GAHCHO KUE PROJECT

ENVIRONMENTAL IMPACT STATEMENT

SECTION 8

KEY LINE OF INQUIRY: WATER QUALITY AND FISH IN KENNADY LAKE

December 2010 09-1365-1004



Gahcho Kué Project 8-i December 2010
Environmental Impact Statement

Section 8
TABLE OF CONTENTS

SECTION PAGE
8 KEY LINE OF INQUIRY: WATER QUALITY AND FISH IN KENNADY LAKE..........cccoveens 8-1
8.1  INTRODUCTION ....oiiiiiiiiieiiiiite ettt ste ettt e st e e s sttt e s s nbb e e e s snbbeeeesnbbeeeeennees 8-1
8.1.1 L0001 (= 8-1
8.1.2 PUrPOSE @Nd SCOPE ....eeiiiiiiiiie ittt 8-2
8.1.3 STUAY ATBA ...ttt 8-9
8.1.3.1 General LOCAtION ........eeiiiiiiiiiiiieee e 8-9
8.1.3.2 Study Area Selection .........ccooiiiiiiiiiie 8-9
8.1.3.3 Kennady Lake Study Area..........occveieiiiieeeiniiiee i iiieeeene 8-11
8.1.34 (070] 01 (=] o | PP EPPT P PPPPPPPRPPR 8-13
8.2 SUMMARY .ottt et e e ba e e e e annees 8-15
8.3  EXISTING ENVIRONMENT ...oiiiitiiieiiiiie ettt 8-26
8.3.1 GeNEral SEING ......eeiiiiiiiie it 8-26
8.3.2 L0 [ 0= 1 (= PR PUPERRR 8-30
8.3.2.1 MELNOAS ... e 8-30
8.3.2.2 RESUILS...ceiiiee it e e e 8-31
8.3.3 PeIMATTOST. ....eiiiitiiiie e 8-40
8.3.3.1 MELNOAS ... 8-40
8.3.3.2 RESUIES ..o 8-40
8.3.4 [ 1Lo [foToT=To] (oo V2SS 8-44
8.34.1 MELNOAS ...t 8-44
8.3.4.2 RESUIES .. 8-44
8.3.4.3 Groundwater QUAlIY ..........ccvvveeieeeee i 8-56
8.3.4.4 Groundwater FIOW .........cc.eeviiiiiiieiiiiiie e 8-59
8.3.5 Surface Water QUAaNTILY..........uueviieeiiiiiiiiiieeee e e e e e 8-62
8.35.1 MELNOAS ... 8-62
8.3.5.2 RESUIES ..o 8-62
8.3.6 Surface Water and Sediment QUAlIty ..o 8-68
8.3.6.1 MELNOAS ... 8-68
8.3.6.2 RESUIES ...eiiii i 8-71
8.3.7 Lower TrophiC LEVEIS .........ueiiiiiiiiiieeee et 8-88
8.3.7.1 MELNOAS ... 8-88
8.3.7.2 RESUIES ...eiiii i 8-89
8.3.8 IS e 8-102
8.3.8.1 1= 1 oo [ SRR 8-103
8.3.8.2 RESUILS....eeiiiieeii e 8-109
8.4 WATER MANAGEMENT PLAN SUMMARY ....cooitiiiiiiiite et 8-140
8.4.1 T 0T [T i o) o [ SRR 8-140
8.4.2 COoNSErUCHION PRAaSE.......coiiiiiiie e 8-145
8.4.2.1 Diversion of A, B, D and E Watersheds ............cccccccceeeennne 8-145
8.4.2.2 Use of Area 8 as the Potable Water Supply.........cccccevnnnee. 8-148
8.4.2.3 Dewatering of Kennady Lake ..........cccocuvviiiiiiiiiniiieneiineen, 8-148
8.4.3 OPEratioNSs PhaSE .......ccoiviiiiiiiiiee e e s e e e 8-151
8431 Water Management Pond ...........ccccccveeeeiiniiiiiineee e 8-152

8.4.3.2 Fine Processed Kimberlite Containment Facility
(Areas 1 and 2).......cceveeeeiiiiceiieiiee e 8-153

De Beers Canada Inc.



Gahcho Kué Project 8-ii December 2010
Environmental Impact Statement

Section 8
8.4.3.3 Coarse Processed Kimberlite Pile..........ccocceviiiiiiiiieenne 8-153
8.4.34 Mine ROCK PilES.......cooiiiiiiiiiii e 8-153
8.4.3.5 (O] 0] [ o | (SRS 8-154
8.4.3.6 Water Management in Area 6 and Area 7.......ccccceeeeeveennnen. 8-156
8.4.3.7 Water Management in Area 4 .........oeeveeeeeiiiiiieeeeeeee e 8-156
8.4.3.8 Sewage Treatment Plant...........ccccccoiiiiiiiiiiieeeeen 8-157
8.4.3.9 ProceSS WaEr .......euuiiiiiiiiiiiiiiiiiiiiiieiiieiie e 8-157
8.4.3.10  On-site Surface Water Management...........ccccceeveevvineeennne 8-158
8.44 ClOSUIE PRASE......uiiiiiiie et 8-158
8.4.4.1 Restoration of Kennady Lake ..........cccocvveiiiniiiiiiiicce, 8-159
8.4.4.2 Site-wide Closure Drainage Patterns .........cccocoeveiviiineennn 8-160
8.4.5 WaALEr BAIANCE. .....cci ittt 8-161
8451 INFIOWS oo 8-163
8.4.5.2 OULFIOWS ... 8-164
8.4.5.3 ATBA 8 .. 8-164
8.4.6 Potential Sources of Change to Site Water Quality .........cc.cccoeevcvvvvveennenn. 8-166
8.4.6.1 Landfill ....eeeee i 8-166
8.4.6.2 EXPIOSIVES ..ot 8-166
8.4.6.3 Petroleum ProduCtS..........cooviiiieiiiiiee e 8-168
8.4.6.4 Other FIUIAS ......coeiiiiiee e 8-169
8.4.6.5 Mine Rock and Processed Kimberlite ..o 8-169
8.4.7 Potential Accidents and Malfunctions Relevant to Water

MaNAgEMENT ... 8-170
8.4.7.1 Petroleum SPIllS........cooii e 8-171
8.4.7.2 Ammonium Nitrate SpPillS ..o 8-172
8.4.7.3 DYKE FalUIE ...oviiiiiiiie ettt 8-172
8.4.7.4 DYKES C and D ....oeeiiiiiiiieiiiieee et 8-172
8.5 ASSESSMENT APPROACH .. ..ottt ettt 8-175
8.5.1 Pathway ANBIYSIS .......veiiiiiiie e 8-175
8.5.2 Valued COMPONENLES .......ueiiiiiiiiie ittt 8-176
8.5.2.1 Water QUANIY .......ooiiiiiiiiiieee e 8-176
8.5.2.2 FISI e 8-179
8.5.3 Assessment Endpoints and Measurement Endpoints...........cccceeeviineeen. 8-185
8.5.4 Spatial and Temporal BoOUNAri€s...........ccooriiiiiiiiiee e 8-187
8.5.5 EffeCtS ANAIYSIS....oooiiiiee e 8-188
8.5.6 CUMUIALIVE EFfECES .eiiiiiiie e 8-190
8.5.7 Residual Impact Classification ............ccccuiiiiiiiiiieeee e, 8-190
8.5.7.1 L0111 (=TT TP PSR 8-191
8.5.7.2 SIGNIfICANCE ..eeiiiiii e 8-191
8.5.8 UNCEIAINTY ...ttt e e e e e e s et e e e e e e e e e s e eannbeeeeeas 8-192
8.5.9 Monitoring and FOHOW-UP.........oouuiiiiiiieeee e 8-193
8.6  PATHWAY ANALYSIS ...ttt et e et ee e s nnaeee e e 8-194
8.6.1 MELNOAS ... e 8-194
8.6.2 RESUIES e 8-196
8.6.2.1 Potential Pathways during Construction and Operations..... 8-196
8.6.2.2 Pathways with NO LINKAQQE .....cccceeviiiiiiiiiiiee e 8-207
8.6.2.3 Secondary Pathways...........cccoveeiiii e, 8-216

8.6.2.4 Primary Pathways for Effects from Construction and
1O 01=T 7= 11 To] o S PP T PR 8-229

De Beers Canada Inc.



Gahcho Kué Project 8-iii December 2010
Environmental Impact Statement
Section 8
8.6.2.5 Potential Pathways during CIOSUre .........ccccccoevevivieeeeeesienns 8-229
8.6.2.6 No Linkage Pathways..........ccccccveeiiiiviiiiiieec e 8-236
8.6.2.7 Secondary Pathways...........cccoeeiiii e, 8-240
8.6.2.8 Primary Pathways for Effects from Closure ..........ccccccceone 8-246
8.7 EFFECTS TO WATER QUANTITY ..oiitiiiee ittt ettt e e sitre e sraee e snaee e 8-249
8.7.1 Effects Analysis Methods — Construction and Operations....................... 8-250
8.7.1.1 Water Balance MOdEl ...........coeeviiiiiiiiiiiieciee e 8-250
8.7.1.2 ANAIYSIS ..oiieii e 8-252
8.7.2 Effects Analysis Methods — CIOSUIE ........cc.uviiiiiiieeiiiiiieeee e 8-252
8.7.2.1 Water Balance MOdel .........cccoeeviiiiiiiiiiiii e 8-252
8.7.2.2 Monte Carlo SIMulation ... 8-253
8.7.2.3 ANAIYSIS 1oeiiiiiiie ettt 8-254
8.7.3 Effects Analysis Results — Construction and Operations ..............cc........ 8-254
8.7.3.1 Effect of Project footprint (dykes, mine pits, mine rock
and Coarse PK piles, Fine PKC Facility, access roads,
mine plant and airstrip) on Flows, Water Levels and
Channel/Bank Stability in Streams and Smaller Lakes in
the Kennady Lake Watershed...........ccccccovviiiiiniiieec i, 8-254
8.7.3.2 Effects of Dewatering of Kennady Lake to Flows, Water
Levels and Channel/Bank Stability in Area 8 ...................... 8-262
8.7.3.3 Effect of Watershed Diversion in Watersheds A, B, D
and E on Flows, Water Levels and Channel/Bank
Stability in Streams and Smaller Lakes in the Kennady
Lake Watershed ... 8-270
8.7.4 Effects Analysis ReSUlts — CIOSUIE .........coocuiiiiiiiiiie e 8-276
8.74.1 Effect of Refilling Activities on Flows, Water Levels and
Channel/Bank Stability in Areas 3, 4,5, 6,and 7................ 8-276
8.7.4.2 Effect of Diversion on Flows, Water Levels and
Channel/Bank Stability in Area 8..........ccccceevveeeeviiiciiinieennn, 8-280
8.7.4.3 Effects of Temporary Dyke Removal to Flows, Water
Levels and Channel/Bank Stability in Kennady Lake........... 8-280
8.7.4.4 Long-term Effects of Mine Development on Hydrology of
Kennady LaKe..........ceeiieeiiiiiiiiieece e stnnee e 8-281
8.8 EFFECTS TO WATER QUALITY .ottt ettt ettt e e sitae e snraee e snnaeaeeanes 8-284
8.8.1 Effects Analysis Methods — Construction and Operation ..............cc........ 8-285
8.8.1.1 Deposition of Dust and Metals from Air Emissions to
Water Quality and Lake Bed Sediments in Waterbodies
within the Kennady Lake Watershed..............ccccccccoiinnnnnnn. 8-285
8.8.1.2 Acidifying Air Emissions to Waterbodies within the
Kennady Lake Watershed............ccccoiviiiiiiniiiie e, 8-292
8.8.2 Effects Analysis Methods — CIOSUIE .........ccueviiiiiiieiiiee e 8-304
8.8.2.1 Water Quality in Kennady Lake during and after Refilling.... 8-304
8.8.2.2 Water Quality in Area 8 after Refilling .........ccccovveveiiiinnnen. 8-307
8.8.2.3 Stability Analysis of Meromictic Conditions in Tuzo Pit
AftEr ClOSUIE ...eeiiiiieie e 8-308

De Beers Canada Inc.



Gahcho Kué Project

8-iv December 2010

Environmental Impact Statement

Section 8
8.8.3 Effects Analysis Results — Construction and Operation ...............ccceee..... 8-309
8.8.3.1 Effects of the Deposition of Dust and Metals from Air
Emission to Water Quality and Lake-Bed Sediments in
Waterbodies within the Kennady Lake Watershed .............. 8-309
8.8.3.2 Effects of Acidifying Emissions to Waterbodies within the
Kennady Lake Watershed...........cccoccvviieeeeeiei e 8-312
8.8.4 Effects Analysis Results — Closure Period............cccooiiiieiiiiiiiiiiiieenn. 8-314
8.8.4.1 Effects of Project Activities to Water Quality in Kennady
Lake and Area 8 during and After Refilling ..........cccccceeeeis 8-314
8.8.4.2 Long-term Effects of Changes to Pit Water Quality on
the Stability of Meromictic Conditions in the Tuzo Pit
After CIOSUIE ... 8-336
8.9 EFFECTS TO AQUATIC HEALTH ...ttt 8-340
8.9.1 T 10T [0 1o i o) o [ SRR 8-340
8.9.2 Y= g oo [ SRR 8-342
8.9.2.1 Effects of Air Emissions on Aquatic Health in the
Kennady Lake Watershed............cccccovviiiiiiiiiine e, 8-342
8.9.2.2 Effects of Water Quality Changes to Aquatic Health in
Waterbodies within the Kennady Lake Watershed .............. 8-342
8.9.3 RESUIES .t 8-350
8.9.3.1 Effects of Air Emissions to Aquatic Health in the
Kennady Lake Watershed...........cccocccvvvieeieeeiiiiciiiieeeee e 8-350
8.9.3.2 Effects of Changes to Water Quality on Aquatic Health in
Waterbodies within the Kennady Lake Watershed during
ClOSUIE ...t 8-351
8.9.4 Sources of UNCEertainty ... ... ..ot 8-363
8.10 EFFECTS TO FISH AND FISH HABITAT ...ettiii ittt sreee e 8-365
8.10.1 Effects Analysis Methods — Construction and Operation ........................ 8-367
8.10.1.1 Effects of Project Footprint on Fish Habitat.......................... 8-367
8.10.1.2 Effects of Kennady Lake Dewatering ...........cccccceeeeeeeveennnen, 8-368
8.10.1.3 Effects Of DIVEISIONS........ccoiiviiiiiiiiiie i 8-368
8.10.1.4 Effects of Isolation on Fish and Fish Habitat in Area 8 ........ 8-369
8.10.1.5 Effects of Dust Deposition on Fish and Fish Habitat............ 8-369
8.10.2 Effects Analysis Methods — Closure and Post-closure ........cccccceeoeuveeee. 8-370
8.10.2.1 Effects of Habitat Enhancement to Fish and Fish Habitat.... 8-370
8.10.2.2 Effects of Rediverting B, D, E Watersheds to Kennady
LAKE ettt a e 8-371
8.10.2.3 Effects of Continued Isolation of Area 8 during Refilling
of Kennady Lake.........ccccveeeiiiiciiiiiieec e 8-371
8.10.2.4 Effects of Changes in Nutrient Levels in the Refilled
Kennady LaKe..........ueeiieeiiiiiiiiieece e 8-371
8.10.2.5 Effects of Changes to Aquatic Health...............ccccccoeernnne 8-372
8.10.2.6 Long-Term EffeCtS ..o 8-373
8.10.3  Effects Analysis Results — Construction and Operation ................cc.uu.... 8-373
8.10.3.1 Effects of Changes to Fish Habitat from Project Footprint... 8-373
8.10.3.2 Effects of Dewatering on Fish and Fish Habitat................... 8-378
8.10.3.3 Effects of Watershed Diversions on Fish and Fish
[ F= 11 = | RSP PPRR 8-380

De Beers Canada Inc.



Gahcho Kué Project 8-v December 2010
Environmental Impact Statement
Section 8
8.10.3.4 Effects of Isolation of Area 8 on Fish and Fish Habitat........ 8-392
8.10.3.5 Effects of Dust Deposition on Fish and Fish Habitat............ 8-395
8.10.4  Effects Analysis Results — Closure and Post-closure.........ccccccoceevinnneee. 8-397
8.10.4.1 Effects of Development of Fish Habitat Compensation
Works on Fish and Fish Habitat ............cccccveeiiiiiiiiiiiennee 8-397
8.10.4.2 Effects of Re-diverting B, D, and E Watersheds to
Kennady LaKe. ... 8-399
8.10.4.3 Effects of Continued Isolation of Area 8 During Refilling
on Fish and Fish Habitat ............ccccccoiiiiiiee, 8-402
8.10.4.4  Effects to Fish and Fish Habitat in Kennady Lake during
POSt-ClIOSUIE.....uviiiiiiiiiiiiiiiiiiiii s 8-402
8.11 RECOVERY OF KENNADY LAKE AND ITS WATERSHED ........c.coocovieiiiieee 8-404
8.11.1 Effect of Project Activities on the Long-term Recovery of Kennady
LAKE e —————— 8-405
8.11.11 BaCKGroUNG .......couviiiiiiiiiie e 8-405
8.11.1.2 Effects Analysis Methods ..o, 8-406
8.11.1.3 Effects Analysis RESUILS ..........ccovvviiiiiiiiiiieie e 8-408
8.11.1.4 ST U 0] g = Y 8-455
8.12 RELATED EFFECTS TO WILDLIFE AND HUMAN USE.........occoiiiiiiiieeeiee e 8-458
B.12. 1 OVEIVIEW .ttt e etteee ettt ettt ettt e ettt e e e st e e e snbbe e e e s bbeeeessnbeeeeennes 8-458
8.12.2 Summary of Residual EffeCtS..........ccccvviieiieiiiiieee e 8-459
8.12.2.1  WIIIIfE .ot 8-459
8.12.2.2 HUMAN Lo 8-461
8.13 RESIDUAL EFFECTS SUMMARY ...ttt ittt sneee e 8-463
8.13.1  HYArOlOQY .....vveeeeiiiiiie ettt 8-463
8.13.1.1  Construction and OPErations...........cccceeerrvreeeerniieeeesnineeeennen 8-463
8.13.1.2 ClOSUIE ...t 8-465
8.13.2  Water QUANILY .....vvveeeieeeiiiiiiiiiie e et e e e e s st r e e e e e e r e e e e e e nnnes 8-466
8.13.2.1  Construction and Operation ..........cccccceeeeeviiiiniieeeeeee e 8-466
8.13.2.2 ClOSUIE ... 8-468
8.13.3  AQUALIC HEAItN ... .uveiiiei e 8-473
8.13.4  Fish and Fish Habitat...........cccccviiiiiiiiiii e 8-476
8.13.4.1  Construction and Operations..........cccccceeeeviriiviieeeeeeeesenneenen 8-476
8.13.4.2 Closure and PoSt-ClIOSUIe ..........ooeiiviiieiiiiiieenieee e 8-480
8.13.5 Recovery of Kennady LaKe..........cooociuiiiiiieeeii e et e e 8-481
8.14 RESIDUAL IMPACT CLASSIFICATION .....oiiiiiiiiiieiiiieee e 8-484
B.14. 1 MELNOGS ...t e e e 8-485
8.14.2  Classification Time Periods.........ccuviiiiiiiiiiiiiiieee e 8-490
S0 I T T = =Y U | RPN 8-490
8.14.3.1 Residual Impacts to Suitability of Water Quality to
SUPPOrt AQUALIC Life ..eveieeiiieiiiiiiieeiiee e 8-490
8.14.3.2 Residual Impacts to the Abundance and Persistence of
Desired Population(s) of Key Fish Species..........ccccccovuueen. 8-492

De Beers Canada Inc.



Gahcho Kué Project

8-vi December 2010

Environmental Impact Statement

Section 8
8.14.4  Environmental SignifiCanCe...........ccoociiriiiiieii i 8-499
8.14.5 On-going Refinement of the Classification ............ccccccoviiiiine i, 8-502
8.15 UNCERTAINTY L.ttt ittt ettt e s st e e e e st e e e s st e e e e stbaeaestbeaaeassbaeaeans 8-503
8.15.1  Project Site Water BalanCe ..........c.eeviiiiiiieiiiiieee e 8-503
8.15.2  Quality and Quantity of Groundwater INflow .............cccooiiiiiiiiiiiiinniinnee. 8-504
8.15.3  Water Quality MOdelliNg .......ccccouuiiiiiiiiiiiiiee et 8-508
8.15.4  Deposition of Dust and Metals to Lakes in the Kennady Lake
WALEISNEA ... e 8-512
8.15.5 Time Required to Refill Kennady Lake ...........ccccovveeeieeiiiiiiiiieee e, 8-513
8.15.6  Time to Aquatic ECOSYStemM RECOVENY ......c.coccvviiiiieeee et 8-514
8.16 MONITORING AND FOLLOW-UP ...couviiiiiiiiiei ittt 8-515
8.16.1  Scope of Potential Monitoring Programs .........ccccccevvveeiiiicnineeeeee e e 8-515
8.16.2  Potential MoNnitoring ACtIVItIES .......covviiiiie e 8-516
8.16.2.1 Compliance INSPECHION .......covuviiiiiiiiiie e 8-516
8.16.2.2 Follow-up MONItOIING .....eveviiiiiiieiiiee e 8-516
8.16.2.3 Effects MONItOriNG .......coovvciiiiieeee e 8-516
8.16.2.4  Scope of the Aquatics Monitoring Programs...............c........ 8-517
8.17 REFERENCES .......oiiiitiiie ittt sttt ettt e ettt e e s st e e e s snba e e e e snbaeeesataeeeeanes 8-522
8.17.1  Personal COmMmMUNICAION: .......cceiiuiiieiiiiiee et e e stiee e sireee e sreee e e sraeeeennes 8-552
8.18 ACRONYMS AND GLOSSARY ..ooiiiiiiiiiieiiiiiie ettt ettt e et e e sebeee e saaeeeeanes 8-553
8.18.1  Acronyms and AbDBreviations ...........ccccuveeeieee i 8-553
8.18.2  UNItS Of MEASUIE ...ttt 8-555
B.18.3  GIOSSAIY ..ttt e e 8-557
LIST OF TABLES
Table 8.1-1 Terms of Reference Pertaining to Water Quality and Fish in Kennady
[ PR SR 8-3
Table 8.3-1  Summary of Kennady Lake Morphometry ..........occoceeviiiieiniiine e 8-30
Table 8.3-2 Estimated Long-term Air Temperature Characteristics (°C), 1959 to 2005....... 8-32
Table 8.3-3 Estimated Long-term Precipitation Characteristics (Undercatch Adjusted
Values), 1959 t0 2005........uueiiiiaaiiiiiiiie et e et e e e e ea e e e e 8-33
Table 8.3-4  Undercatch Adjusted, Annual Rainfall Depth and Frequency ................cccuvuee.. 8-34
Table 8.3-5 Undercatch Adjusted, Annual Snowfall Depth and Frequency............cccceee..... 8-34
Table 8.3-6 Undercatch Adjusted, Annual Total Precipitation Depth and Frequency .......... 8-34
Table 8.3-7 Derived Spring Snowpack Snow Water Equivalent and Frequency.................. 8-35
Table 8.3-8 N-day Extreme Rainfall (MM) .......cooiiiiiiii e 8-36
Table 8.3-9  Short Duration Rainfall Intensities (mm/h) at Yellowknife Airport...................... 8-36
Table 8.3-10 Estimated Long-term Mean Small Lake Evaporation in the Local Study
T 8-37
Table 8.3-11  Relative Humidity Summary, June 2004 to September 2005............ccccvveernne. 8-38
Table 8.3-12  Solar and Net Radiation Summary, June 2004 to August 2005.............cccuvveeee. 8-39
Table 8.3-13 Summary of Hydrostratigraphy in EIS Model ... 8-51
Table 8.3-14 Kennady Lake Watershed Area SUMMArY ..........ooocciiiiieiiaaiiiniiiiiieeee e 8-63
Table 8.3-15 Lake Outlet Channel Data Downstream of Kennady Lake..........ccccccccoevvvvnnneen. 8-64
Table 8.3-16 Lake Ice, Winter Water Levels, and Outlet Flow Conditions in the
Kennady Lake Watershed, 2004 and 2005 .........ccccceeeeeeeiiiiiiieeeeeee e ceciiinneeeeens 8-65
Table 8.3-17 Runoff Start-up Dates in the Kennady Lake Watershed, 2004 and 2005 ......... 8-65
Table 8.3-18 Representative (Lake L1) Watershed Mean Annual Water Balance for
NatUral CONAILIONS ....ocoiiiiiiiiiiiie e ee et e e s eeenees 8-66
Table 8.3-19 Derived Mean Daily Outflow Volumes at the Outlet of Kennady Lake
(SErEAM KB)... et 8-67

De Beers Canada Inc.



Gahcho Kué Project

8-vii

Environmental Impact Statement

December 2010

Section 8
Table 8.3-20 Derived Representative Discharges at the Outlet of Kennady Lake

(SErEAM KB). .. ittt 8-68
Table 8.3-21 Summary of Water Quality in Areas 2 through 8 in Kennady Lake, 1995 to

20 O SRR 8-76
Table 8.3-22  Sediment Quality Summary for Kennady Lake, 1995 t0 2010 ..........ccoevvuvrnnen. 8-80
Table 8.3-23  Water Quality Summary for Lakes in the Kennady Lake Watershed, 1995

1€0 022 0 1 0 SRR 8-85
Table 8.3-24  Zooplankton Abundance in Small Lakes in the Kennady Lake Watershed,

August 2002 and August 2003 ..........uuiiiieeeeiiirre e 8-97
Table 8.3-25 Summary of Benthic Invertebrate Density and Richness in Kennady Lake .... 8-102
Table 8.3-26 Summary of Nearshore and Deep Offshore Habitats in Kennady Lake.......... 8-112
Table 8.3-27 Summary of Habitat Characteristics for Small Lakes in the Kennady Lake

WALEISNEA. .....eiiii i et e et e e ee e 8-113
Table 8.3-28 Summary of Fish Habitat Quality in Kennady Lake Tributary Streams ........... 8-114
Table 8.3-29  Species Composition, Relative Abundance, and Average Catch-Per-Unit-

Effort of Fish Captured in Kennady Lake during Gillnetting Surveys,

Summer Months of 1996, 1999, and 2004 ...........ooiiiiiiieieeeeee e 8-116
Table 8.3-30 Mean Length, Weight, and Condition Factor for Fish Captured in

Standardized Experimental Gill Nets in Kennady Lake.............cccccceeiiniinnnen. 8-116
Table 8.3-31 Mean Length- and Weight-at-Age for Lake Trout in Kennady Lake, 1996,

1999, @NA 2004 .......eeii ittt 8-117
Table 8.3-32 Mean Length-at-Age and Weight-at-Age for Round Whitefish in Kennady

Lake, 1996, 1999, and 2004 .........c.uutieiiiiieeiiiieee e iiieee et 8-120
Table 8.3-33 Numbers of Fish Captured, by Species, in Fish Fences Set in Kennady

Lake Tributaries, Spring 2000..........cooiiiiiiieree i ee e e e e e e snrreee s 8-123
Table 8.3-34 Numbers of Fish Captured, by Species and Direction of Movement, in

Fish Fences and Hoopnets Set in Kennady Lake Tributaries, Spring 2004.... 8-124
Table 8.3-35 Timing of Stream Utilization by Adfluvial Arctic Grayling in the Northwest

=] 10T =T PP PP 8-124
Table 8.3-36  Length-at-Age and Weight-at-Age for Arctic Grayling Captured in

Kennady Lake Tributaries, SPring 2004 .........cooiiuiiiiiiiiainiiiiieee e 8-126
Table 8.3-37 Mean Length- and Weight-at-Age for Northern Pike Captured in Kennady

Lake Tributaries, SPring 2004.........ccoo i e e 8-128
Table 8.3-38 Fish Species Captured in Small Lakes within the Kennady Lake

WALEISNEA. .....eiiii it ee e e 8-130
Table 8.3-39  Fish Captured in Streams Surveyed in the Kennady Lake Watershed ........... 8-132
Table 8.3-40 Overall Mean and Maximum Metal Concentrations (mg/kg wet weight) in

Lake Trout Muscle Tissue Samples Collected from Kennady Lake and

Lake N16 between 1996 and 2007 ..........couvvieeiiiiiiiiiieee e ieniiiieeeeee e s eeseeieeeeeas 8-137
Table 8.3-41  Overall Mean and Maximum Metal Concentrations (mg/kg wet weight) in

Round Whitefish Muscle Tissue Samples Collected from Kennady Lake

and Lake N16 between 1996 and 2007 .........ccoueeriiiiiiiiiieieeeeiiiieieee e 8-139
Table 8.4-1  Summary of Kennady Lake Ar€as..........occuuuiiiiiieaiiiiiiiiieee e 8-143
Table 8.4-2 Description of Inflows to and Outflows from the Water Management

A1 =] 1 [ PSPPSRt 8-144
Table 8.4-3 Mine Production PIAN............ocuiiiiiiiiiie e 8-148
Table 8.4-4  Summary Of ProjeCt DYKES ........uuviiiiieiiiiiiiiieee e s s a e e e 8-149
Table 8.4-5  Summary of Estimated Annual Rates of Passive Inflow to Pits during Mine

L@ 0= = 11 o] o PR 8-155
Table 8.4-6  Summary of Inflows to and Outflows from the Water Management System... 8-161
Table 8.4-6  Summary of Inflows to and Outflows from Area 8 ........cccccceevviiiiiiiieee i, 8-165
Table 8.5-1  Valued Component Evaluation for Fish Species Found in the Kennady

Lake WaLErSNEA........coiiiiiiiee et a e 8-182

De Beers Canada Inc.



Gahcho Kué Project

8-viii December 2010

Environmental Impact Statement

Section 8
Table 8.5-2  Aquatic-based Assessment Endpoints and Measurement Endpoints for

Valued Components Identified for Water Quality and Fish in Kennady

[ SRS 8-186
Table 8.6-1  Potential Pathways for Effects to Water Quality and Fish in Kennady Lake

during Construction and OPEerationS .............uceiieaainiiiiiiiieie e 8-197
Table 8.6-2 Mean Daily Outflow Volumes at the Outlet of Kennady Lake (Stream K5)

— Construction and OPEratioNS ...........uueieiiiaiiiiiiiiiee e rreeeee s 8-227
Table 8.6-3 Effects Statements for Water Quality and Fish during Construction and

(@] 0= = 11 0] o <RSPPI 8-230
Table 8.6-4  Potential Pathways for Effects to Water Quality and Fish during Closure....... 8-231
Table 8.6-5 Effects Statements for Water Quality and Fish during Closure..............c......... 8-247
Table 8.7-1  Valid Pathways for Effects to Water Quantity in the Kennady Lake

Watershed during Construction and Operations .........cccccecvvvveveeeeeiesicvveenenenn. 8-249
Table 8.7-2  Valid Pathways for Effects to Water Quantity in the Kennady Lake

Watershed during CIOSUIE .........ouiiiiiiiiiee e 8-250
Table 8.7-3 Effects of Mine Rock Piles on Watershed Areas...........cccccvvveveveeeeiiiciiienennnn. 8-258
Table 8.7-4 Effects of Coarse PK Pile 0N Area 4.........oooiiiiiiiiiiiiiieee e 8-260
Table 8.7-5 Effects of Fine PKC Facility on Area 1 and Area 2.........cocccuveeeeeieeiiniiiviineeeenn. 8-261
Table 8.7-6 Kennady Lake Areas 2 to 7 Dewatering Schedule................ccccccoiiiiiiiennnn. 8-264
Table 8.7-7 Mean Daily Outflow Volumes at the Outlet of Kennady Lake (Stream K5)

— Construction and OPEeratioNS.........ccuuueereeeeeiiiiiiierre e e e srrraee s 8-267
Table 8.7-8 Representative Discharges at the Outlet of Kennady Lake (Stream K5) —

Construction and OPEratiONS .........cuvveeiiiiiiiiiieiie e e e e sreeirrer e e e e s rreee e e s ennnes 8-267
Table 8.7-9 Mean Daily Water Levels at the Outlet of Kennady Lake (Stream K5) —

Construction and OPErAtiONS .........evvieeiiiiiiieiiiir e e e e e serirrer e e e e e s snrrrrrr e e e e e ennnes 8-268
Table 8.7-10 Representative Water Levels at the Outlet of Kennady Lake (Stream K5)

— Construction and OPEratiONS ........coocueeeeiiiiieee ittt 8-268
Table 8.7-11  Hydrological Effects on the Outflows from the A, B, D and E Watersheds

(oW qTaTo @] o1=T =11 o] o IS PP PPRTTTN 8-271
Table 8.7-12  Characteristics of New Shorelines at Lakes A3, D2/D3 and E1...................... 8-274
Table 8.7-13 Kennady Lake Refilling Time Frequency and Cumulative Probability for

BaSE CaASE SCENAIIO ......vvvveeiiiiieeiiiieie e siiiee et e st e e et e e s s tbe e e e s abbeeeessnbeeaeeas 8-278
Table 8.7-14 Kennady Lake Water Levels with Time during Refilling — Base Case,

[V I=To [F= T I @do] g o [ i o] 3PP 8-279
Table 8.7-15 Post-closure Changes to Kennady Lake Watershed Land and Lake Areas ... 8-283
Table 8.8-1 Effects to Water Quality in Kennady Lake and Streams and Smaller Lakes

in the Kennady Lake Watershed — Construction and Operation ..................... 8-284
Table 8.8-2  Valid Pathways for Effects to Water Quality in Kennady Lake and the

Kennady Lake Watershed — ClIOSUIE ..........cocuviiiiiiiiie e 8-285
Table 8.8-3  Parameters Used to Evaluate Changes from Atmospheric Deposition of

Dust and Metals in the Kennady Lake Watershed, and Water Quality

GUIAEIINES ...ttt et e e e e e s e aab e e e e e e e e e e aaaes 8-289
Table 8.8-4  Hydrology and Morphometry Data for Lakes Included in the Evaluation of

Atmospheric Deposition of Dust and Metals...........c.ccccoevciviiieie e, 8-290
Table 8.8-5  Water Quality Studies Used to Characterize Background Metal

Concentrations in the Kennady Lake Watershed (1995 to 2010).................... 8-292
Table 8.8-6  Acid Sensitivity Scale for Lakes Based on Alkalinity/ANC .........cccccceevviinnnnen. 8-295
Table 8.8-7  Critical Loads of Acidity for the 19 Local Lakes Included in the

ASSESSIMENT ...ttt e e e e e e e e e e e e a e e e 8-297
Table 8.8-8  Summary of Water Chemistry Data for the 19 Local Lakes Included in the

ST ST 1] 1T o 8-299
Table 8.8-9  Water Quality Studies in the Kennady Lake Watershed (1995 to 2010).......... 8-303
Table 8.8-10 Water Quality Studies Used in the Assessment of Kennady Lake, 1995 to

20 O SRS 8-306

De Beers Canada Inc.



Gahcho Kué Project

8-ix

Environmental Impact Statement

December 2010

Section 8
Table 8.8-11 Predicted Concentrations of Metals and TSS in Lakes in the Kennady

Lake Watershed under the Application Case ..........cccoevvveeeiiiiiiiieiniieee e 8-310
Table 8.8-12  Critical Loads and Predicted Acid Input Rates for the 19 Local Lakes

Included in the ASSESSMENT........coi i 8-313
Table 8.8-13 Predicted Water Quality in Kennady Lake for the Post-closure Period............ 8-316
Table 8.8-14 Predicted Water Quality in Area 8 for the Post-Closure Period....................... 8-329
Table 8.9-1  Valid Pathways and Effects Statements for Effects to Aquatic Health

during Construction and Operation...........ccccuveeieeeiiiiiiiiee e 8-341
Table 8.9-2  Valid Pathways and Effects Statements for Effects to Aquatic Health

(o (U] a Yo @ [0 1= U TSP 8-341
Table 8.9-3  Selected Bioaccumulation Factors for the Indirect Exposure Assessment..... 8-348
Table 8.9-4  Fish Tissue Effects Concentrations ............cccceivieieiiiiiee e 8-348
Table 8.9-5 Initial Screening Results for Kennady Lake under Initial Closure

Discharge Water Quality SCENAIIO.........c.uueiiiiviiieiiiiee e 8-352
Table 8.9-6 Initial Screening Results for Kennady Lake under the Long-term Water

QUANEY SCENATTO. ...ttt e 8-353
Table 8.9-7 Initial Screening Results for Area 8 Under Post-closure Scenario................... 8-354
Table 8.9-8  Summary of Substances of Potential Concern Identified in Kennady Lake

and Area 8 during Modelled Closure SCeNarios ............eeeveeeviiiiiiiieeeeeee e 8-355
Table 8.9-9  Comparison of Maximum Concentrations to Chronic Effects Benchmarks

for Selected Substances of Potential Concern........cccccevviiieeeiiieee e 8-359
Table 8.9-10 Predicted Metal Concentrations in Fish Tissues in Kennady Lake under

Initial Closure Discharge Water Quality Scenario..........ccccccveveeeviiicvinieeneeennnn, 8-362
Table 8.9-11 Predicted Metal Concentrations in Fish Tissues in Kennady Lake under

Long-term Water Quality SCEeNArio .........cceevvveeiiiiiiiiieeee e e 8-362
Table 8.9-12  Predicted Metal Concentrations in Fish Tissues in Area 8 under Post-

closure Water QUAlity SCENAIIO .......c.uveiiiiiiiiie ittt 8-363
Table 8.10-1 Valid Pathways for Effects to Fish and Fish Habitat in Kennady Lake and

the Kennady Lake Watershed — Constructions and Operation ....................... 8-366
Table 8.10-2 Valid Pathways for Effects to Fish and Fish Habitat in Kennady Lake and

the Kennady Lake Watershed — Closure and Post-Closure............cccccceeeinnee 8-366
Table 8.10-3 Lake Areas Permanently Lost as a Result of the Project..........ccccceeeeeviinnnneen. 8-374
Table 8.10-4 Watercourse Areas Permanently Lost as a Result of the Project ................... 8-375
Table 8.10-5 Areas in Kennady Lake that are Physically Altered and then Re-

SUBMErgEd At ClOSUIE ....ciiie i e e e e e e e e e e s s e e e e e e e e nnnenes 8-376
Table 8.10-6 Pre-Diversion (Baseline) and Post-diversion (Operations) Lake Areas and

Depths in Diverted Lakes of the A, B, D and E Watersheds and Fish

Species Known to Inhabit the LaKes............ooiiiiiiiiiiiiii e 8-381
Table 8.10-7 Fish Species Recorded in the N Watershed Lakes Downstream of the

[NV =T = o] RSP 8-382
Table 8.10-8 Channel Length, Fish Passage Potential and Fish Species Known to

Inhabit the Streams between Diverted Lakes of the B, D, E and N

WALEISNEAS ...t e e e a e e 8-383
Table 8.10-9 Summary of Fish Habitat Compensation Achieved with the Proposed

Conceptual Compensation Plan .............cccciiiiieeee i e 8-399
Table 8.10-10 Lake Areas and Depths in Diverted Lakes of the A, B, D and E

Watersheds by Project Phase ........ccuvviiieieiiiiiiieeee e e e 8-400
Table 8.14-1 Definitions of Scales for Seven of the Eight Criteria Used in the Residual

IMpact ClasSifiCatiON ...........ueiiieeieiiiieer e e e e e 8-488
Table 8.14-2  Definitions Used to Rate the Magnitude of Projected Residual Impacts......... 8-489
Table 8.14-5 Residual Impact Classification of Projected Impacts to Water Quality and

Fish in Kennady Lake .........cooueiiiiiiiii e 8-494

De Beers Canada Inc.



Gahcho Kué Project 8-x December 2010
Environmental Impact Statement
Section 8
LIST OF FIGURES

Figure 8.1-1  Location of the Gahcho KU€ Project...........cccovueiiiiiiiiiiiiiiee e 8-10
Figure 8.1-2  Kennady LaKe STUAY AF & ........couiiiiuuiiiiiiiie ittt ee e e 8-12
Figure 8.3-1 Kennady Lake Study Area Basin Delineation of Kennady Lake (prior to

P20 0 ) RSP PRPPRR 8-28
Figure 8.3-2 Kennady Lake Study Area Delineation of Kennady Lake (2010) .............cccu..e. 8-29
Figure 8.3-3  Estimated Long-term Air Temperature Characteristics, 1959 to 2005............... 8-32
Figure 8.3-4  Seasonal Mean Monthly Lake Evaporation for Different Sized Lakes in the

(o] T P A Tl = 7= E] | o PSPPSR 8-37
Figure 8.3-5  Project Station Daily Solar and Net Radiation, 2004 to 2005..........ccccccceeerinnnns 8-39
Figure 8.3-6  Hydrogeology Local StUAY AF€a ..........ceveeeiiiiiiiiieiiiee e s iistiieee e e e e e ssseenreeee e e e e 8-45
Figure 8.3-7  BOrenole LOCALIONS .......cocuuiiiiiiiiiieiiieie ettt 8-46
Figure 8.3-8  Hydrostratigraphy of the Local Study Area..........coccveeeiiiiiiiiiiiieeeiieee e 8-49
Figure 8.3-9  Hydrostratigraphy of the Local Study Area — Cross-Section View .................... 8-50
Figure 8.3-10 Gahcho Kué Project Structural Geology Model.............cccvveeiiiiiieeiiiiiee i 8-55
Figure 8.3-11 Total Dissolved Solids in Groundwater versus Depth .........ccccccooiiiiiiiiiieiinnnns 8-58
Figure 8.3-12 Conceptual Model of Groundwater Flow in the Kennady Lake Area — Plan

ViIEW = Pre-MINING....ciiiiiiiiiiiiiiie et e s rre e e e e e s st ar e e e e e e s e snanaeeeeaaeeenans 8-60
Figure 8.3-13 Conceptual Model of Groundwater Flow - Cross Section View — Pre-

T T1 o SRR 8-61
Figure 8.3-14 Surface Water Quality Sampling in the Kennady Lake Watershed................... 8-69
Figure 8.3-15 Physico-chemical Water Quality Profile Data in Kennady Lake During

UNder-ice CONAItIONS ......uviiiiiiiie ettt ettt s 8-72
Figure 8.3-16 Open Water Kennady Lake Field Data (1998 t0 2010) .........cccuveeeiireeeerniineeenns 8-74
Figure 8.3-17 Physico-chemical Water Quality Profile Data for Lakes in the Kennady

Lake Watershed (2002 t0 2010) ......cceirurieeiiiiieeeiiiieeeesiieee ettt 8-83
Figure 8.3-18 Total Phytoplankton Biomass in Kennady Lake, August 2004 and August

20 APPSR 8-91
Figure 8.3-19 Relative Abundances of Major Phytoplankton Taxa in Kennady Lake,

August 2004 and AUGUSE 2007 .......c.uuiiiiieeee e e e e 8-92
Figure 8.3-20 Relative Biomass of Major Phytoplankton Taxa in Kennady Lake, August

2004 aNd AUGUSE 2007 ......eeeeeiiiiieeeiiiie e sieee e et e e steee e e staeeeestaeeeessbeeeeesasaeeaeaas 8-93
Figure 8.3-21 Total Zooplankton Biomass in Kennady Lake, August 2004 and August

P20 A PRSPPI 8-94
Figure 8.3-22 Relative Abundances of Major Zooplankton Taxa in Kennady Lake,

August 2004 and AUGUSE 2007 .......coeiiuiiieaiiieie e 8-95
Figure 8.3-23 Relative Biomass of Major Zooplankton Taxa in Kennady Lake, August

2004 aNnd AUGUSE 2007 ......eeeieiiiiiee ettt et e e e sbb e e e nnbeee e 8-96
Figure 8.3-24 Total Abundance, Richness, and Community Composition of Benthic

Invertebrates in Kennady Lake at Deep Water Sites, August 2004 .................. 8-99
Figure 8.3-25 Total Abundance, Richness, and Community Composition of Benthic

Invertebrates at Shallow Water Sites in Kennady Lake, September 2004...... 8-100
Figure 8.3-26 Total Abundance, Richness, and Community Composition of Benthic

Invertebrates in Kennady Lake, Fall 2007 .........cccoccceeeeei i, 8-101
Figure 8.3-27 Fish Habitat Sampling Locations in Small Lakes in the Kennady Lake

Watershed, 2000 10 2010 .......coeiiiiiieiiiiiee e iiieee ettt e e ee e sbree e sneeeeeanes 8-104
Figure 8.3-28 Small Lake Fish Sampling Locations in the Kennady Lake Watershed,

201010 1 (o 22 0 J O SRS 8-105
Figure 8.3-29 Small Lake Limnological Sampling Locations in the Kennady Lake

Watershed, 2002 t0 2000 ...ouuueiiiiiiieiiiii e e e e e e s eeeaaas 8-106
Figure 8.3-30 Stream Habitat Sampling Locations in the Kennady Lake Watershed,

L Lo TR (o T2 0 O PP 8-107

De Beers Canada Inc.



Gahcho Kué Project

8-xi December 2010

Environmental Impact Statement

Section 8

Figure 8.3-31
Figure 8.3-32
Figure 8.3-33
Figure 8.3-34
Figure 8.3-35
Figure 8.3-36
Figure 8.3-37
Figure 8.3-38
Figure 8.3-39
Figure 8.3-40
Figure 8.3-41
Figure 8.3-42
Figure 8.4-1
Figure 8.4-2
Figure 8.4-3
Figure 8.4-4
Figure 8.4-5
Figure 8.4-6
Figure 8.7-1
Figure 8.7-2
Figure 8.7-3

Figure 8.7-4
Figure 8.8-1

Figure 8.8-2
Figure 8.8-3
Figure 8.8-4

Figure 8.8-5
Figure 8.8-6
Figure 8.8-7
Figure 8.8-8
Figure 8.8-9
Figure 8.8-10
Figure 8.8-11
Figure 8.8-12
Figure 8.8-13
Figure 8.8-14

Stream Fish Sampling Locations in the Kennady Lake Watershed, 1996

100 1022 01 0 SRS 8-108
Bathymetry of Kennady Lake and Watersheds within the Kennady Lake

RTAT = L= 6] 1= o PP 8-110
Length-Frequency Distribution for Lake Trout Gillnetted in Kennady Lake,
SUMMET 1996 ... 8-119
Length-Frequency Distribution for Lake Trout Gillnetted in Kennady Lake,
SUMMET 1900 L e 8-119
Length-Frequency Distribution for Round Whitefish Gillnetted in Kennady

Lake, SUMMET 1996.........ccoiiiiiieiiiiiee e iiiiee et ettt e et e et e e e s nbbeeeessnbeeeeaas 8-121
Relative Abundance of Fish Species Captured in Littoral Areas of

Kennady Lake, 1996, 1999, and 2004.............cccccuiimeieeeeeiisiiieeeee e s 8-122
Comparison of Arctic Grayling Movements into Kennady Lake Tributaries,

Spring 2000 and 2004 .........oooiuieiieiiiee et 8-125
Length-Frequency Distribution for Arctic Grayling Captured Moving into

Kennady Lake Tributaries, Spring 2004 ...........ccooviiieiiiieeeiiieee i 8-126
Comparison of Northern Pike Movements into Kennady Lake Tributaries,

Spring 2000 and 2004 ........oooiiiiiieei e e 8-127
Length-Frequency Distribution for Northern Pike Captured in Kennady

Lake Tributaries, SPring 2004.........ccoo i 8-128
Fish-Bearing Status of Small Lakes in the Kennady Lake Watershed............ 8-131
Lake Trout Catch-Per-Unit-Effort, Fall 2004 ..........ccccoovviiieeiiiiie i 8-134
Kennady Lake and its Watersheds.........cccccccviiiiiiiiiie e 8-142

Water Management Areas and Infrastructure Associated with the Project..... 8-146
Surface Water Diversions Associated with the Project — Mining

Operations Years 110 3 (2015 — 2017) ..ocuueeeeiiiiiieiiiiiee e 8-147
Diagram of Initial Dewatering during CoNStrUCLION ...........ceeeviiieeeiniieeeniiieeenns 8-150
Diagram of Water Management in Operations ..........c..occeeeiiieeeeniiiiieesiniieeeens 8-152
Diagram of Kennady Lake Re-filling during Closure............ccccccceeeiiiiiiiieennn. 8-159
Comparison of Effects on the Outlet of Kennady Lake (Stream K5)

Discharges during Construction and OperationS............ooocuvvveeeieeeinniciiieeeeenss 8-266
Comparison of Effects on the Outlet of Kennady Lake (Stream K5) Water

Level during Construction and Operations ..........cccccceeeveeeiieiiiieeeee e 8-266
Kennady Lake Refilling Time Frequency and Cumulative Probability for

BaSE CaASE SCENAIO ......vveieiiiiiie ettt ettt e et e e bt e e s sibeeee e 8-277
Kennady Lake Water Levels with Time during Refilling — Base Case............. 8-278
Lakes in the Kennady Lake Watershed Assessed for Annual Deposition of

DUSE QN MELAIS ......ueiiiiiee et e e e e e e e e e e e nnneeeeees 8-288
Lakes in the Kennady Lake Watershed Surveyed for Effects of Acid

DEPOSILION ...ttt ettt 8-294
Regression Analysis of Specific Conductivity vs. Base Cation

LO7e] aTo1=] 011 = 1[0 ] o IO PR PUPPPRTPPR 8-298
Alkalinity versus pH for Lakes with Colour <15 TCU in the Slave

LCT=To] (0o o= 1l =d (0171 o Tor =T PR 8-301
Predicted Total Dissolved Solids Concentrations in Areas 310 7 .........cccee.... 8-318
Predicted Sulphate Concentrations in Areas 310 7.........cccccvvveeeeeeieiicvvnneneenn. 8-319
Predicted Ammonia Concentrations in Areas 310 7.....ccccceevvvveeeiiiiiieeeiiiieeeens 8-320
Predicted Nitrate Concentrations in Areas 310 7 .....ccoovvveeeiiiieeeniiiieeeinieeeene 8-321
Predicted Manganese Concentrations in Areas 3t0 7 ......cccccveereeevevinvienennenn. 8-324
Predicted Chromium Concentrations in Areas 310 7 ......cccccvvveeeeeeeveiiciieneennnn. 8-324
Predicted Iron Concentrations in Areas 310 7.....ccvevvveeeiviiiiiiiiieeee e 8-325
Predicted Cadmium Concentrations in Areas 310 7........cccccvveeereeeieiicivenennnnn. 8-326
Predicted Copper Concentrations in Areas 310 7 .......coooviiviiieeieeeinniiiiieeeenn. 8-326
Predicted Vanadium Concentrations in Areas 310 7.......cccccvveeeeeeiinniiiiieenenn. 8-327

De Beers Canada Inc.



Gahcho Kué Project

8-xii

Environmental Impact Statement

December 2010

Section 8
Figure 8.8-15 Predicted Strontium Concentrations in Areas 310 7........cccccvvevveeeeeveiicvvnnennenn. 8-328
Figure 8.8-16 Predicted Total Dissolved Solids Concentrations in Area 8 ............cccceevuneen. 8-332
Figure 8.8-17 Predicted Potassium Concentrations in Area 8..........cccovvvvveiiiieeeeiniieee s, 8-332
Figure 8.8-18 Predicted Total Nitrogen Concentrations in Area 8 ..........ccccvvvveeeiiiiieeeininenn. 8-333
Figure 8.8-19 Predicted Strontium Concentrations in Area 8 ...........cooovivviieeiiieniiniiiiiiieeeennn 8-335
Figure 8.8-20 Predicted Aluminum Concentrations in Area 8..........ccooviiuiiiieiiiieeeiiiiieieeeenn 8-335
Figure 8.8-21 Predicted Manganese Concentrations in Area 8...........occcuvveeeeeieiiiiiiiiieneeeenn. 8-336
Figure 8.8-22 Predicted Pycnocline Elevation over 100-year period after Refilling of

LI 7 31 = | PR ERRPTPRR 8-338
Figure 8.8-23 Predicted Monimolimnion Volumes over 100-year period after Refilling of

LI 7 31 = | PRSP PRP 8-339
Figure 8.8-24 Modelled Water Column Distribution of Total Dissolved Solids

Concentration in the Tuzo Pit Projected Over TiMe ......cccccovvevvvvveeeeeeeevceiene 8-340

LIST OF APPENDICES

Appendix 8.1 Water Quality Model Report
Appendix 8.11  Metal Leaching and Acid/Alkaline Rock Drainage
Appendix 8.1I Time Series Plots Construction, Operations, and Closure and Post-

Closure
Appendix 8.1V Derivation of Chronic Effects Benchmarks (Aquatic Health)

De Beers Canada Inc.



Gahcho Kué Project 8-1 December 2010

Environmental Impact Statement

Section 8

8 KEY LINE OF INQUIRY: WATER QUALITY AND
FISH IN KENNADY LAKE

8.1 INTRODUCTION

8.1.1 Context

This section of the environmental impact statement (EIS) for the Gahcho Kué
Project (Project) consists solely of the Key Line of Inquiry: Water Quality and Fish
in Kennady Lake. In the Terms of Reference for the Gahcho Kué Environmental
Impact Statement (Terms of Reference) issued on October 5, 2007, the Gahcho
Kué Panel (2007) included this topic as a key line of inquiry because of the
following concern:

“Lowering the water level of the majority of the lake and exposing the
lake bottom for 15 or more years is of great concern to relevant
government departments and Aboriginal communities.”

This assessment is based on an updated mine plan compared to the plan for
which the Terms of Reference was based on. The concern listed above is still
generally applicable to the Project but the Water Management Plan will be
slightly different and the duration lower due to a shorter mine life. The water
level in Kennady Lake will be lowered, but the dewatering process will be staged
through areas of the lake based on pit development through the mine operation.
At the end of the mine operation, the lake will be refilled.

