty exists because it is impossible to know which 
individuals will obtain employment and how much they were earning prior to taking up Project-
related employment, and also in consideration of the fact that not all employment will be in high-
paying positions (i.e., particularly for induced employment).  Finally, the skills and experience of 
future employees, which are typically commensurate to pay levels, are unknown.   

Decrease in Income (Effect 4) 
The post-mitigation decrease in annual income resulting from direct Project-related job losses is 
expected to total $24 million, and up to $35 million in the worst case scenario that all associated 
indirect and induced income generation opportunities also recede.  Mitigation is anticipated to 
help prevent sudden and sustained direct income losses from occurring, primarily by assisting 
employees with their transition into new employment.  

Enhancement measures intended to increase income in the local primary and secondary 
communities give rise to the possibility of equally large potential declines at closure.  The 
mitigation addressing this effect is expected to inhibit the decrease in income from reaching the 
magnitude of the initial income increase.  While mitigation targeting income decreases ensures 
the significance of this effect is lower than would otherwise be the case, as with a decrease in 
employment the final significance rating remains comparable to the assessment of the extent of 
the effects prior to all mitigation.    

Income declines are expected to be of low magnitude and short-term duration during 
decommissioning and post-closure, producing a minor effect in the communities of Granisle, 
Burns Lake, Houston, Smithers, and Telkwa.  By contrast, the magnitude of the effect is medium 
and duration short term in decommissioning and post-closure in the Lake Babine Nation 
communities, Topley Landing, Smithers Landing, and Topley.  In these communities the 
significance of the effect is considered medium.  

A decrease in income is considered an effect of medium probability yet with low confidence 
levels because income declines depend on numerous undetermined factors including the size and 
scope of the initial increases, and whether or not jobs with equal pay are available at closure to 
offset the effect.  Furthermore, indirect and induced income losses may be negligible if the 
prevailing economic conditions support a continuation of indirect and induced employment.  At 
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the same time, the income losses of direct employees will also be lowered if the economy is 
prospering and facilitates their re-employment. 

Variable Access to Employment and Income (Effect 5)   
The Project could increase the supply of male-dominant and industry-oriented employment and 
income earning opportunities that may inadvertently disadvantage vulnerable groups such as 
women and First Nations.  Mitigation will aim to prevent the Project from exacerbating any pre-
existing inequalities in the primary and secondary communities and lower the overall expected 
significance of this effect. 

By reducing the potential for equal access to employment and income, the Project may cause an 
effect of low magnitude and short-term duration in construction, and of negligible magnitude and 
medium-term duration in operations in Tachet, Old Fort, Donald’s Landing, Fort Babine, and 
Woyenne.  The overall significance of this effect in these communities is moderate.  With short-
term duration in construction and medium-term duration in operations, both the magnitude and 
overall significance of this effect was negligible in Burns Lake, Houston, Smithers, Topley 
Landing, Smithers Landing, Topley, and Telkwa.  

This effect has a medium probability of occurring.  The assessment of this effect is made with 
low confidence because the Project’s exact influence in causing this effect is difficult to specify 
and not well understood.    



 

 

Table 8.19-22 
Morrison Copper/Gold Project: Employment and Income Effects Assessment Summary Table 

Description 

Project 
Component(s) 
and Affected 
Communities Project Phase(s) Nature Extent 

Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Construction Beneficial Minor Yes High Community Short-term Continuous Reversible 
Short-term 

Neutral Moderate High Intermediate 

Operations Beneficial Minor Yes 

Increased local 
employment 

Medium Community Medium-
term 

Continuous Reversible 
Short-term 

Neutral Moderate High Intermediate 

Human 
Resources 

Granisle, Topley 
Landing, 
Smithers 

Landing, Topley, 
Burns Lake, 

Houston, and 
Telkwa 

Decommissioning/ 
post-closure 

Beneficial Negligible No           

Construction Beneficial Moderate Yes High Community Short-term Continuous Reversible 
Short-term 

Neutral Major High Intermediate 

Operations Beneficial Moderate Yes 

Increased local 
employment 

High Community Medium-
term 

Continuous Reversible 
Short-term 

Neutral Major High Intermediate 

Effect 1 
Increase in 
employment:  
Directly hiring a 
workforce, indirect 
supplier hiring, and 
induced hiring in 
response to new 
consumption from 
direct and indirect 
employee wages. 

Human 
Resources 

Lake Babine 
Nation 

communities and 
Smithers Decommissioning/ 

post-closure 
Beneficial Negligible 

- Hire a Human 
Resources 
Manager 
- Local hiring 
policies (30% local 
minimum hiring 
target) 
- Local job/ 
business fairs 
- Apprenticeships, 
mentorships, and 
on-the-job-training 
programs 

No           

Operations Adverse Negligible No           Human 
Resources 

Granisle, Topley 
Landing, 
Smithers 

Landing, Topley, 
Burns Lake, 

Houston, and 
Telkwa 

Decommissioning/ 
post-closure 

Adverse Minor Yes Mitigation 
prevents loss in 

employment 
from being as 
significant as 
initial post-

enhancement 
increase 

Low Community Short-term Continuous Reversible 
Short-term 

Neutral Minor High Low 

Operations Adverse Negligible No           

Effect 2 
Decrease in 
employment: 
Loss of direct, 
indirect, and 
induced 
employment (lay 
offs). 

Human 
Resources 

Lake Babine 
Nation 

communities and 
Smithers 

Decommissioning/ 
post-closure 

Adverse Moderate 

- Career 
counselling 
- Skills transfer 
and employment 
transition 
workshops 
- Retraining 
programs 
- Information kits 
on preparing for 
mine closure 
- Documenting 
and tracking skills 
and certifications 
- Written and/or 
phone references 

Yes Mitigation 
prevents loss in 

employment 
from being as 
significant as 
initial post-

enhancement 
increase 

Medium Community Short-term Continuous Reversible 
Short-term 

Neutral Moderate High Low 

Construction Beneficial Minor Yes High Community Short-term Continuous Reversible 
Short-term 

Neutral Moderate Medium Intermediate 

Operations Beneficial Minor Yes 

Increase local 
income 

Medium Community Medium-
term 

Continuous Reversible 
Short-term 

Neutral Moderate Medium Intermediate 

Human 
Resources 

Granisle, Burns 
Lake, Houston, 
Smithers, and 

Telkwa Decommissioning/ 
post-closure 

Beneficial Negligible No           

Construction Beneficial Moderate Yes High Community Short-term Continuous Reversible 
Short-term 

Neutral Major Medium Intermediate 

Operations Beneficial Moderate Yes 

Increase in local 
income 

High Community Medium-
term 

Continuous Reversible 
Short-term 

Neutral Major Medium Intermediate 

Effect 3 
Increase in 
income:  
Paying wages and 
salaries to direct, 
indirect, and 
induced 
employees. 

Human 
Resources 

Lake Babine 
Nation 

communities, 
Topley Landing, 

Smithers 
Landing, and 

Topley 

Decommissioning/ 
post-closure 

Beneficial Negligible 

- Hire a Human 
Resources 
Manager 
- Local hiring 
policies (30% local 
minimum hiring 
target) 
- Local job/ 
business fairs 
- Apprenticeships, 
mentorships, and 
on-the-job-training 
programs 
- Financial 
management 
training 

No           

  (continued) 



 

 

Table 8.19-22 
Morrison Copper/Gold Project: Employment and Income Effects Assessment Summary Table (completed)  

Description 

Project 
Component(s) 
and Affected 
Communities Project Phase(s) Nature Extent 

Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Operations Adverse Negligible No           Human 
Resources 

Granisle, Burns 
Lake, Houston, 
Smithers, and 

Telkwa 

Decommissioning/ 
post-closure 

Adverse Minor Yes Mitigation 
prevents loss in 

income from 
being as 

significant as 
initial post-

enhancement 
increase 

Low Community Short-term Continuous Reversible 
Short-term 

Neutral Minor Medium Low 

Operations Adverse Negligible No           

Effect 4 
Decrease in 
income: 
Ceasing paying 
wages and salaries 
to direct, indirect, 
and induced 
employees. 

Human 
Resources 

Lake Babine 
Nation 

communities, 
Topley Landing, 

Smithers 
Landing, and 

Topley 

Decommissioning/ 
post-closure 

Adverse Moderate 

- Career 
counselling 
- Skills transfer 
and employment 
transition 
workshops 
- Retraining 
programs 
- Information kits 
on preparing for 
mine closure 
- Documenting 
and tracking skills 
and certifications 
- Written and/or 
phone references 
- Financial 
management 
training 

Yes Mitigation 
prevents loss in 

income from 
being as 

significant as 
initial post-

enhancement 
increase 

Medium Community Short-term Continuous Reversible 
Short-term 

Neutral Moderate Medium Low 

Construction Adverse Moderate Yes Low Community Short-term Continuous Reversible 
Short-term 

Neutral Minor Medium Low Human 
Resources 

Lake Babine 
Nation 

communities 
Operations Adverse Moderate Yes 

Variable access 
to employment 

and income 
Negligible Community Medium-

term 
Continuous Reversible 

Short-term 
Neutral Moderate Medium Low 

Construction Adverse Minor Yes Negligible Community Short-term Continuous Reversible 
Short-term 

Neutral Negligible Medium Low 

Effect 5 
Variable access to 
employment and 
income:  
Unequal 
opportunities 
across genders, 
ethnicities, cultures, 
ages, and abilities 
due to pre-existing 
socio-cultural 
issues. 

Human 
Resources 

Burns Lake, 
Houston, 

Smithers, Topley 
Landing, 
Smithers 

Landing, Topley, 
and Telkwa 

Operations Adverse Minor 

- Equal 
opportunity and 
anti-discrimination 
policy 

Yes 

Variable access 
to employment 

and income 
Negligible Community Medium-

term 
Continuous Reversible 

Short-term 
Neutral Negligible Medium Low 
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8.19.7.3 Education, Training, and Skills Development 
In each study community and during each phase, changes in education, training, skill levels, and 
needs are predicted at the community level.  These changes are continuous throughout the life of 
the Project and have medium-term reversibility with respect to changes in skill levels, because 
education cannot be easily lost once acquired, yet have short-term reversibility with respect to the 
change in demand for and availability of education, skills, and training opportunities.  Community 
resilience to these changes is assessed as neutral across all communities and phases because 
residents are expected to easily adapt to these kinds of changes.  However, if interest and 
motivation for educational programs is lacking, some resistance to change may exist.   

Differences in the magnitude, duration, and significance of effects by community and phase are 
discussed in this section as well as the overall probability of the specific effect.    

The assessment of the Project’s residual effects on education, skills, and training is summarized 
in Table 8.19-23.   

Increase in skills base (Effect 1) 
Collaborative initiatives undertaken by PBM in conjunction with local educational institutions 
are expected to encourage and foster skill development and on-the-job work experience.  These 
measures will create learning and training opportunities catering towards local youth and those 
seeking employment, thereby bolstering the potential increase in the labour and skills base.  

With these enhancement measures in place, the increase in the communities’ skills base is 
expected to be high magnitude over the short term in the construction phase and medium term in 
the operations phase in the Lake Babine Nation communities, culminating as a major effect in 
both phases.  By contrast, the effect was of high magnitude and short-term duration in 
construction and of medium magnitude and medium-term duration in the operations phase for 
Granisle, Burns Lake, Houston, and Smithers.  For these communities, the significance of the 
effect is assessed as moderate overall in both phases. 

However, for the communities of Topley Landing, Smithers Landing, Topley, and Telkwa an 
increase in the skills base is predicted to be low magnitude for both the short-term construction 
and the medium-term operations phases.  Therefore, the effect for these communities is 
considered minor in significance during these phases.   

In all of the communities affected, the effect was raised to minor at decommissioning and post-
closure, in light of the mitigations that have been developed to enhance skill transferability and 
overall employability of employees.   

The reversibility of this effect is assumed to be long term in all communities and phases because 
any accumulation of education, skills, and training may be retained by individuals for over 25 
years beyond the operating life of the Project.  

The effect has a high probability of occurrence for the former group and a medium probability of 
occurrence for the latter group of communities.  The confidence level is intermediate as it 
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remains uncertain as to how many residents will require or want training and what exact 
proportion of the workforce will be migrating to the area with specific skill sets. 

Decrease in Skills Base (Effect 2) 
After mitigation, the decrease in the labour and skills base at the time of decommissioning and 
post-closure is still anticipated because of the potential for direct, indirect, and induced job losses 
and subsequent out-migration in search of new work opportunities. 

Mitigation will not completely avert a decrease in the community labour and skills base from 
occurring, but is rather expected to positively support the mine employees’ transition into new 
industries and areas of employment at closure.  This, in turn, is expected to help sustain the 
availability of skilled labour and overall skills base in the study communities. 

Other than assisting employees in skills transitioning, mitigation is not anticipated to 
substantially change the significance of this effect.  The decrease in labour and skills base is low 
in magnitude and is expected to occur once during the decommissioning phase and will continue 
into the post-closure phase.  This effect is to be short-term in duration and have short-term 
reversibility.  This effect will be experienced by residents of Granisle, the Lake Babine Nation 
communities, Burns Lake, and Houston and will be negligible in significance.  Because the 
existence of additional developments and demographic changes in the study communities in two 
decades is uncertain, there is a medium probability of occurrence that is predicted with an 
intermediate confidence level.  

Increased demand for training and skill development resources (Effect 3) 
After enhancement plans, the magnitude of this beneficial effect is anticipated to have a medium 
magnitude in all study communities, and short-term and medium-term in both duration and 
reversibility over the course of construction and operations phases, respectively.  

The significance is expected to be minor for Granisle, Topley Landing, Smithers Landing, 
Topley, and Telkwa.  The baseline population and demographics of these communities do not, 
for the most part, suit the appropriate market for construction or mining operations education and 
training needs.  Conversely, the population and demographics of the Lake Babine Nation 
communities, Burns Lake, and Houston give rise to an anticipated increase in the effect having 
moderate significance. 

Therefore, the probability of this effect is low for the former group of communities and medium 
for the latter group, with an intermediate level of prediction confidence for all communities, 
given interest and motivation to obtain Project-related employment and training is uncertain. 

 



 

 

Table 8.19-23 
Morrison Copper/Gold Project: Education, Skills, and Training Effects Assessment Summary Table 

Description 

Project 
Component(s) 
and Affected 
Communities Project Phase(s) Nature Extent 

Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Construction Beneficial Minor Yes High Community Short-term Continuous Reversible 
Short-term 

Neutral Major High Intermediate 

Operations Beneficial Minor Yes High Community Medium-
term 

Continuous Reversible 
Short-term 

Neutral Major High Intermediate 

Human 
Resources 

Lake Babine 
Nation 

communities 

Decommissioning/ 
post-closure 

Beneficial Negligible Yes 

Increase in 
labour and skills 

base 

Low Community Short-term Continuous Reversible 
Short-term 

Neutral Minor Medium Intermediate 

Construction Beneficial Minor Yes High Community Short-term Continuous Reversible 
Short-term 

Neutral Moderate High Intermediate 

Operations Beneficial Minor Yes Medium Community Medium-
term 

Continuous Reversible 
Short-term 

Neutral Moderate High Intermediate 

Human 
Resources 

Granisle, Burns 
Lake, Houston, 
and Smithers 

Decommissioning/ 
post-closure 

Beneficial Negligible Yes 

Increase in 
labour and skills 

base 

Low Community Short-term Continuous Reversible 
Short-term 

Neutral Minor Medium Intermediate 

Construction Beneficial Negligible Yes Low Community Short-term Continuous Reversible 
Short-term 

Neutral Minor Medium Intermediate 

Operations Beneficial Negligible Yes Low Community Medium-
term 

Continuous Reversible 
Short-term 

Neutral Minor Medium Intermediate 

Effect 1 
Increase in skills 
base:  
Incentive for 
unskilled locals to 
obtain job-specific 
skills; Project 
employees obtain 
on-the-job training 
and experience; 
individuals with 
skills and 
experience are 
attracted to the 
Project area by 
employment 
opportunities. 

Human 
Resources 

Topley Landing, 
Smithers 

Landing, Topley, 
and Telkwa Decommissioning/ 

post-closure 
Beneficial Negligible 

- Skills 
development and 
training programs 
and partnerships 
- Scholarships and 
awards for local 
students 
- Apprenticeships, 
mentorships, and 
on-the-job-training 
programs 
- Skills inventory 
and needs 
assessment 
survey 
- Provision of 
professional 
support for 
mining-specific 
education 
programs 

Yes 

Increase in 
labour and skills 

base 

Low Community Short-term Continuous Reversible 
Short-term 

Neutral Minor Medium Intermediate 

Effect 2 
Decrease in skills 
base:  
Out-migrating 
skilled labour at 
closure; loss of 
incentive for 
education and 
training. 

Human 
Resources 

Lake Babine 
Nation 

communities, 
Granisle, Burns 

Lake, and 
Houston 

Decommissioning/ 
post-closure 

Adverse Negligible - Skills 
development,  
training programs 
and partnerships 
- Skills transfer 
and employment 
transition 
workshops 
- Retraining 
programs 

Yes Decrease in 
labour and skills 

base 

Low Community Short-term Continuous Reversible 
Short-term 

Neutral Negligible Medium Intermediate 

Construction Beneficial Minor Yes Medium Community Short-term Continuous Reversible 
Short-term 

Neutral Minor Medium Intermediate Human 
Resources 

Granisle, Topley 
Landing, 
Smithers 

Landing, Topley 
and Telkwa 

Operations Beneficial Minor Yes 

Increased 
demand for 

training and skill 
development Medium Community Medium-

term 
Continuous Reversible 

Short-term 
Neutral Minor Medium Intermediate 

Construction Beneficial Minor Yes Medium Community Short-term Continuous Reversible 
Short-term 

Neutral Moderate Medium Intermediate 

Effect 3 
Increased demand 
for training and 
skill development 
resources:  
Increased demand 
for locally available 
education and 
training programs 
and resources. 

Human 
Resources 

Lake Babine 
Nation 

communities, 
Topley Landing, 

Houston, and 
Smithers 

Operations Beneficial Minor 

- Skills 
development and 
training programs 
and partnerships 
- Scholarships and 
awards for local 
students 
- Apprenticeships, 
mentorships, and 
on-the-job-training 
programs 
- Skills inventory 
and needs 
assessment survey 
- Provision of 
professional 
support for mining-
specific education 
programs 

Yes 

Increased 
demand for 

training and skill 
development Medium Community Medium-

term 
Continuous Reversible 

Short-term 
Neutral Moderate Medium Intermediate 

  (continued) 



 

 

Table 8.19-23 
Morrison Copper/Gold Project: Education, Skills, and Training Effects Assessment Summary Table (completed) 

Description 

Project 
Component(s) 
and Affected 
Communities Project Phase(s) Nature Extent 

Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Effect 4 
Decreased 
demand for 
training and skill 
development 
resources:  
Decreased demand 
for locally available 
education and 
training programs 
and resources. 

Human 
Resources 

Lake Babine 
Nation 

communities, 
Granisle, Topley 
Landing, Burns 
Lake, Houston, 

Smithers 
Landing, Topley, 

and Telkwa 

Decommissioning/ 
post-closure 

Neutral Negligible - Skills 
development and 
training programs 
and partnerships 
- Skills transfer 
and employment 
transition 
workshops 
- Retraining 
programs 

Yes Decreased 
demand for 

training and skill 
development 

Negligible Community Medium-
term 

Continuous Reversible 
Short-term 

Neutral Negligible Medium Intermediate 

Construction Adverse Minor Yes Negligible Community Short-term Continuous Reversible 
Short-term 

Neutral Negligible Medium Low 

Operations Adverse Minor Yes Negligible Community Medium-
term 

Continuous Reversible 
Short-term 

Neutral Negligible Medium Low 

Effect 5 
Decreased 
incentive to 
continue/ 
complete 
education:  
Decreased 
motivation to 
continue with 
education relative 
to the immediate 
gains from 
receiving a salary. 

Human 
Resources 

Lake Babine 
Nation 

communities, 
Burns Lake, 

Houston, and 
Smithers 

Decommissioning/ 
post-closure 

Adverse Minor 

- Scholarships and 
awards for local 
students 
- Minimum age 
and education 
level hiring 
policies 
 

Yes 

Decreased 
incentive to 
continue/ 
complete 
education 

Negligible Community Short-term Continuous Reversible 
Short-term 

Neutral Negligible Low Low 

Construction Beneficial Minor Yes Medium Community Short-term Continuous Reversible 
Short-term 

Neutral Moderate Medium Intermediate Human 
Resources 

Lake Babine 
Nation 

communities, 
Burns Lake, 

Houston, and 
Smithers 

Operations Beneficial Minor Yes 

Improved 
essential work 
and life skills 

Medium Community Medium-
term 

Continuous Reversible 
Short-term 

Neutral Moderate Medium Intermediate 

Construction Beneficial Negligible No           

Effect 6 
Improved 
essential work 
and life skills:  
Enhanced essential 
life skills and work 
skills through 
steady employment 
and income 
management. 

Human 
Resources 

Topley Landing, 
Smithers 

Landing, Topley, 
and Telkwa 

Operations Beneficial Negligible 

- Apprenticeships, 
mentorships, and 
on-the-job-training 
programs 
- Life and career 
skills training 
- Financial 
management 
training 

No           
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Decreased demand for training and skill development resources (Effect 4) 
After mitigation, decreased demand for training and skills development is predicted to be 
negligible, medium term in duration and reversible in the short term.  The significance of the effect 
will be negligible for all communities.  This assumes that the educational institutions in the study 
communities have the capacity to endure and the flexibility to adapt to market and client demand 
fluctuations based on new developments and local needs as the mine approaches and enters 
decommissioning and closure.  

The probability of occurrence is medium and the level of confidence intermediate given the 
degree of uncertainty involved in predicting what the training and educational needs of the 
communities will be in two decades. 

Decreased incentive to continue / complete education (Effect 5)   
Mitigation plans to address this adverse effect will result in the effect being negligible in 
magnitude for the affected Lake Babine Nation communities, Burns Lake, Houston, and 
Smithers.  The duration of the effect will be short term during construction, medium term during 
operations, and short term during decommissioning and post-closure phases.  

The significance is considered negligible with a low probability of occurrence and a low level of 
confidence in prediction certainty.  The motivation levels of existing and future residents to 
continue education over the Project life is anticipated to fluctuate according to external societal 
factors, many of which are outside the Project’s influence. 

Improved essential work and life skills (Effect 6) 
The implemented enhancement measures are expected to improve essential work and life skills 
through on-the-job work training and experience, which will most likely contribute to the 
development of knowledge and skills that would otherwise not be garnered.  This effect is 
predicted to be of medium magnitude for a short term during construction and a medium term 
during operations, for the Lake Babine Nation communities, Burns Lake, Houston, and Smithers.  
The reversibility will be potentially long term, as these benefits are assumed to last.  Overall, this 
effect may result in a change of moderate significance in each affected community.  

The probability of occurrence is medium with an intermediate level of confidence.  It is unclear 
as to what existing basic work and life skills are possessed by residents and how receptive they 
will be to mitigation initiatives.   

8.19.7.4 Business Opportunities and Economic Development 
Shifts in business opportunities and economic development may occur at the community, 
regional, and/or provincial level, have a continuous frequency, and be reversible over the short 
term.  All study communities were assumed to have a neutral resilience to change as the business 
and economic environments of these communities have the potential for further development, yet 
it is unclear as to what kind of capacity constraints exist, beyond those identified in the baseline 
research and consultation (e.g., the available line of credit to businesses and entrepreneurs).  The 
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magnitude, duration, significance and likelihood of the effects vary by community and phases, 
and are discussed below.   

A summary of the assessment of the residual effects is presented in Table 8.19-24.   

Increase in Business Opportunities (Effect 1) 
Project-related increases in business opportunities are expected to be commensurate to direct, 
indirect, and induced increases in output.  With enhancement measures, the value of new output 
expected in response to direct, indirect, and induced demand from the Project is still estimated to 
annually total $174 million in construction and $87 million in operations.  Enhancement 
measures are expected to encourage a larger proportion of these opportunities to occur in the 
primary and secondary communities than would otherwise be the case, thereby subtly increasing 
the significance of this effect.   

In Granisle, Burns Lake, Houston, and Smithers increases in business opportunities from the 
Project are expected to be of high magnitude and short-term duration in construction and 
medium magnitude and medium duration in operations.  The overall significance of the effect is 
predicted to be moderate for both phases.  By comparison, the increase in business opportunities 
in the Lake Babine Nation communities and Smithers is expected to be of medium magnitude 
and short-term duration in construction and of low magnitude and medium-term duration in 
operations, yielding an effect of minor significance overall.   

This effect has a medium probability of occurring, while associated confidence levels are 
assessed as intermediate, because of the unknown business capacity of the study communities.  
At this time, it is unclear how many business opportunities will materialize and what their scale 
and location will be.    

Decrease in Business Opportunities (Effect 2) 
Project decommissioning is likely to result in a loss of business opportunities relative to 
operations.  With mitigation, output among direct suppliers may be reduced by $54 million per 
year.  In a worst case scenario, in which the economic climate at closure is not conducive to 
business activity, all Project-related indirect and induced output could also be withdrawn, leading 
to an overall output decrease of $87 million.  While mitigation measures will help local 
businesses prepare for closure, these actions are not necessarily robust, given that PBM only has 
a limited sphere of influence over external business activity.  Accordingly, the significance of 
this effect is only expected to be marginally reduced.   

A decrease in business opportunities during the decommissioning and post-closure phases may 
have a medium magnitude effect of short-term duration for Granisle, Burns Lake, Houston, and 
Smithers.  Overall, this effect will be of moderate significance in these communities.  In the Lake 
Babine Nation communities and Smithers, this effect may be of low magnitude and short-term 
duration at decommissioning and post-closure; thus, this effect is expected to have minor 
significance for these communities.  
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A decline in business opportunities is an effect of medium probability.  Confidence levels are 
considered low because of ambiguity around the actual level of business that will take place in 
these communities and because of uncertain future economic circumstances.   

Increased Economic Development (Effect 3) 
An increase in economic development resulting from the Project will be enhanced through local 
employment and training programs and is expected to translate as new economic growth, which is 
proportionate to direct, indirect, and induced increases in GDP at basic prices and tax revenue.  
Enhancement measures are expected to further the likelihood of economic development occurring 
in the local region, yet not alter the overall level of economic development predicted across BC.  
As such, the Project is anticipated to cause GDP at basic prices to be $104 million higher in each 
year of construction, as estimated previously.  Concurrently, tax revenue, which also stimulates 
economic development (i.e., when it is re-injected into communities to fund service and 
infrastructure provision), remains estimated to be $36 million higher in each year of construction.  
For the operations phase, estimates are also unchanged, with GDP at basic prices estimated to 
annually amount to $50 million and tax revenue $12 million.   

This effect has a medium probability of occurring, while the associated confidence levels are 
intermediate.  This is because the underlying economic conditions and level of business 
confidence—which cannot be predicted with accuracy—will to a large extent govern the actual 
level of economic growth and development that is to occur.   

Decreased Economic Development (Effect 4) 
After mitigation, the decline in economic development during decommissioning and post-closure 
is unchanged, and is estimated to directly result in a $32 million decrease in GDP and an $8 
million decrease in tax revenue per year.  In a worst case scenario, in which the Project’s beneficial 
indirect and induced effects are also erased, it is possible that GDP could fall by a total of $50 
million and tax revenue by $8 million.  Mitigation cannot prevent direct losses, but instead will 
help ensure that local businesses and employees are equipped to take advantage of alternative 
employment and business opportunities in the region, thereby sustaining economic development.    

Because enhancement measures were adopted to localize economic development, a potential 
decrease is also elevated in the local region.  Mitigation addressing this effect may prevent the 
potential decrease in employment and business activity from equalling the anticipated increase in 
economic development in northwestern BC.  Accordingly, the significance of this effect is 
comparable to the extent of the effect prior to mitigation. 

A decline in economic development is projected to be of medium magnitude and short-term 
duration at the time of decommissioning and post-closure in the region.  The overall significance 
of this effect is moderate.   

A decrease in economic development is an effect of medium probability.  This assessment can 
only be made with low confidence levels because decreases caused by indirect and induced 
losses will vary significantly depending on future economic conditions. 
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Increased Economic Dependency on Mining Sector (Effect 5) 
An increase in economic dependency on the mining sector is expected to occur during 
construction and operations, accentuating the vulnerability of communities to potential 
downturns in the mining sector.  Mitigation, including the establishment of a Community 
Sustainability Advisory Committee, is expected to help reduce the significance of this effect in 
the primary and secondary study communities.  

Smithers and all the primary communities are expected to experience an effect of medium 
magnitude and short-term duration during construction, and of low magnitude and medium-term 
duration effect in operations.  Overall, increased economic dependency is anticipated to be of 
minor significance in these communities.  In Burns Lake, Houston, and Telkwa, and throughout 
northwestern BC, this effect is anticipated to be of low magnitude and short-term duration in 
construction and of negligible magnitude and medium-term duration in operations, resulting in 
an overall negligible effect.  

An increase in economic dependency on the mining sector is a potential effect that has a medium 
probability of occurring, with low confidence levels because there are many unknown factors at 
play including the future state of the economy and the mining industry in particular, and the 
status of developments in different industries throughout the region. 

Increased Mining Specialization (Effect 6) 
The Project is expected to help develop the region’s comparative advantage in mining, 
promoting the development of Smithers as the mining centre of the north.  Mitigation is designed 
to ensure the majority of the economic activity related to the mine occurs in northwestern BC; 
however, is not expected to appreciably sway the significance of this effect. 

An increase in the specialization of the community of Smithers and that of northwestern BC is an 
effect of medium magnitude and short-term duration during the construction and operations 
phases.  Overall, this potential benefit is deemed to have minor significance. 

This effect is attributed a medium probability of occurring, with low confidence levels as it is 
largely contingent on other resource developments, mining investment incentives, and the 
dynamics of commodity prices and, more broadly, the economic climate at this time. 



 

 

Table 8.19-24 
Morrison Copper/Gold Project: Business Opportunities and Economic Development Effects Assessment Summary Table 

Description 

Project 
Component(s) 
and Affected 
Communities Project Phase(s) Nature Extent 

Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Construction Beneficial Moderate Yes High Community Short-
term 

Continuous Reversible 
Short-term 

Neutral Moderate Medium Intermediate 

Operations Beneficial  Moderate Yes 

Increased local 
business 

opportunities 
Medium Community Medium-

term 
Continuous Reversible 

Short-term 
Neutral Moderate Medium Intermediate 

Human 
Resources 

Granisle, Burns 
Lake, Houston, 
and Smithers 

Decommissioning/ 
post-closure 

Beneficial Negligible No           

Construction Beneficial Minor Yes Medium Community Short-
term 

Continuous Reversible 
Short-term 

Neutral Minor Medium Intermediate 

Operations Beneficial Minor Yes 

Increased local 
business 

opportunities 
Low Community Medium-

term 
Continuous Reversible 

Short-term 
Neutral Minor Medium Intermediate 

Effect 1 
Increased 
business 
opportunities:  
Direct, indirect, and 
induced business 
opportunities 
created through 
demand from the 
Project and its 
employees. 

Human 
Resources 

Lake Babine 
Nation 

communities, 
Topley Landing, 

Smithers 
Landing, Topley, 

and Telkwa 

Decommissioning/ 
post-closure 

Beneficial Negligible 

- Hire a Human 
Resources 
Manager 
- Local job/ 
business fairs 
- Support local 
economic 
development 
associations 

No           

Operations Adverse Negligible No           Human 
Resources 

Granisle, Burns 
Lake, Houston, 
and Smithers 

Decommissioning/ 
post-closure 

Adverse Moderate Yes Mitigation will 
help businesses 

prepare for a 
slowdown, yet 
will do little to 
reverse this 

effect 

Medium Community Short-
term 

Continuous Reversible 
Short-term 

Neutral Moderate Medium Low 

Operations Adverse Negligible No           

Effect 2 
Decreased 
business 
opportunities: 
Decreased or 
ceased direct, 
indirect, and 
induced business 
opportunities 
created through 
demand from the 
Project and its 
employees. 

Human 
Resources 

Lake Babine 
Nation 

communities, 
Smithers 

Landing, Topley, 
and Telkwa 

Decommissioning/ 
post-closure 

Adverse Minor 

- Emphasize 
contract timelines 
- References 
and/or 
testimonials 

Yes Mitigation will 
help businesses 

prepare for a 
slowdown, yet 
will do little to 
reverse the 

impacts of this 
effect 

Low Community Short-
term 

Continuous Reversible 
Short-term 

Neutral Minor Medium Low 

Construction  Beneficial Moderate Yes High Regional/First 
Nations 

Short-
term 

Continuous Reversible 
Short-term 

Neutral Major Medium Intermediate 

Operations Beneficial Moderate Yes 

Increased 
economic growth 

High Regional/First 
Nations 

Medium-
term 

Continuous Reversible 
Short-term 

Neutral Major Medium Intermediate 

Human 
Resources 

Northwestern 
BC 

Decommissioning/ 
post-closure 

Beneficial Negligible No           

Construction Beneficial Minor Yes Medium Provincial / 
Transboundary 

Short-
term 

Continuous Reversible 
Long-term 

Neutral Minor Medium Intermediate 

Operations Beneficial Minor Yes 

Increased 
economic growth 

Low Provincial / 
Transboundary 

Medium-
term 

Continuous Reversible 
Long-term 

Neutral Minor Medium Intermediate 

Effect 3 
Increased 
economic 
development:  
Direct, indirect, and 
induced economic 
growth derived 
from new demand 
for goods and 
services from the 
Project and its 
employees 

Human 
Resources 
Province 

Decommissioning/ 
post-closure 

Beneficial Negligible 

- Hire a Human 
Resources 
Manager 
- Local job/ 
business fairs 
- Support local 
economic 
development 
associations 
- Local hiring 
policies 
- Apprenticeships, 
mentorships, and 
on-the-job-training 
programs 

No           

  (continued) 



 

 

Table 8.19-24 
Morrison Copper/Gold Project: Business Opportunities and Economic Development Effects Assessment Summary Table (completed) 

Description 

Project 
Component(s) 
and Affected 
Communities Project Phase(s) Nature Extent 

Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Operations Adverse Negligible No           Human 
Resources 

Northwestern 
BC Decommissioning/ 

post-closure 
Adverse Moderate Yes Mitigation 

prevents loss in 
economic growth 

from being as 
significant as the 

initial post-
enhancement 

increase 

Medium Regional/First 
Nations 

Short-
term 

Continuous Reversible 
Short-term 

Neutral Moderate Medium Intermediate 

Operations Adverse Negligible No           

Effect 4 
Decreased 
economic 
development: 
Direct, indirect, and 
induced economic 
decline derived 
from the absence 
of demand for 
goods and services 
from the Project 
and its employees Human 

Resources 
Province 

Decommissioning/ 
post-closure 

Adverse Minor 

- Emphasize 
contract timelines 
- References 
and/or 
testimonials 
- Career 
counselling 
- Skills transfer 
and employment 
transition 
workshops 
- Retraining 
programs 
- Information kits 
on preparing for 
mine closure 
- Documenting 
and tracking skills 
and certifications 

No           

Construction Adverse Moderate Yes Medium Community Short-
term 

Continuous Reversible 
Short-term 

Neutral Minor Medium Low 

Operations Adverse Moderate Yes 

Increased 
economic 

dependence on 
mining sector Low Community Medium-

term 
Continuous Reversible 

Short-term 
Neutral Minor Medium Low 

Human 
Resources 
All primary 

communities and 
Smithers 

Decommissioning/ 
post-closure 

Adverse Negligible No           

Construction Adverse Minor Yes Low Regional/First 
Nations 

Short-
term 

Continuous Reversible 
Short-term 

Neutral Negligible Medium Low 

Operations Adverse Minor Yes 

Increased 
economic 

dependence on 
mining sector Negligible Regional/First 

Nations 
Medium-

term 
Continuous Reversible 

Short-term 
Neutral Negligible Medium Low 

Effect 5 
Increased  
economic 
dependency on 
mining sector:  
Increased reliance 
on mining sector as 
an employment 
source. 

Human 
Resources 

Burns Lake, 
Houston, 

Telkwa, and 
Northwestern 

BC Decommissioning/ 
post-closure 

Adverse Negligible 

- Community 
Sustainability 
Advisory 
Committee 

No           

Construction Beneficial Minor Yes Medium Regional/First 
Nations 

Short-
term 

Continuous Reversible 
Short-term 

Neutral Minor Medium Low 

Operations Beneficial Minor Yes 

Increasingly 
specialized 

mining industry 
Low Regional/First 

Nations 
Medium-

term 
Continuous Reversible 

Short-term 
Neutral Minor Medium Low 

Effect 6 
Increasingly 
specialized 
mining industry:  
Increased capacity 
for the region to 
become a mining 
hub, attracting 
other projects and 
technology 
advances. 