The potential impacts of the proposed Project on the aquatic environment are
spread between three key lines of inquiry presented in Sections 8, 9 and 10 of
the EIS. The geographic extent of effects is divided into Kennady Lake
(Section 8) and the streams and lakes downstream of Kennady Lake (Section 9).
The temporal extent is spread across all three key lines of inquiry. The effects of
the construction, operation, and closure and reclamation phases are addressed
in detail in Sections 8 and 9. Section 10 provides a comprehensive summary of
the long-term effects on both Kennady Lake and downstream lakes and streams
during closure and reclamation. Although each section can be understood on its
own (i.e., it is stand alone), a holistic understanding of the effect of the Project on
aquatic resources is provided by the three key lines of inquiry together.

The Key Line of Inquiry: Water Quality and Fish in Kennady Lake includes the
specific effects of changes caused by the Project within Kennady Lake and the
Kennady Lake watershed. An analysis of the stability of deposited mine rock and
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processed kimberlite in excavated pits is included in this key line of inquiry, as
well as in the following key line of inquiry and subjects of note:

e Long-term Biophysical Effects, Closure and Reclamation (Section 10);
¢ Mine Rock and Processed Kimberlite (Section 11.5);
e Permafrost, Groundwater, and Hydrogeology (Section 11.6); and

¢ Climate Change Impacts (Section 11.13).

Where there is overlap between this key line of inquiry and another key line of
inquiry or subject of note, information will be provided in both locations. The
most comprehensive analysis with greatest detail will be provided once in the
most appropriate location, but summaries will be provided in all other key lines of
inquiry and subjects of note as required by the final Terms of Reference. For
example, downstream effects will be addressed in detail in the Key Line of
Inquiry: Downstream Water Effects. However, a similar requirement for
downstream effects is included in the Terms of Reference for the Kennady Lake
key line of inquiry. This will be addressed by a summary and a reference to the
location of the in-depth analysis.

The Key Line of Inquiry: Water Quality and Fish in Kennady Lake will contain the
primary substantive analysis of the effect of the Project on the water quality and
fish in Kennady Lake; however, the primary substantive analysis of two closely
related topics will be presented in the following subjects of note:

¢ Mine Rock and Processed Kimberlite; and

e Permafrost, Groundwater, and Hydrogeology.

Substantial summaries will be provided in this key line of inquiry because of their
importance to the water quality and fish in Kennady Lake.

Purpose and Scope

The purpose of the Key Line of Inquiry: Water Quality and Fish in Kennady Lake
is to meet the Terms of Reference for the EIS issued by the Gahcho Kué Panel.
The table for concordance for the Terms of Reference for this key line of inquiry
is shown in Table 8.1-1. The entire Terms of Reference document is included in
Appendix 1.I of Section 1, Introduction of this EIS. The complete table of
concordance for the entire Terms of Reference is provided in Section 1,
Appendix 1.1I.
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Table 8.1-1  Terms of Reference Pertaining to Water Quality and Fish in Kennady Lake

Final Terms of Reference Requirements Applicable EIS
Section Description Sub-section
3.1.3 Existing Environment: Water | Describe all water bodies, watercourses, and major drainage areas and watersheds potentially
. . 8.3.1
Quality and Quantity affected by the proposed development
Describe Kennady Lake, including:
- lake-bed bathymetry and composition 8.3.8.2.1
- lake volumes and seasonal variations 8.3.8.2.1
- freeze/thaw timing 8.3.5.2.1
- permafrost conditions beneath or around lake 8.3.3.2,11.6.2.1,
Annex D
- flow patterns 8.3.5.2.3

Describe existing water quality for each water body identified for use in the proposed

development, and those immediately downstream 83621,83622

Describe existing groundwater resources in the Project area, including quality and quantity, 8.3.4.2.1,
flow patterns, recharge and discharge areas, and interactions with surface water 8.3.4.2.2,
8.3.4.2.3,8.3.4.3

identify relevant federal, provincial, or territorial guidelines, criteria, or legislation 8.3.6.1
3.1.3 Exist.ing .Environment: Fish describe fish-bearing waterbodies and watercourses that may be affected by the proposed 83821
and Aquatic Life Forms development

describe potentially affected fish species and local populations, and for each describe:

- seasonal and life cycle movements 8.3.8.2

- habitat requirements for each life stage 8.3.8.2.

- local and regional abundance, distribution, use of habitat 8.3.8.2

- knovyn sensitive habitat areas, species or life stage/activity (e.g., spawning, hatching, 8.3.8.2

feeding)
describe key species used for traditional harvesting activities and any ecotourism activities 8.5.2.2

describe the micro-organism community present in Kennady Lake, including plankton, algae,

and benthic invertebrates 8372183722

describe any known issues currently affecting fish and aquatic life forms in the proposed

development (e.g., contamination of food sources, parasites, disease) 8.3.8.2.10
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Table 8.1-1 Terms of Reference Pertaining to Water Quality and Fish in Kennady Lake (continued)
Final Terms of Reference Requirements Applicable EIS
Section Description Sub-section
4.1.2 Key Lines of Inquiry: Water general requirements pertaining to water quality and fish in Kennady Lake include:
Quality and Fish in Kennady Lake | . the EIS must provide a detailed analysis of all impacts on fish abundance, health, and
fithess for consumption including a comprehensive analysis of potential impacts on water
quality of Kennady Lake as a result of possible contamination. Particular emphasis must be 8.8, 8.9, 8.10,
placed on the ability of the lake ecosystem, particularly fish and fish habitat, to recover from 8.11,11.5
prolonged exposure of the lake-bed and on the viability of the proposed disposal methods
for waste rock and kimberlite
specific requirements pertaining to fish in Kennady Lake include:
- describe any impacts associated with the fish-out, fish salvage, and restocking 8.6.2.1,8.10.3
- describe habitat destruction and creation, including potential for interrupting fish migration, 8.6.2
alterations to natural drainage, and addition of deep water habitat o
- describe possible fish contamination, and wildlife and human health effects from
: : A . 8.6.2, 8.7.3,
contaminated fish consumption, including pathways and long- and short-term exposure
. L 8.9.8.12
levels and health effects of toxic exposure levels on wildlife and humans.
- describe possible changes to fish behaviour including interruption of migration and
X . ) . oo . 8.6.2, 8.10,
spawning patterns and associated effects and changes in the behaviour of wildlife species
. ; 8.11,8.12,
dependent on fish populations
specific requirements pertaining to water quality in Kennady Lake include:
- describe the water balance for Kennady Lake and analysis of related uncertainties 8.4.5,8.15
- describe expected changes in turbidity in Kennady Lake with adaptive management 8.8
options for unexpected turbidity levels (this analysis may use simulation models) '
- describe the hydrogeological dynamics of the lake bottom under freezing conditions, in
particular the potential for highly concentrated deep ground water to be expelled into the 11.6
remaining ponds during freeze up, as well as an assessment of changes in the thermal '
regime of the lake bottom and the extent of freezing
- provide a description of maintenance procedures for long-term frozen conditions of
potentially reactive waste rock and barren kimberlite, including the incorporation of frozen 8.6,11.6,11.13
conditions under climate change parameters
- provide a long-term monitoring plan of thermal conditions of frozen waste rock and PK piles 8.11,11.5

describe any interactions between ground water and submerged processed kimberlite and
waste rock, including the possibility of the pits being a long-term contamination source

8.6.2.3,11.6, 11.5
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Table 8.1-1 Terms of Reference Pertaining to Water Quality and Fish in Kennady Lake (continued)
Final Terms of Reference Requirements Applicable EIS
Section Description Sub-section
412 - describe potential contamination sources including: mill effluent, lake-bed sediments,
(continued) backfilled pits, use of explosives, spills (including additive effects of minor spills over time),
waste rock and processed kimberlite, and deep ground water, including adequate 846 114 11.6
information to evaluate the potential for dust generation from the exposed lake-bed (e.g., T T e
substrate characteristics, particle size, sediment chemistry) as well as bench testing of
drying behaviour
- describe all potential sources for water contamination, particularly hydrocarbon or
ammonium nitrate contamination including accidents and malfunctions; this must also
: . . . 8.4.6, 8.6
include an evaluation of the potential for explosive charges, exploded or unexploded, to
contribute to pollution
- provide a detailed Water Management Plan with information on treatment surfactants and
reagents with enough detail to assess the capability of the treatment system to protect 8.4.3
water quality, including back up options for adaptive management
- describe any proposed collection system for runoff from processed kimberlite and waste 8.43
rock storage facilities, including expected contaminant levels and contingency plans o
- describe any proposed monitoring activities, including monitoring of untreated runoff from
roads or other structures. (the principles addressed in section 3.2.7 on compliance 8.16
inspection, monitoring, and follow-up apply)
- describe the spatial extent of downstream effects and how these effects may change 9
through time (seasonally and annually)
- describe water balance calculations during present conditions and over time as the Project
. - . ” . 8.4.5
proceeds is required to compare baseline conditions with future downstream effects
- describe impacts on riparian vegetation in Kennady Lake, water fowl, semi-aquatic
furbearers, terrestrial mammals, and channel stability from downstream effects of water 8.12,8.12.2.1.2,
discharges during construction, fluctuating water levels during operation, and reduced 11.12
water levels while the lake is refilling
- describe impacts on wildlife resulting from a possible change in freeze-up and thaw 8.12,8.12.2.1.2,
conditions associated with the de-watering of Kennady Lake 11.12
- describe the reversibility of impacts associated with water level changes and the ability of
8.6,8.7.4,8.11
affected ecosystems to recover
- describe the effects of lake dewatering and excavation of pits on ground water flow and
S ) - . 8.6.2.3,8.7.3.2,
quality in the Kennady Lake area in the short- and in the long-term as well as details on 8733 11.6

how groundwater flows will be managed (including simulations)
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Table 8.1-1 Terms of Reference Pertaining to Water Quality and Fish in Kennady Lake (continued)
Final Terms of Reference Requirements Applicable EIS
Section Description Sub-section
41.2 - describe the potential interaction between ground water and the open pits, as well as
(continued) between ground water and submerged waste rock or kimberlite, including the possibility of 8.6.2.3,11.6, 11.5
the pits being a long-term contamination source
- describe the relationship between taliks (i.e., unfrozen sections of soil beneath water
. . . ) . . . 8.3.4.2.1,
bodies) and ground water flows in the Project area, particularly potential for taliks acting as
. . - R P . 8.3.4.2.2,
a pathway for contaminants, including the distribution of taliks in the Project area and any
. . . . . 8.3.4.2.3,11.6
connection or interactions between taliks of different lakes
- describe the chemical stability of co-disposed waste rock and processed kimberlite Appendix 8.1
- describe the confidence in predictions from long-term modelling has been conducted for
permafrost issues, particularly effects of the pits on the thermal regime, and a verification 8.15
that robust monitoring program will be in place
7 (Table 7-2) Fish Issues remaining fish issues pertaining to watershed impacts include:
- fish health 8.9
- fish behaviour (increase and decrease in flow) 8.10
- migration interruption 8.10
- water chemistry alterations from deep ground water 8.6,8.8.4
- chemistry changes in sediment and water 8.6, 8.8.3,8.8.4
- impacts of backfilling on aquatic biota 8.6,8.10.4
- fluctuation of water flows 8.7
remaining fish issues pertaining to road effects include:
- ice road construction 8.6
- erosion 8.7
- water withdrawal 8.7
- increased ice thickness 8.7
- watercourse crossings 8.6, 8.10

- spills

8.4, Appendix 3.1,
Attachment 3.1.1

remaining fish issues pertaining to operations and construction include:

- fish out

8.6, 8.10.3

- contaminant levels

8.8
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Table 8.1-1 Terms of Reference Pertaining to Water Quality and Fish in Kennady Lake (continued)
Final Terms of Reference Requirements Applicable EIS
Section Description Sub-section

7 (Table 7-2) Fish Issues - freshwater lake impacts 8.7, 8.8.1, 8.10.3,
(continued) 8.11, 8.13

- habitat destruction and creation 8.6, 8.10

- noise and vibration on fish behaviour 8.6.2.2

remaining fish issues pertaining to data collection include:

- baseline data 8.3

- monitoring 8.16

remaining fish issues pertaining to long-term effects include:

- feasibility of recovery 8.11

- physical changes to lake 8.6

- addition of deep water habitat post-mine and impacts on the rest of the lake 8.6, 8.8, 8.10

remaining fish issues pertaining to reclamation methods include:

- alternative water sources 8.6

- habitat creation 8.6, 10

- restocking of fish 8.6, 8.11
7 (Table 7-3) Water Issues remaining water issues pertaining to water quality include:

- end of pipe contamination 8.8.3

- pits as long-term contamination sources 8.6, 8.8.4, 11.6,

11.5

- turbidity during dewatering and rewatering lake 8.8.4

- contamination runoff from PKC and waste rock 8.6

- dust as water contamination 8.8.3

- hydrocarbon contamination

8.6, Appendix 3.1,
Attachment 3.1.1

- length and adequacy of long-term water quality monitoring 8.16
remaining Kennady Lake water issues related to public concern include:

- implications of water quality on human health 8.12
remaining Kennady Lake water issues related to surface water and watershed include:

- ice quality on Kennady Lake and surrounding lakes 8.3.5.2.1

remaining Kennady Lake water issues pertaining to water use and management include:
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Table 8.1-1 Terms of Reference Pertaining to Water Quality and Fish in Kennady Lake (continued)
Final Terms of Reference Requirements Applicable EIS
Section Description Sub-section
- alterations to natural drainage 8.7
3.2.7 Follow-up Programs The EIS must include a description of any follow up programs, contingency plans, or adaptive
management programs the developer proposes to employ before, during, and after the
proposed development, for the purpose of recognizing and managing unpredicted problems. 8.16
The EIS must explain how the developer proposes to verify impact predictions. The impact ’
statement must also describe what alternative measures will be used in cases were a
proposed mitigation measure does not produce the anticipated result.
The EIS must provide a review of relevant research, monitoring and follow up activities since 83423
the first diamond mine was permitted in the Slave Geological Province to the extent that the 8.3'4'3.2’
relevant information is publicly available. This review must focus on the verification of impact 8.3.7'2.1’

predictions and the effectiveness of mitigation measures proposed in previous diamond mine
environmental impact assessments. In particular the developer must make every reasonable
effort to verify and evaluate the effectiveness of any proposed mitigation measures that have
been used, or are similar to those used at other diamond mining projects in the Mackenzie

8.4.6.3.1, 8.6.2.3,
8.8.3.1.1, 8.10.2.4,
8.10.3.2, 8.10.3.3,

or impact reviews. The developer is not expected to design and set up an entire regional
monitoring system, but is expected to describe its views on a potential system. The developer
must also state its views on the separation between developer and government
responsibilities.

Valley. 8.15
The EIS must include a proposal of how monitoring activities at the Gahcho Kué diamond

mine can be coordinated with monitoring programs at all other diamond mines in the Slave

Geological Province to facilitate cumulative impact monitoring and management. This proposal

must also consider reporting mechanisms that could inform future environmental assessments 8.11 8.16

Source: Terms of Reference for the Gahcho Kué Environmental Impact Statement (Gahcho Kué Panel 2007).
EIS = environmental impact statement.
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This key line of inquiry includes a detailed assessment of direct impacts to
Kennady Lake, including inlets, outlets, and riparian zones. Impacts are included
for the construction (i.e., drawdown), operation, and closure and reclamation
phases. A comprehensive analysis of impacts on water quality of Kennady Lake
resulting from potential Project-related contamination is incorporated. The
potential for subsequent effects of contamination on fish, wildlife, and human
health is considered. This assessment also includes impacts on fish abundance,
health, and fithess for consumption. More detailed information on the
requirements for this key line of inquiry can be found in Table 8.1-1.

8.1.3 Study Area

8.1.3.1 General Location

The Project is situated north of the north-eastern arm of Great Slave Lake in the
Northwest Territories (NWT) at Longitude 63° 26’ North and Latitude 109° 12’
West. The Project site is about 140 kilometres (km) northeast of the nearest
community, tutselk’e, and 280 km northeast of Yellowknife (Figure 8.1-1).

The Project is located in the watershed of Kennady Lake, a small headwater lake
within the Lockhart River system. Kennady Lake discharges to the north, via a
series of small lakes, into Kirk Lake and thence into Aylmer Lake located on the
main stem of the Lockhart River. The Lockhart River system drains into the
north-eastern arm of Great Slave Lake (Figure 8.1-1).

8.1.3.2 Study Area Selection

To assess the potential effects of the Project on the water quality and fish in
Kennady Lake, it is necessary to define appropriate spatial boundaries. The
study area for this key line of inquiry was identified in the Terms of Reference as
follows:

“The geographic scope for the analysis of this Key Line of Inquiry
includes Kennady Lake itself, along with its inlets, outlets, and riparian
zones.”

Baseline studies were completed before the Terms of Reference were issued;
the boundaries for most of the baseline field work were based on two concepts:

e watersheds; and

e expected extent of the Project-related effects.

De Beers Canada Inc.
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The boundaries were set so that all the expected direct and indirect effects of the
Project would lie within the boundaries. The Local Study Area (LSA) in the
baseline studies extended from Kennady Lake watershed to the outlet of Kirk
Lake and included all the watersheds that could potentially be affected between
these points.

The study area identified by the Gahcho Kué Panel (2007) for this key line of
inquiry forms the upper headwater region of the baseline LSA. Therefore a new
study area, the Kennady Lake Study Area, has been defined that is specific to
the Key Line of Inquiry: Water Quality and Fish in Kennady Lake (Figure 8.1-2).
The baseline studies were sufficient to address the Terms of Reference
requirements for the new study area within this key line of enquiry.

8.1.3.3 Kennady Lake Study Area

The Kennady Lake Study Area includes the seven areas of Kennady Lake
(Areas 1, 2, 3 and 5, 4, 6, 7, and 8, and the Kennady Lake watershed. The
structure of the study area has been altered from that presented in the water
quality baseline program (Annex |) where Kennady Lake was delineated by
Basins (i.e., K1, K2, K3, K4 and K5). A comparison of the lake area and basin
segregation is provided in Section 8.3. The Kennady Lake watershed is
32.5 square kilometres (km?). The downstream limit of the study area is the
Kennady Lake outflow in Area 8 (i.e., Stream K5). As required by the Terms of
Reference (Gahcho Kué Panel 2007), the study area includes Kennady Lake
itself, along with its inlets, outlets, and riparian zones (located in the Kennady
Lake watershed). All waterbodies (and associated riparian areas) downstream of
Kennady Lake up to Great Slave Lake will be addressed in the next key line of
inquiry on downstream water effects (Section 9).

Kennady Lake watershed represents an appropriate study area for the surface
water disciplines, including hydrology, water quality, riparian vegetation, lower
trophic levels in the lake (e.g., benthic invertebrates, plankton), and fish.
However, the boundaries for deep groundwater are different. Kennady Lake and
the proposed Project footprint are located in the central part of the hydrogeology
baseline LSA, which covers an area of some 222 square kilometres (km?) (see
also Figure 11.6-1). Major local lakes act as the controlling features of the deep
groundwater flow. Therefore, the hydrogeology analysis will draw on information
beyond the Kennady Lake Study Area to address the effects of the Project on
Kennady Lake.

De Beers Canada Inc.
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8.1.3.4 Content

This introduction is followed by details of the impact analysis and assessment
related to water quality and fish in Kennady Lake. The headings of these
sections are arranged according to the sequence of steps in the assessment.
The disciplines relevant to this key line of inquiry are presented in a logical order
with progressively longer pathways between the original sources and the
receptors. The following briefly describes the content under each heading of this
key line of inquiry:

e Existing Environment summarizes relevant baseline information,
beginning with the general environmental setting in which the Project
occurs, followed by a summary of baseline methods and results for
specific components, including permafrost, groundwater, surface water
guantity, surface water quality, aquatic habitat, lower trophic level
communities, fish, and wildlife and human use (Section 8.3).

e Water Management Plan Summary presents a conceptual Water
Management Plan and water balance during Project construction,
operations, and closure, including a description of potential substance
sources, and accidents and malfunctions relevant to water management
(Section 8.4).

e Assessment Approach provides details on specific aspects of the
assessment approach (described in Section 6 of the EIS) that are
particularly relevant to the assessment of effects to water quality and fish
in Kennady Lake (Section 8.5).

e Pathway Analysis identifies all potential pathways by which the Project
could affect water quality and fish in Kennady Lake, and provides a
screening level assessment of each pathway after applying
environmental design features and mitigation that reduce or eliminate
Project-related effects (Section 8.6).

o Effects to Water Quantity explains the scientific methods that were
used to predict the changes to water levels, flows, and bank stability in
the Kennady Lake watershed, and presents the results of the analysis of
effects to water quantity during the construction, operations, and closure
phases of the Project (Section 8.7).

o Effects to Water Quality explains the scientific methods, including
modelling, that were used to predict the changes to Kennady Lake's
water quality during the construction, operations, and closure phases. It
then presents the results of the analysis of effects to water quality as a
result of the Project (Section 8.8).

e [Effects to Aquatic Health explains the scientific methods that were
used to predict the potential effects related to changes to water quality
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and to acidifying emissions, and presents the results of the analysis of
effects to aquatic health as a result of the Project (Section 8.9).

e Effects to Fish and Fish Habitat explains the methods that were used
to predict the changes to Kennady Lake’s aquatic habitat, lower trophic
level communities, and fish, and presents the results of the analysis of
effects to fish resulting from the Project (Section 8.10).

e Recovery of Kennady Lake and its Watersheds explains the methods
used, including a literature review, and the results related to the rate of
recovery of Kennady Lake and the nature of the final ecosystem
(Section 8.11).

o Related Effects to Wildlife and Human Use presents the results of the
analysis of related effects to wildlife and human health that flow from any
of the other effects to Kennady Lake, identified in other EIS sections,
which are predicted to occur as a result of the Project (Section 8.12).

e Residual Effects Summary summarizes the effects to Kennady Lake
that are predicted to remain after all measures (e.g., environmental
design features) to eliminate or reduce negative effects have been
incorporated into the Project design (Section 8.13).

e Residual Impact Classification describes methods used to classify
residual effects, and summarizes the classification results (Section 8.14).

e Uncertainty discusses sources of uncertainty surrounding the
predictions of impacts to Kennady Lake’s water quality and fish and how
this uncertainty is addressed by the Project (Section 8.15).

e Monitoring and Follow-up describes proposed monitoring programs,
contingency plans, and/or adaptive management strategies related to
Kennady Lake (Section 8.16).

o References list all documents and other material used in the preparation
of this section (Section 8.17).

e Glossary, Acronyms, and Units explains the meaning of scientific,
technical, or other uncommon terms used in this section. In addition,
acronyms and abbreviated units are defined (Section 8.18).
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8.2 SUMMARY

Background

The proposed Gahcho Kué Project (Project) is a diamond mine located in the
watershed of Kennady Lake, a headwater lake within the Lockhart River system,
located about 280 kilometres (km) northeast of Yellowknife, Northwest Territories
(NWT). The Lockhart River drains into the East Arm of Great Slave Lake. Water
quality and fish in Kennady Lake were identified in the Terms of Reference for
the Gahcho Kué Environmental Impact Statement as a key line of inquiry
because of concerns from several government departments and Aboriginal
communities related to its proposed dewatering, and subsequent refilling.

The Key Line of Inquiry: Water Quality and Fish in Kennady Lake includes the
specific effects of changes caused by the Project within Kennady Lake and the
Kennady Lake watershed. Impacts are included for the construction (i.e.,
Kennady Lake dewatering), operation, and closure (i.e., refilling and recovery of
Kennedy Lake) phases. The study area includes Kennady Lake itself, along with
its inlets, outlets, and riparian zones, to the Kennady Lake outflow in Area 8
(Stream K5). The area downstream of Kennady Lake to Great Slave Lake is
included in the Key Line of Inquiry: Downstream Water Effects (Section 9).

Existing Environment

Components of the existing environment that are relevant to this key line of
inquiry include climate, permafrost, hydrogeology, surface water quantity, surface
water quality, physical aquatic habitat, lower trophic levels, fish, and wildlife.
Where available, historical baseline data in Kennady Lake and streams and lakes
in its watershed were reviewed and summarized; multi-year, seasonal baseline
sampling was conducted to supplement existing information.

Water Management Plan

A Water Management Plan has been developed for the Project. The primary
purpose of this plan is to reduce the effect of the Project on the aquatic
ecosystem of Kennady Lake and downstream environments during construction,
operations, and closure phases.

The most significant water-related activity that will take place during the Project
will be the dewatering of a large portion of Kennady Lake (Areas 2 to 7) to allow
access to the lake bed and underlying kimberlite pipes, and the subsequent
refilling and restoration of the lake upon completion of mining. To facilitate the
dewatering process, natural drainage from the upper portion of the Kennady
Lake watershed will be diverted to an adjacent watershed (N watershed) by the
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establishment of several earth filled dykes and the raising of a number of upper
watershed lakes. The most downstream basin of the lake (Area 8) will be
separated from the rest of Kennady Lake by the construction of a water retaining
dyke (Dyke A).

During operations, Project activities associated with the Water Management Plan
will be designed to minimize the discharge of site water to downstream
waterbodies unless specific water quality criteria are met, and to recycle process
water to the greatest extent possible. At closure, after mining has been
completed, the natural drainage system in the Kennady Lake watershed, which
has not been modified by the Project, will be restored and refilling of the
dewatered lake beds will begin.

Assessment Approach

Pathway analysis identified and screened the linkages between Project
components or activities and the potential effects to receptors within the aquatic
environment. Pathways were determined to be primary, secondary (minor), or as
having no linkage, using scientific and traditional knowledge, logic, and
experience with similar developments, and environmental design features and
mitigation. All primary pathways were carried forward in the assessment for
detailed effects analysis.

The selection of valued components (VCs) specific to this key line of inquiry
resulted from issues scoping sessions for the Project with community members,
federal and territorial regulators, and other stakeholders. For this key line of
inquiry, water quality and select fish species were identified as VCs, with the
following being identified as the assessment endpoints:

e Suitability of Water Quality to Support a Viable Aquatic Ecosystem
e Abundance and Persistence of Desired Population(s) of Lake Trout
¢ Abundance and Persistence of Desired Population(s) of Northern Pike

e Abundance and Persistence of Desired Population(s) of Arctic Grayling

Effects to Water Quantity

During construction and operation, the dewatering process is not expected to
result in effects to natural channel or bank stability; however, the exposed lake
bed within the dewatered Kennady Lake may be subject to erosion, depending
on the bed substrate. The construction of diversion dykes will increase water
levels and surface areas in a number of the diversion lakes, block the existing
outlet of another lake (Lake B1) with no change in water levels, and cause the
cessation of flows downstream of the dykes for most of the year. However, as
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mean annual water level variation in the upper watershed lakes is expected to be
similar or reduced from pre-diversion conditions, erosion potential and sediment
sourcing will be minimized. The flow paths and constructed diversion channels
that link the diverted lakes to the adjacent watershed, if required, will be designed
to prevent erosion and maintain stability.

Runoff from project surface infrastructure in watersheds that drain to Areas 2 to 7
will be conveyed to the Water Management Pond (WMP) by the site water
management system. Runoff from project surface infrastructure in watersheds
that drain to Area 8 will be free-draining and no measurable effect on the quantity
of inflow to Area 8 of Kennady Lake is anticipated. Project surface infrastructure,
including the two mine rock piles, the Coarse Processed Kimberlite (PK) Pile,
and the Fine PKC Processed Kimberlite Containment (PKC) Facility, will be
located almost entirely within the controlled area boundary and all drainage will
be managed. No effects on natural channel or bank stability are anticipated.

During the construction phase, dewatering of Area 7 will be directed to Area 8.
The resultant flows downstream of Area 8 will be generally increased from
baseline conditions; however, flows will be limited so that discharge will not
exceed the 1:2 year flood discharge volume. During operation, flows through
Area 8 will be decreased from baseline conditions due to the closed-circuiting of
the watershed upstream of Dyke A. The alterations in water levels in Area 8 will
correspond with the flow changes; no adverse effects to channels or bank
stability are anticipated.

At closure, the diverted watersheds, with the exception of the A watershed, will
be restored, and pumping from Lake N11 will occur to supplement the refilling of
Kennady Lake. No effects on channel or bank stability are expected during
refilling, and erosion will be prevented at discharge points by armouring of
outfalls and use of diffusers. No water from the refilled areas will be released to
Area 8 until the water level is at the naturally armoured shoreline elevation, and
water quality meets specific criteria. During the refilling of Kennady Lake, flows
at the Area 8 outlet (Stream K5) will continue to be reduced similar to operations.

Beyond closure, the water balance will change for the Kennady Lake watershed
resulting in the increase of mean annual water yield by 8.9 percent (%). The
reduction in the surface area of Kennady Lake of 14.1% means that flood peak
discharges will increase post-closure due to less storage in the lake.

Water Quality

Potential influences to water quality in the main areas of Kennady Lake (Areas 2
to 7) and Area 8 include the following:
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e air emissions from the Project (e.g., fugitive dust, vehicle emissions);
e isolation of Areas 2 and 7 from Area 8;

e drainage in the controlled area that comes into contact with the Fine
PKC Facility, mine rock piles and the Coarse PK Pile; and

e the open Hearne and Tuzo pits

Dust and associated metal deposition on water quality from Project air emissions
were evaluated for a subset of lakes within the Kennady Lake watershed;
changes to total suspended solids (TSS) and trace metals (e.g., aluminum,
cadmium, chromium, copper, iron, mercury, and silver) concentrations resulting
from deposition will potentially exceed average baseline concentrations in two or
more lakes adjacent to the Project area during construction and operations by
greater than 100%. The effects on TSS and metal concentrations are expected
to be localized in the immediate vicinity of the Project and temporally restricted to
the period during and after freshet. Based on the evaluation of acidifying
emissions during construction and operations, project-related deposition of
sulphate and nitrate in the Kennady Lake watershed is not predicted to result in
lake acidification.

To estimate the water quality in Kennady Lake (i.e., Areas 2 to 7) and Area 8
through the closure phase (i.e., the refill period), which includes the post-closure
period once Kennady Lake is refilled and Dyke A is breached, a dynamic, mass-
balance water quality model was developed in GoldSim™. Water quality in Area
8 will remain similar to background conditions during operations and closure,
before the removal of Dyke A, because this area will remain isolated from the
main areas of Kennady Lake. Water quality in Area 8 during the post-closure
period will be driven by the water flowing from Kennady Lake after Dyke A is
breached, with additional dilution from the Area 8 sub-watershed.

Concentrations of total dissolved solids (TDS) and major ions in the main areas
of Kennady Lake are projected to increase during the operations phase due to
the management of water within the controlled area (e.g., runoff, groundwater
inflows, process water) and decrease during the closure phase when the lake is
refilled. In the post-closure period, concentrations are predicted to continue to
decline. Concentrations of TDS and major ions in Area 8 are predicted to
increase when Dyke A is breached; concentrations are predicted to peak within
five years of Dyke A being breached, as water in Area 8 is replaced with water
from the refilled Kennady Lake. Over time, concentrations of TDS and major
ions are generally predicted to decline, but for some parameters (e.g.,
potassium), concentrations are predicted to increase during the post-closure
period and reach a long-term steady state concentration within a few decades.
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TDS and all major ions are predicted to remain above background conditions, but
below levels that would affect aquatic health.

Nutrient levels are predicted to increase in Areas 2 through 7 during operations,
with nitrogen projected to decrease during the closure phase as nitrogen residue
in the stored PK and mine rock from blasting deplete. By the time Dyke A is
breached, modelled nitrate and ammonia concentrations are expected to be at,
or below, water quality guidelines and decline thereafter to near background
levels. In Area 8, all forms of nitrogen are expected to peak in concentration in
Area 8 within five years of breaching Dyke A, then return to near-background
concentrations. Water quality modelling results suggest that there is a potential
for phosphorus levels to increase in Kennady Lake as a result of runoff from the
reclaimed mine site. The runoff waters mobilize phosphorus from the mine rock,
coarse PK and fine PK as they travel through the external structures, with the
fine PK being the largest source of phosphorus. De Beers is currently evaluating
a variety of environmental design features and mitigation measures to limit
contact between site runoff waters and the fine PK located within the Fine PKC
Facility and other potential sources. The effectiveness of these environmental
design features and mitigation measures is uncertain and requires further
analysis. Accordingly, the amount of phosphorus that may be released into the
environment is uncertain at this time. As a result, potential effects related to
phosphorus have not been presented and will not be available until such time as
additional analysis is completed. This analysis will be provided to the Panel in
2011 following additional work that will be undertaken over the next few months.

Of the 23 trace metals that were modelled for the assessment, three patterns are
predicted in modelled concentrations of the main areas of Kennady Lake over
construction and operations, and closure:

e Some metals are predicted to increase in concentration during the
operations phase, then steadily decline in concentration as the lake is
flushed during the post-closure period. These include chromium, cobalt,
iron, lead, manganese, mercury, selenium, silver, thallium, uranium and
zinc, in which chromium and iron are projected to exceed water quality
guidelines in the post-closure phase.

e Some metals are predicted to increase in concentration relatively steadily
throughout the operations phase, rise or fall during the closure period,
and then remain fairly constant throughout the post-closure period.
These metals include aluminum, antimony, arsenic, cadmium, copper,
nickel and vanadium, in which cadmium and copper are projected to
exceed water quality guidelines in the post-closure period. Because the
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primary loading sources of these metals is groundwater and geochemical
flux, the majority of these metals will be in the dissolved form.

e Some metals are predicted to increase after closure, reach steady state
conditions in Kennady Lake within about 40 years. These metals include
barium, beryllium, boron, molybdenum and strontium; none of these five
metals are projected to exceed water quality guidelines in the post-
closure period.

As groundwater and geochemical sources are the primary contributors of these
metals, dissolved fraction of these metals is predicted to comprise the majority of
the total concentrations.

Concentrations of trace metals in Area 8 are predicted to remain similar to
background concentrations until Dyke A is breached, after which it will take
approximately five years for metals concentrations to peak and then follow the
general trends described for Kennady Lake in post-closure. Of the 23 modelled
trace metals, cadmium, chromium, and copper are projected to exceed water
quality guidelines in the post-closure period in Area 8.

A long-term analysis evaluated the stability of the stratification (meromictic
conditions) in the Tuzo Pit following the refilling of Kennady Lake, and concluded
that the saline bottom layer will remain stable and will not overturn. The water
quality in Kennady Lake above Tuzo Pit will, therefore, be primarily determined
by the upper 20 metres (m) of fresh water, which will be subject to temperature
and wind-driven summer seasonal stratification.

Effects to Aquatic Health

Potential effects to aquatic health were assessed based on the changes to water
quality from Project emissions, and Project activities. During construction and
operation, predicted maximum concentrations of suspended solids and some
metals from Project air emissions disposition are predicted to increase above
water quality guidelines because of dust and metal deposition in some lakes,
some of which are fish-bearing. Given the conservatism in the predicted
concentrations, and the short length of the exposure to elevated concentrations,
the potential for adverse effects from dust and metals deposition is considered to
be low. At the end of operations, the Project is no longer a notable source of
dust and metal deposition and, therefore, a return to existing conditions is
anticipated.

As a result of Project activities, changes to water quality in Kennady Lake and
Area 8 during closure and post-closure are expected. For direct waterborne
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exposure, predicted maximum concentrations for most substances of potential
concern (SOPCs) were lower than the corresponding chronic effects benchmark
(CEB), with the exception of total copper, iron, and strontium. Despite the
predicted exceedances of the CEB, the potential for copper, iron, and strontium
to cause adverse effects to aquatic life in Kennady Lake and Area 8 was
considered to be low. Follow-up monitoring will be undertaken to confirm this
evaluation. For the indirect exposure pathway, predicted fish tissue
concentrations are below toxicological benchmarks for all substances considered
in the assessment except silver. Given the modest predicted increase, and that
both baseline and predicted tissue concentrations only marginally exceed the
available no-effect concentration, the potential for predicted silver concentrations
to cause effects to fish is concluded to be low. Based on the above results,
changes to concentrations of all substances considered in this assessment are
predicted to result in negligible effects to aquatic health in Kennady Lake.

Fish and Fish Habitat

Changes to fish habitat will occur from the footprint of the project (e.g.,
excavation of the mine pits, placement of mine rock, placement of PK, dykes,
and other construction activities). The affected habitat areas include the
following: portions of Kennady Lake and adjacent lakes within the Kennady Lake
watershed that will be permanently lost (194.56 hectares [ha] of lake area of
0.51 ha of watercourse area in tributaries to Kennady Lake); portions that will be
physically altered after dewatering and later submerged in the refilled Kennady
Lake (83.32 ha of lake area), and portions that will be dewatered (or partially
dewatered) but not otherwise physically altered before being submerged in the
refilled Kennady Lake (435.90 ha of lake area and 0.23 ha of watercourse area in
tributaries to Kennady Lake). The affected habitat areas were quantified in the
Conceptual Compensation Plan, which also describes the various options
considered for providing compensation, and presents a proposed fish habitat
Conceptual Compensation Plan to achieve no net loss of fish habitat. The
options for compensation include: construction of impounding dykes to raise lake
levels; construction of finger reefs in Kennady Lake; construction of habitat
structures on the decommissioned mine pits/dykes; and widening the top bench
of pits to create shelf areas where they extend onto land. The compensation
ratio provided by the proposed compensation plan (gains:losses calculated
based on total area of permanently lost habitat and physically altered and re-
submerged habitat) is 0.65 for operations and 1.37 for closure.

To minimize the waste of fish caused by dewatering activities, fish salvage will be
conducted to remove fish from Areas 2 to 7 before and during dewatering. A
combination of gear types would be used to maximize capture efficiency.
Dewatering will result in the temporary loss of fish habitat within Areas 2 to 7 of
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Kennady Lake; however, it is expected that a self-sustaining fish population will
be present in Kennady Lake post-closure.

In the diversion watersheds, fish habitat downstream of the dykes will be
dewatered and lost to fish residing in upstream lakes; the loss of habitat resulting
from the placement of the dykes and the dewatering of downstream stream
segments and lakes is included in the Conceptual Compensation Plan. Raising
water levels in Lakes A3, D2, D3, and E1 will result in increased lake habitat
area, which is likely to benefit fish residing in these lakes. Negligible effects on
fish and fish habitat would be expected from shoreline erosion. Although the
dykes will isolate fish populations within the B, D, and E watersheds for the
duration of mine operations (and permanently in Lake A3), it is expected that the
diversion watersheds will support self-sustaining populations of fish species,
such as, Arctic grayling (Thymallus arcticus), northern pike (Esox lucius), burbot
(Lota lota), slimy sculpin (Cottus cognatus), and ninespine stickleback (Pungitius
pungitius).

Isolation of Area 8 from the remainder of Kennady Lake during operations and
closure is predicted to result in a small increase in nutrient concentrations, which
is expected to result in a slight increase in productivity of plankton and benthic
invertebrate communities. The residual fish community in Area 8 of Kennady
Lake is anticipated to consist of small-bodied fish species (i.e., lake chub
[Couesius plumbeus], ninespine stickleback, and slimy sculpin), as well as Arctic
grayling, northern pike and burbot. As a result of the existing overwintering
limitations in Area 8 and the elimination of alternative overwintering refugia in
Areas 2 through 7, lake trout (Salvelinus namaycush) and round whitefish
(Prosopium cylindraceum) may not continue to persist in Area 8 throughout the
operational period, as they are less tolerant of low dissolved oxygen
concentrations.

Effects of TSS from dust and particulate deposition from windborne dust from
Project facilities and exposed lake bed sediments on fish and fish habitat are
expected to be localized in the immediate vicinity of the Project and temporally
restricted to the period during and after freshet. The potential for adverse effects
to aquatic health from dust and metals deposition was considered in the aquatic
health assessment to be low and therefore, no effects to fish populations or
communities are expected to occur from changes in aquatic health.

At closure, the water levels in the raised lakes will return to baseline levels and
the fish and lower trophic communities will adjust to the new lake levels. Habitat
conditions for spawning, rearing and overwintering will be similar to pre-Project
conditions.
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The Project is expected to have low or negligible effects on aquatic health in
Kennady Lake and Area 8 from changes in the chemical constituents of water
quality; therefore, no effects to fish populations or communities are expected to
occur from changes in aquatic health.

Recovery of Kennady Lake

An aquatic ecosystem will develop within Kennady Lake after refiling and
reconnection of its basins. The physical and chemical environment in Kennady
Lake is expected to be in a state that will allow re-establishment of an aquatic
ecosystem, although the re-established communities may differ from pre-
development communities.

The expected time frame for recovery of the phytoplankton community is
estimated to be approximately five years after refilling is complete, taking into
account that the community will begin to develop during the refilling period.
Zooplankton community development is predicted to follow recovery of the
phytoplankton community (i.e., likely within five to ten years of Kennady Lake
being completely refilled). Recovery of the benthic invertebrate community in
Kennady Lake is expected to be slower than that of the plankton communities,
with an estimated time for recovery of about ten years after refilling is complete.
The benthic invertebrate community is expected to be different from the
community that currently exists in Kennady Lake and in surrounding lakes; the
community may be of higher abundance and biomass, depending on final
nutrient levels in the refilled system, and will likely be dominated by midges and
aquatic worms.

The re-establishment of the fish community within Kennady Lake, and the speed
at which it will occur, will depend on the ability of fish to re-colonize the refilled
lake, the habitat conditions within the lake, and how succession takes place
within the refilled system after it has been fully connected to the surrounding
environment. It is expected that a fish community will become re-established in
Kennady Lake; however, the fish community may be different than what exists
currently.

The B, D, and E watersheds are likely to be the primary source of initial migrants
into the refilled lake. As conditions improve, and water depths increase, the early
migrants will become permanently established. During refilling, exclusion
measures will be used to limit the initial migration of large-bodied fish into the
lake. Following the removal of Dyke A, fish will also enter from Area 8. The final
fish community of Kennady The Lake will likely continue to be characterized by
low species richness (less than 10 species), containing a small-bodied forage
fish community and large-bodied species, such as northern pike, Arctic grayling,
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burbot, and possibly longnose sucker. Total lake standing stock and annual
production may be increased over what currently exists in the lake. However, the
composition of the fish community is highly dependent on the nutrient and
limnological characteristics that develop in the refilled lake. The analysis of
nutrient levels in the refilled lake is on-going, with results expected in 2011.
Conclusions with respect to the nature of the fish community in the refilled
Kennady Lake will be put forward at that time.

Overall, it is the life history attributes of Arctic grayling, northern pike, and burbot
that will ultimately determine the duration of the complete recovery of the
Kennady Lake aquatic ecosystem. Northern pike is expected to be one of the
last fish species to re-establish a stable, self-sustaining population in Kennady
Lake (i.e., approximately 50 to 60 years following the complete refilling of
Kennady Lake). If habitat conditions are in fact suitable for lake trout in the
refilled lake, it is expected that this species will also require a long time to re-
establish a stable, self-sustaining population (i.e., approximately 60 to 75 years
following the complete refilling of Kennady Lake).

Residual Impact Classification

The classification was carried out on residual impacts (i.e., impacts with
environmental design features and mitigation considered). Residual impacts
were classified for two time periods: from the initiation of the Project to 100 years
later; and future conditions after 100 years from Project initiation. Projected
impacts were then evaluated to determine if they were environmentally
significant.

The projected impacts of the Project on the suitability of water within the
Kennady Lake watershed to support a viable and self-sustaining aquatic
ecosystem are considered to be not environmentally significant for both time
periods. Water quality is predicted to change, but is expected to result in
negligible effects to aquatic health in Kennady Lake.

The projected impacts on the abundance and persistence of Arctic grayling, lake
trout, and northern pike are considered to be not environmentally significant for
both time periods. Arctic grayling and northern pike will be affected by the loss of
habitat in Kennady Lake during the life of the mine, but will continue to persist in
Area 8 and the diverted watersheds. For lake trout, migration into Kennady Lake
may be impaired and they are not likely to persist in Area 8 during the life of the
mine; however they will have access to immigrate over time. Competition with
other predatory species and the rate at which they re-colonize may influence the
size of the resulting lake trout population. It is expected that self-sustaining
populations of these fish species will become established in the refilled lake.
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The potential effects of changes to nutrient levels in Kennady Lake have not
been presented. They are the subject of continuing evaluation and are therefore
not included at this time in the determination of environmental significance for
these assessment endpoints. Once the continued analysis is complete, the
significance determination outlined herein will be updated as appropriate and
required.
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8.3 EXISTING ENVIRONMENT

The following section provides a brief description of the existing environment in
Kennady Lake and the Kennady Lake watershed that is directly relevant to the
Key Line of Inquiry: Water Quality and Fish in Kennady Lake. Components of
the existing conditions discussed herein include climate, permafrost,
hydrogeology, surface water quantity, surface water quality, physical aquatic
habitat, lower trophic levels, fish, and wildlife. The focus of the descriptions
below is on baseline results for each component. For more details on methods
or results, supplementary information regarding the existing environment of
Kennady Lake and the Kennady Lake watershed is provided in the following
annexes:

¢ Annex D (Bedrock Geology, Terrain, Soil and Permafrost Baseline);
e Annex F (Wildlife Baseline);

e Annex G (Hydrogeology Baseline);

e Annex H (Climate and Hydrology Baseline);

e Annex | (Water Quality Baseline); and

e Annex J (Fisheries and Aquatic Resources Baseline).

8.3.1 General Setting

The Gahcho Kué Project (Project) is located within the Kennady Lake watershed
at Kennady Lake, a small headwater lake of the Lockhart River watershed in the
Northwest Territories. Kennady Lake is 84 kilometres (km) east of the Snap
Lake Mine, the only other active mine in the Lockhart River watershed. The
Diavik and Ekati diamond mines are located in the Coppermine River watershed,
about 127 km and 158 km northeast of Kennady Lake, respectively. The Project
site is located at an elevation of approximately 420 metres above sea level
(masl).

Kennady Lake is located in the sub-Arctic tundra, north of the treeline, and near
the southern limit of continuous permafrost. Topography around Kennady Lake
is characterized by low relief with occasional rocky ridges. Muskeg is the
dominant vegetation, but willow shrubs (i.e., Salix spp.) exist in riparian areas
and black spruce (i.e., Picea spp.) are found in valley depressions where wind
exposure is reduced.
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Kennady Lake is a small (815 hectares [ha]), oligotrophic, tundra lake that can be
roughly divided into five main basins (Figure 8.3-1) based on key morphometric
features. Four of these basins, referred to as Basins K1, K2, K3, and K4, have
relatively deep zones, and are connected by deep-water (more than 5 metres
[m]) channels. They represent approximately 82 percent (%) of the total surface
area of Kennady Lake. The fifth basin (referred to as Basin K5) is located at the
outlet of Kennady Lake is shallow (average depth is less than 4 m), long (about
4 km), and narrow (less than 500 m wide) compared to the other basins.
Kennady Lake has a mean depth of 5 m and a maximum depth of 18 m.

For this EIS, modifications have been made to the delineation of Kennady Lake
from basins to areas (Figure 8.3-2). Eight areas, which include a portion of the A
watershed, replace the five basins. These areas have an alignment to the basin
delineation, with the exception of the Areas 1 and 2, which are linked to portions
of the A watershed and the northeast corner of Kennady Lake that will become
the Fine Processed Kimberlite Containment (PKC) Facility.

Area 1 includes Lakes Al and A2. Area 2 constitutes a small portion of the
northeast embayment of Kennady Lake, which was formerly the northern part of
Basin K1. Areas 3 and 5 comprise the remaining part of Basin K1 and Basin K2.
Area 6 is equivalent to Basin K3 and Area 7 is equivalent to Basin K4. Area 8
replaces Basin K5, which contains the lake outlet draining Kennady Lake to the
north (Stream K5). The key morphological characteristics of the lake areas
compared to the basins are detailed in Table 8.3-1.

There are also numerous small (less than 20 ha), shallow (less than 3 m) lakes
within the Kennady Lake watershed. Most of these lakes are non-fish-bearing
and are connected to Kennady Lake only during the spring freshet.

Kennady Lake drains northeast to north for about 70 km through Kirk Lake and
into Aylmer Lake. Aylmer Lake is located on the mainstem of the Lockhart River,
approximately halfway between the Kennady Lake watershed and Great Slave
Lake. The Lockhart River then drains southeast from Aylmer Lake through
Clinton Colden and Artillery lakes into the East Arm of Great Slave Lake. The
Kennady Lake watershed is 37 square kilometres (km?) and comprises 0.14% of
the 27,500 km? Lockhart River watershed.
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Table 8.3-1 Summary of Kennady Lake Morphometry

Lake Lake Maximum Local
Sub Basin Lake A;rea Lake Area Lake Azrea Volume | Volume Lake Depth Watershed
(km*) (km*) (Mm?) %) (m) Drainage Area
° (km?)
- - Area 1@ - - - - -
, Area 2 0.61®
Basin K1 3.19 18.3 48 14 13.78
Areas 3and5| 2.56©
Basin K2 0.76 Area 4 0.76 4.4 115 14 2.14
Basin K3 1.78 Area 6 1.78 8.6 22.6 18 5.17
Basin K4 0.99 Area 7 0.99 3.3 8.7 12 3.82
Basin K5 1.43 Area 8 1.43 35 9.2 9 7.56
Total 8.15 8.15 38.1 100 - 32.47

@ Area 1 lies within the A watershed, upstream of Kennady Lake.
® The volume of Area 2 is 2.3 Mm®.
© The volume of Area 2 is 16.0 Mm”.

km? = square kilometre; Mm?® = million cubic metre; m = metre; % = percent; - = not applicable.

The Project is accessed in the winter by a 120 km Winter Access Road that
extends from the Tibbitt-to-Contwoyto Winter Road at MacKay Lake to Kennady
Lake. The Winter Access Road to Kennady Lake crosses Reid, Munn, Margaret,
and Murdock lakes, and several smaller lakes and streams. The Winter Access
Road typically operates for less than 70 days each year between November and
March (De Beers 2002). The Project will also be accessed by air.

8.3.2 Climate

The following section provides a description of the climate conditions for
Kennady Lake and the Kennady Lake watershed. For additional information
regarding climate, the reader is referred to Annex H (Climate and Hydrology
Baseline).

8.3.2.1 Methods

The description of climate at Kennady Lake focuses on the following parameters
that are important in the hydrological cycle:

e air temperature;
e precipitation, including rainfall and snowfall,
e lake evaporation;

e evapotranspiration;
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e relative humidity; and

e solar radiation and net radiation.

Long-term mean values and variability of air temperature, precipitation, and lake
evaporation are based on climate data collected at the Project site (2004 to
2005) and long-term (1959 to 2005) regional data (combined data from the Lupin
Airport and Contwoyto Lake station). Relative humidity, soil temperature and
heat flux, solar radiation, and net radiation results are based on short-term data
(2004 to 2005) collected at the Project site. Evapotranspiration is calculated
using the calibrated long-term mean water balance.

8.3.2.2 Results
8.3.2.2.1 General Climate

The Project is located in a sub-Arctic climate, characterized by long, cold winters
and short, cool summers. Temperatures typically fall to below freezing by early
October and remain so until mid- to late May. Monthly mean temperatures
persist below -20 degrees Celsius (°C) from December through March, with daily
means occasionally reaching below -40°C. The warmest month is July, with a
mean temperature of about 12°C. Measured mean annual precipitation in the
region is approximately 270 millimetres (mm) with about half falling as snow
during the October to May winter period.

8.3.2.2.2 Air Temperature

Monthly mean air temperatures at Lupin Combined (Lupin Airport and Contwoyto
Lake stations) were used to derive long-term air temperature characteristics, as
presented in Table 8.3-2. This shows that mean monthly temperatures are
above freezing only for the four months of June through September. Mean
temperatures are below -20°C from December through March. On average,
January is the coldest month, but the most extreme low temperatures tend to
occur in February. The annual mean temperature is estimated at -9.7°C. The
data in Table 8.3-2 are shown graphically in Figure 8.3-3.
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Table 8.3-2  Estimated Long-term Air Temperature Characteristics (°C), 1959 to 2005
Month ' Extreme _ . Monthly Mea.n. Mean

Maximum Minimum Maximum Minimum Monthly

January -0.6 -47.2 -25.5 -32.8 -29.2
February -3.2 -52.1 -24.0 -31.6 -27.8
March 2.4 -51.5 -19.9 -28.7 -24.3
April 7.8 -39.8 -9.9 -19.6 -14.7
May 19.6 -32.1 0.1 -8.3 -4.0
June 27.9 -12.1 11.9 2.6 7.3
July 32.8 -0.4 17.3 7.6 12.4
August 29.3 -4.7 14.3 6.9 10.5
September 22.8 -10.1 6.7 1.1 3.8
October 14.6 -32.6 -3.9 -9.0 -6.3
November 0.7 -40.8 -15.0 -22.3 -18.6
December -2.7 -44.9 -21.6 -28.8 -25.2
Annual 32.8 -52.1 17.3 -32.8 9.7

Source: Based in part on Environment Canada (2005) data from Lupin Airport and Contwoyto Lake stations.

°C = degrees Celsius.

Figure 8.3-3 Estimated Long-term Air Temperature Characteristics, 1959 to 2005
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8.3.2.2.3 Precipitation

Precipitation at the Project site, including rainfall, snowfall, and total precipitation,
was characterized by applying regional adjustments to the Lupin Combined data
set for the period 1959 to 2005. Undercatch adjustments were also applied to
account for trace and other rainfall and snowfall events not measured by
instruments. The mean values of monthly rainfall, snowfall, and precipitation are
summarized in Table 8.3-3.

Frequency analysis of annual rainfall, snowfall, and total precipitation
(undercatch adjusted values) for Kennady Lake was conducted to describe the
natural variability of these parameters. The frequency analysis results for rainfall,
snowfall, and total precipitation are shown in Tables 8.3-4, 8.3-5, and 8.3-6,
respectively. These analyses are based on a hydrological year, rather than a
calendar year, to consider the amount of precipitation available for runoff in an
open-water season.

Table 8.3-3  Estimated Long-term Precipitation Characteristics (Undercatch Adjusted
Values), 1959 to 2005

Month Rainfall Snowfall Precipitation

(mm) (cm) (mm)
January 0.0 111 11.2
February 0.0 11.7 11.7
March 0.0 15.0 15.1
April 0.4 16.1 16.6
May 7.0 16.0 23.0
June 28.1 5.0 33.0
July 45.0 0.3 45.4
August 57.4 2.6 60.0
September 27.8 18.6 46.4
October 2.6 35.2 37.9
November 0.1 214 215
December 0.0 16.4 16.5
Annual 168.5 169.6 338.1

Source: Modified from Lupin Airport and Contwoyto Lake station data (Environment Canada 2005).
Note: Total precipitation values are slightly different due to rounding.
mm = millimetres; cm = centimetres.
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Table 8.3-4  Undercatch Adjusted, Annual Rainfall Depth and Frequency
c . Return Period Annual Rainfall Depth
ondition
(years) (mm)
100 319
50 293
Wet 25 266
10 231
5 203
Median 2 161
5 129
10 116
Dry 25 103
50 96.0
100 89.9
mm = millimetres.
Table 8.3-5  Undercatch Adjusted, Annual Snowfall Depth and Frequency
c . Return Period Annual Snowfall Depth
ondition
(years) (cm)
100 232
50 227
Wet 25 222
10 211
5 199
Median 2 171
5 140
10 123
Dry 25 105
50 92.8
100 82.0
cm = centimetres.
Table 8.3-6  Undercatch Adjusted, Annual Total Precipitation Depth and Frequency

. Return Period Annual Precipitation Depth
Condition
(years) (mm)
100 553
50 516
Wet 25 478
10 428
5 388
Median 2 328
5 284
10 265
Dry 25 247
50 237
100 228

mm = millimetres.
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Table 8.3-7

The values in Tables 8.3-4 and 8.3-5 for annual rainfall extremes and annual
snowfall extremes cannot simply be added together to obtain annual total
precipitation extremes. Annual total precipitation extremes must be derived from
the annual total precipitation series, as was done for the values reported in
Table 8.3-6.

Snow water equivalent (SWE) values available for spring snowmelt were
estimated by assuming that no runoff occurred over the October through May
winter period, and that 30% of the accumulated precipitation was lost to
sublimation (e.g., the process whereby ice changes directly into water vapour
without melting), based on field data collected in 2004 and 2005. The results of a
frequency analysis of estimated spring SWE values are listed in Table 8.3-7.

Derived Spring Snowpack Snow Water Equivalent and Frequency

R . Snowpack Snow Water
. eturn Period ;
Condition (years) Equivalent
(mm)
100 162.1
50 159.1
Wet 25 155.2
10 147.7
5 139.2
Median 2 119.8
5 98.1
10 86.2
Dry 25 73.4
50 65.0
100 57.4

mm = millimetres.

A frequency analysis of short-duration (n-day) rainfall data was conducted using
daily rainfall data for the Lupin Combined Station. No adjustments were made
for undercatch, because undercatch is generally not substantial for extreme
rainfall events at a daily time scale. No regional adjustment factor was applied,
as the derived factor applies only to annual and monthly values. The results are
summarized in Table 8.3-8.
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Table 8.3-8  N-day Extreme Rainfall (mm)
Return Period Duration (days)

(years) 1 3 5 10 30

2 22.7 28.0 31.3 395 66.4
10 37.6 45.1 49.5 64.0 104.3
50 50.6 60.1 65.3 85.5 137.4
100 56.1 66.4 72.0 94.6 151.5
200% 61.0 - — - -
500? 68.0 - - - -
Point PMR 208.0 245.5 262.5 353.3 551.7

Source: Derived from Lupin Airport and Contwoyto Lake station data (Environment Canada 2005).

@ Values shown for 200- and 500-year periods are derived by graphical extrapolation.

PMR = Probable Maximum Rainfall; mm = millimetres; - = not available.

Short-duration (up to 24 hour) rainfall intensity data are not available for the
Lupin Combined Station. The closest station with available data is Yellowknife
Airport, and these were obtained from Environment Canada, based on tipping
bucket data analysis for the period 1963 to 1990. The values presented in
Table 8.3-9 are considered to be conservatively large. The higher rainfall
intensities may be due to the Yellowknife station’s proximity to Great Slave Lake,
as well as its warmer summer temperatures.

Table 8.3-9  Short Duration Rainfall Intensities (mm/h) at Yellowknife Airport
Return Period Duration
(years) 10 minute 30 minute 1 hour 6 hours 12 hours 24 hours

2 31.2 15.8 9.6 3.1 1.9 1.1
5 48.4 24.2 14.5 4.8 2.9 1.8
10 59.8 29.8 17.7 5.9 3.6 2.2
25 74.1 36.8 21.8 7.3 4.4 2.7
50 84.8 42.0 24.8 8.3 5.0 3.1
100 95.3 47.2 27.8 9.3 5.6 3.5

Source: Yellowknife data, 1963 to 1990 (Environment Canada 2005).
mm/h = millimetres per hour.

8.3.2.2.4 Lake Evaporation

Lake evaporation was characterized by evaluating local and regional data to
derive mean annual and monthly mean values for typical lakes near the Project
site. Recommended values are presented in Table 8.3-10 and are plotted in
Figure 8.3-4, where values derived by others for the Mackenzie River basin are
presented for comparison. Inter-annual variability of lake evaporation is
expected to be low relative to precipitation and primarily related to the length of
the open water season.
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Table 8.3-10 Estimated Long-term Mean Small Lake Evaporation in the Local Study Area

Month Lake Evaporation (mm) Fraction of Annual
June 38.1 0.13
July 106.7 0.37
August 82.7 0.29
September 57.5 0.20
Annual 285.0 1.00

Source: Derived in part from Rouse et al. (2002).

mm = millimetres.

Figure 8.3-4 Seasonal Mean Monthly Lake Evaporation for Different Sized Lakes in the

McKenzie Basin
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Note: The Small Lakes within the Local Study Area (shown in Table 8.3-9) are represented by the LSA line in the
graph.
mm = millimetre; LSA = Local Study Area.

8.3.2.2.5 Evapotranspiration

Evapotranspiration (ET) was derived using a water balance method and
examination of the value using theoretical relationships. The value of annual ET
derived by using the water balance method was equal to 66.8 mm. This value
appears low, and may be due to overestimated sublimation losses from the
winter snowpack.
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8.3.2.2.6 Relative Humidity

No long-term regional data set of relative humidity is available. Relative humidity
results (Table 8.3-11) are based on hourly data collected at the Project climate
station for the period June 2004 to September 2005.

Table 8.3-11 Relative Humidity Summary, June 2004 to September 2005

Mean Relative Humidity (%)
Month

2004 2005
January no data 74.6
February no data 76.7
March no data 82.6
April no data 87.8
May no data 87.0
June 66.3 67.7
July 64.5 71.6
August 7.7 76.0
September 84.8 81.4
October 87.9 no data
November 85.8 no data
December 75.6 no data

% = percent.

8.3.2.2.7 Solar and Net Radiation

Solar-radiation is the incoming solar radiation arriving at the earth’s surface from
above. It is also termed global radiation to indicate that it consists of all short-
wave radiation arriving from direct sunlight as well as from diffused sky radiation.
Net radiation is the difference between all incoming and outgoing radiation of
both short- and long-wave lengths (i.e., it is a measure of the energy absorbed at
the earth’s surface).

No long-term regional data set of solar or net radiation is available. Solar and net
radiation results are based on data collected at the Project climate station for the
period June 2004 to August 2005. Monthly data are presented in Table 8.3-12
and daily data are shown in Figure 8.3-5.
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Table 8.3-12 Solar and Net Radiation Summary, June 2004 to August 2005

Mean Solar Radiation Mean Net Radiation
Month (MJ/m?/d) (MJ/m?d)
2004 2005 2004 2005

January no data 0.67 no data @
February no data 3.65 no data @
March no data 9.41 no data @
April no data 15.56 no data @
May no data 22.66 no data 13.92
June 21.40 22.11 11.34 11.08
July 19.31 17.46 8.01 8.17
August 12.08 12.81 5.05 5.73
September 6.66 no data 1.87 no data
October 3.38 no data -0.35 no data
November 1.06 no data -1.16 no data
December 0.46 no data @ no data

@ Net radiation sensor data are not reliable.

MJI/m?/d = megajoules per square metre per day.

Figure 8.3-5 Project Station Daily Solar and Net Radiation, 2004 to 2005
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8.3.3 Permafrost

This following section describes the permafrost conditions and features within the
Kennady Lake watershed. The Local Study Area (LSA) for permafrost
corresponds to that for bedrock geology, terrain, soils, and vegetation, but the
permafrost investigations focused on the Project footprint within the Kennady
Lake watershed. For additional information regarding permafrost, the reader is
referred to Annex D (Bedrock Geology, Terrain, Soil and Permafrost Baseline).

8.3.3.1 Methods

The existing permafrost conditions and features for the Kennady Lake watershed
were established using the following types of evaluation:

e interpretation of aerial photographs for permafrost mapping;

e geotechnical drill program and thermistor installation to measure solil
temperature and active layer thickness;

o field reconnaissance program to confirm the aerial photograph
interpretation;

e calculation of mean annual soil temperatures; and
 calculation® of the active layer and seasonal frost penetration.

8.3.3.2 Results

8.3.3.2.1 Permafrost Features

The Project is located within the Continuous Permafrost Zone (Heginbottom and
Dubreuil 1995). The aerial photograph interpretation, field reconnaissance, and
drill program determined that permafrost extends over approximately 90 to 95%
of the on-land Project area. The following characteristics related to permafrost
are described:

e landscape description and permafrost processes;
e mean annual soil temperature;

e thickness of active layer and frost penetration;

e moisture content; and

e permafrost thickness.

! Calculations were required for these permafrost parameters because of the limited data set obtained by the drilling
program for mean annual soil temperature and thickness of the active layer. This derivation is an applicable technique
when field measurements from a drilling program are not available.
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8.3.3.2.2 Landscape Description and Permafrost Processes

Various earth processes and phenomena were identified during an air photo
review and field reconnaissance. Some of the processes are a result of thawing
or freezing, while others are a result of specific soil composition, terrain,
topography, and origin of deposits.

Stone channels and polygons are considered to be erosional features that result
in part from thawing of permafrost. Snowmelt water and runoff have washed out
the soil matrix, leaving stony material (cobbles, boulders, and rock fragments) in
the form of stone channels and stone polygons. Because the moraine deposits
have a stony composition, formation of stone channels and stone polygons are
widespread processes within the study area.

Mud boil polygons are encountered in moist to wet cohesive surficial soils. The
formation of the mud boil polygons is a process related to frost cracking, followed
by freezing of the active layer downward from the ground surface, perpendicular
to the frost cracks, and upward from the active layer base. If the freezing soil is
saturated or nearly saturated, the soil within the polygon under high pore water
pressure bursts through the surficial frozen layer and freezes at the ground
surface.

Landforms associated with ice wedges were frequently encountered in organic
deposits of the study area. Formation of the ice wedges is a cyclic process of
freezing and thawing. Winter cold causes the frozen soil of the active layer to
shrink and crack. During warm spring days, water seeps into the cracks, freezes
and expands when it is chilled by the still-frozen soil, forming wedges of ice in the
soil. Each winter, cracks form again in the same places and each spring,
additional water enters and enlarges the ice wedges as the freezing water
expands. This cycle of cracking and freezing continues to enlarge the wedges
year after year.

Thermokarst depressions and lakes were found occasionally within peat bogs
and organic veneers. Formation of the thermokarst features is due to the
process of thawing ice-rich permafrost and, finally, accumulation of water in the
resulting subsidence. The soil subsidence can lead to formation of large
thermokarst lakes, up to several tens of metres in dimension. Thermokarst
processes are often accompanied with thermo-erosion, referred to as soil erosion
from combined thermal and mechanical activity of running water in permafrost
areas, resulting in formation of gullies.

Results of field investigations undertaken by AMEC Earth & Environmental
(AMEC) in summer 2004 suggest that taliks (i.e., patches of unfrozen ground
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surrounded by permafrost) limited in depth could be encountered within isolated
areas of glaciofluvial deposits treed with spruce, willow and high polar birch.
Taliks also can be encountered beneath numerous lakes in the study area.
Depending on the size and age of the lake, sub-aquatic taliks may either be
limited in depth (open to the top talik or closed talik) or penetrate through the
entire permafrost thickness (through talik — open to both top and unfrozen layers
beneath the permafrost). A through or open talik exists beneath Kennady Lake
where water is deeper than 2 m.

8.3.3.2.3 Mean Annual Soil Temperature

The majority of the study area includes glacial veneer over bedrock. Based on
thermistor temperature measurements, mean annual permafrost temperatures
over the Project site range from -0.5°C to -2.5°C. The highest soil temperature in
this range (-0.5°C) corresponds to regions that possess dense polar birch
vegetation, while the lowest temperature (-2.5°C) were typically encountered
within glacial veneers or blankets with minimum snow cover, which correspond to
areas with no shrub vegetation.

Wet areas within peat bogs and peat veneers have mean annual temperatures
ranging from about -1.0°C to -1.5°C. The slightly warmer temperatures are
mainly due to the low thermal resistance of saturated moss. Slightly cooler
annual permafrost temperatures in the range of about -1.5°C could be
encountered either in well-drained peat bogs and peat veneers due to the
insulating effect of the moss in summer time. Cooler temperatures can also be
expected at the summits of eskers and bedrock outcrops where there is minimal
snow cover (low insulating effect of snow in winter time).

Areas with a mean annual soil temperature above 0°C (up to 1.5°C) could be
encountered within the tall shrub terrain along creeks in the glaciofluvial deposits
and at lake banks. The occurrence of the positive temperatures is a result of
snow accumulation in tall shrubs.

8.3.3.2.4 Thickness of the Active Layer and Frost Penetration

The maximum thickness of the active layer (3.7 to 4.0 m) was estimated to be in
exposed bedrock areas. Deep seasonal thaw is a result of low moisture content
in bedrock. A deep active layer (in the range of 3.0 to 3.4 m) was also calculated
for the eskers. The thickness of the active layer within the moraine veneer and
blanket could vary from 2.6 to 3.2 m and 1.6 to 2.5 m, respectively. Glaciofluvial
sand and silt deposits have the thinnest active layer thickness (1.0 to 2.0 m) of
the mineral soils within the study area. Seasonal frost penetration within the on-
land taliks likely does not exceed 1.5 m, due to a thick snow cover within tall
shrubs.

De Beers Canada Inc.



Gahcho Kué Project 8-43 December 2010
Environmental Impact Statement
Section 8

Organic soils (peat) are characterized with the shallowest active layers (0.4 to
0.9 m). The main factors that determine a shallow active layer are high moisture
content and insulating effect of the moss cover. Within this range, the deepest
thaw that would be expected occurs in dry peat bogs (moisture content about
500% by dry weight of peat) whereas the shallowest thaw is typical for heavy
mossy patches of organic veneers.

8.3.3.2.5 Moisture Content

The mineral soils within the Project area have variable, although generally low,
ice content. No visible ice was observed in the majority of boreholes advanced
at the moraine blanket and glaciolacustrine plain. The moisture contents of these
materials were in a range of 3 to 20%, by dry weight of solids. Higher ice
contents were observed in glaciofluvial deposits. For instance, ice layers, up to
10 mm thick, were encountered in one borehole (MPV-04-206 in the depth
interval from 1.8 to 2.9 m, see Annex D, Bedrock Geology, Terrain, Soil, and
Permafrost Baseline for details).

Organic deposits were found to be extremely ice rich. It was estimated that
volumetric ice content of the peat could be about 40% to 50% (moisture content
of peat, defined as weight of water to weight of dry peat, was in a range of about
500% to 800%). Ice layers in peat were up to 3 mm thick, and were horizontal or
wavy in shape. The ice layers were alternated with peat layers also several
millimetres thick. Numerous ice lenses and pockets, up to 30 mm in size, were
also recorded in the peat.

8.3.3.2.6 Permafrost Thickness

The thickness of the permafrost was measured in three deep boreholes
(MPV-04-153, MPV-04-162, and MPV-04-165) located within the study area. At
these three locations, the thickness of the permafrost was estimated to be 120,
150, and 310 m, respectively. The first two boreholes were drilled on islands
within Kennady Lake at a distance of about 45 to 70 m from the shoreline. The
warming effect of Kennady Lake results in the reduced permafrost thickness at
these locations. The permafrost thickness of about 310 m encountered in
borehole MPV-04-165 is considered a typical permafrost thickness for climate
conditions associated with the Project area that are not influenced by lake taliks
(Brown 1970).
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8.3.4 Hydrogeology

The following section describes the hydrogeological setting within the LSA for the
Project (Figure 8.3-6) used in the baseline. The baseline setting is defined from
available published work and recent seasonal surveys and investigations.
Figure 8.3-7 presents the Kennady Lake area and the various drillhole locations
used in these surveys. For additional information regarding hydrogeology, the
reader is referred to Annex G (Hydrogeology Baseline).

8.3.4.1 Methods

Baseline conditions provide a reference for identifying effects, and for qualitative
and quantitative assessments of such effects. Groundwater conditions in the
Project area were described in terms of geological setting, physical and chemical
characterization, assessment of groundwater quality and conceptual and
numerical modelling, and included the following:

e collection and review of the pertinent information on the Project site,
surrounding areas and region;

e completion of field programs in 2004 and 2005 including site
reconnaissance, hydrogeological drilling and testing, and collection of
groundwater samples;

e implementation of standard quality assurance and quality control
procedures in the collection and analysis of field data and samples;

e performing laboratory analyses of collected groundwater samples;

e data processing and interpretation of collected information to define the
conceptual hydrogeological condition, and to construct numerical flow
models;

e development of a local groundwater flow model; and

e reporting.

8.3.4.2 Results

8.3.4.2.1 Groundwater Flow Regimes

The hydrogeology of the Project area is controlled by the permafrost
characteristics, distribution, and spatial and temporal dynamics within the LSA. It
is divided into two primary groundwater regimes:

¢ shallow groundwater regime; and

e deep groundwater regime.
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The shallow groundwater regime consists of the active layer above the
permanent permafrost. This is an ephemeral system in that in winter time it is
primarily frozen and is only active in the summer months. The deep groundwater
regime is laterally continuous and found in bedrock below the permafrost at
approximately 300 metres below ground surface (mbgs). It is anticipated that
there is generally little to no hydraulic connection between the two flow regimes
because of the thick, low permeability permafrost.

Groundwater in the shallow groundwater system is underlain by permanently
frozen unconsolidated sediments (i.e., till, sand, and organic soils) or by frozen
bedrock with low hydraulic conductivity. Groundwater in the active layer is
controlled by surface topography and flows towards local lows, represented by
lakes and the surface water drainage network. This conceptual framework
applies to the on-land areas underlain by massive and continuous permafrost.

Taliks are found in unfrozen ground encountered within the discontinuous
permafrost zone. Closed taliks exist beneath smaller lakes that possess
sufficient depth such that they do not freeze to the bottom in winter, but not
sufficient size for the talik below to extend through to the deep groundwater flow
regime. Closed taliks can be also be encountered within isolated areas of
glaciolacustrine plains, fluvial-glaciofluvial valleys, and intermittent creek
channels treed with spruce, tall willow and high polar birch.

Open taliks penetrate the permafrost completely, connecting shallow and deep
groundwater (van Everdingen 1998). Open taliks may be found below large
rivers and lakes and may be noncryotic (a hydrothermal talik; i.e., at
temperatures above 0°C) or cryotic (a hydrochemical talik; i.e., at temperatures
below 0°C due to elevated TDS concentrations). An open talik exists under
Kennady Lake and other large lakes in the region measuring several hundred
metres in size.

Recharge to the deep groundwater flow regime is predominantly limited to areas
of open taliks beneath large, surface water bodies. Generally, deep groundwater
will flow from higher elevation lakes to lower elevation lakes. To a lesser degree,
groundwater beneath the permafrost is influenced by density differences due to
the upward diffusion of deep-seated brines (density-driven flow).

8.3.4.2.2 Groundwater Usage

Groundwater sources from both the active layer and from the deep groundwater
below the permafrost are not used for drinking water in continuous permafrost
regions. Due to the presence of deep permafrost, the seasonal nature of the
active layer, and the availability of good quality drinking water from surface water
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sources near the project site, it is unlikely that groundwater will be used as a
drinking water source in the future.

8.3.4.2.3 Hydrostratigraphy

Till

The conceptual hydrogeological model comprises six hydrostratigraphic units
consisting of till, shallow exfoliated rock, deep competent rock, kimberlite,
kimberlite contact zone, and enhanced permeability zones associated with
sub-vertical faults (Figure 8.3-8 and 8.3-9). These units are described below.

Relatively competent bedrock is assumed to comprise the majority of the rock
domain, and the hydraulic conductivity of competent rock is assumed to
decrease with depth. Areas of greater fracturing associated with post-glacial
rebound, faulting or along the kimberlite contact are assumed to have greater
hydraulic conductivity than the less disturbed rock mass.

In developing of the conceptual hydrogeological model for the project, a
reasonably conservative approach was undertaken, so that it is expected that the
actual groundwater inflows to the open pits and associated impacts to the
environment will be less than those predicted by the numerical hydrogeological
model. Where uncertainty in parameter values exists, reasonable upper bound
values of hydraulic conductivities have been selected.

The till unit is located directly beneath Kennady Lake. Several lake bottom
sediment samples collected below Kennady Lake contained unconsolidated
sand, pebbles, cobbles, and boulders with few fines (Annex G). The mean
thickness of the lake bottom sediments intersected by drillholes within Kennady
Lake was 7 m. No in-situ hydraulic conductivity testing has been carried out in
this unit beneath the lake; however, based on the material description, the
hydraulic conductivity of this material is expected to be greater than the bedrock
below, and therefore will not restrict groundwater flow from Kennady Lake.

De Beers Canada Inc.
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Exfoliated Bedrock

The uppermost zone of bedrock typically has numerous horizontal fractures as a
result of exfoliation due to rebound following deglaciation. This zone is estimated
to be about 60 m thick, and can be further divided into two sub-zones. The
exfoliated bedrock forms a relatively permeable unit within the taliks, but, below
the land surface, it is entirely within the permafrost zone. Exfoliation planes are
near horizontal; therefore, the vertical hydraulic conductivity of this unit is
expected to be less than the horizontal hydraulic conductivity, and flow in this unit
is expected to be primarily horizontal. The arithmetic mean of single-well
response testing in this unit is considered to be most representative of the
hydraulic conductivity on the scale of the open pits. Over 100 single-well
response tests have been conducted in this unit. The arithmetic mean of these
tests above 30 mbgs is about 6 x 10° metres per second (m/s), while between
30 mbgs and 60 mbgs, the arithmetic mean is about 5 x 107 m/s (Table 8.3-13).

Table 8.3-13 Summary of Hydrostratigraphy in EIS Model

Depth Average Hydraulic Number of
Hydrostratigraphic Unit P Conductivity® Tests
(mbgs)

9 (m/s)
_ 0to 30 6 x10° 70

Exfoliated bedrock =
30 to 60 5x10 48
60 to 200 6 x10° 70

Bedrock 3
200 to 500 2x10 24
_ o 0 to 100 3x10° 31

Kimberlite pipe =
100 to 200 9 x10 14
Contact between kimberlite pipes and 60 to 200 3x10° 26
bedrock 200 to 400 2x107 11
Potential Enhanced Permeability Zones 60 to 400 1x10°to3x10° 27

@ For exfoliated rock and enhanced permeability zones, average hydraulic conductivity was calculated using the
arithmetic mean of hydraulic conductivity values calculated from testing. For all other units, averages were calculated
using the geometric mean. Values calculated based on the geometric mean were multiplied by a scaling factor of 3.

mbgl = metres below ground level; m/s = metres per second.

Massive Bedrock

The massive bedrock unit is dominated by granitoids and granitic gneiss, but is
not uniform; ultramafic rocks are also present. The bedrock below 60 mbgs, is
generally less permeable than the overlying sediments, and the hydraulic
conductivity is expected to decrease further with greater depths (Stober and
Bucher 2007). Nearly 100 single-well response tests have been conducted in the
bedrock below 60 mbgs with the deepest tests extending to nearly 500 mbgl.
The geometric mean of single well response tests carried out from 60 mbgs to
200 mbgs is about 2 x 10® m/s, while the geometric mean of testing below
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200 m-bgl is about 5x 10° m/s. All of these tests were of short duration and
conducted within single wells.

Research has shown that these types of tests generally underestimate the
hydraulic conductivity at the scale of excavations with similar dimensions to that
of the open pits at the Project (lllman and Tartakovsky 2006; Niemann and
Rovey 2008). The reason for this is that single-well tests investigate hydraulic
conductivity over a small scale volume of rock near to the well screen or packer
isolated interval of the borehole. The resulting values of hydraulic conductivity
from these tests are more often representative of the lower-permeability rock
composed of poorly connected and small aperture discontinuities (e.g.,
fractures). Testing of a larger volume of rock generally will include better
connected and larger aperture discontinuities; hence, a higher permeability. It
has been found that hydraulic conductivity values determined from single-well
response tests generally underestimate the large-scale hydraulic conductivity by
a factor of 2 to 5 times, depending on the relative scale of the disturbance to the
hydrogeologic regime. Single-well response tests result in a relatively small
disturbance to the hydrogeologic regime compared to the disturbance caused by
the excavation of the open pit,

In the conceptual model, the hydraulic conductivity of the massive bedrock was
increased by a factor of 3 to account for scaling affects related to the relative
difference between the volume of rock tested in a single-well response test and
the volume of the excavation at the open pits within the Project site. Accordingly,
the geometric mean values of hydraulic conductivity determined from the single-
well response tests were increased by a factor of 3 times in the conceptual
hydrogeologic model (Table 8.3-13). Although hydraulic conductivity testing is
limited to less than 500 m depth, the hydraulic conductivity of the bedrock is
expected to decrease further with depth, as observed at other sites (Stober and
Bucher 2007). Based on published reductions in hydraulic conductivity with depth
(Stober and Bucher 2007); the hydraulic conductivity of the bedrock below 500 m
is expected to decrease to less than 1 x 10 m/s.

Kimberlitic Pipe Zone

Nearly 50 single well response tests have been carried out in eight boreholes
drilled into the 5034 pipe to a maximum depth of nearly 300 mbgl. The geometric
mean of hydraulic conductivity tests in the kimberlite to 100 m depth is about
9 x 10" m/s, while the geometric mean of testing from 100 mbgl to 200 mbgl was
about 3 x 10® m/s. The results of three single well response tests carried out in
the 5034 pipe in borehole MPV-05-239C below 200 mbgs suggest that the
hydraulic conductivity of the kimberlite decreases further at greater depths with
the highest hydraulic conductivity measured below 200 m-bgl being 1 x 10° m/s.
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Similar to the massive bedrock, the geometric mean of the hydraulic conductivity
of the kimberlite was increased by a factor of 3 to account for scaling effects.

Contact Zone(s)

A distinct contact zone with enhanced permeability was encountered between
the 5034 kimberlite pipe and the bedrock in five boreholes: BAK020, BAKO015,
MPV-04-234, MPV-05-239C, and MPV-05-240C. This zone is estimated to be
between 50 m and 100 m wide. The geometric mean of hydraulic conductivity
tests within this zone to 200 m-bgl is about 1 x 10° m/s. The geometric mean of
comparable tests completed below 200 m-bgl is about 7 x 10°® m/s. Although the
enhanced permeability indicated from testing in boreholes MPV-04-234 and
MPV-05-239C could also be due to increased fracturing or larger fracture
aperture associated with a linear structural feature, these results are also
included in calculations of average hydraulic conductivity of the contact zone, as
these structures would likely overlap.

The contact zones between other geologic formations were also tested. The
contact zones between the granite and a dolerite dyke in MPV-04-127C and
between the granite and ultramafic rocks in MPV-04-144C did not identify any
increased hydraulic conductivity.

Enhanced Permeability Zones

Enhanced permeability zones or zones of greater fracturing or larger apertures
related to structures such as faults have been found to be present at operating
diamond mines in crystalline rock of the Canadian Shield. These zones have
been found at Diavik, Ekati and at Snap Lake; none of which were identified
during extensive field investigations at these sites prior to mining. At Diavik, in
addition to the 100 m wide enhanced permeability zone referred to as Dewey’s
Fault, similar but thinner zones have been found: one zone parallel to Dewey’s
Fault and the other two perpendicular.
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Higher permeability zones due to greater fracturing or larger fracture aperture
associated with structural features may be present at the Project site. As
discussed above, analysis of air photos, gravity and aeromagnetic data was used
by SRK (2004) to identify possible enhanced permeability zones associated with
faults. Three of these zones (Figure 8.3-8), one passing through each of the
three pipes, are considered to be of potential importance for governing
groundwater inflow quality and quantity to the three planned open pits. These
zones correspond to Fault 1A/1B, Fault 12 and the Hearne Main Fault identified
on Figure 8.3-10. The results of single-well response testing across these
potential enhanced permeability zones have been somewhat inconclusive.
Attempts to test some of these features were unsuccessful. Where the features
may have been intersected it could not be determined if the high permeability
calculated from the tests were related to these structures or to a highly
permeable contact zone around the kimberlite. Nevertheless, because the zones
associated with faults have been identified at three mines with similar host rocks,
it was considered prudent to include these potential enhanced permeability
zones in the conceptual hydrogeologic model developed for the Project.
Therefore, the three zones identified in Figure 8.3-8 were assumed to have
enhanced permeability.

Tests in three boreholes MPV-04-234, MPV-05-238C, MPV-05-239C may have
measured the hydraulic conductivity of the potential enhanced permeability zone
passing through the 5034 pipe. Because of the assumed enhanced permeability
of these zones compared to the surrounding rock, the dominant groundwater flow
pattern induced during mining will be near parallel to the features; therefore, the
arithmetic mean of single-well response testing within these features provides the
best approximation of the bulk hydraulic conductivity.

The arithmetic mean of the hydraulic conductivity values calculated below
60 mbgs in these wells is 3 x 10°® m/s. The continuous and relatively high flows
of water observed during purging of the three boreholes prior to groundwater
sampling corroborates the high hydraulic conductivity values measured in these
boreholes.
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A test in borehole MPV-04-144C may have measured the hydraulic conductivity
of the potential enhanced permeability zone passing through the Hearne Main
Fault. Hydraulic conductivities over a zone of intense shearing at 107 to
110 mbgs, which was thought to correspond to the geophysical lineation
identified by SRK (2004), were no greater than those in the competent rock.
However, several pyrite bearing fractures intersected at 130 to 150 mbgs,
coincided with higher hydraulic conductivity values. The arithmetic mean of the
three tests carried out from 130 to 150 mbgs is 1 x 10° m/s. No testing that has
been carried out to date that would have intersected the enhanced permeability
zone assumed to pass through the Tuzo pipe (Fault 1A and 1B).

Although the results of testing across potential enhanced permeability zones
have been somewhat inconclusive, zones of enhanced permeability can be
composed of sparsely spaced highly permeable discontinuities within a lower
permeability pseudo-matrix. Depending on the orientation of a borehole drilled
within such a zone, none or many permeable fractures may be intersected.
Identification of enhanced permeability zones can be difficult with geotechnical
logging and single-well response testing alone. Enhanced permeability zones
associated with structural features have been identified at other diamond mines
in the north only after mining began, and it is possible that additional enhanced
permeability zones may be identified within the Project area once mining begins.
Because of this difficulty in identifying such features prior to mining, and the
apparent prevalence at diamond mines in the Arctic, the numerical
hydrogeological model that was developed to predict mine inflows assumes that
such enhanced permeable zones are present.

8.3.4.3 Groundwater Quality

8.3.4.3.1 Shallow Groundwater Flow System

The shallow groundwater system is only active in the summer season, and
receives water mainly from summer precipitation, with possibly a minor
contribution from snowmelt. Groundwater samples in the active layer had total
dissolved solids (TDS) concentrations ranging from 44 to 544 milligrams per litre
(mg/L), which is classified as fresh water (less than 1,000 mg/L TDS).

The chemistry of shallow groundwater is expected to be similar over most of the
LSA. The shallow groundwater system is disconnected from the deep
groundwater regime below the permafrost. Shallow groundwater can discharge
to the surface drainage system. No evidence of saline seeps was reported from
surface water quality, soil or vegetation studies completed for the Project.
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8.3.4.3.2 Deep Groundwater Flow System

Permafrost in the LSA extends to a depth of about 300 m below surface in areas
outside the influence of lakes or taliks, which can be considered as a typical
permafrost thickness corresponding to permafrost formation in the Project area’s
climate condition (Brown 1970). In the region beneath continuous permafrost,
groundwater mineralization with depth in the Canadian Shield is expected to
approximate the regional relationship developed by Fritz and Frape (1987) and
shown in Figure 8.3-11. Up to 50% by weight of the dissolved solids in saline
samples could be attributed to chloride.

The chemistry of some of the groundwater samples collected at the site were
affected by sampling difficulties resulting in dilution of the samples by drilling
fluids. Five of the nearly forty groundwater samples were considered to be
notably contaminated and, therefore, were removed from Figure 11.6-11. These
groundwater samples were collected in boreholes MPV-04-118C, MPV-04-127C,
and MPV-04-135C.The remainder of the groundwater quality data in the LSA has
considerable variability for samples collected at similar depths. This variability
may be due to local variations in the vertical and horizontal components of the
convective flux due to variations in the hydraulic and density gradients, and
hydraulic conductivity. In addition, local variations in the diffusive flux from the
deep-seated saline groundwater may be present due to variations in the relative
interconnection of pore space in the rock mass. Difficulties encountered during
groundwater sampling that resulted in mixing of groundwater samples with
drilling fluids which, depending on the groundwater quality and chemical
composition of these fluids, could over- or under-estimate the actual TDS and
may also contribute to this variability. Despite this variability, the TDS of
groundwater samples collected for the Project is generally consistent with the
TDS of groundwater observed at other sites in the Canadian Shield
(Figure 8.3-11), and the data set is considered sufficient for characterization of
the groundwater chemistry for the Project.

The Fritz and Frape profile (1987) shown in Figure 8.3-11 was developed using
chemical analyses of deep saline water collected by various investigators from
several sites in the Canadian Shield. The Diavik profile was derived from site-
specific data from Diavik, supplemented by information from the Lupin mine site
located about 200 km north of Diavik (Kuchling et al. 2000). The Diavik Site is
located about 300 km northeast of Yellowknife, and about 150 km northwest of
the Project site. Data for the Snap Lake Project, which is located about 85 km
northwest of the Project, consist of site information augmented with deep
groundwater data from the other data sources discussed previously.
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Figure 8.3-11 Total Dissolved Solids in Groundwater versus Depth
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TDS = total dissolved solids; mg/L = milligrams per Litre; m = metre
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The Project TDS versus depth profile was developed based on a best fit to the
TDS of groundwater samples at the site to the maximum depth of site-specific
data (450 mbgs). Below this depth, the profile was assumed to follow the Fritz
and Frape profile (Fritz and Frape 1987), which is the most conservative profile
of TDS with depth for data collected in the Canadian Shield.

In general, groundwater below the permafrost is dominated by chloride and
calcium, with sodium, magnesium and sulphate levels increasing in step with
increasing TDS levels. This trend is similar to the typical pattern observed in the
deep waters from the Canadian Shield.

8.3.4.4 Groundwater Flow

8.3.4.4.1 Shallow Groundwater Flow

In the shallow seasonally active groundwater regime, hydraulic gradients closely
follow land topography. On this basis, the slope of the local terrain suggests
hydraulic gradients in the active zone may range from 0.001 to 0.1 metre per
metre (m/m). Based on surficial geology and vegetation mapping results, most of
the elevated terrains appear to be well drained, and the groundwater table was
not encountered within auger holes drilled in elevated areas during the 2004 field
inspection. The auger holes never penetrated deeper than 0.4 to 0.6 m below
grade due to auger refusal. In the fluvial channels, groundwater can be expected
at shallower depths (less than 1 m), and in the peat bogs the groundwater table
usually coincided with the ground surface. In terms of travel distance,
groundwater in the till is likely to move in the range of centimetres per day, but
locally faster groundwater movement may also occur. Groundwater flow in the
shallow system is controlled by local topography, and, as a result, the total travel
distance would usually extend only to the nearest pond, lake, or stream.

8.3.4.4.2 Deep Groundwater Flow

Open taliks play a pivotal role in controlling the deep groundwater flow, as the
overlying lakes provide the driving head for the flow system beneath the zone of
continuous permafrost. Generally, groundwater will flow from higher elevation
lakes to lower elevation lakes.

Lakes expected to have open taliks extending to the deep groundwater flow
system and their respective elevations are identified on Figures 8.3-12. Flow
directions in the deep groundwater flow regime were inferred from the elevations
of these lakes and are also presented on Figure 8.3-12 and Figure 8.3-13. The
elevations of these lakes indicate that the groundwater flow direction in the deep
groundwater flow regime in the area of the LSA is generally to the south and
east.
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These groundwater flow directions were inferred assuming that open taliks exist
beneath lakes identified on Figure 8.3-12. On a regional scale, it was also
assumed that the hydraulic conductivity of the bedrock beneath the permafrost is
relatively homogeneous and isotropic.

8.3.5 Surface Water Quantity

This following section describes the hydrological conditions for Kennady Lake
and the Kennady Lake watershed. For additional baseline details, the reader is
referred to Annex H (Climate and Hydrology Baseline) and Addendum HH.

8.3.5.1 Methods

The description of hydrology focuses on the streamflow at lake outlets in the
Kennady Lake watershed. Hydrometric data, stream geomorphology data, and
ice and winter flow information were collected for baseline reporting. The
baseline report examines local and regional data to develop the following
estimates:

e long-term mean values of discharge and annual water yield;
e ranges of natural variability;

e dry and wet year values;

e peak discharges; and

e Jow flows.

A water balance model was developed to derive long-term mean characteristics
and variability for key waterbodies within the Kennady Lake watershed because
long-term regional hydrometric stations are sparse, regional data are not
applicable to small, local watersheds with variable storage and lake outlet
geometry, and there are only short periods of record for hydrometric stations at
the Project.

8.3.5.2 Results

Kennady Lake is a headwater lake, receiving runoff from smaller tributary
watersheds. Each such tributary watershed typically contains a series of small
lakes with interconnecting channels, through which tributary runoff is conveyed
before it reaches Kennady Lake. The watershed and watershed boundaries for
Kennady Lake are shown in Figure 8.3-1 and characteristics of component
watersheds are summarized in Table 8.3-14.
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Table 8.3-14 Kennady Lake Watershed Area Summary

Watershed Lan(;rsetgrface Laki\rs;;face Total A;rea Lake Su_rface
(kmz) (kmz) (km*?) Fraction
A 1.59 0.645 2.24 0.288
B 1.10 0.174 1.27 0.137
C 0.323 0.018 0.341 0.053
D 3.47 1.03 4.50 0.228
E 1.15 0.244 1.39 0.175
F 0.260 0.039 0.300 0.131
G 0.765 0.090 0.855 0.105
H 0.730 0.102 0.832 0.122
| 0.594 0.152 0.746 0.204
J 1.12 0.525 1.65 0.318
Kennady Lake® 21.2 11.3 325 0.348

@ Areas at Kennady Lake outlet include upstream watersheds A to J and Ka to Ke.

km?® = square kilometres.

Stream Geomorphology

Lakes generally comprise more than 35% of the landscape within the Kennady
Lake watershed, and are typically connected by short outlet channels that are
steep relative to overall land slopes. Channels are typically only slightly
entrenched, have high bankfull width-to-depth ratios (W/D greater than 12) and
are moderately sinuous (i.e., curving). Sinuosity is greater than 1.2. Most lake
outlet channels in the Kennady Lake watershed could be described as C1 or C2
channels by the Rosgen Level Il classification system (Rosgen 1994), though
some have side channels and very high width-to-depth ratios, and could be
classified as D1 or D2 channels.

The beds of larger channels are typically armoured with bedrock or boulder
layers that do not erode. Channels may include flat and steep reaches as
governed by the local topography and bedrock outcrops. Channel banks
typically consist of vegetated mats of organic material up to 300 mm thick, below
which are found organics and fine soils within a matrix of boulders similar to the
bed materials. Mid-channel islands were observed to also consist of a veneer of
vegetated organic mat resting on a boulder substrate.

Erosion resistance of channel/banks is also likely enhanced by frozen conditions
during spring snowmelt peak discharges, as has been observed in other northern
areas (Scott 1978). However, during unfrozen conditions after spring runoff,
these banks may be sensitive to changes in flow regime.

Channels at the outlets of small, headwater lakes may be poorly defined and flow

through organics, mostly without the cobble and boulder bed typical of the
medium to larger channels described for the other watersheds. Although some
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cobbles and boulders may be present along the channel, the bed and banks are
largely composed of easily erodible organics and fine-grained soils, which could
be sensitive to changes in flow regime.

A summary of the lake outlet channel characteristics for Area 8 is provided in
Table 8.3-15.

Table 8.3-15 Lake Outlet Channel Data Downstream of Kennady Lake

Watershed Length Elevation
Outlet Channel Area (kmz) (m) Drop (m) Slope Channel Type
well-defined with
boulder bed, shallow
'g””adyKéake Outlet 325 100 0.140 0.001 | and wide, with sub-
(Stream K5) and side channels
present

km? = square kilometres; m = metres.

8.3.5.2.1 Ice and Winter Flows

Winter Conditions

Data and observations of ice conditions and winter flows in the Kennady Lake
watershed are summarized in Table 8.3-16. Ice thicknesses for the surveyed
lakes appear similar for both years, with an average of about 1.7 m in 2004 and
1.8 min 2005. Ice surface levels were also consistently about 15 cm higher than
the water levels, indicating a floating ice cover with some snow load. For
Kennady Lake, the January 2005 water level was only 0.004 m below the late
September 2004 water level of 7.161 m (local datum), indicating that fall water
levels remained stable to freeze-up, likely due to inflows approximately equalling
outflows for that period.

All lake outlets that were examined were consistently observed to be completely

frozen with zero flow during the winter. This appears to be the typical winter
condition for all lakes in the Kennady Lake watershed.
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Table 8.3-16 Lake Ice, Winter Water Levels, and Outlet Flow Conditions in the Kennady
Lake Watershed, 2004 and 2005

L Ice Thickness Ice Level® Water Level® Outlet
ake Date L
(m) (m) (m) Condition
D7 May 2004 1.75 9.585 9.425 frozen, no flow
Apr 2005 1.71 no data 9.607 frozen, no flow
D1 May 2004 1.64 8.252 8.092 frozen, no flow
Apr 2005 1.79 no data 8.150 frozen, no flow
El May 2004 1.68 8.752 8.582 frozen, no flow
Apr 2005 no data no data ice to bottom frozen, no flow
Area 8 May 2004 1.65 7.283 7.143 frozen, no flow
Jan 2005 1.74 7.287 7.157 frozen, no flow
Apr 2005 1.96 no data no data frozen, no flow
@ Local datum.
m = metres.

Spring Melt Conditions

During the first week or two of the runoff period, regular observations of water
levels and discharge measurements were made at intervals of one to two days.
Dates relating to the start of runoff for the monitoring stations for 2004 and 2005
are presented in Table 8.3-17.

Table 8.3-17 Runoff Start-up Dates in the Kennady Lake Watershed, 2004 and 2005
Location Year Start of Runoff First Discharge Runoff Peak
Measurement

2004 June 3 June 5 June 11

Lake D7 2005 June 2 June 4 June 6
2004 June 2 June 5 June 5

Lake D1 2005 June 3 June 4 June 4
2004 June 2 June 3 June 5

Lake E1 2005 June 2 June 4 June 5
Kennady Lake 2004 June 1 June 5 June 15
y 2005 June 3 June 5 June 10

Freeze-up Conditions

On the basis of the observed winter conditions, observed start and end of season
lake levels, the likely influence of watershed area, upstream lakes, and typical
regional temperatures, the following estimates were made for freeze-up of the
outlets:

e Lake E1 typically discharges to the end of September;

e Lakes D1 and D7 typically continue to discharge to about the middle of
October; and
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¢ Kennady Lake typically discharges to about the end of October.

8.3.5.2.2 Mean Water Balance

A mean annual water balance for a typical watershed was developed based on
the mean values of the various parameters, on a hydrological year basis. The
example provided in Table 8.3-18, although describing a lake in the L watershed,
provides a basic characterization for mean conditions that is applicable to the

Kennady Lake watershed.

Table 8.3-18 Representative (Lake L1) Watershed Mean Annual Water Balance for Natural

Conditions
Component Magnitude Comment
(mm)
Total precipitation 331.6 mean annual value
Rainfall 162.0 mean annual value
Snowfall as SWE 169.6 mean annual value
. mean annual value, accounting for 30% loss due to
Spring SWE 1.7 sublimation (51.9 mm) ’
Net precipitation input 279.7 rainfall + spring SWE
Surface runoff (at Lake L1 outlet) 141.1 mean annual value
Lake evaporation at 285 mm 93.8® | 32.9% of watershed L is lake surface
Evapotranspiration at 66.8 mm 44.87 | 67.1% of watershed L is land surface
Net watershed output 279.7 surface runoff + lake evaporation + evapotranspiration

@ Total evaporation loss from lake surfaces = (285 mm) x (0.329) = 93.8 mm.

® Total evapotranspiration loss from land surfaces = (66.8 mm) x (0.671) = 44.8 mm.

SWE = snow water equivalent; mm = millimetres; % = percent.

The total evaporative loss from lake and land surfaces (lake evaporation and
land evapotranspiration) equals 138.6 mm or 50% of the net pre-snowmelt
precipitation input. When combined with sublimation of snow (51.9 mm), the total
loss equals 190.5 mm or 57% of the total precipitation.

The surface runoff amount represents 43% of the total precipitation, or 50% of
the net precipitation, which is the precipitation remaining after the snow
sublimation loss is deducted.
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8.3.5.2.3 Kennady Lake Outlet Flow Regimes

Frequency analysis of the hydrology model results (floods and droughts) for the
outlet of Kennady Lake (Stream K5) was carried out for use in fisheries and
water quality baseline reports and to provide a basis for environmental impact
assessment and engineering design. The following parameters were examined:

¢ maximum, mean, and minimum daily outflow volumes for each calendar
month;

e annual 7-day and 14-day mean flood discharges; and

e annual 30-day, 60-day, and 90-day low flow discharges for the period of
July, August, and September.

Results for Kennady Lake outflow are presented in Table 8.3-19 (mean daily
outflow volumes) and Table 8.3-20 (long-duration floods and low flow
discharges).

Table 8.3-19 Derived Mean Daily Outflow Volumes at the Outlet of Kennady Lake (Stream

K5)
Condition Return Period Mean Daily Outflow Volume (m3)
(years) May June July August | September | October
100 36,000 121,000 | 86,500 59,600 68,600 13,500
50 21,400 114,000 | 76,800 52,000 53,900 11,700
Wet 20 10,400 104,000 | 68,300 44,100 39,800 8,860
10 5,790 97,600 61,900 38,100 29,200 6,640
5 2,930 85,900 53,400 32,000 22,500 5,160
Median 2 708 65,900 39,300 22,800 13,200 3,070
5 0 47,000 28,400 16,500 8,350 1,820
10 0 36,900 23,100 13,900 6,880 1,430
Dry 20 0 28,500 19,000 12,100 6,010 1,190
50 0 19,200 14,700 10,400 5,280 985
100 0 12,900 12,000 9,420 4,910 878

m® = cubic metres.
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Table 8.3-20 Derived Representative Discharges at the Outlet of Kennady Lake

(Stream K5)

60-Day 90-Day
Return Peak -Day 14-Day 30-Day (ngy to (July to (July to
Condition Period Daily Q Average Average September) September) September)
3 Peak Q Peak Q Low Flow Q
(years) (m?/s) (m3/d) (m3/d) (m3/d) Low Flow Q Low Flow Q
(m3/d) (m3/d)
100 251 192,000 167,000 48,900 52,500 59,000
50 2.43 186,000 162,000 41,400 46,200 53,700
Wet 20 2.28 176,000 153,000 32,400 38,200 46,600
10 2.14 166,000 145,000 26,200 32,300 41,000
5 1.96 153,000 133,000 20,300 26,500 35,100
Median 2 1.56 123,000 108,000 12,800 18,300 26,000
5 1.07 85,500 77,200 8,070 12,500 18,500
10 0.80 65,100 60,000 6,560 10,900 16,100
Dry 20 0.57 47,600 45,200 5,750 10,100 14,700
50 0.32 27,900 28,400 5,210 9,550 13,700
100 0.15 14,900 17,300 5,000 9,340 13,200

m®/s = cubic metres per second; m®/d = cubic metres per day; Q = discharge.

8.3.6

8.3.6.1

Surface Water and Sediment Quality

The following section provides an overview of the baseline surface water quality
and sediment quality for Kennady Lake and its watershed. The baseline setting
is defined from published work by others and several seasons of investigations
by several consultants and consulting teams. For additional information
regarding surface water quality, the reader is referred to Annex | (Water Quality
Baseline) and Addendum II.

Methods

The baseline sampling programs involved the collection of water and sediment
samples from Kennady Lake, and small lakes in the Kennady Lake watershed.
Several baseline field programs have been conducted in the Kennady Lake
watershed since 1996. The location and timing for each sampled lake is denoted
for each type of water or sediment sample collected, and represented in
Figure 8.3-14 using different symbols:

e in situ measurements are denoted with a circle;

e grab water samples and water samples collected as part of a vertical
profile are denoted with a triangle; and

e grab sediment samples are denoted with a diamond.

De Beers Canada Inc.
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The colour of the symbol denotes sampling during under-ice (blue) and open
water (red) conditions.

All data from the baseline study reports were classified as in situ (spot or profile
measurements), grab samples, or vertical profile sampling. Summary statistics
for water and sediment quality, including the median, minimum, and maximum
values, as well as the range of sample sizes, were prepared for each chemical
constituent analyzed and are presented in tabular format. Water quality
summaries were prepared for both under-ice and open water conditions.

All data were summarized into the following three categories, based on the
proportion of values below their respective MDLs, and analyzed separately:

e data series where values below the MDL consisted of approximately
one-third to one-quarter (or less) of the data series;

e (data series where values below the MDL ranged from approximately
one-third to two-thirds of the data series; and

e data series where values below the MDL comprised approximately
two-thirds to three-quarters (or more) of the data series.

When the data series occurred in the first category, all values below the MDL
were assigned a value of one-half of the most sensitive MDL and descriptive
statistics (e.g., minimum, median, and maximum) were calculated. By using a
value of half of the most sensitive MDL in this case, a representative statistical
analysis of the natural conditions could be accomplished.

For data in the second category, descriptive statistics were calculated on values
at or above the MDL only. If a value of half the most sensitive MDL was used in
this case, the data series may have become skewed.

For data series in the final category, only minimum and maximum values were
provided. By using a value of half the most sensitive MDL in this case,
descriptive statistics may have provided a median below the most sensitive MDL.

Minimum and maximum detection limits were presented in addition to the
statistical descriptors of the data range for each parameter to assist in
understanding the statistical descriptors presented. The baseline data
represents data collected over more than 10 years. Improvements or changes in
analytical methods and procedures over the period of baseline data collection
have resulted in inconsistent detection limits within the data. Generally, lower
detection limits have been associated with more recent baseline field programs.

De Beers Canada Inc.
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All results for the water sampling programs were compared to both the most
recent Canadian Council of Ministers of the Environment (CCME) Canadian
Water Quality Guidelines (CWQG) for the protection of aquatic life (CCME 2006,
2007) and Health Canada Guidelines for Canadian Drinking Water Quality
(CDWQG) (Health Canada 2006, 2007). The results of the sediment sampling
programs were compared to the CCME Interim Sediment Quality Guidelines
(ISQG) for the protection of aquatic life (CCME 2002).

The CWQG and ISQG are intended to protect all forms of aquatic life, including
the most sensitive species, for the long-term (CCME 2006). They are based on
toxicity tests of the effects on sensitive aquatic species and tend to be
conservative in nature.

8.3.6.2 Results
8.3.6.2.1 Kennady Lake

Physical Limnology and Vertical Structure
Under-ice Conditions

During under-ice conditions, all basins in Kennady Lake were inversely stratified.
Cooler waters approaching 0°C occurred immediately below the ice with
temperatures gradually increasing with increased depth. Maximum temperatures
(around 4°C) generally occurred at depths greater than 6 m (Figure 8.3-15a).

At the ice-water interface, measured conductivity in all areas of Kennady Lake
ranged from 9 to 11 microSiemens per centimetre (uS/cm) (Figure 8.3-15b).
Conductivity measured during under-ice conditions generally increased slightly
with increasing depth in Kennady Lake.

Concentrations of dissolved oxygen (DO) ranged from 13 to 22 milligrams per
litre (mg/L) in the upper 2 m of the water column and decreased rapidly with
depth to near anoxia (i.e., DO concentrations less than 2 mg/L) at depths greater
than 12 m during late winter (April to May) (Figure 8.3-15c¢). In general, DO
concentrations were below the CWQG for cold water aquatic life (9.5 mg/L for
early life stages and 6.5 mg/L for other life stages) at depths generally greater
than 8 m in the deeper basins of Kennady Lake.

Water column profile measurements for pH in under-ice conditions were limited
to water surface measurements (Figure 8.3-15d). Measured field pH values
ranged between 6 and 7.

De Beers Canada Inc.
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Figure 8.3-15 Physico-chemical Water Quality Profile Data in Kennady Lake During Under-ice Conditions
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Note: Only single surface ice-covered pH readings collected.

m = metres, °C = degrees Celsius, uS/cm = microSiemens per Centimetre, mg/L = milligrams per litre.
Individual field results not presented in field profile figures.
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Open Water Conditions

Temperature profiles were vertically homogeneous during most open water
sampling events, indicating that the water column in Kennady Lake was typically
well mixed by temperature-related, density-driven overturn in spring and fall as
well as wind-driven circulation during summer months (Figure 8.3-16a).
Temperatures varied during open water conditions from 3°C to 17°C. Well-
developed seasonal thermoclines (steep temperature gradients) were observed
between depths of 10 and 14 m in Area 6 during sampling events in late July
1999, early August 2004 and July 2010. The temperature gradients for the 1999
and 2004 thermoclines were about 5.5°C per metre, but the July 2010
thermocline was less defined.