Human 
Resources 

Northwestern 
BC and Smithers 

Decommissioning/ 
post-closure 

Beneficial Negligible 

- Hire a Human 
Resources 
Manager 
- Local job/ 
business fairs 
- Local hiring 
policies 
- Apprenticeships, 
mentorships, and 
on-the-job-training 
programs 

No           
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8.19.7.5 Population and Demographics 
Any change to the size and structure of the study communities’ populations is to occur at the 
community level, have a continuous frequency, and be reversible over the short term.  All study 
communities are assumed to have a neutral resilience to population and demographic change 
because of the dynamic nature of populations and their susceptibility to various capacity 
constraints.  A discussion of effect magnitude, duration, significance, and likelihood follows 
below by community and phase.   

A summary of the assessment of the residual effects on population and demographics is 
presented in Table 8.19-25.   

Increase in Population (Effect 1) 
The expected increase in the regional population in response to direct, indirect, and induced 
employment is estimated at up to 747 persons in the construction phase and 638 in the operations 
phase.  This estimate marks the upper bracket of population change that could be expected; 
however, after mitigation this level of change is significantly less likely.  Mitigation should 
ensure current residents of the primary and secondary communities are able to take advantage of 
a large proportion of Project-related job opportunities, thereby reducing the probability of sudden 
and unsustainable population increases.  Overall, mitigation is expected to minimize the 
significance of this effect by encouraging controlled levels of population growth.  

Granisle’s proximity to the Project and its large existing infrastructure base make it an attractive 
destination for employee in-migration.  As such, population increases in Granisle are expected to 
be of high magnitude and short-term duration in construction, and of both medium magnitude 
and duration during operations.  Overall, this effect is deemed to be beneficial and moderate 
during construction and operations for Granisle.   

For the Lake Babine Nation communities, Topley Landing, Smithers Landing, and Topley 
potential population growth is expected to be of medium magnitude and short-term duration in 
construction and of low magnitude and medium-term duration in operations.  Overall, the 
anticipated increase in population in these communities in construction and operations is 
considered a mixed effect (i.e., beneficial and adverse, depending on the perspective) of minor 
significance.   

Population increases in Burns Lake, Houston, Smithers, and Telkwa are expected to be of 
medium magnitude and short-term duration in construction and low magnitude and medium-term 
duration in operations.  In construction and operations, population increases generate a beneficial 
effect of minor significance in these communities.  

This effect has a high probability of occurring, with intermediate confidence levels.  Some 
uncertainty exists around influential factors, such as the eventual amount of local hiring, whether 
or not employees moving to the area bring families, and the broader economic opportunities in 
the region. 
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Decrease in Population (Effect 2) 
For the decommissioning and post-closure phases, population decline caused by direct, indirect, 
and induced employment losses is expected to loosely correspond with the initial level of 
increase.  Accordingly, it is estimated that at decommissioning and post-closure the population 
could fall by 345 persons as a result of direct employment losses.  It is possible, although 
considerably less likely, that the population decline could comprise up to 638 persons in a worst 
case scenario; this unlikely case assumes that direct, indirect, and induced employment is lost by 
all in-migrants and that no new opportunities are available in the primary and secondary 
communities, thus forcing residents to move elsewhere.  The mitigation, which is centered on 
local hiring, is the same as that used to mitigate an increase in population, but in the context of 
this effect is intended to prevent sudden rampant population declines as opposed to increases. 

A decrease in population occurring during decommissioning and post-closure in Granisle has the 
potential to be of medium magnitude and short-term duration, causing an effect of moderate 
significance.  This assessment recognizes that Granisle is the most likely community of residence 
for new in-migrants. 

At decommissioning and post-closure, this same effect in the Lake Babine Nation communities, 
Topley Landing, Smithers Landing, and Topley is projected to be of low magnitude and short 
term, bearing minor significance.  At the same time, Project-related population declines in Burns 
Lake, Houston, Smithers, and Telkwa are also expected to be of low magnitude and short-term 
duration, also having minor significance.  

A decrease in population following closure has a high probability of occurring, yet particularly 
low confidence levels.  This is because the economic climate, which has long driven population 
movements in the region, is uncertain and has the potential to significantly influence the level of 
decline (lowering it if conditions are favourable).  Confidence levels are also low because it is 
impossible to predict whether or not employees will wish to remain in these communities 
following closure to retire, enrol with a local educational facility, or obtain alternative local 
employment. 

Change in Community Demographics (Effect 3) 
Following mitigation, a change in the demographic nature and structure of communities is still 
possible during construction and operations, as new persons may in-migrate to the community 
for direct, indirect, and induced employment.  Rather than preventing demographic change, 
mitigation will aim to minimize community tensions and the potential for conflict, by promoting 
acceptance of personal and cultural differences.   

In Granisle (presently home to a high proportion of retirees), a high magnitude and short-term 
demographic change is expected during construction, while this effect is predicted to be of both 
medium magnitude and duration in operations.  For both construction and operations phases this 
effect is projected to be of an overall mixed nature and moderate significance.  

 



 

 

Table 8.19-25 
Morrison Copper/Gold Project: Population and Demographics Effects Assessment Summary Table 

Description 

Project 
Component(s) 
and Affected 
Communities Project Phase(s) Nature Extent 

Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Construction Beneficial Major Yes High Community Short-term Continuous Reversible 
Long-term 

Neutral Moderate High Intermediate 

Operations Beneficial Major Yes 

Increased 
population 

 
Medium Community Medium-

term 
Continuous Reversible 

Long-term 
Neutral Moderate High Intermediate 

Human 
Resources 
Granisle 

Decommissioning/ 
post-closure 

Beneficial Negligible No           

Construction Mixed Moderate Yes Medium Community Short-term Continuous Reversible 
Short-term 

Neutral Minor High Intermediate 

Operations Mixed Moderate Yes 

Increased 
population 

Low Community Medium-
term 

Continuous Reversible 
Short-term 

Neutral Minor High Intermediate 

Human 
Resources 

Lake Babine 
Nation 

communities, 
Topley Landing, 

Smithers 
Landing, and 

Topley 

Decommissioning/ 
post-closure 

Mixed Negligible No           

Construction Beneficial Moderate Yes Medium Community Short-term Continuous Reversible 
Short-term 

Neutral Minor High Intermediate 

Operations Beneficial Moderate Yes 

Increased 
population 

Medium Community Short-term Continuous Reversible 
Short-term 

Neutral Minor High Intermediate 

Effect 1 
Increased 
population:  
Hiring a workforce 
may induce 
population growth. 

Human 
Resources 

Burns Lake, 
Houston, 

Telkwa, and 
Smithers 

Decommissioning/ 
post-closure 

Beneficial Negligible 

- Local hiring 
policies 
- Local job/ 
business fairs 
- Apprenticeships, 
mentorships, and 
on-the-job-training 
programs 

No           

Operations Adverse Negligible No           Human 
Resources 
Granisle 

Decommissioning/ 
post-closure 

Adverse Moderate Yes Decreased 
population 

Medium Community Short-term Continuous Reversible 
Short-term 

Neutral Moderate Medium Low 

Operations Mixed Negligible No           Human 
Resources 

Lake Babine 
Nation 

communities, 
Topley Landing, 

Smithers 
Landing, and 

Topley 

Decommissioning/ 
post-closure 

Mixed Minor Yes Decreased 
Population 

Low Community Short-term Continuous Reversible 
Short-term 

Neutral Minor Medium Low 

Operations Adverse Negligible No           

Effect 2 
Decreased 
population: 
The decline in job 
opportunities may 
result in population 
falls. 

Human 
Resources 

Burns Lake, 
Houston, 

Telkwa, and 
Smithers 

Decommissioning/ 
post-closure 

Adverse Minor 

- Local hiring 
policies 
- Local job/ 
business fairs 
- Apprenticeships, 
mentorships, and 
on-the-job-training 
programs 

Yes Decreased 
Population 

Low Community Short-term Continuous Reversible 
Short-term 

Neutral Minor Medium Low 

  (continued) 

 

 



 

 

 

Table 8.19-25 
Morrison Copper/Gold Project: Population and Demographics Effects Assessment Summary Table (completed) 

Description 

Project 
Component(s) 
and Affected 
Communities Project Phase(s) Nature Extent 

Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Construction Mixed Moderate Yes High Community Short-term Continuous Reversible 
Short-term 

Neutral Moderate Medium Low 

Operations Mixed Moderate Yes 

Change in 
community 

demographics 
Medium Community Medium-

term 
Continuous Reversible 

Short-term 
Neutral Moderate Medium Low 

Human 
Resources 
Granisle 

Decommissioning/ 
post-closure 

Mixed Negligible No           

Construction Mixed Minor Yes Medium Community Short-term Continuous Reversible 
Short-term 

Neutral Minor Medium Low 

Operations Mixed Minor Yes 

Change in 
community 

demographics 
Low Community Medium-

term 
Continuous Reversible 

Short-term 
Neutral Minor Medium Low 

Effect 3 
Change in 
community 
demographics:  
Project-related 
immigration may 
alter the gender 
balance, skills 
levels, and culture 
of the community. Human 

Resources 
Lake Babine 

Nation 
communities, 

Topley Landing, 
Smithers 

Landing, Topley, 
Burns Lake, 

Houston, 
Smithers, and 

Telkwa 

Decommissioning/ 
post-closure 

Mixed Negligible 

- Inter-cultural 
training 
- Equal 
opportunity and 
anti-discrimination 
policy 
- Communication 
with community 
planning 
authorities and 
service providers 

No           
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For the Lake Babine Nation communities, Topley Landing, Smithers Landing, Topley, Burns 
Lake, Houston, Smithers, and Telkwa, the expected change in community demographics is 
anticipated to be of medium magnitude and short-term duration in construction, and low 
magnitude and medium-term duration in operations.  This effect has a mixed nature of minor 
significance in construction and operations.  

The potential for demographic change has a medium probability of occurring, with intermediate 
confidence levels.  Because the relative size of the eventuating population changes are unknown 
along with the types of immigrants, the level of competition for community resources, and 
individual community resilience, this effect is difficult to predict with certainty. 

8.19.7.6 Services and Infrastructure 
Effects on services and infrastructure are anticipated to occur throughout each phase of the 
mine’s life at the community level, be continuous throughout the life of the Project, and have 
short-term reversibility.  The resilience to these changes is high for all communities and phases 
as affected parties are expected to respond and adapt to additional effects or stresses.  

The proposed mine site is within one to two hours of communities that have existing services and 
infrastructure to meet the needs of current established populations.  A potential influx of 
employees becoming new residents of these communities, along with the operational needs of the 
mine (e.g., the need for water, power, and roads) may warrant changes and adjustments in services 
and infrastructure at the community level, to meet the increased demand. 

Differences in the magnitude, duration, and significance by community and phase are discussed 
in this section.  The assessment of the Project’s residual effects on services and infrastructure is 
summarized in Table 8.19-26.   

Increased demand on community infrastructure, programs, and services (Effect 1) 
Mitigation and enhancement plans for this effect result in a low magnitude during construction 
and medium magnitude during operations in all affected communities including Granisle, Burns 
Lake, Houston, Smithers, and the Lake Babine Nation communities.  The duration will be short 
term during construction and medium term during operations, reversible in the short term, and of 
minor significance in each of the communities during both construction and operations.  The 
probability of occurrence for this effect is medium and its prediction made with an intermediate 
level of confidence. 

Granisle will likely experience the majority of this effect as most workers (and their families, 
where applicable) will move to the community and in turn require services and programs to 
support their day-to-day lives.  Single employees will have different needs than those employees 
with families and spouses.  Because Granisle played a similar role when the former Granisle and 
Bell mines were in operation, the overall infrastructure exists to accommodate a population 
increase, although it has aged and services have diminished over time as the populations has 
declined.  The Project is expected to provide impetus for infrastructure renovations and the re-
establishment of services.  During the transition period, the nearby communities of Burns Lake 
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and Houston should provide the support needed to accommodate the diverse service and program 
needs of new residents to the area. 

This effect’s probability of occurrence is medium with an intermediate level of confidence 
because the level of the population increase is difficult to determine.   

Decreased demand on community infrastructure, programs, and services (Effect 2) 
Granisle may also experience the greatest degree of population change upon the mine’s closure.  
Mitigation will focus on long-term planning prior to the mine’s closure that will provide 
transitional support into the Project’s final phases.  Similarly as to what occurred after the 
closing of the former Granisle and Bell mines, Granisle may transition back to a retirement and 
resort community.  Residents who continue living in the community will continue to be 
supported by services and programs in other nearby communities, to complement those that 
remain operational in Granisle. 

Following mitigation, this mixed effect is expected to be reduced to negligible in magnitude for 
the same communities described during the decommissioning and post-closure phase.  The 
duration of the effect will be short term, as will its reversibility.  The overall significance of the 
effect is negligible.   

The probability of occurrence for this effect is medium with an intermediate level of confidence.  It is 
expected that the population will fall to some degree, but the size of the decrease is largely uncertain.  

Increased tax base and provision of community infrastructure and services (Effect 3) 
Tax revenue generated from the Project and related employment will provide an opportunity for 
government spending on local programs, services, and infrastructure.  Mitigation should increase 
the probability that revenue will be mostly locally sourced, which ideally should facilitate 
increased government spending to benefit community development locally.  However, there is no 
certainty that this will occur, as governmental spending decisions are ultimately guided by 
governmental jurisdiction and political directives. 

This residual effect after mitigation is beneficial.  In Granisle, the effect is of low magnitude during 
construction and medium magnitude during operations, while in all other primarily non-Aboriginal 
communities the effect is expected to be negligible in magnitude during construction and low in 
magnitude during operations.  The duration of the effect will be medium term in all these 
communities across both phases because infrastructure upgrades provide tangible benefits over the 
medium term (e.g., roads).  However, for these communities, the reversibility of this effect is short 
term, given adjustments to service provision and infrastructure maintenance caused by population 
change can be made over the short term.  The overall significance of this effect is moderate in 
Granisle and minor for all other study communities except for the Lake Babine Nation communities.  
In contrast, the Lake Babine Nation communities are predicted to experience an effect of negligible 
magnitude in all phases and hence negligible overall significance.   

The probability of occurrence for this effect is medium and its prediction is made with an 
intermediate level of confidence, because while an increase in tax payments is likely, the linkages 
between increased tax revenue and increased provision of infrastructure and services are ambiguous. 
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Decreased tax base and provision of community infrastructure and services (Effect 4) 
As with the previously described effect, mitigation plans implemented to address this effect will 
assist with corporate and governmental collaborative community planning initiatives, yet are not 
able to completely negate tax revenue changes or influence spending decisions. 

Upon the mine’s closure and after mitigation, the magnitude of this adverse effect is predicted to 
be low in Granisle, and negligible in all other study communities.  This effect is anticipated to be 
short term in duration and also reversibility, with an overall minor degree of significance in 
Granisle, and a negligible degree of significance in both the other primarily non-Aboriginal 
communities and the Lake Babine Nation communities.  The relative significance of this effect is 
outweighed by the initial increase because it is expected that infrastructure and service upgrades 
may be sustained beyond the life of the Project, and that any change in public spending due to 
population declines will be lagged.  In any case, PBM is limited in its ability to directly 
counterinfluence this effect.   

The probability of occurrence of this effect is assessed as medium with an intermediate level of 
confidence.  A direct decline in tax payments is predicted, but may be offset by the existence of 
new projects.  Additionally, the ensuing change in infrastructure and service delivery may be 
lagged or potentially unaffected if population declines do not eventuate.  

Increased property value and housing demand (Effect 5) 
The mixed nature of this effect arises because property owners will experience beneficial effects 
as the value of their investments increase with the development of the mine; conversely, non-
property owners will be adversely affected by higher prices and a lower supply of housing.  

Management plans will not have a high degree of influence over fluctuations in real estate 
market values unless they involve the establishment of an on-site camp for workers during both 
construction and operations phases (an element that is not currently in the Project).   

After mitigation and enhancement, the potential for increased property values and/or housing 
demands is expected to amount to a low magnitude effect during construction and medium 
magnitude effect during operations in the communities closest to the Project including Granisle, 
Topley Landing, Topley, and Smithers Landing.  The larger and more distant communities (i.e., 
Smithers, Houston, and Burns Lake) will experience the effect at a lower magnitude.  The 
effect’s duration will be medium term and its reversibility short term.  The significance of this 
mixed effect for the former communities is predicted to be major; with property values increases 
being a beneficial effect to owners; while an increase in demand for housing stock being adverse 
in nature. The effect will be minor in the latter communities as they should absorb housing 
demand with more ease than Granisle.  

This effect’s probability of occurrence is medium with an intermediate level of confidence, as it is 
uncertain as to which communities the increase housing in demand will envelope, and how future 
market forces will influence housing value and demand. 
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Decreased property value and housing demand (Effect 6) 
The opposite of Effect 5 is expected upon the closure of the mine.  Proposed management plans 
will have little influence on the extent of the effect, as this will ultimately rely on the economic 
climate of the region in two decades.  The state of the other industries (including mining and 
forestry) and the ability of Granisle and surrounding communities to establish themselves as 
economically diverse and attractive to investors and residents will also influence the extent of 
this effect.  After mitigation, this effect is anticipated to be negligible in magnitude, short term in 
duration and reversibility, and minor in significance.   

The probability of occurrence for this effect is medium with a low level of confidence, as 
population declines are uncertain, as are the existence of future projects that would sustain 
demand and value. 

8.19.7.7 Cultural Identity and Sustainability  
Effects on cultural identity and sustainability are predicted to occur throughout each phase of the 
Project’s life.  The Lake Babine Nation and its communities will be affected, although culture is 
not limited to that of Aboriginal culture within and between the study communities (i.e., there is 
a multiplicity of cultural and ancestral backgrounds that are inherent in the demographic 
compositions of communities).  However, this discussion of effects on culture, cultural identity, 
and cultural sustainability appreciate the First Nations as a potentially vulnerable group with a 
unique historical—and thus, socio-political and cultural—position within this assessment that 
warrants careful consideration. 

Changes that occur in this VSEC are expected to be continuous throughout the life of the Project 
and have short-term reversibility.  The resilience to these changes is high across communities 
and phases as the affected populations are generally expected to respond and adapt to additional 
effects or stresses.  

Differences in the magnitude, duration, and significance by community and phase are discussed 
in this section.  The assessment of the Project’s residual effects on cultural identity and 
sustainability is summarized in Table 8.19-27. 

Decreased knowledge/participation in Carrier/Lake Babine language and/or cultural and/or 
traditional land use activities and customs (Effect 1) 
There are many extraneous and interconnected variables influencing this effect.  Some Lake 
Babine Nation members are known to currently participate in traditional land use and cultural 
activities more than others.  This may depend on whether they come from a family line of 
trapping; are from a community that is more apt to engage in land and resource activities and/or 
participate in local community events; and/or depend on an individual’s particular socio-
economic situation (for instance, if an individual or family does not have the financial and/or 
personal resources to access the places and undertake activities they wish to participate in, they 
may not be able to, even if desired).  

 



 

 

Table 8.19-26 
Morrison Copper/Gold Project: Services and Infrastructure Effects Assessment Summary Table 

Description 

Project 
Component(s) 
and Affected 
Communities Project Phase(s) Nature Extent 

Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Construction Mixed Moderate Yes Low Community Short-term Continuous Reversible 
Short-term 

High Minor Medium Intermediate Human 
Resources 

Granisle, Burns 
Lake, and 
Houston 

Operations Mixed Moderate Yes 

Increased 
demand on 
community 

infrastructure, 
programs, and 

services 

Medium Community Medium-
term 

Continuous Reversible 
Short-term 

High Minor Medium Intermediate 

Construction Adverse Minor Yes Low Community Short-term Continuous Reversible 
Short-term 

High Minor Medium Intermediate 

Effect 1 
Increased 
demand on 
community 
infrastructure, 
programs, and 
services:  
Project-related 
immigration may 
increase usage and 
competition for 
goods, services, 
and community 
amenities and 
resources. 

Human 
Resources 

Lake Babine 
Nation 

communities 
and Smithers 

Operations Adverse Minor 

- Communicate 
with community 
planning 
authorities and 
service providers 
- Hire a 
Community 
Liaison and 
establish a 
Community 
Sustainability 
Advisory 
Committee 
- Local hiring 
policies 
- Local job/ 
business fairs 
- Apprenticeships, 
mentorships, and 
on-the-job-training 
programs 

Yes 

Increased 
demand on 
community 

infrastructure, 
programs, and 

services 

Medium Community Medium-
term 

Continuous Reversible 
Short-term 

High Minor Medium Intermediate 

Effect 2 
Decreased 
demand on 
community 
infrastructure, 
programs, and 
services:  
As workers' jobs 
are terminated 
upon mine closure, 
mine job-related 
emigration may 
reduce usage and 
competition for 
goods, services, 
and community 
amenities and 
resources. 

Human 
Resources 

Lake Babine 
Nation 

communities, 
Granisle, Burns 
Lake, Houston, 
and Smithers 

Decommissioning/ 
post-closure 

Mixed Negligible - Communicate 
with community 
planning 
authorities and 
service providers 
- Hire a 
Community 
Liaison and 
establish a 
Community 
Sustainability 
Advisory 
Committee 
- Local hiring 
policies 
- Local job/ 
business fairs 
- Apprenticeships, 
mentorships, and 
on-the-job-training 
programs 

Yes Decreased 
demand on 
community 

infrastructure, 
programs, and 

services 

Negligible Community Medium-
term 

Continuous Reversible 
Short-term 

High Negligible Medium Intermediate 

  (continued) 



 

 

Table 8.19-26 
Morrison Copper/Gold Project: Services and Infrastructure Effects Assessment Summary Table (continued) 

Description 

Project 
Component(s) 
and Affected 
Communities Project Phase(s) Nature Extent 

Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Construction 

Moderate 

Low Community Medium-
term 

Continuous Reversible 
Short-term 

High Moderate Medium Intermediate Human 
Resources 
Granisle 

Operations 

Beneficial Moderate Yes 

Increased tax 
base and 

provision of 
community 

infrastructure 
and services 

Medium Community Medium-
term Continuous Reversible 

Short-term 
High Moderate Medium Intermediate 

Construction Beneficial Minor Yes Negligible Community Medium-
term 

Continuous Reversible 
Short-term 

High Minor Medium Intermediate Human 
Resources 

All communities, 
except for 

Granisle and 
Lake Babine 

Nation 
communities 

Operations Beneficial Minor Yes 

Increased tax 
base and 

provision of 
community 

infrastructure 
and services 

Low Community Medium-
term 

Continuous Reversible 
Short-term 

High Minor Medium Intermediate 

Construction Beneficial Negligible Yes Negligible Community Medium-
term 

Continuous Reversible 
Short-term 

High Negligible Medium Intermediate 

Effect 3 
Increased tax 
base and 
provision of 
community 
infrastructure and 
services:  
Project and 
employee income 
tax and other tax 
payments will 
contribute to 
government 
revenues. 

Human 
Resources 

Lake Babine 
Nation 

communities 
Operations Beneficial Negligible 

- Communicate 
with community 
planning 
authorities and 
service providers 
- Hire a 
Community 
Liaison and 
establish a 
Community 
Sustainability 
Advisory 
Committee 
- Local hiring 
policies 
- Local job/ 
business fairs 
- Apprenticeships, 
mentorships, and 
on-the-job-training 
programs 

Yes 

Increased tax 
base and 

provision of 
community 

infrastructure 
and services 

Negligible Community Medium-
term 

Continuous Reversible 
Short-term 

High Negligible Medium Intermediate 

Operations Adverse Negligible No           Human 
Resources 
Granisle 

Decommissioning/ 
post-closure 

Adverse Moderate Yes Decreased tax 
base and 

provision of 
community 

infrastructure 
and services. 

Low Community Short-term Continuous Reversible 
Short-term 

High Minor Medium Intermediate 

Operations Adverse Negligible No           Human 
Resources 

All communities, 
except for 

Granisle and 
Lake Babine 

Nation 
communities 

Decommissioning/ 
post-closure 

Adverse Negligible Yes Decreased tax 
base and 

provision of 
community 

infrastructure 
and services. 

Negligible Community Short-term Continuous Reversible 
Short-term 

High Negligible Medium Intermediate 

Operations Adverse Negligible No           

Effect 4 
Decreased tax 
base and 
provision of 
community 
infrastructure and 
services:  
Reduced Project 
and employee 
income tax and 
other tax payments 
will decrease 
government 
revenues. 

Human 
Resources 

Lake Babine 
Nation 

communities 
Decommissioning/ 

post-closure 
Adverse Negligible 

- Communicate 
with community 
planning 
authorities and 
service providers 
- Hire a 
Community 
Liaison and 
establish a 
Community 
Sustainability 
Advisory 
Committee 
- Local hiring 
policies 
- Local job/ 
business fairs 
- Apprenticeships, 
mentorships, and 
on-the-job-training 
programs 

Yes Decreased tax 
base and 

provision of 
community 

infrastructure 
and services: 

Negligible Community Short-term Continuous Reversible 
Short-term 

High Negligible Medium Intermediate 

  (continued) 



 

 

Table 8.19-26 
Morrison Copper/Gold Project: Services and Infrastructure Effects Assessment Summary Table (completed) 

Description 

Project 
Component(s) 
and Affected 
Communities Project Phase(s) Nature Extent 

Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Construction Mixed Major Yes Low Community Short-term Continuous Reversible 
Short-term 

High Moderate Medium Intermediate Human 
Resources 

Granisle, Topley 
Landing, 
Smithers 

Landing, and 
Topley 

Operations Mixed Major Yes 

Increased 
property value 
and housing 

demand Medium Community Medium-
term 

Continuous Reversible 
Short-term 

High Major Medium Intermediate 

Construction Mixed Moderate Yes Low Community Short-term Continuous Reversible 
Short-term 

High Minor Medium Intermediate 

Effect 5 
Increased 
property value 
and housing 
demand:  
The mine's 
development and 
operations will 
trigger an upward 
surge in the market 
value of residential 
and commercial 
properties and 
need for housing in 
the surrounding 
area. 

Human 
Resources 

Burns Lake, 
Houston, and 

Smithers 
Operations Mixed Moderate 

- Communicate 
with community 
planning 
authorities and 
service providers 
- Hire a 
Community 
Liaison and 
establish a 
Community 
Sustainability 
Advisory 
Committee 
- Local hiring 
policies 
- Local job/ 
business fairs 
- Apprenticeships, 
mentorships, and 
on-the-job-training 
programs 

Yes 

Increased 
property value 
and housing 

demand Low Community Medium-
term 

Continuous Reversible 
Short-term 

High Minor Medium Intermediate 

Effect 6 
Decreased 
property value:  
The mine's closure 
will result in a lower 
market value of 
residential and 
commercial 
properties and 
need for housing in 
the surrounding 
area. 

Human 
Resources 

Granisle, Topley 
Landing, Topley, 

Burns Lake, 
Houston, and 

Smithers 

Decommissioning/ 
post-closure 

Mixed Minor - Communicate 
with community 
planning 
authorities and 
service providers 
- Hire a 
Community 
Liaison and 
establish a 
Community 
Sustainability 
Advisory 
Committee 
- Local hiring 
policies 
- Local job/ 
business fairs 
- Apprenticeships, 
mentorships, and 
on-the-job-training 
programs 

Yes Decreased 
property value 
and housing 

demand 

Negligible Community Short-term Continuous Reversible 
Short-term 

High Minor Medium Low 

 



 

 

Table 8.19-27 
Morrison Copper/Gold Project: Cultural Identity and Sustainability Effects Assessment Summary Table 

Description 

Project 
Component(s) 
and Affected 
Communities Project Phase(s) Nature Extent 

Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Construction Adverse Moderate Yes Medium First Nations Short-term Continuous Reversible 
short term 

High Moderate Medium Low Effect 1 
Decreased 
knowledge/ 
participation in 
Carrier/Lake 
Babine cultural 
and/or traditional 
land use activities 
and customs:  
Lake Babine Nation 
members 
employed with the 
Project may have 
reduced 
opportunities to 
speak in their 
native language 
and/or partake in 
cultural activities 
with family and 
fellow Lake Babine 
Nation members. 

Human 
Resources 

Lake Babine 
Nation 

communities 
Operations Adverse Moderate 

- Sponsoring non-
work related 
safety training 
-  Yes 

Decreased 
knowledge/ 

participation in 
Carrier / Lake 

Babine language 
and/or cultural 

and/or traditional 
land use 

activities and 
customs. 

Medium First Nations Medium-
term 

Continuous Reversible 
short term 

High Moderate Medium Low 

Construction Beneficial Minor Yes Medium First Nations Short-term Continuous Reversible 
short term 

High Minor Medium Low 

Operations Beneficial Minor Yes Medium First Nations Medium-
term 

Continuous Reversible 
short term 

High Minor Medium Low 

Effect 2 
Increased 
knowledge/partici
pation in 
Carrier/Lake 
Babine cultural 
and/or traditional 
land use activities 
and customs:  
Increased income 
and time available 
between shifts 
during operations 
may increase 
available time to 
speak in native 
language and/or 
partake in cultural 
activities with 
family and fellow 
Lake Babine Nation 
members. 

Human 
Resources 

Lake Babine 
Nation 

communities 

Decommissioning/ 
post-closure 

Beneficial Moderate 

- - Sponsoring 
non-work related 
safety training 
 

Yes 

Increased 
knowledge/ 

participation in 
Carrier / Lake 

Babine language 
and/or cultural 

and/or traditional 
land use 

activities and 
customs 

Medium First Nations Short-term Continuous Reversible 
short term 

High Minor Medium Low 

  (continued) 



 

 

Table 8.19-27 
Morrison Copper/Gold Project: Cultural Identity and Sustainability Effects Assessment Summary Table (completed) 

Description 

Project 
Component(s) 
and Affected 
Communities Project Phase(s) Nature Extent 

Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Construction Mixed Moderate Yes Low First Nations Short-term Continuous Reversible long 
term 

High Minor Medium Low Effect 3 
Increased 
intercultural 
exchange:  
Interacting mixed 
outsider/western 
and Lake Babine 
Nation workforce 
will increase 
awareness of 
western techno-
rational worldviews 
and values as well 
as Aboriginal, 
traditional, and 
specifically, Lake 
Babine Nation 
worldviews and 
values. 

Human 
Resources 

Lake Babine 
Nation 

communities 
Operations Mixed Moderate 

- Intercultural 
training 

 
Yes 

Increased -
intercultural 
exchange 
through 

exposure to 
different cultures 

Low First Nations Medium-
term 

Continuous Reversible long 
term 

High Moderate Medium Low 

Effect 4 
Decreased 
intercultural 
exchange: 
Reduced 
interaction of mixed 
outsider/western 
co-workers 
because of job 
terminations will 
reduce opportunity 
for exposure to, 
and awareness of, 
western techno-
rational worldviews 
and values as well 
as Aboriginal, 
traditional, and 
specifically, Lake 
Babine Nation 
worldviews and 
values. 

Lake Babine 
Nation 

communities 

Decommissioning/ 
post-closure 

Mixed Minor - Intercultural 
training 

 

Yes Decreased 
intercultural 
exchange 

through lack of 
exposure to 

different cultures 
in the workplace 

Low First Nations Medium-
term 

Continuous Reversible 
short term 

High Negligible Medium Low 
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This effect will have a medium level of magnitude for the Lake Babine Nation communities.  
This will be short term in duration for the construction phase, and medium term over the course 
of operations, with short-term reversibility.  The significance of this effect is minor for 
construction and moderate for operations. 

The probability of occurrence for this residual effect in the Lake Babine Nation communities is 
medium with a low level of confidence, because the cause and effect relationship is not well-
defined or understood.  Moreover, the degree to which the Lake Babine Nation will be able to 
retain their culture, including language knowledge and use, cultural land use activities, and 
customs is uncertain. 

Increased knowledge/participation in Carrier/Lake Babine language and/or cultural and/or 
traditional land use activities and customs (Effect 2) 
There are numerous individual, social, and socio-economic elements that will influence the 
significance of this effect.  Most notably, individuals that were previously unemployed and/or did 
not have the capacity or resources to travel and participate in cultural activities may be able to do 
so upon gaining employment and income, providing that economic barriers are dismantled through 
employment and capacity building.  Enhancement will aim to develop appropriate scheduling and 
skills development to support participation in these activities. 

After enhancement, the benefit of this effect is expected to be of medium magnitude during both 
construction and operations.  Magnitude will also be medium during the decommissioning phase, 
yet this will be more so related to an increase in available time associated with job terminations. 

The duration of the effect will be short term for the construction and decommissioning phases 
and medium term during operations, while the reversibility will be short term for all phases.  The 
significance of this effect is thus determined to be minor for the construction phase, minor during 
operations, and minor for the decommissioning and post-closure phases.  The likelihood of the 
effect occurring is medium for all phases with a low level of confidence.  

The probability of occurrence for this residual effect in the Lake Babine Nation communities is 
medium with a low level of confidence.  The same factors discussed under Effect 1 underpin the 
probability and confidence assessment made for this effect.   

Increased intercultural exchange (Effect 3) 
This effect, which is mixed in nature, is expected to be low in magnitude after mitigation and 
enhancement measures, which include intercultural training and orientation for employees and 
management.  During construction, both duration and reversibility will be long term, and the 
expected increase in intercultural exposure and exchange is expected to have minor significance 
for the Lake Babine Nation communities.  The shorter time frame and the nature of jobs will not 
necessarily be as conducive to optimal meaningful opportunities for intercultural exchange.  

Over the course of the operations phase, this effect is also expected to be low in magnitude, yet 
medium term in duration, and long term in reversibility.  Therefore, significance during 
operations is expected to be moderate.  This higher level of significance stems from the phase’s 
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longer horizon, increased diversity in job types, increased diversity in employees, and increased 
opportunities for interaction, relationship building, and interdependence with Lake Babine 
Nation members while on the job.  

The probability of occurrence for this residual effect in the Lake Babine Nation communities is 
medium with a low level of confidence.  This effect is likely to occur, yet it is not clear as to how 
the exchange will play out. 

Decrease of intercultural exchange (Effect 4) 
Over time and through ongoing direct interactions both at work and outside of work, intercultural 
exchanges should be less overt by the time decommissioning commences.  Intercultural relations in 
this sense will presumably become normal and not pose as much of an obvious change in 
circumstance as predicted at the beginning stages of the mine’s development. 

The mixture of beneficial and adverse effects from a decrease in intercultural exchange will be 
low in magnitude after mitigation and enhancement measures.  The duration of this effect is 
anticipated to be medium term, extending over the course of the decommissioning phase and into 
post-closure to generate an effect with negligible overall significance.  This effect is deemed to 
have short-term reversibility, given further economic developments that bring people into the 
region could quickly counteract this effect 

The probability of occurrence for this residual effect in the Lake Babine Nation communities is 
medium with a low level of confidence, because the level of intercultural exchange may be 
sustained depending on future project developments and population movements as well as the 
intercultural community relations that form over the operating life of the Project. 

8.19.7.8 Community Well-being 
In each study community and during each phase, potential changes in CWB are expected at the 
community level.  This VSEC involves a diverse and interconnected range of effects stemming 
from the social and emotional aspects of economic development, work stress, and life balance.  
These changes are continuous throughout the life of the Project.  The resilience to these changes 
is high across communities and phases as the affected populations are expected to respond and 
adapt to additional effects or stresses.  

Differences in the magnitude, duration, and significance by community and phase are discussed 
in this section.  The assessment of the Project’s residual effects on CWB is summarized in 
Table 8.19-28. 

Increased individual self-esteem /community pride and engagement (Effect 1) 
Employment and skills development associated with the Project are expected to contribute to 
improved self-esteem, community pride, and community engagement.  This will be supported and 
enhanced by a Community Sustainability Advisory Committee that will foster relationship-
building between PBM, the mine workers, and the local communities.    
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Enhancement measures are expected to further increase individual self-esteem, community pride, 
and engagement in all affected communities.  For Granisle, the Lake Babine Nation communities, 
Burns Lake, and Houston, the effect will be medium in magnitude, short term over the construction 
phase, medium term throughout operations, and major in overall significance.  For the 
communities of Topley Landing, Smithers Landing, Topley, Telkwa, and Smithers, the magnitude 
of change is expected to be lower, as employment (as well as baseline levels of community 
pride/engagement) will be lower; thus, the significance of this change for these communities is 
determined to be moderate.  The overall reversibility of the effect is medium term.  

The probability of occurrence for this residual effect is medium with an intermediate level of 
confidence.  This effect will to some degree depend upon community perceptions about the mine 
and whether or not employment at the Project instils pride.    

Decreased individual self-esteem /community pride and engagement (Effect 2) 
Using similar mitigation measures to those applied on the first effect, and with a focus on 
communication and employee support, this effect may be offset to lower level of significance 
than without the recommended mitigation measures in place.  

After mitigation, this adverse effect is anticipated to have a low magnitude at the onset of the 
decommissioning and post-closure stages in all affected communities.  The duration and 
reversibility will be short term and overall the effect will be minor in significance. 

This effect has a medium probability of occurrence and low confidence level.  Determining how 
employees and communities may react and adapt to future mine closure is largely subjective and 
difficult to gauge given the unknown economic circumstances and opportunities that may be 
available in 25 years.   

Increased financial independence and access to goods and services (Effect 3) 
Income and salaries generated from Project-related employment will occur regardless of any 
enhancement plan.  Similarly, market forces are likely to independently elicit business growth  
and a related increase in availability of goods and services.  In particular, the benefit of increased 
financial independence and access to goods and services has the potential to be leveraged 
through communication, collaboration, and general corporate social responsibility initiatives, 
including the establishment of the community sustainability advisory committee. 

With enhancement plans implemented that heightened financial independence this effect will be 
experienced at a medium level of magnitude in Granisle, Topley Landing, Smithers Landing, 
Topley, and the Lake Babine Nation communities throughout the construction and operations 
phases.  This residual effect will be short term for construction, medium term for operations, 
reversible over the short term, and moderate in overall significance. 

The effect in Burns Lake, Houston, Telkwa, and Smithers will be lower in magnitude, as 
baseline financial conditions and access to goods and services are higher in these communities.  
The effect will also be short term for construction, medium term for operations, and reversible in 
the short term; thus, this effect is expected to be minor in significance for these communities. 
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The probability of occurrence for this residual effect is medium and its prediction is made with an 
intermediate level of confidence.  PBM employees are expected to gain financial independence and 
access to a greater amount of goods and services; however, whether or not businesses increase their 
variety of household goods and services is largely beyond the control of PBM.   

Increased participation in socially/health-damaging activities (Effect 4) 
Participation in socially/health-damaging activities is likely to occur in communities where pre-
existing issues are evident (e.g., substance abuse, high-risk behaviours) as well as those where 
shift-based Project employees are expected to reside.  This effect may be prevalent in Granisle, the 
Lake Babine Nation communities, Topley Landing, Smithers Landing, Burns Lake, and Houston.  
Mitigation includes the provision of resources and education to help employees cope with stress, 
responsibly manage finances, and avoid drugs and alcohol; however, these measures may not 
prevent damaging behaviours and activities completely, though they provide a means to discourage 
and diffuse the severity of this adverse effect.   

With mitigation plans in place, the Project’s contribution to socially/health-damaging activities 
may be reduced.  This residual effect is expected to be short term in duration through construction 
and medium term over operations.  Reversibility is anticipated to be medium term.  A low 
magnitude effect with minor significance is expected for all communities except for Topley, 
Telkwa, and Smithers, where the effect will be negligible in both magnitude and significance.  

The probability of occurrence for this residual effect is medium with an intermediate level of 
confidence.  The extent to which such activities will occur is difficult to predict, and depends in 
part on whether individuals employed by PBM have a predisposition to alcohol and drug 
addictions.  

Increased family stress and dysfunction (Effect 5) 
Societal issues, such as lower education levels, higher than average crime rates, isolation, and 
unemployment may influence the way in which individuals and families adjust to working at the 
mine.  Potential changes in routine, mindset, time away, and time with family and/or coworkers 
may increase pressure and stress, and may require personal management skills to support life and 
work balance.  Mitigation measures that focus on employee well-being from a holistic 
perspective, and take into account family needs, will provide a means to reduce this effect to 
manageable levels for local families.  

After mitigation, family stress and dysfunction is anticipated to be reduced.  This effect is 
expected to be low in magnitude, short term in duration during construction, and medium term in 
duration during operations.  The overall effect is considered reversible in the short term and 
minor in significance for Granisle, Topley Landing, the Lake Babine Nation communities, Burns 
Lake, and Houston.  

This residual effect has a medium probability of occurrence and intermediate level of confidence.  
Where it applies, this effect will vary by household, depending on individual family resilience 
and adaptability.  

 



 

 

Table 8.19-28 
Morrison Copper/Gold Project: Community Well-being Effects Assessment Summary Table 

Description 

Project 
Component(s) 
and Affected 
Communities Project Phase(s) Nature Extent 

Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Construction Beneficial Minor Yes Medium Community Short-term Continuous Reversible 
Medium-term 

Neutral Major Medium Intermediate Human 
Resources 

Lake Babine 
Nation 

communities, 
Granisle, Burns 

Lake, and 
Houston 

Operations Beneficial Minor Yes 

Increased 
individual self-

esteem 
/community 
pride and 

engagement 

Medium Community Medium-
term 

Continuous Reversible 
Medium-term 

Neutral Major Medium Intermediate 

Construction Beneficial Negligible Yes Low Community Short-term Continuous Reversible 
Medium-term 

Neutral Moderate Medium Intermediate 

Effect 1: 
Increased 
individual self-
esteem/ 
community pride 
and engagement:  
Increase in an 
overall sense of 
self-worth and 
capacity through 
employment; skills 
development, 
salaries, and 
benefits. 

Human 
Resources 

Topley Landing, 
Smithers 

Landing, Topley, 
Telkwa, and 

Smithers 

Operations Beneficial Negligible 

- Hire a 
Community 
Liaison  
- Establish a 
Community 
Sustainability 
Advisory 
Committee 
 

Yes 

Increased 
individual self-

esteem 
/community 
pride and 

engagement 

Low Community Medium 
term 

Continuous Reversible 
Medium-term 

Neutral Moderate Medium Intermediate 

Human 
Resources 

Lake Babine 
Nation 

communities 
and Granisle 

 

Decommissioning/ 
post-closure 

Adverse Moderate Yes Decreased 
individual self-

esteem 
/community 
pride and 

engagement 

Low Community Short-term Continuous Reversible 
Short-term 

Neutral Minor Medium Intermediate Effect 2: 
Decreased 
individual self-
esteem/ 
community pride 
and engagement: 
Decrease in an 
overall sense of 
self-worth and 
capacity, skills 
development, 
salaries, and 
benefits because of 
job and contract 
termination upon 
the mine’s closure. 

Human 
Resources 

Burns Lake, 
Houston, 

Smithers, Topley 
Landing, 
Smithers 

Landing, Topley, 
and Telkwa 

Decommissioning/ 
post-closure 

Adverse Moderate 

- Hire a 
Community 
Liaison  
- Establish a 
Community 
Sustainability 
Advisory 
Committee 
 

Yes Decreased 
individual self-

esteem 
/community 
pride and 

engagement 

Low Community Short-term Continuous Reversible 
Short-term 

Neutral Minor Medium Intermediate 

Construction Beneficial Moderate Yes Medium Community Short-term Continuous Reversible 
Short-term 

Neutral Moderate Medium Intermediate Human 
Resources 

Lake Babine 
Nation 

communities, 
Granisle, Topley 

Landing, 
Smithers 

Landing, and 
Topley 

Operations Beneficial Moderate Yes 

Increased 
financial 

independence 
and access to 

goods and 
services 

Medium Community Medium-
term 

Continuous Reversible 
Short-term 

Neutral Moderate Medium Intermediate 

Construction Beneficial Minor Yes Low Community Short-term Continuous Reversible 
Short-term 

Neutral Minor Medium Intermediate 

Effect 3: 
Increased 
financial 
independence 
and access to 
goods and 
services:  
Improved access to 
goods and services 
through increased 
income, economic 
development, etc. 

Human 
Resources 

Burns Lake, 
Houston, 

Telkwa, and 
Smithers 

Operations Beneficial Minor 

- Financial 
management and 
general life skill 
development 
training programs 

Yes 

Increased 
financial 

independence 
and access to 

goods and 
services 

Low Community Medium-
term 

Continuous Reversible 
Short-term 

Neutral Minor Medium Intermediate 

  (continued) 



 

 

Table 8.19-28 
Morrison Copper/Gold Project: Community Well-being Effects Assessment Summary Table (continued) 

Description 

Project 
Component(s) 
and Affected 
Communities Project Phase(s) Nature Extent 

Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Construction Adverse Minor Yes Low Community Short-term Continuous Reversible 
Medium-term 

Neutral Minor Medium Intermediate Human 
Resources 

Lake Babine 
Nation 

communities, 
Granisle, Topley 

Landing, 
Smithers 

Landing, Burns 
Lake, and 
Houston 

Operations Adverse Moderate Yes 

Increased 
participation in 
socially/health-

damaging 
activities 

Low Community Medium-
term 

Continuous Reversible 
Medium-term 

Neutral Minor Medium Intermediate 

Construction Adverse Minor Yes Low Community Short-term Continuous Reversible 
Medium-term 

Neutral Minor Medium Intermediate 

Effect 4: 
Increased 
participation in 
socially/health-
damaging 
activities:  
Potential increase 
in drug and alcohol 
use and other 
societal challenges 
through disposable 
income generated 
from job salaries. 

Human 
Resources 

Topley, Telkwa, 
and Smithers Operations Adverse Minor 

- Hire a 
Community 
Liaison  
- Establish a 
Community 
Sustainability 
Advisory 
Committee 
- Financial 
management and 
general life skill 
development 
training programs 
- Support for 
substance abuse 
treatment 
- Zero tolerance 
drug and alcohol 
policy 

Yes 

Increased 
participation in 
socially/health-

damaging 
activities 

Negligible Community Medium-
term 

Continuous Reversible 
Medium-term 

Neutral Negligible Medium Intermediate 

Construction Adverse Moderate Yes Low Community Short-term Continuous Reversible 
Short-term 

Neutral Minor Medium Intermediate Human 
Resources 

Lake Babine 
Nation 

communities, 
Granisle, and 

Topley Landing 

Operations Adverse Moderate Yes 

Increased family 
stress and 
dysfunction 

Low Community Medium-
term 

Continuous Reversible 
Short-term 

Neutral Minor Medium Intermediate 

Human 
Resources 

Burns Lake and 
Houston 

Construction Adverse Minor Yes Low Community Short-term Continuous Reversible 
Short-term 

Neutral Minor Medium Intermediate 

Effect 5: 
Increased family 
stress and 
dysfunction:  
Potential disruption 
to families resulting 
in increased stress, 
separation, and 
breakdowns in 
familial 
relationships. 

 Operations Adverse Minor 

- Hire a 
Community 
Liaison 
- Establish a 
Community 
Sustainability 
Advisory 
Committee 
- Financial 
management and 
general life skill 
development 
training programs 
- Support for 
substance abuse 
treatment 
 

Yes 

Increased family 
stress and 
dysfunction 

Negligible Community Medium-
term 

Continuous Reversible 
Short-term 

Neutral Minor Medium Intermediate 

  (continued) 



 

 

Table 8.19-28 
Morrison Copper/Gold Project: Community Well-being Effects Assessment Summary Table (completed) 

Description 

Project 
Component(s) 
and Affected 
Communities Project Phase(s) Nature Extent 

Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Construction Adverse Minor Yes Low Community Short-term Continuous Reversible 
Short-term 

Neutral Minor Medium Intermediate Effect 6: 
Decrease in 
quality of natural 
environment, 
recreation, road 
traffic, and safety:  
The construction 
and operation of 
the mine and 
concentrate hauling 
activities may 
cause deterioration 
to the environment, 
outdoor recreation, 
and road safety. 

Human 
Resources 

Granisle, Topley 
Landing, Tachet, 

and Topley 
Operations Adverse Minor 

- Hire a 
Community 
Liaison 
- Establish a 
Community 
Sustainability 
Advisory 
Committee 

Yes 

Decrease in 
quality of natural 

environment, 
recreation, road 

traffic, and 
safety 

Low Community Medium-
term 

Continuous Reversible 
Short-term 

Neutral Minor Medium Intermediate 

Construction Adverse Minor Yes Low Regional/First 
Nation 

Short-term Continuous Reversible 
Short-term 

Neutral Negligible Low Intermediate 

Operations Adverse Minor Yes 

Decreased 
purchasing 
power and 

increased cost 
of living 

Low Regional/First 
Nation 

Medium-
term 

Continuous Reversible 
Short-term 

Neutral Negligible Low Intermediate 

Effect 7: 
Decreased 
purchasing power 
and increased 
cost of living:  
The Project may 
give rise to 
consumer price 
inflation that affects 
the cost of living for 
those whose 
wages do not keep 
pace with the local 
inflation rate. 

Northwestern 
BC 

Decommissioning/ 
post-closure 

Adverse Negligible 

- Financial 
management and 
general life skill 
development 
training programs 
-  

No           
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Decreased quality of natural environment, recreation, road traffic, and safety (Effect 6) 
Project components and activities inherent in the functioning of a mine (such as concentrate haul 
and supply transportation) will inevitably have some effect on the communities closest to where 
these activities occur.  As there are no options available to divert traffic associated with the 
Project, certain measures involving community involvement and ongoing communication may 
help reduce the severity and/or negative perception of this residual effect.  This effect is expected 
to be most relevant to the communities near the mine site and/or haul route, including Granisle, 
Topley Landing, Tachet, and Topley.  

With mitigation measures in place, the predicted decrease in the quality of the natural environment, 
recreation, road traffic, and safety is expected to be low in magnitude, short term over construction, 
medium term over operations, short term in reversibility, and minor in overall significance.  

The probability of occurrence of this residual effect is medium with an intermediate level of 
confidence.  This effect will vary according to the degree of degradation that eventuates and also 
the resilience of the natural environment.  

Decreased purchasing power and increased cost of living (Effect 7) 
The potential for decreased purchasing power and increased cost of living may not be avoided, 
but may be reduced by the provision of financial management training and strategies for 
employees.  Thus, the significance of this effect is expected to be reduced.  However, at closure, 
the effect will largely depend on a combination of external factors, namely, the future economic 
climate and unknown future developments in the region that may influence inflation and/or wage 
movements, which could affect the cost of living.  

After mitigation, the potential decrease in purchasing power and increased cost of living is 
expected to be low in magnitude over construction and operations, and negligible in the 
decommissioning and post-closure phases.  The effect’s duration will be short term in 
construction and medium term in operations, with a short-term reversibility.  For each phase and 
all communities, the overall significance of this effect is determined to be negligible.  

This residual effect’s probability of occurrence is low and predicted with an intermediate level of 
confidence.  This effect is contingent on the future state of the economy, which is difficult to 
predict.  Inflation tends to occur when a backdrop of economic growth exists, as are wage 
movements, although they are also influenced by union movements and labour laws. 

8.19.7.9 Land-based livelihoods 
There are only two stakeholders with land-based livelihoods identified as having the potential to 
be discernibly affected by the Project.  Effects on land-based livelihoods are reported at the 
individual/family level and with continuous frequency.  Resilience to change was broadly 
reported as neutral, assuming that individuals will be able to obtain income from alternative 
sources.  On a side note, it is suspected that the resilience of the environment (which supports 
land-based livelihood income generation) may vary significantly between different natural 
components (e.g., vegetation, animal habitats, landscapes).  There is only one residual effect 
applicable to this VSEC, for which the magnitude, duration, and significance are discussed 
below by phase, along with the likelihood of the effect.   
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The assessment of the Project’s one residual effect on land-based livelihoods is summarized in 
Table 8.19-29.    

Decrease in business profits, personal incomes and quality of life (Effect 1) 
A decrease in business profits, personal incomes, and quality of life among residents who rely on 
land-based livelihoods is expected in response to environmental disturbance caused by Project 
construction and operations.  This assessment is underpinned by the assumption that a mutually 
agreeable compensation/relocation arrangement will be negotiated before beginning construction 
with the owner of Tukii Lodge Guide Outfitters (Mr. Dave Hooper),   

While the decrease in business profits, personal incomes, and quality of life is expected to vary 
among individuals and families with businesses reliant on land-based livelihoods, the effects will 
be of a similar range for both Tukii Lodge Guide Outfitters and Ookpik Wilderness Lodge after 
mitigation.  The effect on both stakeholders is projected to be of medium magnitude and short-
term duration in construction, and low magnitude with medium duration in operations, classified 
as having a minor overall significance rating in both phases.  The reversibility of this effect is 
assessed as short term, given dust and noise levels can be reversed quickly, but some elements of 
the natural environment valued by these businesses may take significantly longer to regenerate 
(e.g., vegetation).     

With a medium probability of occurring, this effect has been predicted with a low confidence 
level because there are uncertainties around the extent of the environmental disturbance, the level 
of income losses, and the degree to which quality of life will be adversely affected.  Furthermore, 
the details of PBM’s compensation/relocation agreement with Tukii Lodge Guide Outfitters are 
unknown.   

8.19.8 Assessment Assumptions  
The following assumptions were made when rationalizing the identification of potential effects 
of each VSEC associated with the proposed Project: 

• Increased demand for goods and services will be generated by PBM, its supplier, and 
their respective employees. 

• New employment opportunities will be available to residents from each community and 
region in the study area.  Stewart is the only community in which employment is expected 
to be negligible, as potential employment will likely be limited to truck driving, with no 
certainty around whether or not truck drivers will indeed be sourced from Stewart. 

• This assessment has adopted a conservative approach, reporting potential worst case 
scenario effects supported by a discussion around the likelihood of effects.   

• Depending on the distance of their community, residents may be required to move closer 
to the Project area to facilitate their commute. 

• PBM will hire local residents and members of the Lake Babine Nation wherever possible 
to enhance the socio-economic benefits of the surrounding communities. 

 



 

 

Table 8.19-29 
Morrison Copper/Gold Project: Land-based Livelihoods Effects Assessment Summary Table 

Description 

Project 
Component(s) 
and Affected 
Businesses Project Phase(s) Nature Extent 

Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Construction Adverse Moderate Yes Medium Individual/ 
family 

Short-term Continuous Reversible 
Short-term 

Neutral Minor Medium Intermediate Mine site and 
access road 
Tukii Lodge 

Guide Outfitters Operations Adverse Moderate Yes 

Decrease in 
business profits, 

personal 
incomes, and 
quality of life 

Low Individual/ 
family 

Medium-
term 

Continuous Reversible 
Short-term 

Neutral Minor Medium Intermediate 

Construction Adverse Minor Yes Medium Individual/ 
family 

Short-term Continuous Reversible 
Short-term 

Neutral Minor Medium Intermediate 

Effect 1 
Decrease in 
business profits, 
personal 
incomes, and 
quality of life: 
Project 
disturbances to 
natural 
environment harm 
businesses offering 
wilderness and/ or 
hunting 
experiences 

Mine site and 
access road 

Ookpik 
Wilderness 

Lodge 
Operations Adverse Minor 

- Relocation/ 
Compensation 
Package 
- Community 
Sustainability 
Advisory 
Committee 

Yes 

Decrease in 
business profits, 

personal 
incomes, and 
quality of life Low Individual/ 

family 
Medium-

term 
Continuous Reversible 

Short-term 
Neutral Minor Medium Intermediate 
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• BCIOM data are reported at a provincial level, but the majority of the effects are 
expected to be most pertinent to employees and communities near the Project.   

• The economic effects of decommissioning and post-closure were considered relatively 
insignificant and hence were not assessed in the BCIOM. 

• Economic multiplier (i.e., trickle-down) effects resulting from the loss of an economic 
stimulus are observed to be less significant in reality than those arising from equivalent-
sized positive effects (Horne 2007).  Therefore, presuming the economy is stable, 
negative economic effects associated with mine closure may in fact be less significant 
than corresponding positive effects associated with operations. 

• Economic effects that are positive increases are reported as above baseline conditions, 
while adverse decreases are reported from the previous phase because the Project will not 
cause any kind of economic decline below baseline conditions, it will suddenly strip 
away benefits it once provided, generating adverse effects suspected to be deeply felt in 
local communities.    

• The significance of many of the identified effects are often grouped as comparable across 
both construction and operations, given construction effects are typically of a larger 
magnitude yet shorter duration than those in operations, which are of a lower magnitude 
but have a longer duration.   
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8.20 Visual Resources and Aesthetics 
This section evaluates the potential effects of the Project on visual resources and aesthetics in 
and around the Project area.  The assessment is broadly subdivided into four stages: 

1. Identification and description of potential effects on the VEC (pre-mitigation ratings). 

2. Development of mitigation, enhancement, and management strategies to address identified 
effects. 

3. Determination and description of residual (post-mitigation) effects and their significance. 

4. Evaluation of the likelihood that the predicted effects will occur, and level of confidence of 
the results. 

A discussion of the visual resources setting in the Project area is provided in Section 7.20. 

8.20.1 Valued Environmental Component Selection 
The VEC selected for this section of the effects assessment is visual quality.  Visual quality 
depends on many factors such as the current shape (relief and terrain) and nature of the landscape, 
observation points, and existing natural and non-natural disturbances.  Natural processes cause 
landscapes to undergo gradual modifications over extended periods.  Construction activities 
associated with mine development can change landscape appearance and accelerate and alter the 
natural processes.  

8.20.2 Boundaries 

8.20.2.1 Spatial 
The spatial boundary encompasses the areas from which the open pit, waste rock piles, and TSF 
could be visible.  These areas were determined using the viewshed analysis tool in ArcView 9.3 
Spatial Analyst.  The viewshed tool identified areas in the landscape that could be seen from one 
or more observation points.   

The spatial boundary also comprises scenic areas of particular importance that intersect or are near 
the Project.  These areas, identified as Resource Management Zones (RMZs), include Le Talh 
Giz/Old Fort Mountain, Babine Lake East Arm, Morrison Lake, and Friday Lake/Nakinilerak 
Lake/Hautete Lake (BC MAL and BC ILMB 2007).  In addition to the RMZs, the study area 
includes the Sanctuary Bay Conservancy and some other tourism-related facilities.  Figure 8.20-1 
illustrates the areas of interest and the locations from where landscape simulations were rendered. 
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8.20.2.2 Temporal  
This assessment examines potential effects of the Project on visual quality at each of the 
different stages of mine development, from construction to post-closure.  Table 8.20-1 describes 
the duration and activities associated with each discrete phase of development.  

Table 8.20-1 
Morrison Project Phases and Activities 

Phase 
Duration 
(years) Description 

Construction 2 Construction of on-site components and off-site infrastructure.  
Includes stripping of open pit overburden, and construction of 
new transmission line. 

Operations 21 Mining, milling, waste disposal, and ongoing establishment of 
the tailings storage facility. 

Closure and 
Decommissioning 

1 to 3 Mine site will be decommissioned and reclaimed, with the 
objective of returning the area to the equivalent of its current 
(baseline) condition.  Includes removing equipment and 
infrastructure; reclaiming waste dump, tailings impoundment, 
roads and water courses; and revegetating. 

Post-closure 20 Ongoing environmental monitoring and maintenance to ensure 
effective reclamation, until baseline or stable conditions are 
reached.  The duration of this phase may vary between VECs, 
depending on the amount of time required for a specific aspect 
of the environment to be reclaimed. 

 

8.20.3 Identification and Description of Potential Effects 
There are four RMZs and one nature conservancy near the Project components (Section 7.20).  
Several pictures were taken of these areas to create a reference for simulating visual resources 
just before the closure stage and for the post-closure stage.  The simulations will be discussed in 
the paragraphs below using a matrix of criteria based on: 

• visual character of the existing landscape 

• degree of visual modification 

• horizontal visual effect 

• vertical visual effect 

• distance of visual effect 

The existing landscape character is discussed in Section 7.20 and detailed in Appendix 42.  The 
landscape can be described as a natural transition landscape, characterized by a natural landscape 
with modified forestry-related cut blocks.  The rating associated with this landscape is a value of 
4, as outlined in Table 8.20-2.  Tables 8.20-2 to 8.20-6 describe ratings and the character or 
modification associated with this rating. 
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Table 8.20-2 
Visual Character of Existing Landscape 

Description Value Typical Character/Modification 
Unmodified landscape/natural 5 None or minimal impact from anthropogenic sources. 

National Parks, coast lines, native forest areas. 
Natural transition landscape 4 A changing landscape character associated with the 

interface between natural areas and modified rural, 
pastoral or agricultural zones. 

Modified rural landscape, 
agricultural, pastoral areas 

3 Typical character is rural landscape, defined by field 
patterns, forestry plantations, and agricultural areas and 
associated small roads and buildings. 

Rural transition landscape 2 Transitional landscape associated with the interface 
between rural, agricultural areas and more developed 
suburban or urban zones. 

Highly modified landscape, 
urban/industrial 

1 Substantially developed landscape.  High level of visual 
impact associated with buildings, factories, roads, and 
other related infrastructure. 

Source:  (HASSELL 2005). 

Table 8.20-3 
Degree of Visual Modification 

Degree of visual modification 
(expressed as percentage of 
change) Value Description of Visual Modification 
80 to 100 5 Substantial visual impact.  The existing landscape character 

is completely changed or modified to accommodate the 
development. 

60 to 79 4 Increasing visual impact.  The landscape is seen as 
changed permanently with the development dominating 
the existing landscape. 

40 to 59 3 Moderate visual impact. Medium level of change to the 
landscape character.  The landscape is less able to 
absorb change because of the scale, frequency, or extent 
of the development. 

20 to 39 2 Limited impact.  The development is noticeable within the 
landscape, but the capacity for the landscape to absorb the 
development through vegetation growth, landform, is high. 

0 to 19 1 No or minor visual impact within the landscape.  The 
development is considered in keeping with the existing 
landscape character. 

Source:  (HASSELL 2005). 
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Table 8.20-4 
Horizontal Visual Effect 

Degree of horizontal visual impact of the 
panorama measure at 200° field of vision 
(expressed as percentage of change) Value Description of Visual Modification 
80 to 100 5 Substantial horizontal visual impact 
60 to 79 4 Increasing horizontal visual impact 
40 to 59 3 Moderate horizontal visual impact 
20 to 39 2 Limited horizontal visual impact 
0 to 19 1 None or minor horizontal visual impact 

Source:  (HASSELL 2005). 

Table 8.20-5 
Vertical Visual Effect 

Degree of vertical visual impact of the 
panorama measure at 150° field of vision 
(expressed as percentage of change) Value Description of Visual Modification 
80 to 100 5 Substantial horizontal visual impact 
60 to 79 4 Increasing horizontal visual impact 
40 to 59 3 Moderate horizontal visual impact 
20 to 39 2 Limited horizontal visual impact 
0 to 19 1 No or minor horizontal visual impact 

Source:  (HASSELL 2005). 

Table 8.20-6 
Distance of Visual Effect 

Distance to development (in kilometres) Value Description 
0 to 0.5  5 Adjacent 
0.5 to 1  4 Foreground 
1 to 3  3 Middle ground 
3 to 5  2 Distant middle ground 
Over 5  1 Background 

Source:  (HASSELL 2005). 

With the above described ratings, the total visual effect can be determined by adding all the 
values and assigning a final impact rating listed in Table 8.20-7. 

Table 8.20-8 summarizes the inspected locations’ characteristics.  It indicates the RMZ, the 
relevant plate number, and the Universal Transverse Mercator (UTM) coordinates from where 
the animation was rendered.  Each of these sites was inspected and the score of the criteria were 
determined for the Year 21 operations stage. 
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Table 8.20-7 
Final Visual Effect Rating 

Degree of Visual Effect Value 
Severe 21 to 25 
Substantial 17 to 20 
Moderate 13 to 16 
Slight 9 to 12 
Negligible 5 to 8 

Source:  (HASSELL 2005). 

Table 8.20-8 
Characteristics of Inspection Sites 

Location Plate 
Latitude 

(deg) 
Longitude 

(deg) 
Heading 

(deg) 
Pitch  
(deg) 

Elevation 
(m) 

Lens 
(mm)

Le Talh Giz/Old Fort Mountain 8.20-1a 55.038202 126.30860 60 -5 725 50.0
8.20-1b 90 
8.20-2 55.089061 126.35139 60 0 1,013 50.0
8.20-3 55.106059 126.26677 63 7.5 1,000 76.0Babine Lake East Arm 
8.20-4 55.129340 126.28382 90 -2 722 50.8

Morrison Lake 8.20-5a 55.181440 126.32677 320 -8 734 42.2
8.20-5b 350 
8.20-5c 20 
8.20-5d 50 

Morrison Lake 8.20-6a 55.205483 126.34802 40 -8.2 735 48.1
8.20-6b 60 
8.20-6c 80 
8.20-6d 100 
8.20-6e 120 
8.20-6f 140 

Nakinilerak Lake 8.20-7a 55.261212 126.26139 180 -3 885 50.8
8.20-7b 210 
8.20-7c 240 
8.20-7d 270 
8.20-8 55.041759 126.26017 120 0 745 50.8Sanctuary Bay Conservancy 
8.20-9 55.034743 126.24446 134.2 -1.2 730 50.8

8.20-10a 54.991499 126.20172 20 -5 723 50 Western Shore Babine Lake 
8.20-10b 54.991499 126.20172 50 -5 723 50 

Hagan Forest Service Road 8.20-11 55.055158 126.20172 258.6 1.3 912 54.7
Bell Mine Waste Rock Dump 8.20-12 54.987756 126.23917 330 -1.5 800 50 

8.20-13a 35 Morrison Lake 
8.20-13b 

55.178181 126.35917
55 

0 795 50.0
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8.20.3.1 Le Talh Giz/Old Fort Mountain 
The Nedo’ats Hereditary Chiefs indicated that the RMZ Le Talh Giz/Old Fort Mountain is 
culturally highly important (BC MAL and BC ILMB 2007).  It is at the northern junction of the 
eastern and western arm of Babine Lake directly west across the lake from Sanctuary Bay 
Conservancy.  Old Fort is on the junction between Babine Lake’s east and west arms and there is 
a lookout at the summit of the mountain.  The area is not intersected by any of the Project 
features, but the surroundings could be visible from the village or the lookout point.  Plate 8.20-1 
provides an impression the view from Old Fort looking east towards the transmission line. 

Plate 8.20-1a.  Animated view from Old Fort 
looking towards the transmission line heading 
60º. 

Plate 8.20-1b.  Animated view from Old Fort 
looking towards the transmission line heading 
90º. 

The simulation shows the eastern shore of Babine Lake East Arm and gives an impression of 
what could be seen of the transmission line and its ROW.  The nearest distance to the 
transmission line from this viewpoint is just over 5 km away.  Based on the above described 
matrix, the development is considered part of the background. 

The original view showed cut blocks from forestry activities between natural areas (natural 
transition landscape).  As can be seen from Plate 8.20-1, the transmission line and the associated 
ROW are hardly visible and have a minor visual effect on the landscape.  The development is 
considered in keeping with the existing landscape character. 

When considering the horizontal and vertical visual effect, the vertical effect is negligible 
because it describes less than 20% of the 150º field of view while the horizontal effect has a 
limited effect (20% to 40%) because the transmission line and the poles are visible in the areas 
where the forest was recently harvested. 

The overall rating from this viewpoint will be a slight visual effect. 

Plate 8.20-2 is an animation of the view from the lookout at the summit of Le Tahl Giz/Old Fort 
Mountain.  It shows a natural landscape with clearly visible forestry cut blocks.  It is a natural 



Environmental and Socio-economic Effects Assessment 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II 8–739 Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

transition landscape.  The nearest distance from this viewpoint to the transmission line is over 
8 km, and therefore it is considered background.  The vertical visual effect is negligible and the 
degree of visual modification is minor (less than 20% change). 

 
Plate 8.20-2.  Animated view from Old Fort Mountain lookout in eastern direction towards the 
transmission line and ROW representing the time of day when sunlight is reflected from the 
transmission line. 

Although there is a very clear horizontal effect in this view, this view was generated when light 
from the transmission lines reflects the most.  This effect will only happen during the first season 
after construction and will have effect for a maximum of 2 minutes per day.  After construction 
the line will start oxidizing and will not be reflective after the one season. Despite the increased 
horizontal visual impact the total rating leads to a slight visual effect. 

8.20.3.2 Babine Lake East Arm 
The eastern arm of Babine Lake is identified as a high-value cultural and fisheries area (BC 
MAL and BC ILMB 2007).  There are several cabins along the shore, and Ookpik Lodge is on 
the eastern shore.  Just north of this lodge on the western shore of the lake is an anchorage for 
recreational purposes and the Houston forestry camp. 

Plate 8.20-3 shows an aerial view of the surroundings of Ookpik Lodge, looking over Babine 
Lake in an eastern direction.  The background shows the access roads, the transmission line, and 
the ROW.  Ookpik Lodge is in the forest, where the little peninsula connects to the mainland.  

From this view the transmission line and the ROW are clearly visible, but from the water near 
the lodge the view will be blocked by trees surrounding the lake.  Therefore, the total visual 
effect from Ookpik Lodge will be negligible. 

Plate 8.20-4 shows an animation of the view from the lakeshore at the Houston forestry camp.  
This camp is at the northern tip of Babine Lake’s east arm; it serves the forestry industry and is 
used  as an anchorage and landing for recreational purposes.  This view does not show any visual 
modification or change except for the thin line representing the hotizontal visible effect from the 
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transmission line.  The ROW and towers are not visible.  However, this effect will only be 
visible when the transmission line is reflecting sunlight directly towards this location which will 
only take place during the first season after construction for a maximum of 2 minutes. 

  

Plate 8.20-3.  Aerial view looking east over 
Ookpik Lodge. 

Plate 8.20-4.  Animated view from Babine Lake 
shoreline near the Houston forestry camp 
looking east. 

The total visual rating at the Houston forestry camp will be a slight visual effect. 

8.20.3.3 Morrison Lake 
Morrison Lake is north of the eastern arm of Babine Lake, connected to Babine Lake by 
Morrison Creek; this lake can only be reached by the FSR.  The Morice LRMP describes the area 
as providing an excellent fishing and boating experience and having high cultural value to the 
Nedo’ats Hereditary Chiefs (BC MAL and BC ILMB 2007).  

The animated panoramic view from the south end of Morrison Lake (plates 8.20-5a to d) shows 
the mine site area at the end of the mining stage (approximately Year 20).  The view is taken 
from the lake looking in an east-northeast direction showing the upper benches of the pit and the 
east side of the WRD in front of the northern part of Hearne Hill.  Between the pit and the lake, 
the transmission line and supporting poles and the clear-cut along the ROW are also visible.  The 
access road runs along the transmission line but will only be visible from this location when 
vehicles are on it. 

The degree of visual modification in this view is high; the landscape is dominated by the 
development.  The horizontal visual effect is substantial throughout the panorama.  The vertical 
visual effect is also extensive, affecting over 40% of the view.  Because the original landscape is 
characterized by a natural landscape with some forested cut blocks and the distance from this 
location to the development is less than 0.5 km, the total visual effect rating would have to be 
considered substantial to severe. 

Plates 8.20-6a to f show a series of animated views from Morrison Lake at Tukii Lodge Hunting 
Camp ranging from a heading of 40º until 140º, looking in the direction of the proposed mine site.  
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Plate 8.20-5a.  Animated view from southern 
Morrison Lake heading 320°. 

Plate 8.20-5b.  Animated view from southern 
Morrison Lake heading 350°. 

Plate 8.20-5c.  Animated view from southern 
Morrison Lake heading 20°. 

Plate 8.20-5d.  Animated view from southern 
Morrison Lake heading 50°. 

Plate 8.20-6a shows the animated view from Morrison Lake with Tukii Lodge Hunting Camp in 
the foreground and the main tailings dam in the back.  Beyond the trees around the camp the 
plant site and explosives magazine will be constructed.  However, the trees around the lake block 
these features from view. 

The distance from this view to the main tailings dam is over 5 km, which means it will be in the 
background.  The degree of visual modification is considered minor, because the change is less 
than 20% of the total panorama.  The vertical and horizontal visual modification is also limited, 
which means the final visual effect can be considered slightly affected. 

In plates 8.20-6b and c the view of the mine site is blocked by high trees at the shoreline.  If the 
trees were taken down, the transmission line and organic bearing material stockpile would 
become visible.  The total visual effect in these views should be considered negligible to slight. 
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Plate 8.20-6a.  Animated view from Morrison Lake 
near Tukii Lodge Hunting camp heading 40°. 

Plate 8.20-6b.  Animated view from Morrison Lake 
near Tukii Lodge Hunting camp heading 60°. 

Plate 8.20-6c.  Animated view from Morrison Lake 
near Tukii Lodge Hunting camp heading 80°. 

Plate 8.20-6d.  Animated view from Morrison Lake 
near Tukii Lodge Hunting camp heading 100°. 
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Plate 8.20-6e.  Animated view from Morrison Lake 
near Tukii Lodge Hunting camp heading 120°. 

Plate 8.20-6f.  Animated view from Morrison Lake 
near Tukii Lodge Hunting camp heading 140°. 