Measured conductivity during open water conditions was very low, ranging
between 8 and 14 uyS/cm (Figure 8.3-16b). There was very little variability
throughout the water column indicating that total dissolved solids (TDS) were
equally distributed throughout the lake, and that Areas 2 through 8 of Kennady
Lake were well mixed during open water conditions.

Dissolved oxygen concentrations were generally uniform throughout the water
column of Areas 2 to 8 of Kennady Lake during open water conditions, ranging
from 9 to 16.5 mg/L (Figure 8.3-16¢c). Decreases in DO at depths greater than
12 m were observed in Area 6, associated with the measured temperature
thermoclines. The DO concentrations measured during most sampling events
were above the lowest acceptable dissolved oxygen concentrations for the
protection of early life stages (9.5 mg/L) and other life stages (6.5 mg/L) of cold
water aquatic life in the CWQG. There were no DO concentrations recorded
below 6.5 mg/L with the exception of one result which may have been due to the
probe reading pore water in the sediments.

Open water pH field results ranged from 6.4 to 8.3 (Figure 8.3-16d). Field pH
profiles in Kennady Lake were fairly uniform throughout the water column for
each field program. Observed changes in pH between field programs are likely
due to seasonal variation in addition to calibration changes in the field
instrument. Several vertical profiles measured during fall field programs were
below the acceptable pH range of the CWQG (6.5 to 8.5).

De Beers Canada Inc.
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Figure 8.3-16 Open Water Kennady Lake Field Data (1998 to 2010)
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Note: Questionable profiles from September 11 -13, 2004 removed.

m = metre, °C = degrees Celsius, pS/cm = microSiemens per centimetre, mg/L = milligrams per litre.

Individual field results not presented in field profile figures.
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Water Quality

The water in Areas 2 through 8 of Kennady Lake is soft, having a median
hardness of 3.8 mg/L during open water conditions and 6 mg/L during under-ice
conditions (Table 8.3-21). The median alkalinity during both open water and
under-ice conditions, which is also 4 and 6 mg/L respectively, is an indication of
the low buffering capacity of water from Kennady Lake.

The concentrations of TDS were low during open water and under-ice conditions,
(medians of 5.4 and 7 mg/L, respectively), indicating a very small amount of
dissolved substances in the water (Table 8.3-21). Bicarbonate was the dominant
ion surveyed during both water conditions, whereas sulphate and chloride were
at or below the detection limit during most sampling events. Calcium was the
major cation measured in all areas of Kennady Lake.

Total suspended solids (TSS) were generally measured at or below detection
limits during under-ice conditions (78% of samples were below detection limits
during under-ice conditions; Table 8.3-21), indicating that water in Kennady Lake
is very clear and contains very little suspended solids. The highest measurement
of TSS (27 mg/L) was reported during open water conditions. Only 67% of
samples were below detection limits during open water conditions.

The concentrations of inorganic nitrogen compounds, such as ammonia, nitrate,
and nitrite, generally were below detection during open water conditions
(Table 8.3-21). Total Kjeldahl nitrogen (TKN) was measured above detection
levels only during open water conditions, where it was generally found at low
concentrations (median of 0.3 mg/L).

Total phosphorus (TP) was more variable during under-ice conditions than during
open water conditions. Due to the number of results below detection, a median
TP concentration could not be calculated. Samples collected during ice-cover
had a minimum concentration of <1 micrograms per litre (ug/L) and a maximum
concentration of 10 pg/L. Open water concentrations had a maximum value of
6 pg/L. The observed concentrations of nutrients indicate that Kennady Lake can
be classed as an oligotrophic lake, is phosphorus-limited, and has low biological
productivity.

De Beers Canada Inc.
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Table 8.3-21 Summary of Water Quality in Areas 2 through 8 in Kennady Lake, 1995 to 2010

Kennady Lake: Under-Ice Conditions (1996 - 2004) Kennady Lake: Open Water (1995 - 2010)
Method Detection Limit Guidelines Guidelines
e ) i (b) e L@ i ()
Parameter Name Unit — i - - - ggg’x % Bel(_)w Aquatic Life (?hr?nlc Human Health .Chrlonlc ) . - - gg%’x % Bel(_JW Aquatic Life (.Zhr(-Jnlc Human Health .Chfonlc
_ of Method Detection Detection Guideline Guideline Detection Detection Guideline Guideline
Min Max Detection Value Exceedance Value Exceedance Value | Exceedance | Value Exceedance
Limits Count Count Count Count
Field measured
pH u[r)1|i-t|s - - - 4 6.2 6.5 6.7 0 0 6.5-8.5 2 5.0-9.0 0 261| 6.8 6.8 7.3 0 0 6.5-8.5 85 5.0-9.0 13
Temperature °C - - - 567 0 2.7 4.5 0 0 - 0 - 0 561 3.3 12 18 0 0 - 0 - 0
Specific Conductivity uS/cm - - - 51 8.4 11 72 0 0 - 0 - 0 488| 7.4 12 18 0 0 - 0 - 0
Dissolved Oxygen mg/L - - - 548 | 09 9.6 22 0 0 6.5 160 - 0 528| 1.4© 11 17 0 0 6.5 2 - 0
Conventional Parameters
Colour TCU 1 - 1 0 - - - 0 - 0 - 0 22 0.5 10 30 4 18.2 - 0 - 0
Specific Conductance puS/cm - - 0 116 12 18 27 0 0 - 0 - 0 45 10 13 23 0 0 - 0 - 0
Dissolved Organic Carbon mg/L 1 - 1 35 2.7 3.6 5.1 0 0 - 0 - 0 28 0.5 3 1 3.6 - 0 - 0
Hardness mg/L 6 - 1 129 4.3 6 10 0 0 - 0 - 0 83 1.3 3.8 22 26.5 - 0 - 0
pH ums - - 0 125 5@ 6.4 6.8 0 0 6.5-85 78 5.0-9.0 0 47| 569 | 65 7.2 0 0 6.5-85 23 5.0-9.0 0
Total Alkalinity mg/L 1 5 2 160 0.5 9 17 10.6 - 0 - 0 79 0.5 3.6 27 12 15.2 - 0 - 0
Total Dissolved Solids mg/L 20 3 78 3 27 21 26.9 - 0 - 0 78 1 5.4 32 20 25.6 - 0 - 0
Total Organic Carbon mg/L 3.1 2 88 1.6 3.7 8.8 1 11 - 0 - 0 38 0.5 3.1 4 2 53 - 0 - 0
Total Suspended Solids mg/L 0.1 5 5 138 <1 - 18 107 775 - 0 - 0 52 | <0.1 - 27 35 67.3 - 0 - 0
IMajor lons
Bicarbonate mg/L 1 5 2 88 25 9 10 2 2.3 - 0 - 0 40 0.5 4 33 12 30 - 0 - 0
Calcium mg/L - - 0 150 0.65 14 25 0 0 - 0 - 0 58 0.1 1 1.8 0 0 - 0 - 0
Carbonate mg/L 0.5 5 3 88 <5 - <5 88 100 - 0 - 0 40 | <0.5 - <5 40 100 - 0 - 0
Chloride mg/L 0.5 1 2 159 <0.5 - 6.3 107 67.3 230 0 - 0 78| 0.25 0.6 1.7 21 26.9 230 0 - 0
IMagnesium mg/L 0.5 - 1 150 0.27 0.6 0 0 - 0 - 0 58 | 0.25 0.42 1.1 7 121 - 0 - 0
Potassium mg/L 0.5 2 2 136 | 0.25 0.5 8 5.9 - 0 - 0 58 | 0.25 0.38 0.56 15 25.9 - 0 - 0
Sodium mg/L 0.5 2 3 136 0.33 0.8 1.2 14 10.3 - 0 - 0 58 | 0.45 0.58 2.9 22 37.9 - 0 - 0
Sulphate mg/L 0.5 1 2 157 0.5 1 11 28 17.8 - 0 - 0 76 | 0.46 1 2.1 38 50 - 0 - 0
Sulphide pa/L 2 - 1 0 - - - 0 24 0 - 0 6 <2 - <2 6 100 25 0 - 0
Nutrients
Nitrate + Nitrite mg-NL| 0.003 | 0.006 2 80 | 0.006 |0.029 | 0.34 27 33.8 2.93 0 10 0 15 | <0.003 - 0.078 14 93.3 2.93 0 10 0
Nitrogen - Ammonia mg-NL| 0.005 0.1 3 159 | 0.0025 | 0.014 | 0.062 42 26.4 49 0 - 0 76 | 0.005 |0.007 | 0.063 44 57.9 16 0 - 0
Nitrogen - Kjeldahl mg-NL| 0.2 - 1 0 - - - 0 - - 0 - 0 28 0.1 0.3 1.3 3 10.7 - 0 - 0
Phosphorus, total ug/L 1 300 7 112 <1 - 10 80 71.4 50 0 - 0 68 <20 - 6 62 91.2 50 0 - 0
Phosphorus, dissolved mg/L | 0.002 0.3 3 48 | <0.002 - 0.009 34 70.8 - 0 - 0 49 | <0.005 - 0.19 37 75.5 - 0 - 0
General Organics
Total Phenolics pa/L 2 - 1 0 - - - 0 - 5 0 - 0 6 <2 - <2 6 100 5 0 - 0
Lg’/t(jar'oFéngg’fsrab'e mglL | 0.1 2 2 0 - - ; 0 - - 0 - 0 28| <01 | - 0.2 26 92.9 - 0 - 0
Total Metals
JAluminum pa/L 5 20 165 3.2 6.7 51 0 0 100 0 100 87 2.5 10 7309 21 24.1 100 100
Antimony pg/ll | 0.02 1 165 | 0.015 | 0.08 | 0.72 55 33.3 - 55 87 | <0.02 - 15 60 69 - 5.5
IArsenic ug/L 0.1 1 165 0.05 0.13 0.3 5 3 5 10 87 0.06 0.11 1.5 38 43.7 5 10
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Table 8.3-21 Summary Water Quality in Areas 2 through 8 in Kennady Lake, 1995 to 2010 (continued)

Kennady Lake: Under-Ice Conditions (1996 - 2004) Kennady Lake: Open Water (1995 - 2010)
Method Detection Limit Guidelines Guidelines
e ) ) e L@ )
Parameter Name Unit — i - - - ggg’x % Bel(_)w Aquatic Life (?hrénlc Human Health .Chrlomc ) . - - gg%’x % Bel(_JW Aquatic Life (.Zhrc-Jnlc Human Health .Chfomc
_ of Method Detection Detection Guideline Guideline Detection Detection Guideline Guideline
Min Max Detection Value Exceedance Value Exceedance Value | Exceedance | Value Exceedance
Limits Count Count Count Count

Barium pg/L 1 10 3 165 | 0.25 2.6 8.1 3 1.8 - 0 1000 0 87 15 1.9 11 30 345 - 0 1000 0
Beryllium pg/L | 0.01 5 5 165 | <0.2 - <5 165 100 - 0 4 0 87 | <0.01 - <5 87 100 - 0 4 0
Boron pg/L 1 100 5 165 0.5 2 7 5 3 - 0 5000 0 87 1 2 9 40 46 - 0 5000 0
Cadmium pg/L | 0.002 | 0.2 6 165 | <0.02 - 0.059 157 952 |0.0029 8 5 0 89 | <0.002 | - |0.005¢ 88 98.9 0.002 1 5 0
Calcium Mg/L | 1000 - 1 165 170 1310 | 2400 0 0 - 0 - 0 87 | 100 940 2530 1 1.1 - 0 - 0
Chromium ua/L 0.06 15 6 165 | <0.06 - 0.78 113 68.5 1 0 50 0 87 | <0.06 - 1.59 83 95.4 1 2 50 0
Cobalt pa/L 0.1 1 3 165 <0.1 - 1.2 141 85.5 - 0 - 0 87 <0.1 - 0.4 71 81.6 - 0 - 0
Copper pg/L | 0.6 10 4 165 | 0.3 06 | 311©@ 49 29.7 2 19 1300 0 87| 0.28 0.4 8 49 56.3 2 1 1300 0
Iron pg/L 5 50 4 165 | 25 10 | 433©9 44 26.7 300 2 300 2 87| 10 27 195 37 425 300 0 300 0
Lead ua/L 0.05 1 4 165 | <0.05 - 0.6 152 92.1 1 0 10 0 87 | <0.05 - 0.7 66 75.9 1 0 10 0
Lithium ug/L 0.1 20 4 165 0.2 0.9 1.4 77 46.7 - 0 - 0 56 <0.1 - 6 41 73.2 - 0 - 0
|Magnesium pg/L 500 - 1 165 240 560 1020 0 0 - 0 - 0 87| 250 410 1000 9.2 - 0 - 0
IManganese pg/L 5 - 1 165 0.5 25 3789 2 1.2 - 0 50 25 87 2 3.9 36 10.3 - 0 50 0
IMercury pg/L | 0.0006 | 500 8 162 | <0.01 - 0.02 155 95.7 0.026 0 1 0 75 | <0.0006 - 0.079 68 90.7 0.026 3 1 0
IMolybdenum ua/L 0.04 5 6 165 | <0.04 - 0.09 162 98.2 73 0 - 0 87 | <0.05 - <5 87 100 73 0 - 0
Nickel ua/L 0.06 8 5 165 0.03 0.27 2.2 4 2.4 25 0 340 0 87 0.18 0.25 10 20 23 25 0 340 0
Potassium pa/L 500 2000 2 165 210 459 1000 20 12.1 - 0 - 0 87 349 380 740 32 36.8 - 0 - 0
Selenium pg/L | 0.01 10 7 165 | <0.1 - 0.2 161 97.6 1 0 10 0 87 | <0.01 - 3@ 84 96.6 1 3 10 0
Silver pg/L | 0.0005 0.2 6 165 | <0.01 - 0.88© 154 93.3 0.1 9 - 0 89 | <0.0005 - 0.0036 83 93.3 0.1 0 - 0
Sodium pg/L 500 2000 2 165 280 606 1000 20 12.1 - 0 - 0 87 | 440 490 700 44 50.6 - 0 - 0
Strontium ua/L - - 0 165 35 8.6 69 0 0 - 0 - 0 65 5 6.3 20 0 0 - 0 - 0
Sulphur ug/L | 10000 - 1 0 - - - 0 - - 0 - 0 9 300 300 500 6 66.7 - 0 - 0
Thallium pg/L | 0.002 100 5 77 <0.03 - 0.05 75 97.4 0.8 0 0.13 0 78 | <0.002 - 0.1 77 98.7 0.8 0 0.13 0
Titanium pg/L 0.1 100 5 77 <0.1 - 1 73 94.8 - 0 - 0 56 | <0.1 - 4 55 98.2 - 0 - 0
Uranium pg/L | 0.01 0.5 4 165 | <0.01 - 0.2 149 90.3 - 0 - 0 73| <0.01 - 0.25 63 86.3 - 0 - 0
\Vanadium pg/L | 0.05 30 6 165 | <0.05 - 0.12 164 99.4 - 0 - 0 87 | <0.05 - 0.6 77 88.5 - 0 - 0
Zinc ua/L 0.8 8 5 165 0.8 2.8 14 68 41.2 30 0 5100 0 87 0.1 1.3 63© 56 64.4 30 3 5100 0
Dissolved Metals®

JAluminum pg/L 5 10 2 158 2.6 5 15 0 0 - 0 - 0 49 2.5 5 170 10 20.4 - 0 - 0
IAntimony pg/L | 0.03 0.1 3 158 | 0.015 | 0.09 0.81 45 28.5 - 0 - 0 49 | <0.05 - 0.09 43 87.8 - 0 - 0
IArsenic pa/L 0.1 0.1 1 158 0.05 0.13 0.21 1 0.6 - 0 - 0 49 0.1 0.12 0.2 17 34.7 - 0 - 0
Barium pa/L 3 10 2 158 1.1 2.5 7.1 0 0 - 0 - 0 49 1.8 2.1 5 27 55.1 - 0 - 0
Beryllium pg/L 0.01 5 5 158 <0.2 - <0.5 158 100 - 0 - 0 49 | <0.01 - <5 49 100 - 0 - 0
Boron Hg/L 1 100 4 158 0.5 2 7 2 1.3 - 0 - 0 49 <4 - 4 35 71.4 - 0 - 0
Cadmium pg/L | 0.005 0.2 4 158 | <0.02 - 0.05 150 94.9 - 0 - 0 49 | <0.005 - 0.07 48 98 - 0 - 0
Chromium pg/L | 0.06 15 5 158 | 0.06 0.12 4.2 103 65.2 - 0 - 0 49 | <0.1 - 1.8 42 85.7 - 0 - 0
Cobalt pg/L | 0.05 1 3 158 | <0.1 - 0.7 140 88.6 - 0 - 0 49 | <0.05 - 0.7 41 83.7 - 0 - 0
Copper pg/L 0.6 10 4 158 0.3 0.7 72 19 12 - 0 - 0 49 | 0.32 0.4 5.9 29 59.2 - 0 - 0
Iron ua/L 5 30 4 158 5 9 131 95 60.1 - 0 - 0 49 <10 - 120 36 73.5 - 0 - 0
Lead ua/L 0.05 1 2 158 | <0.05 - 0.23 153 96.8 - 0 - 0 49 | <0.05 - 0.47 34 69.4 - 0 - 0
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Table 8.3-21 Summary Water Quality in Areas 2 through 8 in Kennady Lake, 1995 to 2010 (continued)

Kennady Lake: Under-Ice Conditions (1996 - 2004) Kennady Lake: Open Water (1995 - 2010)
Method Detection Limit Guidelines Guidelines
el e @ ) el e @ )
Parameter Name Unit — i - - - ggllé’x % Bel(_)w Aquatic Life (?hrénlc Human Health .Chr‘omc ) . - - gg%’x % Bel(_JW Aquatic Life (.Zhrc-Jnlc Human Health .Chfomc
_ of Method Detection Detection Guideline Guideline Detection Detection Guideline Guideline
Min Max Detection Value Exceedance Value Exceedance Value | Exceedance | Value Exceedance
Limits Count Count Count Count

Lithium pa/L 0.1 15 3 158 0.2 0.9 1.4 73 46.2 - 0 - 0 27 <1 - 1 21 77.8 - 0 - 0
|Manganese pg/L 1 5 2 158 0.09 1 300 0 0 - 0 - 0 49 | 0.15 0.5 5 13 26.5 - 0 - 0
IMercury pg/L | 0.002 1 6 158 | <0.01 - 0.02 156 98.7 - 0 - 0 49 | <0.002 - 0.005 46 93.9 - 0 - 0
IMonbdenum ug/L 0.04 1 5 144 | <0.04 - 0.3 142 98.6 - 0 - 0 49 | <0.05 - 0.5 48 98 - 0 - 0
Nickel pg/L 0.1 1 2 144 | 0.015 0.3 25 0 0 - 0 - 0 49 | 0.05 0.26 2.9 9 18.4 - 0 - 0
Selenium pg/L 0.04 2 7 144 <0.1 - 0.1 141 97.9 - 0 - 0 49 | <0.04 - <2 49 100 - 0 - 0
Silver pg/L | 0.005 0.1 5 144 | <0.01 - 0.89 136 94.4 - 0 - 0 49 | <0.005 - <0.1 49 100 - 0 - 0
Strontium ua/L - - 0 144 4.2 8.4 13 0 0 - 0 - 0 27 6.1 7 11 0 0 - 0 - 0
Sulphur pg/L | 10,000 | 10,000 1 0 - - - 0 - - 0 - 0 6 [<10,000 - <10,000 6 100 - 0 - 0
Thallium pg/L | 0.002 100 5 56 <0.03 - 0.14 53 94.6 - 0 - 0 49 | <0.002 - 0.07 44 89.8 - 0 - 0
Titanium pa/L 0.1 100 4 56 <0.1 - 0.2 53 94.6 - 0 - 0 27| <0.5 - <100 27 100 - 0 - 0
Uranium pg/L 0.01 0.5 3 144 | <0.01 - 0.02 132 91.7 - 0 - 0 49 | <0.01 - 0.01 42 85.7 - 0 - 0
Vanadium ug/L 0.05 30 5 143 | <0.05 - <1 143 100 - 0 - 0 49 | <0.2 - <30 49 100 - 0 - 0
Zinc pg/L 0.8 5 4 143 0.4 1.9 12 18 12.6 - 0 - 0 49 0.4 3 17 14 28.6 - 0 - 0
Note: Presented guidelines were calculated using median values for data when applicable.

Individual guidelines were calculated for each sample, to determine the number of results above guidelines when applicable.

Bold values indicate a guideline exceedance.
@ Canadian Environmental Quality Guidelines (CCME 1999 with updates to 2010). Winnipeg, MB.
® The human health guideline is based on the CCME drinking water guideline, Health Canada (2008).
© Concentration higher than the relevant chronic aquatic life guideline or beyond the recommended pH or DO concentration range.
@ Concentration higher than the relevant human health guideline or beyond the recommended pH range.
© Some maximum dissolved metals concentrations are higher than the maximum total metal concentration in the statistical summary.

NA = not applicable, “-“ = not available; °C = degrees Celsius, pS/cm = microSiemens per centimetre, mg/L = milligrams per litre, mV = millivolts, mg-N/L = milligrams nitrogen per litre, pg/L = micrograms per litre, TCU = True colour units; % = percent, n = number of samples, < = less

than; min = minimum; med = median; max = maximum.
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Levels of total organic carbon (TOC) and dissolved organic carbon (DOC) were
low during both open water and under-ice conditions (Table 8.3-21). The water
colour was observed at levels above the CDWQG of 15 true colour units (TCU)
for four sampling events during the open water season. Oil and grease, phenol,
and petroleum hydrocarbons were generally not detected.

The concentrations of total and dissolved metals were low, several metals near
or below detection limits (e.g., cadmium, lead, mercury, molybdenum, selenium
and thallium) (Table 8.3-21). More variability was observed during open water
conditions; however, median concentrations for most metals were similar during
both under-ice and open water conditions. Exceedances of applicable guidelines
were observed for total aluminum, antimony, cadmium, chromium, copper, iron,
manganese, mercury, selenium, silver, and zinc. The median concentrations of
dissolved metals were similar to the total fraction.

Sediment Quality

Kennady Lake sediments collected for sediment quality analyses were mainly
composed of sand, with some silt and clay (Table 8.3-22). The TOC ranged from
7% to 15% of the sediment composition. Inorganic carbon constituted 1.7% or
less of the sediment whereas calcium carbonate content ranged between 0.1 and
0.6%.

In Kennady Lake, phosphorus was the dominant nutrient bound to the sediment,
although the observed concentrations were variable (ranging from 1,390 to
2,450 micrograms per gram [ug/g]). In comparison, available phosphorus
concentrations ranged from 7 to 37 ug/g, (Table 8.3-22). Nitrate concentrations
were low (maximum of 0.7 ug/g), with several sediment samples yielding
concentrations below the detection limit of 0.5 pg/g.

The total petroleum hydrocarbon (TPH) content in Kennady Lake sediments was
detected and variable, ranging from 7 to 2,450 pg/g (Table 8.3-22).
Hydrocarbons found in the sediment may be from natural sources, such as those
by-products associated with the decomposition of organic matter.

The predominant metals in the sediment included aluminum, iron, and
magnesium (Table 8.3-22). Concentrations of metals in the sediment were
generally within the applicable aquatic life guidelines; however, arsenic exceeded
the ISQG in most sediment samples, and copper was measured above the 1ISQG
in all samples. Guideline exceedances also were observed for cadmium and
zinc.
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Table 8.3-22 Sediment Quality Summary for Kennady Lake, 1995 to 2010

Method Detection

Kennady Lake

Guideline

Limit
Parameter Unit . . Count % Below N%r:]t;‘::f gjiddigi?lr:sQ(IuSa(gg)
Min Max Count Min Med Max Below . S
Detection Detection | Guideline is CCME (2002)
Exceeded
Texture and Carbon Content
Sand % 1 1 1 70 - 70 0 0 -
Silt % 1 1 1 28 - 28 0 0 0 -
Clay % 1 1 1 2 - 2 0 0 0 -
Calcium Carbonate % 0.005 0.005 5 0.115 0.155 0.52 2 40 0 -
Inorganic Carbon, Total % 0.01 0.02 10 <0.01 0.44 1.72 2 20 0 -
Organic Carbon, Total % 0.01 0.2 10 7.14 11.6 15 0 0 0 -
Carbon, Total % 0.01 0.2 10 7.8 12.2 15 0 0 0 -
Nutrients and Organics
Nitrate ua/g 0.5 0.5 <0.5 0.65 0.7 3 60 0 -
Phosphorus, Available ual/g 2 7 23 37 0 0 0 -
Phosphorus, Total ua/g 5 1,390 1,630 2,450 0 0 0 -
Total Petroleum Hydrocarbons | ug/g 400 10 880 1,640 2,290 5 50 0 -
Total Metals
Aluminum ual/g 5 5 12,300 18,600 22,100 0 0 0 -
Arsenic pa/g 0.5 10 3 6.85 8.7 0 0 6 5.9
Barium pa/g 1 10 10 66 69.5 91 0 0 0 -
Cadmium pa/g 0.1 0.2 10 0.3 0.4 0.7 0 0 1 0.6
Calcium ualg 5 5 5 2,700 3,590 4,380 0 0 0 -
Chromium ua/g 0.5 1 10 27.8 30.9 41 0 0 2 37.3
Cobalt pa/g 0.5 1 10 8 15.8 22 0 0 0 -
Copper ua/g 0.1 5 10 47 63.7 110 0 0 10 35.7
Iron pa/g 5 5 5 29,600 67,600 69,500 0 0 0 -
Lead ua/g 0.5 1 10 2.6 5.45 9 0 0 0 35
Magnesium ual/g 1 1 3,300 4,360 5,060 0 0 0 -
Manganese pa/g 0.5 0.5 5 234 324 525 0 0 0 -
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Table 8.3-22 Sediment Quality Summary for Kennady Lake, 1995 to 2005 (continued)

Method_Dgtection Kennady Lake Guideline
Limit
Parameter Unit . . Count % Below N%r:]t;‘v;f:f gjiddigﬁr:sQ(IuSa(gg)
Min Max Count Min Med Max Below . S
Detection Detection | Guideline is CCME (2002)
Exceeded
Mercury pa/g 0.05 0.5 10 <0.05 - 0.09 7 70 0 0.17
Molybdenum ua/g 0.4 0.5 10 2.6 4.15 6.1 0 0 -
Nickel pa/g 0.5 1 10 26 32 48 0 0 0 -
Potassium ua/g 2 5 10 12 978 2,000 0 0 0 -
Selenium ual/g 0.5 0.5 10 0.5 0.8 1.3 4 40 0 -
Sodium pa/g 1 1 5 119 133 150 0 0 0 -
Thallium ua/g 0.3 0.5 10 <0.3 - 0.4 9 90 0 -
Vanadium ua/g 0.2 1 10 33 36.7 46.5 0 0 -
Zinc pa/g 0.5 10 10 65 99.5 157 0 2 123

Source: Canadian Environmental Quality Guidelines (CCME 1999 with updates to 2010). Winnipeg, MB.
Note: Bolded numbers indicate where a guideline is exceeded.

ISQG = Interim Sediment Quality Guidelines; CCME = Canadian Council of Ministers of the Environment; min = minimum; med = median; max = maximum; % = percent;
Hg/g = micrograms per gram (dry weight basis); - = not applicable.
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8.3.6.2.2 Lakes in the Kennady Lake Watershed

Physical Limnology and Vertical Structure

Vertical profile data for physical parameters, such as temperature and DO, were
collected during July and August 2002, 2004, 2007, and 2010 for lakes in the A,
B, D, E, F, G, and | watersheds. In-situ measurements were not measured for
lakes in the Kennady Lake watershed during under-ice conditions.

Temperature profiles measured during open water conditions in the deeper small
lakes, Lakes Al, A3, 11 and J1b, had similar temperature ranges in open water
conditions as the areas of Kennady Lake. The small lakes had near-surface
temperatures ranging from 11°C to 18°C and were generally well-mixed
(Figure 8.3-17a). A thermocline was observed in a water column profile
measurement in Lake A3; the thermocline was located between approximately
10 or 12 m, where the temperature decreased from 12°C to 8°C.

Measured conductivity during open water conditions was very low, ranging
between 5 and 26 uS/cm (Figure 8.3-17b). There was very little variability
throughout the water column indicating that TDS were equally distributed
throughout the lakes, i.e., the small lakes were well mixed during open water
conditions.

Vertical profiles of DO and conductivity had only slight variability between surface
and near bottom of the small lakes, indicating that the lakes were well mixed
(Figure 8.3-17c). Concentrations of DO were higher than the minimum CWQG
values during most measurements, with the exception of one profile collected for
Lake A3 in July 2007. Dissolved oxygen concentrations of less than 1 mg/L
where measured at the near bottom depths (i.e., 6 and 7 m, respectively).

Surface pH readings for the lakes in the Kennady Lake watershed varied
between 5.8 and 9.4 pH units (Figure 8.3-17d), ranging from slightly acidic to
slightly alkaline. Many pH measurements were below the acceptable range of
the CWQG and CDWQG during early spring, whereas measurements were
above this range during certain summer observations.
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Figure 8.3-17 Physico-chemical Water Quality Profile Data for Lakes in the Kennady Lake Watershed (2002 to 2010)
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m = metre, °C = degrees Celsius, uS/cm = microSiemens per Centimetre, mg/L = milligrams per litre.

Individual field results not presented in field profile figures.
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Water Quality

Since the small lakes in the Kennady Lake watershed contribute to the loading of
substances into the individual areas of Kennady Lake, the water quality
similarities and differences are discussed for all surveyed lakes. The available
data for all lakes in the Kennady Lake watershed are presented in Table 8.3-23.
Lake E2 had a different chemistry than the other lakes in the Kennady Lake
watershed and the data for this lake are presented separately in Table 8.3-23.

Hardness and alkalinity were low in most of the small lakes (Table 8.3-23), with
several measurements below the detection limit. There was very little difference
in concentrations among the lakes, with marginally higher concentrations of both
parameters measured in Lake E2. These hardness and alkalinity results indicate
that water in most of the lakes in the Kennady Lake watershed is soft and has a
low buffering capacity.

Concentrations of TDS were generally low (Table 8.3-23); however, there was
some variability in the amount of dissolved substances found in the different
lakes, ranging from less than 5 to 64 mg/L. Lake E2 had higher TDS
concentrations than most other lakes (minimum of 55 mg/L). Bicarbonate was
the dominant anion in most lakes, and sulphate was below 4.2 mg/L in all lakes
surveyed. Sodium was the major cation measured in most lakes, with the
highest concentrations measured in Lake E2.

The TSS concentrations were generally measured slightly above the detection
limit or were not detected (Table 8.3-23). The highest TSS concentrations were
measured in Lake E2. The lakes in the Kennady Lake watersheds were very
clear and contained low concentrations of suspended particulate matter.

The concentration of dissolved inorganic nitrogen fractions, such as ammonia
nitrate, and nitrite were below the detection limit (Table 8.3-23). TKN was
measured at low concentrations, with highest concentrations reported in
Lake E2. Total phosphorus was not detected in over half the measurements.
The measured concentrations of nutrients indicate that the lakes in the Kennady
Lake watershed have an oligotrophic status, are phosphorus-limited, and are
indicative of low biological productivity.
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Table 8.3-23 Water Quality Summary for Lakes in the Kennady Lake Watershed, 1995 to 2010

Method Detection Limit

Lakes in the Kennady Lake Watershed Excluding Lake E2 and Kennady

Lake (1995 - 2010)

Lake E2 (2004)

Guidelines Exceedances for All Results within the
Kennady Lake Basin including Lake E2

Aquatic Life - Chronic ® | Human Health - Chronic ®
reremeter tame o ) NquTeltt;gdof n Min Med Max ggll:)r\]/\: % Belgw n Min Med Max gzlltj)r\]/\: % BEI(.)W Guideline Guideline
Min Max Detection Detection Detection Detection Detection | value Exceedance Value Exceedance
Limits Count Count
Field measured
pH NA - - - 97 5.59 6.5 9.4¢9 0 0 4 6.2 6.6 6.9 0 0 6.5-85 59 5.0-9.0 4
Temperature °C - - - 176 4.8 13 20 0 0 4 10 15 22 0 0 - 0 - 0
Specific Conductance puS/cm - - - 174 4.3 12 26 0 0 4 <1 36 48 0 0 - 0 - 0
Dissolved Oxygen mg/L - - - 174 459 9.6 13 0 0 4 8.2 9.3 13 0 0 6.5 - 0
Conventional Parameters®
Colour TCU - - 0 23 20 85 0 0 2 125 - 175 0 0 - 0 - 0
Specific Conductance uS/cm - - 0 36 16 31 0 0 3 37 40 44 0 0 - 0 - 0
Dissolved Organic Carbon mg/L - - 0 29 33 20 2 20 - 36 0 0 - 0 - 0
Hardness mg/L 6 - 1 39 3.8 9.7 23 59 3 9.1 12 14 0 0 - 0 - 0
pH NA - - 0 36 5.3 6.6 7.2 0 3 6.4 6.9 7.2 0 0 6.5-85 13 5.0-9.0 0
Total Alkalinity mg/L 1 5 2 45 0.5 10 35 15.6 3 25 13 14 1 33.3 - 0 - 0
Total Dissolved Solids mg/L 10 20 2 39 5 19 64 10 25.6 2 57 - 84 0 0 - 0 - 0
Total Organic Carbon mg/L - - 0 29 3 5.8 19 0 0 2 19 - 30 0 0 - 0 - 0
Total Suspended Solids mg/L 1 2 2 29 1 2 5 19 65.5 2 3 - 55 0 0 - 0 - 0
Major lons
Bicarbonate mg/L 1 5 2 44 0.5 12 43 9.1 3 6 15 17 0 0 - 0 - 0
Calcium mg/L - - 0 36 0.66 0.98 2.3 0 0 3 2.7 3.3 4.3 0 0 - 0 - 0
Carbonate mg/L 0.5 3 44 <0.5 - <5 44 100 3 <1 - <5 3 100 - 0 - 0
Chloride mg/L 0.1 3 45 0.1 0.2 1 23 51.1 3 0.4 0.5 1 0 0 230 0 - 0
Magnesium mg/L 0.5 0.5 1 36 0.25 0.44 1.1 8.3 3 1.2 15 2.2 0 0 - 0 - 0
Potassium mg/L 0.5 0.5 1 36 0.24 0.42 0.83 8.3 3 0.77 1.2 1.2 0 0 - 0 - 0
Sodium mg/L 1 1 36 0.39 1 3.9 8.3 3 2.7 3 4.4 0 0 - 0 - 0
Sulphate mg/L 0.5 2 45 0.00029 0.9 15 33.3 3 0.0057 2.6 4.2 0 0 - 0 - 0
Sulphide ug/L 2 - 1 6 2 - 4 66.7 0 - - - 0 2.4 0 - 0
Nutrients
Nitrate + Nitrite mg-N/L 0.003 0.006 2 12 <0.003 - 0.022 11 91.7 1 - <0.006 - 1 100 2.93 0 10 0
Nitrogen - Ammonia mg-N/L 0.05 0.1 2 39 <0.05 - 0.01 38 97.4 2 <0.1 - <0.1 2 100 21 0 - 0
Nitrogen - Kjeldahl mg-N/L 0.2 - 1 20 0.2 0.3 11 9 45 2 11 - 2.7 0 0 - 0 - 0
Phosphorus, total Hg/L 20 300 4 39 <20 - 100 30 76.9 2 37 - 83© 0 0 50 3 - 0
Phosphorus, dissolved mg/L 0.005 0.3 2 30 <0.005 - 0.016 23 76.7 2 - 0.006 - 1 50 - 0 - 0
General Organics
Total Phenolics pa/L 2 - 1 6 <2 - 2 5 83.3 0 - - - 0 5 0 - 0
Total Recoverable Hydrocarbons mg/L 0.1 2 29 <0.1 - 208 20 69 - 0.2 - 50 - -
Total Metals®
Aluminum Hg/L 20 20 45 10 51 240 % 16 35.6 207 % 459 1130©9 0 100 100
Antimony pa/L 0.02 1 45 <0.02 - 2.1 37 82.2 - 0.5 - 66.7 - 5.5
Arsenic ug/L 0.4 45 <0.4 - 0.5 33 73.3 0.7 0.9 1.1 0 5 10
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Table 8.3-23 Water Quality Summary for Lakes in the Kennady Lake Watershed, 1995 to 2010 (continued)

Method Detection Limit

Lakes in the Kennady Lake Watershed Excluding Lake E2 and Kennady

Lake (1995 - 2010)

Lake E2 (2004)

Guidelines Exceedances for All Results within the
Kennady Lake Basin including Lake E2

Aquatic Life - Chronic ® | Human Health - Chronic ®
reremeter tame o ) NquTeltt;gdof n Min Med Max ggll:)r\]/\: % Belgw n Min Med Max gzlltj)r\]/\: % BEI(.)W Guideline Guideline
Min Max Detection Detection Detection Detection Detection | value Exceedance Value Exceedance
Limits Count Count

Barium ua/L 5 - 1 45 1.7 3.3 7.4 23 51.1 3 9 13 22 0 0 - 0 1000 0
Beryllium pg/L 0.01 1 4 45 <0.01 - <1 45 100 3 <0.5 - <1 3 100 - 0 4 0
Boron ua/L 8 20 3 45 <8 - 2 42 93.3 3 <10 - <20 3 100 - 0 5000 0
Cadmium ug/L 0.002 0.2 4 45 <0.002 - 0.008“ 40 88.9 3 <0.2 - <0.2 3 100 0.0031 2 5 0
Calcium pa/L 1000 - 1 41 580 1130 2,240 14 34.1 2 3,300 - 3,500 0 - 0 - 0
Chromium ug/L 0.1 5 5 45 <0.1 - 4© 39 86.7 3 0.45 1.7 2.79 1 333 1 6 50 0
Cobalt ua/L 0.1 0.5 2 45 0.02 0.1 0.7 28 62.2 3 0.8 2 0 - 0 - 0
Copper ug/L 1 5 2 45 0.56 1.1 12© 29 64.4 3 5 120 0 2 8 1300 0
Iron pg/L 50 - 1 41 17 132 5409 3 7.3 2 6269 - 1,280 9 0 300 7 300 7
Lead Mg/l 0.05 0.5 3 45 <0.05 - 0.4 36 80 3 0.05 0.1 0.8 1 33.3 1 0 10 0
Lithium pa/L 1 20 2 16 0.6 0.95 1.4 10 62.5 0 - - - 0 - 0 - 0
Magnesium ug/L 500 - 1 41 310 560 6,200 16 39 2 1420 - 2,280 0 0 - 0 - 0
Manganese ua/L - - 0 41 11 3.3 16 0 0 2 18 - 20 0 - 0 50 0
Mercury Mg/l 0.0006 500 7 41 <0.0006 - 0.01 36 87.8 2 <1 - <500 2 100 0.026 0 1 0
Molybdenum ua/L 0.05 5 4 45 <0.05 - 0.3 38 84.4 3 0.25 0.5 0.9 1 33.3 73 0 - 0
Nickel ug/L 0.6 8 2 45 0.22 0.85 13 19 42.2 3 1.4 5.2 55 0 0 25 0 340 0
Potassium pa/L 500 500 1 41 250 490 850 20 48.8 2 830 - 1310 0 0 - 0 - 0
Selenium ug/L 0.04 10 6 45 <0.04 - <10 45 100 3 <0.4 - <10 3 100 1 0 10 0
Silver pa/L 0.01 0.4 4 45 <0.01 - 0.5© 38 84.4 3 <0.2 - <0.4 3 100 0.1 1 - 0
Sodium ug/L 500 2000 2 41 390 568 1,190 23 56.1 2 - 2,100 - 1 50 - 0 - 0
Strontium ua/L - - 0 22 4.2 7.2 14 0 1 - 26 - 0 0 - 0 - 0
Sulphur ug/L 10,000 - 1 15 300 500 800 6 40 0 - - - 0 - - 0 - 0
Thallium ua/L 0.002 0.1 3 43 <0.002 - 0.003 40 93 3 <0.05 - <0.1 3 100 0.8 0 0.13 0
Titanium ug/L 0.5 10 4 20 <0.5 - 4 15 75 1 - 44 - 0 0 - 0 - 0
Uranium ua/L 0.05 0.1 2 45 <0.05 - 0.024 38 84.4 3 0.09 0.1 0.3 0 0 - 0 - 0
Vanadium ug/L 0.1 5 4 45 0.08 0.27 0.4 28 62.2 3 1.4 2.5 5.6 0 0 - 0 - 0
Zinc pa/L 2 2 45 0.9 7 55© 16 35.6 3 13 15 15 0 0 30 4 5100 0
Dissolved Metals

Aluminum pa/L 10 - 1 30 5 23 125 4 13.3 2 134 - 165 0 0 - 0 - 0
Antimony ua/L 0.02 0.1 3 30 <0.02 - 0.04 25 83.3 2 <0.1 - <0.1 2 100 - 0 - 0
Arsenic pa/L 0.1 - 1 30 0.05 0.12 0.5 10 33.3 2 - 0.9 - 1 50 - 0 - 0
Barium ua/L 3 - 1 30 1.6 3 4 18 60 2 8 - 8 0 0 - 0 - 0
Beryllium pa/L 0.01 0.5 3 30 <0.01 - 0.1 29 96.7 2 <0.1 - <0.1 2 100 - 0 - 0
Boron ua/L 4 20 2 30 <4 - 2 29 96.7 2 <4 - <4 2 100 - 0 - 0
Cadmium ua/L 0.005 0.05 2 30 <0.005 - 0.12 27 90 2 <0.05 - <0.05 2 100 - 0 - 0
Chromium ua/L 0.1 0.5 3 30 <0.1 - 0.7 27 90 2 1 - 1.7 0 0 - 0 - 0
Cobalt ua/L 0.05 - 1 30 0.025 0.085 15 9 30 2 0.3 - 0.63 0 0 - 0 - 0
Copper g/l 1 2 2 30 <1 - 1.2 23 76.7 2 4 - 4 0 0 - 0 - 0
Iron Mg/l 20 - 1 30 3 67 280 4 13.3 2 405 - 437 0 0 - 0 - 0
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Table 8.3-23 Water Quality Summary for Lakes in the Kennady Lake Watershed, 1995 to 2010 (continued)

Lakes in the Kennady Lake Watershed Excluding Lake E2 and Kennady Lake E2 (2004) Guidelines Exceedances_ fqr All Results within the
Method Detection Limit Lake (1995 - 2010) Kennady Lake Basin including Lake E2
Aquatic Life - Chronic ® | Human Health - Chronic ®
Parameter Name Unit
) NquTeltt;gdof n Min Med Max ggll:)r\]/\: % Belgw n Min Med Max gzlltj)r\]/\: % BEI(.)W Guideline Guideline
Min Max Detection Detection | DEtection Detection | DEtection | value Exceedance Value Exceedance
Limits Count Count
Lead pg/L 0.05 - 1 30 <0.05 - 0.09 23 76.7 2 <0.05 - <0.05 2 100 - 0 - 0
Lithium ug/L 1 - 1 7 0.5 1 1.3 14.3 0 - - - 0 - - 0 - 0
Manganese ua/L - - 0 30 0.9 3 14 0 2 4.8 - 12 0 0 - 0 - 0
Mercury Mg/l 0.01 1 3 30 <0.01 - 0.009 24 80 2 <1 - <1 2 100 - 0 - 0
Molybdenum pg/L 0.05 0.3 2 30 <0.05 - 0.14 28 93.3 2 0.5 - 0.6 0 0 - 0 - 0
Nickel pg/L - - 0 30 0.2 0.4 2 0 0 2 1.9 - 25 0 0 - 0 - 0
Selenium pg/L 0.04 2 4 30 <0.04 - <2 30 100 2 <2 - <2 2 100 - 0 - 0
Silver ug/L 0.005 0.1 3 30 <0.005 - <0.1 30 100 2 <0.05 - <0.05 2 100 - 0 - 0
Strontium pa/L - - 0 4 5.7 7.4 0 0 - - - 0 - - 0 - 0
Sulphur pg/L 10,000 10,000 1 <10,000 - <10,000 6 100 0 - - - 0 - - 0 - 0
Thallium pg/L 0.002 0.05 3 30 <0.002 - 0.15 23 76.7 2 - 0.08 - 1 50 - 0 - 0
Titanium ug/L 0.5 10 2 7 <0.5 - <10 7 100 0 - - - 0 - - 0 - 0
Uranium pg/L 0.01 0.05 2 30 <0.01 - 0.023 24 80 2 0.08 - 0.08 0 0 - 0 - 0
Vanadium ug/L 0.2 1 3 30 <0.2 - <1 30 100 1 - 1.1 - 0 0 - 0 - 0
Zinc pg/L 2 2 1 30 0.5 2 12 8 26.7 1 - 2 - 0 0 - 0 - 0
Note: Presented guidelines were calculated using median values for data when applicable.
Individual guidelines were calculated for each sample, to determine the number of results above guidelines when applicable.
Bold values indicate a guideline exceedance.
@ Canadian Environmental Quality Guidelines (CCME 1999 with updates to 2010). Winnipeg, MB.
® The human health guideline is based on the CCME drinking water guideline, Health Canada (2008).
© Concentration higher than the relevant chronic aquatic life guideline or beyond the recommended pH or DO concentration range.
@ Concentration higher than the relevant human health guideline or beyond the recommended pH range.
© Some maximum dissolved parameter concentrations are higher than the maximum total parameter concentrations in the statistical summary.
NA = not applicable, “-“ = not available; °C = degrees Celsius, uS/cm = microSiemens per centimetre, mg/L = milligrams per litre, mV = millivolts, mg-N/L = milligrams nitrogen per litre, pg/L = micrograms per litre, TCU = True colour units; % = percent, n = number of samples, < = less

than; min = minimum; med = median; max = maximum.
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Measured concentrations of TOC and DOC were under 20 mg/L in all lakes, with
the exception of Lake E2 (Table 8.3-23). The TOC and DOC measured in
Lake E2 varied between 19 and 36 mg/L. The water colour often exceeded the
CDWQG guideline (median of 23 TCU), with readings from Lake E2 being much
higher than in other lakes (ranging from 125 to 175 TCU). Total recoverable
hydrocarbons, and total phenolics were generally not detected (Table 8.3-23);
however, a total phenolic concentration of 208 mg/L was detected in one sample.
The elevated concentrations of these parameters were not observed during other
sampling events and may be attributed to a natural increase in hydrocarbons
from the decay of vegetation borne through runoff.

The concentrations of many metals were low, with several metals measured near
or below the detection limit (Table 8.3-23). There was little variability in metals
concentrations measured between lakes. For metals reported above the
detection limit, Lake E2 tended to have higher concentrations than other lakes in
the Kennady Lake watershed. Exceedances of applicable guidelines were
observed for total aluminum, chromium, copper, iron, selenium, and zinc.

Sediment Quality

8.3.7

8.3.7.1

Baseline sediment sampling was not conducted for the small lakes in the
Kennady Lake watershed, and historical data were not available. The
composition of the sediment in these lakes is undetermined.

Lower Trophic Levels

The following section describes the baseline information for the lower trophic
level communities (e.g., plankton, benthic invertebrate communities) for the
proposed Project. For additional information regarding lower trophic levels, the
reader is referred to the limnology and lower trophic level sections of Annex J
(Fisheries and Aquatic Resources Baseline) and Addendum JJ.

Methods

Lower trophic level studies in Kennady Lake and its watershed were initiated in
1996 and continued through 2007. Data were collected for the following lower
trophic communities and supporting variables:

¢ Phytoplankton and zooplankton communities were sampled in Kennady
Lake.

e Zooplankton communities were sampled in 14 small lakes within the
Kennady Lake watershed.

e Benthic invertebrate communities were sampled in Kennady Lake.
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e Sediment samples were collected from Kennady Lake for toxicity
analysis.

8.3.7.2 Results

8.3.7.2.1 Plankton Communities
Phytoplankton and Chlorophyll a

Total phytoplankton biomass was considerably lower in 2004 than in 2007
(Figure 8.3-18). There was no consistent spatial pattern in phytoplankton
biomass among areas sampled in Kennady Lake.

Phytoplankton communities in Kennady Lake consist of representatives of six
major taxonomic groups: cyanobacteria (blue-green algae); Chlorophyta (green
algae); Chrysophyta (golden algae); Cryptophyta (biflagellates with chloroplasts);
Bacillariophyceae (diatoms); and Pyrrophyta (dinoflagellates). Phytoplankton
community composition based on abundance was similar among the five basins
within Kennady Lake, but differed between the two years with available data
(Figure 8.3-19). Cyanobacteria and Chlorophyta were the dominant taxonomic
groups in 2004, whereas cyanobacteria and Chrysophyta were dominant in 2007.
Although cyanobacteria were consistently the most abundant taxonomic group in
all areas of Kennady Lake in 2004, this group accounted for only a small
proportion of the total phytoplankton biomass (Figure 8.3-20). In contrast,
cyanobacteria accounted for 20 to 60% of total phytoplankton biomass in 2007.
Chrysophyta typically dominated the phytoplankton community biomass in Areas
3 to 7 in 2004 and Area 8 in 2007, which is indicative of oligo- to
oligomesotrophic conditions.

There was little variation in chlorophyll a concentration among areas in Kennady
Lake, in both 2004 and 2007. Most concentrations were approximately 1 ug/L,
within a range characteristic of oligotrophic lakes. Concentrations were
consistent with those in lakes of similar trophic status in the Slave Geological
Province, with lakes between southern Yukon Territory and the Tuktoyaktuk
Peninsula, NWT, and with lakes between Yellowknife and Contwoyto Lake, NWT
(Pienitz et al. 1997a, 1997b).

Zooplankton

Total zooplankton biomass was highly variable between 2004 and 2007, with an
up to ten-fold range between years in Area 4 (Figure 8.3-21). There was no
consistent spatial pattern in zooplankton biomass among areas sampled in
Kennady Lake.
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The zooplankton community of Kennady Lake consisted of representatives of
four major taxonomic groups: Rotifera, Cladocera, Calanoida (calanoid
copepods), and Cyclopoida (cyclopoid copepods).

Zooplankton community composition based on abundance was similar in the five
areas within Kennady Lake in 2004. However, the relative abundance of
copepod nauplii was slightly higher in Area 8 (Figure 8.3-22). In 2007, the Area 8
community was more strongly dominated by Rotifera compared to other areas;
copepod nauplii were not enumerated in 2007 samples. Community composition
based on biomass was more variable among areas in 2004, with Cladocera
accounting for a lower proportion and calanoids accounting for a greater
proportion of total community biomass in Area 4 compared to the other four
areas sampled (Figure 8.3-23). In 2007, calanoid copepods were more strongly
dominant in areas 6 and 8 compared to other areas.

Zooplankton abundance was also determined during previous small lake
surveys. In August 2002 and August 2003, copepods were the most abundant
zooplankton in all small lakes sampled (Jacques Whitford 2003a, 2004),
consistent with the 2007 results for Kennady Lake. The combined abundance of
calanoid and cyclopoid copepods ranged from 1,400 to over 18,000 individuals
per cubic metre (ind/m® (Table 8.3-24). Cladocerans were occasionally absent
from zooplankton samples from these lakes, and had more variable densities
among lakes compared to copepods. They were abundant in some of small
lakes sampled, with densities as high as 3,600 ind/m?.
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Figure 8.3-18 Total Phytoplankton Biomass in Kennady Lake, August 2004 and August
2007
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Figure 8.3-19 Relative Abundances of Major Phytoplankton Taxa in Kennady Lake, August
2004 and August 2007
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Figure 8.3-20 Relative Biomass of Major Phytoplankton Taxa in Kennady Lake, August
2004 and August 2007
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Figure 8.3-21 Total Zooplankton Biomass in Kennady Lake, August 2004 and August 2007
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Figure 8.3-22 Relative Abundances of Major Zooplankton Taxa in Kennady Lake, August
2004 and August 2007
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Table 8.3-24 Zooplankton Abundance in Small Lakes in the Kennady Lake Watershed,
August 2002 and August 2003

Copepoda
Lake Calanoida Cyclopoida Total Copepoda C(lﬁ%c;ﬁq%;a
(ind/m°®) (ind/m®) (ind/m®)

Al 4,205 1,113 5,318 1,268
A2 3,977 490 4,467 61
A9 4,873 4,268 9,141 3,631
D1 5,733 5,574 11,307 597
E3 13,103 364 13,467 2,548
11 9,595 8,983 18,578 832
12 857 551 1,408 0
Jla 3,182 61 3,243 245
J1ib 5,650 61 5,711 1,632
J2 6,608 245 6,853 0
Kal 8,174 318 8,492 425
Kb2 2,907 7,277 10,184 66
Kb3 918 734 1,652 61
Kb4 5,803 389 6,192 0

ind/m® = individuals per cubic metre.

8.3.7.2.2 Benthic Invertebrate Community

Benthic invertebrate densities in Kennady Lake were generally low in August and
September, 2004 (Figures 8.3-24 and 8.3-25). Shallow littoral areas supported a
denser benthic invertebrate community than deeper mid-lake areas. The shallow
sites (4 to 6 m depth) sampled also had more diverse communities than the deep
sites (8 to 18 m depth), as indicated by higher richness values at shallow sites.
Dominant invertebrates in Kennady Lake included roundworms (Nematoda),
aquatic worms (Oligochaeta), fingernail clams (Pelecypoda), and midges
(Chironomidae). Compared to deep sites, relative abundances of midges were
higher and relative abundances of roundworms and fingernail clams were lower
at shallow sites. Part of the differences observed in benthic community
characteristics between shallow and deep sites in 2004 may have been caused
by the different sampling times at shallow (mid-September) and deep (early
August) sites.

Benthic invertebrate densities in Kennady Lake also were low in fall (late
August/early September) 2007 in shallow areas (3 to 6 m) (Figure 8.3-26).
Exceptions included sites 4 and 5 in Area 8, where densities were moderate.
Richness was similar to the range reported for shallow sites in September 2004.
The dominant taxa in 2007 also were similar to those at shallow sites in 2004,
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with midges, nematodes, fingernail clams and aquatic worms being the more
abundant taxa.

In 2007, the east section of Kennady Lake (Area 8) had the highest mean density
and richness (Figure 8.3-26), potentially indicating greater benthic invertebrate
productivity due to better quality habitat. Relative to other portions of Kennady
Lake, the east section of Area 8 tended to have shallower waters, more abundant
fine sediments at depths greater than 2 m, and higher amounts of aquatic
vegetation.

Both total density and richness of Kennady Lake benthic communities were
lowest in 2004 (Table 8.3-25). Among-year differences in richness and density
may partly reflect varying water depth at sampling locations, mesh size
differences of the sampling equipment used in different years, and varying levels
of identification of invertebrates in some of the major groups. Sample collections
were made with a smaller mesh size in 1996 relative to that used in subsequent
years. Aquatic worms and water mites were identified to lower levels in 1996
and 2001 than in 2004.

Although some year-to-year differences were apparent in both density and
richness of the benthic community in Kennady Lake, available density data
indicate that Kennady Lake communities are typically characterized by generally
low density (Table 8.3-25). Benthic invertebrate communities from the four
studies were similar in terms of richness, with values in the range characteristic
of low to moderate richness.

Numerically dominant invertebrate groups in Kennady Lake were similar in all
years with available data, and included roundworms, fingernail clams, midges,
and aquatic worms. Differences in proportions of major taxa among years were
most likely due to variation in sampling locations, sampling depths, and mesh
size used to process samples in the field and laboratory.
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Figure 8.3-24 Total Abundance, Richness, and Community Composition of Benthic
Invertebrates in Kennady Lake at Deep Water Sites, August 2004
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Figure 8.3-25 Total Abundance, Richness, and Community Composition of Benthic
Invertebrates at Shallow Water Sites in Kennady Lake, September 2004

Total Density

5,000
€ 4,500
g/ 4,000
2 3,500
2 3,000
[0]
2 2500
2,000
FOLB00 f T
§ 1000 1 D R
S 504 [ T e e o
0 T T T T
3and 5 4 6 7 8
Area
0 Richness
o 35
c .
o
ﬁ 04 ] Total Richness
o OMean Total Richness
B 25 4|
0 2
-0 R R et T TRl  CECEEEES
5 g 1
o& 151 Ty
v T
YR U i R B B (R B R e IR -
S 54 | | IR I - I
(]
=
0 T T T T
3and 5 4 6 7 8
Area
100%
80% -
P
)
& 60% -
a
(]
=
< 40% --
(0]
4
20% --
0%
3and 5 4 6 7 8
Area

ENematoda B Oligochaeta 0 Gastropoda Pelecypoda  EChironomidae B Other

+ = plus or minus; SE = standard error; no./m? = number of organisms per square metre; % = percent.

De Beers Canada Inc.



Gahcho Kué Project
Environmental Impact Statement

8-101

Section 8

December 2010

Figure 8.3-26

Total Abundance, Richness, and Community Composition of Benthic

Invertebrates in Kennady Lake, Fall 2007
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Table 8.3-25 Summary of Benthic Invertebrate Density and Richness in Kennady Lake

Mean Total Density (no./m2 +1 SE) Mean Richness (no. of taxa +1 SE)
Stud North South North South
Yeary Section Section ngfén Entire Section Section S(Eci:at?ctm Entire
(Areas 2, 3,| (Areas 6 (Area 8) Lake (Areas 2, 3, | (Areas 6 (Area 8) Lake
4 and 5) and 7) 4 and 5) and 7)
2,239 6,035 3,696
1996 2,813 +820 +387 +2.097 +822 12 +1.8 1015 13 +1.0 12 +0.8
1,282 3,162 2,060
2001 2,051 +365 1994 +565 +186 10 +0.8 8 0.9 11 +1.0 10 +0.4
504 1,257 933
2004 1,199 +390 +121 +419 +187 714 5+0.8 7x1.7 6 +0.7
4,099
2007 1,911 +419 - 11012 - 17+14 - 17+1.38 -

+ = plus or minus; SE = standard error; no./m? = number of organisms per square metre; no. = number

8.3.7.2.3 Sediment Toxicity

8.3.8

According to Microtox® test results, all sediment samples tested in 2004 and
2005 were non-toxic. In 2004, Hyalella azteca survival was significantly reduced
compared to lab controls in sediment samples collected from Areas 3 and 5,
Area 4 and Area 7 of Kennady Lake. Hyalella azteca growth was significantly
reduced in the sample collected from Areas 3 and 5 (i.e., analysis by ANOVA
using ToxCalc™ 1994 to 1996; p > 0.05; see Annex J Fisheries and Aquatic
Resources Baseline). Reduced survival in the Area 4 sample may have resulted
from a longer sample storage time compared to other samples tested in 2004.
Chironomus tentans survival and growth were not significantly different between
lab controls and lake sediments collected in 2004.

Of the 12 survival and growth tests (six Hyalella and six Chironomus) run in
2004, results were found to be significantly different from the laboratory controls
(i.e., lower than controls) for only four Hyalella tests (three survival tests and one
growth test) in 2004 and one Chironomus test (growth). Overall, these results
indicate that bottom sediments in Kennady Lake are generally non-toxic to
aquatic life.

Fish

The following section describes the fish and fish habitat baseline information
collected for the proposed Project. For additional information regarding fish and
fish habitat, the reader is referred to Annex J (Fisheries and Aquatic Resources
Baseline) and Addendum JJ.
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8.3.8.1 Methods

Aquatics studies in Kennady Lake and the Kennady Lake watershed were
conducted between 1996 and 2010.

The following data were collected for fisheries:

e Habitat and bathymetric surveys were conducted in Kennady Lake.

e Gillnetting surveys were conducted to characterize the large-bodied fish
community in Kennady Lake.

¢ Minnow traps, backpack electrofishing and boat electrofishing were used
to describe the littoral fish community of Kennady Lake.

e A mark/recapture study was conducted in 2004 to calculate population
estimates for the principal large-bodied fish species in Kennady Lake.

¢ Gillnetting and a hydroacoustic survey were conducted in 2010 to refine
the population estimate.

e Spring spawning runs were assessed in Kennady Lake tributaries.

o Lake habitat assessments and fish sampling were conducted to assess
the fish-bearing status of small lakes in the Kennady Lake watershed.
Small lake habitat sampling locations and fish sampling locations are
shown in Figures 8.3-27 and 8.3-28, respectively.

e Limnological surveys were conducted in selected lakes within the
Kennady Lake watershed. Limnology sampling locations are shown in
Figure 8.3-29.

e Stream habitat assessments were conducted in streams in the Kennady
Lake watershed. Stream habitat sampling locations are shown in
Figure 8.3-30.

e Stream utilization surveys were conducted in tributaries to Kennady Lake
to determine species composition, distribution, and summer abundance
of stream-dwelling fish. Stream fish sampling locations are shown in
Figure 8.3-31.

e Radio telemetry was used in 2004 and 2005 to monitor movements of
fish within Kennady Lake and between Kennady Lake and downstream
lakes.

e Fall spawning surveys were conducted in an attempt to identify the
principal spawning sites for lake trout and round whitefish in Kennady
Lake.

e Fish tissue body burdens of trace metals (a measure of trace metal
bioaccumulation in fish) were assessed by collecting muscle and liver
samples for metals analysis from lake trout and round whitefish in
Kennady Lake and Lake N16.
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8.3.8.2 Results

8.3.8.2.1 Aquatic Habitat
Kennady Lake

In general, habitat in Kennady Lake can be classified into three types based on
depth and dominant substrate type:

e shallow, nearshore habitat within the zone of freezing and ice scour
(i.e., less than 2 m deep);

e nearshore habitat deeper than the zone of ice scour but where wave
action prevents excessive accumulation of sediments (i.e., greater than
2 m but less than 4 m); and

e deep (greater than 4 m), offshore habitat with substrate usually
consisting of a uniform layer of loose, thick organic material and fine
sediment.

A bathymetric map of Kennady Lake is presented in Figure 8.3-32.

Annual ice thickness in Kennady Lake is typically up to 2 m and substrates in
nearshore areas less than 2 m deep are subjected to ice scour each winter. In
Kennady Lake, 60% of all nearshore habitat falls within this ice scour zone,
making it effectively unusable by fall spawning fish species such as lake trout
and round whitefish for spawning and egg development.

Nearshore habitats (less than 4 m) comprise about 48% (393 ha) of the total area
of Kennady Lake (Table 8.3-26). Most of this nearshore habitat (greater than
57%) has a low gradient (less than 10°) extending from the wetted edge to
deeper (greater than 4 m) habitat offshore. Clean cobble and boulder substrates
are the most common substrate types found in nearshore habitats and are
generally found along exposed shorelines where wind and wave actions function
to reduce silt accumulation.

De Beers Canada Inc.
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Small Lakes

Aquatic vegetation in Kennady Lake is extremely limited and is typically restricted
to a narrow fringe of sedges in protected embayments and at tributary mouths
where sediments have accumulated. A narrow band of terrestrial vegetation is
typically inundated in spring when water levels in the lake rise, but this habitat
usually exists for only two to three weeks during the peak spring freshet.

Deeper (greater than 4 m) offshore habitats comprise the remaining 52%
(421 ha) of the lake area (Table 8.3-26). The lake bottom in this area is almost
exclusively (99.8%) covered by a thick layer of loose, fine sediments. However,
clean boulder/cobble substrates do exist at depths down to approximately 6 m in
some areas along steep (greater than 10°), exposed shorelines where wave-
generated currents are strong enough to keep silt and organic sediments from
accumulating at depths deeper than most areas of the lake.

Small lakes within the Kennady Lake watershed range in size from 0.09 ha
(Lake A8) to 40.2 ha (Lake D7) (Table 8.3-27). Only three of these lakes are
deeper than 6 m (lakes Al, A3, and 11). Most small lakes within the Kennady
Lake watershed were less than 3 m deep (Table 8.3-27) and, therefore, do not
provide overwintering habitat for fish. Typically 2 m of ice forms each winter and
most small lakes are frozen to the bottom or have only small pockets of water in
deeper areas, which likely become de-oxygenated by mid-winter. The
fish-bearing status of lakes within the Kennady Lake watershed is assessed in
the section on fisheries investigation below.

Most small lakes surrounding Kennady Lake are shallow depressions in the
tundra with low-gradient shorelines and typically have homogenous nearshore
habitats dominated by boulder substrates embedded with silt. Nearshore areas
in larger lakes with sufficient fetch (i.e., the distance over open water that wind
blows unobstructed from a constant direction) to create wind-generated currents
typically have cleaner boulder substrates than the smaller lakes. Aquatic
vegetation is rare but, where present, occurs in a narrow margin along the
shoreline or in wetland areas at inlet or outlet streams. Below the 2 m depth
contour, lake bottoms typically consist of fine and organic sediments.

De Beers Canada Inc.
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Table 8.3-26 Summary of Nearshore and Deep Offshore Habitats in Kennady Lake

Nearshore (< 4 m) Habitat Deep (> 4 m) Offshore Habitat
Depth Class 1 (0 m —2m) Depth Class Il (2 m —4 m) Depth Class Il (> 4 m)
Scl;?sgoart; Substrate Low (L) High (H) Low (L) High (H) | Total | Low (L) High (H) Unknown (-) | Total }?f;'
No. Category Gradient Gradient Gradient Gradient | Area 'I'/(o)tc:ifl Gradient Gradient Gradient Area 'QI)'/gtoafI (ha)
Area | % of | Area | % of | Area | % of | Area | % of (ha) Area % of | Area | % of | Area % of (ha)
(ha) | Total | (ha) | Total | (ha) | Total | (ha) | Total (ha) Total (ha) | Total (ha) Total

1 Bo/Co 84.7 37.6 2.2 22.0| 29.1| 241 | 20.7 | 55.6 |136.7 34.8| 0.0 0.0 0.7 70.0 0.0 0.0 0.7 0.2 137.4
2 Bo 39.8 17.7 3.3 33.0 29| 24 2.4 6.5 | 484 12.3| 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 48.4
3 Bd 3.0 1.3 1.6 16.0 0.1] 0.1 0.7 1.9 5.4 1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.4
4 Bd/Bo 25 11 0.3 3.0 0.3] 0.2 0.5 1.3 3.6 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.6
5 Bd/Co 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
6 Veg/Org 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2
7 Veg/Bo 8.8 3.9 0.0 0.0 0.0 0.0 0.0 0.0 8.8 22| 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.8
8 F 7.2 3.2 0.0 0.0 34.5| 28.6 0.0 0.0 | 417 10.6| 0.0 0.0 0.0 0.0 [ 420.0 | 100.0 | 421.0 99.8 | 462.7
9 Co/Gr 25 11 11 11.0 0.7] 0.6 1.7 4.6 6.0 15| 0.0 0.0 0.3 30.0 0.0 0.0 0.3 0.0 6.3
10 Bo/F 42.2 18.7 0.0 0.0 26.1| 21.6 85 | 228 | 76.8 19.5| 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 76.8
11 ColF 34.1 15.1 0.2 20| 27.0| 224 1.4 3.8 | 62.7 16.0| 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 62.7
12 Bo/Gr 0.0 0.0 1.3 13.0 0.0 0.0 1.3 3.5 2.6 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.6
Total 225.1 | 100.0| 10.0| 100.0| 120.7|100.0 | 37.2 |100.0 [393.0| 100.0f 0.0 0.0 1.0 100.0 | 420.0 | 100.0 | 421.0 | 100.0 815.0

Note: Substrate categories are described in Annex J, Tables J3.2-1 and J3.2-2.

Bo = boulder; Co = cobble; Bd = bedrock; Gr = gravel; F = fines/organics; Veg = vegetation; Org = organics; < = less than; > = greater than; % = percent; ha = hectare; m = metre;

No. = number.

De Beers Canada Inc.
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Table 8.3-27 Summary of Habitat Characteristics for Small Lakes in the Kennady Lake

Watershed

it | e | o | S [ | e | e | e

(m) Habitat (ha) (m) Habitat
Al 34.5 8.0 8Ll E1 20.2 3.4 0L
A2 3.07 1.1 10L1 E2 3.02 0.4 10LI
A3 23.8 12.2 0L E3 1.12 0.7 10LI
A4 0.4 0.4 8Ll F1 3.93 5.0 -
A5 0.14 1.0 8Ll G1 2.86 3.0 6LI
A6 0.59 - 6L1 G2 5.90 3.2 2L1
A7 0.12 0.4 8® Hila 3.68 1.6 1211
A8 0.09 - 7L Hi1b 3.34 - 10H1
A9 1.81 2.0 5LI In 13.1 11.0 8L1
B1 8.21 4.1 2L 12 2.07 0.9 10LI
B2 6.55 1.1 0L Jla 14.0 2.2 10LI
B3 1.48 - 0L Jib 36.1 4.3 8Ll
B4 1.16 - 8Ll J2 2.03 0.9 -
c1 1.77 - iLl Kal 0.94 1.0 8Ll
D1 1.87 3.8 10L1 Kb1 0.18 1.5 6LI
D10 4.40 1.7 10® Kb2 2.53 25 10LI
D2 12.5 1.0 10LI Kb3 1.95 0.9 1L
D3 38.4 25 10LI Kba 0.99 1.2 8Ll
D7 40.2 45 Ll Kd1 4.26 2.9 -
4 Habitat types:

1 Boulder/cobble - Substrates generally clean due to wave action and ice scour; on average 60% boulders, 40%
cobbles. Interstitial spaces generally clean.

0w ~NO 0N

Boulder - Substrates 80% or greater boulder; remainder cobble, gravel, or fine sediments.
Bedrock/cobble - Bedrock overlain with cobble.
Vegetation/organics - Submergent, emergent, or inundated vegetation on organic substrates.
Vegetation/boulder - Emergent or inundated vegetation; substrates of boulder or boulder and cobble.
Fines/organics - Substrates predominantly fines, organics, or sand.

10 Boulder/fines - Highly embedded boulders overlain with layer of fine sediments. Substrates greater than 40%

boulder.
High gradient (>10°).

L Low gradient (<10°).
| Depth-0to2m.

II' Depth-2to4 m.

Il Depth - >4 m.

(b)

No depth/gradient category, only substrate.

ha = hectare; m = metre; - = not measured; % = percent; > = greater than; < = less than; ° = degrees.

Streams

The numerous small lakes in the Kennady Lake watershed are typically drained
by small streams (less than 3 m wide) with low gradients (less than 2%) and
boulder/cobble substrates (Table 8.3-28).

De Beers Canada Inc.
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entirely dry or consist of discontinuous wetted sections in summer and fall when
waters recede. In streams draining larger watersheds where summer flow
persists (A, B, and D watersheds), flow is generally confined in a narrow, incised
channel between and under boulders. Sedges and grasses occur in some
streams, and willows and alders grow along most tributary banks. Fish passage
is possible in most Kennady Lake tributaries in spring when flows are highest.
However, habitat suitable for spawning and rearing of Arctic grayling and other
stream-dwelling fish typically is present only in the lowest streams of the largest
watersheds (i.e., A, B, and D watersheds).

Table 8.3-28 Summary of Fish Habitat Quality in Kennady Lake Tributary Streams

Stream Map Ove_raII Spawning I—gba)bitat ‘
Stream | Reference Season ) Flow Habitat Quality Fish
Identifier | Number® Surveyed Length | Gradient duration Quality Passage
(m) (%) Rating | ARGR | NRPK

Al 3 sp 100 0.0 Perm M-H M H yes
A2 3 sp 20 0.0 Perm M-H M H yes
A3 3,5 sp 294 0.6 Perm M L L yes
B1 3,5 sp 94 5.1 Perm M M N yes
B2 5 su 169 0.4 Ephem L N L no
B3 5 su 332 15 Ephem N N N no
B4 5 su 102 0.1 Ephem N N N no
C1 3 sp 691 1.8 Ephem N N N no
D1 3 sp 118 0.3 Perm M M N yes
D2 1,3 sp, su 228 1.4 Perm M M L yes
D3 3 sp 97 2.3 Perm M M L-M yes
D4 5 su 428 0.5 Perm M L L yes
D6 5 su 255 - Ephem N N N no
D7 5 su 206 1.7 Perm M L L yes
D8 5 su 169 2.3 Ephem N N N no
D9 5 su 188 1.9 Ephem N N N no
Kal 3 sp 170 3.6 Ephem N N N no
Kbl 3 sp 300 1.4 Ephem N N N no
Kb2 5 su 181 2.3 Ephem N N N no
Kb4 3 sp 309 0.6 Ephem N N N no
E1l 3 sp 426 1.1 Perm L-M M L yes
E2 5 su 290 1.6 Ephem N N N no
F1 3 sp 168 5.9 Ephem N N N no
Gl 5 su 574 1.0 Ephem L N L yes
Kd1 1 sp, su 138 14 Ephem L - - unknown
11 5 su 68 1.3 Perm L L L yes
12 5 su 193 2.6 Ephem N N N no
Hla 15 sp, su 331 21 Perm L N L yes
Hib 1 sp, su 80 0.0 Ephem L - - yes

De Beers Canada Inc.
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Table 8.3-28 Summary of Fish Habitat Quality in Kennady Lake Tributary Streams

(continued)

Stream Mai Overall Spawning Habitat
Stream | Reference | Season P Flow Habitat Quality® Fish
o @ Length | Gradient ; .
Identifier | Number Surveyed o duration Quality Passage
(m) (%) Rating | ARGR | NRPK
H2 no 175 1.9 Ephem not surveyed unknown
reference
Jla 5 su 123 1.2 Perm L L N yes
J2 5 su 22 1.9 Ephem N N N no
Ke3 1 sp, su 56 1.6 Ephem L unknown

Sources: 1: Canamera 1998; surveyed June 4 to 9 (spring) and July 2 to 28 (summer), 1996; 2: EBA and Jacques

Whitford 2000; surveyed July 16 to 27 (summer), 1999; 3: EBA and Jacques Whitford 2001; surveyed June 4 to 9
(spring), 2000; 4: EBA and Jacques Whitford 2002a; surveyed July 14 (summer), 2001; 5: current baseline sampling
program (Annex J); surveyed August 4 to 6, 2004.

®  Habitat Quality Ratings: H = High; M = Moderate; L = Low; N = Nil.

ARGR = Arctic grayling; NRPK = northern pike; Perm = Permanent; Ephem = Ephemeral; sp = spring; su = summer;

“-“ = not applicable; m = metre; % = percent.

8.3.8.2.2 Large-bodied Fish Community

Eight species of fish are known to inhabit Kennady Lake. Round whitefish
(Prosopium cylindraceum) are the most abundant large-bodied fish species and
typically comprise more than 50% of the total large-bodied fish community
(Table 8.3-29).  Lake trout (Salvelinus namaycush) are the second most
abundant species (about 20%) and are the top predator in the lake. Relative
abundance of lake chub (Couesius plumbeus) and Arctic grayling (Thymallus
arcticus) has varied between years but, on average, is lower (12% and 10%,
respectively) than lake trout and round whitefish. The northern pike (Esox lucius)
population in Kennady Lake is small (about 2%) due to the paucity of aquatic
vegetation in the lake. A single longnose sucker (Castostomus catostomus) was
observed in the spring of 2000 near the lake outlet (Table 8.3-33). It is believed
this single fish was a stray from downstream habitats and that Kennady Lake
does not support a population of longnose sucker (Annex J).

Short-duration gill netting in summer 2010 captured fewer fish than previous
years. Only eight of the 72 sets captured fish and only 13 fish were captured in
total (one northern pike, five lake trout, six round whitefish, and one lake chub).
Overall, 85% of the catch was lake trout and round whitefish. The lake trout
catch-per-unit-effort (CPUE) was 1.41 fish per 100 m? / 12-net hours, and the
round whitefish CPUE was 1.69 fish per 100 m? / 12-net hours. The total (all
species combined) CPUE was 3.66 fish per 100 m*/ 12-net hours.

Burbot (Lota lota) are the only other large-bodied fish species in Kennady Lake
but were not represented in gillnet catches. Ninespine stickleback (Pungitius

De Beers Canada Inc.
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pungitius) and slimy sculpin (Cottus cognatus) are the only other fish species
found
(Section 8.3.8.2.5). Mean length, weight, and condition factor’ for large-bodied
fish species captured by gillnetting in Kennady Lake in 1996, 1999, and 2004 are
provided in Table 8.3-30.

in Kennady Lake and are discussed

in Littoral

Fish Community

Table 8.3-29 Species Composition, Relative Abundance, and Average Catch-Per-Unit-
Effort of Fish Captured in Kennady Lake during Gillnetting Surveys,
Summer Months of 1996, 1999, and 2004

1996 1999 2004@
Species # of % of # of % of # of % of

P Fish Catch CPUE Fish Catch CPUE Fish Catch CPUE
Arctic grayling 3 0.8 0.07 39 22.7 211 20 7.2 2.16
Lake chub 106 29.2 2.54 9 5.2 0.46 3 1.1 0.18
Lake trout 70 19.3 1.97 36 20.9 1.98 53 19.0 4.13
Northern pike 2 0.6 0.05 5 2.9 0.28 5 1.8 0.42
Round whitefish 182 50.1 4.54 83 48.3 4.52 198 71.0 18.9
Total 363 | 100 9.17 172 100 9.35 279 100 25.7

(@)

Combined results from 89 SLIN gillnet lifts and 7 experimental gillnet lifts.

CPUE = catch-per-unit-effort measured as number of fish/100 m?/12 hours; SLIN = spring littoral index netting;
# = number; % = percent; m? = square metre.

Table 8.3-30 Mean Length, Weight, and Condition Factor for Fish Captured in
Standardized Experimental Gill Nets in Kennady Lake

Length Weight Condition Factor
Species (mm) ©)
n Mean Standgrd n Mean Stangrd n Mean Standgrd
Deviation Deviation Deviation
Avrctic grayling® 37 | 304 35.6 37| 333 86.1 37| 114 0.10
Lake chub® 98 94 6.6 - - - - - -
Lake trout® 70 | 304 147 60 | 525 760 60 | 1.01 0.13
Northern pike'® 5| 699 90.0 52920 | 1,112 5| 0.81 0.05
Round whitefish® 166 | 244 70.8 152 | 195 152 152 | 1.01 0.24
@ Fish captured in 1999.
® Fish captured in 1996.
Length = fork length; mm = millimetres; g = grams; n = number of fish; - = no fish found.

Condition factor is a proxy for the general health or condition of fish. It is calculated as (fish weight [g])/(fish length

[mm]). This ratio measure is often multiplied by some arbitrary factor to scale the measure to something close to one.
It is not necessarily comparable among species but rather may provide an indication of spatial or temporal variation
within a population or species. In EEM programs, it is often related to energy storage, i.e., higher condition equates to
more energy being stored

De Beers Canada Inc.
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Lake Trout
Lake trout sampled in Kennady Lake ranged in age between 1 to 26 years old
(Table 8.3-31). Although based on a limited number of aged fish, growth rates of
lake trout in Kennady Lake appear slower than in Great Slave Lake (Scott and
Crossman 1973).
Lake trout in Kennady Lake reach sexual maturity at a minimum size of 450 mm,
when most lake trout in Kennady Lake are 8 or 9 years old (Table 8.3-31). In
addition, evidence from gillnetting surveys conducted since 1996 suggests that
lake trout in Kennady Lake do not spawn every year. Alternate year spawning is
common in lake trout populations in the NWT (McPhail and Lindsey 1970;
Richardson et al. 2001), where growing seasons are short and low nutrient
availability limits productivity.
Most (62%) lake trout captured in summer 1996 were less than 300 mm in length
with a modal length class of 175 to 200 mm (Figure 8.3-33). In comparison, most
(92%) lake trout captured in summer 1999 were greater than 300 mm with a
modal length-class distribution of 500 to 525 mm (Figure 8.3-34). The difference
in length-frequencies between years is difficult to interpret but may be due to
differences in sample effort. The difference may also represent the growth of a
particularly strong year-class of fish from 1996 to 1999.
Table 8.3-31 Mean Length- and Weight-at-Age for Lake Trout in Kennady Lake, 1996,
1999, and 2004
Length Weight
Age (mm) (9)
n Mean Min Max n Mean Min Max
1+ 2 114 108 120 2 52 14 90
2+ 9 184 131 216 9 64 15 85
3+ 4 244 204 276 4 159 88 225
4+ 3 212 200 219 3 101 78 124
5+ 3 263 238 289 3 211 200 218
6+ 2 334 287 380 2 420 260 580
7+ 1 272 - - 1 200 - -
8+ 2 482 445 518 2 1,038 890 1,186
9+ 8 498 455 534 8 1,383 920 1,975
10+ 6 484 457 512 6 1,242 1,070 1,400
11+ 4 477 468 486 4 1,231 1,175 1,300
12+ 1 508 - - 1 2,025 - -
13+ 3 548 497 578 3 1,808 1,198 2,600
14+ 2 553 498 608 3 1,930 1,375 2,714
15+ 4 571 452 659 4 2,315 1,200 3,530
16+ 1 603 - - 1 2,755 - -

De Beers Canada Inc.



Gahcho Kué Project 8-118 December 2010
Environmental Impact Statement
Section 8

Table 8.3-31 Mean Length- and Weight-at-Age for Lake Trout in Kennady Lake, 1996,
1999, and 2004 (continued)

Length Weight

Age (mm) )

n Mean Min Max n Mean Min Max
17+ 7 602 549 701 7 2,315 1,580 3,100
18+ 3 632 580 780 3 2,760 2,030 5,000
19+ 2 613 578 648 2 2,104 1,982 2,225
20+ - - - - - - - -
21+ 3 615 577 653 3 2,617 1,952 3,400
22+ 1 575 - - 1 1,940 - -
23+ 1 778 - - 1 5,725 - -
24+ 2 690 595 785 2 3,888 1,825 5,950
25+ - - - - - - - -
26+ 1 658 - - 1 4,250 - -

Notes: 1996 (n=50); 1999 (n=2); 2004 (n=24).
mm = millimetres; g = grams; - = not applicable; n = number of fish; min = minimum; max = maximum.

Lake trout are the top predators in Kennady Lake where they feed almost
exclusively on round whitefish. In contrast, lake trout in Lake N16 in the adjacent
watershed prefer lake cisco despite the relatively high abundance of round
whitefish. Lake cisco are not found in Kennady Lake.

De Beers Canada Inc.
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Figure 8.3-33 Length-Frequency Distribution for Lake Trout Gillnetted in Kennady Lake,
Summer 1996
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Figure 8.3-34 Length-Frequency Distribution for Lake Trout Gillnetted in Kennady Lake,
Summer 1999
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Round Whitefish

Round whitefish captured in gillnets in Kennady Lake ranged between 1 and
13 years old (Table 8.3-32). In Kennady Lake, most round whitefish reach
sexual maturity at 250 mm in length. Round whitefish in Kennady Lake typically
reach this size at five years old (Table 8.3-32). Evidence from all three years of
gillnetting suggest that round whitefish in Kennady Lake spawn every year once
reaching sexual maturity.

Round whitefish captured in gillnets in 1996 had a mean length of 244 mm, a
mean weight of 195 g, and a condition factor of 1.01. Round whitefish ranged in
length between 75 mm and 400 mm, with a modal length class of 200 to 225 mm
(Figure 8.3-35); most (92%) round whitefish captured in 1996 were greater than
175 mm. Zooplankton groups were the primary prey item of round whitefish in
Kennady Lake. Bivalves and gastropods were also commonly eaten.

Table 8.3-32 Mean Length-at-Age and Weight-at-Age for Round Whitefish in Kennady
Lake, 1996, 1999, and 2004
Age Length (mm) Weight (9)
Mean Min Max n Mean Min Max
1+ 118 - - 1 14
2+ 188 - - 1 66 - -
3+ 19 201 184 231 19 77 55 114
4+ 16 222 188 263 16 114 70 178
5+ 7 273 238 298 7 225 125 325
6+ 16 279 248 320 16 245 100 395
7+ 25 306 265 355 25 300 200 425
8+ 26 312 264 345 26 352 150 734
o+ 21 334 290 365 21 422 250 558
10+ 17 343 270 385 17 487 350 742
11+ 8 345 330 355 8 469 425 500
12+ 343 - - 1 550
13+ 1 348 - - 1 525

Notes: 1996 (n=61); 1999 (n=4); 2004 (n=94).
mm = millimetres; g = grams; - = not applicable; n = number of fish; min = minimum; max = maximum.
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Figure 8.3-35 Length-Frequency Distribution for Round Whitefish Gillnetted in Kennady

Lake, Summer 1996
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8.3.8.2.3 Population Estimates

In the 2004 mark/recapture study, Peterson population estimates could not be
calculated due to low numbers of recaptured fish in the fall. Instead, a Bayesian
approach (Gazey and Staley 1986) was used to calculate the probability that the
minimum population size was greater than a reference population level. Based
on results of the 2004 mark/recapture experiment, there is a 95% probability that
the lake trout population in Kennady Lake is greater than 2,300 fish. Population
estimates for Arctic grayling and round whitefish could not be calculated because
tagged individuals were not recaptured in the fall. A whole-lake population
estimate for northern pike was not possible due to their patchy distribution and
limited movement.

To further refine the Kennady Lake population estimates, a hydroacoustic survey
of pelagic fish was conducted in late summer 2010. The fish density of Kennady
Lake was calculated to be 23.3 fish per hectare (0 to 51.2 fish per hectare; 90%
Cl). If considering the entire wetted surface area of Kennady Lake (i.e., 814 ha),
the total fish population was estimated at 18,977 fish; however, this estimate
does not include fish (e.g., young-of-the year, small fish) that prefer shallow
water where hydroacoustic surveys are generally ineffective. The hydroacoustic
surveys showed that most of the Kennady Lake population resided in Area 6
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(53%) where there was deep water (approximately 18 m in depth), and possibly,
vertical thermoclines. A mean density of 13.4 lake trout per hectare was
calculated (or a lake trout population of 10,925 fish).

8.3.8.2.4 Littoral Fish Community

The density of fish in the littoral areas of Kennady Lake was low (less than
2.5 fish/100 m), which is characteristic of the low productivity of Kennady Lake.
Lake chub were the most abundant fish species in littoral areas comprising over
50% of the catch (Figure 8.3-36). Juvenile burbot contributed about 25% of all
fish captured in the littoral areas. In contrast, few adult burbot have been
captured in gillnets set offshore. The relative proportion of burbot in the Kennady
Lake fish community in comparison to other large-bodied fish species is likely
underestimated, as burbot are typically under-represented in gillnet catches
(Jensen 1986). Small numbers of Arctic grayling, lake trout, northern pike, and
round whitefish were also captured in littoral areas. Ninespine stickleback and
slimy sculpin were the only other small-bodied fish species captured in the littoral
areas of the lake. These two species comprised less than 5% of the littoral fish
community.

Figure 8.3-36 Relative Abundance of Fish Species Captured in Littoral Areas of Kennady

Lake, 1996, 1999, and 2004
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ARGR = Arctic grayling; BURB = burbot; LKCH = lake chub; LKTR = lake trout; NRPK = northern pike; RNWH =
round whitefish; SLSC = slimy sculpin; NNST = ninespine stickleback; n = number of fish; % = percent.
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8.3.8.2.5 Spring Spawning Runs

In spring of 2000, 127 individual fish were captured in Kennady Lake tributaries
and in the Kennady Lake outlet (Table 8.3-33). Arctic grayling were the most
abundant species captured, followed by lake trout, burbot, and northern pike.
Lake chub, ninespine stickleback, and longnose sucker were also captured in
Kennady Lake tributaries in spring 2000.

Table 8.3-33 Numbers of Fish Captured, by Species, in Fish Fences Set in Kennady Lake
Tributaries, Spring 2000
) Area l Area 3 and 5 Area6 | Area?7 Kennady
Species Lake Outlet | Total
Az(a) Dl(a) B 1(3) El(a) G 1(a) Ks(b)
Arctic grayling 12 15 7 6 0 53 93
Burbot 1 1 0 9 0 0 11
Lake trout 0 0 0 0 0 12 12
Northern pike 7 0 0 0 0 7
Lake chub 0 0 0 0 0 1
Ninespine stickleback 0 0 0 2 0 2
Longnose sucker 0 0 0 0 0 1
Total 20 16 7 17 0 67 127
@ Upstream.
®  pownstream.

In spring 2004, 235 fish were captured in Kennady Lake tributaries and in the
Kennady Lake outlet in fish fences and hoopnets (Table 8.3-34). Arctic grayling
was the most abundant large-bodied species captured, followed by northern pike
and lake trout. Small numbers of burbot, round whitefish, and slimy sculpin were
also captured. Large numbers of ninespine stickleback were captured in
Stream A1, which is likely a reflection of the smaller mesh nets (13 mm) used in
Stream Al than the absence of ninespine stickleback in other streams.

Lake trout are fall spawners and the movement of lake trout through the Kennady
Lake outlet in the spring of 2000 and 2004 is most likely to feed on spawning
Arctic grayling and/or their newly laid eggs.

Based on these two years of data, most adult Arctic grayling in Kennady Lake
move through the Kennady Lake outlet to spawn in the series of streams
immediately downstream (Figure 8.3-37). Other tributaries to Kennady Lake are
also used, including streams within the A, B, D and E watersheds, but to a
smaller extent. This is primarily due to their smaller size, lower flows, and
steeper gradients compared to streams downstream of Kennady Lake.
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Table 8.3-34 Numbers of Fish Captured, by Species and Direction of Movement, in Fish
Fences and Hoopnets Set in Kennady Lake Tributaries, Spring 2004

Kennady
Area2 | Areal Area 3 and 5 Area6 | Area? Area 8 Lake
Species Outlet Total
Al A3 B1 D2 E1 G1 Hla Jla K5@
U/S|D/S|U/S|D/S|U/S|D/S|U/S|DIS|UI/S|DIS|U/S|D/S|U/S|D/S|U/S|D/S| US| DIS
ARGR |19 1|20 0|12 1 1 /1|0]0]0]|O 11]0 1 | 48 88
BURB 0 oOo|0]|O0]|O ojo|loO0O|lO0O|JO]JO|]O]|O]|O 0 0
LKTR 0 o|O0|O0O]O0]|O ojoloO0O|lO0O|JO]JO|O]|O]|O 0 7 7
NNST 718 (0|0|0]|O ojo|loO0O|lO0O|JO]JO|]O]|O]|O 0 0 89
NRPK 1 i1|/0(0|O0|2|2|0|212|0|]0|O0]0]O0]|O 7 6 | 46
RNWH | O o|0]|O0]|O ojo|loO0O|lO0O|JO]JO|]O]|O]|oO 0 1 1
SLSC 1 oOo|0]|O0|O ojo|loO0O|lO0O|JO]JO|O]|O]|O 0 1 3
Total 28 |88 | 3| 0|0 |12|26| 3|1 |2|0]|]0]J0O]|]O0O}|1]|0O0 8 | 63 |235

@ Downstream count includes one Arctic grayling located in the wing of the fish fence.

ARGR = Arctic grayling; BURB = burbot; LKCH = lake chub; LKTR = lake trout; NRPK = northern pike; RNWH = round
whitefish; SLSC = slimy sculpin; NNST = ninespine stickleback; U/S = upstream; D/S = downstream.

Arctic grayling in Kennady Lake exhibit an adfluvial life history (i.e., live in lakes
but migrate into rivers or streams to spawn). Adults and juveniles reside in the
lake for most of the year. In spring, adult Arctic grayling migrate into streams
soon after ice break-up to spawn. Adults move back into the lake soon after
spawning. Eggs hatch in June and young-of-the-year rear in natal streams for
the summer, moving upstream to Kennady Lake or downstream to overwintering
habitat in lakes by late August. Young-of-the-year Arctic grayling may move
upstream or downstream depending upon their location in relation to
overwintering habitat (Stewart et al. 2007).

Table 8.3-35 Timing of Stream Utilization by Adfluvial Arctic Grayling in the Northwest

Territories
Life stage late May early June late June early July late July early Aug late Aug early Sept
Adults
In-migration :
Spawning

Out-migration 1

Egg/fry
Egg deposition I
Egg incubation I
Swim-up I 1
YQY rearing I

YOY out-migration

YOY = young-of-year. Adapted from Stewart et al. (2007)
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Figure 8.3-37 Comparison of Arctic Grayling Movements into Kennady Lake Tributaries,

Spring 2000 and 2004
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Arctic grayling moving into tributaries in spring ranged in length between 50 and
450 mm but most (75%) were greater than 200 mm (Figure 8.3-38). Mean length
and weight of Arctic grayling captured in tributaries in spring 2004 was 263 mm
and 306 grams (g), respectively. The resulting mean condition factor for these
fish was 1.1. Although aging data are limited, most Arctic grayling greater than
200 mm were three years of age or older and most of Arctic grayling greater than
350 mm were six years old (Table 8.3-36). Based on the length frequency
distribution, this suggests that Arctic grayling in Kennady Lake began spawning
at three years of age but the majority of spawning fish were likely six years or
older. Similar age structure of spawning Arctic grayling occurs in Great Slave
Lake (Scott and Crossman 1973; Stewart et al. 2007).
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Figure 8.3-38 Length-Frequency Distribution for Arctic Grayling Captured Moving into

Kennady Lake Tributaries, Spring 2004
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Table 8.3-36 Length-at-Age and Weight-at-Age for Arctic Grayling Captured in Kennady

Lake Tributaries, Spring 2004

Fork Length Weight
Age (mm) (9)
n Mean Range n Mean Range
3+ 5 207.4 197 to 221 5 116.0 90 to 200
4+ 4 253.5 250 to 258 4 191.3 175 to 200
5+ 2 2115 201 to 222 1 126.6 -
6+ 4 376.3 362 to 391 4 592.5 500 to 700
7+ 1 253.0 - 1 172.5 -
8+ 1 393.0 - 1 880.0 -

mm = millimetre; g =

grams; n = number of fish; - = no data.

Northern pike were captured in streams of the A watershed in 2000 and 2004
and in relatively large numbers (27 fish) in the D watershed in 2004
(Figure 8.3-39). Lakes D2 and D3 on the western side of Kennady Lake appear
to provide spawning habitat for a substantial proportion of northern pike in
Kennady Lake. This is likely due to the abundance of aquatic vegetation in these
lakes in comparison to Kennady Lake and other small lakes in the watershed.
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Northern pike were also observed moving out of Kennady Lake in spring
(Stream K5) (Figure 8.3-39). These movements may represent spawning
movements to areas of flooded aquatic vegetation along the shorelines and
riparian areas of streams downstream, or may be pre-spawning feeding
movements as northern pike take advantage of concentrations of Arctic grayling
near the outlet of Kennady Lake.

Figure 8.3-39 Comparison of Northern Pike Movements into Kennady Lake Tributaries,

Spring 2000 and 2004
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Most northern pike captured in spring were large (mean length and weight of
631 mm and 2,624 g, respectively) mature fish. Northern pike ranged in length
between 150 and 900 mm, but most (84%) northern pike captured in spring were
greater than 550 mm (Figure 8.3-40). Although few northern pike were aged,
length-at-age data indicated that most northern pike spawners in Kennady Lake
are six years old or older (Table 8.3-37). This age-at-maturity is consistent with
other northern pike populations at similar latitudes (Richardson et al. 2001).
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Figure 8.3-40 Length-Frequency Distribution for Northern Pike Captured in Kennady Lake
Tributaries, Spring 2004
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Table 8.3-37 Mean Length- and Weight-at-Age for Northern Pike Captured in Kennady
Lake Tributaries, Spring 2004

Age Fork Length Weight
youre) (mm) ©
n Mean Range n Mean Range
3+ 1 340.0 - 1 150.0 -
4+ - - - - - -
5+ - - - - - -
6+ 2 664.5 635 to 694 2 2,000.0 1,650 to 2,350
7+ 3 671.3 584 to 755 3 2,641.7 1,650 to 3,875
8+ 2 649.5 647 to 652 2 2,1125 2,025 to 2,200
9+ - - - - - -
10+ 2 714.0 670 to 758 2 2,900.0 2,600 to 3,200
11+ - - - - - -
12+ - - - - - -
13+ 1 875.0 - 1 6,700.0 -

n = number of fish; mm = millimetre; g = grams; - = no data.
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8.3.8.2.6 Small Lakes Surveys

A summary of fish captured in each small lake sampled in the Kennady Lake
watershed is provided in Table 8.3-38. Fish were captured in 12 of the 34 lakes
sampled. Fish species captured included five sport fish (Arctic grayling, burbot,
lake trout, northern pike, and round whitefish) and two forage fish species
(ninespine stickleback, and slimy sculpin). For the most part, abundance of fish
was low in all lakes.

Figure 8.3-41 shows the fish-bearing status of lakes within the Kennady Lake
watershed. Many of these small lakes were designated as fish-bearing, meaning
fish were captured or there was a connection to another fish-bearing lake or
stream. As outlined in Annex J, lakes were designated as non-fish bearing if no
fish were captured, the maximum depths were too shallow for overwintering fish
(i.e., less than 3 m), and there was no connection to fish-bearing lakes or
streams during high flows (i.e., spring).

Lake 11 includes a self-sustaining population of lake trout; adult and juvenile lake
trout were captured in this lake in 1996 and 2004. This lake has a maximum
depth of 11 m and is connected to Area 8 of Kennady Lake by an ephemeral
stream flowing through a shallow wetland. The presence of juvenile lake trout,
the availability of cobble/boulder substrates suitable for spawning below the ice
scour zone (2 m), and the ephemeral nature of Stream |1 suggests strongly that
lake trout are successfully spawning and rearing in Lake I1. Arctic grayling, slimy
sculpin, and ninespine stickleback were also captured in this lake in 1996.
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Table 8.3-38 Fish Species Captured in Small Lakes within the Kennady Lake Watershed

Lake Fish Species
Al ARGR, BURB, RNWH
A2 -
A3 ARGR, BURB, LKTR, NRPK
A4 -
A5 -
A6 -
A7 -
A8 -
A9 -
B1 ARGR, LKTR, NNST, SLSC
B2 -
D1 BURB, NRPK
D2 NRPK
D3 BURB, LKTR, NRPK
D7 ARGR, BURB, NRPK
D10 -
El NRPK, SLSC
E2 -
E3 -
F1 -
G2 NNST
Hla NNST, SLSC
H1b -
11 ARGR, LKTR, NNST, SLSC

Kb4 -
Kdl -

ARGR = Arctic grayling; BURB = burbot; LKTR = lake trout; NRPK = northern pike; RNWH = round
whitefish; NNST = ninespine stickleback; SLSC = slimy sculpin; - = no fish captured.
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8.3.8.2.7 Stream Fish Inventory Surveys

Table 8.3-39 shows the fish species captured in streams sampled within the
Kennady Lake watershed. In summer sampling, juvenile Arctic grayling were
very abundant in streams within the Kennady Lake watershed and typically
comprised over 90% of the total catch. Ninespine stickleback were also
abundant at two of the sites sampled. Juvenile burbot and northern pike, and
slimy sculpin were also found in streams in summer but in substantially lower
numbers.

In the Kennady Lake watershed, streams in the larger catchments (i.e., A, B, and
D catchments) were used by Arctic grayling for spawning and by northern pike as
access corridors to upstream lakes in spring. Smaller tributaries are used
primarily by slimy sculpin and ninespine stickleback.

Table 8.3-39 Fish Captured in Streams Surveyed in the Kennady Lake Watershed

Stream Fish Species Captured
Al ARGR, BURB, LKCH® NNST, NRPK, SLSC
A2 ARGR, BURB, NRPK
A3 ARGR, BURB, LKTR, NNST, NRPK
B1 ARGR
D1 ARGR, BURB, NNST
D2 ARGR, BURB, NRPK, SLSC
D4 SLSC
D7 SLSC
El ARGR, BURB, NNST, NRPK
Gl -
Hla NNST, NRPK
H1b NNST
Jla ARGR
Kd1l NNST
Ke3 NNST

(@)

Lake chub in stream Al originally identified as peamouth. Subsequent sampling and identification has

confirmed that lake chub are present, and that the peamouth were likely misidentified.

ARGR = Arctic grayling; NRPK = northern pike; BURB = burbot; SLSC = slimy sculpin; LKCH = lake chub;
LKTR = lake trout; NNST = ninespine stickleback; - = no fish captured.

8.3.8.2.8 Fish Movements

Lake trout exhibit a lacustrine life history in Kennady Lake and generally conduct
all of their life history requirements in the lake. Lake trout have been observed
moving through the Kennady Lake outlet in spring, presumably feeding on
congregations of spawning Arctic grayling. Radio-tagged lake trout moved freely
between all areas of Kennady Lake but generally avoided Area 8 in summer.
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This is likely due to its shallower depth and limited cover compared to other
areas of the lake.

Similar to lake trout, round whitefish in Kennady Lake exhibit a lacustrine life
history, conducting all of their life history requirements (spawning, rearing,
foraging, and overwintering) in the lake. Too few round whitefish were radio-
tagged to confirm movements in the lake. However, no round whitefish were
ever observed moving out of, or into, Kennady Lake in spring. No tagged round
whitefish was ever captured downstream of Kennady Lake.

Adult Arctic grayling were found primarily in offshore areas of Kennady Lake in
summer and, based on radio-telemetry, move freely between all areas of the
lake. Although some populations are known to make extensive migration (up to
320 km) from overwintering areas to spawning grounds (Evans et al. 2002),
Arctic grayling in Kennady Lake rarely moved more than 2 km downstream in
spring. Like lake trout, Arctic grayling typically avoid the shallower Area 8.
Juvenile Arctic grayling were found in littoral areas in summer but are also likely
to use deeper, offshore areas as well.

Northern pike appear to only move locally in Kennady Lake and most northern
pike were located in Areas 6 and 7, where aquatic vegetation existed in protected
embayments.

8.3.8.2.9 Fall Spawning Surveys

Lake trout are fall spawners and begin to congregate near spawning locations at
water temperatures less than 10°C. In Kennady Lake, this typically occurs in
September or early October. Peak spawning usually occurs in late September in
Kennady Lake.

The primary lake trout spawning site in Kennady Lake is the northern shore of
the island separating Areas 3 and 5 from Area 4 (Figure 8.3-42). This is based
on two lines of evidence:

e concentrations of ripe (pre-spawning condition) and spent (post-
spawning condition) lake trout were highest in gillnets set around the
northern half of this island; and

o the largest numbers of radio-tagged lake trout were also found along the
Areas 3 and 5 shoreline of this island in fall.
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8.3.8.2.10

Habitat along the shoreline of this island is near optimal for lake trout spawning in
that it has predominantly clean boulder/cobble substrates, is located directly
adjacent to deep (greater than 10 m) areas on both sides, and is exposed to the
largest fetch (greater than 1.5 km) in the lake. This latter characteristic serves to
keep boulder substrates clean from silt and fine organic sediment accumulation.

Lake trout are likely to use other spawning sites in Kennady Lake besides this
island. Sexually mature lake trout were found in all areas of Kennady Lake
during fall sampling. Most shoreline areas of Kennady Lake have boulder/cobble
substrates suitable for lake trout spawning and it is likely that many of these
shorelines, particularly those exposed to fetches greater than 500 m, are used by
spawning lake trout.

Round whitefish spawn later in fall than lake trout, typically at water temperatures
between 2 and 5.5°C (Wismer and Christie 1987) and may spawn just before
lake freeze-up (Morrow 1980). This delayed spawning is the likely reason why
accumulations of ripe round whitefish were not observed during fall surveys and
why spawning locations in Kennady Lake could not be positively identified.
However, round whitefish have similar spawning requirements as lake trout
(Richardson et al. 2001) and it is likely that round whitefish in Kennady Lake use
the northern shoreline of the island separating Areas 3 and 5 from Area 4
extensively for spawning.

Metals in Fish Tissues

The metal concentrations in the muscle tissue of lake trout from Kennady Lake
and Lake N16 are summarized in Table 8.3-40. Concentrations of aluminum,
antimony, beryllium, boron, silver, thallium, and tin were below analytical
detection limits in 75% or more of the fish that were analyzed and are not
presented here for this reason. Mean and maximum arsenic, chromium, mercury,
and vanadium concentrations in lake trout muscle tissue exceeded the
risk-based screening criteria for human consumption (Table 8.3-40).

Arsenic concentrations in most samples of lake trout muscle tissue were equal to
or less than the analytical detection limits, which ranged from 0.01 to
0.05 mg/kg ww. Arsenic concentrations reported above the detection limits
ranged from 0.02 to 0.30 mg/kg ww. Although detection limits were too high to
draw definitive conclusions, naturally occurring arsenic concentrations in muscle
tissue of lake trout may be above the risk-based criterion of 0.021 mg/kg ww.

Chromium and vanadium were detected in more than 50% of lake trout muscle
samples from Kennady Lake and Lake N16. Chromium concentrations reported
above the detection limits ranged from 0.05 to 0.79 mg/kg ww, which were higher
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than the risk-based criterion of 0.063 mg/kg ww. Detection limits for vanadium
were higher in samples from 1996 than those from 2004, and the maximum
concentrations summarized in Table 8.3-40 reflect these differences in detection
limits. Vanadium was only detected in the 2004 samples, at concentrations
ranging from 0.008 to 0.045 mg/kg ww, with most concentrations slightly higher
than the risk-based criteria of 0.019 mg/kg ww. These values suggest that
naturally occurring chromium and vanadium concentrations in muscle tissue of
lake trout may be higher than the risk-based criteria.

Total mercury was detected in most of the lake trout muscle samples from both
lakes. Concentrations reported above the detection limits ranged from 0.06 to
1.4 mg/kg ww, which were higher than the risk-based criterion of 0.028 mg/kg ww
for methyl mercury. No analysis of methyl mercury was undertaken, but it is
generally accepted that total mercury levels in fish muscle are reliable indicators
of methyl mercury, as methyl mercury can contribute to at least 90% of the total
methyl mercury concentration values in fish tissue (Rai et al. 2002; Lasorsa and
Allen-Gil 1995). Methyl mercury is the form of mercury that poses a public health
risk in fish and shellfish tissue due to its tendency to bioaccumulate (US EPA
1997). The detected concentrations of total mercury in muscle tissue of lake trout
suggest that naturally occurring concentrations may exceed the risk-based
criterion for human consumption.

De Beers Canada Inc.



Gahcho Kué Project 8-137 December 2010
Environmental Impact Statement
Section 8

Table 8.3-40 Overall Mean and Maximum Metal Concentrations (mg/kg wet weight) in
Lake Trout Muscle Tissue Samples Collected from Kennady Lake and Lake
N16 between 1996 and 2007

Parameter Kennady Lake Lake N16 Ris_k-b_as(%d
Mean® | Maximum® Mean® Maximum® criteria

Arsenic 0.036 0.10 0.065 0.30 0.021
Barium 0.050 0.090 0.056 0.36 54
Cadmium 0.015 0.15 0.014 <0.20 0.28
Chromium 0.15 0.64 0.17 0.79 0.063
Cobalt 0.050 <0.080 0.050 <0.080 0.082
Copper 0.47 1.8 0.62 2.2 11
Iron 2.6 5.0 3.8 7.4 190
Lead 0.032 0.72 0.020 0.090 nc
Manganese 0.077 <0.16 0.099 0.36 38
Mercury 0.30 <0.79 0.36 1.4 0.028®
Molybdenum 0.033 <0.040 0.035 0.16 1.36
Nickel 0.10 1.4 0.15 1.6 54
Selenium 0.31 0.43 0.28 0.40 14
Strontium 0.29 0.93 0.26 1.6 162
Titanium 0.45 1.4 0.33 1.2 nc
Vanadium 0.067 <0.14 0.066 <0.14 0.019
Zinc 3.2 6.5 3.1 10 82

Note: Shaded values equal or exceed the US EPA risk-based criteria.

Metal concentrations are presented as mg/kg wet weight.