In plates 8.20-6d and 8.20-6e part of the low grade ore stockpile is visible behind the trees along 
the lake shore.  The degree of modification in this view is limited.  The stockpile can be seen 
from this view, but the landscape is able to absorb the modification through vegetation growth. 
The vertical and horizontal visual effect is under 20% and can therefore be considered minor. 
The distance to the stockpile is just over 1 km and can be seen in the middle ground of the view. 
The total visual effect value can be considered negligible. 

8.20.3.4 Friday Lake / Nakinilerak Lake / Hautete Lake 
The viewshed analysis indicated that the RMZ of Friday Lake/Nakinilerak Lake/Hautete Lake 
could also be affected by the Project components.  The nearest shore of Nakinilerak Lake is just 
over 1 km away from the TSF.  At the north end of the lake, there is a cabin belonging to a trapline 
owner.  From the cabin, the TSF will not be visible but from the lake there is a visible area.  Plates 
8.20-7a to d show a panoramic animation from the south end of the lake with heading directions 
between 180º and 270º.  On Plate 8.20-7c the North Dam of the TSF is visible in the background.  
The visual character of the existing landscape around the lake is a natural transition landscape 
where nature surrounds cut block areas.  The visual modification rating can be described as limited 
because, although the dam is visible, it is absorbed by the surrounding vegetation.  The horizontal 
effect and vertical effect are minor, which leads to a total final effect rating described as slight. 

8.20.3.5 Sanctuary Bay Conservancy 
The Sanctuary Bay area is part of Babine Lake, just south of the Babine Lake east arm and north 
of Newman Peninsula.  It is a small bay with a wetland examined in Appendix 42.  This 
protected area has a cabin on the northern shore, an anchorage for recreational use, and a 
historical site on the southern shore.  The historical site has been identified as culturally highly 
valuable by the Nedo’ats Hereditary Chiefs (BC MAL and BC ILMB 2007). 
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Plate 8.20-7a.  Animated view from Nakinilerak 
Lake direction heading 180°.  Hearne Hill is 
visible in the background. 

Plate 8.20-7b.  Animated view from Nakinilerak 
Lake direction heading 210°, looking at the 
northern foothill of Hearne Hill. 

Plate 8.20-7c.  Animated view from Nakinilerak 
Lake direction heading 240°.  In the background 
the North Dam is visible. 

Plate 8.20-7d.  Animated view from Nakinilerak 
Lake direction heading 270°. 

An animation of the view towards Sanctuary Bay from the anchorage can be seen on Plate 8.20-8.  
It shows the lake and the wetland with the hills behind it.  The transmission line runs from left to 
right across the view, but is only visible at the foot of the hill on the right side.  The 30-m ROW is 
not visible because of the surrounding trees that block the view of this clear-cut. 

Plate 8.20-9 is an animation generated from the north side of the wetland looking in a 
southeastern direction.  The transmission line runs across the ridge in the background and when 
examined closely the lines can be seen on the left side through the broadleaf forest.  
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Plate 8.20-8.  Animated view from Babine Lake 
East Arm looking towards Sanctuary Bay.  The 
transmission line can be seen at the foot of the 
hills behind the trees. 

Plate 8.20-9.  Animated view from the northern 
entrance of Sanctuary Bay looking in a 
southeastern direction towards the 
transmission line. 

The total visual impact for this area can be considered slight, because there is a minor degree of 
modification, a minor horizontal visual impact, and no vertical visual impact.  However, the 
transmission line is within 50 m from the conservancy and the visual character of the existing 
landscape is a natural transition landscape. 

8.20.3.6 Tourist facilities and other locations 
During the summer, tourists frequent the Babine Lake area for boating, hunting, hiking, and other 
wilderness-related experiences.  Many tourists will not cross Babine Lake because the barge at 
Topley Landing is not open for the public and only those who have signed a barge use agreement 
can board.  It is possible for tourists to access the lake by other means.  There are several harbours 
or anchorages along the lake.  Along the western shore of Babine Lake, within the area of interest, 
it is possible to harbour at Topley Landing, Granisle, and approximately 13 km north along Topley 
Landing Road from Granisle and 4 km west from the transmission line substation at the former 
Bell Mine.  This is the position from which plates 8.20-10a and 8.20-10b were animated. 

Plate 8.20-10a and Plate 8.20-10b show the eastern shore of Babine Lake north of the former 
Bell Mine.  The transmission line will be constructed parallel to the eastern shoreline from the 
substation at Bell Mine northward to the proposed Morrison mine site. 

Plate 8.20-10a shows the route running parallel to the shoreline of Babine Lake through the 
whole view, while Plate 8.20-10b only shows the line in the left side of the view starting from 
the Bell Mine substation.  The visibility of the line is broken by surrounding forests and some 
relief; it will only be seen when sunlight, 2 minutes per day during the first season after 
construction, is reflected directly toward this viewpoint. 

 



Environmental and Socio-economic Effects Assessment 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II 8–746 Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

Plate 8.20-10a.  Animated view from the western 
shore of Babine Lake, 4 km west of Bell Mine, 
heading 20°. 

Plate 8.20-10b.  Animated view from the 
western shore of Babine Lake, 4 km west of 
Bell Mine, heading 50°. 

The existing visual character of the landscape can be described as a natural transition landscape, 
where cut blocks are surrounded by natural areas.  The degree of visual modification and the 
vertical visual effect can be considered negligible or minor, and the horizontal visual effect is 
limited.  Because the transmission line is at least 4 km away, the effect can be considered as 
background.  The total visual effect can be considered a slight effect. 

From Topley Landing, a barge crosses Babine Lake daily.  This barge is the main route to access 
the eastern side of Babine Lake and can only be used by traffic with a specific destination on the 
eastern shore.  This is also the route to access the Project and Morrison Lake. 

Plate 8.20-11 is an animation from a forestry road branching off of the main route just before the 
transmission line crosses the main road.  It shows the forested area in the foreground with the 
transmission line running through it at a distance of approximately 250 m.  The transmission poles 
are clearly visible as are the wires.  The poles are 18 m high and generally are not taller than the 
surrounding trees.  In this case, the pole is on a hill top and the viewpoint has been taken from a 
higher position at a small clearing above the pole, making the transmission wires more distinctly 
visible.  In the middle ground, Old Fort and Babine Lake are visible.  The background shows the 
Babine Range mountain peaks of the Skeena Mountains.  From this viewpoint the visual character 
of the existing landscape is natural transition, where the degree of visual modification is a 
moderate visual impact, the horizontal effect is moderate, the vertical effect is minor, and the 
distance of the effect is adjacent.  These effects combined lead to a moderate visual effect. 

Plate 8.20-12 is an animated view taken at Bell Mine from the top of the WRD adjacent to 
Babine Lake.  The view is directly north (heading 0º) over Babine Lake towards Le Tahl Giz/Old 
Fort Mountain.  At the foot of this maintain, Old Fort is visible and on the right side in the 
background the transmission line is slightly visible.  This situation only occurs when the 
transmission wires are reflecting sunlight directly south for a maximal duration of 2 minutes 
during the first season after construction.  Because the degree of visual modification, the 
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horizontal, and the vertical visual effects are minor and the nearest transmission line is over 5 km 
away, the overall visual effect will be negligible. 

Plate 8.20-11.  Animated view from Hagan 
Forest Service Road, higher up from Sanctuary 
Bay, heading 260°. 

Plate 8.20-12.  Animated view from Bell Mine 
waste rock dump looking north, heading 0°. 

8.20.4 Mitigation and Management 
The transmission line is running partly through forested areas.  The route has been chosen to 
minimize environmental impact, which means it crosses a larger number of cutblocks.  Smaller 
parts of the ROW will initially have to be cleared of vegetation and there where to route crosses 
forests the wooden poles of the transmission line will blend in with the surrounding forest.  The 
height of the poles is 18 metres, which will make the elevation of the transmission line lower 
than the surrounding trees.  The reflective properties of the actual cable will not be visible after 
the first season of construction because of oxidation of the metal.  All these factors will reduce 
the visibility of the transmission line considerably and therefore the significance of the effect will 
even during operation be no more than a minor effect. 

After closure, a reclamation program will revegetate the mine site area by planting trees on the 
WRD and filling the pit to a level just under the water surface level of Morrison Lake.  The 
transmission line will not be decommissioned, but low vegetation will remain within the ROW. 

8.20.5 Potential Residual Effects 
After mining operations, an intensive reclamation program will take place.  This reclamation plan 
involves reforesting WRDs and salvaged areas and the creation of a lake in the pit.  Chapter 16 
describes the process in more detail.  Figure 16.3-4 shows an overview of the reclamation. 

The reclamation program will have a positive effect on the Project’s visual impact after closure.  
Redistributing the salvaged soil from Project components over the WRD and other areas will 
enhance vegetation re-growth.  Plates 8.20-13a and 8.20-13b show a panoramic view of the mine 
site generated from a road west from Morrison Lake.  The views show the northern part of Hearne 
Hill in the background with the main dam of the TSF north of it (Plate 8.20-13a) and the WRD in 
front of it (both plates).  The main dam of the TSF has been revegetated with grasses, while the 
WRD has been revegetated with coniferous forest.  The upper benches of the pit are also visible in 
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these views.  The steep walls are still bare and show the stratified rock, while the flat benches are 
vegetated with grasses and shrubs.  The transmission line will not be decommissioned.  

  

Plate 8.20-13a.  Animated view from the road 
west of Morrison Lake heading 35° 20 years after 
closure. 

Plate 8.20-13b.  Animated view from the road 
west of Morrison Lake heading 55° 20 years after 
closure. 

Reforesting the WRD will have a large, positive effect on the visual character of the landscape.  
The shape of the dump is still slightly noticeable, but the forest cover makes it look more natural.  
The pit will also slowly fill with water until a level just below the water surface level of 
Morrison Lake to prevent the outflow of water from the pit into the lake.  From this location, the 
original impact rating was substantial, but after reclamation and 20 years of natural re-growth the 
visual effect decreases to a slight effect (Plate 8.20-14).  

 
Plate 8.20-14.  Mine site overview 20 years after closure. 
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8.20.6 Significance of Residual Effects 
Over the years, the effects will decrease, ultimately becoming a slight visual effect where only the 
shape of the features will be detectable.  The tailings will become a pond gradually sloping to 3 to 
5 metre depth in the centre of the pond.  The edges of the pond will form beaches with grasses and 
shrubs while the shallow parts of the pond will start looking like marshes with cattails and other 
wetland vegetation.  Table 8.20-9 gives a summary of the effects at approximately Year 20 of 
production and after reclamation, 20 years later.  It shows the differences in effect from each of the 
inspection sites during production and 20 years after closure for the mine site area and the 
transmission line ROW.  Because the transmission line will not be decommissioned there will not 
be a change of effects for the sites related to this component. 

Table 8.20-9 
Visual Effects before Closure and 20 Years after Closure 

Degree of 
Visual 

Modification 
Vertical Visual 

Effect 
Horizontal 

Visual Effect
Final Visual 

Effect 

Location Plate 

Existing 
Landscape 

Visual 
Character Before After Before After Before After

Distance 
of Visual 

Effect Before After
8.20-1a 4 1 1 1 1 2 2 1 9 9 
8.20-1b 4 1 1 1 1 2 2 1 9 9 

Le Talh Giz 
/ Old Fort 
Mountain 8.20-2 4 1 1 1 1 3 3 1 10 10 

8.20-3 4 1 1 1 1 1 1 1 8 8 Babine 
Lake East 
Arm 8.20-4 4 1 1 1 1 1 1 1 8 8 

8.20-5a 4 2 1 2 1 4 1 5 17 12 
8.20-5b 4 3 1 3 1 5 2 5 20 13 
8.20-5c 4 4 2 3 2 5 2 5 21 15 

Morrison 
Lake 

8.20-5d 4 4 3 3 2 5 3 5 21 17 
8.20-6a 4 1 1 2 1 2 2 1 10 9 
8.20-6b 4 1 1 1 1 1 1 1 8 8 
8.20-6c 4 1 1 1 1 1 1 1 8 8 
8.20-6d 4 1 1 1 1 1 1 3 10 10 
8.20-6e 4 1 1 1 1 1 1 3 10 10 

Morrison 
Lake 

8.20-6f 4 2 1 2 1 2 1 1 11 8 
8.20-7a 4 1 1 1 1 1 1 1 8 8 
8.20-7b 4 1 1 1 1 1 1 1 8 8 
8.20-7c 4 2 1 1 1 1 1 3 11 10 

Nakinilerak 
Lake 

8.20-7d 4 1 1 1 1 1 1 2 9 9 
8.20-8 5 1 1 1 1 1 1 4 12 12 Sanctuary 

Bay 8.20-9 4 1 1 1 1 2 2 3 11 11 

(continued) 
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Table 8.20-9 
Visual Effects before Closure and 20 Years after Closure (completed) 

Degree of 
Visual 

Modification
Vertical 

Visual Effect
Horizontal 

Visual Effect
Final Visual 

Effect 
Location Plate 

Existing 
Landscape 

Visual 
Character Before After Before After Before After

Distance 
of Visual 

Effect Before After
8.20-10a 4 1 1 1 1 1 1 1 8 8 Western 

Shore 
Babine 
Lake 

8.20-10b 4 1 1 1 1 1 1 2 9 9 

Hagan 
Forest 
Service 
Road 

8.20-11 4 3 3 1 1 3 3 5 16 16 

Bell Mine 
Waste Rock 
Dump 

8.20-12 3 1 1 1 1 1 1 1 7 7 

8.20-13a 4 3 2 3 1 4 2 3 17 12 Morrison 
Lake 8.20-13b 4 3 2 3 1 4 2 3 17 12 

 

8.20.7 Likelihood of Effects 

8.20.7.1 Probability of Occurrence 
The visual impact of the mine site and transmission line depends on the location of the observer 
(distance) and the surrounding landscape.  The mitigation measures will limit the effect, but will 
not change the shapes created by the Project’s activities.  Over time, erosion and other natural 
process could make the components look more natural, but this will be a slow process. 

8.20.7.2 Confidence Levels 
The ratings and associated impacts in the assessment were calculated by quantifying the effect 
from certain viewpoints.  The quantification is based on visual changes in disturbance and can be 
measured precisely.  The resulting rating is based on many years of experience and has been 
applied to several large projects in the past. 

However, the psychological effect on humans is very subjective.  For a person living in a highly 
urbanized or industrialized environment this landscape could still be pristine while for someone 
living in a remote unspoiled environment it could be considered severely disturbing.  These are 
factors that are hard to measure. 

8.20.7.3 Assessment Assumptions 
This assessment is based on models created with Visual Nature Studio.  The base of the models 
have been constructed using a digital elevation model and landscape mapping data from Eagle 
Mapping, a digital elevation model and forestry data from the BC government, and a digital 
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elevation model from CIAS.  These models and shapefiles have been altered in concurrence with 
the design of February 11, 2009 from Wardrop Engineering, Inc. 

Although the forestry data made available by the BC government contain average vegetation 
heights, only the vegetation types have been used.  After 20 years of development the vegetation 
will probably evolve into a more mature stage with higher, denser, and more extensive forests. 

To make a better comparison with the current landscape, the area with no forest vegetation has 
been kept non-forested.  This way the landscape in the animations will have similar cut blocks in 
the future stages of the project with the same disturbances not related to the project.  Forestry 
activities will also be taking place during operations and after closure, but it is unknown how and 
where they will be taking place.  Assuming the level of forestry-related activities will stay the 
same is justified by leaving the non-forested areas as they are. 



 

 

Table 8.20-10 
Morrison Copper/Gold Project: Visual Effects Effects Assessment Summary Table 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 
The visual effect 
of Project-related 
activities on the 
surrounding 
landscape 

Pit Operation Adverse Moderate N/A Yes Pit walls 
enlarged when 

pit becomes 
deeper 

Medium Landscape Far future Continuous Irreversible Neutral Minor High High 

  Closure Adverse Major N/A Yes Slow fill up of 
the pit with 

water 

High Landscape Far future Continuous Irreversible Neutral Major High High 

  Post-closure Adverse Moderate Slowly fill until 
just under lake 
surface water 

level 

Yes Less area of 
pit walls will be 

visible 

Medium Landscape Far future Continuous Irreversible Neutral Minor High High 

 Waste Rock 
Dump 

Operation Adverse Major N/A Yes WRD 
becoming 
larger over 

time 

Medium Landscape Far future Continuous Irreversible Neutral Moderate High High 

  Closure Adverse Major Drapping 
salvaged soil 
material over 

WRD and 
planting trees 

Yes Revegetation 
of the sides 
and the top 

High Regional Far future Continuous Irreversible Neutral Moderater High High 

  Post-closure Adverse Minor Green up with 
forests and 

grasses 

Yes Blending in 
with the 

surrounding 
landscape 

Low Regional Far 
Future 

Continuous Irreversible Neutral Minor High High 

 Overburden 
stockpiles 

Operation Adverse Major N/A Yes Stockpiles 
becoming 
larger over 

time 

High Landscape Medium 
term 

Continuous Reversible Neutral Minor High High 

  Closure Adverse Moderate Material being 
used for draping 
over waste rock 

dump and 
tailings dam will 

completely 
remove the 
stockpile 

Yes Removal of 
material for 
revegetation 
use of other 

Project 
components 

Medium Local Medium 
term 

Continuous Reversible Neutral Minor High High 

  Post-closure Adverse Negligible Material being 
used for draping 
over waste rock 

dump and 
tailings dam will 

completely 
remove the 
stockpile 

No           

  (continued) 



 

 

Table 8.20-10 
Morrison Copper/Gold Project: Visual Effects Effects Assessment Summary Table (continued) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 
The visual effect 
of Project-related 
activities on the 
surrounding 
landscape 

Low-grade ore 
stockpile 

Operation Adverse Major N/A Yes Stockpile 
becoming 
larger over 

time 

High Regional Medium 
term 

Continuous Reversible Neutral Minor High High 

  Closure Adverse Minor Complete 
removal of 
stockpile 
through 

processing ore 

Yes Underlying 
bare earth 

covered with 
salvaged soil 

material 

Medium Local Short 
term 

Continuous Reversible Neutral Negligible High High 

  Post-closure Adverse Negligible Green up with 
forests and 

grasses 

No Natural looking 
forest cover 

         

 Tailings 
storage facility 

Operation Adverse Major N/A Yes Build-up of 
dams and 
storage of 

tailings 

High Regional Far future Continuous Irreversible Neutral Moderate High High 

  Closure  Major Green up dams 
with grasses 
and fill with 
sediment 

Yes Grass covered 
dam with lake 

behind it 

High Regional Far future Continuous Irreversible Neutral Moderate High High 

  Post-closure Adverse Moderate Green up dams 
with grasses 
and fill with 
sediment 

Yes Grass covered 
dams with 

natural-looking 
wetland 

Medium Regional Far future Continuous Irreversible Neutral Minor High High 

 Plant site Operation Adverse Major N/A Yes  High Landscape Far future Continuous Irreversible Low Negligible Medium High 

  Closure Adverse Moderate Demolishing 
buildings 

Yes Grass and 
shrub cover 

Medium Local Far future Continuous Irreversible Low Negligible Medium High 

  Post-closure Adverse Minor Demolishing 
buildings 

Yes Natural-looking 
forest cover 

Low Local Far future Continuous Irreversible Low Negligible Medium High 

 Transmission 
line 

Operation Adverse Minor Green up right-
of-way with 

grasses and low 
vegetation. 

Trees will be 
trimmed 

Yes Grasses and 
shrub under 

the 
transmission 

lines 

Low Landscape Far future Continuous Irreversible Neutral Minor Medium High 

  Closure Adverse Minor Green up right-
of-way with 

grasses and low 
vegetation. 

Trees will be 
trimmed 

Yes Grasses and 
shrub under 

the 
transmission 

lines 

Low Landscape Far future Continuous Irreversible Neutral Minor Medium High 

  (continued) 



 

 

Table 8.20-10 
Morrison Copper/Gold Project: Visual Effects Effects Assessment Summary Table (completed) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 
The visual effect 
of Project-related 
activities on the 
surrounding 
landscape 

Transmission 
line 

Post-closure Adverse Minor Green up right-
of-way with 

grasses and low 
vegetation. 

Trees will be 
trimmed 

Yes Grasses and 
shrub under 

the 
transmission 

lines 

Low Landscape Far future Continuous Irreversible Neutral Minor Medium High 

 Access road to 
mine site (non-

existing) 

Operation Adverse Minor N/A Yes  Low Local Far future Continuous Irreversible Neutral Minor Medium High 

  Closure Adverse Minor N/A Yes  Low Local Far future Continuous Irreversible Low Minor Medium High 

  Post-closure Adverse Minor N/A Yes  Low Local Far future Continuous Irreversible Low Minor Medium High 
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8.21 Noise 
The following section contains the results of the environmental effects assessment conducted for 
noise for the Project. 

The approved TOR for PBM’s Application for an EAC pursuant to the BC Environmental 
Assessment Act require that the application (BC EAO 2008): 

identify potential effects due to increased noise levels from blasting, crushing, equipment 
operation and trucking on wildlife and mine workers.  The assessment of noise effects 
will include the construction and operation phases of the Project, point and mobile 
sources of noise, and tonal and impulsive noise.  The Application will also identify 
measures to mitigate noise effects, as appropriate.  The Application will identify the 
closest human receptors to any Project-generated noise.  A qualitative assessment of the 
potential effects for identified human receptors will be conducted.  The ‘percent highly 
annoyed’ metric will be included in the assessment. 

To meet the above scope the assessment of noise in this section is broadly categorized into four 
stages: 

1. Identification and description of potential effects as a result of Project-related noise (pre-
mitigation ratings); 

2. Development of mitigation, enhancement, and management strategies to address identified 
effects; 

3. Determination and description of residual (post-mitigation) effects and their significance; 

4. Evaluation of the likelihood that the predicted effect will occur and the level of confidence of 
the results. 

8.21.1 Valued Environmental Component Selection 
Noise has been selected as a VEC because of its intrinsic importance to employees, short term 
occupants of temporary hunting camps, and wildlife.  The construction, operation, 
decommissioning and post-closure phases of the Project will produce a variety of noises 
including continuous noise from haul trucks or impulse noise (non-continuous) from a blast in an 
open pit.  Noise from mining activity will be continuous, specifically in the areas adjacent to the 
pits and the process plant.  Post-closure noise will be intermittent and related to treatment or 
reclamation and maintenance. 

8.21.2 Boundaries 

8.21.2.1 Spatial 
Environmental noise will affect the area around the Project site and also the access road corridor 
used to supply consumables to the site both during construction and operation phases.  Because 
of the Project’s remote location there are no significant large community residences near the site.  
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The Village of Granisle, the closest permanent community residence (of approximately 350 
people) is farther than 30 km from the Project site.  However, one seasonally occupied 
fishing/hunting lodge/camp (Tukii Hunting Camp) is within 10 km of the Project site.  Two 
intermittently or seasonally used forestry camps or wilderness lodges are between 10 km and 
50 km of the Project site (Ookpik wilderness lodge and Houston Forest Products camp that is 
commonly referred to as the “Morrison camp”).  For the purposes of this assessment, the two 
lodges have been classified as receptor locations. 

The study area for noise modelling was selected based on the above analysis of nearby receptors 
(e.g., hunting lodges) and covered the area of available terrain data within and around the Project 
footprint.  Terrain data were acquired to sufficiently cover the nearby receptors mapped for the 
Project.  Beyond the boundaries of the noise modelling study area, effects of the Project are 
expected to be negligible. 

8.21.2.2 Temporal 
The temporal boundaries for the assessment consider the time periods for the key phases of the 
Project, including mine construction and operation.  The time period with the maximum noise 
emissions is associated with the mine production. 

For the Project’s construction phase, month 18 of the 30-month program was determined to be 
the most active month in terms of noise-emitting equipment and was therefore modelled as the 
worst case scenario for the purposes of this evaluation.  This was based on the construction 
schedule developed by Wardrop (Appendix 1). 

During operations, mine year 1 is expected to involve the highest noise emission-related activity 
because the majority of noise-emitting equipment will be on the ground surface.  However, a 
number of sources were modelled for Year 1 at different pit depths closer to the bottom and half 
way up the pit to reflect a more realistic operating practice.  As the depth of the open pit 
increases, noise is naturally mitigated or reduced from its horizontal dispersion by the walls of 
the pit.  Therefore, year 1 of operations was considered the worst case noise emission scenario 
developed for the purposes of this evaluation.  

Although noise will be associated with mine closure, this phase has a short-term time frame, and 
the scale of activity is much smaller than during construction or operations.  The post-closure 
activities primarily consist of water pumping and are expected to continue many years after 
closure.  However, the pumping is not expected to generate significant noise.  Therefore, noise-
related effects from the closure and post-closure phases were not assessed quantitatively and will 
not be considered further in this section. 

8.21.3 Identification and Description of Potential Effects 

8.21.3.1 Identification of Potential Noise Effects 
In this section, potential Project noise effects are identified based on activities associated with 
different Project components (mine site and loadout, plant site, access road, utilities, and tailings 
impoundment) and the different Project phases (construction and operation).  Potential effects 
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are summarized in Table 8.21-1.  Effects described in this section are related to environmental 
noise effects only.  Potential effects on wildlife and human health (with respect to Health Canada 
guidelines) as a result of Project activities are described in Sections 8.16 and 8.22 respectively. 

Table 8.21-1 
Identification of Potential Noise Effects 

Project Component Increased Ambient Noise Levels Effects related to Blasting 
General mine site, loadout, and utilities (power line corridor) 
Construction X X 
Operation and maintenance X n/e 
Open Pit 
Construction X X 
Operation and maintenance X X 
Haul Road 
Construction X X 
Operation and maintenance X n/e 
Plant Site   
Construction X X 
Operation and maintenance X n/e 
Access Road 
Construction n/e n/e 
Operation and maintenance X n/e 
Tailings Impoundment/tailings line 
Construction X X 
Operation and maintenance X n/e 

n/e (no effect) – There will be no blasting effects for this phase of the Project because either the access road already exists 
or there’s no blasting required for this particular Project component. 

The Project will produce two types of noise that may result in noise effects on sensitive receptors 
in the Project area: continuous noise from day-to-day heavy equipment operations (e.g., mine 
trucks, haul trucks, plant operation, pumps, tailings cyclone operation), and periodic impulse or 
non-continuous noise from blasting during construction and operation.  Continuous noise sources 
will cause ambient sound levels to increase from the current baseline conditions.  Non-continuous 
noise from blasting will cause short-term noise impulses that may be a nuisance to the seasonally 
occupied fishing/hunting lodges/camps.  Blasting will occur once per day during operations but 
will be more frequent during construction as the open pit is developed and smaller blasts are used 
as roads are cut and benches established.  Blasting may also produce low frequency noise 
vibrations if uncontrolled, potentially causing property damage or triggering avalanches 
(Section 8.14). 

Continuous noise will be associated with construction of all Project components.  Limited 
blasting is expected for construction of the general site, or the haul roads.  However, regular 
blasting (estimated frequency of once per day) will be associated with both construction and 
operations phases of the mine pit. 
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8.21.3.2 Noise Modelling 
Noise modelling was conducted to assess the effects of the Project on wildlife and sensitive 
human receptors.  Sections 8.16 and 8.22 present the assessment of effects to wildlife and people 
caused by Project-related noise increases.  The Computer Aided Noise Abatement (Cadna/A) 
noise model was used to generate predictions for the equivalent noise levels associated with the 
construction and operations phase scenarios. 

8.21.3.3 Standards and Guidelines 
There are presently no environmental noise regulations or guidelines applicable to a mine in a 
remote BC location.  Therefore, guidelines from other sources were consulted.  Most of the 
existing noise regulations have been established for the effects of an industrial facility on 
permanent residences within the impact zone of the Project.  However, the Alberta Energy and 
Utilities Board (EUB) Interim Noise Control Directive ID 99-8 includes a guideline to prevent 
uncontrolled noise generation in remote locations in Alberta (Alberta ECRB 2007)  The guideline 
recommends that new facilities be designed to meet a target equivalent continuous sound level of 
40 dBA at a distance of 1,500 m from the Project site (e.g., property boundary).  Because of the 
remote nature and the absence of any permanent residences near the expected zone of influence, 
the EUB Noise Directive is considered applicable for assessment of Project noise effects. 

A separate set of noise guidelines exist for impulse noise.  Ontario’s noise guideline for blasting 
allows a peak pressure limit of 120 dB without the need for routine monitoring (Ontario MOE 
1997).  A higher level of 128 dB is allowed if monitoring is carried out.  The purpose of this 
blasting guideline is mainly to protect against property damage from vibrations.  The most 
applicable guideline for the protection of acute hearing impairment from impulse noise is a peak 
pressure limit of 120 dBA (WHO 1999a).  This guideline is intended to protect children exposed 
to elevated noise from impulse sounds from toys, fireworks, and firearms.  Although not specific 
to blasting, it is considered relevant as it is for short duration peak exposure.  To compare this 
with predicted maximum sound levels, the peak pressure limit of 120 dB can be approximated as 
a slow time constant, A-weighted maximum sound level (Lmax) of 82 dBA for the closest 
receptor sites (Kamperman 1980). 

In response to recent nationwide Canadian social surveys, Health Canada has proposed a new noise 
metric known as percent highly annoyed with noise (% HA) to define high noise annoyance with 
respect to adverse health effects (Michaud, Bly, and Keith 2008).  The % HA metric is preferable 
as a long term end point than the use of noise complaints and the use of the metric is recommended 
for Canadian EAs.  The % HA is based on scientific research that has demonstrated a reasonable 
cause-effect relationship between an adverse health impact on public health and wellbeing and 
community noise exposure.  The % HA results are presented in this section and discussed in detail 
in Section 8.22 with respect to human health.  The effects of Project-generated noise on nearby 
human receptors under the above guidelines are addressed separately in Section 8.22 and will not 
be discussed further in this chapter. 

When comparing sound level values it is often useful to know the equivalent noise levels from 
some familiar activities or sources.  Some typical noise levels (dB) are as follows: rustling 
leaves, 20; living room and humming refrigerator, 40; normal conversation, 60; business office, 
65; average city traffic, 80 to 85; jack hammer, 100; jet take-off at 100 m distance, 130; 
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motorcycles, firecrackers, and small arms fire, up to 140.  Sounds less than 75 dB after long 
exposure are unlikely to cause hearing loss.  The human pain threshold is 130 dB.  A sound level 
increase of 3 dB for a particular sound source is barely perceptible by the human ear while an 
increase of 10 dB is normally judged to be a doubling of loudness.  There is no linear 
relationship between the loudness level in dB and the perception by the human ear. 

8.21.4 Assessment Criteria 
Based on the guidelines and the results from the baseline monitoring criteria were derived for 
assessing the nature and extent of the potential noise effects at the Project site.  The criteria are 
outlined in Table 8.21-2. 

Table 8.21-2 
Description of the Nature and Extent of Potential Noise Effects 

Major • Ambient continuous noise from day or night Project activities will exceed the prescribed Leq of 
40 dBA at a distance of 1.5 km from the Project property boundary or closest human receptor; or 

• Ambient continuous noise from day or night Project activities results in an increase of greater 
than 10 dBA from baseline noise levels; or 

• Blast related noise will exceed an Lmax of 82 dBA at the nearest receptor. 

Moderate • Ambient continuous noise from day or night Project activities will not exceed the prescribed Leq 
of 40 dBA at a distance of 1.5 km from the Project property boundary; or 

• Ambient continuous noise from day or night Project activities results in an increase of 5  to ≤ 
10 dBA from baseline noise levels; or 

• Blast related noise will be between an Lmax of 77 and 82 dBA at the nearest receptor. 

Minor • Ambient continuous noise from day or night Project activities will not exceed the prescribed Leq 
of 40 dBA at a distance of 1.5 km from the Project property boundary; or 

• Ambient continuous noise from day or night Project activities results in an increase of 3 to ≤ 
5 dBA from baseline noise levels; or 

• Blast related noise will be between an Lmax of 72 and 77 dBA at the nearest receptor. 

Negligible • Very slight change in ambient continuous noise from day or night Project activities causing no 
discernable effect - ≤ 3 dBA increase in noise from baseline levels; or 

• Blast related noise will not exceed an Lmax of 72 dBA at the nearest receptor. 

Note: the % HA metric for the estimated Morrison Project noise results are discussed in detail and assessed in Section 
8.22 Human Health. 

8.21.4.1 Noise Modelling Methodology 
Noise modelling was carried out according to international sound propagation standards 
implemented in DataKustik’s Cadna/A outdoor sound propagation software. 

Model calculations were performed in octave bands because outdoor sound propagation is 
frequency dependent.  Each point, line, area, and road noise source was assigned an octave 
spectrum using field measurements or data based on reputable sources that specialize in sound 
monitoring and analysis.  However, the modelling results are presented in A-weighted decibels to 
allow comparison with environmental noise guidelines evaluation criteria.  All calculations were 
performed for assumed receiver heights of 1.5 m relative to the ground and sound contours were 
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calculated using 10 to 50 m resolution grids.  Point, line, and area source propagation was 
calculated according to the ISO 9613-2 (Technical Committee ISO/TC 43 1996) standard and 
traffic noise source levels and propagation were calculated according to NMPB-Routes-96 (1997). 

Outdoor sound propagation between the source and receptor is affected by several sound 
attenuation mechanisms including: 

• Ground cover such as grasses, shrubs, and trees (sound is absorbed by the ground and 
ground cover that it passes over); 

• Sound naturally decreases with increasing distance from the source; 

• Sound is absorbed by the atmosphere it passes through and is affected by wind and 
temperature gradients; 

• Sound can be attenuated by physical barriers such as buildings, hills, or mountains. 

The Cadna/A model assigns a ground absorption factor from 0.0 to 1.0 to estimate sound 
attenuation.  For example, a ground absorption factor of 0.0 would be used for hard ground or 
pavement or a calm lake that would provide minimal sound attenuation.  A ground absorption 
factor of 1.0 would be used for “soft” ground that would provide a high level of sound 
attenuation.  For this Project, areas composed primarily of trees, grass, dirt, and shrubs were 
assigned 1.0 while lakes were assigned a ground absorption factor of 0.0.  Forested areas also 
had an additional attenuation taken into account, based on Google Earth aerial imagery.  The 
Cadna/A model uses algorithms to automatically assign sound attenuation values to account for 
terrain effects based on the topographical information (i.e., contours). 

The effects of wind gradients on outdoor sound propagation can cause variation in sound levels 
at a distance from the noise sources.  When the receiver is upwind of the source, the wind will 
cause higher than normal attenuation that results in lower sound levels than would normally 
occur under calm conditions.  Conversely, under downwind conditions, the opposite effect would 
occur, resulting in higher than normal sound levels.  Crosswinds do not have these effects and 
result in sound levels that are essentially the same as those for calm conditions.  Typical day and 
night wind statistics for January were used in the model.  The colder weather during the winter 
months is conducive to a larger extent of noise propagation and was therefore considered the 
worst-case meteorological conditions for the noise modelling. 

To account for the time varying nature of environmental noise, a single number known as the 
equivalent continuous sound level (Leq) is used.  It is generally accepted for environmental noise 
measurements and criteria by acoustical experts.  The Leq is the equivalent sound level (based on 
acoustical energy) of time-varying noise occurring over a specific time period.  The averaging 
times used for Leq measurements for this Project are 15 hour day (07:00 to 22:00) and 9 hour 
night (22:00 to 07:00) time periods.  Blasting predictions are shown as A-weighted maximum 
sound levels (Lmax). 

Baseline noise was measured at three locations within or near the Project area in 2008 including 
Ookpik Lodge (BN1), Tukii Hunting Camp (BN2), and east of Morrison Lake in an open area 
(BN3). 
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These locations were selected to characterize the range of baseline conditions in the region, 
including a site close to a local seasonal resident and sites near the proposed mine site and 
supporting infrastructure.  For more information regarding the baseline noise monitoring 
program and results refer to Section 7.21 and Appendix 47. 

For the purposes of this effects assessment the background sound data were logarithmically 
added to the calculated Leq daytime and night-time construction and operation sound level 
predictions from the Cadna/A model.  For example, if a noise from the Project is predicted to be 
39 dBA at a particular location during the day, with the addition of the 39 dBA for background 
noise, the actual predicted noise level will be shown as 42 dBA. 

8.21.4.2 Noise Modelling Approach 
Desk-based research and field observations from baseline investigations highlighted a number of 
local communities in the region of the proposed Project (refer to Figure 7.21-1, Section 7). 

Two human receptors (individual residences only), operating as hunting and wilderness camps, 
were observed nearer the Project site.  Occupancy is seasonal.  These lodgings were included as 
sensitive receptors within the Cadna/A modelling domain (for coordinates refer to Table 8.21-5): 

• Ookpik Wilderness Lodge (BN1), approximately 10 km from the Project site; 
• Tukii Hunting Camp (BN2), approximately 1.75 km from the open pit, 500 m from the 

organic bearing material stockpile area and plant site location. 