Detection limits were used to calculate mean metal concentrations for individuals with metal concentrations below
detection limit.

When indicated by a less than sign (<), the maximum concentration was reported at below the sample-specific
detection limit.

Risk-based criteria for fish consumption were based on a 70 kg individual consuming 54 g of fish per day over a 70-
year period (US EPA 2010). The US EPA screening values were adjusted to a carcinogenic risk of 1E-5 and a
hazard quotient of 0.2 for non-carcinogens (carcinogens were multiplied by 10 and non-carcinogens were multiplied
by 0.2). When criteria were available for both carcinogenic and non-carcinogenic exposure scenarios, the lowest
value was used.

Criterion is for hexavalent chromium.

Criterion is for methyl mercury.

US EPA = United States Environmental Protection Agency; nc = no criterion; mg/kg = milligram per kilogram.

(@)
(b)

(©

(d)
(e)

The metal concentrations in the muscle tissue of round whitefish from Kennady
Lake and Lake N16 are summarized in Table 8.3-41. Concentrations of
aluminum, antimony, beryllium, boron, iron, manganese, silver, tin, and vanadium
were below analytical detection limits in 75% or more of the fish that were
analyzed and are not presented here for this reason. Mean and maximum
chromium and mercury concentrations in round whitefish muscle tissue from both
lakes and mean and maximum arsenic concentrations from Lake N16 exceeded
the risk-based screening criteria for human consumption (Table 8.3-41).
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Concentrations of all other metals were below screening criteria, when criteria
were available.

Arsenic was detected in almost all muscle tissue samples from Lake N16, but
was not detected in any samples from Kennady Lake. Detection limits in the
Kennady Lake samples ranged from 0.01 to 0.05 mg/kg ww, and the maximum
detection limit was higher than the risk-based criterion of 0.021 mg/kg ww. In
muscle tissue of round whitefish from Lake N16, arsenic concentrations ranged
form 0.03 to 0.49 mg/kg ww, which suggests that naturally occurring arsenic
concentrations in muscle tissue of round whitefish from Lake N16 may be above
the risk-based criterion of 0.021 mg/kg ww.

Chromium concentrations in most round whitefish muscle tissue samples from
Kennady Lake and Lake N16 were equal to or below the detection limits.
Detection limits varied among samples, and ranged from 0.11 to 0.39 mg/kg ww.
The maximum concentration reported above the sample-specific detection limit
was 0.17 mg/kg ww in a fish from Lake N16. Given that detection limits were
higher than the risk-based criteria, and any detected concentrations were only
slightly above detection limits, it cannot be determined if naturally occurring
chromium concentrations in round whitefish muscle tissue are above the
risk-based criterion of 0.063 mg/kg ww.

Total mercury was detected in about 50% of the round whitefish muscle tissue
samples from Lake N16, but in only three samples from Kennady Lake.
Detection limits also varied among samples, and ranged from 0.02 to
0.14 mg/kg ww. The concentrations reported above the sample-specific detection
limits ranged from 0.05 to 0.37 mg/kg ww, which are above risk-based criterion of
0.028 mg/kg ww for methyl mercury. As stated for lake trout, it is assumed that
total mercury concentrations in fish muscle are reliable indicators of methyl
mercury. The detected concentrations of total mercury in muscle tissue of round
whitefish suggest that naturally occurring concentrations may exceed the risk-
based criterion for human consumption.
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Table 8.3-41 Overall Mean and Maximum Metal Concentrations (mg/kg wet weight) in
Round Whitefish Muscle Tissue Samples Collected from Kennady Lake and
Lake N16 between 1996 and 2007

Parameter Kennady Lake Lake N16 Ris_k-b_as(%d
Mean® | Maximum® Mean® Maximum® criteria

Arsenic 0.014 <0.050 0.15 0.49 0.021
Barium 0.035 0.14 0.056 0.31 54
Cadmium 0.013 0.030 0.011 0.028 0.28
Chromium 0.12 0.19 0.17 <0.39 0.063%
Cobalt 0.013 0.026 0.018 0.040 0.082
Copper 0.34 0.68 0.43 0.77 11
Lead 0.016 0.088 0.011 0.013 nc
Mercury 0.088 0.17 0.10 0.37 0.028®
Molybdenum 0.027 0.070 0.022 0.025 1.36
Nickel 0.024 0.048 0.038 0.13 54
Selenium 0.30" 0.30 0.407 0.40 1.4
Strontium 0.50 1.7 0.58 3.0 162
Zinc 2.6 5.3 3.3 5.7 82
Note: Shaded values equal or exceed the US EPA risk-based criteria.

Metal concentrations are presented as mg/kg wet weight.
Detection limits were used to calculate mean metal concentrations for individuals with metal concentrations below

(@)

detection limit.
(b)

detection limit.
©

When indicated by a less than sign (<), the maximum concentration was reported at below the sample-specific

Risk-based criteria for fish consumption were based on a 70 kg individual consuming 54 g of fish per day over a 70-

year period (US EPA 2010). The US EPA screening values were adjusted to a carcinogenic risk of 1E-5 and a hazard
quotient of 0.2 for non-carcinogens (carcinogens were multiplied by 10 and non-carcinogens were multiplied by 0.2).
When criteria were available for both carcinogenic and non-carcinogenic exposure scenarios, the lowest value was

used.
()

(e)
®

Criterion is for hexavalent chromium.
Criterion is for methyl mercury.

Only one fish was sampled.

US EPA = United States Environmental Protection Agency; nc = no criterion; mg/kg = milligram per kilogram.

De Beers Canada Inc.




Gahcho Kué Project 8-140 December 2010
Environmental Impact Statement

Section 8
8.4 WATER MANAGEMENT PLAN SUMMARY
8.4.1 Introduction

The following section provides a summary of the Water Management Plan that
has been developed for the Gahcho Kué Project (Project). The primary purpose
of this plan is to reduce the effect of the Project on the aquatic ecosystem of
Kennady Lake and downstream environments during construction, operations,
and closure phases.

The most significant water-related activity that will take place during the Project
will be the dewatering of Areas 2 to 7 of Kennady Lake to allow access to the
lake bed and underlying kimberlite pipes, and the subsequent restoration of the
lake. The dewatering process will begin during the first year of construction
(Year -2) and will take place during the open water season. To facilitate the
dewatering process, natural drainage from the upper portion of the watershed will
be diverted to the adjacent N watershed by the establishment of several earth
filled dykes. Area 8 will be separated from the rest of Kennady Lake by the
construction of a water retaining dyke (Dyke A).

It is expected that about half the water in Kennady Lake can be removed in the
initial dewatering process. During this time, the discharge water will be
partitioned between Area 8 and Lake N11, located northwest of Kennady Lake.
As water levels in the lake decrease, particularly in Area 7, the concentrations of
totals suspended solids (TSS) in the water are expected to increase, which will
limit the period of time that water from Area 7 can be discharged to Area 8.
During operations, water will be pumped from Areas3 and 5 (the Water
Management Pond [WMP]) to Lake N11; where necessary, water entering Area 5
may be treated with flocculants to reduce the TSS in the WMP.

The water management strategy developed for the Project considered economic
and environmental constraints. This strategy is included in technical memoranda
in Appendix 8.1, Attachment 8.1.1 for the construction and operations phases and
Appendix 8.1, Attachment 8.1.2 for the closure phase. The Water Management
Plan described herein is based on these technical memoranda, with emphasis
placed on water quality considerations.
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Respecting the constraints and considerations listed in Appendix 8.1,
Attachments 8.1.1 and 8.1.2, the key objectives of the Water Management Plan
are to:

e minimize the amount of water requiring discharge to downstream
receptors during the initial dewatering period,;

e manage mine water during the closure period to minimize water quality
impacts within the WMP during the closure and post-closure periods;
and

¢ manage waters within the Kennady Lake catchment area until the water
quality is suitable for release, marking the transition to the post-closure
period.

To facilitate the design of the Project Water Management Plan, Kennady Lake is
divided into six principal areas whose limits are truncated by impermeable, earth-
filled dykes and a filter dyke, as discussed in Section 8.4.2.3. Figure 8.4-1
illustrates the areas of Kennady Lake, their distinct watersheds and the upper
watersheds of Kennady Lake. Table 8.4-1 provides a brief description of each
area. The Water Management Plan presented in the subsequent sections is
discussed with reference to these areas.

The Water Management Plan is also discussed in terms of the following time
periods:

e Construction phase (initial dewatering) — Years -2 to -1. Kennady Lake
is drawn down to increase available capacity and facilitate dyke
construction; water is discharged to Lake N11 and Area 8.

e Operational phase — Years 1 to 11. Water is diverted from mine pits
and lake areas to the WMP; water is discharged from the WMP to Lake
N11, as long as the water quality in the WMP meets specific discharge
criteria.

e Closure phase — Years 12 to 20. Water is transferred from the WMP to
Tuzo Pit and Kennady Lake is refilled from natural drainage and water
pumped from Lake N11.

e Post-closure (i.e., beyond closure) — Years 21 onwards. Kennady Lake
receives only natural drainage and releases water to Area 8.
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Table 8.4-1

The construction phase of the Water Management Plan is described in
Section 8.4.2. During construction the key activities related to water
management will be the diversion of upper watersheds that flow into Kennady
Lake, the initiation of dewatering of Kennady Lake, the construction of a dyke
that separates the most downstream basin of Kennady Lake (Area 8) from
Area 7, and the establishment of the WMP.

Summary of Kennady Lake Areas

Area Description

Areas 1 and 2
(Fine Processed Kimberlite of the A watershed (Area 1). Areas 1 and 2 are designated for fine

Located in the northeast embayment of Kennady Lake (Area 2) and most

Containment Facility) processed kimberlite deposition.
Areas 3 and 5 (i.e., Water This area will operate as the site Water Management Pond and will
Management Pond) provide the primary source of process reclaim water. It is located in north

of Kennady Lake.

Area 4 Located to the southeast of the Water Management Pond. Location of the
Tuzo kimberlite pipe.

Area 6 Located to the south of the Water Management Pond. Location of the
5034 and Hearne kimberlite pipes.

Area 7 Truncates Area 6 to the east.

Area 8 East basin of Kennady Lake outside of Project footprint.

The operations phase of the Water Management Plan is described in
Section 8.4.3. During operation, Project activities associated with the Water
Management Plan will be designed to minimize the discharge of site water to
downstream waterbodies unless specific water quality criteria are met, and to
recycle process water to the greatest extent possible. During the operations
phase of the Project, water for use in the processing plant will be sourced from
the WMP. After the Fine Processed Kimberlite Containment (PKC) Facility has
been closed, the groundwater flowing into the open pits will be the primary
source of make-up water for the processing facility.

The closure phase of the Water Management Plan is discussed in Section 8.4.4.
At closure, the WMP (Areas 3 and 5), and Area 7 will contain water, Area 4 will
be effectively dewatered and Area 6 will be partially dewatered. After mining has
been completed, the natural drainage system in the Kennady Lake watershed will
be restored and refilling of the dewatered lake-beds will begin. Refilling of the
lake is scheduled to start in Year 12 and is expected to take eight years. Runoff
from the mine rock piles, Coarse PK Pile, Fine PKC Facility, plant site, and
airstrip will flow to the lake and be used to assist in refilling the lake. Water will
also be pumped from Lake N11 during the last three weeks of June and the first
three weeks of July of each year. Once Areas 3 to 7 are refilled to the same
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elevation as Area 8, and the water quality within the refilled lake is acceptable,
the in-lake portion of Dyke A will be removed, and the refilling of Kennady Lake
will be complete. Flow from Areas 3 to 7 of Kennady Lake to Area 8 will then
resume.

Annual inflows to and outflows from the close-circuit site water management
system (e.g., the Project mechanism to which all elements of site contact and
mine contact water, potable and plant water supply, pumped inflows and
discharges, and natural inflows and outflows are managed and facilitated) are
briefly summarized in Table 8.4-2; however, the water balance in Section 8.4.5
provides a quantitative summary for the construction, operations, closure and
post-closure phases of the Project.

Table 8.4-2  Description of Inflows to and Outflows from the Water Management System

Source of Inflows Destination of Outflows
- direct precipitation and surface runoff from the Project - water pumped to Area 8 and Lake N11
site and natural surface runoff from adjacent catchments during the dewatering of Kennady Lake
- groundwater inflows to the open pits - water pumped to Lake N11 during
- drainage from the mine rock and Coarse PK piles, and operations
Fine PKC Facility - natural discharge from Area 8
- freshwater drawn from Area 8 - evaporation and evapotranspiration losses

- freshwater pumped from Lake N11 to expedite refilling of
Kennady Lake

PK = processed kimberlite; PKC = Processed Kimberlite Containment.

The potential sources of change to water quality resulting from Project activities,
including solid waste disposal, chemical storage and handling, and mine rock
and PK disposal are discussed in Section 8.4.6. The potential accidents and
malfunctions relevant to the Water Management Plan, including petroleum spills,
ammonium nitrate spills, and dyke failures are also examined in Section 8.4.7.

For the Base Project Case assessed for the EIS, the Water Management Plan
does not account for fish habitat compensation that may be constructed as part
of the No Net Loss Plan. It is assumed that any environmental impacts
associated with the No Net Loss Plan will be evaluated as part of the application
to Fisheries and Oceans Canada (DFO).
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8.4.2 Construction Phase

The following key water-related activities will take place during the construction
phase of the Project:

o the majority of the upper Kennady Lake watershed (sub-watersheds A,
B, D and E) will be diverted through the construction of dykes to facilitate
the dewatering of Kennady Lake and Lake Al, and to isolate the WMP
during operations;

e Kennady Lake will be dewatered to allow access to the lake-bed and the
underlying kimberlite pipes;

e Dyke A will be constructed to separate Area 8 from Area 7 of Kennady
Lake; and

e a WMP will be established in Areas 3 and 5 to collect mine water,
process water, groundwater inflow, and drainage from the mine site and
surrounding area.

8.4.2.1 Diversion of A, B, D and E Watersheds

The Fine PKC Facility will be located in the A watershed and the northeast
embayment of Kennady Lake, which are identified as Areas1l and 2,
respectively. Area 1 includes the majority of the A watershed (i.e., Lakes Al and
A2) that drains into Kennady Lake in the northeast corner, but excludes Lake A3.
Lake A3 will be isolated from Lakes Al and A2 through the construction of a
permanent saddle dyke (Dyke C) between Areal and Lake A3 to the north
(Figure 8.4-2). Dyke C will serve to raise the level of Lake A3 to a point where
the Lake A3 outlet will be permanently diverted into Lake N8. Lake Al will be
partially dewatered into Lake A3 after Dyke C is constructed.

To reduce surface inflows to Kennady Lake, a portion of the upper Kennady Lake
watershed (watersheds B, D and E) will be isolated or diverted, so that the runoff
from these watersheds is directed away from Kennady Lake. The diversion
system will rely on temporary, earth-filled dykes that will be placed across the
outlets of the B, D and E watersheds. Runoff from the B, D and E watersheds
will be diverted to lakes in the N watershed. The surface water diversions from
Kennady Lake are illustrated in Figure 8.4-3.
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8.4.2.2

8.4.2.3

Table 8.4-3

Use of Area 8 as the Potable Water Supply

During construction and operations, potable water, fire protection water, and
other fresh water requirements will be sourced from Area 8. The freshwater
intake and pumphouse will be located on the northern shore. The intake design
will consist of a prefabricated pumping station located on a rockfill embankment,
with a submerged intake pipe located in the lake. The intake will be screened
per DFO guidelines (DFO 1995) to limit fish entrainment in the pumps, and any
piping exposed to freezing temperatures will be heat traced.

Dewatering of Kennady Lake

Dewatering of Kennady Lake is expected to begin in Year -1 and will continue
throughout the operational period. Dewatering will entail pumping water from
Kennady Lake to provide access to the open pits. Fish salvage will be
conducted to remove fish before and during dewatering. The water will be
pumped to Lake N11, which is located approximately 2 km northwest of Kennady
Lake. Dewatering activities are sequenced to coincide with the mine production
plan (Table 8.4-3). Area 7 will be initially dewatered to Area 8 to permit access to
the 5034 Pit, and subsequent mining of the Hearne and Tuzo pits will require
complete dewatering of Areas 6 and 4, respectively. Once water quality in Area 7
approaches specific criteria, which will likely include turbidity or TSS
concentrations, discharge to Area 8 will cease.

Mine Production Plan

Year Production Pit
5034

5034

5034

5034

5034

5034/Hearne
5034/Hearne/Tuzo
Hearne/Tuzo

1
N

'
[EEY

Hearne/Tuzo

Tuzo

Ol Njoja|bh[W[IN|F

Tuzo

=
o

Tuzo

[ERN
[N

Tuzo
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To retain water in the appropriate Kennady Lake areas and to manage potentially
large recharge volumes, several dykes will be constructed. The dykes will be
designed to achieve the following objectives:

e divert water from upstream catchment areas (e.g., A, B, D and E
catchments) to minimize Kennady Lake recharge during the
construction and operational phases (Section 8.4.2.1);

e permanently separate the contents of the Fine PKC Facility from Lakes
A3 and N7;

e provide additional storage capacity for water management facilities
(e.g., WMP) that are required during operations; and

e isolate areas of Kennady Lake (e.g., Area4 and Area 6) that require
dewatering for open pit access.

A description of the key dykes that will be required to manage Kennady Lake
water is provided in Table 8.4-4. The location of these dykes is presented in
Figure 8.4-2.

Table 8.4-4  Summary of Project Dykes

Dyke Description
Dyke A Isolates Kennady Lake from Area 8.
Dvke C Separates Lake A3 from the Fine PKC Facility (Areas 1 and 2). Raises the lake
y elevation in Lake A3 to divert runoff from Lake A3 to Lake N9.
Dyke F Used to raise the lake elevation in Lakes D1 and D2 to divert outflow to Lake N14.
Dyke G Used to raise the lake elevation in Lake E1 to divert outflow to Lake N14.
Filter dyke used to minimize suspended solids load from the Fine PKC Facility to the
Dyke L
WMP.
Dyke E Diverts runoff from the B Lakes watershed into the N Lake system.
Dyke D Separates the Fine PKC Facility (Areas 1 and 2) from Lake N7.
Dykes H, | and J /IAnrteeiringl dykes used to separate Area 5 from Area 6 to allow complete dewatering of

Dykes located between Area 4 and the WMP. Permits dewatering of Area 4 in

Dykes B, J and M preparation for mining the Tuzo open pit.

Dyke K Isolates Area 6 from Area 7. Permits refilling of Area 7.

Dyke N Located east of the Hearne Pit. Permits refilling of Hearne Pit and Area 6.

PKC = Processed Kimberlite Containment; WMP = Water Management Pond

Key water management flows during the initial dewatering period are presented
in Figure 8.4-4. The initial dewatering period will commence following completion
of Dyke A, which will isolate the majority of Kennady Lake from Area 8. At this
point, water will be pumped from the WMP to Lake N11 and from Area 7 to
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Area 8. As the water level is drawn down in Area 6 and Area 7, it is expected
that lakebed sediment disturbance will increase TSS concentrations in these
areas. Water quality will be monitored, and when it is determined that water
quality parameters, such as turbidity or TSS, are approaching specific criteria,
discharge to Area 8 will cease. All the water pumped out of Kennady Lake from
this point onwards will be released into Lake N11 at a maximum discharge rate of
500,000 m%d. Water in Area 6 and Area 7 will be treated in-line as it is pumped
to the WMP for flocculation and settling and subsequently discharged to Lake
N11. All other site waters, such as dewatering discharge from the Fine PKC
Facility (Areas 1 and 2) and Area 4, will report to the WMP to be pumped to Lake
N11 during the initial dewatering period.
Figure 8.4-4 Diagram of Initial Dewatering during Construction
Dewatering to
Lake A3
Discharge from Area 3
to Lake N11
Legend:
Discharge from Area 7

Discharge ’-\‘ to Area 8

Unobstructed flow

betweenareas - — T g

A f

Ktreenisagy Lake

A pervious dyke may be constructed within Area 5, if required, to assist settling of
floc-treated water pumped from Areas 6 and 7. The dyke would consist of the
north-eastern edge of the West Mine Rock Pile (toe of the pile) and be
constructed of mine rock. The dyke would create a calm area to reduce any
impacts of northerly winds in the settling zone for flocculated sediments to settle.
More specifically, if the wind direction aligns with the long fetch from Area 3 and

De Beers Canada Inc.



Gahcho Kué Project 8-151 December 2010
Environmental Impact Statement
Section 8

causes increased wave heights, the dyke would be constructed to reduce the
effect of the wind and limit waves. This settling area would also contain
flocculated sediments within the area that will eventually be covered by the West
Mine Rock Pile.

The initial discharge water from Kennady Lake will be pumped to Area 8 and
Lake N11, which forms part of the N watershed situated to the northwest of
Kennady Lake. The water will be proportioned between Area 8 and the adjoining
northern watershed to eliminate erosion concerns and associated effects on
fisheries. Discharge flow rates to Area 8 and Lake N11 will be restricted to one-
in-two year flood levels, except at outlets where there is sufficient protection.
The projected initial pumping rates are a maximum of 114,000 cubic metres per
day (m*/d) to Area 8 and 500,000 m%d to Lake N11. This maximum pumping
rate to Lake N11 will depend on the discharge from the N1 outlet (downstream of
Lake N11), and will occur only if the discharge from the N1 outlet does not
exceed the two-year peak discharge.

The potential for erosion of lake-bottom sediments in Area 8 and Lake N11 will
be reduced during dewatering pumping with the use of diffusers on the discharge
pipe outlets. These diffusers will be placed close to the lake surface at the
discharge points in Area 8 and Lake N11 to increase the distance between the
outfall and the bottom sediments. The discharge point will also be located in
relatively deep sections of the receiving waters. Although some sediment may
be mobilized despite these measures, the extent of any effect is likely to be
limited to the zone of turbulence immediately adjacent to the diffuser. Sediment
resuspension will quickly diminish with distance from the outfall.

8.4.3 Operations Phase

The proposed Water Management Plan during the operational phase is
presented in Figure 8.4-5. The key objective of the Water Management Plan
during the operational period is to minimize the discharge of site water to
downstream receptors by utilizing mined out facilities (e.g., 5034 and Hearne
pits) for additional water and mine rock and PK storage. As such, the Water
Management Plan and associated routing of mine water during the operational
period is sequenced to coincide with open pit development (Table 8.4-2).
Operational water management strategies for each mine facility and Kennady
Lake area are provided in the subsequent subsections.
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Figure 8.4-5 Diagram of Water Management in Operations
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8.4.3.1 Water Management Pond

During construction and operations, a WMP will be developed in Areas 3 and 5
with a maximum storage capacity of 18.8 million cubic metres (Mm®). The WMP
will collect and store water from the following sources during the operational
period:

e Fine PKC Facility (Areas 1 and 2) drainage through filter Dyke L;
¢ runoff and seepage from the West Mine Rock Pile;

e Area4 open water drainage (including runoff and seepage from the
Coarse PK Pile) prior to the construction of Dyke B;

e water pumped from Areas 6 and 7 during dewatering of Kennady Lake,
which will include runoff and seepage from the South Mine Rock Pile;

e open pit inflows;
e treated effluent discharge from the sewage treatment plant;
e process water; and

e disturbed and undisturbed site runoff.
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The WMP will be the primary reservoir for storage of site water and will supply
water to the process plant during mining of the 5034 and Hearne pits. In
addition, the WMP will be the primary source of dust suppression water for the
site.

8.4.3.2 Fine Processed Kimberlite Containment Facility
(Areas 1 and 2)

During the operational period of the mine, Areas 1 and 2 will be required for
deposition of fine PK. A filter dyke (Dyke L) will be constructed to separate these
areas from Area 3 (Figure 8.4-2). During the initial years of operations, fine PK
will be deposited into Area 1. The Fine PKC Facility will eventually expand into
Area 2 when Area 1 becomes completely inundated with fine PK. At this stage,
surface runoff, seepage and liberated process water from Area 1 is expected to
report to Kennady Lake via Area 2. As fine PK deposition expands into Area 2,
runoff, seepage and process free water from the Fine PKC Facility will report to
the Area 3 region of the WMP via filter Dyke L.

Fine PK deposition will be redirected to the mined out Hearne Pit following the
cessation of mining in this pit during Year 8. At this time, the Fine PKC Facility
will be progressively reclaimed as terrestrial landscape. Subsequently, runoff
and seepage from the Fine PKC Facility resulting from precipitation will continue
to report to the WMP (Area 3) via filter Dyke L. The volume and chemical
composition of the runoff and seepage will be dependant on the degree to which
the fine PK is isolated within the facility. For the purposes of the assessment, all
runoff and precipitation was assumed to have come into contact with the fine PK
and be available as seepage.

8.4.3.3 Coarse Processed Kimberlite Pile

A site storage facility will be required for the deposition of coarse PK produced
during processing of kimberlite. The proposed footprint of the Coarse PK Pile is
located immediately east of Area 4. Runoff and seepage from this facility will
report to Area 4, where it will initially flow to the WMP when there is an open
water connection between Areas 3 and 4 in Kennady Lake. Following the
completion of Dyke B in August Year 5, and dewatering of Area 4, Coarse PK
Pile runoff and seepage will report to the Area 4 collection pond (CP6) and
subsequently be pumped to the WMP.

8.4.3.4 Mine Rock Piles

Two facilities will be required to store mine rock at the mine: the West Mine Rock
Pile and the South Mine Rock Pile. The West Mine Rock Pile will be constructed
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within the catchment of the WMP at the watershed divide with Area 6. Seepage
and runoff from this facility will report to the WMP. To minimize the amount of
seepage reporting to the dewatered Area 6 from the West Mine Rock Pile,
Dykes H and | will be constructed along the southern and eastern limits of the
facility, respectively.

The proposed footprint of the South Mine Rock Pile is located immediately south
of Area 6. All runoff and seepage from this facility will be directed to the Area 6
collection pond (CP2), where it will be subsequently pumped to the WMP, Area 7
or the mined out Hearne Pit, depending on the operational year.

8.4.3.5 Open Pits

Following the start of full-scale mining activities in each pit, groundwater inflows
entering the pit will require removal. A system of ditches and sumps will be
constructed, maintained, and upgraded throughout the operation phase of the
Project to ensure optimum collection of pit inflows.

The Water Management Strategy developed by EBA Engineering Consultants
Ltd. (Attachment 8.1.1) indicated that water would only be discharged to the
environment during Year -1 to Year 3. This estimate was based on site
precipitation data and groundwater quantity studies completed by Hydrological
Consultants Inc. (HCI 2005) for SRK Consulting [Canada] Inc. More recent
groundwater inflow estimates (Section 11.6 [Subject of Note: Permafrost,
Groundwater, and Hydrogeology], Appendix 11.6.1) indicate that the open pits
would yield higher quantities of groundwater throughout the operational period
(Table 8.4-5) than previously estimated, surpassing the amount of available
storage capacity in the WMP. Therefore, under the more conservative
assumptions of the updated groundwater analysis, the additional groundwater
inflow is expected to require water release from the site during open water
seasons until Year 10 of operations. The additional discharge has been
accounted for in the Hydrology (Sections 8.7 and 9.7) and Water Quality
(Sections 8.8 and 9.8) evaluations.

During the operational period, water reporting to the open pits will be pumped to
the WMP, where it will be recycled to the process plant, used for dust
suppression or pumped to Lake N11 during the operational period. Dewatering
of open pits to the WMP will cease when mining is complete in the Hearne Pit in
Year 7. Thereafter, the Tuzo Pit will be the only active pit, and water captured in
the Tuzo collection pond will be directed to the process plant to supplement
process water requirements.
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Table 8.4-5

Summary of Estimated Annual Rates of Passive Inflow to Pits during Mine
Operation

Vear Estimated Passive Inflow to Pit (m3/d)

5034 Hearne Tuzo Total
-1 2,100 - - 2,100
1 2,300 - - 2,300
2 2,100 - - 2,100
3 2,400 - - 2,400
4 2,600 400 - 3,000
5 2,500 800 600 3,900
6 2,200 1,200 800 4,200
7 1,200 1,400 1,100 3,800
8 1,400 700 1,800 3,900
9 1,400 300 2,100 3,800
10 1,400 100 2,200 3,700
11 1,400 50 2,400 3,850

m®/d = cubic metres per day

During operations, the groundwater flowing into the open pits will range from a
minimum of about 2,100 m*/d during Year -1 to about 4,100 m*/d in Year 8 when
the size and depth of the open pits reaches a maximum (Table 8.4-5). After Year
8, the gradual refilling of the open pits will reduce the hydraulic gradient and,
therefore, limit groundwater inflows to the open pits. Perimeter berms will be
constructed around the circumference of the open pits to reduce surface runoff
inputs from the exposed lake-beds that may report to the pits.

Mining of the 5034 Pit is expected to be complete during Year 5, when it will be
backfilled with mine rock and flooded. In addition to groundwater and surface
water inflows reporting to the mined out pit, approximately 3.6 Mm?® of water will
be siphoned from Area 4 to permit access to the Tuzo kimberlite pipe. The total
capacity of the mined out 5034 Pit is approximately 13.5Mm® and will
progressively decrease as additional mine rock is introduced. It is expected that
mine-rock pore space can accommodate approximately 3.1 Mm?® of water once
the 5034 Pit is backfilled with mine rock. During closure, additional mine rock will
be placed in the 5034 Pit and the void water capacity will increase to
approximately 10 Mm®. Surplus water present in the pit void spaces displaced by
backfilling of the 5034 Pit will be pumped into Area 6.

The Hearne Pit is expected to become inactive during Year 7, at which time it will
be backfilled with fine PK and flooded. It is assumed for the purposes of water
management planning that fine PK slurry will be discharged into the pit at
approximately 30 percent (%) wet weight (w/w) and will settle to 50% wi/w.
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Approximately 3.3 Mm?® of water is expected to be locked up in fine PK void
space in the Hearne Pit once backfilling is complete.

Mining in the Tuzo Pit is expected to commence during Year 5 and continue until
the end of the operational period (i.e., Year 11). Water reporting to the open pit
sump from groundwater and surface runoff will initially be dewatered to the WMP
until mining is complete in the Hearne Pit. Thereafter, water reporting to the
Tuzo Pit will be directed to the process plant.

The Tuzo Pit will be actively flooded during the closure period. To expedite Tuzo
Pit flooding, water stored in other Kennady Lake areas will be drawn down to
elevation 417 m. This transfer represents a volume of approximately 16.4 Mm?®
of water directed to Tuzo Pit. Additional details of water management strategies
during closure are provided in Section 8.5.

8.4.3.6 Water Management in Area 6 and Area 7

During the operational period, a water-retaining dyke (Dyke K; Figure 8.4-2) will
be constructed between Areas 6 and 7. Construction of Dyke K is not expected
to be completed prior to Year 9; however, Phase 1 construction of the dyke is
scheduled to be finished prior to the end of Year -1. Dyke K will allow water to be
temporarily stored in Area 7, minimizing the storage demand requirements on the
WMP. During operations, when mining is active in the 5034 Pit, water reporting
to Areas 6 and 7 will be collected in sumps and pumped to the WMP. Following
the cessation of mining in 5034 Pit, water reporting to the Area 6 collection pond
will be pumped to Area 7 until mining is completed in the Hearne Pit in Year 7.
During this stage of operations, water reporting to the Area 6 and 7 collection
ponds will be directed to the mined out Hearne Pit and the 5034 Pit will capture
precipitation and groundwater within its footprint.

8.4.3.7 Water Management in Area 4

Mining of the Tuzo Pit will commence during Year 5. Access to this facility will
require the construction of Dyke B to isolate Area 4 from the WMP to allow
dewatering of Area 4. Dyke B will be constructed during two stages. The
underwater portion will be constructed while mining in the 5034 and Hearne pits
is active, and final construction is scheduled to coincide with the cessation of
mining in the 5034 Pit during Year 5.

Following the completion of Dyke B, Area4 will be dewatered. Initially,
approximately 3.6 Mm? of water will be siphoned to the mined out 5034 Pit to
drawdown the water level in Area 4. The remaining volume and water captured
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in the Area 4 collection pond during the remainder of the operational period will
be pumped to the WMP.

8.4.3.8 Sewage Treatment Plant

A modular sewage treatment system to handle a peak load of 432 people will be
provided as part of initial construction. Treated effluent will be discharged to
Area 3 of Kennady Lake initially and later, during operations, added to the fine
PK slurry pipeline. Sewage sludge will be dewatered and land filled on-site. If
possible, the sludge may be composited and used as a soil treatment.

The sewage treatment technology will consist of a membrane bioreactor system.
Membrane bioreactors include a suspended growth, aerated biological reactor
integrated with a microfiltration or ultra-filtration membrane system. Sewage
Treatment Plant effluent will meet stringent water quality criteria to limit the effect
to water quality. Nutrient inputs, particularly phosphorus, will be managed
through the restriction of phosphate-based cleaning products used on-site.
Treated effluent will be discharged to Area 3 of Kennady Lake initially and later,
during operations, added to the PK slurry pipeline. The sewage sludge will be
dewatered and disposed in the landfill on site. If possible, the sludge may be
composted or used as a soil treatment.

Feed water quality, operating parameters, and discharge water quality will be
monitored regularly. Sewage treatment plant effluent rates are estimated to be
150 and 75 m%d during construction and operations, respectively. Effluent from
the STP will be monitored to determine that discharge quality is consistent or
better than specification standards. Should the system become incapable of
producing effluent of desired quality, untreated sewage will be stored in tanks,
until the issue(s) preventing treatment have been resolved.

8.4.3.9 Process Water

The water used in the processing plant will be recycled as much as possible.
Additional make-up water will be required continually for process water
requirements because PK will absorb water during processing.

During the mine life, the primary source of process make-up water for the plant
will be from Area 3 within the WMP. Water reclaimed from the process plant
thickener, as well as water from the WMP, will be stored in a process raw water
tank for distribution throughout the processing plant. During operation, reclaimed
water from the Fine PKC Facility will be used as a source of make-up water for
the plant. Additional make-up water will be drawn from the WMP as required.
Water reclaimed from the Fine PKC Facility, as well as water from the WMP will
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be filtered and then stored in a clarified water tank for distribution throughout the
processing plant. After the Fine PKC Facility has been closed, the groundwater
flowing into the open pits will be the primary source of make-up water for the
processing facility.

8.4.3.10 On-site Surface Water Management

8.4.3.10.1

8.4.4

Runoff from the site not directly received by the WMP will be handled by a series
of ditches and collection ponds throughout the Project area. Ponds will be
constructed in Areas 4, 6, and 7 in low topographic areas of the dewatered
basins to take advantage of the natural drainage patterns and minimize
earthworks (Figure 8.4-2). Collection pond (CP) 1 is located in Area 7, CP2 to
CP5 are located in Area 6, and CP6 is located in Area 4.

Collection Pond 4 will receive pumped discharge from the western region of
Area 6, bound by Dyke N, if the water level rises to a point that exceeds the
capacity of the impoundment. Water in CP4 can be pumped directly to the WMP,
with in-line flocculation treatment, if required.

Non-Point Source Water Management

Sedimentation traps and collection ponds will collect sediment generated from
runoff in outlying areas such as the access roads, airstrip, explosives
management facilities (e.g., ammonium nitrate storage facility, bulk emulsion
plant and explosives storage magazines). The traps will be located at points of
concentrated runoff and overflows will be allowed to flow to adjacent
watercourses. Sediment accumulating in the traps will be removed periodically
and placed in a mine rock pile.

The airstrip has a total surface area of 150,000 square metres (m?), and is
situated within terrain that will result in 75% of runoff reporting directly to Area 8.
The remaining 25% of the runoff will be transferred to the WMP via ditches,
collection ponds, and pumps, as required.

Closure Phase

This section describes the following key water-related activities that will take
place during the closure phase of the Project:

e restoration of Kennady Lake; and

e site-wide drainage and linkages to surrounding watersheds.
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The key water management flows during the closure (refilling) period is
presented in Figure 8.4-6.

8.4.4.1 Restoration of Kennady Lake
At the completion of mine operations, Area 3 of Kennady Lake is expected to be
restored to near original water quality conditions and will be connected with the
Tuzo Pit by means of an overflow channel. The Hearne Pit will have been
partially backfilled with fine PK; the 5034 Pit will be partially backfilled with mine
rock; while the Tuzo Pit will be open and empty. Area 1 and Area 2 will be filled
with fine PK and reclaimed with a coarse PK and mine rock cover with the
objective of encouraging permafrost development and the isolation of the fine
PK. Area 4 will be drained as this area is adjacent to the Tuzo Pit.

Figure 8.4-6 Diagram of Kennady Lake Re-filling during Closure

N11 Active Refill
Fine PKC Facility
(Areas 1 and 2)
D & B Watersheds >
E Watershed
Legend:
Discharge

Areas of
Kennady Lake

Area

)

Unobstructed flow
between areas

—

-

After the planned within-lake reclamation activity has been completed, such as
the construction of the fish compensation habitat and the decommissioning of
any roads, diversion channels, and pipelines, the refilling process for Area 6 will
begin. Area 7 will have been filled during operations with natural recharge near
the end of operations.
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At the end of operations, the water elevations in all water storage areas within
Area 1 to 7 will be lowered to 417.0 masl by siphoning water from Areas 3 and 5,
west of Area 6, and Area 7 to the mined-out Tuzo Pit. After the water elevations
are lowered, a portion of the dyke crest for each of in-lake Dykes B, N, and K will
be excavated down to an elevation of 417.0 masl to create a temporary spillway
for extra runoff water flowing from the upstream side to the downstream side of
the dewatered areas during when the water elevations in the drained basins are
below 417.0 masl. This activity will lower each of these dyke structures to a level
below the expected restored lake level. At the same time, the temporary
diversion Dykes E, F and G will be breached and removed to allow the upper
watersheds to resume their flow into Kennady Lake. Natural runoff from these
upper watersheds and supplemental pumping from Lake N11 will be used to refill
Kennady Lake. It is expected to take approximately eight years to fill the lake
back to the original levels.

Supplemental water will be pumped from Lake N11 to Area 3 during the early
high-water season. Pumping will typically begin in June and end in July,
although it may extend into August. In wet years, flow forecasts, based on snow
pack conditions and seasonal precipitation trends, will be used to estimate
annual water yields from Lake N11. Planned pumping sites will be set
accordingly to ensure that the total annual outflow from Lake N11 does not drop
below the one-in-five-year dry condition. During the pumping season, pumping
rates will be adjusted as required to meet this objective. In years where the
Lake N11 outflow is forecast to naturally fall below the one-in-five-year dry
condition, no pumping will occur.

The total annual diversion from Lake N11 will be in the order of 3.7 million cubic
metres per year (Mm3/y), which represents no more than 20% of the normal
annual flow to Lake N11. The 20% cut-off will be used to ensure that sufficient
water remains in Lake N11 to support downstream aquatic systems in the N
watershed. The value of 3.7 Mm3/y represents the difference between the flow
reporting to Lake N11 under median/normal flow conditions, and that which
occurs under one-in-five-year dry conditions. Based on a six-week pumping
period, the average daily pumping rate will be 88,100 m¥d. Itis anticipated that
more water will be withdrawn during wetter years (i.e., up to a maximum of
175,200 Mm*/d). In drier years, less water will be withdrawn. At no time will the
diversion result in an outflow from Lake N11 below that which occurs under a
one-in-five-year dry condition.

8.4.4.2 Site-wide Closure Drainage Patterns

At the start of closure, the temporary diversion dykes will be removed to restore
the baseline B, D and E watershed boundaries of Kennady Lake. These
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watersheds will be returned to their natural drainages patterns. During the
restoration of Kennady Lake, runoff from the Fine PKC Facility, mine rock and
Coarse PK piles, plant site, and airstrip will flow to the lake and contribute to the
refilling of Kennady Lake.

8.4.4.2.1 Linkages to Surrounding Watersheds

Once Areas 3 through 7 are refilled to the same elevation as Area 8, and the
water quality within the refilled lake is acceptable, the in-lake portion of Dyke A
will be removed. The refilling of Kennady Lake, and its reconnection with the
downstream watersheds, will then be completed. The breaching and removal of
Dyke A will be undertaken using heavy machinery, such as long-armed
backhoes. Only if necessary will explosives be used.

8.4.5 Water Balance

A water balance model has been developed that provides a prediction of monthly
inflows and outflows from the water management system for each phase of the
Project. Table 8.4-6 shows a summary of the inflows to and outflows from the
water management system during the construction, operations, and closure
phases of the Project. The table was compiled using data for the one-in-two wet
year freshet (median values).

Table 8.4-6  Summary of Inflows to and Outflows from the Water Management System
Project Phase Total A(\:qg;;:;\l Flow Propoglqc;/r;z;ll Flow
Construction (Year -2 to Year -1)
Inflows 3,466,300
Natural surface runoff from watershed A 340,000
Natural surface runoff from watershed B 241,000
Natural surface runoff from watershed C 15,500
Natural surface runoff from watershed D 762,000
Natural surface runoff from watershed E 215,000
Natural surface runoff from watershed F 57,800
Natural surface runoff from watershed G 125,000
Qset:r%l surface runoff from watershed K (Area 1 to 1,650,000
Fresh water supply from Area 8 60,000
Outflows 21,450,000
Water Pumped to Area 8 from Area 7 8,550,000
Water pumped to Lake N11 12,900,000
Operations (Year 1 to Year 11)
Inflows 4,205,932 t0 5,173,321
Groundwater inflows entering the open pits 839,500 to 1,533,000
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Table 8.4-6 Summary of Inflows to and Outflows from the Water Management System

(continued)

Total Annual Flow

Proportional Flow

Project Phase mely) m°ly)

Runoff from Fine PKC facility 108,470 to 473,737
Runoff from Coarse PK Pile 28,639 to 79,968
Runoff from West Mine Rock Pile 72,135
Runoff from South Mine Rock Pile 81,900 to 163,800
Disturbed area runoff 1,022,272 to 1,358,497
Runoff from the airstrip 118,000
Natural surface runoff from watershed C 15,500
Natural surface runoff from watershed D1 72,800
Natural surface runoff from watershed F 57,800
Natural surface runoff from watershed G 125,000
Natural surface runoff from watershed K (inside) 1,012,892 to 1,707,037
Fresh water supply from Area 8 27,000

Outflows 1,790,000
Water pumped to Basin N11 1,790,000

Closure to Refilled Kennady Lake (Year 12 to Year 19)

Inflows 6,834,300
Lake N11 3,270,000
Natural surface runoff from watershed B 241,000
Natural surface runoff from watershed C 15,500
Natural surface runoff from watershed D 762,000
Elevated surface runoff from watersheds D and E 188.000
(from Operations) '
Natural surface runoff from watershed E 215,000
Natural surface runoff from watershed F 57,800
Natural surface runoff from watershed G 125,000
Natural surface runoff from watershed H 149,000
Natural surface runoff from watershed | 130,000
Natural surface runoff from watershed J 245,000
Natural surface runoff from watershed K (inside) 1,960,000
Natural surface runoff from watershed Ke 628,000

Outflows 0

Post-Closure Period (Year 20+)

Inflows 3,376,300
Natural surface runoff from watershed B 241,000
Natural surface runoff from watershed C 15,500
Natural surface runoff from watershed D 762,000
Natural surface runoff from watershed E 215,000
Natural surface runoff from watershed F 57,800
Natural surface runoff from watershed G 125,000
Natural surface runoff from watershed K (inside) 1,960,000

Outflows 3,248,000
Natural discharge from Area 7 to Area 8 3,428,000

Note: Surface runoff = total precipitation - snow sublimation loss - lake evaporation — evapotranspiration.

m3/y =  cubic metres per year
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8.45.1 Inflows

Inflows to the water management system will consist of fresh water drawn from
Area 8, groundwater entering the open pits, surface runoff from the Project site,
natural surface runoff from adjacent watersheds and drainage from the Fine PKC
Facility and the mine rock and Coarse PK Piles. During closure, additional water
will also be pumped from Lake N11 to expedite the refilling of Kennady Lake.

During construction, approximately 60,000 cubic metres per year (m®y)
(i.e., 163 m3/d) of fresh water will be taken from Area 8 for potable water needs
(i.e., peak employment in Year -1 of approximately 432 persons in camp).
During operations, as much as 27,000 m®y (i.e., 90 m*/d) of freshwater will be
drawn from Area 8 for potable water needs (i.e., peak employment in Years 2 to
8 of approximately 190 persons), in addition to a portion of the make-up water
requirements for the processing plant facility, which is estimated to be 740 m®d.
At the plant site, water will be recycled to reduce the freshwater requirements.

During operations, water volumes entering the open pits from groundwater
inflows will range from a minimum of about 839,500 m*/y (i.e., 2,300 m®d) during
Year 1 to about 1,533,000 m%y (i.e., 4,200 m%d) in Year 6, when the size and
depth of the open pits reaches a maximum. The average inflow volume during
operations (i.e., Years 1 to 11) is estimated to be about 1,190,000 m®/y.
Backfilling activities will gradually add water to the open pits, thereby reducing
hydraulic gradients and subsequent groundwater inflows.

Natural inflows to Kennady Lake (i.e., Areas 2 to 7) include watersheds A to G.
During operations, inflows from the upstream watersheds will be altered due to
the diversion of the A, B, D and E watersheds. Inflows from these upstream
watersheds will be reduced (watershed A) or diverted (watersheds B, D and E).
Watershed A will be permanently altered as a result of the Project. In the first
year of construction (Year -2), Dyke C will be constructed between Lakes Al and
A2 (Area l), and Lake A3 to the north. Inflows from Area 1 will be limited to
drainage from Area 1l (i.e., Fine PKC Facility) to Area 2. During operations,
natural runoff from watersheds B, D and E will be diverted to lakes in the N
watershed. At closure, natural inflows from the B, D and E watersheds will be
redirected to Kennady Lake. Altered inflows from watershed A to Kennady Lake
will remain during the closure and post-closure periods.

Drainage from the mine rock and Coarse PK piles and the Fine PKC Facility will
include runoff from direct precipitation. As new material is continuously
deposited on these Project facilities between Years 1 and 11, the net annual
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runoff yield is estimated to increase as their area increases and the storage
material becomes saturated®. This will result in drainage increasing from about
219,000 m*ly early in the Project life to about 790,000 m*/y in Year 7. At the end
of operations, drainage will be reduced to about 727,000 m*/y. Drainage from
these Project facilities will continue at this rate during closure and post-closure
unless reclamation activities substantially change the drainage pattern. There
are no plans to cover or revegetate the mine rock piles. The Coarse PK Pile will
be covered with a mine rock layer, and the Fine PKC Facility will be covered with
layers of coarse PK and mine rock.

8.4.5.2 Outflows

Outflows from the water management system will consist of water pumped to
Area 8 and Lake N11 as a result of the dewatering of Kennady Lake during
construction and operations. During closure, no outflows are anticipated from the
water management system due to the refilling activities of Areas 3 to 7. In post-
closure, after the reconnection of Areas 3 to 7 with Area 8, outflows will be
associated with natural discharge from Area 7.

8453 Area8

The natural outflow from Area 8 during construction (following construction of
Dyke A), operations, and closure is assumed to be equal to the volume of inflows
(i.e., snow and rain inputs) to Area 8 from watersheds H, I, J, and Ke minus
evaporation from the surface of Area 8. Table 8.4-7 shows a summary of the
inflows and outflows from Area 8. This table was compiled using data for the
one-in-two wet year freshet (median values). Discharge from the outlet of Area 8
flows into Lake L3.

During construction when Area 8 is isolated from the upstream areas of Kennady
Lake, Area 8 will receive pumped discharge from Area 7 as part of the
dewatering activities associated with the drawdown of Areas 2 to 7 in Kennady
Lake, and natural inflows from watersheds H, I, J, and Ke. During operations
and closure, inflows to Area 8 will be limited to natural runoff from watersheds H,
I, J, and Ke. In post-closure, after the reconnection of Area 8 with Area 7, the
natural outflows from Area 8 will include the flow inputs from the upper areas of
Kennady Lake, with natural outflow estimated to be approximately
4,400,000 m’ly.

® The estimate of runoff volumes from the mine rock and coarse PK piles and fine PKC facility does not consider the
degree of saturation of each facility
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Table 8.4-6  Summary of Inflows to and Outflows from Area 8

Project Phase Total Anr31ua| Flow Proportic;nal Flow
(m’ly) (m’ly)
Construction (Year -2 to Year -1)
Inflows 9,702,000
Natural surface runoff from watershed H 149,000
Natural surface runoff from watershed | 130,000
Natural surface runoff from watershed J 245,000
Natural surface runoff from watershed Ke (Area 8) 628,000
Water pumped from Area 7 8,550,000
Outflows 1,150,000
Freshwater supply to the Water Management System 60,000
Natural Discharge from Area 8 1,090,000
Operations (Year 1to Year 11)
Inflows 1,152,000
Natural surface runoff from watershed H 149,000
Natural surface runoff from watershed | 130,000
Natural surface runoff from watershed J 245,000
Natural surface runoff from watershed Ke (Area 8) 628,000
Outflows 1,190,000
Freshwater supply to the Water Management System 27,000
Natural Discharge from Area 8 1,163,000
Closure to Refilled Kennady Lake (Year 12 to Year 19)
Inflows 1,152,000
Natural surface runoff from watershed H 149,000
Natural surface runoff from watershed | 130,000
Natural surface runoff from watershed J 245,000
Natural surface runoff from watershed Ke (Area 8) 628,000
Outflows 1,152,000
Natural Discharge from Area 8 1,152,000
Post-Closure Period (Year 20+)
Inflows 4,528,300
Natural surface runoff from Areas 3 to 7 3,376,300
Natural surface runoff from watershed H 149,000
Natural surface runoff from watershed | 130,000
Natural surface runoff from watershed J 245,000
Natural surface runoff from watershed Ke (Area 8) 628,000
Outflows 4,400,000
Natural discharge from Area 8 4,400,000

Note: Surface runoff = total precipitation - snow sublimation loss - lake evaporation — evapotranspiration.

m3/y = cubic metres per year
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8.4.6 Potential Sources of Change to Site Water Quality

This section describes the potential sources of change to water quality at the
Project site, as follows:

e the use of a landfill for disposal of solid waste;

e the storage and handling of explosives, petroleum products, and other
chemicals; and

o disposal of mine rock and PK from mining.

8.4.6.1 Landfill

An active landfill will be available during the construction and operation phase to
contain and store inert solid wastes. The landfill will be located within small
areas of the mine rock piles or the Fine PKC Facility that will be above the level
of the refilled Kennady Lake at closure. The landfill in the mine rock piles will
represent a single landfill in operation at any given time, which likely will be
covered and buried from year to year to coincide with the mine rock pile
developments.

8.4.6.2 Explosives

Explosive use will be managed with the primary environmental goal of limiting
loss of ammonia to mine rock and kimberlite, which could subsequently leach
into runoff at the Project site or be processed at the processing plant. Emulsions
will be used for wet blasting; ammonium nitrate fuel oil (ANFO) will be used for
dry blasting to limit ammonia leaching. Packaged explosives will be kept on-site
where required. All runoff from the ammonium nitrate storage areas, mine pits,
and mine rock piles will be contained within the water management system
during operations, although some of these areas will be flooded at closure.

8.4.6.2.1 Ammonium Nitrate

Contained facilities for the storage of ammonium nitrate will be located to the
west of A3 (the primary ammonium nitrate storage facility), and to the southeast
of the Fine PKC Facility (the operational ammonium nitrate storage building).
Storage of ammonium nitrate in a contained facility away from waterbodies
reduces the risk of ammonia loss to waterbodies. Ammonium nitrate readily
dissociates in water to ammonia, which can be toxic to fish and other aquatic
organisms.
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Ammonium nitrate will be stored in supersacs that will be stacked outdoors in
rows on two storage pads in a bermed area and covered with tarps for weather
protection. A geofabric will be installed under the storage pad to prevent
seepage into underlying soils in case of a spill. Any broken bags will be treated
as spills and dealt with accordingly. All runoff from the ammonium nitrate storage
areas will be contained within the controlled area boundary of the Kennady Lake
watershed.

8.4.6.2.2 Emulsion Plant

All emulsion materials will be stored at the emulsion plant, which is located to the
southeast of the Fine PKC Facility. Any spills of emulsion materials will be
contained within the building. The emulsion plant will use ammonium nitrate to
manufacture a water resistant emulsion-type explosive. Bulk ANFO explosives
that are not water resistant will be used only under appropriate dry hole
conditions. The emulsion plant will operate intermittently and produce only the
guantities of finished product required for immediate use so that storage of bulk
explosives materials in the plant is not required.

8.4.6.2.3 Explosives Trucks Wash

Trucks used for transporting explosives will be washed at a facility separated
from the plant site to comply with Workers Compensation Board regulations.
Water from the truck wash will likely have elevated concentrations of ammonia
and nitrate from residual ammonium nitrate from the explosives transported on
the truck. It may also contain petroleum residues. The presence of these
residues in the wash water makes the water unsuitable for discharge to a
receiving waterbody. This water will therefore be collected in a sump/oil
separator, pumped out as required and trucked to the Fine PKC Facility, or a
mined-out open pit.

8.4.6.2.4 Explosives Residues

Based on the experience at other open-pit diamond mines in the Canadian
Arctic, the largest potential source of ammonia in runoff water will be from
explosives residues from blasting. Blasting residue in runoff at the Project will be
transferred from the mine rock piles and the Fine PKC Facility to the WMP.
Ammonia in blasting residue from the walls of the open pits will be pumped from
the pits to the WMP or a mined-out open pit. Ammonia in kimberlite will be
processed through the plant and transferred to the Coarse PK Pile or the Fine
PKC Facility.
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8.4.6.3 Petroleum Products

Petroleum products are classified as hazardous substances under the
Transportation of Dangerous Goods Act (Government of Canada 1992) and
regulations. Special handling is required to ensure the safe transportation,
storage, and use of these products. At the Project, all petroleum products will be
stored in approved containers, in areas with secondary containment. Secondary
containment ensures that any accidental release of petroleum products does not
result in environmental effects. Petroleum products will only be handled by
Project personnel who have received appropriate training. All fuel transfers will
be carried out by trained personnel. All fuel distribution points will have
containment areas and specific spill recovery/abatement plans. A Spill
Response Plan has been developed for the Project and can be found in the
Emergency Response and Contingency Plan which is an attachment to
Section 3, Appendix 3.I. Waste petroleum products will be collected and
transported off-site.