A third receptor, BN3, was included in the noise modelling because baseline noise measurements 
were collected at the site.  This site was not classified as a human receptor because it was an 
open area not a residence, hunting or wilderness camp.  

• Morrison Lake (BN3), approximately 2 km from the mine pit and 1 km from the WRD 
facility. 

The above receptors were also used as monitoring locations for the baseline noise program.  The 
Village of Granisle was not included as a receptor location within the modelling domain because 
of its distance from the Project. 

Four different noise scenarios were modelled using Cadna/A software to estimate the effects of 
Project activities including: 

1. Typical day and night equivalent sound levels (Leq) for the construction phase of the Project 
(Month 18) 

2. Typical day and night equivalent sound levels (Leq) for the operations phase of the Project.  

3. Maximum equivalent sound levels (Lmax) for construction phase blasting at the surface of the 
proposed pit. 

4. Maximum equivalent sound levels (Lmax) for operations phase blasting at the bottom of the 
proposed pit. 
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Because blast events are short-term impulse (non-continuous) events, blasting was modelled 
separately. 

Model predictions were made for the noisiest phases of construction and operations, representing 
the worst case scenario for Project noise emissions.  Tables 8.21-3 and 8.21-4 provide a 
summary of the noise sources included in the model for each construction and operations 
scenario respectively.  The equipment list used to generate the noise modelling scenarios was 
from the Wardrop December 2008 Feasibility Study report (Appendix 1). 

Mine operations were assumed to be continuous day and night (i.e., 24 hour) operations.  
However, mine equipment does not operate at full power (i.e., maximum noise) levels 
throughout their shifts.  The equipment operating times shown in Table 8.21-4 are estimated full 
power operating times per 15 hour daytime and 9 hour night-time periods, based on typical 
acoustical usage factors for specific equipment types. 

Table 8.21-3 
Summary of Noise Sources Included in the Model for Construction 

Phase Scenarios 
Full Power Operating Time 

Equipment Name No. in Operation Day-07:00 to 22:00 (min) Night-22:00 to 07:00 (min) 
Point Sources 
Rock drill  3 720 432 
Dozer  5 720 432 
Loader  4 450 270 
Articulated truck  3 720 432 
Rigid dump truck 1 720 432 
Portable crusher  3 675 405 
Screener  3 720 432 
Large grader  3 720 432 
Roller  6 720 432 
Excavator  5 720 432 
Crane  5 225 135 
Various light trucks  8 450 270 
Various light trucks  4 450 270 
Various light trucks  6 450 270 
Various light trucks  4 450 270 
Portable light box  7 0 864 

Note: the various light trucks group includes a powder truck, ANFO mixer, mechanic’s truck, service truck, lube truck, fuel 
truck, personnel bus and fuel unloading/dispensing module. 
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Table 8.21-4 
Summary of Noise Sources Included in the Model for Operations 

Scenarios Levels 
Full Power Operating Time 

Equipment Name 
No. in 

Operation Day-07:00 to 22:00 (min) Day-07:00 to 22:00 (min) 
Point Sources 
Shovel Komatsu PC4000 2 720 432 
Wheel loaders 2 450 270 
Track type tractors 3 720 432 
Large mech RT Dozer 1 720 432 
Motor graders 2 720 432 
Skid steer loader 1 450 270 
Integrated Tool Carrier 1 450 270 
Bench Drill 1 720 432 
Secondary Drill 1 720 432 
Utility Crane 1 225 135 
Rough Terrain Forklift 1 720 432 
Utility Excavator 1 450 270 
Various light trucks (sand truck, pick up, crew 
cab/suburban, ambulance) 

4 342 205 

Various light trucks (pick up, mechanic’s truck, passenger 
van, fire truck) 

4 342 205 

Various light trucks (pick up, crew cab/suburban, 
fuel/lube truck, boom truck) 

4 517 310 

Various light trucks (pick up, mechanic’s truck, flatbed 
truck, passenger van) 

4 450 270 

Various light trucks (pick up, welder’s truck, tractor and 
lowboy, passenger van, passenger bus) 

5 360 216 

Snow removal/dump truck 1 288 0 
½ Ton tailings operator truck 1 450 270 
Haul trucks  4 156 94 
Various Backup beeper waste rock, crusher, pit 5 78 47 
Mine pit signal horn 1 78 47 
Crusher1 1 675 405 
Tailings cyclone 2 62 9002 5402 
Line Sources Daily Vehicles per hour Nightly Vehicles per hour 
Haul truck to crusher n/a 5.7 5.7 
Haul truck to waste deposit n/a 5.7 5.7 
Morrison Access Road Sources n/a 2.5 1.4 
Area Sources PWL3 Day (dBA) PWL Night (dBA) 
Blasting (construction and operations) 2 181 0 
Mill (enclosed) 4 1 109 109 
Pump house 1 90 90 
Cyclowash pump station  2 86 86 
Tailings pump station  2 87 87 

1 The noise model assumed that the crusher was not enclosed in a building.  Refinements in the engineering design since 
the time of modelling indicate that the crusher will be inside a building.  Therefore, for this item the noise model estimates 
are conservative. 
2 Refinements in engineering design since the time of modelling have led to a reduction in the number of tailings cyclones 
required as a part of the mine plan from 6 to 2.  Two tailings cyclones operate during the day and one at night.  Therefore, 
for this item the noise model estimates are conservative.  However, noise emissions resulting from the use of 6 tailings 
cyclones were fully attenuated at the receptor locations due to distance attenuation and atmospheric absorption.  
3 PWL refers to Sound Power Levels which are the maximum noise levels from these various sources. 
4 Modelling estimates associated with the mill assumed an enclosed building that attenuates to 95 dBA.  The wall type was 
assumed to be a standard corrugated steel wall with Sound Transmission Class of approximately 25. 
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8.21.4.3 Noise Modelling Results 
Four noise modelling scenarios were used for the noise effects assessment.  The results are 
summarized in Table 8.21-5.  Both the construction and operations phase scenarios modelled 
show the predicted equivalent sound levels will exceed the assigned criteria of 40 dBA at the 
nearest receptor location (BN2). 

The zone of influence for noise from construction and operations phase scenarios is slightly 
higher at night compared to daytime activities.  Most noise sources have been modelled with the 
same schedule during the night (9 hours) as the day (15 hours) based on a 24-hour operation.  
Therefore, excluding all other factors, the expected model results would be the same at night as 
during the day.  However, analysis of meteorological data shows conditions are slightly more 
favourable for sound propagation at night.  Night-time conditions are often more favourable than 
daytime conditions because of calmer winds and a lack of solar radiation, leading to a more 
stable atmosphere and higher noise levels at a given distance. 

Construction Noise 
Figures 8.21-1 and 8.21-2 and show the day- and night-time equivalent sound levels respectively 
for construction of the Project during the worst case construction scenario (month 18).  For both 
day- and night-time construction scenarios key noise generating sources and associated Project 
activities include: 

• mill construction 

• leveling and construction of site roads 

• road and bench leveling of the fire/fresh water line 

• grubbing at the water reclaim line 

• road compaction for the tailings line 

• construction and excavation of the main starter dam 

Modelling results indicate that during construction, the Project in isolation (i.e., not considering 
baseline conditions) will exceed the assigned criteria (40 dBA) at the two nearest sensitive 
receptors, predicting equivalent noise levels of 55 dBA at BN2 and 47 dBA BN3 (Table 8.21-5). 

The construction modelling results only predict noise from Project-related activities; the model 
does not consider other noise sources such as local traffic, wind, etc.  Therefore, the results of the 
model must be added to the baseline noise levels to determine the change in noise levels (method 
described in Section 8.21.4.1). The sound level predictions at each receptor location inclusive of 
baseline noise levels are outlined in Table 8.21-6.  Based on the assessment criteria outlined in 
Table 8.21-2, the nature and extent of noise effects from construction of the Project are classified 
as major at receptor locations BN2 and BN3. 



 

 

Table 8.21-5 
Morrison Copper/Gold Project: Sound Level Predictions at Baseline Noise Monitoring Locations 

Coordinates Baseline Construction Operation 

Receptor Name X Y Z  Ld1 Ln2 %HA4  Ld1 Ln2 %HA4  Ld1 Ln2 %HA4 

Construction 
Blast 
Lmax3 

Operation 
Blast 
Lmax3 

Ookpik Lodge (BN1) 675510 6110991 722  33 21 0.2  16 17 0.1  31 30 0.4 58 46 
Tukii Hunting Camp (BN2) 668835 6120950 736  25 22 0.1  55 55 8.7  46 46 3.1 82 62 
Morrison Lake Area (BN3) 671303 6121739 961  33 27 0.3  47 47 3.3  38 38 1.0 82 58 

1 Ld: Equivalent day-time sound level, dBA. 
2 Ln: Equivalent night-time sound level, dBA. 
3 Lmax: Maximum sound level with slow time constant, dBA. 
4 %HA: The percent highly annoyed noise values are a human health issue that are discussed in detail in Section 8.22 Human Health. 

 

Table 8.21-6 
Morrison Copper/Gold Project: Sound Level Predictions Including Measured 

 Baseline Noise Levels 
Coordinates Baseline Construction + Baseline Operation + Baseline 

Receptor Name X Y Z  Ld1 Ln2 %HA3  Ld1 Ln2 %HA3  Ld1 Ln2 %HA3 
Ookpik Lodge (BN1) 675510 6110991 722  33 21 0.2  33 22 0.2  35 31 0.5 
Tukii Hunting Camp (BN2) 668835 6120950 736  25 22 0.1  55 55 8.7  46 46 3.1 
Morrison Lake Area (BN3) 671303 6121739 961  33 27 0.3  47 47 3.4  39 38 1.1 

Note: addition of sound levels is based on a logarithmic scale.  
1 Ld: Equivalent day-time sound level. 
2 Ln: Equivalent night-time sound level. 
3 %HA: The percent highly annoyed noise values are a human health issue that are discussed in detail in Section 8.22 Human Health. 
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Operations Noise 
Figures 8.21-3 and 8.21-4 show the day- and night-time equivalent sound levels respectively for 
the Project operations phase during the worst case operational scenario (maximum tonnage of 
material moved).  During the operations phase, Project equivalent noise levels were modelled to 
be 46 dBA at the nearest receptor (BN2: Ld and Ln), 6 dBA above the assigned criteria of 
40 dBA.  However, this only applies when there are occupants at the BN2 receptor (the Tukii 
Hunting camp is only seasonally occupied).  Therefore, when Tukii Hunting Camp (BN2) is 
occupied it is the closest human receptor.  This location is approximately 1.75 km from the mine 
pit, and 500 m from the organic bearing material stockpile area and plant site location.   

Modelling predictions estimated equivalent noise levels below 40 dBA at both the BN1 and BN3 
receptor locations for day and night averaging periods (Table 8.21-5). 

For both day- and night-time operation scenarios key noise generating sources include: 

• the mine access road 
• tailings cyclones 
• mill operation 
• open pit mining 
• general maintenance activities 
• waste rock placement 

Based on the assessment criteria outlined in Table 8.21-2, the nature and extent of noise effects 
from the Project operations phase are classified as major at receptor location BN2 (when it is 
occupied) and moderate at BN1. 

Blasting 
During construction blasting will occur during open pit development and smaller blasts will 
occur as roads are cut and benches established.  Blasting during operations will be daily in the 
open pit.  Blasting was modelled at the surface and at the bottom of the pit (Figures 8.21-5 and 
8.21-6) coinciding with construction removal of surface waste rock and operations during the 
middle of the mine life.  The surface blast represents the worst case scenario.  The model 
assumed that the maximum blast noise level at a distance of 340 m was 120 dBA based on actual 
monitoring data from an active mine.  This is consistent with maximum blast noise levels 
reported for the US (Hydrometrics 1984) that indicates a range of values from 115 to 125 dBA at 
a distance of 275 m.  As construction of the pit progresses, noise from the blasting will be 
partially attenuated by the pit walls.  Impulse noise from the surface blast was estimated to be 
82 dBA at the nearest receptor (BN2) (Table 8.21-2).  Baseline noise monitoring station BN3 is 
not considered further because it is not occupied at any time.  This is approximately equal to the 
Ontario MOE peak pressure limit of 120 dB and is below the World Health Organization (WHO) 
guideline of 120 dBA for non-continuous impulse noise.  Therefore, the nature and extent of 
noise related to mine blasting during construction is considered moderate at BN2 and negligible 
at BN1.  It is considered negligible at all sites for blasting at the bottom of the pit, the condition 
modelled for the operations phase. 
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8.21.5 Mitigation, Enhancement, and Management Measures 
The environmental effects assessment for noise was used as the basis for developing mitigation 
and management measures and for identifying where long-term monitoring may be required.  
Sources of significant noise contributions are mainly within high activity areas including: 

• the open pit 
• the primary crusher 
• mill site (enclosed building) 
• tailings cyclones (naturally attenuated) 
• pumps at the fresh water intake line 
• traffic along the mine site access and haul roads 

Trucks hauling waste rock and ore along unpaved roads and trucks hauling supplies on the 
access road will cause noise.  Haul trucks for the mine site will be specifically purchased for the 
Project and it is assumed that they will comply with manufacturers noise limits for heavy duty 
trucks.  For example, under Transport Canada the maximum allowable noise level from a heavy 
duty truck is 83 dB measured 15 m from the truck under maximum acceleration (i.e., noisiest 
operating condition).  All mining equipment, including haul trucks, will be subject to a thorough 
maintenance program to ensure vehicles are operating at minimum noise levels. 

To provide the highest possible attenuation for Project-related noise as much vegetation as 
possible will be maintained along the access road and around the mine footprint. 

Best practice blasting methods will be applied for blasting at the open pit.  Mitigation measures 
to manage potential noise effects will include: 

• Blasting once a day at the same time to allow wildlife and personnel to habituate. 

• No blasting will occur at night-time when noise is generally considered less acceptable 
and noise tends to propagate more efficiently. 

• Stemming of the open pit blast holes will also reduce noise and ensure a more 
homogeneous blast grid.  Stemming is the act of filling the blast hole with fine stone 
(typically drill cuttings) to contain explosive force within the hole. 

• Visual warning signals will be adopted. 

During the initial years of operations the open pit blasts will be close to the original elevation of 
the ground.  Blast noise from the open pit will gradually decrease as the open pit gets deeper and 
the perimeter edges of the pit will attenuate the blast noise.  The degree of noise attenuation will 
depend on the depth of the open pit.  As each bench is developed and the open pit gets deeper the 
attenuation of the blast noise will gradually increase. 
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8.21.6 Potential Residual Effects 
Residual effects are those that remain after mitigation.  Even with the above mitigation measures in 
place there is considerable potential based on modelling results that worst case construction and 
operation scenarios will result in continuous equivalent noise levels above the assigned criteria of 
40 dBA at one of the three receiver locations (BN2) during both day- and night-time activities.  
Although this site is within 1.5 km of the project property boundary, it is the closest human 
receptor (when it is seasonally occupied) and therefore it falls under the premise of the Alberta 
EUB Noise Directive.  Therefore, increases in ambient noise levels resulting from construction and 
operations activities have been classified as residual effects in Table 8.21-7. 

The nature and extent of project noise effects relating to blasting have been shown to comply 
with the relevant standards and guidelines (Section 8.21.4.3).  For further information regarding 
the assessment of significance of project noise effects from blasting refer to Section 8.22. 
Similarly, the potential for effects to wildlife associated with increased noise is presented in 
detail in Section 8.16.   

8.21.7 Significance of Residual Effects 
Each residual effect was classified as having “negligible,” “minor,” “moderate,” or “major” 
potential to be significant.  Classification of residual effects was based upon the expected 
effectiveness of mitigation measures described above. 

The increase in ambient noise levels as an effect of construction and operations activities were 
assessed as residual effects following the application of mitigation measures (Table 8.21-7).  The 
effects will be local.  Noise levels drop off quickly with distance from the mine site and only one 
seasonally occupied human receptor near the mine infrastructure will be affected (Tukii Hunting 
camp, BN2).  The increased noise levels will last for the life of the mine, and therefore the 
duration of the effect will be medium-term.  Because the Project will operate 24 hours a day, 7 
days a week, the frequency of the effect will be continuous.  However, the effect will end upon 
Project closure and therefore is reversible in the short term. 

The increase in ambient noise levels as an effect of Project activities is classified as a major 
significant effect at the Tukii Hunting camp, BN2, when it is occupied during the hunting season.   

8.21.8 Probability of Occurrence and Confidence Levels 
There is a high probability that noise effects will occur as a result of Project construction and 
operations activities.  The confidence limits of the assessment are high.  Noise level estimates 
were generated using a commonly accepted and reputable model (Cadna/A).  Worst case 
scenarios for the Project were assessed allowing for generation of conservative estimates.  
Although there is the potential for variability in noise levels that were not accounted for in the 
model, the conservative approach suggests that worst-case real time noise data will not be 
significantly different from model estimates.  The noise model was conservative for the 
following sources, in particular, the tailings cyclones and the primary crusher. 

 



 

 

Table 8.21-7 
Morrison Copper/Gold Project: Noise Effects Assessment Summary Table 

Description 
Project 

Components 
Project 
Phase Project Activity 

Nature and 
Extent 

Mitigation and 
Management 

Potential 
for 

Adverse 
Residual 

Effect 
Magnitud

e 
Geographic 

Extent Duration Frequency Reversibility 
Resilience  
(context) Significance 

Probability 
of 

Occurrence 
Confidence 

Level 
BN2: Major 

when there are 
occupants 

Yes1 High Landscape Short-
term 

Regular Reversible 
short-term 

Neutral Major1 High High Ambient 
noise may 
increase 
outside the 
Project 
property 
boundary 

All noise-
generating 
equipment.  

Significant sources 
include the open 

pit, mill site, 
tailings cyclones, 

pumps at the fresh 
water intake line, 
and traffic along 

the mine site 
access and haul 

roads. 

Construction General construction 
activities, site 

preparation, building 
infrastructure. 

BN1: Negligible 

All site vehicles to 
comply with 

manufacturer noise 
limits, all mining 

equipment to undergo 
regular maintenance, 
minimize vegetation 
clearing surrounding 

Project footprint where 
possible to provide 

additional noise 
buffer. 

No          

BN2: Major 
when there are 

occupants 

Yes1 
 

High Landscape Medium-
term 

Regular Reversible 
short-term 

Neutral Major1 
 

High High Ambient 
noise may 
increase 
outside the 
Project 
property 
boundary 

All noise 
generating 
equipment.  

Significant sources 
include the open 

pit, mill site, 
tailings cyclones, 

pumps at the fresh 
water intake line, 
and traffic along 

the mine site 
access and haul 

roads. 

Operations General site activities, 
operation of ventilation 
systems, ore and waste 

rock handling, ore 
crushing, haul truck 

traffic, general access 
road traffic, operation of 
tailings cyclones, fresh 

water intake pumps, etc. 
BN1: Moderate 

All site vehicles to 
comply with 

manufacturer noise 
limits, all mining 

equipment to undergo 
regular maintenance, 
minimize vegetation 
clearing surrounding 

Project footprint where 
possible to provide 

additional noise 
buffer. 

Yes1 
 

High Landscape Medium-
term 

Regular Reversible 
short-term 

Neutral Moderate1 
 

High High 

BN1: 
Negligible 

No 
 

         Noise from 
the blast may 
cause 
nuisance 

Construction and 
Operations 

blasting 
 

Construction 
and 

Operations 

Minor construction 
blasting for site 

preparation, blasting for 
development and 

operation of open pit 
mine 

BN2: 
Moderate when 

there are 
occupants 

Blasting to occur only 
once per day to 

promote habituation, 
no night-time blasting. 

Yes1 
 

High Landscape Medium-
term 

Regular Reversible 
short-term 

Neutral Moderate1 
 

High High 

Baseline Noise Monitoring Stations: 
BN1: Ookpik Lodge. 
BN2: Tukii Hunting Camp. 
BN3: Open area east of Morrison Lake. 
1: Also See Section 8.22 (Human Health) and 8.16 (Wildlife) 
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8.21.9 Assumptions 
The noise model assumed the following traffic will operate on the access road running at 2 hours 
per round trip for a distance of approximately 80 km (travel distance) and totalling 25 round trips 
per day: 

• 11 B-train concentrate haul trucks leave the site per day full and 11 arrive empty; 

• 8 round trips for workers in buses (4 passenger buses per shift, two shift changes per 
day).  Shift change times were assumed to be between 6 a.m. and 8 a.m., and 6 p.m. and 
8 p.m.  The operations work force is assumed to be approximately 250 people; 125 on 
day shift and 125 on night shift; and 

• 6 round trips for consumables trucks per day during day shift only.  The truck type was 
assumed to be the equivalent of a semi-trailer, similar to the size of the B-train 
concentrate haul trucks. 

The above traffic volumes were based on the best information available at the time of the noise 
modelling, best professional judgement and experience from previous noise modelling for a 
proposed 60,000 tonnes per day open pit copper/gold mine in north western British Columbia.  
The estimated number of vehicle round trips per day (including the concentrate haul trucks) was 
20 (PBM 2008).  Hence, there were four extra vehicle round trips that were included in the noise 
modelling.  In addition, the actual number of workers during operations would be 251 and the 
number of workers for each shift would be; 100 on day shift during the regular work week 
Monday to Friday, 59 on weekend day shift and 41 night shift workers.  Hence, with respect to 
the worker movements to and from site the noise model over estimated the number of bus trips 
for the day and night shifts. 

Based on these predictions of traffic volumes the findings of the existing noise model are likely 
to accurately predict noise propagation along the access road.  However, the absolute values of 
noise emissions associated with access road traffic are likely to be slightly overestimated. 
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8.22 Human Health  

8.22.1 Introduction  
The Project development and operations may affect environmental media such as noise levels, 
air quality, drinking water, and country foods.  These effects, in turn, could affect human health.  
This chapter is an effects assessment of human health as it relates to the environmental media 
listed above.  

Cultural and even ethnic factors may influence opinions about the “acceptability of human health 
effects.”  Such factors are important in the interface between science and public policy, and 
strongly held differences of opinions are to be expected (Bates, Koenig, and Brauer 2003).  This 
health effects assessment does not enter these fields of controversy; instead it provides a 
scientific assessment that uses current regulatory agency policies regarding “acceptability of 
health effects.” 

Potential effects on the quality of life of the people residing near the Project were evaluated in 
Section 7.18.   

The environmental setting for health was presented in Section 7.22. 

8.22.2 Noise 

8.22.2.1 Overview 
Noise is defined as any undesirable sound that may irritate people, disturb rest or sleep, cause 
loss of hearing, or otherwise affect the quality of life of affected individuals (HealthInsider 
2002).  .  People encounter noise in their living and working environments daily.  For the Project, 
sources of noise include: road vehicles, construction, mining equipment, mining operations, and 
electrical sounds from the proposed transmission line.  The effects of noise can include: hearing 
impairment, interference with speech communication, disturbance of rest and sleep, 
psychological and physiological effects (i.e., stress), mental health effects, and effects on 
residential behaviour (WHO 1999b). 

Noise is measured in a non-linear scale known as decibels (dB); however, these measurements 
are filtered or weighted (A-weighted) to account for noise frequencies that are audible to 
humans.  Measured noise levels that are A-weighted are reported as dBA.  Table 8.22-1 presents 
a table of typical noise levels in terms of dBA.   

8.22.2.2 Issues Scoping 
There are land users (i.e. guide outfitters, lodge owners, and guests of the hunting camps and 
lodges) near the Project area that may be able to detect the noise generated from mine site 
activities (i.e., road vehicles, construction, mining equipment, mining operations, and electrical 
sounds from the proposed transmission line).  Concern regarding noise was raised during the 
public consultation phase of the EA process.  Thus, potential effects to human health from 
exposure to Project-generated noise are evaluated.  It is noted that this evaluation is consistent 
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with the TOR (BC EAO 2009), which specifies that the application will identify potential effects 
caused by increased noise levels from blasting, crushing, equipment operation, and trucking.   

Table 8.22-1 
Typical Sound Levels 

Sound Range (dBA) Source 
0 Human hearing threshold 
10 Rustling of leaves 
20 to 40 Quiet room 
40 Living room and humming refrigerator 
40 to 60 Typical conversation 
60 to 80 Passenger car, 10 m away 
80 to 90 Busy road, 10 m away 
100 Jackhammer, 1 m away 
110 to 130 Takeoff of a jet, 100 m away 
130 Human pain threshold 
Up to 140 Firecrackers and small fire arms 

 

8.22.2.3 Assessment Methodology 
The EA approach used to assess the effects from Project-related noise on human health is similar 
to that described for the Project (Chapter 5).  The potential for noise to cause human health 
effects was assessed to develop mitigation and monitoring strategies.  The health effects related 
to noise were assessed using the results of the noise model presented in Section 8.21 and 
comparisons to the appropriate human health noise guidelines and standards which included: 
Alberta EUB Guide 38 Noise Control Directive (2007), and the WHO Noise Guidelines for 
Community Health (1999b).  Where the guidelines are to ensure that hearing impairment does 
not occur (i.e., blasting), professional judgment was used to assess health effects, as health 
effects can occur at levels below those that can cause hearing impairment.  

In addition to the methodology presented above, the percent highly annoyed matrix was also 
included in this assessment, which is consistent with the Project TOR. 

8.22.2.4 Spatial and Temporal Boundaries 
The spatial boundary covers the mine footprint and access route, including the most sensitive 
receptor locations (i.e., Tukii Hunting Camp, Houston Forestry Camp, and Ookpik Wilderness 
Lodge) from the source of the emissions.  It also includes a 1,500-m zone extending from the 
centre line of Highway 118 (Figure 8.22-1).  
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The temporal boundaries include both the construction (2 years) and operations phases (21 
years).  In addition, the temporal boundaries included both acute and chronic exposures to the 
noises generated from the site.  Acute exposure would be from noise such as blasting or 
bypassing truck noise, where as chronic exposure would be from regular mine-site equipment 
noise such as fans or pumps, or average truck traffic noise along the access route.  

8.22.2.5 Valued Environmental Components 
The following section presents the specific human VECs selected for evaluation and the rationale 
for their selection.  

The sub-populations that are more susceptible to health effects from exposure to noise are those 
who are less able to cope (WHO 1999b).  This includes people with decreased personal abilities 
(i.e., ill or depressed people), people with medical problems, people dealing with cognitive tasks 
(such as reading acquisition), people with mental disorders, people who are blind or who have 
hearing impairment, fetuses, babies and young children, elderly, shift workers, and individuals 
who have sleeping disorders.  The human VECs that will be assessed with respect to noise 
effects will be individuals that may have problems coping with noise (i.e., sensitive receptors).  

The nearest land users to the proposed mine site and access road are individuals who frequent the 
Tukii Hunting Camp, Houston Forestry Camp, and Ookpik Wilderness Lodge.  For this 
assessment it was assumed that the people who frequent these areas are sensitive receptors, thus 
these people were selected as the VECs for this assessment.  

Mine employees (on-site) were not selected as VECs because worker health will be addressed in 
the Health and Safety Management Plan that will be developed during the permitting process. 

8.22.2.6 Identification and Description of Potential Effects 
Because of the Project’s proximity to hunting, recreation, and forestry camp areas, potential 
noise effects are an important concern to the land users.  During construction, all Project 
components will contribute to noise.  During operation, day-to-day activities (i.e., blasting, large 
trucks, and equipment) at the mine site will contribute to noise.  Concentrate haul trucks and 
service vehicle along the access road will also contribute to noise.  This assessment evaluates 
potential effects from access road noise and Highway 118 during construction and operations 
and potential effects from mine site noise during construction and operations.  

The nature of increased noise from the mine site is considered adverse, as increases in noise can 
result in adverse health effects.  Table 8.22-2 describes how the extent of potential health effects 
associated with Project-related increases in noise was defined.  

Access Road  
The most sensitive human receptors with respect to mine-related traffic noise were assumed to be 
people at the Ookpik Wilderness Lodge (615 m from the proposed access road) and people 
staying at the Houston Forestry Camp (1,563 m from the proposed access road).  These two 
locations are the closest to occur along the access road.  Thus, the health effects assessment, with 
respect to mine-related traffic noise, focused on these specific sensitive receptor locations.  
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These receptors were evaluated with respect to potential health effects from average and 
maximum daytime and night-time noise from traffic.  

Table 8.22-2 
Description of the Extent of Potential Effects  

Negligible Project-related changes to noise will result in levels below regulatory agency health effect 
thresholds and no measurable health effects will be detected. 

Minor Project-related changes to noise may or may not result in levels above regulatory agency 
health effect thresholds and measurable health effects may or may not be detected. 

Moderate Project-related changes to noise will result in levels above regulatory agency health effect 
thresholds and measurable health effects may be detected. 

Major Project-related changes to noise will result in levels above regulatory agency health effect 
thresholds and measurable health effects will be detected. 

 

Average Access Road Noise  

For assessing effects from average noise along the access road, the Alberta EUB Guide 38 Noise 
Control Directive (2007) was used.  The noise control directive acknowledges that low ambient 
levels are often encountered in pre-project situations.  The methodology in Guide 38 limits the 
noise effect from the project by establishing maximum acceptable post-project noise levels for 
day and night.  These levels are based on a series of parameters including the density of 
dwellings, their distance to major transportation routes, exposure to aircraft flyovers, pre-project 
background levels, noise patterns, tonal characteristics, etc.  

The Alberta EUBs permissible sound level (PSL) is the maximum integrated (averaged) sound 
level that a facility must not exceed at the nearest or most affected residence.  New facilities 
planned for remote areas should be designed to meet a target sound level of 40 dBA Leq at a 
distance of 1.5 km.  Thus, the PSL for the Project is 40 dBA Leq.  This is applicable for daytime 
noise.  

The Alberta EUB guidance was used to identify the Basic Sound Level (BSL) for night-time at 
the Ookpik Wilderness Lodge and Houston Forestry Camp.  The BSLs are based on dwelling 
density and distance from heavily travelled roads and/or rail lines.  For the Ookpik Wilderness 
Lodge and the Houston Forestry Camp, the most applicable BSL is 40 dBA Leq.  This is based 
on a dwelling unit density per quarter section of land of one to eight dwellings and on a distance 
of 500 m from heavily travelled roads and/or rail lines and not subject to frequent aircraft 
flyovers.  It is noted that the Ookpik Wilderness Lodge and Houston Forestry Camp are 
approximately 615 m and 1,563 m, respectively, from the proposed access road.  Thus, a BSL of 
45 dBA Leq could have been selected; however, because the access road is not currently 
considered a heavily travelled road, the more conservative value was selected.   

The Computer Aided Noise Abatement (Cadna/A) noise model was used to generate predictions 
for noise levels associated with mine traffic.  Details of the model and input parameters are 
included in Section 8.21.   
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Table 8.22-3 presents the predicted average daytime and night-time traffic noise at the Ookpik 
Wilderness Lodge and the Houston Forestry Camp.  

Table 8.22-3 
Predicted Traffic Noise Levels (12 h average dBA) at 

Ookpik Wilderness Lodge and Houston Forestry Camp and 
Extent of Health Effects 

Location 
Time 

period 
PSL/ 
BSL Baseline Construction Extent Operation Extent 

Day (Ld) 40 33 33 Negligible 35 Negligible Ookpik Wilderness 
Lodge Night (Ln) 40 21 22 Negligible 31 Negligible 

Day (Ld) 40 33* 33 Negligible 34 Negligible Houston Forestry 
Camp Night (Ln) 40 21* 24 Negligible 27 Negligible 

Ld = average daytime sound level from 7:00 to 22:00 hours. 
Ln = average night-time sound level from 22:00 to 7:00 hours.  
* = value assumed based on maximum baseline measured at Ookpik Wilderness Lodge. 

During construction, the average day time and night-time noise levels at Ookpik Wilderness 
Lodge and the Houston Forestry Camp were predicted to change from 0 to 3 dBA.  A 3-dBA 
change in noise level is not typically perceived by persons with average hearing; however, 
people can detect a change in noise levels between 3 dBA and 5 dBA and changes greater than 5 
dBA are readily perceived by people with average hearing.  Thus, the average changes in noise 
during construction should not be perceived by people at either of these locations during the day 
or night.  In addition, the levels will remain within the Alberta EUB’s PLS and BSL guidelines. 
The extent of this effect is considered negligible.  

During operations the average noise levels at Ookpik Wilderness Lodge and the Houston 
Forestry Camp were predicted to increase by approximately 1 to 2 dBA during the day.  The 
average changes in noise during operations should not be perceived by people at either of these 
locations.  In addition, the levels will remain within the Alberta EUB’s PSL.  The extent of this 
effect is considered negligible.  

During operations the average noise levels at Ookpik Wilderness Lodge and the Houston 
Forestry Camp were predicted to increase by approximately 7 to 10 dBA during the night.  If 
people are outdoors, the change would be perceived at these locations.  Notwithstanding, the 
predicted increases in noise will result in levels within the Alberta EUB’s BSL.  It is noted that 
the predicted levels are for outdoor noise.  At night (i.e., after 10 pm), people would be generally 
inside the lodge/camp and traffic noise indoors will be lower than outdoors.  For instance, if the 
rooms in the camps were constructed to provide minimum sound isolation (such as EW1 listed in 
the BC Building Code) the noise reduction provided would be approximately 29 dBA, (when the 
windows are closed) and 15 dBA (when the windows are slightly open).  For this assessment it has 
been assumed that the buildings were not constructed to provide minimum sound isolation and that 
the maximum noise reduction from the camp/lodge would be 15 dBA.  Therefore, at night the 
average change in noise levels inside the Ookpik Wilderness Lodge and the Houston Forestry 
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Camp would not be detected by the occupants.  The extent of this effect is considered negligible 
for people both indoors and outdoors at night.  

Noise generated from traffic would also meet WHO guidelines that specify a 16-hour LAeq of 
50 dBA during the day and an 8-hour LAeq of 30 dBA inside bedrooms at night.   

Truck Pass-by Noise  

The maximum noise generated along the road would be from trucks as they pass by the Ookpik 
Wilderness Lodge and the Houston Forestry Camp. The Computer Aided Noise Abatement 
(Cadna/A) noise model was used to generate predictions for noise levels associated with the 
heavy trucks as they pass by these two locations.  Details of the model and input parameters are 
included in Section 8.21.  Table 8.22-4 and Figure 8.22-2 present the predicted maximum 
daytime and night-time pass by noise at the Ookpik Wilderness Lodge and the Huston Forestry 
Camp. Forest service truck traffic pre-exists along the access route and will likely co-exist with 
the Morrison related traffic. Maximum noise from the concentrate trucks is expected to be 
similar to those of the forest service trucks.  

Table 8.22-4 
Predicted Traffic Noise Levels (day and night LAmax dBA) at 
Ookpik Wilderness Lodge and Houston Forestry Camp and 

Extent of Health Effects 
Location  LAmax Baseline Construction Extent Operation Extent 

Day n/a 65.4 41.5 Negligible 41.5 Negligible Ookpik Wilderness 
Lodge Night 45 46 41.5 Negligible 41.5 Negligible 

Day n/a 65.4* 32.4 Negligible 32.4 Negligible Houston Forestry 
Camp Night 45 46* 32.4 Negligible 32.4 Negligible 

* = value assumed based on maximum baseline measured at Ookpik Wilderness Lodge. 
n/a = not available.  

The pass-by truck noise levels at Ookpik Wilderness Lodge and Houston Forestry Camp during 
both the day and night were predicted to be approximately 41.5 dBA and 32.4 dBA, respectively.  
These maximum noise levels are predicted to occur 2.5 times per hour during the day and 1.4 
times per hour during the night.  It is noted that the frequency of the maximum noise will likely 
be less based on new traffic volume estimates, which indicate that the concentrate truck volume 
may be as low as 40 return trips per day. Thus, the 2.5 times per hour during the day and 1.4 
times per hour is likely an overestimate (PBM, pers com).   

There is no Alberta EUB or WHO LAmax guideline for daytime pass-by noise; however, during 
the day the pass-by truck noise will be lower than the maximum noise recorded under baseline 
conditions.  In addition, the predicted maximum daytime pass-by noise at Ookpik Wilderness 
Lodge will be only 1.5 dBA above the Alberta EUB guideline for average daytime noise.  At the 
Houston Forestry Camp the daytime pass-by noise will be within the Alberta EUB PSL.  
Therefore, the extent of pass-by truck noise during the day is considered negligible.  
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The Alberta EUB does not provide guidelines for maximum night-time noise.  However, WHO 
recommends an LAmax of 45 dBA inside bedrooms at night.  Indoor and outdoor pass-by noise at 
Ookpik Wilderness Lodge and Houston Forestry Camp will be within this guideline.  Therefore, 
the extent of pass-by truck noise during the night is considered negligible.  

Highway 118 
The most sensitive human receptors with respect to mine-related traffic noise along Highway 
118 were assumed to be those residing along the highway.  

It is unknown whether or not the average noise along Highway 118 will increase because of 
Project-related activities.  This uncertainty is because the future frequency of logging trucks 
along this highway is unknown and it is thought that the logging trucks contribute to the bulk of 
the noise sources along this highway.  Notwithstanding, the extent of changes to noise along 
Highway 118 are predicted to be negligible.  The maximum noise generated from the concentrate 
haul trucks is expected to be similar to the logging trucks (Mark Bliss, pers. com.).  Thus, effects 
from pass-by noise along Highway 118 are also considered to be negligible.  

Mine Site  
Noise generators from the mine site will include heavy equipment operation, mine trucks, 
concentrate haul trucks, and periodic noise from blasting.  The most sensitive human receptors 
with respect to the mine site noise were assumed to be those frequenting the Tukii Hunting 
Camp, which is the closest camp to the mine site.  Mine site operation noise (average noise) and 
noise generated from blasting (maximum noise) was assessed at this location.  

Average mine site noise would have no effect on the levels at Ookpik Wilderness Lodge or the 
Houston Forestry Camp, because the average noise generated from the mine site would not 
extent this far south.  However, blasting noise would extend to these locations.  Thus, blasting 
noise was assessed at Ookpik Wilderness Lodge and Houston Forestry Camp.  

Average Mine Site Noise  

Table 8.22-5 presents the predicted daytime and night-time average noise levels during 
construction and operations for the nearest receptors to the mine site (i.e., people at Tukii 
Hunting Camp).  As the mine will operate 24 hours a day, 7 days a week, this noise level is 
assumed to be constant throughout the day and night during construction and operation.  

Table 8.22-5 
Predicted Mine Site Noise (average dBA) at 
Tukii Hunting Camp and Extent of Effects 

Location  PSL/BSL Baseline Construction Extent Operation Extent 
Day (Ld) 40 25 55 Moderate 46 Moderate Tukii Hunting 

Camp Night (Ln) 40 22 55 (40 indoors) Minor 46 (31 
indoors) 

Minor 

Ld = average daytime sound level from 7:00 to 22:00 hours. 
Ln = average nighttime sound level from 22:00 to 7:00 hours.  
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During the day, baseline noise levels will increase from approximately 25 dBA to 55 dBA and 46 
dBA during construction and operations, respectively.  These increases are well above the day-time 
baseline noise levels at the Tukii Hunting Camp and are above the Alberta EUB’s PSL. The mine 
site noise during construction and operations will be detected by people at Tukii Hunting Camp.  
Noise reduction provided by camp buildings is not considered for daytime noise as people at the 
Tukii Hunting Camp spend most of the day outdoors. Although most of the camp users would 
spend their day away from the hunting camp, hunting or fishing, the extent of the health effects 
caused by increases in average daytime noise generated from the mine site is considered minor. 
There may be times when people come to the camp and do not hunt or fish, and the predicted 
levels are above the EUBs PSL.  

Outdoor average night-time noise levels will increase from approximately 22 dBA to 55 dBA 
and 46 dBA during construction and operations, respectively.  At night, people are generally 
inside and noise indoors is predicted to be lower than outside.  The noise reduction provided by 
the Tukii Hunting Camp was assumed to be 15 dBA, as it was assumed that the camp was not 
built to provide the minimum sound isolation.  Subsequently, the indoor noise levels would be 40 
during construction and 31 during operations.  Therefore, at night-time the average change in 
noise levels inside the residences will meet the Alberta EUB BSL.  

During construction these levels would not meet the WHO guidelines that specify a 16-hour 
LAeq of 50 dBA during the day and an 8-hour LAeq of 30 dBA inside bedrooms at night.  
During operations these levels would meet the daytime WHO guidelines and at night the levels 
would be 1 dBA above the guidelines.  

The extent of health effects caused by increases in average night-time noise generated from the 
mine site is considered minor. 

Peak Blasting Noise  

During the construction and operations phases, blasting will occur at the mine site facility once 
per day.  The blasts will be scheduled for the same time every day and no blasting will occur at 
night.  The surface blast represents the worst case scenario; as construction extends into the pit, 
noise from the blasting will decrease.  Details of the modelling are presented in Section 8.21.   

The most applicable guideline for protecting acute hearing impairment is 120 dB (WHO 1999b).  
This guideline is intended to protect children exposed to elevated noise from impulse sounds 
from toys, fireworks, and firearms.  Table 8.22-6 presents the predicted blasting noise levels 
during construction and operations at the three receptor locations.   

Although not specific to blasting, it is considered relevant as it is for short-duration peak exposure.  
The maximum predicted noise levels at the Tukii Hunting Camp, Ookpik Wilderness Lodge and 
Houston Forestry Camp due to blasts will be 82 dBA, 58 dBA, and 66 dBA, respectively.  These 
values are well within the WHO guideline for the Ookpik Wilderness Lodge and the Houston 
Forestry Camp and are within the measured baseline maximum levels.  Thus, for these two 
locations, the extent of health effects is considered negligible.  For the Tukii Hunting Camp, the 
blast noise will be above those measured at baseline.  These blasts will be above baseline until a 
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certain depth in the pit is reached.  Although the guidelines, which are to ensure that hearing 
impairment does not occur, will be met, there is the possibility that sensitive receptors at Tukii 
Hunting Camp could be irritated by the noise and unable to cope with it.  Such irritation could lead 
to health effects.  Subsequently, the extent of this effect is predicted to be moderate.  

Table 8.22-6 
Predicted Blasting Noise (Lmax dBA) and Extent of Health Effects  

Receptor Location Lmax 
Baseline 

Max 
Construction 

Blast (at surface) 
Operations Blast 

(bottom of pit) 
Nature and 

Extent 
Tukii Hunting Camp 120 68 82 62 Moderate 
Ookpik Wilderness 
Lodge  120 65 58 46 Negligible 
Houston Forestry 
Camp 120 65* 66 61 Negligible 

* = value assumed based on maximum baseline measured at Ookpik Wilderness Lodge 

Percent Highly Annoyed 

The percent highly annoyed matrix is presented in Table 8.22-7.  Health Canada considers an 
acceptable percent highly annoyed as <6.5%.  All modelled scenarios are below 6.5 with the 
exception of the Tukii Hunting Camp during construction.  This result is consistent with the 
assessment that effects caused by Project-related noise at Tukii Hunting Camp would be 
moderate.  Although the percent highly annoyed matrix would indicate negligible effects at Tukii 
Hunting Camp during operations, the Tukii Hunting Camp owners are considered sensitive 
receptors, and thus the percent highly annoyed matrix may not be considered an appropriate 
measuring tool for this assessment.  Subsequently, the magnitude of effects caused by average 
daytime noise at the Tukii Hunting Lodge remains moderate, as described above.  

Table 8.22-7 
Sound Level Predictions Including Measured Baseline Noise Levels 

Baseline Construction + Baseline Operation + Baseline 
Receptor Name Ld1 Ln2 %HA3  Ld1 Ln2 %HA3  Ld1 Ln2 %HA3 
Ookpik Lodge  33 21 0.2  33 22 0.2  35 31 0.5 
Tukii Hunting Camp  25 22 0.1  55 55 8.7  46 46 3.1 
Houston Forestry Camp 33 21 0.2  33 24 0.2  34 27 0.3 

Note: addition of sound levels is based on a logarithmic scale.  
1 Ld: Equivalent day-time sound level. 
2 Ln: Equivalent night-time sound level. 
3 %HA: The percent highly annoyed noise values  

8.22.2.7 Mitigation, Enhancement and Management Measures 
The effects assessment found that the Project will have negligible health effects for all noise 
exposure scenarios evaluated except the following:  
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1. Average daytime noise at the Tukii Hunting Camp will increase above the baseline noise 
levels and will be above the Alberta EUB’s PSL during construction and operation.  The 
extent of this effect is minor.  

2. Average night-time noise at the Tukii Hunting Camp will increase above the baseline noise 
levels.  Indoors, during construction, the noise will be near Alberta EUB’s BSL and will be 
above the WHO 8-hour LAeq.  Indoors, during operations, the noise will be below the 
Alberta EUB’s BSL and will be at the WHO 8-hour LAeq.  The extent of this effect is minor.  

3. Blasting noise levels will be within hearing impairment guidelines; however, blasting noise 
will be above the maximum baseline levels measured at the Tukii Hunting Camp.  The extent 
of this effect is moderate.   

General mitigation to reduce noise was presented in Section 8.21.  

The effects of blasting noise will be mitigated by limiting the blasts to once per day and the Tukii 
Hunting Camp will be provided with a blasting schedule that will include the days and times that 
the blasting will occur.  To help them prepare for the blast noise, blasting times will be scheduled 
for the same time period each day.  

It is possible that the modelling results have overestimated the noise levels during operations, 
thus monitoring the noise at Tukii Hunting Camp may be warranted to verify the model 
predictions.  If model predictions are verified, other specific mitigation and adaptive 
management may be required.  Such mitigation and adaptive management will be negotiated 
between PBM and the Tukii Hunting Camp.   

8.22.2.8 Potential Residual Effects 
Despite the proposed mitigation, the individuals frequenting the Tukii Hunting Camp will be able 
to detect the mine site noise during construction and operations.  Some of these noises will be 
above the regulatory agency guidelines.  Project-related daytime and night-time noise could result 
in adverse health effects to sensitive receptors.  Owners of the Tukii Hunting Camp filed 
complaints with Rescan and PBM regarding the drilling noises generated at the Project site in the 
fall of 2008.  In addition, the Tukii Hunting Camp owners have submitted their concerns regarding 
the noise to the BC EAO.  These examples show that these individuals are sensitive to increases in 
noise.  The spatial extent of the effect is considered local/individual as it will be individuals at 
the Tukii Hunting Camp that will be affected.  The duration of the effect is considered long term 
as the noise will be generated for 25 years or more. The resilience to the effect is low, as 
evidenced by the complaints received previously.  Overall, the significance of this effect is 
major.  The likelihood of the effect is considered medium.  This is because even though the 
individuals are considered sensitive receptors it is uncertain that health effects will result from 
the proposed increases in noise.  

Blasting noise levels will be within hearing impairment guidelines; however, blasting noise will 
be above the maximum baseline levels measured at the Tukii Hunting Camp.  The spatial extent 
of the effect is considered individual as it will be individuals at the Tukii Hunting camp that will 
be affected.  The duration of the effect is considered long term as the noise will be generated for  
 



 

 

Table 8.22-8 
Morrison Copper/Gold Project: Noise Effects on Human Health Effects Assessment Summary Table 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Increase in 
average daytime 
and night time 
noise - People 
may be able to 
detect a change 
and not be able to 
cope 

Access  Road Construction/ 
Operations 

Adverse Negligible  No           

Increase in pass-
by daytime and 
night time noise  - 
People may be 
able to detect a 
change and not be 
able to cope 

Access Road Construction/ 
Operations 

Adverse Negligible  No           

Increase in 
average daytime 
and night time 
noise - People 
may be able to 
detect a change 
and not be able to 
cope 

Highway 118 Construction/ 
Operations 

Adverse Negligible  No           

Increase in pass-
by daytime and 
night time Noise  - 
People may be 
able to detect a 
change and not be 
able to cope 

Highway 118 Construction/ 
Operations 

Adverse Negligible  No           

Increase in 
average daytime 
noise from 
constant mine 
noise at Tukki 
Lodge Hunting 
Camp  

Mine site Construction/ 
Operations 

Adverse Minor All site vehicles 
to comply with 
noise limits, all 
mining 
equipment to 
undergo regular 
maintenance 
minimize 
vegetation 
clearing 
surrounding 
Project footprint 
where possible to 
provide additional 
noise buffer. 

Yes People may be 
able to detect a 
change and not 
be able to cope 

High Individual / 
Household 

Medium-
term 

Regular Reversible 
Long-term (at 

closure) 

Low Major Medium Intermediate 

  (continued) 



 

 

Table 8.22-8 
Morrison Copper/Gold Project: Noise Effects on Human Health Effects Assessment Summary Table (completed)  

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Reversibility 

Resilience 
(Context) Significance 

Probability of 
Occurrence 

Confidence 
Level 

Increase in night 
time noise from 
constant mine 
noise at Tukii 
Lodge Hunting 
Camp -  

Mine site Construction/ 
Operations 

Adverse Minor All site vehicles 
to comply with 
noise limits, all 
mining 
equipment to 
undergo regular 
maintenance 
minimize 
vegetation 
clearing 
surrounding 
Project footprint 
where possible to 
provide additional 
noise buffer. 

Yes People may be 
able to detect a 
change and not 
be able to cope 

Medium Individual / 
Household 

Medium-
term 

Regular Reversible 
Long-term (at 

closure) 

Low Major Medium Intermediate 

Increase in peak 
noise from 
blasting at Tukii 
Lodge Hunting 
Camp 

Mine site Construction/ 
Operations 

Adverse Moderate Limiting the 
blasts to once 
per day and the 
Tukii Hunting 
Camp will be 
provided with a 
blasting schedule 
that will include 
the days and 
times that the 
blasting will 
occur.  To help 
them prepare for 
the blast noise, 
blasting times will 
be scheduled for 
the same time 
period each day. 

Yes  Medium Individual / 
Household 

Medium-
term 

Regular Reversible 
Long-term (at 

closure) 

Low Minor Medium Intermediate 
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several years and health effects could last much longer.  The resilience to the effect is low, as 
evidenced by the complaints received previously.  Overall, the significance of this effect is 
major.  The likelihood of the effect is considered medium.  This is because even though the 
individuals are considered sensitive receptors it is uncertain that health effects will result from 
the proposed increases in noise. 

8.22.2.9 Confidence Levels  
The confidence level in this assessment is considered intermediate.  To generate the noise model, 
several assumptions had to be made regarding input parameters (i.e. number and types of 
concentrate haul trucks, hours that service vehicles would use the road etc).  In addition, there 
are some uncertainties associated with the baseline data collected.  Uncertainties associated with 
the baseline data and model predictions were presented in Section 8.21.  These uncertainties 
reduce the confidence in effects predictions.  In addition, although the significance of the effects 
were rated as major, there is some uncertainty whether health effects will result from the 
increases in noise at Tukii Hunting Camp.  

8.22.2.10 Assessment Tables 
Table 8.22-8 presents a description of the human health effects associated with noise for the 
Project. 

8.22.3 Air Quality  

8.22.3.1 Overview 
Air quality is defined by the levels of gases and fine PM in the air.  Carbon monoxide (CO), 
sulphur dioxide (SO2), nitrogen dioxide (NO2), PM, and diesel emissions are the primary 
pollutants that may be associated with Project development.  PM2.5 and PM10 denote PM sizes of 
2.5 and 10 micrometres (µm), respectively.  Smaller particles pose a greater health risk because 
when inhaled they enter deeper into the lungs and are more difficult for the body to remove.  
Table 8.22-9 presents a brief description of the potential health effects associated with each air 
pollutant.  The potential health effects listed do not represent an exhaustive list, but the most 
common direct health effects are listed to provide rationale for their evaluation in the health 
effects assessment.  Indirect effects from air pollution generally include restricted activity days, 
lost school days, lost work days, etc.  These indirect effects can be a result of air pollution-
related illnesses. 

Combustion sources of PM are of particular concern when examining air quality and human 
exposure.  Epidemiological and toxicological studies have shown combustion-derived particles 
(i.e., incinerators, coal plants, and diesel engines) are more toxic than non-combustion derived 
particles (i.e., road dust).  Some of the potential effects associated with inhaling diesel 
particulates include:  

• lung inflammation and increasing response to an inhaled allergen 

• acute respiratory illnesses in children 

• lung cancer 
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Potential human health effects were assessed for the air quality parameters listed above.  This is 
consistent with the TOR, which specifies that effects from air quality associated with all Project 
phases be assessed with respect to its potential effects on human health. 

8.22.3.2 Assessment Methodology  
The effects assessment methods for human health effects caused by Project emissions are 
different than the methods presented in Chapter 5; however, they are consistent with the TOR.  

Table 8.22-9 
Air Pollutants and Associated Potential Health Effects 

Air Pollutant Associated Health Effect 
CO Flu-like symptoms: headache, fatigue, nausea, vomiting, increased heart rate, impaired 

mental and cognitive function. 

SO2 Increased breathing resistance, wheezing, shortness of breath, coughing, sore throat, 
aggravation of existing respiratory diseases such as asthma. 

NO2 Irritation of mucous membranes: eyes, nose, throat, and lungs.  Coughing, shortness of 
breath. 

PM10 Shortness of breath, wheezing, coughing, aggravation of existing respiratory diseases 
such as asthma, significant reduction in life expectancy. 

PM2.5 Shortness of breath, wheezing, coughing, aggravation of existing respiratory diseases 
such as asthma, significant reduction in life expectancy, cardiovascular effects such as 
hardening arteries and plaque formation in blood vessels. 

 

For the human health assessment, effects were defined as risks.  In other components of the EA, 
effects were not defined as risks, but were assessed according to a list of criteria (i.e., magnitude, 
geographic extent, duration, frequency, reversibility) to determine the significance of the effects.  
For the human health effects assessment the risk estimates (i.e., exposure ratios and incremental 
lifetime cancer risks (ILCR)) derived already incorporate the criteria of duration, frequency, 
geographic extent, etc.  The nature of all effects identified in the human air quality assessment is 
negative.  Thus, these criteria are already inherently included in the risk estimates for human 
health.  Subsequently, the risk estimates are not presented using the residual effects rating criteria 
presented in Chapter 5 as this would result  in “double assessing” some criteria.  Thus, for the 
human health assessment, the significance of the effect is defined by the risk estimates.  This 
methodology is accepted by the CEA Agency which states (1999):  

Another method of determining significance is quantitative risk assessment, which is 
often used to determine the significance of the risks to human health from ionizing 
radiation and carcinogenic chemicals. Its use is restricted to agents that have predictable 
dose-response (or exposure-effect) relationships.  

8.22.3.3 Spatial and Temporal Boundaries 
The spatial boundaries (regional and local) for air quality are presented in Figure 8.22-3.  The 
spatial boundary covers the mine footprint and access route, including the most sensitive receptor 
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locations (i.e., Tukii Hunting Camp, Houston Forestry Camp, and Ookpik Wilderness Lodge) 
from the source of the emissions.  

The temporal boundaries include both the construction and operations phases.  In addition, the 
temporal boundaries included both acute and chronic exposures to the air quality contaminants of 
potential concern (COPCs) generated from the site.  Acute exposure would be inhalation of 
maximum concentrations for one hour, where as chronic exposure would be inhalation of 
concentrations experienced over a year or several years.   

8.22.3.4 Valued Environmental Components 
The following sections present the specific human VECs selected for evaluation and the rationale 
for their selection.  Mine employees (on-site) were not selected as VECs because worker health 
will be addressed in the Health and Safety Management Plan that will be developed during the 
permitting process. 

Although everyone is at risk from the health effects of air pollution, certain sub-populations are 
more susceptible (WHO 2004).  Sensitive individuals who are more susceptible to respiratory 
pollution may feel the effects more acutely, or at lower levels than the average person in the 
population.  Typically children, the elderly, and people with cardio-respiratory (i.e., asthma or 
chronic bronchitis) health problems are the most susceptible (Health Canada 2006).  There are 
many reasons why children are more susceptible to the effects of exposure to air pollutants.  For 
example, children take in more air per unit body weight at a given level of exertion than adults, 
children generally spend more time outdoors than adults, children have smaller airways and 
lungs, there is more vulnerability in developing and growing airways and alveoli, children’s 
immune systems are not fully developed, etc.  Seniors are more sensitive to air pollution because 
they often have heart or lung disease and other non-cardiovascular related illnesses. 
Subsequently, exposure to air pollution puts additional stress on their already compromised 
respiratory and/or immune system.  The human VECs that will be assessed with respect to air 
quality are children, seniors, and individuals with pre-existing cardio-respiratory health 
problems.   

The nearest land users to the proposed mine site and access road are individuals who frequent the 
Tukii Hunting Camp, Houston Forestry Camp, and Ookpik Wilderness Lodge.  For this 
assessment it was assumed that the people who frequent these areas are sensitive receptors, thus 
these people were selected as the VECs for this assessment.  

8.22.3.5 Identification and Description of Potential Effects 
To assess air quality effects, a CALPUFF air dispersion model was used.  A description and 
interpretation of the results of the modelling is presented in Section 8.3.  The description of the 
nature and extent of effects on air quality were different than those for human health effects due 
to changes in air quality.  The descriptions for the air quality assessment were based on predicted 
air pollutant percent increases from baseline conditions and comparisons to the provincial and 
federal air quality objectives.  The descriptions for the extent of effects on human health caused 
by changes in air quality were based on the following:  
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• For SO2, NO2, CO and PM2.5: Estimated health outcomes down to background levels 
based on Health Canada’s (Health Canada 2004b) document on estimating number of 
excess deaths in Canada due to air pollution. 

• Diesel PM (PM2.5 and PM10): US EPA’s Integrated Risk Assessment Information System 
(IRIS), Reference Concentration (RfC), and California Environmental Protection 
Agency’s Office of Environmental Health Hazard Assessment Air Toxicology and 
Epidemiology Section cancer unit risk value.   

SO2, NO2, CO, PM2.5 

Table 8.22-10 presents baseline, construction and operations concentrations for SO2, NO2, CO 
and PM2.5 at the fence line, Tukii Hunting Camp, Houston Forestry Camp, and Ookpik 
Wilderness Lodge.  The concentrations for construction and operations reflect the predicted 
concentrations that would actually be inhaled by the people in the Project area (i.e., construction 
and operations concentrations include the baseline concentrations).  

In Section 8.3, effects related to air quality for SO2, NO2, CO, and PM2.5 were based on a 
comparison to the BC and Canadian air quality objectives and standards.  Significance ratings 
ranged from no significance to moderate significance.  For the human health-based assessment, it 
is recognized that the air quality objectives and Canada Wide Standards are not “pollute-up to 
objectives” and that health effects have been observed at concentrations less than the objectives 
and standards.  This is particularly true for PM2.5, where adverse health effects and incremental 
increases (even 1 µg/m–3) have been associated with both mortality and morbidity in 
epidemiological studies.  Subsequently, for the human health assessment the extent of health 
effects was estimated down to background levels.  This approach is based on Health Canada 
(2004a), which is the approach currently endorsed by Health Canada (C. Alleyne, pers. comm).   

The air quality model predicted concentrations for SO2, NO2, CO, and PM2.5 at the fence line, 
Tukii Hunting Camp, Houston Forestry Camp, and Ookpik Wilderness Lodge.  For the 
assessment of health effects down to background, the concentrations for Tukii Hunting Camp 
were selected.  If the extent of health effects is negligible at this location, they would also be 
negligible at locations farther away from the primary source of emissions (i.e., the mine site). 
Although the fence line concentrations were predicted to be higher than those of Tukii Hunting 
Camp, people do not frequent the fence line on a regular basis and thus, this scenario was not 
evaluated.  In addition, only the operating scenario was evaluated.  Concentrations were 
predicted to be higher during operations.  Therefore, if the concentrations are deemed to result in 
negligible health effects from operations, they would also be negligible during construction. 
Table 8.22-11 presents the concentrations modelled for the Tukii Hunting Camp that were used 
in the calculations.  

 



 

 

Table 8.22-10 
Morrison Copper/Gold Project: SO2, NO2, CO and PM2.5 Model Predictions (µg/m3) at 

Select Receptor Locations   
Fence Line Tukii Hunting Camp Ookpik Wilderness Lodge Houston Forestry Camp 

Parameter 

Air Quality 
Objective 
(µg/m3) 

Baseline 
(All Locations) Construction Operation Construction Operation Construction Operation Construction Operation 

NO2           
1-hr 400 21 108.26 136.13 50.12 98.76 47.1 107.34 35.46 86 
24-hr 200 5 71.01 75.26 12.66 44.76 7.64 24.01 6.41 11.23 
Annual 100 3.4 13.28 18.93 5.19 10.06 4.02 6.46 3.68 4.69 

SO2           
1-hr 450 4 195.39 334.6 115.72 175.16 113.69 236.93 107.41 135.37 
3-hr 375 4 150.15 203.3 105.7 127.19 103.53 129.06 102.48 111.03 
8-hr 150 4 21.36 31.06 21.22 25.1 22.08 22.79 21 21.99 
Annual 30 1 12.93 20.54 5.06 10.73 5.39 16.42 4.75 7.07 
CO            
1-hr 14,300 100 11.37 16.37 4.56 8.01 4.98 11.04 4.43 11.73 
8-hr 5,500 100 8.38 11.17 4.44 5.55 4.37 4.91 4.17 4.31 
Annual n/a 21 1.35 1.57 1.08 1.31 1.03 1.15 1.02 1.07 

PM2.5 a           
24-hr  30 1.3 6.46 8.84 1.95 4.09 1.59 2.98 1.49 1.94 

Annual  n/a 2 2.79 3.27 2.18 2.58 2.07 2.27 2.03 2.13 

Notes: 
Construction represents baseline plus construction. 
Operation represents baseline plus project operations. 

a Concentrations are based on fugitive dust and do not include diesel particulate matter 
n/a = not available. 
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The following three scenarios were evaluated: 

1. Health estimates down to background based on the baseline concentrations (Baseline).  

2. Health estimates down to background based on the Project alone concentrations (Operations). 

3. Health estimates down to background based on the baseline concentrations plus the Project-
related emission concentrations (Baseline + Operations).  

Table 8.22-11 
Annual Average SO2, NO2, CO, O3 and 

PM2.5 Model Predictions (µg/m3) at Tukii Hunting Lodge 
Air Pollutant Baseline Operation Baseline + Operation 

NO2 3.4 6.66 10.06 

O3 60 n/m 60 

SO2 1 0.31 1.31 
CO 21 4.1 25.1 

PM2.5 2 2.99 4.99 

*PM2.5 is the sum of the modelled fugitive dust and modelled diesel PM. 
n/m – not modelled. 

Ozone was not modelled for the Project because it is not a primary pollutant emitted from Project 
activities (Section 8.3).  Ozone is generated in the atmosphere as a secondary pollutant, which is 
formed when sunlight reacts with volatile organic compounds and oxides of nitrogen.  The 
model on which the air emissions were based is not appropriate for estimating secondary 
products.  In addition, the air quality modellers suggest that the formation of secondary 
pollutants due to the emissions of primary pollutants would be negligible. However, it is likely 
that ozone exists in the Project area under baseline conditions, and ozone is listed as an air 
pollutant in Health Canada’s guidance for the estimation of excess deaths due to air pollution.  
To estimate what the baseline estimated number of excess deaths from air pollution is, baseline 
levels of ozone had to be assumed.  Background ozone concentrations in BC are estimated to be 
in the range of 20 to 40 ppb (40 to 80 µg/m3; McKendry 2006).  For this assessment the baseline 
ozone concentrations were assumed to be 60 µg/m3.   

In addition, baseline annual average concentrations of PM2.5 were not provided by the air quality 
specialists, but it is required to calculate the baseline estimated number of excess deaths from air 
pollution.  There is very little information on natural background levels of PM in Canada as most 
monitoring occurs in urban centres, which is not relevant for the Project area.  The average 
background PM2.5 concentration in BC was estimated to be 2 µg/m3 (McKendry 2006).  This 
value was assumed to represent the baseline concentrations in the Project area.  

1. Baseline  

The risk estimate, which the health effects assessment was based on, was calculated as the 
increased risk of death per person per year to air pollution (Health Canada 2004b).  
Table 8.22-12 presents the input parameters and results for the expected number of expected 
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deaths per year for the Baseline scenario.  The units used in the calculation are consistent with 
those of the guidance document.  The calculations are based on a non-accidental death rate for 
the average Canadian, which is 0.00759.  The potency estimate for mortality is the death rate 
increase per air concentration change for each air pollutant (Health Canada 2004b).  Baseline air 
concentrations in the Project area are predicted to increase a person’s death rate from 0.00759 to 
0.00791.  The estimated number of deaths per year, due to the baseline air quality, would be 
0.0095.  This is based on the conservative assumption that there are 30 people who occupy the 
area all year.  Overall the effect of the baseline air concentrations is considered negligible.    

Table 8.22-12 
Increased Death Rate per Year per Person and Estimated Number of 

Deaths per Year due to Baseline Air Concentrations  

Air Pollutant 
Total Air 

Concentration Units 
Potency Estimate for 

Mortality 

Increased Risk of 
Death per Person 

per Year 

Estimated 
Number of 

Deaths Per Year 

NO2 1.82 ppb 7.54 x 10-04 1.04 x 10-05 3.13 x 10-04 

O3 30 ppb 8.50 x 10-04 1.94 x 10-04 5.81 x 10-03 
SO2 0.38 ppb 4.60 x 10-04 1.34 x 10-06 4.03 x 10-05 
CO 0.02 ppm 1.90 x 10-03 2.61 x 10-07 7.84 x 10-06 

PM2.5 2 µg/m3 7.35 x 10-03 1.12 x 10-04 3.35 x 10-03 
   Total 0.00032 0.0095 

 

2. Project Operations  

Table 8.22-13 presents the input parameters and results for estimating increased death rates and 
the estimated number of deaths for the Project Operations scenario.  Project operations air 
concentrations are predicted to increase a person’s death rate from 0.00759 to 0.0078.  The 
estimated number of deaths per year, due to the Project operations air quality, would be 0.006. 
This is based on the conservative assumption that there are 30 people who occupy the area all 
year.  Overall the effect of the baseline air concentrations is considered negligible.    

Table 8.22-13 
Increased Death Rate per Year per Person and Estimated Number of 

Deaths per Year due to Project Operations Air Concentrations 

Air Pollutant 
Total Air 

Concentration Units 
Potency Estimate for 

Mortality 

Increased Risk of 
Death per Person 

per Year 

Expected Number 
of Deaths Per 

Year 

NO2 3.57 ppb 7.54 x 10-04 2.04 x 10-05 6.13 x 10-04 

O3 0 ppb 8.50 x 10-04 0.00 0.00 

SO2 0.12 ppb 4.60 x 10-04 4.17 x 10-07 1.25 x 10-05 

CO 0.004 ppm 1.90 x 10-03 5.10 x 10-08 1.53 x 10-06 

PM2.5 2.99 µg/m3 7.35 x 10-03 1.67 x 10-04 5.01 x 10-03 

   Total 0.00019 0.006 
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3. Baseline + Project Operations 

Table 8.22-14 presents the input parameters and results for estimating increased death rates and 
estimated number of deaths for the Baseline plus Project Operations scenario.  Baseline plus 
Project operations air concentrations are predicted to increase a person’s death rate from 0.00759 
to 0.0081.  The estimated number of deaths per year, due to the Project Operations air quality, 
would be 0.015.  This is based on the conservative assumption that there are 30 people who 
occupy the area all year (currently there are no known people who live there year round). Overall 
the effect of the Baseline plus Project Operations air concentrations is considered negligible.    

Table 8.22-14 
Increased Death Rate per Year per Person and 
Estimated Number of Deaths per Year due to 

Baseline plus Project Operations Air Concentrations 

Air Pollutant 
Total Air 

Concentration Units 
Potency Estimate for 

Mortality 

Increased Risk of 
Death per Person 

per Year 

Expected Number 
of Deaths Per 

Year 

NO2 5.39 ppb 7.54 x 10-04 3.09 x 10-05 9.27 x 10-04 

O3 30 ppb 8.50 x 10-04 1.94 x 10-04 5.81 x 10-03 

SO2 0.50 ppb 4.60 x 10-04 1.76 x 10-06 5.28 x 10-05 

CO 0.02 ppm 1.90 x 10-03 3.12 x 10-07 9.37 x 10-06 

PM2.5 4.99 µg/m3 7.35 x 10-03 2.79 x 10-04 8.36 x 10-03 

   Total 0.0051 0.015 

 

Summary 
The calculations above show that that the modelled air concentrations in the Project area, under 
all scenarios assessed, would have negligible effects on the increased risk of death per person per 
year and number of deaths per year.  Although the effects from all scenarios are considered 
negligible, it is noted that existing baseline air quality accounts for 62% of the predicted 
increased risk of death per year.  

Because the extent of health effects is negligible at the Tukii Hunting Camp, they would also be 
negligible at locations farther away from the primary source of emissions (i.e., Ookpik 
Wilderness Lodge and Houston Forestry Camp).  In addition, because the concentrations are 
deemed to result in negligible health risks during the Project operations phase, they are also 
deemed negligible for the construction phase, where the concentrations are predicted to be lower.  

The methods to estimate the increased risk of death per person per year down to background levels 
and estimated number of excess deaths per year follow those presented in Health Canada’s Estimated 
Number of Excess Deaths in Canada due to Air Pollution (2004b).  Notably, the potency estimates 
for mortality provided by Health Canada are for those of urban areas (i.e., 11 major cities in Canada).  
By using the potency estimates provided by Health Canada (2004b) it was inherently assumed that 
the demographics of the population in the Project area are the same as the major cities (i.e., same 
percentage of young and elderly, same percentages of pre-existing respiratory problems, etc).  Given 
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the remoteness of the Project area and its limited use, the demographics are likely quite different than 
those of major cities.  Notwithstanding, the purpose of the assessment was to evaluate those who may 
be the most sensitive with respect to air pollution. Thus, by using a potency estimate that was derived 
using a demographic that likely has a higher percentage of sensitive receptors, there is likely 
conservatism in the risks predicted in this assessment.  As such, the assessment is considered to have 
assessed possible sensitive receptors in the Project area.  

PM10 is not considered in the Health Canada guidance on predicting effects to background; this 
may underestimate the risk predictions.  

Another main source of uncertainty in this evaluation is the modelled concentrations of the 
fugitive contributions to the total PM2.5. These uncertainties were discussed in Section 8.3.  It is 
anticipated that the uncertainties in the modelled fugitive contributions resulted in higher annual 
average concentrations as the model run was based only on two summers months, and the Project 
area conditions were assumed to be dry with no wind.  Thus, the model predictions may have 
resulted in overestimates of risk estimates for health effects than what will actually occur.  

Despite the uncertainties associated with the risk predictions, the health effects from Project 
related emissions of NO2, SO2, CO, and PM2.5 are considered negligible.  

Diesel PM (PM2.5 and PM10) 

Diesel PM (DPM) is generally not measured as part of air quality monitoring programs.  It is likely 
that this type of PM is not measured because no acceptable peer-reviewed monitoring method exists.  
However, given that the Project is in an undeveloped area and over 20 km away from any major 
sources of fuel combustion, it is likely that the PM from combusting diesel would be very low or 
negligible at the Project site (D. Jarratt, pers. comm).  The modelling tools and inputs described in 
Section 8.3 allowed DPM to be predicted from model simulations.  The air quality model predicted 
24-hour and annual average DPM concentrations from Project-related diesel fuel combustion during 
construction and operations.  Table 8.22-15 presents the results for the following locations: fence 
line, Tukii Hunting Camp, Ookpik Wilderness Lodge, and Houston Forestry Camp.   

Table 8.22-15 
Diesel Particulate Matter (µg/m3) Model Predictions from Diesel 

Combustion at the Morrison Copper/Gold Project 
  Baseline (ug/m3) Construction (µg/m3) Operation (µg/m3) 

24-hr n/a 5.49 7.68 Fence line  
Annual n/a 0.89 1.7 
24-hr n/a 0.7 3.05 Tukii Hunting Camp  

Annual n/a 0.22 0.73 
24-hr n/a 0.37 1.85 Ookpik Wilderness Lodge  

Annual n/a 0.08 0.32 
24-hr n/a 0.25 0.88 Houston Forestry Camp  

Annual n/a 0.04 0.17 

n/a = not applicable 
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The Project fence line DPM concentrations are predicted to be higher than the other receptor 
locations; however, the concentrations decrease sharply with distance from the mine site.  In 
addition, people would spend less time at the fence line than at the camps and wilderness lodge. 
The Project DPM is predicted to be higher at the Tukii Hunting Camp than at the Ookpik 
Wilderness Lodge and the Houston Forestry Camp.  This reflects the Tukii Hunting Camp’s 
proximity to the Project area.  

The predicted DPM concentrations at the receptor locations are orders of magnitude lower than 
the PM (PM10 and PM2.5) from fugitive dust that would be generated from Project activities.  
This suggests that emissions from diesel combustion would not be a major source of the total PM 
in the Project area.  In large urban areas, it has been estimated that diesel PM2.5 contributes to 
10% of the total PM2.5 (Levelton Engineering Ltd 2000; Health Effects Institute 2002; Wu, 
Larson, and Liu 2006).  For the Project, the DPM would contribute 1% to 12% to the measured 
concentrations of total PM, depending on the receptor location.  