8.4.6.3.1 Emulsion Materials

All emulsion materials are acutely toxic to aquatic life, except at low
concentrations. Ethylene glycol is a petroleum hydrocarbon that will be used in
the heating system and is water-soluble. Because the release of any of these
compounds directly to receiving waterbodies would likely have negative effects
on aquatic life, these materials will be stored at the emulsion plant where any
spills can be fully contained within the building.

De-icing fluids (e.g., propylene glycol) will be used for aircraft de-icing. Any
spilled de-icing fluids will be treated as an environmental spill and handled
accordingly. Any contaminated soils will be excavated and either permanently
encapsulated in a secure area, treated on-site to an acceptable standard, or
stored in appropriate sealed containers for off-site shipment and disposal. In
contrast to ethylene glycol, propylene glycol is generally recognized as safe,
rarely causing toxic effects. Based on experience at the Snap Lake Project,
aircraft de-icing is expected to be required on a limited basis.

8.4.6.3.2 Landfarm

A landfarm for the bio-remediation of hydrocarbon-contaminated solids from
spills may be constructed depending on the need. This dyke-bounded cell would
be located adjacent to the fuel storage area and would consist of an arctic geo-
membrane liner placed under fill material. Hydrocarbon-contaminated soils
would be placed in the landfarm and spread during summer months. Any soil
that has subsequently reached acceptable levels of hydrocarbon degradation
would be removed and reused, or transferred to the landfill.
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Arctic conditions, when combined with the type of contaminated soil, may impede
the remediation of contaminated soil through natural microbiological processes.
If remediation of hydrocarbon-contaminated soils in the landfarm proves to be
ineffective and no other remediation system has proved effective in northern
climates, the contaminated soils will be collected and shipped to suitable disposal
facilities in Alberta.

8.4.6.4 Other Fluids

All other toxic materials will be stored in sealed steel or plastic drums and
shipped off-site for disposal. Chemicals such as acids, solvents, battery acids,
and laboratory agents will be collected in lined trays and drums, and stored in
suitable sealed containers in the waste transfer area. These chemicals will be
shipped off-site for disposal or recycling.

8.4.6.5 Mine Rock and Processed Kimberlite

Most of the mine rock from the excavation of the open pits will be stored in one of
the following repositories: the West Mine Rock Pile in the southwest of Kennady
Lake, the South Mine Rock Pile to the south of Kennady Lake, the mined-out
5034 Pit, and the mined-out Hearne Pit (if required).

Runoff from the mine rock piles is designed to remain within the controlled area
and to take advantage of the natural drainages present. Runoff will be managed
within Area 5 or Area 6; Area 5 runoff will flow to the WMP and Area 6 runoff will
flow to the Hearne Pit. No substantial runoff and seepage from the mine rock
piles is expected.

Runoff from the mine rock piles will flow and/or be directed as described below:

¢ Runoff along the northern perimeter of the West Mine Rock Pile will flow
directly to Area 5.

e Runoff from the western perimeter of the West Mine Rock Pile will either
flow along the mine rock pile to Area 5 or percolate into the mine rock
pile.

e Runoff from the eastern face of the West Mine Rock Pile will flow
directly to Area 5.

e Minor runoff from the southern perimeter will flow into the Hearne Pit,
which will have pit sumps that will be pumped out periodically to the
process plant.

e Runoff from the South Mine Rock Pile will flow to and be contained
within the Area 6 dewatered lake bottom collection ponds.
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Any potentially acid-generating (PAG) mine rock, as well as any barren
kimberlite, will be sequestered within the interior of the mine rock piles. Till from
ongoing pit stripping will be used to cover PAG rock placed within the interior of
the structure to keep water from penetrating into that portion of the repository.
Further, the PAG rock will be enclosed within enough non-acid generating (NAG)
rock to prevent the active zone (typically 2 m) from extending into the enclosed
material. Runoff will occur on the NAG rock cover areas. While all the water will
not be stopped completely from penetrating a till and non-AG rock envelope, the
amounts that may penetrate deeper into the pile are expected to be trapped in
void spaces and freeze. Minimal water is expected to penetrate to the PAG rock
areas. To confirm that the lower levels remain frozen, temperature monitoring
systems will be placed in the mine rock piles as they are being constructed.

Barren kimberlite, or mine rock mixed with barren kimberlite, will not be placed
directly on the tundra soils. Experience at Ekati Diamond Mine shows that
coarse kimberlite in direct contact with the naturally acidic tundra soils can lead
to drainage with a low pH. Any mine rock containing kimberlite will be separated
from the tundra by at least 2 metres (m) of inert and kimberlite-free rock.

The Coarse PK Pile will not be designed to have a single point of release for
seepage and runoff. Any runoff will flow through natural channels within the
controlled area and be retained in the collection pond associated with Area 4,
which in later years represents the Tuzo Pit area.

The only water to enter the Fine PKC Facility, other than the water contained
within the fine PK, will be precipitation. Runoff and seepage from the Fine PKC
Facility will eventually flow into the WMP through Dyke L. The volume and
chemical composition of the runoff and seepage will be dependant on the degree
to which the fine PK is isolated within the facility. For the purposes of the
assessment, all runoff and precipitation was assumed to have come into contact
with the fine PK and be available as seepage.

8.4.7 Potential Accidents and Malfunctions Relevant to Water
Management

This section describes the potential accidents and malfunctions relevant to the
Water Management Plan that could lead to effects to water quality. These
include:

e petroleum spills;
e ammonium nitrate spills; and

e dyke failures.
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8.4.7.1 Petroleum Spills

A petroleum spill may result from a leak in tanks, valves, or piping; from
catastrophic failure of a tank; during fuelling/re-fuelling of storage tanks and
vehicles; and from vehicles on Project roads. To prevent such an occurrence, all
tanks, piping, and valves will meet all applicable standards or requirements, and
be installed by experienced contractors. The design of the containment area will
be based on requirements of the Environmental Code of Practice for
Aboveground and Underground Storage Tank Systems Containing Petroleum
and Allied Petroleum Products (CCME 2003), the National Fire Code of Canada,
and any other standards that are required. The fuel farm, fuel supply tanks,
valves, and piping will be routinely inspected to ensure no leakage has occurred.
All fuel storage areas will have secondary containment. All fuel tanks will have a
spill containment provision.

Vehicle fuelling stations will be located on a concrete pad sloping toward a drain
connected to a sump. Any spills of fuel would flow to the sump, which would be
pumped out to a container for shipment off-site during winter resupply. Crawler
equipment will be fuelled at the worksite by trained employees in the Mine
Services Group and the likelihood of routine spills will therefore be minimized.
Any spills that do occur will be cleaned up immediately and contaminated soils
transferred to the landfarm for bioremediation. Contaminated snow will be
segregated in a contained drainage area to melt. Any residue remaining will be
transferred to the landfarm for bioremediation.

Any spills at the explosives manufacturing and storage plant will be contained
within the explosives building sump system and be pumped into a waste
container for shipment off-site during winter resupply. Any spilled de-icing fluid
will be treated as an environmental spill and handled accordingly.

Small spills at the workshop will be cleaned up with an absorbent material and
the absorbent removed from the site as hazardous waste. Large spills (up to
205 litres [L]) outside of the spilled area would flow to the sump and be pumped
into a container for shipment off-site during the winter resupply.

Leaks of fuel or other petroleum fluids from vehicles may occur periodically on
roads, or anywhere service or ore trucks frequent, including the open pits, mine
rock piles, the Coarse PK Pile and Fine PKC facilities. Most areas where
vehicles travel will be within controlled drainage areas. Therefore, in the event of
a spill, runoff would be contained where it would be recovered and transferred to
an oil-water separator, before being transferred to the landfarm at the time of the
mishap. Contaminated soil and snow would be treated as described above.
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8.4.7.2 Ammonium Nitrate Spills

In the unlikely event of an ammonium nitrate spill, any spills (from torn bags) at
the ammonium nitrate storage facility (a component of the explosives
management facilities) will be cleaned up immediately and reported. All
contaminated or ripped bags of prill (a granular, free flowing form of ammonium
nitrate) and spilled prill will be recovered and used at the Project; used empty
bags will be collected and managed appropriately with other solid waste from the
Project site.

An accident involving an explosives truck could potentially lead to a spill of
ammonium nitrate on the site road between the ammonium nitrate storage facility
and the open pit. This road is within a controlled area where runoff is collected
and discharged to the WMP in operation at the time. Any spilled ammonium
nitrate would be cleaned up by employees licensed to handle explosives.

8.4.7.3 Dyke Failure

Dykes will be inspected daily by site personnel and annually by a qualified
geotechnical engineer. Downstream seepage of external dykes will be monitored
continuously during the summer by means of piezometers. Any significant
increase in seepage will be cause for corrective action.

8.4.7.3.1 Dyke A

A failure of Dyke A during operations would result in water from Area 8 flowing
into Area 7 with potential impacts on fish populations and habitat, both in Area 8
and downstream in the outlet stream. If a rupture occurred at the base of the
dyke, water from downstream of Area 8 in the L watershed could flow backwards
into Area 8, and then through the breached Dyke A into Area 7. The gradient is
low and this would occur over several hours to days allowing time for emergency
repairs to Dyke A. Dyke A will hold back a maximum height of 3 m of water;
therefore, this is estimated to be a low-risk event.

8.4.7.4 DykesCandD

Dyke C is a permanent water diversion dyke located on the northeast side of
Area 1, which initially allows the dewatering of a portion of Area 1 into Lake A3.
Later, it separates the Fine PKC Facility from Lake A3 (Figure 8.4-2). As the
facility is filled with fine PK slurry, Dyke C prevents seepage from the Fine PKC
Facility from entering Lake A3, which is a fish-bearing lake.

Dyke D is a permanent water retention dyke located on the north edge of Area 2
that prevents water from Area 2 from flowing north into Lake N7 during the late
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stage of mine operation (Figure 8.4-2). It also prevents the submerged fine PK
and water released from settled fine PK from flowing into Lake N7.

Failure of either Dyke C or Dyke D would lead to water and fine PK slurry
discharging into Lake A3 or Lake N7, respectively. Failure of either dyke could be
considered a spill risk if PK material from the Fine PKC Facility reached a
watercourse or waterbody outside of the controlled area boundary, and would be
reported to the NWT 24-hour spill line operated by the GNWT with appropriate
follow-up. Mining would stop until repairs were completed and the water
redistributed back into the WMP. In the case of a spill to the environment, coffer
dams could be quickly constructed to prevent further migration of water or slurry.
Dykes C and D will not be removed at closure.

8.4.7.4.1 Upper Watershed Dykes E, Fand G

Failure of the Dykes E, F, and G in the N, B, D, and E watersheds would lead to
partial flooding of the mine workings but no release of water to the environment.
Failure of these dykes would not be considered a spill risk because water would
not reach a watercourse or waterbody outside of the controlled area boundary.
Mining would stop until repairs were completed and the water redistributed back
into the WMP.

8.4.7.4.2 Dykes B, J, N and K

Failure of the internal Dykes B, J, N and K in Areas 3 through 7 would lead to
partial flooding of the mine workings but no release of water to the environment.
Failure of these dykes would not be considered a spill risk because no water
would reach a watercourse or waterbody outside of the controlled area boundary.
Mining would stop until repairs were completed and the water redistributed back
into the WMP.

8.4.7.4.3 West Mine Rock Pile — Dykes H and |

The west mine rock dykes will be located at the east and south ends of the mine
rock pile. Failure of a dyke could result in water and slurry spilling into Area 6; no
water or slurry would be released to the environment. Failure of the dykes would
therefore not be considered a spill risk because no water would reach an
uncontrolled area. Repairs would be affected by mine personnel, and the slurry
and water pumped back into the WMP once dyke repairs were completed.

8.4.7.4.4 Fine Processed Kimberlite Containment Dykes

The Area 1 perimeter berms and Dyke L will contain fine PK and slurry away
from Kennady Lake. Dyke L is a filtration dyke between Areas 2 and 3. Runoff
and seepage from the Fine PKC Facility will eventually flow into the WMP.
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Failure of the berms and the dyke’s dam could result in slurry and water spilling
into Areas 3 and 4; no water or slurry would be released to the environment.
Failure of Dyke L and the berms could result in loss of water and slurry from the
Fine PKC Facility, but flow would be into the Project site where drainage is
controlled. In either case, repairs would be performed immediately, and slurry
and water pumped back into the Fine PKC Facility.
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8.5 ASSESSMENT APPROACH

The assessment approach for this key line of inquiry follows the overall approach
described in Section 6 of the environmental impact statement (EIS). The
assessment approach described herein (Section 8.5) provides summary details
of specific aspects of the approach that are particularly relevant to the
assessment of the effects of the Project on water quality and fish in Kennady
Lake.

8.5.1 Pathway Analysis

The pathway analysis for this key line of inquiry is provided in Section 8.6. The
potential pathways reflect potential linkages between the Project and the physical
and biological properties of the Kennady Lake ecosystem, and the small lakes
and streams in the Kennady Lake watershed. The pathway analysis identifies
and screens the linkages between Project components or activities
(e.g., Kennady Lake dewatering) and the potential effects to receptors within the
environment (e.g., lake trout [Salvelinus namaycush]). Pathways were screened
for activities during the construction, operations, and closure phases of the
Project.

Pathway analysis is a screening step that uses largely qualitative information to
distinguish valid pathways from no linkage and secondary pathways. The
analysis examines all potential pathways relevant to this key line of enquiry, and
environmental design features and mitigation integrated into the Project that
remove the pathway or limit the effects along a primary or secondary (minor)
pathway (e.g., fish salvage prior to, and during, the dewatering of Kennady
Lake). Environmental design features include the Project design and
environmental best practices, management policies and procedures, and social
programs. Primary pathways are those that continue to exist after environmental
design features have been applied (i.e., those that are expected to lead to
residual effects after mitigation).

No linkage and secondary pathways are described in Section 8.6 and an
explanation provided detailing why they have been characterized as such. No
linkage pathways are removed by environmental design features and mitigation,
so that the Project results in no detectable environmental change and residual
effects to a valued component (VC) relative to baseline or guideline values.
Secondary pathways could result in a minor environmental change, but would
have a negligible residual effect on a VC relative to baseline or guideline values.
No linkage and secondary pathways are not carried forward into the effects
analysis.
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All primary pathways are carried forward in the assessment for detailed effects
analysis, in Section 8.7.

8.5.2 Valued Components

A VC is a component of the environment that people consider to be ecologically,
culturally, socially, or economically important. Valued components occur at
different levels, and levels may be determined naturally (e.g., ecological
importance of a top predator) or through the importance placed on them by
people.

In this EIS, VCs can be found at the beginning, middle, or end of pathways. In
Kennady Lake, VCs can be found at the bottom, middle, or top trophic level of
food chains. For example, in sub-Arctic lake systems, changes to water quality
(such as increased nutrient concentrations) represent initial steps along
pathways that can lead to changes in phytoplankton communities, which
influence other lower trophic level organisms (e.g., zooplankton), forage fish,
and, ultimately, large-bodied fish, that represent the highest trophic level.

The selection of VCs specific to this key line of inquiry resulted from issues
scoping sessions for the Project with community members, federal and territorial
regulators, and other stakeholders. The Terms of Reference provides a list of
important biophysical components that were identified in the issues contained in
the Report of Environmental Assessment (MVEIRB 2006). The Terms of
Reference also define different levels of importance attributed to the biophysical
components. For this key line of inquiry, the water quality and fish were identified
as being the most important components, that is, VCs (Gahcho Kué Panel 2007).
Key biophysical components identified as contributing to, or comprising an
important feature of, these VCs are discussed in the following section.

8.5.2.1 Water Quality

Within this EIS, water quality has both an important ecological and a human
health value. It can provide a basis for evaluating aquatic ecosystems to
determine whether water quality during each phase of the Project meets
acceptable levels for the protection of aquatic life. Water quality can also be
compared to drinking water standards and used in a risk assessment to assess
effects on human health. Since changes to water quality may ultimately affect
fish, wildlife, and human health, the selection of water quality as a VC is
appropriate. The societal goals that make water quality a VC are the protection of
both drinking water and aquatic life.
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The water quality of a lake or stream is the product of the physical (e.g., climate
and resulting water inputs), chemical (e.g., weathering of bedrock, interaction
with groundwater), and biological (e.g., algal growth) processes in the watershed
and within the waterbody. It can be directly measured by the physico-chemical
and chemical analysis of water column samples.

The key biophysical components within the Project area that influence water
quality include the following:

e permafrost;

e groundwater quality and quantity (i.e., groundwater and hydrogeology);
e water levels and flow patterns (i.e., hydrology);

e water chemistry; and

e sediment quality.

The potential of the Project to have both direct and indirect effects on the water
quality of Kennady Lake and the waterbodies within its watershed is high.
Changes in environmental components tend to occur sequentially (e.g., highly
saline, deep groundwater, if not managed appropriately, could cause an increase
in total dissolved solids [TDS] in surface water leading to water quality that might
affect fish health). Understanding the resulting pathways to fish in this example
would require an analysis of the measurement endpoints associated with
hydrogeology, hydrology, water quality, and aquatic health (see Section 8.5.3).

8.5.2.1.1 Permafrost

Permafrost is an important feature of the Project area. It was identified in the
technical issues scoping for water issues (MVEIRB 2006), and, therefore, it is
included as a key biophysical component. Changes to permafrost conditions
within the Project area are relevant, because they may be part of potential
pathways by which the Project affects VCs such as water quality and fish
(e.g., through changes in fish habitat).

Permafrost is part of a specific subject of note (Section 11.6). A detailed
assessment of potential effects to permafrost is not provided in this key line of
inquiry; however, a summary of the effects of potential changes to permafrost,
which could potentially alter water quality and fish habitat in Kennady Lake and
its watershed, is provided. For example, the partial and complete dewatering of
waterbodies and basins in Areas 1 through 7 of Kennady Lake during the
construction and operation phases of the Project will expose a substantial area of
the lake bed to freezing temperature. These colder temperatures will result in the
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development of permafrost in the lake bed not normally subjected to freezing.
Similarly, the development of temporary and permanent dykes in the upper
watersheds and the resulting increase in water level will result in a loss of
permafrost conditions in the newly inundated zones. Where relevant, the
implications of these changes to water quality, and also fish habitat, in the
construction and operation phases and their potential for reversal at closure
when the dewatered basins are refilled, will be considered.

8.5.2.1.2 Groundwater Quantity and Quality

Groundwater is also an important feature of the Project area. Like permafrost, it
is part of a separate subject of note (Section 11.6); therefore, a detailed
assessment of potential effects to groundwater will not be provided in this key
line of inquiry.

Groundwater is another key biophysical component that occurs along a pathway
leading to effects on VCs. Groundwater is not an assessment endpoint itself in
this EIS, because it is not used as a source of drinking water, particularly at
Kennady Lake. Potential impacts and interactions were, however, identified
during the technical issues scoping (MVEIRB 2006), indicating that, although
groundwater is not an endpoint, it provides a measurement endpoint for changes
to the assessment endpoint associated with VCs (e.g., surface water quality).

The hydrogeology of the Project area is interconnected with the surface water
within the Kennady Lake watershed. Groundwater may also affect sediment
quality. Groundwater can be divided into two primary groundwater regimes:

e the shallow groundwater regime, which is directly related to the surface
water expression; and

e the deep groundwater regime.

The development of the Project, from dewatering Kennady Lake to mining the
pits and refilling the lake, has the potential to affect each of these groundwater
regimes. The implications of the Project’'s effects to groundwater regimes and
the potential for groundwater to affect surface water through seepage during the
construction, operations, and closure phases are discussed herein.

8.5.2.1.3 Hydrology

Hydrology focuses on surface water levels, flows, and channel/bank stability. It
is an important feature of the Kennady Lake watershed. In addition, because
downstream effects of Kennady Lake dewatering and refilling were identified
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during the technical issues scoping (MVEIRB 2006), hydrology is considered a
key biophysical component. Hydrology provides a measurement endpoint to
pathways between the Project and potential effects to water quality and fish. The
Project, through the diversion of the upper watersheds of Kennady Lake, and the
dewatering and refilling of Kennady Lake, will affect the hydrology of the
watershed in terms of water quantity and seasonal patterns of flow. Changes to
hydrology may result in effects to fish habitat through changes to water level, flow
rates, and the stability of stream channels. Erosion and resuspension of
sediment may affect water quality (e.g., increased nutrients, metals, and total
suspended solids [TSS]). Each of these potential pathways is considered in the
EIS, and discussed in more detail in Section 8.6.

8.5.2.1.4 Water Chemistry

Water chemistry is a principal component of water quality, which was identified
as an issue related to fish during the technical issues scoping (MVEIRB 2006). It
comprises the chemical constituents that characterize the waterbody and reflects
the geomorphology and condition of the watershed. Water chemistry is highly
responsive to changes in watershed runoff and input sources, and can provide
an indication of the productivity of the waterbody. Changes in water chemistry
may result in effects to lower trophic levels, and ultimately fish and people.

8.5.2.1.5 Sediment Quality

Sediment quality is an important feature of the Kennady Lake watershed, and
chemical changes in sediment were identified in the technical issues scoping for
fish issues; therefore, sediment quality is considered a key biophysical
component. It also provides a measurement endpoint to pathways to water
quality and fish through the potential for exchange between the bed sediment,
agquatic habitat and overlying water column. Additionally, alterations to the lake
bed or stream bed from Project activities can lead to increased sediment
deposition, which can smother aquatic habitat, or to the deposition of metals and
nutrients, which can affect water chemistry and aquatic health. Changes in
sediment quality, therefore, have the potential to affect fish, and ultimately people
who may eat the fish or use the overlying water as a source of drinking water.

8.5.2.2 Fish

8.5.2.2.1 Importance of Fish

Fish are important to traditional and non-traditional land users. Fish also provide
a direct link between potential effects to water quality and human health. The
potential for the Project to affect the abundance, behaviour, and health of fish in
Kennady Lake and the Kennady Lake watershed is high. Therefore, selecting
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fish as a VC is appropriate. Any changes in measurement endpoints, such as
fish abundance, behaviour, and health, may ultimately affect humans.

The VC represented by fish includes individual fish species, because interactions
between each Project activity and the unique habitat requirements and life history
characteristics of fish can be fully assessed only at the species level.

The productivity of key fish species (e.g., lake trout) is linked directly and
indirectly to physical habitat, hydrology (e.g., water levels in lakes and flow
velocities in streams), water chemistry (e.g., nutrients), lower trophic levels,
which provide the base of the food web, and forage fish. As described for water
quality, a pathway may include several key biophysical components that
represent pathways that lead to fish, which are the VCs.

8.5.2.2.2 Fish Habitat

Fish habitat is not a VC for this assessment, because it is the fish that are
ultimately valued by people rather than the habitat that supports them. Fish
habitat is represented by the streams and lakes within the Kennady Lake
watershed for this key line of inquiry. While these streams and lakes
undoubtedly have value to people, it is their ability to support fish that is most
important. Fish habitat is a key biophysical component that contributes to fish
species selected as VCs. As such, changes to fish habitat is a measurement
endpoint that is used to determine Project-related effects to fish species.

Effects of Project activities on fish habitat are included in the effects assessment.
The federal Fisheries Act 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”. By this definition, fish habitat is the
integration of physical, chemical, and biological parameters that combine to
create the space, food, competitors, predators, and abiotic features that
determine the growth and survival of individual fish and, ultimately, the
productivity of the population. Because fish habitat is required to produce fish,
Project activities that affect fish habitat will ultimately affect fish. Similarly,
measures taken to reduce effects to fish habitat will reduce effects to fish.
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8.5.2.2.3 Fish Species Selected as Valued Components

Fish species that are characterized as being important to people have been
selected from the list of fish species present in the Kennady Lake watershed in
order to focus the assessment. At least eight fish species in the Kennady Lake
watershed could be considered as VCs (Table 8.5-2). The following criteria were
used to select valued fish species from the list of fish species present:

e traditional importance to Aboriginal communities (i.e., subsistence,
cultural, and spiritual values);

e economic importance to traditional and non-traditional land users
(e.g., commercial sport fisheries);

e current status with respect to the Committee on the Status of
Endangered Wildlife in Canada (COSEWIC), the Species at Risk Act
(SARA), or the Government of the Northwest Territories;

o relative abundance in Kennady Lake;

e unique life history characteristics or requirements; and

current ecological niche in Kennady Lake (e.g., top predator).

There is no commercial fishery within the Kennady Lake watershed, nor within
the regional study area (i.e., the Lockhart River watershed) as defined in the
Fisheries and Aquatic Resources Baseline (Annex J). As a result, the
importance of a fish species to commercial fishing was not included in the VC
selection criteria.

There are no federally listed fish species in the Kennady Lake watershed, or
within the regional study area. Arctic grayling are rated as “sensitive” in the
Northwest Territories due to the increasing pressures of resource development
and climate change (GNWT 2006). There are no other “sensitive” or “may be at
risk” species in the watershed, or within the regional study area.

Based on the above criteria and the analysis outlined in Table 8.5-1, lake trout,
Arctic grayling (Thymallus arcticus), and northern pike (Esox lucius) were
selected as valued fish species for this key line of inquiry. The rationale for
selecting each of these species as a VC is described in the following sections, as
well as reasons for not selecting other species.
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Table 8.5-1  Valued Component Evaluation for Fish Species Found in the Kennady Lake Watershed
Importance to Importance to Abundance in valued
Species Aboriginal Non-traditional Kennady Lake Ecological Niche Component Rationale
Communities® Land Users® y P
. ) iscivore; top- abundant, top predator in Kennady Lake;
subsistence use and | popular sport-fish most abundant pIScIV : P . PP or! Y-
Lake trout . predator in Kennady yes valued by local Aboriginal communities and
as dog food in NWT predator .
Lake sport anglers in the NWT
third most important to Aboriginal communities and sport
Arctic . popular sport-fish abundant large- invertivore; adfluvial anglers in the NWT; adfluvial life history
. subsistence use . L o yes ) ) L
grayling in NWT bodied fish life history suitable for assessing affects to streams; listed
species as “sensitive” in NWT
most abundant large-bodied fish in Kennady
Invertivore; principal Lake but not an important sport fish in the NWT
Round . most abundant : - -
e subsistence use none e prey species for lake no and is less valued than lake whitefish as a food
whitefish large-bodied fish . " .
trout source by Aboriginal communities due to its
smaller size
. piscivore; top- important sport fish in the NWT; present in
) small population )
Northern . popular sport-fish predator dependent Kennady Lake but in small numbers only;
. subsistence use . due to lack of . yes . ) .
pike in NWT . on aquatic dependent on aquatic vegetation for spawning
vegetation . . ;
vegetation habitat and rearing
. marginally important sport fish and subsistence
. found in low . ) L -
Burbot subsistence use none numbers omnivore no fish for Aboriginal communities; small
population present in Kennady Lake
most abundant . . forage fish species not valued by Aboriginal
Lake chub none none ) invertivore no " .
forage fish communities or sport anglers in the NWT
Slim more abundant in forage fish species found in streams but not
y. none none streams than in invertivore no valued by Aboriginal communities or by sport
sculpin ;
lakes anglers in the NWT
. . found i I ) . .
Ninespine oundin s.ma . . forage fish species not valued by Aboriginal
. none none numbers in invertivore no " )
stickleback streams communities or sport anglers in the NWT

(@)
(b)

NWT = Northwest Territories.

Traditional Knowledge and Traditional Land Use Baseline (Annex M).

Non-traditional Land Use and Resource Use Baseline (Annex N).
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Lake Trout

Lake trout was selected as a valued fish species for this assessment for the
following reasons:

e high abundance in Kennady Lake;
e position as the top predator in Kennady Lake;
e important to Aboriginal communities and non-traditional land users; and

e high potential for the Project to affect lake habitats upon which lake trout
depend.

Lake trout is the second most abundant fish species in Kennady Lake after round
whitefish, accounting for about 20% of the large-bodied fish community. In
addition, lake trout is one of the most highly valued fish species for food by
Aboriginal peoples who have fished in the Lockhart River watershed (Section 5).
Along with Arctic grayling and northern pike, lake trout is one of the most prized
fish species in the NWT for resident and non-resident sport anglers.

Lake trout completes all of its life history in lakes. Nearshore areas are more
important to lake trout than deeper, offshore areas. In Kennady Lake, lake trout
spawn on cobble/boulder substrates found primarily between the 2 and 4 m
depth contours along wave-washed shorelines. These areas are used, because
they are typically kept clean of sediments by wave-generated currents. Clean
substrates are important for egg survival and incubation. Habitats deeper than
4 m are generally covered in a thick layer of silt and organic debris and provide
only foraging and overwintering habitat for lake trout.

Lake trout are also suitable for assessing potential effects of water quality
changes. Because of their position at the top of the food chain, any changes in
lower trophic organisms or forage fish will ultimately have an effect on lake trout.
Lake trout are also appropriate for assessing potential effects of metals or other
substances that have the potential to bioaccumulate.

Arctic Grayling

Arctic grayling was selected as a valued fish species for this assessment,
because of its importance to Aboriginal communities and to the Northwest
Territories (NWT) sport fishery, and its unique life history in the Barrenlands
region of the NWT. Arctic grayling in the Barrenlands has an adfluvial life history
and is the only species that uses stream habitat exclusively for spawning and
rearing within the watersheds that are expected to be affected by the Project.

The Project has the potential to alter the physical and hydrological characteristics
of streams in the Kennady Lake watershed and downstream of Kennady Lake.
Therefore, potential effects to streams will have a direct effect on Arctic grayling
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recruitment and the ability of populations to be sustainable. Any measures that
can be implemented to minimize or eliminate effects to stream channels and
flows will provide protection to Arctic grayling.

Northern Pike

Northern pike was selected as a valued fish species for this assessment,
because of its importance to Aboriginal communities as a food source, its
importance to the NWT sport fishery, and its dependence on aquatic
macrophytes for spawning, rearing, and foraging. Aquatic macrophytes in
Kennady Lake are scarce and are restricted to tributary mouths and isolated
nearshore areas where fine sediments accumulate. As a result, the northern
pike population in Kennady Lake is small and restricted to areas where aquatic
macrophytes exist. These areas include some of the small lakes downstream of
Kennady Lake and in the upper Kennady Lake watershed.

The Project has the potential to affect water levels in these small lakes in addition
to the water level in Kennady Lake. Water level fluctuations may increase or
decrease the abundance of aquatic vegetation in these lakes, and alter their
distribution, depending on whether lake levels rise or fall. Notable changes in the
aquatic macrophyte community, positive or negative, will ultimately affect
northern pike. These effects would not be identified or would be inadequately
assessed using lake trout alone. For this reason, northern pike are included as a
VC in this assessment.

Other Fish Species

There are at least five other fish species that could have been selected as VCs
for this assessment. They include round whitefish, burbot, lake chub, slimy
sculpin, and ninespine stickleback. Each of these species did not meet at least
one of the criteria listed above and were, therefore, not selected as a VC
(Table 8.5-1). Despite being found in the Fisheries and Aquatic Resources
Baseline (Annex J) Local Study Area, longnose sucker, white sucker, lake cisco,
and lake whitefish were not found in Kennady Lake.

Round whitefish is the most abundant large-bodied fish species in Kennady Lake
and is the primary prey species for lake trout and northern pike. It was not
selected, because it is valued to a lesser extent by Aboriginal communities and
sport fishermen than lake trout. Round whitefish use very similar nearshore
habitat as lake trout for spawning and rearing; therefore, potential effects to
round whitefish from alteration of lake habitats are likely to be identified,
assessed, and mitigated by using lake trout as a VC.

Slimy sculpin is the only other stream-dwelling fish species besides Arctic

grayling in the Kennady Lake watershed. Slimy sculpin was not selected as a
VC fish species, because it has little value to traditional and non-traditional land
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users and has very similar habitat requirements to Arctic grayling. Inclusion of
Arctic grayling is likely to provide sufficient indication of potential effects to
stream habitat to slimy sculpin.

8.5.3 Assessment Endpoints and Measurement Endpoints

Assessment endpoints are the ultimate properties of the VCs that should be
protected or developed for use by future human generations. They are general
statements about what is being protected (e.g., suitability of water quality to
support a thriving aquatic ecosystem).

Measurement endpoints are quantifiable (i.e., measurable) expressions of the
aquatic environment that influence the assessment endpoints. For example, for
water quality, the assessment endpoint is the suitability of water quality to
support a viable aquatic ecosystem, and the relevant measurement endpoints
include projected concentrations of nutrients (e.g., nitrogen and phosphorus
nutrients), ionic constituents (e.g., dissolved salts, such as calcium and chloride)
and metals (e.g., copper and iron) in Kennady Lake over time.

The effects analyses are completed with a focus on measurement endpoints.
They are organized around specific effects statements that summarize the
elements of the aquatic environment under investigation, and the results of the
analyses are used to evaluate projected impacts to the associated assessment
endpoints. The overall significance of Project impacts on VCs is predicted by
linking residual changes in measurement endpoints to impacts on the associated
assessment endpoint.

A summary of the aquatic-based assessment endpoints considered in this key
line of inquiry is provided in Table 8.5-2, along with a summary of the associated
measurement endpoints.

Although wildlife and human health are also VCs that are briefly discussed in this
key line of inquiry, potential effects to wildlife and human health have not been
classified in this section of the EIS. Classification of potential effects to wildlife
and human health requires the consideration of all pathways by which effects to
wildlife and human health can occur. These pathways include the inhalation of
air and the consumption of terrestrial-based foods, the quality of which may
potentially be affected by the Project. These pathways are not the subject of this
key line of inquiry and are not discussed herein. As such, a summary of potential
effects to wildlife and human health has been provided in this section of the EIS
(i.e., Section 8.12), but a classification of the potential effects has not.
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Table 8.5-2  Aquatic-based Assessment Endpoints and Measurement Endpoints for Valued Components Identified for Water
Quality and Fish in Kennady Lake
Valued Key Biophysical Assessment .
Components Components Endpoints Measurement Endpoints

Water Quality
Fish (lake trout,
Arctic grayling
and northern
pike)

o Permafrost

* Hydrogeology and
Groundwater

e Surface Water
Quantity

o Sediment Quality
e Aguatic Health
o Fish Habitat

o Suitability of Water
Quality to Support a
Viable Aquatic
Ecosystem

Abundance and
Persistence of Desired
Population(s) of Lake
Trout

Abundance and
Persistence of Desired
Population(s) of
Northern Pike
Abundance and
Persistence of Desired
Population(s) of Arctic
Grayling

permafrost depth and distribution, location and size of taliks near waterbodies and
watercourses

groundwater level and flow rate, groundwater quantity and quality

surface topography, drainage boundaries, and waterbodies (e.g., streams, lakes, and
drainages), stream flow rates, and spatial and temporal distribution of surface water,
shoreline and channel morphology

physical characteristics of water (e.g., pH, conductivity, turbidity), concentrations of major
ions, nutrients, total and dissolved metals and trace organic compounds in water

physical and chemical properties of sediment

physical aquatic habitat characteristics, habitat quantity and quality
plankton community structure and composition

benthic invertebrate community structure and composition

fish habitat availability and use

fish numbers, movement and behaviour, fish survival and reproduction, fish reproductive
condition and health

access to fish and wildlife
human health
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8.5.4 Spatial and Temporal Boundaries

The Terms of Reference identify the importance of spatial scale when analyzing
and predicting the effects from the Project on VCs. It also emphasizes that the
spatial scope of the study must be appropriate for the potential effect being
assessed. For example, as lake trout spend all of their life history within a lake
environment, individuals within populations of lake trout in Kennady Lake or any
of the fish-bearing lakes within its watershed can be affected by the Project. For
this species, the spatial boundary for the assessment of effects for this key line of
inquiry was defined by the range of the population (i.e., Kennady Lake or
applicable lakes within the Kennady Lake watershed), which conforms to the
requirements of the Terms of Reference.

The approach used to determine the temporal scales of effects from natural and
human-related disturbances on VCs is similar to the approach used to define
spatial boundaries. In the EIS, the temporal boundaries are linked to the
construction, operation, and closure phases of the Project, and also to the
post-closure period. Effects could occur in any of these phases, and could
extend into the post-closure period.

The duration of some changes induced by Project activities, such as potential
changes to local air quality, are expected to end when Kennady Lake has been
refilled. In contrast, effects to fish will likely continue beyond the closure phase,
because it will take some time for the fish community to re-establish itself in
Kennady Lake after refilling. Thus, the temporal boundary for a VC is defined as
the amount of time between the start and end of a relevant Project activity or
stressor (which is related to development phases), plus the duration required for
the effect to be reversed.

After removal of the stressor, reversibility incorporates the likelihood and time
required for a VC or system to return to a state that is similar to the state of
systems of the same type that are not affected by the Project. For effects that
are reversible, the EIS provides an estimate of the duration or time required to
reverse the effect on the VC or system. Some effects may be reversible soon
after removal of the stressor, such as effects to water flows to Kennady Lake
from the B, D and E watersheds with the removal of temporary dykes E, F and G
at closure. Other effects may require a longer duration before changes are
reversed. For example, after Kennady Lake has been refilled and dyke A is
breached, it may take a few years for the lower trophic community structure
within Kennady Lake to return to an ecological state that will allow fish to
successfully return to the lake.
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Examples of irreversible effects include permanent loss of lake habitat. The
placement of fine and coarse PK material and mine rock in areas of Kennady
Lake will result in a permanent and irreversible loss of lake habitat.

8.5.5 Effects Analysis

In the EIS, the effects analysis considers all primary pathways that likely result in
measurable environmental changes and residual effects to VCs (i.e., after
implementing environmental design features and mitigation). Thus, the analysis
is based on residual Project-specific (incremental) effects that are predicted to be
primary in the pathway analysis. Residual effects to VCs are analyzed using
measurement endpoints and expressed as effects statements (e.g., Effects of
Project activities to water quality in Kennady Lake and Area 8 during and after
refilling, and effects of closure activities to fish and fish habitat in Kennady Lake,
Area 8, and streams and lakes within the Kennady Lake watershed). Effects
statements may have more than one primary pathway that link a Project activity
with a change in the environment and an effect on a VC. For example, the
pathways for effects to fish and fish habitat include alteration of local flows and
drainage areas, and water quality.

A detailed description of the spatial and temporal boundaries, and methods used
to analyze residual effects from the Project is provided for each VC. The
analyses are quantitative, where possible, and include data from field studies,
scientific literature, government publications, effects monitoring reports, and
personal communications. To limit the degree of technical information in the
main text, specific details on modelling and statistical techniques, assumptions,
analyses, and data sources are provided in appendices. Available traditional
knowledge and community information are incorporated into the analysis and
results, where appropriate. Due to the amount and type of data available, some
analyses are qualitative and include professional judgment or experienced
opinion.

The effects to water quality and fish in Kennady Lake and its watershed are
assessed during construction, operations, and closure phases of the Project.
The assessment requires the synthesis of information generated by each of the
assessment components for which there are valid pathways: hydrology, water
quality, aquatic health, fish and fish habitat, long-term recovery, and related
effects to wildlife and human use. The detailed description of the methods used
to analyze the effects from the Project on the VCs for each component is
provided in Sections 8.7 to 8.12.

Assessment components focusing on the physical and chemical environment
(e.g., hydrology and water quality) use baseline information and known
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processes in the sub-Arctic environment in combination with the Project design to
develop mathematical models to predict conditions during the Project phases.
Models are calibrated to baseline data and source input values, and scenarios
are created representing periods during mine construction and operations when
the greatest effects are expected to occur (e.g., highest or lowest flows, highest
emissions). Model predictions are developed for locations (i.e., nodes) chosen to
represent areas of concern regarding biological communities, such as stream
reaches used by fish during spawning or migrations, or input points to
downstream waterbodies (e.g., major inflows to Kennady Lake).

Results of models simulating physical changes are either used directly by the
biological components (e.g., flow data by fish and fish habitat) to predict potential
effects based on known habitat relationships of individual VCs (e.g., swimming
ability of a fish species in relation to predicted current velocity or flow rates), or
are used as part of the input data for other models. For example, water quality
modelling incorporates physical processes (e.g., hydrology model results),
mine-related water inputs and their estimated flow rates and chemistry
(e.g., geochemistry fluxes from mine rock and PK material to porewater,
groundwater inflows to open pits), baseline water quality, and natural
physico-chemical processes to predict surface water quality at key locations in
the Kennady Lake watershed.

Water quality model results, in combination with model results for physical
conditions (i.e., changes to water levels and flow rates), are used by the fish and
fish habitat components to predict direct effects to highly valued fish species, or
indirect effects through changes in biological components of fish habitat
(e.g., lower trophic communities, including plankton and benthic invertebrates).
In addition to direct effects from changes in physical habitat (e.g., stream flows),
direct and indirect effects due to changes in water chemistry are also evaluated
by the aquatic health component (e.g., potential to cause effects to fish from
changes in concentrations of metals or ammonia through direct exposure, or
through fish tissue accumulation). Indirect effects through lower trophic
communities consider potential direct effects (i.e., toxicity) and effects on
productivity through nutrient enrichment from discharges of site water.

The assessment of the long-term recovery of Kennady Lake after refilling
involved a different approach. It consisted of a three-step process. The first step
incorporated a literature review to determine the documented recovery of lakes
after flooding or refilling, and to identify, to the extent possible, the main drivers
that control the rate and direction of recovery. The second step evaluated how
the information compiled in the literature review applies to Kennady Lake, given
its location and physical structure. The final step involved predicting how the
aquatic ecosystem in Kennady Lake will likely recover.
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Following the effects analysis, a summary of residual effects is provided in
Section 8.13. Where possible, every effort is made to express the expected
changes quantitatively or numerically. For example, the magnitude (intensity) of
the effect may be expressed in absolute or percentage values above baseline
(existing) conditions or a guideline value. The geographic extent of effects is
expressed in area (hectares [ha]) or distance (kilometres [km]) from the Project.
The expected duration would be expressed in years. In addition, the direction,
likelihood, and frequency of effects may also be described, where applicable.

The technical information is then explained using non-technical descriptions.
The quantitative description of effects is interpreted for a broader audience. For
example, the appearance of a stream experiencing a one-in-two-year flood would
be described, for example, in terms of flow rate and water level.

Expressions such as “short-term” duration or “moderate” magnitude are not used
in the summary of residual effects. These expressions are reserved for the
classification of impacts, where definitions of these expressions are provided.
The classification follows the summary of residual effects in this key line of

inquiry.
8.5.6 Cumulative Effects

Existing and planned projects in the NWT are located outside of the Kennady
Lake watershed. As such, there is no opportunity for the releases of those
projects to interact with those of the Project within the Kennady Lake watershed.
Consequently, there is no potential for cumulative effects to fish or water quality
in Kennady Lake or small lakes and streams in the Kennady Lake watershed.

8.5.7 Residual Impact Classification

To assess the environmental significance of the projected changes to the
hydrology, water quality, and aquatic communities of the Kennady Lake
watershed resulting from the Project, a residual impact classification system is
applied to the VCs considered in this key line of inquiry. Firstly, each residual
impact to one of the five assessment endpoints is rated for a series of criteria
(Section 8.5.5.1), based on the results of the effects analysis and their linkages to
the endpoints.  Secondly, the criteria ratings are combined to classify
environmental consequence (Section 8.5.5.2), which represents the overall
impact of the Project on the assessment endpoint. In the final step, the projected
impacts are evaluated to determine if they are of environmental significance
(Section 8.5.5.3).
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8.5.7.1 Criteria

The classification of residual impacts for this key line of inquiry is provided in
Section 8.14. The purpose of the residual impacts classification is to describe
the residual effects from the Project on the VCs using a scale of common words
(rather than numbers and units). The classification of impacts is based on the
following criteria specified in the Terms of Reference:

o direction;

e magnitude;

e geographic extent;
e duration;

o reversibility;

e frequency;

e |ikelihood; and

ecological context.

These criteria are defined and explained in Section 6 of this EIS, with more
specific details on the scale of each criteria provided herein in Section 8.14. The
definitions for these scales are ecologically or logically based on the
characteristics of the VC in question and the associated assessment endpoint,
although the use of professional judgment is inevitable in some cases.

8.5.7.2 Significance

The evaluation of significance for biophysical VCs considers the entire set of
primary pathways that influence a particular assessment endpoint, but
significance is not explicitly assigned to each pathway. Rather, the relative
contribution of each pathway is used to determine the significance of the Project
on assessment endpoints, which represents a weight of evidence approach.

Environmental significance is used to identify predicted impacts that have
sufficient magnitude, duration, and geographic extent to cause fundamental
changes to a VC. Significance is determined by the risk to desired water quality
and the persistence of fish populations (i.e., population level effects) within
aquatic ecosystems. It is difficult to provide generalized definitions for
environmental significance that are universally applicable to each assessment
endpoint. Consequently, specific definitions are provided for each assessment
endpoint.
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Some of the key factors considered in the determination of environmental
significance include:

e Results from the residual impact classification of primary pathways are
used to evaluate the significance of impacts from the Project on the
assessment endpoint of VCs.

e Magnitude, geographic extent, and duration (which includes reversibility)
of the impact are the principal criteria, with frequency and likelihood as
modifiers.

o Professional judgment, experienced opinion, and ecological principles,
such as resilience, are used to predict the duration and associated
reversibility of impacts.

The following is an example of definitions for assessing the significance of
impacts on the aquatic VCs, and the associated continued opportunity for
traditional and non-traditional use of the VCs.

Not significant — impacts are measurable but are not likely to decrease
resilience and increase the risk to the persistence of specific fish populations.

Significant — impacts are measurable and likely to decrease resilience and
increase the risk to the persistence of specific fish populations. A number of high
magnitude and irreversible impacts at the population level would be significant.

These lower and upper bounds on the determination of significance are relatively
straightforward to apply. It is the area between these bounds where ecological
principles and professional judgment are applied to determine significance.

8.5.8 Uncertainty

Most assessments of effects embody some degree of uncertainty. EIS
Section 8.15 includes a discussion of the key sources of uncertainty for each
component (e.g., hydrology, water quality). It describes how uncertainty has
been addressed to increase the level of confidence that potential effects have not
been under-estimated. Confidence in effects analyses can be related to many
elements, including the following:

e adequacy of baseline data for understanding existing conditions and
future changes unrelated to the Project (e.g., climate change);

e model inputs (e.g., change in chemical concentrations in water over time
and space);
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e degree to which the models used in the assessment accurately describe
the key processes that dominate the functioning of the systems being
modelled;

e understanding of Project-related impacts on complex ecosystems that
contain interactions across different scales of time and space (e.g., how
and why the Project will influence surface hydrology); and

e knowledge of the effectiveness of the environmental design features for
reducing or removing impacts (e.g., environmental performance of the
mine rock management area).

8.5.9 Monitoring and Follow-up

For this key line of inquiry, the monitoring and follow-up is provided in
Section 8.16. In this section, monitoring programs will be proposed to deal with
the uncertainties associated with the impact predictions and environmental
design features and mitigation. In general, monitoring will be used to test (verify)
impact predictions and determine the effectiveness of environmental design
features and mitigation. To meet the Terms of Reference, the monitoring
programs that may be applied during the development of the Project will be
distinguished among the following:

e Compliance inspection: monitoring the activities, procedures, and
programs undertaken to confirm the implementation of approved design
standards, mitigation, and conditions of approval and company
commitments.

e Environmental effects monitoring: monitoring to track conditions or
issues during the development lifespan, and subsequent adaptation of
Project management.

e Follow-up: programs designed to verify the accuracy of impact
predictions, to reduce uncertainty, and to determine the effectiveness of
mitigation.

These programs will form part of the environmental management system (EMS)
for the Project. If monitoring or follow-up detects effects beyond those predicted
or the need for improved or modified design features, then adaptive management
strategies will be developed and implemented, as required.
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8.6 PATHWAY ANALYSIS
8.6.1 Methods

Pathway analysis identifies and assesses the issues and linkages between
components or activities associated with the Gahcho Kué Project (Project), and
the correspondent potential residual effects on water quality and fish in Kennady
Lake. Pathway analysis is a three-step process for identifying and validating
linkages between Project activities and environmental effects that are assessed
in Sections 8.7 to 8.12. Potential pathways through which the Project could
influence water quality and fish in Kennady Lake were identified from a number
of sources including:

e potential pathways identified in the Terms of Reference for the Gahcho
Kué Environmental Impact Statement (Gahcho Kué Panel 2007) and the
Report of Environmental Assessment (MVEIRB 2006);

e a review of the Project Description and scoping of potential effects by
the environmental assessment and Project engineering teams for the
Project; and

e consideration of potential effects identified for the other diamond mines
in the Northwest Territories (NWT) and Nunavut.

The first part of the analysis is to produce a list of all potential effects pathways
for the Project. This step is followed by a summary of environmental design
features and mitigation that can be incorporated into the Project to remove the
pathway or limit (mitigate) the effects to water quality and fish in Kennady Lake.
Environmental design features include Project designs and environmental best
practices and mitigation, and management policies and procedures.
Environmental design features and mitigation practices were developed through
an iterative process with the Project design and environmental assessment
teams.

Knowledge of the ecological system and environmental design features and
mitigation is then applied to each of the pathways to determine the expected
amount of Project-related changes to the environment and the associated
residual effects (i.e., after mitigation) on water quality and fish in Kennady Lake.
For an effect to occur there has to be a source (Project component or activity)
and a primary connection (pathway) to water quality and fish in Kennady Lake.

Project activity — change in environment — effect on a valued component (VC)
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Pathway analysis is a screening step that is used to determine the existence and
magnitude of linkages from the initial list of potential effects pathways for the
Project. This screening step is largely a qualitative assessment, and is intended
to focus the effects analysis on pathways that require a more comprehensive
assessment of effects on water quality and fish in Kennady Lake. Pathways are
determined to be primary, secondary (minor), or as having no linkage using
scientific and traditional knowledge, logic, and experience with similar
developments and environmental design features and mitigation. Each potential
pathway is assessed and described as follows:

¢ no linkage — pathway is removed by environmental design features and
mitigation so that the Project results in no detectable environmental
change and residual effects to a VC relative to baseline or guideline
values;

e secondary — pathway could result in a measurable and minor
environmental change, but would have a negligible residual effect on a
VC relative to baseline or guideline values (e.g., an increase in a water
quality parameter that is small compared to the range of baseline values
and is well within the water quality guideline for that parameter); or

e primary — pathway is likely to result in a measurable environmental
change that could contribute to residual effects on a VC relative to
baseline or guideline values.

Primary pathways require further effects analysis and impact classification to
determine the environmental significance from the Project on the suitability of
water quality to support a viable aquatic ecosystem, persistence of desired
population(s) of key fish species, continued opportunity for traditional and non-
traditional use of water and fish and the protection of human health. Pathways
with no linkage to water quality and fish in Kennady Lake or that are considered
minor are not analyzed further or classified in Sections 8.7 to 8.11 because
environmental design features and mitigation will remove the pathway (no
linkage) or residual effects to water quality and fish in Kennady Lake can be
determined to be negligible through a simple qualitative evaluation of the
pathway (secondary). Pathways determined to have no linkage to water quality
and fish in Kennady Lake or those that are considered secondary are not
predicted to result in environmentally significant effects to water quality, fish,
continued opportunity for traditional and non-traditional use of water and fish, and
the protection of human health. All primary pathways are assessed in
Sections 8.7 to 8.11.

The section is organized by Project phase. The pathways for Construction and
Operations are described in Section 8.6.2.1, and the pathways for Closure are
described in Section 8.6.2.2.
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8.6.2 Results

Pathways potentially leading to effects on water quality and fish in Kennady Lake
include direct and indirect effects. These changes may ultimately affect the
suitability of water quality to support a viable aquatic ecosystem, persistence of
desired population(s) of key fish species, continued opportunity for traditional and
non-traditional use of water and fish and the protection of human health.
Evaluation of effects on water quality and fish in Kennady Lake also considers
changes to permafrost, hydrogeology, hydrology, and air quality, and during the
construction and operations, and closure phases of the Project, as well as effects
remaining after closure. Table 8.6-1 and Table 8.6-2 (found in Section 8.6.2.1.3)
summarize the environmental design features and mitigation that were
incorporated into the Project to eliminate or reduce effects to water quality, fish,
and fish habitat in Kennady Lake during construction, operations, and closure.

Potential pathways are based primarily on public concerns identified during the
Mackenzie Valley Environmental Impact Review Board (MVEIRB) scoping
process (MVEIRB 2006). The issues are screened and considered for inclusion
as pathways for that could lead to effects. Some issues may not represent actual
pathways, and in other instances, the preliminary screening and/or analysis may
show that potential effects considered during issues scoping are so small that
they are not relevant. Other concerns may be screened out through the
incorporation of environmental design features and mitigation during the
development of the Project, which address these issues by reducing or
eliminating potential effects. Other potential pathways may be primary
pathways and are included in the effects analysis. The following sections
discuss the potential pathways relevant to water quality and fish in Kennady
Lake.