The predicted Project-related DPM concentrations at the three receptor locations are orders of 
magnitude below the total PM2.5 and PM10 concentrations.  Notwithstanding, the potential health 
effects from the DPM were evaluated in this assessment.  This is because the chemical 
composition of DPM is more potent than the PM2.5 and PM10 generated from other sources, such 
as road dust.  It is estimated that at least 70% of cancer risk from air pollution is associated with 
diesel particulate emissions (South Coast Air Quality Management District 2000). 

Potential effects from inhaling Project-related DPM were evaluated for the VECs (i.e., children, 
seniors, and individuals with pre-existing cardio-respiratory health problems).  It was assumed 
that these receptors occupy the Tukii Hunting Camp, Ookpik Wilderness Lodge, and the Houston 
Forestry Camp.  These occupants were selected for evaluation as they are the members of the 
general public that are closest to the emissions from the mine operations.  These receptors were 
assumed to be exposed to the emission for nine months per year.  This exposure duration is based 
on the Land Use interview results (Appendix 42) and is considered a conservative estimate. 
Emission concentrations were predicted at the mine fence line.  Although there are no permanent 
seasonally used structures in this area, land users such as hunters and other country foods 
harvesters may occasionally spend time near the Project fence line.  Thus, potential effects at the 
mine fence line were also evaluated.  It was conservatively assumed that people would spend up 
to one month per year near the fence line.  The receptors were evaluated for both non-
carcinogenic and carcinogenic effects from inhalation exposure to DPM.  

Non-carcinogenic Risks 

Non-carcinogenic effects were calculated using the following equation:  

HQ = Air Concentration (μg/m3) x Fraction of Time Exposed 
Reference Concentration (μg/m3) 

Chronic respiratory effects are the principal non-cancer hazards to humans from long-term 
environmental exposure to diesel engine exhaust or emissions.  The US EPA IRIS provides an 
RfC of 5 μg/m3 for diesel engine exhaust (IRIS 2003).  In general, the RfC is an estimate of a 
daily inhalation exposure of the human population (including sensitive sub-groups) that is likely 
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to be without an appreciable risk of deleterious effects during a lifetime.  Table 8.22-16 presents 
the calculated hazard quotients (HQs) for the non-cancer effects.  

Table 8.22-16 
Hazard Quotients from Fuel Combustion Particulate Matter 

and Extent of Health Effects 
Receptor Location  Construction (HQ) Operation (HQ) Extent 

Maximum 24-Hour 0.09 0.12 Negligible Mine site fence line 

Annual Average 0.01 0.03 Negligible 

Maximum 24-Hour 0.09 0.38 Negligible Tukii Hunting Camp 

Annual Average 0.03 0.09 Negligible 

Maximum 24-Hour 0.05 0.23 Negligible Houston Forestry 
Camp Annual Average 0.01 0.04 Negligible 

Maximum 24-Hour 0.03 0.11 Negligible Ookpik Wilderness 
Lodge Annual Average 0.01 0.02 Negligible 

 

HQs of ≤0.2 are considered negligible by Health Canada when people could be exposed to 
chemicals from multiple sources (Health Canada 2004c).  For this assessment, people would 
only be exposed to background levels of emissions plus the Project emissions while in the 
Project area.  Thus, a HQ of 1 is more relevant for this assessment and is consistent for the 
assessment of health effects when there is only one primary source of exposure.  The HQs 
presented in Table 8.22-15 range from 0.01 to 0.38, which is within the acceptable HQ of 1.  
Therefore, during construction and operations, DPM concentrations will result in negligible non-
carcinogenic health effects at the locations assessed.   

Carcinogenic Risks  

Carcinogenic risks were estimated as ILCR estimates according to the following formula:  

ILCR = Air Concentration (μg/m3) × Fraction of Time Exposed × Cancer Unit Risk (μg/m3)-1 

The maximum amount of time that people would spend at the Tukii Hunting Camp is 7.5 months 
per year. This is the amount of time that the Tukii Hunting Camp owners reportedly occupy the 
camp.  Because the people occupying the lodge and camps are there for recreational purposes, 
they are not likely to be at the camp/lodges during the entire day.  Thus, it was conservatively 
assumed that the exposure at the three camps/lodges would occur 12 hours per day.  It is noted 
Project that concentrations of DPM would be much less indoors at night when people are 
sleeping.  For people occupying the fence line, one month per year, two hours per day were 
assumed for both the construction and operations phases.     

The California Environmental Protection Agency (2005) provides a Cancer Unit Risk value of 
3.0 ×10-4 (μg/m3)-1 for PM from diesel-fuelled engines.  In Canada, cancer risks are deemed to be 
essentially negligible when the estimated ILCR is ≤1×10-5 (Health Canada 2004c).  Table 8.22-17 
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presents the ILCRs for the fence line, Tukii Hunting Camp, Ookpik Wilderness Lodge, and the 
Houston Forestry Camp.   

Table 8.22-17 
Incremental Lifetime Cancer Risks  

from Diesel Particulate Matter Exposure  
Receptor Location Construction ILCR Operation ILCR Total ILCR Significance 
Fence line 4.64 x 10-08 9.30 x 10-07 9.76 x 10-07 Negligible 
Tukii Hunting Camp 5.16 x 10-07 1.80 x 10-05 1.85 x 10-05 Significant 
Ookpik Wilderness Lodge 1.88 x 10-07 7.88 x 10-06 8.06 x 10-06 Negligible 
Houston Forestry Camp 9.38 x 10-08 4.18 x 10-06 4.28 x 10-06 Negligible 

 

Total ILCRs ranged from 4.64 x 10-08 to 1.85 ×10-5.  All values were below the Health Canada 
value of ≤1×10-5 at all receptor locations, with the exception of the Tukii Hunting Camp.  
Therefore, the effect of Project-related diesel exhaust emissions will have negligible health 
effects with respect to cancer risk at the fence line, Ookpik Wilderness Lodge, and Houston 
Forestry Camp.  Significant health effects are predicted for the Tukii Hunting Camp.  

8.22.3.6 Mitigation, Enhancement and Management Measures 
The effects assessment found negligible effects for all exposure scenarios evaluated except at 
Tukii Hunting Camp where the ILCRs were above those considered acceptable by Health 
Canada.  

Mitigation measures to reduce emissions were presented in Section 8.3 and Section 13.2 presents 
the air quality management plan.  

It is possible that the modelling results have overestimated the Project air emissions during 
construction and operations, thus monitoring the air quality at Tukii Hunting Camp may be 
warranted to verify the model predictions.  If model predictions are verified, other specific 
mitigation and adaptive management may be required.  Such mitigation and adaptive 
management will be negotiated between PBM and the Tukii Hunting Camp.  Such mitigation 
may involve limiting the amount of time spent at the camp or relocating the camp to an area 
farther away from the mine operations.  

8.22.3.7 Potential Residual Effects 
The extent of health effects associated with modelled increases in SO2, NO2, CO, O3, and PM2.5 
concentrations were found to be negligible.  The estimated health outcomes down to background 
levels based on Health Canada’s guidance (Health Canada 2004c) was 0.015 number of excess 
deaths for the Baseline plus Project Operations emissions.  Subsequently significant adverse 
health effects from these increases are not predicted.  

The HQs for DPM ranged from 0.01 to 0.46, which is within the acceptable HQ of 1.  Thus, no 
significant non-carcinogenic effects are predicted from DPM at any of the receptor locations.  
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The total incremental lifetime cancer risks caused by inhaling DPM ranged from 9.76×10-7 to 
2.22×10-5.  Significant health effects are predicted for the Tukii Hunting Camp.  However, with 
mitigation, the significance of the health effects is expected to decrease.  Until monitoring shows 
that the concentrations have been over-predicted or specific mitigation is agreed upon between 
PBM and the Tukii Hunting Camp, the significance rating will remain.  

Table 8.22-18 presents a summary of the potential for human health effects caused by Project-
related air parameter emissions.  

Table 8.22-18 
Description of Human Health Effects Associated with 

Air Quality at the Morrison Copper/Gold Project 

Description 
Project 

Component(s) 
Project 

Phase(s) Nature Significance 
SO2, NO2, CO, O3, and PM2.5 concentrations 
may increase due to Project-related emissions 
that may result in adverse human health 
effects. 

Mine Site and 
Access Road 

Construction 
and Operation 

Adverse Negligible 

Diesel Particulate Matter (PM2.5 and PM10) 
concentrations may increase due to Project-
related emissions that may result in adverse 
non-carcinogenic human health effects at the 
fences line, Tukii Hunting Camp, Houston 
Forestry Camp, and Ookpik Wilderness 
Lodge. 

Mine Site and 
Access Road 

Construction 
and Operation 

Adverse Negligible 

Diesel Particulate Matter (PM2.5 and PM10) 
concentrations may increase due to Project-
related emissions that may result in adverse 
carcinogenic human health effects at the fence 
line, Houston Forestry Camp, and Ookpik 
Wilderness Lodge. 

Mine Site and 
Access Road 

Construction 
and Operation 

Adverse Negligible 

Diesel Particulate Matter (PM2.5 and PM10) 
concentrations may increase due to Project-
related emissions that may result in adverse 
human health effects at Tukii Hunting Camp. 

Mine Site and 
Access Road 

Construction 
and Operation 

Adverse Significant 

 

8.22.3.8 Confidence Levels  
The confidence level in this assessment is considered intermediate.  The rationale for this 
classification is provided in the following paragraphs.  

To generate the air quality model, several assumptions had to be made regarding input 
parameters (i.e., specific equipment that will be used and associated specifications).  In addition, 
there are some uncertainties associated with the assumed baseline data for ozone and PM.  
Uncertainties associated with the baseline assumptions and model predictions were presented in 
Section 8.3.  

The uncertainties associated with Health Canada’s guidance on estimating effects down to 
background levels were presented previously.  In summary, the methods were based on large 
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populations and urban demographics, thus the risk predictions may have been underestimated.  
Notwithstanding, the methods used are those recommended by Health Canada for assessing 
health effects due to changes in air quality.  These uncertainties reduce the confidence in effects 
predictions.  In addition, although the significance of the effects were rated as negligible, there is 
some uncertainty when assessing non-threshold chemicals such as air quality parameters.   

8.22.4 Drinking Water  

8.22.4.1 Overview  
The land use interviews conducted for the land use baseline report indicated that Morrison Lake 
is used as a drinking water source near the Project area (Appendix 42).  This water is typically 
boiled before consumption to remove microbials and bacteria.  No other waterbodies were 
specifically identified as being used for drinking water purposes during the land use baseline 
studies.  Information from other land use studies indicates that guide outfitters, hunters, and 
recreational users typically do consume surface waters when they are out on the land. 
Subsequently, this section of the EA presents an evaluation of the potential effects to drinking 
water from surface waterbodies caused by Project development.  This assessment meets the TOR 
for the Project EA application, which specifies that health effects related to water quality must be 
assessed.  

Potential effects to groundwater, with respect to drinking water, were assessed in Section 8.6.  
The following presents a brief overview of the development of potable water for on-site workers. 
The Project will employ a water treatment plant for domestic consumption.  PBM will apply for 
a drinking water permit from the Northern Health Authority.  The water quality parameters for 
human consumption that aid in the design of the water treatment plant will be specified by the 
Northern Health Authority.  Ongoing monitoring throughout the Project life will be required to 
ensure that the water remains safe to drink.  Details of the monitoring plan will be provided in 
the permit application and/or specified in the permit itself.  An EMP for the unlikely event that 
the water becomes contaminated will also be provided in the permit application.  If at some point 
during the Project the water fails to meet certain drinking water criteria or there is a risk of the 
source becoming contaminated, bottled water would be transported to site temporarily until the 
system is stabilized or restored.  In natural variations over the course of the year, for example, 
turbidity levels would involve adjusting the treatment as for any water system.  Given these 
provisions, the focus of this drinking water assessment is on surface water rather than 
groundwater 

8.22.4.2 Issues Scoping 
The surface water quality assessment (Section 8.4) identified a number of potential concerns 
with respect to water quality, which included: 

• surface runoff and siltation (e.g., land clearing, open pits, runoff along mine site 
roadways, proposed access routes, transmission lines, drainage ditches, and direct 
discharge into the aquatic environment); 

• contaminant loading and dispersion (including surface runoff and airborne contaminants); 
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• minor fuel spills; 

• effects of blasting and its associated residues, in particular, nitrogen, nitrate, nitrite, and 
ammonia; 

• effects of tailings water overflow on the water chemistry of the receiving environment at 
closure; 

• ML/ARD and geochemistry;  

• waste rock chemistry and runoff characteristics and the implications for the downstream 
water quality.  

The potential concerns presented with respect to drinking water quality are the same as those 
presented in Section 8.4.  

8.22.4.3 Assessment Methodology  
The focus of the drinking water assessment is on the mine site components.  All potential effects 
to surface water quality along the access road and transmission line corridor were previously 
assessed in Section 8.4.  All potential effects were shown to result in negligible changes from 
baseline conditions following mitigation, and thus it was deemed redundant to repeat the 
assessment of such changes in this section.  

The assessment approach used was similar to that described for the Project as a whole (Chapter 
5).  Issues related to various Project activities were assessed for effects to water quality not using 
risk assessment models but logical discussions of the potential changes to water quality in 
relation to potential health effects, based on professional judgment.  Drinking water effects were 
not calculated as risks because of: a lack of valid exposure pathways; a lack of empirical data to 
calculate risks; or a lack of drinking water exceedances in model predictions.   

8.22.4.4 Spatial and Temporal Boundaries 
The spatial boundaries for drinking water quality are presented in Figure 8.22-4.  Spatial 
boundaries reflect the various Project components, which in the case of water quality includes 
streams and lakes/ponds near the: 

• transmission line corridor (~25 km), including downstream area to Babine Lake;  

• mine site and TSF;  

• Morrison Lake and Morrison Creek adjacent to and downstream of the mine site and 
TSF.  

The potential effects on drinking water quality are generally considered to be localized at the 
point of impact and for some distance downstream.  Therefore, the spatial boundary for this 
effects assessment included all streams crossed by the transmission line, road, pit and tailings 
footprint, as well as the downstream waterbodies of Morrison Lake and Morrison Creek. 

The Project has an approximate planned life of 25 years.  The temporal boundaries used for the 
surface water quality section of the Project effects assessment follow the time period of the four 
respective phases of the Project: 
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• construction (2 years) 

• operation and maintenance (estimated 21 years) 

• decommissioning and closure (approximately 2 years) 

• post-closure (>15 years) 

The time period considered for the post-closure phase considers that some effects (e.g., ARD) 
could extend well into the post-closure phase and will require monitoring far into the future.  In 
addition, the temporal boundaries included both acute and chronic exposures to the water.  Acute 
exposure would be from drinking potentially affected surface water periodically, such as a 
person who visits the area only a few times per year.  Chronic exposure would be from drinking 
potentially affected surface water every day or for a portion of the year for many years, such as a 
person who works at the guide outfitter camp.  

8.22.4.5 Valued Environmental Components 
The following sections present the specific human VECs selected for evaluation and the rationale 
for their selection.  Mine employees (on-site) were not selected as VECs because worker health 
will be addressed in the Health and Safety Management Plan that will be developed during the 
permitting process. 

Selecting human VECs for evaluating drinking water was based on Health Canada guidance 
(Health Canada 2004c).  The toddler life stage (i.e., six months to four years old) and adults 
(ages 20+) were selected as VECs.  Adults were selected because the land users are typically 
adults and are the ones who would be drinking the surface water.  

8.22.4.6 Identification and Description of Potential Effects 
The purpose of the drinking water effects assessment was to evaluate the potential for mine 
activities to affect surface water quality.  Health Canada recommends water collected from lakes, 
rivers, streams, and ponds always be disinfected before used for drinking or cooking (Health 
Canada 2004a), because surface water can contain naturally occurring bacteria, viruses, and 
protozoa.  These organisms may cause nausea and fever and may result in more serious illnesses 
such as diarrhoea, hepatitis, or typhoid fever.  Subsequently, although this is an effects 
assessment on potential changes to surface water quality with respect to safe consumption, it 
only evaluates mine-related activities that could make surface water unsafe to drink.  Parameters 
that have no relation to mine activities (i.e. micro-organisms such as fecal coliforms) were not 
evaluated.  Rescan stresses that it does not condone the use of raw (untreated or unfiltered) 
surface water for drinking. 

The nature of decreased drinking water quality from the mine site is considered adverse, as 
decreases in water quality can result in adverse health effects.  

Table 8.22-19 presents the description of how the extent of potential health effects were defined 
for Project-related decreases in drinking water quality, where empirical models were not used to 
predict the changes in water quality.  
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Table 8.22-19 
Description of the Extent of Potential Effects  

Negligible Project-related changes to drinking water quality will result in concentrations below regulatory agency 
health effect thresholds or guidelines and no measurable health effects will be detected. 

Minor Project-related changes to drinking water quality may or may not result in concentrations above 
regulatory agency health effect thresholds or guidelines but no measurable health effects will be 
detected. 

Moderate Project-related changes to drinking water quality will result in concentrations above regulatory agency 
health effect thresholds or guidelines and measurable health effects may be detected. 

Major Project-related changes to drinking water quality will result in concentrations above regulatory agency 
health effect thresholds or guidelines and measurable health effects will be detected. 

 

The only Project component where minor significant effects to surface water quality were 
identified was the mine site (Section 8.4).  Table 8.22-20 presents a summary of the potential 
effects and Project phases that were considered in the drinking water assessment.   

Table 8.22-20 
Potential Project Effects to 

Surface Water used for Drinking Water Purposes 
Description Project Phase(s) 
Surface runoff and siltation and contaminant loading. Construction and operations 
Leaching of nitrogen residues from blasting Construction, operations, closure, and post-closure 
Metal leaching and acid rock drainage (ML/ARD) contamination Construction, operations, closure, and post-closure 
Discharges and spills and associated water chemistry effects Construction, operations, closure, and post-closure 

 

Surface Run-off and Siltation 
The Project activities during the construction and operations phases at the mine site will increase 
disturbance to terrestrial soils and plants.  The result is an increased potential for accelerated 
erosion rates leading to greater surface runoff.  Even with the mitigated measures presented in 
Section 8.3, surface runoff may still result in contaminant inputs to surface water with the release 
of organic material and the inorganic fraction of terrestrial soils.  Pulses of runoff, with rain or 
spring thaw events, will encourage siltation (increase of TSS) in the water column.  The presence 
of more particular matter may decrease water clarity.  Because metals are known to bind to 
organic material, the contribution of surface runoff to organic inputs could also result in an 
increase in surface water metal concentrations.  The potential changes will likely be seasonably 
variable because the increased surface water flow is related to annual freshet and rain events.  
During construction and operations, people will have limited access to the waterbodies that may 
have minor increases in TSS and metals.  If water consumption occurs it would likely be over 1 
km downstream of the source of the inputs.  The water would likely be at or near baseline 
conditions by this point.  If the water has not cleared by the time it reaches downstream 
receptors, it is unlikely that people would consume it as people typically do not consume turbid 
water.  Overall, the human exposure for both adults and toddlers to contaminants from mine 
surface runoff and siltation would be limited and the extent of health effects associated with such 
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exposure would be minor.  In addition, the mitigation measures proposed in Section 8.4 and the 
erosion and sedimentation control management plan (Section 13.7) will ensure that any siltation 
and surface runoff is prevented and/or reduced such that changes in water quality from baseline 
conditions should be minimal.  

Leaching of nitrogen residues from blasting 
Use of explosives at the pit for rock blasting could increase nitrogen loading in streams as a result 
of nitrogen blasting residue remaining on waste rock materials.  The accumulation of these 
residues (NO3, NO2, NH4+) on disturbed rock material and the nitrogen load to the aquatic 
environment depends on the volume of explosives used.  Most nitrogen loading from this source 
will occur from runoff, although a minor source may be from dust.  For this reason the potential of 
this effect would vary seasonally and be greatest during spring freshet and rain events.  Surface 
water runoff from the waste rock pile and any surface water in the open pit will be directed to the 
TSF where empirical predictions of NO3, NO2, and NH4+ have been modelled.  An assessment of 
these predictions is in the section entitled “Tailings Storage Facility” (below). Waterbodies near 
the waste rock pile and open pit may receive minor sources from dust; however, the extent of this 
potential effect at the mine site is considered minor during all Project phases.  

Seepage from the Waste Rock Storage Area and Low Grade Ore Stockpile 
When freshly exposed to oxygen and water, rock will naturally weather and leach water soluble 
compounds.  These processes can be accelerated by crushing and redistributing large quantities of 
rock.  The oxidation of sulphide minerals can create ARD if sufficient quantities of neutralizing 
minerals are not available.  In the event that acidic drainage is formed, the lower pH can create 
higher rates of ML.  However, ML can also occur at sites of neutral and alkaline drainage.   

The details of the Phase 1 ML/ARD predictions from surface samples can be found in 
Section 13.17.  The ML/ARD predictions indicate that a considerable portion of the waste rock 
and ore contained in the low grade ore stockpile is PAG.  The drainage from the waste rock piles 
near the mine site and the low grade ore stockpile could degrade surface water quality through 
ML/ARD.  However, most of the ML/ARD generated by the WRD and low grade ore stockpile 
will be collected and diverted into the TSF during operations and to the pit during closure.  
However, at closure a portion of the ML/ARD generated from these sources will travel with 
groundwater and flow into Morrison Lake.  The effect of this water on Morrison Lake will 
depend on the concentration in the groundwater and the mixing that occurs upon reaching the 
lake.  The extent of this potential effect is considered minor during operations and closure.  

Discharges and spills and associated water chemistry effects 
Ore Pond and Booker Lake  

During the construction phase, the water from Ore Pond and Booker Lake will be drained into 
Morrison Lake.  The data for Ore Pond and Booker Lake indicate that two water quality 
parameters (i.e., colour and manganese) have concentrations greater than the applicable water 
quality guidelines (Table 8.22-21).  The drinking water guidelines for colour and manganese are 
aesthetic (i.e. based on visual quality and taste) rather than human safety.  Thus, discharging this 
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water into Morrison Lake will result in negligible adverse health effects to people who obtain 
their drinking water from Morrison Lake. 

Open Pit 

During operations, water from the open pit will be pumped to the TSF.  The predicted quality of 
the TSF and potential effects during operations are presented in the “Tailings Storage Facility” 
section (below).  Three years after closure, the TSF is predicted to fill; any excess water will be 
piped to the pit, and once the pit fills the water will be discharged to Morrison Lake.  The 
predicted water quality for the pit, once it fills, is presented in Table 8.22-22.  The predicted pit 
water quality exceeds the BC and Canadian drinking water quality guidelines, in some cases by 
orders of magnitude.  The pit water will not be safe for drinking water purposes upon closure and 
post-closure. However, there is no access for people to obtain the water as the water level in the 
pit will maintained 10 to 100 m below the pit rim (Appendix 23). The open pit will have steep 
walls preventing access.  Notwithstanding, posting signs around the pit indicating that the water 
is not potable and public access is not permitted is recommended.  Overall, the extent of this 
effect is considered minor, as the water in the pit cannot be accessed for drinking water purposes.   

Once the pit fills to 728 metres above sea level (masl) the water will be maintained at this level 
by discharging excess water to Morrison Lake.  Any discharge to Morrison Lake will have to 
meet the permit guidelines (which will be developed during the permitting process) to ensure that 
no adverse effects occur to the water quality of Morrison Lake and that no adverse effects occur 
to individuals who obtain water from the lake for drinking water purposes.  

Based on the current water quality predictions for the pit, it is anticipated that the water will 
require treatment before discharge into Morrison Lake.  The overall extent of this effect is 
considered minor, provided that appropriate treatment is applied before discharge. 

Sewage Treatment Facility 

During the Project’s construction phase, it is estimated that a peak workforce of about 360 
workers will frequent the site on a daily basis.  Approximately 3 to 5 m3 sewage per day would 
be generated.  A portable temporary STP will be among the first items shipped to the Project site.  
It will be a modular system that is very quick and easy to set up.  The STP will be a pre-
packaged Rotating Biological Contactor (RBC).  An outfall line will run to a tile field at a 
location near the mine site at least 100 m away from the existing waterbodies.  Associated 
phosphorous and nitrogen compounds from the effluent will travel slowly through groundwater 
movement only, and if they reach waterbodies their concentrations will be attenuated. Any water 
bodies that could be impacted from the tile field should be monitored and adaptive management 
applied, in the event that fecal coliforms are detected. During operations, the treated water will 
be piped to the TSF.  Potential health effects caused by fecal coliforms in the TSF are assessed in 
the following section.  



 

 

Table 8.22-21
Morrison Copper/Gold Project: Summary of Ore Pond and Booker Lake Water Quality (mg/L) 

  

Health 
Canada 
Drinking 
Water a BC Drinking Water b 

Ore Pond 
Mid-Depth 

Ore Pond 
1m 

Ore 
Pond 

Ore 
Pond  
Mid-

Depth 
Booker L 

Mid-Depth 
Booker L 

1m 
Booker 

Lake 
Booker 

Lake 

Booker 
Lake  

Mid-Depth 
Physical Tests   19-Sep-06 19-Sep-06   19-Sep-06 19-Sep-06 23-Jul-07 23-Jul-07 23-Jul-07 
Hardness (as CaCO3) ng 80 to 100 mg/L is 

acceptable, over 200 
mg/L is poor but can 

be tolerated, over 500 
mg/L is normally 

unacceptable 

96 116 91.6 91 99.4 97.8 90.1 90.4 105 

Colour, True   (CU) 15c 15c 23.1 23.0 25.6 27.4 14.8 15.0 23.6 23.6 16.3 
pH 6.5 to 8.5c 6.5 to 8.5c 8.00 8.02 7.83 7.82 8.11 8.12 8.09 8.09 7.72 
Total Dissolved Solids 500c 500c 145 152 120 122 135 125 122 122 134 
Turbidity   (NTU) 3c 3 1.61 0.91 1.14 1.22 0.43 0.39 0.82 0.82 1.32 
Anions and Nutrients            
Ammonia as N ng ng 0.0667 0.0393 n/m n/m 0.0133 0.0200 n/m n/m n/m 
Chloride (Cl) 250c 250c 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 
Fluoride (F) 1.5 1.5 0.098 0.096 0.066 0.065 0.071 0.071 0.059 0.059 0.062 

Sulfate (SO4) 500c 500c 11.0 11.1 7.83 7.44 6.64 6.66 6.85 6.85 6.89 
Nitrate (as N) 45 10 0.0025 0.0025 0.0025 0.0055 0.0025 0.0025 0.0025 0.0025 0.0156 
Nitrite (as N) 3.2 1 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
Cyanides            
Cyanide, Total 0.2 0.2 0.0055 0.0042 0.0065 0.0073 0.0037 0.0040 0.0032 0.0032 0.0052 
Total Metals            
Aluminum 0.10c 0.10c 0.0352 0.0049 0.0091 0.0123 0.0034 0.0036 0.0087 0.0087 0.0070 
Antimony 0.006 0.006 0.00026 0.00005 0.00005 0.00005 0.00005 0.00005 0.00005 0.00005 0.00005 
Arsenic 0.01 0.025 0.00309 0.00279 0.00217 0.00213 0.00074 0.00072 0.00060 0.00060 0.00067 
Barium 1 1 0.0480 0.0457 0.0361 0.0357 0.0362 0.0360 0.0311 0.0311 0.0383 
Boron 5 5 0.0050 0.0050 0.005 0.005 0.005 0.005 0.005 0.005 0.005 
Cadmium 0.005 0.005 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 
Chromium 0.05 0.05 0.00025 0.00025 0.00025 0.00025 0.00025 0.00025 0.00025 0.00025 0.00025 
Copper 1c 1c 0.00267 0.00147 0.00181 0.00143 0.00034 0.00032 0.00052 0.00052 0.00046 

(continued) 



 

 

Table 8.22-21 
Morrison Copper/Gold Project: Summary of Ore Pond and Booker Lake Water Quality (mg/L) 

(completed) 

  

Health 
Canada 
Drinking 
Water a BC Drinking Water b 

Ore Pond 
Mid-Depth 

Ore Pond 
1 m 

Ore 
Pond 

Ore 
Pond  
Mid-

Depth 
Booker L 

Mid-Depth 
Booker L 

1m 
Booker 

Lake 
Booker 

Lake 

Booker 
Lake  

Mid-Depth 
Iron 0.3c 0.3c 0.104 0.065 0.089 0.115 0.015 0.015 0.015 0.015 0.015 
Lead 0.01 0.01 0.000819 0.000025 2.5E-05 0.000025 0.000071 0.000136 0.000025 0.000025 0.000025 
Manganese 0.05c 0.05c 0.0893 0.0852 0.0336 0.0421 0.00435 0.00423 0.00328 0.00328 0.0104 
Mercury 0.001 0.001 0.000005 0.000005 5E-06 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 
Selenium 0.01 0.01 0.00059 0.00025 0.00025 0.00025 0.00025 0.00025 0.00025 0.00025 0.00056 
Sodium 200c 200c 2.7 2.7 2.5 2.4 2.3 2.2 2.5 2.5 2.9 
Uranium 0.02 0.02 0.000020 0.000014 0.000017 0.000018 0.000024 0.000023 0.000019 0.000019 0.000020 
Zinc 5c 5c 0.0217 0.0005 0.0005 0.0005 0.0005 0.0055 0.0005 0.0005 0.0026 

a = http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/index-eng.php#tech_doc 
c = based on aesthetic or operational guideline 
n/g = no guideline 
n/m = not measured 
Exceedance 

 

http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/index-eng.php#tech_doc
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Table 8.22-22
Predicted Water Quality During Closure and 

Post-closure within the Pit 

  
Health Canada 

Drinking Water a 
BC Drinking 

Water b 

Pit at year 42 
(when the pit re-
fills to 728 masl) 

Pit at Year 
99 

Physical Tests     
pH 6.5 to 8.5c 6.5 to 8.5c 4.45 4.01 
Total Dissolved Solids 500c 500c 2,503 2,671 
Dissolved Anions and Nutrients (mg/L)    
Ammonia as N ng ng 0.0829 0.0758 
Chloride (Cl) 250c 250c 18.0 16.2 
Fluoride (F)  1.5 1.5 1.48 1.45 
Sulfate (SO4) 500c 500c 1,704 1,873 
Nitrate (as N) 45 10 98.5 89.8 
Nitrite (as N) 3.2 1 0.225 0.205 
Total Metals (mg/L)     
Aluminum 0.10c 0.10c 71.9 86.3 
Antimony 0.006 0.006 0.200 0.200 
Arsenic 0.01 0.025 0.0364 0.353 
Barium 1 1 0.00286 0.00299 
Boron 5 5 n/m n/m 
Cadmium 0.005 0.005 0.00519 0.00548 
Chromium 0.05 0.05 0.0150 0.0160 
Copper 1c 1c 15.7 18.9 
Iron  0.3c 0.3c 4.68 10.2 
Lead  0.01 0.01 0.0482 0.0525 
Manganese  0.05c 0.05c 3.25 3.38 
Mercury 0.001 0.001 0.0000284 0.0000137 
Selenium 0.01 0.01 0.0405 0.0407 
Sodium 200c 200c 120 111 
Uranium  0.02 0.02 n/m n/m 
Zinc  5c 5c 1.55 1.86 

a = http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/index-eng.php#tech_doc 
b = http://www.env.gov.bc.ca/wat/wq/BCguidelines/approv_wq_guide/approved.html#1 
c = based on aesthetic or operational guideline 
n/m = not modelled 
ng = no guideline 

Tailings Storage Facility  

As part of the water balance modelling (Appendix 23), TSF surface water concentrations were 
predicted for operations and closure.  Table 8.22-23 presents a summary of the model predictions 
and a comparison the BC Drinking Water Guidelines (BC MOE 2009a) and the CCME Water 
Quality Criteria (1999).  

http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/index-eng.php#tech_doc
http://www.env.gov.bc.ca/wat/wq/BCguidelines/approv_wq_guide/approved.html#1
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Table 8.22-23 
Summary of TSF Water Quality during Operations and Closure (mg/L) 

  
Health Canada 

Drinking Water a 
BC Drinking 

Water b 
TSF During 
Operations 

TSF at 
Year 24 (3 
years post 

closure) 
TSF at 
Year 99 

Physical Tests      
pH 6.5 to 8.5c 6.5 to 8.5c 7 7 7 
Total Dissolved Solids 500c 500c 360 313 186 
Dissolved Anions and Nutrients (mg/L)     
Ammonia as N ng ng 0.00915 0.00582 0.00336 
Chloride (Cl) 250c 250c 43.74 23.02 2.368 
Fluoride (F)  1.5 1.5 0.4471 0.3888 0.2063 
Sulfate (SO4) 500c 500c 121 121 89 
Nitrate (as N) 45 10 271 144 15.7 
Nitrite (as N) 3.2 1 0.562 0.306 0.034 
Total Metals (mg/L)      
Aluminum 0.10c 0.10c 0.032 0.026 0.025 
Antimony 0.006 0.006 0.008 0.008 0.006 
Arsenic 0.01 0.025 0.011 0.011 0.009 
Barium 1 1 0.042 0.022 0.026 
Boron 5 5 n/m n/m n/m 
Cadmium 0.005 0.005 0.0006 0.0006 0.0003 
Chromium 0.05 0.05 0.0044 0.0044 0.0033 
Copper 1c 1c 0.0153 0.0153 0.0125 
Iron  0.3c 0.3c 0.0003 0.0003 0.0003 
Lead  0.01 0.01 0.0380 0.0380 0.0384 
Manganese  0.05c 0.05c 0.2123 0.2123 0.1532 
Mercury 0.001 0.001 8.71E-05 8.71E-05 3.98E-06 
Selenium 0.01 0.01 6.83E-04 6.83E-04 6.83E-04 
Sodium 200c 200c 144.89 26.34 7.84 
Uranium  0.02 0.02 n/m n/m n/m 
Zinc  5c 5c 0.082 0.082 0.058 

a = http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/index-eng.php#tech_doc. 
b = http://www.env.gov.bc.ca/wat/wq/BCguidelines/approv_wq_guide/approved.html#1. 
c = based on aesthetic or operational guideline. 
n/m = not modelled. 
ng = no guideline. 

During operations and closure the following water quality parameters are predicted to exceed 
one or more of the drinking water guidelines: nitrate, antimony, arsenic, lead, manganese.  These 
parameters are predicted to remain elevated above the drinking water guidelines and/or criteria 
for a long period following closure, with the exception of arsenic, which is predicted to be within 
the guidelines by Year 99.  All of the exceeded parameters are for health-based guidelines, with 
the exception of manganese, which is based on aesthetics guidelines. 

http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/index-eng.php#tech_doc
http://www.env.gov.bc.ca/wat/wq/BCguidelines/approv_wq_guide/approved.html#1
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Although not directly modelled, the TSF could contain fecal coliforms caused by discharging 
STP water into the TSF.  This would contribute to the non-potable classification of the TSF 
water.  During operations, access to the TSF will be limited to mine employees and/or Project 
consultants.  

Overall, the extent of effects from the water within the TSF during operations is considered 
minor during operations and moderate during closure.  

Seepage from TSF 

Seepage from the tailings dams is predicted and a portion of this seepage (6 m3/hour) will escape 
collection by the seepage ponds.  The seepage rates during operations are predicted to range from 
112 to 197 m3/hour, increasing as the area of the TSF increases, and the maximum predicted 
seepage rate is 208 m3/hour at post-closure (Appendix 23). 

Points near the mouths of streams draining the TSF area (MCS 7, MCS 8, and MCS 10) were 
modelled for contaminant transport (Appendix 23).  The model results are presented in 
Table 8.22-24.  Predicted seepage from the TSF at key locations indicates that when this seepage 
travels through groundwater and reaches the surface it will generally meet the applicable 
drinking water guidelines.  The only exceedances predicted are for nitrate during low flow 
events.   Overall, the extent of this effect is considered minor.  

Table 8.22-24 
Modelled Seepage Quality from TSF 

   MCS 7 MCS 8 MCS 10 

Physical Tests 
Health Canada 

Drinking Water a 
BC Drinking 

Water b 

Low 
Surface 

Flow 

Average 
Surface 

Flow 

Low 
Surface 

Flow 

Average 
Surface 

Flow 

Low 
Surface 

Flow 

Average 
Surface 

Flow 
pH 6.5 to 8.5c 6.5 to 8.5c 7.65 8.07 7.55 7.85 7.09 7.82 
Dissolved Anions and Nutrients        
Ammonia as N ng ng 0.0233 0.0140 0.0185 0.0120 0.00617 0.00317 
Chloride (Cl) 250c 250c 55.0 28.0 43.0 38.2 14.0 21.2 
Fluoride (F)  1.5 1.5 0.230 0.150 0.180 0.140 0.0580 0.0620 
Sulfate (SO4) 500c 500c 42.9 26.0 33.9 21.0 11.0 9.50 
Nitrate (as N) 45 10 14.1 7.22 11.1 5.95 3.57 1.21 
Nitrite (as N) 3.2 1 0.641 0.325 0.504 0.268 0.162 0.0509 
Total Metals         
Aluminum 0.10c 0.10c 0.0344 0.0666 0.0304 0.0487 0.0238 0.0446 
Antimony 0.006 0.006 0.00270 0.00213 0.00212 0.00172 0.000684 0.000430 
Arsenic 0.01 0.025 0.00110 0.00105 0.000850 0.00107 0.000198 0.000461 
Barium 1 1 0.0521 0.111 0.0616 0.133 0.0749 0.0748 
Boron 5 5 0.0182 0.0188 0.0139 0.0231 0.00460 0.0118 
Cadmium 0.005 0.005 0.000367 0.000256 0.000298 0.000206 0.0000944 0.0000592
Chromium 0.05 0.05 0.0277 0.0187 0.0208 0.0147 0.00669 0.00405 
Copper 1c 1c 0.00133 0.000970 0.00158 0.00111 0.00537 0.00114 

(continued) 
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Table 8.22-24
Modelled Seepage Quality from TSF (completed) 

   MCS 7 MCS 8 MCS 10 

Physical Tests 
Health Canada 

Drinking Water a 
BC Drinking 

Water b 

Low 
Surface 

Flow 

Average 
Surface 

Flow 

Low 
Surface 

Flow 

Average 
Surface 

Flow 

Low 
Surface 

Flow 

Average 
Surface 

Flow 
Iron  0.3c 0.3c 0.0000621 0.0000284 0.0000773 0.0000422 0.000208 0.0000438
Lead  0.01 0.01 0.00236 0.000836 0.00390 0.000749 0.00646 0.00108 
Manganese  0.05c 0.05c 0.147 0.131 0.115 0.126 0.0384 0.172 
Total Metals         
Mercury 0.001 0.001 0.0000132 0.0000168 0.0000103 0.0000141 0.00000335 0.00000560
Selenium 0.01 0.01 0.000753 0.000854 0.000595 0.000675 0.000182 0.000530 
Sodium 200c 200c 21.3 20.0 17.0 15.3 5.43 9.12 
Uranium  0.02 0.02 n/m n/m n/m n/m n/m n/m 
Zinc  5c 5c 0.127 0.0658 0.104 0.0611 0.0362 0.0200 

a = http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/index-eng.php#tech_doc. 
b = http://www.env.gov.bc.ca/wat/wq/BCguidelines/approv_wq_guide/approved.html#1. 
c = based on aesthetic or operational guideline. 
n/m = not modelled. 
ng = no guideline. 

8.22.4.7 Mitigation, Enhancement and Management Measures 
Mitigation and management measures with respect to surface water quality were presented in 
Section 8.4 and will be refined during the Project’s permitting phase.  In addition, a more 
detailed surface water management plan is outlined in Section 13.4.  The following presents the 
mitigation specific to the effects identified the previous section, with respect to human health.  

The extent of potential effects from erosion and sedimentation is classified as minor.  To mitigate 
for such effects an erosion and sedimentation control management plan (Section 13.7) has been 
developed to ensure that any siltation and surface runoff is prevented and/or reduced such that 
changes in water quality from baseline conditions will be minimal.  The erosion and 
sedimentation control plan will be followed by all on-site personnel.  It will ensure that 
appropriate BMPs (i.e., sediment ponds, silt fencing, drainage ditches) are implemented 
throughout the Project area.  These mitigation measures will also be implemented during closure. 

The extent of potential effects from nitrogen residues leaching from blasting during operations is 
classified as minor.  Most of the nitrogen residues from the open pit and waste rock storage area 
will be transferred to the TSF.  Surface waterbodies near the waste rock storage area and open pit 
may receive minor sources from dust.  Dust suppression measures will be implemented to 
manage the dust at the mine site.  It is expected that the resultant concentrations of nitrogen 
residues will likely remain below the drinking water guidelines in surface waterbodies closest to 
the blasting activities and waste rock storage areas.  Notwithstanding, the off-site surface 
waterbodies that the public may access will be monitored for nitrogen residue concentrations.  In 
the event that exceedances are observed, adaptive management measures such as additional dust 
suppression or posting signs indicating that the water is not potable, would be implemented.  

http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/index-eng.php#tech_doc
http://www.env.gov.bc.ca/wat/wq/BCguidelines/approv_wq_guide/approved.html#1


Environmental and Socio-economic Effects Assessment 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II 8–829 Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

This mitigation and adaptive management will ensure that people do not consume non-potable 
water during mine operations.  

The extent of potential effects from ML/ARD from the waste rock piles and low grade ore 
stockpile are considered minor during operations and closure.  Potential management strategies 
include: further investigation of the underlying till for suitability and quantity for use as a 
foundation barrier to seepage infiltration; if necessary, compacting the till during construction to 
decrease permeability and minimize infiltration; or, installing a synthetic liner if compaction is 
not adequate or unfeasible; and installing a groundwater monitoring well network between the 
low grade ore stockpile, waste rock piles, and Morrison Lake.  Groundwater could be monitored 
for ML/ARD at these locations, if metals and other water quality parameters are shown to 
increase from baseline levels, then adaptive management strategies will be implemented to 
ensure that the water quality meets the applicable guidelines before its interception with 
Morrison Lake.  Adaptive management strategies may include installing groundwater wells to 
intercept the groundwater before reaching Morrison Lake.  During operations, this water could 
be directed to the TSF and during closure it could be directed to the open pit, where it may be 
subsequently treated before discharge into Morrison Lake.  

The extent of potential effects from the water quality in the pit at closure is classified as minor. 
Although the pit will not be accessible by the general public, signs will be posted to indicate that 
the water is not potable and that public access is not permitted.  This will ensure that the public is 
aware that the water is not safe and will attempt to avoid any accidents or malfunctions during 
closure and post closure.  

The extent of potential effects from discharging the pit water into Morrison Lake is classified as 
minor, provided that the water is treated such that the quality of the water will not result in 
human health effects upon discharge into Morrison Lake.  Monitoring will ensure that the 
discharge water meets all permitted requirements.  If exceedances are detected, adaptive 
management such as stopping the discharge and conducting a detailed risk evaluation with 
respect to potential human health effects will be conducted.  Other adaptive management 
measures would include altering the treatment process to ensure that the discharge meets the 
permit requirements.  

The extent of effects from the water within the TSF during operations is considered minor during 
operations and moderate during closure.  Mitigation will include posting signs around the TSF 
indicating that the water is not potable and that no public access is permitted.  Because of the 
predicted appearance of the water and signs barring public access, the potential for people to 
consume or be exposed to this water is unlikely during operations.  Upon closure, the water will 
be monitored to verify its quality; at that time, a human health risk assessment will be conducted 
to identify the potential safety of the water for human use.  If risks are found to be unacceptable, 
additional mitigation will be developed.  

The extent of effects from the TSF seepage water into adjacent streams is classified as minor 
because of minor exceedances predicted for nitrate during low flow events.  The model 
predictions are considered a worst case scenario and may not actually occur.  The streams that 
may be affected from the seepage will be monitored during operations and closure to verify the 
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model predictions.  If nitrate or other water quality variables are found to increase throughout the 
mine life and closure, then adaptive management would be initiated, such as a screening level 
risk assessment to assess the exposure and risk scenarios.  Based on the predicted low 
concentrations and likely low frequency of stream water consumption, human health risks from 
the seepage are not anticipated.  

8.22.4.8 Potential Residual Effects 
After mitigation, the magnitude of residual effects from erosion and sedimentation will be low.  
The geographic extent of any changes in water quality is expected to be local and/or individual.  
The duration of the effect is expected to last less than a day and is therefore considered short 
term.  The duration of the effect will be periodic throughout construction and, in the case of the 
access road, through decommissioning.  Overall, the level of significance of this effect is 
considered negligible.  This is primarily because people do not tend to drink silty water and the 
effects assessment predicts that siltation may only occur (if at all) periodically for short periods.  
Thus, people are not likely to be exposed to water affected by silt.  

After mitigation, the magnitude of residual effects from nitrogen residues from blasting during 
operations and seepage from the TSF during operations and closure will be low.  The geographic 
extent of any changes in water quality is expected to be local and/or individual.  The duration of 
the effect is expected to be short term and would likely be sporatic in frequency, based on local 
precipitation.  Overall, the level of significance of these effects is considered negligible.  This is 
primarily caused by the proposed mitigation and the high likelihood that during operations any 
nitrogen residues would likely be within the drinking water guidelines in waterbodies that are 
available for public use.  

After mitigation, the magnitude of residual effects from ML/ARD seepage into Morrison Lake is 
considered low.  The overall significance of this effect is considered to be minor. 

After mitigation, no residual effects are predicted from the pit water quality, upon mine closure, 
and after closure.  

After mitigation, the magnitude of residual effects from discharging the pit water into Morrison 
Lake post-closure is predicted to be low, provided that the discharge meets the permit levels that 
protect human health.  Overall, the significance of this effect is considered minor.  

After mitigation, the magnitude of residual effects on the TSF water quality will be low during 
operations and closure.  The geographic extent of any changes in water quality is expected to be 
local and/or individual.  The duration of the effect is expected to be long term and would be 
continuous in frequency, based on model predictions.  Overall the level of significance of these 
effects is considered negligible.  This is primarily because of the proposed mitigation and 
adaptive management measures proposed.  Alterations to land use caused by this effect are 
presented in Section 8.18.  

The predicted significance for each potential effect to water quality is summarized in Table 8.22 25.   

 



 

 

Table 8.22-25 
Morrison Copper/Gold Project: Drinking Water Effects Assessment Summary Table 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Significance 

Probability of 
Occurrence 

Confidence 
Level 

Surface runoff and 
siltation and 
contaminant 
loading 

Mine Site Construction/ 
operations 

Adverse Minor Silt fences; best 
management 
practices; 
environmental 
monitoring; 
erosion 
management 
plan 

Yes Increase in total 
suspended 
solids and 
potential 

contaminants 
resulting in 

degraded water 
quality which 

could be 
consumed by 
people and 

cause adverse 
health effects 

Low Individual / 
Household 

Short-
term 

One Time Negligible Low High 

Leaching of 
nitrogen residues 
from blasting 

Mine Site Construction, 
operations, 

closure and post-
closure 

Adverse Minor Proper storage 
and handling of 
blasting materials 
away from 
waterways, 
regular 
maintenance of 
facility, 
environmental 
monitoring 

Yes Increase in 
nitrogen 
residues 

resulting in 
degraded water 

quality which 
could be 

consumed by 
people and 

cause adverse 
health effects 

Low Individual / 
Household 

Long-term Sporadic Negligible Low High 

Metal leaching 
and Acid Rock 
Generation 
(ML/ARD) from 
waste rock piles 
and temporary low 
grade ore pile 

Mine Site Construction, 
operations, 

closure and post-
closure 

Adverse Minor ML/ARD 
assessment of 
rock and 
substrates, 
appropriate 
use/storage of 
excavated 
materials, 
environmental 
monitoring, and 
groundwater 
pumping to TSF 
(operations) or pit 
(closure) 

Yes Degraded water 
quality could be 
consumed by 
people and 

cause adverse 
health effects 

Low Individual / 
Household 

Long-term Continuous Negligible Low Medium 

Discharge of water 
from Ore Pond 
and Booker Lake 
into Morrison Lake 

Mine Site Construction Neutral Negligible  No         

Affected water in 
the Open Pit 

Mine Site Closure and post-
closure 

Adverse Minor Signs will be 
posted warning 
that public 
access is not 
permitted and 
that the water is 
not potable. 

No         

  (continued) 



 

 

Table 8.22-25
Morrison Copper/Gold Project: Drinking Water Effects Assessment Summary Table (completed) 

Description 
Project 

Component(s) Project Phase(s) Nature Extent 
Mitigation and 
Management 

Potential 
for 

Residual 
Effects Description Magnitude 

Geographic 
Extent Duration Frequency Significance 

Probability of 
Occurrence 

Confidence 
Level 

Discharge of Open 
Pit water to 
Morrison Lake 

Mine Site Closure  Adverse Minor Water will be 
treated to 
permitted 
discharge levels, 
water will be 
monitored to 
ensure that it 
meets the 
required permit 
levels. 

Yes Degraded water 
quality could be 
consumed by 
people and 

cause adverse 
health effects 

Low Individual / 
Household 

Long-term Sporadic/Co
ntinuous 

Negligible Low Low 

Affected water in 
the TSF 

Mine Site Closure and post-
closure 

Adverse Minor Signs will be 
posted warning 
that public 
access is not 
permitted and 
that the water is 
not potable. 

Yes Degraded water 
quality could be 
consumed by 
people and 

cause adverse 
health effects 

Low Individual / 
Household 

Long-term Continuous Negligible Low High 

Affected water in 
the TSF 

Mine Site Closure and post-
closure 

Adverse Minor Monitoring and 
Human Health 
Risk 
Assessment, if 
risk assessment 
finds 
unacceptable 
risks, signs may 
be posted 
warning that 
public access is 
not permitted and 
that the water is 
not potable and 
or additional 
mitigation which 
will be developed 
upon closure. 

Yes Degraded water 
quality could be 
consumed by 
people and 

cause adverse 
health effects 

Low Individual / 
Household 

Long-term Continuous Negligible Low Intermediate 

Seepage of 
impacted water in 
the TSF into 
surface water 
bodies 

Mine Site Operations, 
closure, post-

closure 

Adverse Minor Ongoing 
monitoring, if 
monitoring during 
low flow events 
indicates 
exceedances of 
nitrate, signs will 
be posted 
indicating that the 
water is not 
potable. 

Yes Degraded water 
quality could be 
consumed by 
people and 

cause adverse 
health effects 

 Individual / 
Household 

Short-
term 

Sporadic Negligible Low High 
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Confidence Levels  
Based on the current available information, the confidence level in the predictions made for this 
effects assessment is high for most effects.  Where this was not the case (effects at the mine site 
for ML/ARD seepage from the waste rock piles and discharge of treated water from the pit post 
closure) a confidence level of medium was chosen.   

Although mitigation strategies are proposed to prevent ML/ARD seepage water from affecting 
Morrison Lake, a detailed evaluation of any pumping rates that may be required (if at all) and/or 
water balance model to determine if the mitigation is feasible has not been conducted.  Thus, a 
medium level of confidence has been assigned to the evaluation of significance for this effect.  

The pit water will be treated before discharge into Morrison Lake, thus any Project effects from 
this should be minor.  However, a low level of confidence is associated with this activity 
primarily because treatment options have not been completely evaluated or tested and thus it is 
unknown if they are capable brining the water quality below required permit levels post-closure. 
A conceptual treatment plant has been proposed in the Closure and Reclamation Plan; however, 
no tests have been completed to show that this treatment process will reduce all water variables 
to dischargeable levels. Upon closure and post closure studies will be conducted to confirm the 
volume and quality of water that will require treatment. Once this information is obtained, 
detailed treatment design and options will be initiated.   

8.22.5 Country Foods 

8.22.5.1 Overview  
Country foods are animals, plants, or fungi used by people for medicinal or nutritional purposes 
that are harvested through hunting, gathering, or fishing.  Country foods take up chemicals from 
the environmental media (i.e., water, soil, and vegetation).  Thus, their concentrations (i.e., 
quality of the food) are directly related to the concentrations in the environmental media.  
Subsequently, any Project activity that could affect the quality of water, soil, and vegetation 
could also affect the quality of country foods.  Public consultation for the Project indicated that 
the general public is concerned about changes to the quality of county foods in the Project area 
due to mine development.  In addition, the TOR for this assessment specifies that an assessment 
of human health, based on predictions from other areas of the application (i.e., air, water, etc), 
must be conducted.  Thus, the potential effects to human health caused by changes in country 
foods quality were assessed as part of this EA application.   

8.22.5.2 Spatial and Temporal Boundaries 
Figure 8.22-5 presents the spatial boundaries for the country foods effects assessment.  This area was 
selected because it is the only area where country foods could be affected by Project activities.  

The temporal boundaries used for the country foods effects assessment follow the time period of 
the four respective Project phases: 

• construction (2 years) 

• operation and maintenance (estimated 21 years) 
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• decommissioning and closure (approximately 2 years) 

• post-closure (>15 years) 

In addition, the temporal boundaries included chronic exposures to metals in country foods. 
Chronic exposure would be from consuming country foods throughout the year.  

8.22.5.3 Valued Environmental Components 
The following section presents the specific human VECs selected for evaluation and the rationale 
for their selection.  Mine employees (on-site) were not selected as VECs because worker health 
will be addressed in the Health and Safety Management Plan that will be developed during the 
permitting process. 

The selection of human VECs for evaluating effects to country foods was based on Health 
Canada guidance (2004c).  When evaluating the potential effects from exposure to chemicals 
through the diet, the human receptor selection depends on the type of chemical evaluated.  For 
instance, the receptor selected for non-cancer-causing chemicals (i.e., threshold chemicals) is the 
group that has the greatest exposure per unit body weight per day.  Therefore, to assess county 
foods effects, the toddler life stage (i.e., six months to four years old) was selected as the human 
VEC for non-cancer-causing chemicals.  If the effects assessment finds acceptable effects to 
toddlers then it would also be acceptable for all other life stages.  Adults (ages 20+) were also 
selected as VECs for threshold chemicals.  For cancer-causing chemicals (i.e., non-threshold 
chemicals) adult receptors were selected as the human VECs.  Adults were selected as the age 
group for evaluating potential carcinogenic effects because exposure is estimated over an entire 
lifetime.  

Country foods interviews were conducted in Fort Babine, Tachet, Smithers Landing, and Burns 
Lake.  Interviewees included First Nation groups, guide outfitters, trappers, and recreational 
users.  These individuals provided information on what foods they harvest from the Project area 
as well as their consumption rates and frequencies of each food.  The interviews indicated that 
there is limited use of the Project area, excepting the guide outfitter.  However, because of the 
small number of interviewees compared to the general population of the area, the amount of 
harvesting from the Project area is relatively uncertain.  

8.22.5.4 Identification and Description of Potential Effects 
Because country foods take up chemicals from environmental media (i.e., water, soil, and 
vegetation), the quality of the foods is directly related to concentrations in the media.  To 
determine the potential effects to country foods, predicted changes to the environmental media 
were reviewed from other relevant, discipline-specific sections of this EA application (i.e., water, 
soil, and vegetation effects assessment chapters).  If there are no predicted decreases in quality to 
the environmental media, then there would be no predicted decreases in the quality of country 
foods.  For mine components and phases where environmental media quality is predicted to 
decrease, a country foods screening level risk assessment (CF SLRA) was conducted to identify 
whether the changes could result in unacceptable human health risks.  The following presents a 
summary of the predicted effects to the environmental media.  
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Water  
An effects assessment for water quality was presented in Section 8.4.  The levels of significance 
of all residual effects identified in Section 8.4 were classified as negligible or minor after 
mitigation.  Notwithstanding, during operations, closure, and post-closure, the TSF is predicted 
to contain elevated metals levels.  Although no vegetation will be permitted to grow in the TSF 
during operations, country foods wildlife species (i.e., moose and grouse) may incidentally ingest 
the water and this may subsequently result in degradation in the quality of the wildlife.  

The mitigation and adaptive management proposed in Section 8.4 with respect to potential 
discharges into Morrison Lake will ensure that the quality of fish in Morrison Lake will remain 
at baseline levels throughout operations, closure, and post closure.  

Soil  
During construction, operations, and closure, soil quality could be affected by minor fuel spills at 
the mine site, transmission line, and access road.  These minor spills will be remediated as per 
the spill management plan (Section 13.18).  Because the spills and all associated affected soils 
will be cleaned up, there is no potential for such spills to affect the quality of country foods (i.e., 
vegetation or wildlife) during all Project phases. 

During transmission line operation, vegetation will be mechanically managed (i.e. slash 
methods) rather than managed chemically. There will be little to no herbicides used along the 
transmission line corridor, herbicides would only be used to control noxious weeds where 
mechanical methods do not work. Application would be directly to the individual plant in very 
small quantities. No effects to the quality of soil or country foods (i.e. vegetation) are predicted 
along the transmission line during its operations.  

During operations at the mine site, soil quality is predicted to be affected in the TSF and possibly 
at the low grade ore stockpile (Section 8.13).  Edible vegetation will not be permitted or will not 
be able to grow in these areas.  Furthermore, people will not be permitted to use these areas for 
vegetation harvesting purposes.  Thus, there are no predicted effects to vegetation used for 
consumptive purposes due to changes in soil quality during operations.  However, there is the 
possibility that country foods wildlife species may incidentally ingest the affected soils and thus 
the quality of the wildlife country foods (i.e., moose and grouse) may decrease.  

Airborne deposition of contaminants from mine operations including the tailings impoundment is 
not predicted, because of the low winds in the Project area (Section 8.13).  

The soils and overburden materials management plan (Section 13.8) indicates that upon closure 
the soils and overburden used for reclamation will be of similar quality to baseline levels for all 
Project components, with the exception of the submerged sediment along the tailings dams in the 
TSF.  However, country foods wildlife species may incidentally ingest the affected sediments 
and thus the quality of the wildlife country foods (i.e., moose and grouse) may decrease. 
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Vegetation 
The quality of edible vegetation is not predicted to be affected during operations or closure 
(Section 8.15).  The general public will not be permitted to harvest vegetation from the mine site 
during operations.  During transmission line operation, vegetation will be mechanically managed 
(i.e., slash methods) rather than managed chemically (except in isolate and unlikely 
circumstances, as described above). Airborne deposition of contaminants from mine operations 
including the tailings impoundment is not predicted because of the low winds in the Project area 
(Section 8.13).  At closure, the reclamation plan will ensure that there is no pathway for edible 
vegetation to uptake metals or other possible contaminants (Chapter 16).  

In post-closure, the TSF wetland vegetation is expected to establish along the shores of each 
dam, down to 2 m below the water surface.  Wetland vegetation could uptake metals from the 
submerged tailings at these locations.  If the wetlands take up the metals, this would result in a 
valid exposure pathway of metals to wildlife that ingest wetland vegetation (i.e., herbivores). 
This may subsequently reduce the quality of country food wildlife species. 

Summary  
A review of the Project-related changes to water, soil, and vegetation quality found that the only 
potential sources of contaminant uptake into country foods during operations would be from the 
predicted elevated metals in soil (sediment) and water in the TSF and possibly soils at the low 
grade ore stockpile during operations.  At closure, the only potential sources of contaminant 
uptake into country foods would be from the predicted elevated metals in the water of the TSF, 
submerged sediments along the TSF dam shores, and potential wetlands and aquatic 
invertebrates that could establish in the TSF.  The country foods that may uptake the metals from 
environmental media would only be wildlife species.  The country foods baseline (Appendix 43) 
has identified moose and grouse as being the two relevant country foods that may uptake the 
metals.  The quality of edible fish (Section 8.10) and vegetation are not predicted to be 
significantly affected by Project activities.  

8.22.5.5 Mitigation, Enhancement and Management Measures 

Operations  
During operations, elevated metals in the water and soil quality are predicted in the TSF and 
elevated metals in soils will also likely occur near the low grade ore stockpile.  Ingesting 
(whether intentional or incidental) these metals by could result in a degradation in the quality of 
the wildlife country foods’ (i.e. moose and grouse) muscle tissue, which could subsequently be 
consumed by country foods harvesters.  This could result in human health effects for those who 
consume these animals.  Moose and grouse are not expected to spend appreciable amounts of 
time in this active area during operations.  Notwithstanding, mitigating for this potential effect 
will be to further deter wildlife from spending time in the mine site, particularly the TSF and low 
grade ore stockpile areas.  Strategies for deterring the wildlife are presented in Section 13.10.7.  

Closure 
Upon closure and reclamation, the mine site will be reclaimed such that the only remaining 
potential source of metals exposure to wildlife country foods will be from the environmental 
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media in the TSF.  Mitigation for this potential effect will be to deter wildlife from the TSF upon 
closure and post-closure (Section 13.10.7).  

8.22.5.6 Potential Residual Effects 

Operations  
The only potential residual effects on human health from country foods during operations will be 
from wildlife (moose and grouse) that ingest affected soil and water in the TSF and soil near the 
low grade ore stockpile during operations.  

The potential for human health effects during operations caused by consuming moose and grouse 
were assessed through a CF SLRA (Appendix 44).  The CF SLRA methodology was based on 
Health Canada’s guidelines for assessing country foods (2004a).  

The CF SLRA compared the estimated daily intakes (EDIs) of metals by country food harvesters 
with applicable tolerable daily intakes (TDIs) to determine the exposure ratio (ER).  The ER is 
the assessment endpoint used to determine the potential for human health risks from non-
carcinogenic metals.  For metals considered carcinogenic via the ingestion pathway, ILCRs were 
calculated.  In addition, the recommended maximum weekly intake (RMWIs) for moose and 
grouse were also calculated.  The baseline ERs, ILCRs, and RMWIs were compared to the 
operations scenario results to assess potential changes in the quality of foods from mine 
development.  The following sections present the results of the CF SLRA.  The entire CF SLRA 
is presented in Appendix 44.  

Exposure Ratios 

Table 8.22-26 presents the ERs for toddlers and adults consuming moose and grouse under the 
baseline and operations scenarios.  

For non-carcinogenic COPCs, an ER of less than 0.2 represents exposure that does not pose a 
significant health risk to human receptors (Health Canada 2004c).  Health Canada considers an 
ER value of 0.2 appropriate because only one exposure pathway is evaluated and it is assumed 
that people are exposed to COPCs from multiple sources such as other food groups, soil, air, 
water, cigarettes, and cigarette second-hand smoke. 

ER values greater than 0.2 do not necessarily indicate that adverse health effects will occur, 
because of the conservatism employed in their estimation (e.g., the TDIs are conservative and 
protect human health based on the application of uncertainty factors in their derivation).  Thus, an 
ER value of greater than 0.2 is not conclusive evidence that a human health risk exists.  However, 
it does suggest potential risk that may require a more detailed evaluation.  

All ERs were below 0.2 for both the baseline and operations scenario for consuming both moose 
and grouse for all metals, with the exception of iron.  The ER value for iron from moose 
ingestion was above 0.2 for toddlers and adults under both baseline and the operations scenario.  
The values reflect the naturally high concentrations of iron at the Project site under baseline 
conditions and do not reflect the predicted quality of the TSF.  In fact, the model predictions for 
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iron in the TSF indicate lower iron levels than what was measured under baseline conditions.  
There are considerable differences between soil and tailings, such as organic components, 
chemical composition, and interactions with pH.  Although the assessment uses tailings as soil, 
these differences in composition may explain the lower iron concentrations in the tailings media 
compared to the baseline soils.  

Table 8.22-26 
Exposure Ratios for Toddler and Adult Country Food Harvesters  

  Moose  Grouse 
 Baseline Operations  Baseline Operations 
COPC ERtoddler ERadult ERtoddler ERadult  ERtoddler ERadult ERtoddler ERadult 

Aluminum 2.18E-02 1.18E-02 2.62E-02 1.42E-02  3.36E-03 1.82E-03 3.61E-03 1.96E-03 
Arsenic 1.75E-02 9.50E-03 1.78E-02 9.67E-03  2.11E-03 1.14E-03 2.12E-03 1.15E-03 
Barium 2.39E-04 1.30E-04 2.97E-04 1.61E-04  3.35E-06 1.82E-06 3.64E-06 1.97E-06 
Cadmium 4.51E-04 2.45E-04 4.47E-04 2.43E-04  3.17E-04 1.72E-04 3.15E-04 1.71E-04 
Chromium 1.32E-04 7.19E-05 1.66E-04 9.01E-05  8.66E-07 4.70E-07 9.45E-07 5.13E-07 
Copper 5.30E-03 2.87E-03 7.71E-03 4.18E-03  9.24E-05 5.01E-05 1.07E-04 5.79E-05 
Iron 5.64E-01 3.06E-01 5.39E-01 2.92E-01  8.15E-03 4.43E-03 8.02E-03 4.35E-03 
Lead 5.84E-04 3.17E-04 6.48E-04 3.52E-04  3.41E-04 1.85E-04 3.49E-04 1.89E-04 
Mercury 2.19E-03 1.19E-03 2.15E-03 1.17E-03  2.10E-06 1.14E-06 2.08E-06 1.13E-06 
Nickel 4.21E-03 2.29E-03 4.59E-03 2.49E-03  2.66E-07 1.44E-07 2.74E-07 1.48E-07 
Selenium 3.34E-02 1.81E-02 3.38E-02 1.84E-02  1.08E-03 5.87E-04 1.09E-03 5.90E-04 
Silver 5.56E-04 3.02E-04 6.07E-04 3.29E-04  1.07E-04 5.79E-05 1.07E-04 5.80E-05 
Vanadium 8.31E-03 4.51E-03 8.24E-03 4.47E-03  2.86E-07 1.55E-07 2.82E-07 1.53E-07 
Zinc 2.32E-02 1.26E-02 2.31E-02 1.25E-02  5.55E-04 3.01E-04 5.53E-04 3.00E-04 

 

Overall, the ERs for the operations scenario are very similar to those of the baseline scenario. 
This is largely because of the limited time that moose and grouse are expected to spend in the 
TSF, compared with more favourable habitat and forage in the surrounding area.  

Incremental Lifetime Cancer Risks 

Table 8.22-27 presents the arsenic ILCRs for adults consuming moose and grouse under the 
baseline and operations scenarios.  

Table 8.22-27 
Incremental Lifetime Cancer Risk for Human Receptors 

Exposed to Arsenic in Country Foods 
Country Food Baseline ILCR Operation ILCR 
Moose muscle 2.97E-06 3.03E-06 
Grouse muscle 3.58E-07 3.60E-07 

 



Environmental and Socio-economic Effects Assessment 

September 2009 Morrison Copper/Gold Project: Environmental Assessment Application Pacific Booker Minerals Inc. 
Volume II 8–843 Rescan™ Environmental Services Ltd. (Proj. #0793-001-02) 

In BC, an ILCR estimate that is less than 1×10-5 is normally considered acceptable.  Each of the 
ILCRs is less than 1×10-5.  The ILCRs for the operations scenario are very similar to those of the 
baseline scenario.  This is largely because of the limited time that moose and grouse are expected 
to spend in the TSF, compared with more favourable habitat and forage in the surrounding area. 

Recommended Maximum Weekly Intakes 

Table 8.22-28 presents the RMWIs for toddlers and adults consuming moose and grouse under 
the baseline and operations scenarios. 

The RMWIs and recommended number of servings for the operations scenario are very similar 
to those of the baseline scenario.  This is largely because of the limited time that moose and 
grouse are expected to spend in the TSF, compared with more favourable habitat and forage in 
the surrounding area. 

Under both scenarios the RMWIs are greater than the current ingestion rate of moose and grouse 
reported by the country food harvesters.  Thus, upon mine development and operations the 
country foods harvesters can continue to consume moose and grouse at rates and frequencies to 
which they are accustomed.  

Table 8.22-28 
Recommended Maximum Weekly Servings 

Country Food 
Human 

Receptor 

Recommended 
Maximum 

Weekly Intake 
(kg) 

Serving 
Size (kg) 

Recommended 
Maximum 

Weekly # of 
Servings 

Current 
Weekly # of 

Servings 
Baseline      
Moose Toddler 0.69 0.098 7.1 4 
 Adult 2.96 0.227 13.0 4 
Grouse Toddler 2.06 0.073 28.2 0.23 
 Adult 8.85 0.17 52.0 0.23 
Operations      
Moose Toddler 0.72 0.098 7.4 4 
 Adult 3.10 0.227 13.6 4 
Grouse Toddler 2.10 0.073 28.7 0.23 
  Adult 9.00 0.17 52.9 0.23 

 

Closure  
Upon closure and reclamation, the mine site will be reclaimed such that the only remaining 
potential source of metals exposure to wildlife country foods will be from predicted elevated 
metals in the TSF water, submerged sediments along the TSF dam shores, and potential wetlands 
and invertebrates that could establish themselves in the TSF and subsequently accumulate metals 
from the water and sediments.  A CF SLRA could not be conducted for the post-closure scenario 
because of the uncertainty regarding what wetland species might establish along the dam shores 
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and the inability to predict metals accumulation in wetland species with any accuracy.  The 
degree of bioaccumulation cannot be determined with any accuracy because it is based on 
various physical/chemical/ biological conditions in the environment (i.e., water pH, hardness, 
plant species).  Notwithstanding, the CF SLRA for the operations scenario showed that ERs, 
ILCRs, and RMWIs were very similar to baseline risk estimates, and that changes to the soil and 
water in the TSF would not result in substantial changes to the quality of moose and grouse. 
Upon mine closure, the metal concentrations in the TSF water are predicted to somewhat 
improve.  Thus, at closure and post-closure the primary environmental media that are of potential 
concern with respect to metals uptake are wetland species and invertebrates.  These media may 
accumulate metals from the water and sediment; wildlife may consume these species.  The 
magnitude of bioaccumulation in wetland species and invertebrates would affect the levels of 
metals that moose and grouse would be exposed to following closure and post-closure.  

A monitoring and adaptive management plan is proposed to ensure that the wetlands and aquatic 
invertebrates in the TSF do not accumulate metals to levels that may result in accumulation in 
wildlife species that consume them.  The monitoring and adaptive management plans for 
wetlands and aquatic life are presented Section 8.1.12, Section 14.6, and Appendix 39.  The 
monitoring and adaptive management plans propose to monitor selected wetland species and 
invertebrates, should they establish in the TSF post-closure.  If metals are found to accumulate 
during the monitoring, then a CF SLRA will be conducted and adaptive management applied if 
the CF SLRA indicates the potential for unacceptable risks.  There would be high certainty in 
conducting an CF SLRA after closure as the actual time spent by moose and grouse in the TSF 
would be known, as would the levels of any metals in the environmental media.  If potential 
unacceptable risks were identified, adaptive management measures such as removing the 
vegetation would be considered.  Notwithstanding, it is unlikely that metals levels in country 
foods caused by exposure of the environmental media in the TSF post-closure will result in 
unacceptable risks to human health.  

Summary 
Table 8.22-29 presents a summary of the significance of human health effects associated with the 
country foods at the Project.  

The screening level risk assessment has shown that the predicted changes to moose and grouse 
during operations will not result in unacceptable risks to human health.  It also showed that upon 
mine development and operations, the country foods harvesters can continue to consume moose 
and grouse at rates and frequencies to which they are accustomed.  

The monitoring and adaptive management will ensure that no unacceptable health effects occur 
from country foods quality upon closure and after closure. 
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Table 8.22-29 
Description of Human Health Effects Associated with 
Country Foods at the Morrison Copper/Gold Project 

Description 
Project 

Component(s)
Project 

Phase(s) Nature Significance 
During operations, the water and soil quality 
are predicted to be affected in the TSF, which 
may reduce the quality of wildlife who 
incidentally ingest this environmental media. 
This could subsequently cause adverse health 
effects to people who consume the wildlife. 

TSF Operations Adverse Negligible 

During closure, the water and sediment quality 
(in limited areas) are predicted to be affected in 
the TSF, which may reduce the quality of 
wildlife who incidentally ingest this 
environmental media. This could subsequently 
cause adverse health effects to people who 
consume the wildlife. 

TSF Closure Adverse Negligible 

 

8.22.5.7 Confidence Levels  

Operations 
Evaluating human health risks from exposure to country foods involves multiple steps.  Each 
step has inherent uncertainties that ultimately affect the final risk estimates.  In this assessment 
the two main uncertainties were the modelled water and sediment COPC concentrations during 
operations and food chain model assumptions.  For these uncertainties, where possible, 
conservative assumptions were made such that wildlife exposure to the TSF has been 
overestimated rather than underestimated.  Uncertainties associate with the modelled 
environmental media are presented in Appendix 23.  Uncertainties with the food chain model 
assumptions are presented in Appendices 43 and 44.  Overall, the likelihood of adverse health 
effects occurring because of degraded country foods quality caused by Project activities is 
considered low.  Because of the conservativeness employed throughout the CF SLRA, risks may 
have been overestimated, and thus confidence is high that adverse health effects from consuming 
country foods are unlikely to occur.  

Closure  
The monitoring and adaptive management plan for the TSF upon closure and post-closure is such 
that the likelihood of adverse health effects occurring because of degraded country foods quality at 
closure and post-closure is low.  In addition, there is high confidence that adverse health effects 
from consuming country foods are unlikely to occur. 
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