8.6.2.1 Potential Pathways during Construction and Operations

Table 8.6-1 summarizes the potential direct and indirect effects of the Project on
the suitability of water quality to support a viable aquatic ecosystem, persistence
of desired population(s) of key fish species, continued opportunity for traditional
and non-traditional use of water and fish and the protection of human health
during construction and operations.
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Table 8.6-1

Potential Pathways for Effects to Water Quality and Fish in Kennady Lake during Construction and Operations

Project Component/Activity

Project footprint (e.g., dykes,
mine pits, mine rock and
coarse PK piles, Fine PKC
Facility, access roads, mine
plant, airstrip)

Effects Pathways Environmental Design Features and Mitigation Pathway
Assessment
e reduction in watershed areas may o backfilling the mined-out 5034 and Hearne pits with processed kimberlite (PK) and Primary
change flows, water levels, and mine rock to decrease the on-land Project footprint and reduce the volume of deep
channel/bank stability in streams and | pit lakes within a reclaimed Kennady Lake.
small lakes in the Kennady Lake « compact layout of the surface facilities to limit the area that is disturbed by
watershed, and affect water quality, construction and operation.
fish habitat and fish
* impediments to fish passage at « installation of properly sized culverts with natural substrates, including Stream Hal No Linkage
stream crossings (e.g., airstrip and underneath airstrip
roads) may affect fish
e seepage and runoff from the mine o runoff and seepage from these Project facilities will flow naturally to collection ponds | No Linkage

rock piles, Coarse PK Pile and the
Fine PKC Facility, may change water
quality in the Kennady Lake
watershed, and affect aquatic health
and fish

in the dewatered areas of Kennady Lake

the Coarse PK Pile will not be designed to have a single point of release for
seepage and runoff; any runoff will flow through natural channels within the Project
footprint and be retained in the collection pond associated with Area 4

seepage and runoff directed to the dewatered area of Kennady Lake will not be
directly released to the environment; water will be sequestered into Areas 3 and 5
(Water Management Pond [WMP]), and later into the process plant or the Fine PKC
Facility and then to the backfilled mine pits

release of blasting residues from mined rock material will be reduced by containing
and permanently storing all water inflow to the mine and kimberlite process water;
emulsions will be used for wet blasting, and ammonium nitrate fuel oil (ANFO) will
be used for dry blasting to limit ammonia leaching

explosives will be managed to limit the loss of ammonia to mine rock and kimberlite,
which could subsequently leach into runoff at the Project site or be processed at the
processing plant

seepage from the mine rock and Coarse PK piles, and the Fine PKC Facility will not
be directly released to Area 8; water will be sequestered into the WMP, and later
into the process plant or the Fine PKC Facility and then to the backfilled mine pits

during reclamation, only non-reactive mine rock will be placed on the upper and
outer surfaces of the mine rock pile. The thickness of the cover layer is predicted to
be sufficient so that the active freeze-thaw layer remains within the non-acid
generating (NAG) mine rock with the development of permafrost
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Table 8.6-1  Potential Pathways for Effects to Water Quality and Fish in Kennady Lake during Construction and Operations
(continued)
. . . . S Pathway
Project Component/Activity Effects Pathways Environmental Design Features and Mitigation A
ssessment
Project footprint (e.g., dykes, |e seepage and runoff from the mine o thermistors will be installed within the mine rock piles to monitor the progression of No Linkage

mine pits, mine rock and
coarse PK piles, Fine PKC
Facility, access roads, mine
plant, airstrip)

(continued)

rock piles, Coarse PK Pile and the
Fine PKC Facility, may affect water
quality in the Kennady Lake
watershed, and result in changes to
aquatic health and fish

(continued)

permafrost development. The upper portion of the thick cover of clean mine rock
over the repository will be subject to annual freeze and thaw cycles, but any PK and
potentially acid-generating (PAG) rock sequestered are predicted to remain frozen
during reclamation, the Coarse PK Pile and Fine PKC Facility will be shaped and
covered with a layer of mine rock of a minimum 1 m to limit surface erosion and to
direct surface drainage and seepage to Kennady Lake

(continued)

e construction of site infrastructure may |e standard erosion and sediment control measures (e.g., silt curtains, runoff No Linkage
result in sediment releases through management) will also be used during construction around areas to be disturbed
the drainage network that will change |4 construction will take place during the winter when streams within or adjacent to the
water and sediment quality, and Project site are not flowing, or after the spring freshet when flows are generally low
affect fish habitat and fish

» project development in the Kennady |e preparation of a compensation plan to develop fish habitat of equivalent or higher Primary
Lake watershed will result in the loss productive capacity where prevention of harmful habitat alteration or loss is not
of fish habitat feasible

Dewatering of Kennady Lake |e dewatering of Kennady Lake and o fish salvage in Kennady Lake and other lakes will be conducted to remove fish Primary

other small lakes may cause before and during dewatering; the fish salvage will be designed and implemented in
mortality and spoiling of fish consultation with DFO and local Aboriginal communities

¢ impingement and entrainment of fish |e appropriately sized fish screens, which meet DFO guidelines, fitted to pumps to limit | Secondary
in intake pumps during dewatering fish access and to limit fish entrained to the smallest species and life stages
may cause injury and mortality to fish

* release of sediment to Area 8 during |e silt curtains will be placed upstream and downstream of the construction area to Secondary
the construction of Dyke A may control the release of sediment to Area 8
change water and sediment quality,
and affect fish habitat and fish

o erosion of lake-bottom sediments in  |e pumped discharge to Area 8 will be directed through properly designed No Linkage
Area 8 near the outfall may cause outfalls/diffusers to prevent erosion
changes to water and sediment
quality and affect fish habitat and fish

o alteration of groundwater flows from |e none Secondary

dewatering Kennady Lake may
change the surface water levels in
nearby lakes, and affect water quality
and quantity, fish habitat and fish
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Table 8.6-1  Potential Pathways for Effects to Water Quality and Fish in Kennady Lake during Construction and Operations
(continued)
. . . . S Pathway
Project Component/Activity Effects Pathways Environmental Design Features and Mitigation
Assessment
Dewatering of Kennady Lake |e dewatering of Area 7 to Area 8 may |e direct discharge of clean water to Area 8 while water quality discharge criteria are Primary
_ change flows, water levels, and met; discharge from Area 7 is proposed to cease after Year -2
(continued) channel/bank stability in Area 8 « discharge during the first phase of dewatering of Kennady Lake will be monitored so
e dewatering of Area 7 and pumping to | that the lake surface in the dewatering area remains at a level that limits suspended | No Linkage
Area 8 may change water quality, sediment concentrations reaching levels that exceed specific water quality
and affect aquatic health and fish discharge criteria
« reduction in upper watershed flow to |e during dewatering, sediments may become suspended in the water, therefore, in- Secondary
Area 8 may change surface water line flocculant treatment and temporary storage of the runoff collected in storage
levels, and affect water quality, fish areas and pit water may be used to reduce total suspended solids transferred to the
habitat and fish Water Management Pond (Areas 3 and 5), prior to release to the environment
¢ |lake dewatering discharge will be sampled regularly to monitor for compliance with
discharge criteria, and any water not meeting the criteria will be stored within the
controlled Water Management Pond
e as a contingency scenario, the Project is capable of operating without discharge
beyond the controlled areas of the Kennady Lake watershed after initial lake
dewatering is complete
e direct discharge flow rates to Area 8 will be restricted to 1-in-2 year flood levels to
eliminate erosion concerns
Isolation and diversion of o release of sediment during o all mine rock used to construct the dykes will be NAG Secondary
upper Kennady Lake construction of dykes inthe A, B, D |4 construction of dykes will raise the water level in various areas and subsequently
watersheds and E watersheds may change water |  create new fish habitat
and sediment quality, and affect fish . . . . )
habitat and fish e preparation of shoreline areas to be flooded by selectively removing vegetation to
— - limit organic loading from decaying vegetation to the water column
* changes to permafrost conditionsin |, .ophie and boulder placement to reduce erosion potential Secondary
the flooded shoreline zone of the ) ) ] )
raised lakes due to increased water | Silt curtains will be placed upstream and downstream of the construction area to
levels may lead to erosion and affect control the release of suspended sediments
fish habitat ¢ implementation of a quality assurance program during construction of each of the
« alteration of the A, B, D and E dykes so that construction-sensitive features of the design are achieved; the Primary

watershed areas and flow paths may
change flows, water levels, and
channel/bank stability in the Kennady
Lake watershed, and affect water
and sediment quality, fish habitat and
fish

specific requirements and testing frequencies for the quality assurance process will
be set out in the Construction Specifications prepared during final designs
monitoring of the performance of the dykes throughout their construction and
operating life; instrumentation including piezometers, thermistors, and survey
monitoring markers together with systematic visual inspection will provide early
warning of many conditions that can contribute to dyke failures and incidents

monitoring of new shorelines associated with the raised lakes
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Table 8.6-1  Potential Pathways for Effects to Water Quality and Fish in Kennady Lake during Construction and Operations
(continued)

Project Component/Activity Effects Pathways Environmental Design Features and Mitigation Aspsagggvn?gm
Isolation and diversion of e alteration of water levels in Lakes A3, Primary
upper Kennady Lake D2, D3, and E1 may result in
watersheds shoreline erosion, re-suspension of
sediments, and sedimentation, and
(continued) affect water and sediment quality,
fish habitat and fish
* release or generation of nutrients, e areas to be flooded by raising water levels of Lakes A3, D1, D2, and E1 will be Secondary
mercury, or other substances into surveyed and where necessary, will be prepared by removing vegetation cover to
Lakes A3, D2, D3, and E1 from reduce the release of organic material upon flooding.
flooded sediments and vegetation « shoreline areas susceptible to extensive erosion will be armoured by cobbles and
may change water quality, and affect |  poylders to reduce erosion and associated resuspension of fine sediments
aquatic health and fish
* change of flow paths and « diversion channels will be designed to provide spawning and rearing habitat, and Primary

construction of retention and
diversion dykes in the A, B, D and E
watersheds may change fish
migration

permit fish passage
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Table 8.6-1  Potential Pathways for Effects to Water Quality and Fish in Kennady Lake during Construction and Operations
(continued)

. . . . S Pathway
Project Component/Activity Effects Pathways Environmental Design Features and Mitigation Assessment
Pit development * removal of bedrock and kimberlite * mined-out pits will be augmented by fresh water during refilling Secondary

material from the active mining of pits
may change groundwater quantity in
the Kennady Lake watershed, and
the water level in small lakes in the
watershed
* removal of saline groundwater « water inflow to the dewatered area of Kennady Lake will not be directly released to No Linkage
inflows during pit development to the Area 8; water will be sequestered into Areas 3 and 5, and later into the process
WMP may affect water quality in plant or the Fine PKC Facility and then to the backfilled mine pits
Areas 3 to 7, and affect aquatic o backfilling the mined-out pits with PK and mine rock will allow for containment of
health and fish deep groundwater in the open pits
¢ storage ponds located in the open pits will be capable of holding the maximum
predicted daily base case groundwater inflow, in addition to the 1-in-100 wet year
freshet event
o alteration of the groundwater regime |e none Secondary
from groundwater flows to the mined
out pits may change water quality
and water quantity in other lakes in
the watershed
e blasting and excavation near fish- « all blasting and excavation will occur in the dewatered areas of Kennady Lake No Linkage

bearing lakes may result in pressure
changes and vibrations, and affect
fish

where no water or fish will be present
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Table 8.6-1

(continued)

Potential Pathways for Effects to Water Quality and Fish in Kennady Lake during Construction and Operations

Project Component/Activity

Effects Pathways

Environmental Design Features and Mitigation

Pathway
Assessment

Use of Area 8 as the potable
water supply and additional
fire suppression capacity

* impingement and entrainment of fish
in potable water intake pumps in
Area 8 may cause injury and
mortality to fish and affect fish
populations

appropriate sized fish screens following DFO guidelines will be used on the pump
intakes to limit fish entrained

Secondary

extraction of potable water
requirements for the Project may
change surface water levels in
Area 8, and affect fish habitat

the process plant design is based on the recycling and reusing of waste streams
(i.e., WMP) and rain water, where practical, to limit fresh water usage

Secondary

Site Water Management

o treated effluent discharge from the
sewage treatment plant (STP) to the
WMP may change water quality in
the Areas 3 to 7, and affect agquatic
health and fish

treated liquid effluent from the sewage treatment system will be directed to Area 3 in
Year -1, and then to the process plant for disposal with the fine PK stream from
Year 1 on

water in the WMP will not be directly released to Area 8; water will be sequestered
into the WMP, and later into the process plant or the Fine PKC Facility and then to
the backfilled mine pits

sewage sludge will be dewatered and land filled on-site

No Linkage
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Table 8.6-1  Potential Pathways for Effects to Water Quality and Fish in Kennady Lake during Construction and Operations
(continued)

Project Component/Activity Effects Pathways Environmental Design Features and Mitigation Aspsagsr;];lvn?gnt
Site Water Management changes to the drainage network e where practical, natural drainage patterns will be used to reduce the use of ditches No Linkage

(continued)

within the Kennady Lake watershed
due to the Project may change
surface water runoff and cause soil
erosion, and affect water quality, fish
habitat and fish

or diversion berms

runoff from stockpiles, the mine rock piles and the Coarse PK Pile and the Fine PKC
Facility, the ammonium nitrate storage areas, and mine pits piles will be contained
within the managed areas of Kennady Lake

all site runoff will be conveyed directly to the WMP or via collection ponds within
areas of Kennady Lake, which will act as a control basin for storage of water

deeper basins in the dewatered areas of Kennady Lake will act as collection ponds
for natural and site runoff

runoff stored in collection ponds may be pumped to the WMP each year, prior to the
onset of winter, to optimize storage for the following year's freshet

runoff from the mine rock piles is designed to remain within the controlled watershed
and to take advantage of natural drainages present; till from ongoing pit stripping
will be used to cover PAG rock placed within the interior of the mine rock and PK
repositories to prevent water from penetrating into that portion storing the reactive
rock material

overburden will provide a low permeability barrier that will limit infiltration and
encourage water to flow over the surface of the mine rock and coarse PK piles,
rather than through them

erosion and sediment control practices (e.g., silt fences, runoff management) will be
used as required to limit erosion of topsoil and overburden stockpiles, and
corresponding changes in water quality from sediment loading

filter cloth silt fences will be used in natural and enhanced surface drainage courses
at the airstrip to remove sediments, and these sediment traps will be maintained as
required

erosion protection materials will be used to line downstream natural channels (or
engineered channel when required) to limit erosion along the flow paths to the
mined-out Tuzo Pit
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Table 8.6-1  Potential Pathways for Effects to Water Quality and Fish in Kennady Lake during Construction and Operations
(continued)
. . . . S Pathway
Project Component/Activity Effects Pathways Environmental Design Features and Mitigation
Assessment
Site Water Management * seepage of pore water through, or o temporary and permanent dykes will be constructed with a liner keyed into No Linkage
underneath, incompletely frozen competent frozen ground (saturated inorganic permafrost) or bedrock
dr):kes to atijacent I\'Atlat'erfr:]e(lj(s ma):j « internal retention dykes will be constructed with a wide till core to control seepage;
(continued) change water quality in the Kennady - . -
Lake watershed, and affect aquatic any seepage will be collected and pumped back to the source reservoir as required
health and fish ¢ permafrost will be preserved in foundation soils beneath dykes by constructing
structures during the winter when the active layer is frozen
o performance of the dykes will be monitored throughout their construction and
operating life; to confirm the lower levels remain frozen, temperature monitoring
systems will be placed in the mine rock piles as they are being constructed
o close-circuiting of Areas 2to 7 may |e construction of Dyke A to isolate Areas 2 to 7 from Area 8 Secondary
change water quality in Area 8, and
affect aquatic health and fish in
Area 8
Construction and Mining o deposition of dust from fugitive dust |e regular watering of exposed lake bottoms, roads, the airstrip, and laydown areas will Primary
Activity during construction sources may change water quality facilitate dust suppression around the site
and operations and St?d'hmelrt‘;]quzl'?’vhand affect « speed limits will be enforced to assist in reducing dust generation
aquatic health and fis ¢ the compact layout of the surface facilities will limit the area disturbed at
construction and reduce traffic around the site
« air emission and deposition of e segregation of traffic to reduce interaction of heavy equipment and traffic load (i.e., Primary

sulphur dioxide [SO;], nitrogen
oxides [NOy], particulate matter [PM],
and total suspended particulates
[TSP] may change water and
sediment quality, and affect aquatic
health and fish

heavy equipment will be isolated to the mining area, and haulage traffic will be
limited to the mine site and mine access road)

personnel arriving at or leaving the site will be transported by bus therefore reducing
the amount of traffic between the airstrip and the accommodation complex.

heavy equipment and mine vehicles will undergo regular maintenance of engines,
maintain emission guidelines for internal combustion engines, and use low-sulphur
diesel fuel

a program of carbon and energy management will be implemented once the
generators are commissioned

generator efficiencies and equipment will be tuned for optimum fuel-energy
efficiency
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Table 8.6-1  Potential Pathways for Effects to Water Quality and Fish in Kennady Lake during Construction and Operations
(continued)

Project Component/Activity Effects Pathways Environmental Design Features and Mitigation Aszagggvr:gm
Construction and Mining e increased under-ice noise and e none Secondary
Activity during construction vibrations from traffic on the winter
and operations road or activity on the ice airstrip may

. affect fish
(continued) « spills within the Project footprint (e.g., | s petroleum products will only be handled by mine personnel who have received No Linkage

petroleum products, reagents, wash-
down) may change water and
sediment quality in the Kennady Lake
watershed, and affect aquatic health,
fish habitat and fish

appropriate training
an emergency and spill contingency plan will be developed

o spill containment supplies will be in designated areas

any spills will be isolated and immediately cleaned up by a trained spill response
team consisting of on-site personnel, which will be available for rapid response

mine vehicles and heavy equipment will be maintained to operational standards

all fuel storage tanks will be designed and constructed according to the American
Petroleum Institute (API) 650 standard; a lined and dyked containment area around
these tanks will be provided to contain any potential fuel spills. The design of the
containment area will be based on the requirements of the Canadian Council of the
Ministers of Environment (CCME) Environmental Code of Practice for Above-
Ground Storage Tanks Systems Containing Petroleum Products (CCME 2003), the
National Fire Code of Canada, and any other standards that are required. The
containment area will be sized to hold 110% of the volume of the largest storage
tank and will include a gravel base with a continuous high-density polyethylene liner
sheet installed under the tanks and the internal sides of the berm

a fuel unloading pumping module will be installed within a spill containment area
adjacent to the fuel storage tank farm

aviation fuel will be stored in self-contained, Underwriters Laboratories Canada
(ULC)-rated envirotanks mounted on an elevated pad at the air terminal shelter;
aviation fuel for helicopters will be stored in sealed drums inside a lined berm area
near the airstrip

to prevent accumulation and/or runoff of de-icing fluids at the airstrip from aircraft
de-icing operations, aircraft will be sprayed in a specified area on the strip that will
be equipped with swales to collect excess fluid; any affected soil and gravel
resulting from spills will be collected and transferred to the landfarm and puddles of
de-icing fluid in the swales will be removed by vacuum truck and deposited into
waste drums for shipment off-site

waste oil will be collected and stored in the waste oil storage tank and incinerated
for heat generation or used with explosives, if it is not shipped off-site for recycling
the grease used in the diamond recovery process on-site will be recycled as much
as possible

De Beers Canada Inc.




Gahcho Kué Project

Environmental Impact Statement

Section 8

8-206 December 2010

Table 8.6-1  Potential Pathways for Effects to Water Quality and Fish in Kennady Lake during Construction and Operations
(continued)

Project Component/Activity Effects Pathways Environmental Design Features and Mitigation Aspsagggvn?gm
Construction and Mining « spills within the Project footprint (e.g., |® chemicals such as de-icing fluid, acids, solvents, battery acids, and laboratory No Linkage

Activity during construction
and operations

(continued)

petroleum products, reagents, wash-
down) may change water and
sediment quality in the Kennady Lake
watershed, and affect aquatic health,
fish habitat and fish

(continued)

agents will be collected in lined trays and drums and stored in suitable sealed
containers in the waste transfer area

chemicals that cannot be incinerated will be shipped off-site for disposal or recycling

¢ hazardous, non-combustible waste and contaminated materials will be temporarily

stored in the waste storage transfer area in sealed steel or plastic, wildlife-resistant
drums, and shipped off-site for disposal or recycling

the waste transfer storage area will include a lined and enclosed pad for the
collection and subsequent return of hazardous waste to suppliers or to a hazardous
waste disposal facility

emulsion materials will be stored at the emulsion plant where spills will be 100%
contained within the building

processing of the kimberlite ore will be mechanical, with minimal use of chemicals

(continued)
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8.6.2.2

Pathways with No Linkage

A pathway may have no linkage if the activity does not occur (e.g., effluent is not
released), or if the pathway is removed by environmental design features and
mitigation so that the Project results in no detectable (measurable) environmental
change and residual effects to water quality and fish in Kennady Lake. The
following pathways are anticipated to have no linkage to water quality and fish in
Kennady Lake, and will not be carried through the effects assessment.

Impediments to fish passage at stream crossings (e.g., airstrip and roads) may

affect fish

A culvert will be installed in the one fish-bearing stream crossed by the airstrip
during its construction. This culvert will be designed, sized, and installed using
appropriate federal and territorial guidelines (e.g., DFO 1998; Alberta
Environment 2001; BC Ministry of Forests 2002; Cott and Moore 2003) to allow
passage of fish and to prevent upstream and downstream erosion.

Lakes upstream of the airstrip are known to contain ninespine stickleback and
slimy sculpin. Other fish species could move into Stream Hla from Area 8 during
operations but this is unlikely. Stream Hla is small (less than 3 metres [m] wide),
contains low-quality habitat for spawning, and provides access to lakes with low-
quality habitat for fish species other than ninespine stickleback and slimy sculpin.
Because the culvert would be properly sized and installed, the airstrip will not
pose a barrier to ninespine stickleback (Pungitius pungitius), slimy sculpin
(Cottus cognatus), or other fish species moving upstream or downstream in
Stream H1la.

As such, impediments to fish passage at stream crossings within the Kennady
Lake watershed (e.g., Stream Hla adjacent to the airstrip) was determined to
have no linkage to effects to the fish and fish habitat.

Seepage and runoff from the mine rock piles, Coarse PK Pile, and Fine PKC
Facility may change water quality in the Kennady Lake watershed, and affect
aguatic health and fish

The key objective of the Water Management Plan during the construction and
operations phase of the Project is to minimize the discharge of site water to the
downstream environment. During construction and operations, a Water
Management Pond (WMP) will be developed in Areas 3 and 5, which will
possess a maximum storage capacity of 18.8 million cubic metres (Mm?®). The
WMP will collect and store water from the following sources:
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e Fine Processed Kimberlite Containment (PKC) Facility (Areas 1 and 2)
drainage through filter Dyke L;

¢ runoff and seepage from the West Mine Rock Pile;

e Area4 open water drainage (including runoff and seepage from the
Coarse Processed Kimberlite [PK] Pile) prior to the construction of
Dyke B;

e water pumped from Areas 6 and 7 during dewatering of Kennady Lake;
e open pit dewatering; and

e disturbed and undisturbed site runoff.

The WMP will be the primary reservoir for storage of site water and will supply
water to the process plant during mining of the 5034 and Hearne open pits. In
addition, the WMP will be the primary source of dust suppression water.

During the operational period, Areas 1 and 2 will be required for deposition of fine
PK. A filter dyke (Dyke L) will be constructed to separate these areas from
Area 3. During the initial years of operations, fine PK will be deposited into
Area 1. The Fine PKC Facility will eventually expand into Area 2 when Area 1
becomes completely inundated with fine PK. At this stage, surface runoff,
seepage and liberated process water from Area 1 is expected to report to the
WMP via Area 2. As fine PK deposition expands into Area 2, runoff, seepage
and process free water from the Fine PKC Facility will report to Area 3 via filter
Dyke L. Fine PK deposition will be redirected to the mined out Hearne Pit
following the cessation of mining in this pit during 2021. At this time, the Fine
PKC Facility will be progressively reclaimed as terrestrial landscape.
Subsequently, runoff and seepage from the Fine PKC Facility resulting from
precipitation will continue to report to Area 3 via filter Dyke L.

The proposed footprint of the Coarse PK Pile is located immediately east of
Area 4. Runoff and seepage from this facility will report to Area 4, where it will
initially flow to the WMP when there is an open water connection between Area 3
and 4 in Kennady Lake. Following the completion of Dyke B in August 2019 and
dewatering of Area 4, Coarse PK Pile runoff and seepage will report to the
Area 4 collection pond and subsequently be pumped to the WMP.

Two facilities will be required to store mine rock during operations at the Project
site: West Mine Rock Pile and the South Mine Rock Pile. The West Mine Rock
Pile will be constructed within the catchment of Areas 3 and 5 at the watershed
divide with Area 6. Seepage and runoff from this facility will report to the WMP.
To minimize the amount of seepage reporting to the dewatered Area 6 from the
West Mine Rock Pile, Dykes H and | will be constructed along the southern and
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eastern limits of the facility, respectively. The proposed footprint of the South
Mine Rock Pile is located immediately south of Area 6. All runoff and seepage
from this facility will be directed to the Area 6 collection pond, where it will be
subsequently pumped to the WMP, Area7 or the mined out Hearne Pit,
depending on the timing and where Area 6 water is being directed.

During operations, water from the WMP will not be discharged directly to waters
in the Kennady Lake watershed that lie outside of the controlled area boundary
(i.e., Area 8, unless the water meets specific water quality criteria). As a
consequence, seepage and runoff from Project infrastructure, such as the mine
rock and Coarse PK piles and the Fine PKC Facility (including diffusive flux from
the mined rock material and blasting residue in porewater), are not expected to
result in changes to water quality in downstream waters in the Kennady Lake
watershed. Consequently, this pathway was determined to have no linkage to
effects to fish.

Construction of site infrastructure may result in sediment releases through the
drainage network that will change water and sediment quality, and affect fish
habitat and fish

Project infrastructure (e.g., roads, airstrip, buildings) will be constructed using
non-acid generating construction rock. Construction will take place during the
winter when streams within or adjacent to the Project site are not flowing, or after
the spring freshet when flows are generally low. Construction during these
periods will minimize the potential for sediment releases. Standard erosion and
sediment control measures (e.g., silt curtains, runoff management) will also be
used during construction around areas to be disturbed to reduce the release of
sediment.

Most of the Project infrastructure will be located in drainage areas within a
drainage network that will transfer site runoff to the WMP or collection ponds in
the areas within Kennady Lake during operations. Runoff will be transferred from
the collection ponds to the WMP, and if necessary, treated in line with flocculent
to reduce suspended sediment concentrations.

The WMP is an integral component of the mine development. As the water
levels will be drawn down in the WMP to provide site and water storage, it is
expected that water quality will be unsuitable to support fish. Thus, subject to
receiving Fisheries Act Sections 32 and 35 Authorizations, fish will be removed
from the WMP. As the WMP would not be suitable for fish, sediment releases
through the drainage network to collection ponds and the WMP are not expected
to result in changes to fish habitat. Consequently, this pathway was determined
to have no linkage to effects to fish.
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Erosion of lake-bottom sediments in Area 8 near the outfall may cause changes to
water and sediment quality, and affect fish habitat and fish

The potential for erosion of lake-bottom sediments in Area 8 will be minimized
during the pumping from Area 7. Constructed channel outfalls or diffusers will be
used to reduce the erosive energy of water pumped out of Area 7 into Area 8
during dewatering. Outfalls will be constructed to diffuse the velocity of the
pumped discharge. Diffusers, if required, will be placed as close to the surface
as possible over the deepest portion of Area 8 to increase the distance between
the outfall and the bottom sediments. Although some sediment may be
mobilized despite these measures, the extent of this effect is likely to be limited
to the zone of turbulence immediately adjacent to the diffuser, and is likely to
quickly diminish after sediments in the zone of turbulence are mobilized and
become re-deposited farther away from the outfall.

As a result, discharge of water from Area 7 to Area 8 during dewatering is not
expected to result in measurable changes to the sediment bed in Area 8. With
little disturbance to the sediment bed near the outfall, there will be negligible
effects to sediment quality, increases in suspended sediment to the water column
or changes to fish habitat. Consequently, this pathway was determined to have
no linkage to effects to fish.

Dewatering of Area 7 and pumping to Area 8 may change water quality, and affect
aguatic health and fish

Water from Area 7 will be pumped to Area 8 while it meets specific water quality
criteria. The projected maximum water flow to Area 8 will be 114,000 cubic
metres per day (m*/d) during these conditions. It is expected that water quality in
Area 7 will be consistent with that in Area 8. Any variability in water quality
between the two areas will be within the natural range of variability reported for
Kennady Lake.

As dewatering of Areas 6 and 7 progresses, suspended sediment concentrations
in Areas 6 and 7 will increase. When discharge water quality criteria, which will
include criteria for turbidity and total suspended solids (TSS) concentrations are
exceeded, discharge from Area 7 to Area 8 will cease. However, the dewatering
of Areas 6 and 7 will still be required. At this stage, water from Areas 6 and 7 will
be pumped into the south end of Area 5 until the region above the 5034 and
Hearne ore bodies in Area 6 and 7 is dry and available for mining.

As a result, discharge of water from Area 7 to Area 8 during dewatering is not
expected to result in measurable changes to water and sediment quality in Area
8, and aquatic health relative to baseline conditions. Consequently, this pathway
was determined to have no linkage to effects to fish.
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Removal of saline groundwater inflows during pit development to the WMP may
change water quality in Areas 3 to 7, and affect aquatic health and fish

During the operational period, water reporting to the open pits will be pumped to
the WMP, where it will be recycled to the process plant or used for dust
suppression. Dewatering of open pits to the WMP will cease when mining is
complete in the Hearne Pit in July 2021. Thereafter, the Tuzo Pit will be the only
active pit, and water captured in the Tuzo collection pond will be directed to the
process plant to supplement process water requirements.

During operations, water from the WMP will not be discharged to waters in the
Kennady Lake watershed that lie outside of the controlled area boundary, i.e.,
Area 8, unless the water meets specific discharge criteria. As a consequence,
saline groundwater inflows from the pit development are not expected to result in
changes to water quality in downstream waters in the Kennady Lake watershed.
Consequently, this pathway was determined to have no linkage to effects to
aquatic health and fish.

Blasting and excavation near fish-bearing lakes may result in pressure changes
and vibrations, and affect fish

Detonation of explosives in or near water produces post-detonation compressive
shock waves that can cause internal damage to the swim bladder and other soft
organs of fish (Wright 1982; Wright and Hopky 1998; Godard et al. 2008). The
severity of effects is related to the type of explosive, weight and pattern of the
charge(s), method of detonation, distance from the fish to the point of detonation,
water depth, and the species, size, and life stage of fish. Vibrations from the
detonation can also cause damage to eggs incubating in spawning beds close to
a blast zone (Wright 1982; Faulkner et al. 2006). Fisheries and Oceans Canada
(DFO) Guidelines for the Use of Explosives in or Near Canadian Fisheries
Waters (Wright and Hopky 1998) outline procedures to avoid harming fish.
According to the guidelines, possible adverse effects on fish will be avoided if
pressure changes after detonation are less than 100 kiloPascals (kPa). In
addition, peak particle velocities (i.e., vibrations) can increase the mortality of
incubating eggs close (i.e., less than 250 m) to the blast zone (Wright 1982;
Faulkner et al. 2006). DFO in the Northwest Territories has adopted a more
protective approach for the use of explosives around fish-bearing waterbodies,
recommending that pressure changes be kept less than 50 kPa.

Fish will continue to reside in nearby lakes during operations (i.e., within Area 8
and watersheds A, B, D and E) but these fish will not be affected by blasting
because these lakes are located a considerable distance from the mine pits. For
example, assuming a charge weight of 100 kilograms (kg) in confined rock, the
minimum setback distance to avoid impacts from pressure changes is 50 m
(Wright and Hopky 1998). For a similar charge size, the minimum setback
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distance to avoid impacts to incubating eggs from increased peak particle
velocities (i.e., vibrations in the spawning bed) is 150 m (Wright and Hopky
1998). Even with the more protective approach, and doubling the setback
distances, the closest fish-bearing lakes will be at least 750 m from any blasting
area, and no effects on fish and eggs in these lakes will be expected to occur.

The effect of pressure changes and vibrations from blasting and excavation on
fish is a no linkage pathway for Kennady Lake because all blasting and
excavation will occur in the dewatered areas of Kennady Lake where no water or
fish will be present. Consequently, this pathway was determined to have no
linkage to effects to fish.

Treated effluent discharge from the sewage treatment plant (STP) to the WMP may
change water quality in Areas 3 to 7, and affect aquatic health and fish

A modular sewage treatment system to handle a peak load of 432 people will be
provided as part of initial construction. Treated effluent will be initially discharged
to the WMP of Kennady Lake at an estimated rate of 150 m%d and later, during
operations, added to the fine PK slurry pipeline. Sewage treatment plant effluent
rates during operations are estimated to be 75 m*/d.

During operations, water from the WMP will not be discharged to waters in the
Kennady Lake watershed that lie outside of the controlled area boundary, i.e.,
Area 8. As a consequence, treated effluent discharge is not expected to result in
changes to water quality in downstream waters in the Kennady Lake watershed.
Consequently, this pathway was determined to have no linkage to effects to
water quality and fish.

Changes to the drainage network due to the Project within the Kennady Lake
watershed may change surface water runoff and cause soil erosion, and affect
water and sediment quality, fish habitat and fish

Surface water runoff from the Project can affect drainage flows which can alter
surface water runoff. Altered runoff can lead to soil erosion, and subsequently
affect surface water quality, and fish habitat. The Project will have several
environmental design features and mitigation to prevent release of site contact
water into the receiving environment. These include the following:

o all runoff will be conveyed to storage areas and collection ponds within
areas of Kennady Lake;

o all runoff from the ammonium nitrate storage areas, mine pits and mine
rock piles will be contained within the managed areas of Kennady Lake;
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¢ till from ongoing pit stripping will be used to cover potentially acid-
generating (PAG) rock placed within the interior of the structure to keep
water from penetrating into that portion of the repository;

e erosion and sediment control practices (e.g., silt fences, runoff
management) will be used to limit erosion of topsoil and overburden
stockpiles, and corresponding changes in water quality from sediment
loading;

o filter cloth silt fences will be used in natural and enhanced surface
drainage courses at the airstrip to remove sediments, and these
sediment traps will be cleaned out as required;

e erosion protection materials will be used to line the downstream natural
channels (or engineered channels when required) to limit erosion along
the flow paths to the mined-out Tuzo Pit;

e the overburden will provide a low-permeability barrier that will limit
infiltration and encourage water to flow over the surface of the mine rock
pile, rather than through it;

e storage ponds will be designed to accommodate the total volume of
runoff from their contributing catchments under the 1-in-100 wet year
freshet event;

o for storage ponds located in the open pits, the required capacity will be
designed to hold the maximum predicted daily base case groundwater
inflow, in addition to the 1-in-100 wet year freshet event;

e collection ponds may be pumped out on a campaign basis each year
prior to the onset of winter to optimize storage for the following year’s
freshet;

e runoff collection ditches will be designed to be capable of conveying the
1-in-100 year, 24 hour rainfall event;

e seepage through internal water retention dykes will be conveyed to
water collection ponds and pumped back to the source reservoirs; and

e where practical, natural drainage patterns will be used to reduce the use
of ditches or diversion berms.

Implementation of these environmental design features and mitigation for the
management of site water runoff is not expected to result in soil erosion due to
modified drainage flows, which would increase suspended sediment transport to
receiving waters and changes in water and sediment quality and fish habitat. All
site runoff will flow naturally to the dewatered areas of Kennady Lake, which will
possess collection ponds in the naturally deep depressions of the lake areas for
the storage of water. As fish will have been removed from these areas during the
early stages of the Project, this pathway was determined to have no linkage to
effects to water quality and fish.
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Seepage of pore water through, or underneath, dykes to adjacent watersheds may
change water and sediment quality in the Kennady Lake watershed, and affect fish
habitat, aquatic health and fish

A series of temporary and permanent dykes will be used to isolate the upper
watersheds from Kennady Lake and in most cases, divert their flow to the N
watershed. At closure the temporary dykes will be breached to allow the upper
watersheds to flow back to Kennady Lake.

The temporary dykes include the following:

e Dyke A — the construction of this retention dyke will be initiated in Year -
2 to separate Area 7 from Area 8;

e Dyke E — this water diversion dyke will be constructed prior to Year 1
initially to allow backflow from Lake B1 to Lake N13 in the N watershed.
In the latter stages of mine operations this dyke will be a water retention
dyke;

e Dyke F — this water diversion dyke will be constructed before Year -1 to
raise the water level of Lake D2 to allow backflow from Lake D2 to Lake
N17 in the N watershed; and

e Dyke G — this water diversion dyke will be constructed before Year -1 to
raise the water level of the E lakes (i.e., Lakes E1 and E2) to allow
backflow to Lake N17 in the N watershed.

The permanent dykes are the following:

e Dyke C - this is a water diversion constructed before Year -1 between
Lake A3 and the area that will become the Fine PKC Facility. This dyke
will divert runoff from the catchment area of Lake A3 and A4 and allow
the dewatering of a portion of Area 1 to Lake A3 and redirect this flow to
Lake N9; and

e Dyke D — this water retention dyke will be constructed prior to Year 2 to
prevent water in Area 2 from flowing north into Lake N7 during the late
stages of operations.

Diversion Dykes F and G will be designed to prevent flow to Kennady Lake from
the E and D watershed and will not be in contact with water in the water
management system. Dykes D and E will separate waters that will be diverted to
the N watershed (Lakes N7 and N8) from water in the water management system
(e.g., WMP), Dyke C will separate Lake A3 from the Fine PKC Facility and
Dyke A will separate Area 8 from the water management system (Area 7). The
water in the water management system and in the Fine PKC Facility will be
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subject to influences from groundwater and porewater seepage, which will be
elevated in total dissolved solids, metals and nutrients. The increased
concentrations of these parameters could affect water quality of receiving waters
in the N watershed and Area 8 if they were able to seep through the permanent
or temporary dykes.

Seepage volumes through the perimeter dykes (Dykes A, C, D, E, F and G)
around Areas 1 to 7 were explicitly considered in the water balance model.
Seepage volumes are expected to be small because these dykes will be
constructed with seepage control, which for dykes C, D, E, F and G includes a
liner keyed into competent frozen ground (i.e., saturated inorganic permafrost) or
bedrock. The liner will be installed from a cut-off trench to the upstream toe of
the dyke and the liner will extend up the upstream face of the dyke. The
seepage cut-off trench will be excavated and backfilled, extending the base liner
into the trench to provide a continuous liner between the seepage cut-off trench
at the base of the dyke and the dyke crest. The selected liner is anticipated to be
an elastomeric bituminous geomembrane, which provides greater longevity and
superior puncture resistance over conventional polyethylene liner.

Dyke A will possess a seepage control measure that includes a soil-bentonite
slurry cut-off wall through a till zone placed over the overburden, and the
overburden to the bedrock surface. The cut-off wall will be protected by a
downstream filter zone and mine rock shell zone. The construction material is
anticipated to involved crush rockfill with bentonite or a sand and gravel mix with
bentonite.

Seepage of pore water through the dykes will be mitigated by seepage control
measures incorporated into the dyke design. As a result, measurable changes to
water quality in the raised E and D lakes, Lakes N7, N8 and A3 and Area 8 are
not expected. Consequently, this pathway was determined to have no linkage to
effects to water quality and fish.

Spills within the Project footprint (e.g., petroleum products, reagents, wash-down)
may affect water and sediment quality in the Kennady Lake watershed and result
in changes to aquatic health, fish habitat and fish

Spills on-site, and along transportation corridors, can adversely affect surface
water quality and fish habitat, and can result in mortality of individual fish. Spills
are usually localized, and will be quickly reported and managed. Mitigation
identified in the Emergency Response and Spill Contingency Plan (Section 3,
Appendix 3.1, Attachment 3.1.1), and other environmental design features
(e.g., containment dykes, liners, proper storage conditions) will be in place to limit
the frequency and extent of spills that result from Project activities (Table 8.6-1).
Chemical spill containment will be incorporated into the plant design, and spill
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response materials will be available in designated areas where fuel and
chemicals are stored.

Employees will be trained in the transportation of dangerous goods, and
domestic and recyclable waste dangerous goods will be stored in appropriate
containers until shipped off site to an approved facility. Storage facilities for
hazardous substances and waste dangerous goods will meet regulatory
requirements and will be designed to protect the environment and workers from
exposure.

The implementation of emergency response and contingency plans,
environmental design features and monitoring programs is expected to result in
no detectable change to surface water and sediment quality, and fish habitat and
aquatic health relative to baseline conditions. Consequently, this pathway was
determined to have no linkage to effects to fish.

8.6.2.3 Secondary Pathways

In some cases, both a source and a pathway exist, but the change caused by the
Project is anticipated to result in a minor environmental change, and would have
a negligible residual effect on water quality and fish in Kennady Lake relative to
baseline or guideline values (e.g., a slight increase in a water quality parameter
above Canadian Council of Ministers of the Environment [CCME] guidelines, but
would not affect fish health). The following pathways are anticipated to be
secondary, or minor, and will not be carried through the effects assessment.

Impingement and entrainment of fish in intake pumps during dewatering may
cause injury and mortality to fish

Most fish will be removed from Kennady Lake during the fish salvage conducted
before dewatering. The fish salvage will continue during dewatering; however, it
is expected that some fish will still be remaining in Kennady Lake during
dewatering and that some of these fish could become impinged or entrained in
intake pumps. The intake pumps used for dewatering Kennady Lake will be
appropriately screened to meet federal requirements to prevent fish entrainment
or impingement (DFO 1995). The appropriate screen mesh size will be
determined in consultation with DFO for the planned pumping rates to prevent
fish from entering the pump during dewatering. This includes the determination
of a maximum approach velocity for water at the screen surface to prevent fish
from being entrained or impinged on the screen. The intake screen mesh size
and dimensions will be influenced by the species found within Kennady Lake, as
well as the swimming abilities of these species and the likely age classes of fish
present at the water withdrawal location. Fish salvage will also occur in Lake Al
prior to it being partially dewatered to accommodate the Fine PKC Facility. Fish
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species captured in Lake Al include Arctic grayling (Thymallus arcticus), burbot
(Lota lota), and round whitefish (Prosopium cylindraceum). Forage fish species,
such as slimy sculpin and ninespine stickleback, may also be present.

These screens, coupled with the ongoing fish salvage, should limit the number of
large-bodied fish impinged on the intake pipe and should limit the fish entrained
in the pumps to small-bodied fish (e.g., ninespine stickleback) and newly-hatched
young-of-the-year of large-bodied fish (e.g., lake trout). While it is likely that any
small fish that become impinged or entrained in the pumps may not survive, the
goal of the fish salvage is to remove as many fish from Kennady Lake as
possible. The screens will also be regularly maintained throughout the pumping
period.

The implementation of environmental design features associated with
dewatering, such as fish salvage and screening and maintenance of intake
pumps, is expected to reduce fish mortality resulting from impingement or
entrainment. Furthermore, the mortality of small species and young life stages
are anticipated to be limited to a localized area. Therefore, residual effects to
fish from the dewatering of Kennady Lake and Lake Al are predicted to be
negligible.

Release of sediment to Area 8 during the construction of Dyke A may change
water and sediment water quality, and affect fish habitat and fish

Dyke A will be constructed in the narrows that separate Areas 7 and 8 in two
stages. Initially, a temporary crossing structure will be placed in the narrows to
provide access to the airstrip. The temporary dyke will become part of the
permanent Dyke A, forming part of the dyke’s shell.

During both stages of dyke construction, silt curtains will be used to minimize
release of suspended sediments into Area 8. These curtains will be installed
downstream of the dyke before construction and will be maintained until
construction of the dyke is completed and TSS concentrations between the dyke
and silt curtain have been reduced below required levels. With this measure in
place, sediment re-suspension in the water column and sedimentation of fish
habitat in Area 8 is expected to be minor.

The likelihood of silt curtains reducing the potential for increases in TSS in Area 8
is high because they are a well-established mitigation technique that has been
demonstrated to be effective during dyke construction at the Diavik Diamond
Mine (Diavik 1998). Use of silt curtains is also planned during construction of
dykes for the Meadowbank Gold Project in Nunavut (Cumberland Resources
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2005). Some general considerations in the use of silt curtains in dyke
construction include:

e engage regulators in the decision process for the design and application
of silt curtains;

e provide adequate anchoring of the curtains to maximize effectiveness;
e limit the distance between supports along the length of the curtains;

e tie the support anchors to topographic highs;

e construct wind blocks to limit wind fetch and wave action effects;

e establish the curtains at an appropriate distance from construction
activities to maximize their effectiveness and to provide a settlement
zone that does not become saturated with TSS;

e use double rows of silt curtains; and

e monitor TSS within and outside of the silt curtain area through
construction.

Confidence in this assessment is further increased by the planned construction
period, one to two months, and that very little fine sediment exists in the shallow
waters at the narrows where the dyke will be built. In the event that TSS
concentrations approach monitoring thresholds, construction activities will be
curtailed.

The construction of Dyke A is expected to result in a minor change to the water
quality through the increase in TSS in Area 8 from the disturbance of the lake
bed. The use of silt curtains, and monitoring programs during construction, will
minimize the amount of TSS that results in Area 8, which will be localized.
Therefore, the residual effects to water and sediment quality, fish habitat and fish
are predicted to be negligible.

Alteration of groundwater flows from dewatering Kennady Lake may change
surface water levels in nearby lakes, and affect water quantity and quality, fish
habitat, and fish

Dewatering of Kennady Lake will increase the hydraulic gradient in the active
surface groundwater regime, which may extend 1 to 5 m below the ground
surface of the Kennady Lake watershed depending on the topography. The
groundwater discharge to the Kennady Lake areas will occur concurrently with
the drawdown of the lake and will be a one-time release. The volume of
groundwater ingress to the lake areas is expected to be negligible. Surficial
groundwater is dilute water that contains substantial proportions of surface lake
water and has low chloride concentration of about 100 mg/L or less
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(Section 11.6, Subject of Note: Permafrost, Hydrogeology, and Groundwater)
depending on the proportion of lake water.

The anticipated effects on the surface groundwater regime will be localized and
short-term, and it is expected that dewatering will result in a minor change to the
volume of surface groundwater in the Kennady Lake watershed relative to
baseline conditions. The residual effects from the alteration of groundwater flows
to water quality, fish habitat and fish are predicted to be negligible.

Reduction in upper watershed flow to Area 8 may change surface water levels,
and affect surface water quality, fish habitat and fish

Area 8 is the easternmost basin of Kennady Lake and is just upstream of the
L watershed. The area is approximately 4 kilometres (km) long, typically less
than 500 m wide and contains several small bays and coves. Extensive areas in
the northern part of this lake area are less than 4 to 5 m in depth with a mean
depth of 3 m, and the deepest portion is located in one small region of the
southern part of the lake area (greater than 9 m). The outlet of Kennady Lake to
the L watershed is located at the northern end of Area 8.

The outflow channel of Kennady Lake to the downstream L watershed is a
shallow, wide channel with a boulder bed and side channels present. Flows to
the L watershed are limited to the open water season. In winter, Area 8 is
isolated from the L watershed, with the outlet channel completely frozen during
ice-covered months. Typically, ice thickness in Area 8 is less than 2.0 m.

With the construction of Dyke A in the early stages of the Project, Area 8 will
become isolated from Areas 2 through 7 in Kennady Lake. During the
construction and operations phase, Area 8 will receive limited inflows: natural
runoff from the Area 8 sub-watershed and the G, H and | sub-watersheds, and
dewatering discharge from Area 7.

After the cessation of discharge from Area 7, the reduction in inflows to Area 8
associated with the short-circuiting of the Kennady Lake watershed will result in
an estimated annual average water level drop within Area 8 of 0.11 m, which will
remain through the operations and closure phases of the Project. Once Kennady
Lake is refilled and water quality conditions meet specific criteria, Dyke A will
breached and removed to allow for the reconnection of the lake with Area 8.

The water level of Area 8 in the post-closure period is predicted to remain below
baseline conditions. A lower water level, estimated to be -0.03 m compared to
baseline, will be due to changes in Kennady Lake and the A sub-watershed,
which will result in lower average annual discharge to Area8. The A sub-
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watershed area will be reduced due to the diversion of Lake A3 to the
N watershed and the alteration of the remaining sub-watershed due to the
establishment of the Fine PKC Facility.

The average annual water level fluctuation in Area 8, modelled under normal flow
conditions (i.e., 1960 to 2005), is 0.38 m. The predicted average annual
reduction in water level due to the short-circuiting of Kennady Lake (construction
of Dyke A and diversion of the A, B, D and E watersheds) is approximately
0.11 m, which represents approximately 30 percent (%) of the modeled average
annual variation in water level under normal flow conditions. As the average
depth of Area 8 is approximately 3 m and a maximum depth of up to 8 m, the
reduction in water level due to the Project is considered minor.

During operations, Area 8 will still remain connected to the L watershed in open
water conditions, although annual flows will be slightly reduced, and will remain
isolated during winter conditions as a result of ice development. The predicted
decrease in under-ice water levels in Area 8 relative to baseline is approximately
0.10 m, even under dry conditions.

The minor change in depth is not expected to alter water quality in Area 8.
Compared to other areas in Kennady Lake, which are slightly deeper in average
depth, physicochemical variability, particularly dissolved oxygen (DO)
concentrations, are highly variable (see Annex I). Consistent with other areas in
Kennady Lake, under-ice DO concentrations decrease rapidly with depth and
during open water conditions DO concentrations are typically consistent
throughout the water column. These characteristics are expected to remain
consistent during the operation of the Project.

The close circuiting of Kennady Lake is anticipated to result in a minor change to
water level in Area 8 during construction and operations. However, the small
change in littoral area (approximately 2% of the surface area of Area 8) would
have a negligible effect on the availability of fish and benthic invertebrate habitat.
Changes to water quality, including under-ice DO levels, are expected to be
negligible relative to baseline conditions. As a consequence, residual effects to
fish habitat and fish (including the availability of overwintering habitat in Area 8)
are predicted to be negligible.

Release of sediment during construction of dykes in the A, B, D and E watersheds
may change water and sediment quality, and affect fish habitat and fish

During the construction of the water retention and water diversion dykes in the A,
B, D and E watersheds, silt curtains will be used to minimize the release of
suspended sediment to the receiving waterbodies. These curtains will be located
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in lake areas adjacent to the dykes. They will be installed before construction of
the dykes is initiated and will not be removed until TSS concentrations in water
between the dyke and the silt curtains have been reduced below required levels.
Water quality monitoring in lake areas outside of the silt curtains will be
conducted throughout the construction period. Disturbance associated with the
development of the dykes will also be minimized by avoiding construction during
the spring freshet when the potential for erosion is highest and when spring
spawning species, such as Arctic grayling (Thymallus arcticus), are using
streams for spawning and migration.

As a result of the mitigation associated with the construction of the dykes, such
as the use of silt curtains, avoiding construction activities during the spring
freshet, and undertaking water quality monitoring programs during construction,
changes to water and sediment quality from elevated suspended sediment
associated with construction activities is expected to be minor and confined to
the lake area bound by the silt curtains. As a result, residual effects to water
quality and fish in the diverted upper watersheds are predicted to be negligible.

Changes to permafrost conditions in the flooded shoreline zone of the raised
lakes due to increased water levels may lead to erosion and affect fish habitat

The raising of the lakes in the A, D and E watersheds after the construction of
Dykes C, F and G could alter permafrost conditions of the inundated terrain
upstream from the dykes. Depending on water depth, permafrost will thaw
beneath the inundated terrain, which may increase the extent of the taliks under
the raised lakes. The inundated lake margins may be subject to higher erosion
potential predominantly from wave action due to the saturation of the inundated
surface soil material. The deposition of any disturbed material from these
processes is expected to be deposited in close proximity to the shoreline.
Surveys prior to the raising of the lakes will identify shoreline habitat that will be
more prone to erosional processes when permafrost is lost (e.g., soils types,
slope, bedrock) so that shoreline stabilization can be implemented where
necessary. As Lakes D2, D3, and E1 will fill gradually changes to the inundated
shoreline are also expected to be gradual.

Raised water levels in Lakes D2 and D3, and E2 will revert back to pre-
development levels after closure allowing shoreline permafrost conditions to re-
establish; however, Lake A3 will be raised permanently. Lowering the water
levels in Lakes D2, D3 and E1 will allow permafrost to redevelop, which may lead
to alterations in the surface topography (e.g., cracking), leading to increased
potential of erosion, gullying and bank slumping along the exposed shoreline.
Surveys to monitor the integrity of the lake shore environment during closure will
identify these issues and allow for mitigation to be established.
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Changes to permafrost along the shoreline of the lakes subject to raising and
lowering throughout the life of the Project are predicted to be minor, which may
result in erosional processes that may lead to elevated suspended sediment
conditions in the nearshore lake areas. With monitoring and mitigation, erosion
and sedimentation associated with changes to permafrost conditions in the
lakeshore environments are expected to result in minor changes to fish habitat.
As a result, residual effects to fish are expected to be negligible.

Release or generation of nutrients, mercury, or other substances into Lakes A3,
D2, D3 and E1 from flooded sediments and vegetation may change water quality,
and affect aquatic health and fish

Raising of lake levels also has the potential to cause the leaching of minerals and
nutrients (i.e., phosphorus and nitrogen) from the soil and vegetation in the area
to be inundated. This could cause an initial increase in primary (i.e.,
phytoplankton) and secondary (i.e., zooplankton and benthic invertebrate)
production, and a subsequent increase in growth of fish.

Approximately 22.8 ha of riparian habitat around Lake A3 will be inundated
permanently, with 53.1 ha and 6.8 ha of riparian habitat temporarily inundated as
a result of raising Lakes D2 and D3, and E1, respectively. The riparian
vegetation of the three lakes areas that will be flooded includes scrub birch
(Labrador tea tundra and cloudberry low shrub bog), and water sedge (harrow-
leaved cottongrass fen) over a low-gradient substrate that has a high proportion
of boulder or cobble material. The larger surface area associated with the
flooding of Lakes D2 and D3 has a predominance of sedges.

Changes to nutrient dynamics in the flooded lakes will be primarily driven by the
inundation of the surrounding riparian vegetation and, to a more limited extent,
soil. Nitrogen, phosphorus and carbon are likely to be released to the water
column through decompositional processes and sediment-water interactions, but
not all forms will be equally bioavailable (Paterson et al. 1997, Thouvenot et al.
2000). Phosphorus, for example, may be released in a non-bioavailable form
(i.e., bound to particulates) which can lead to the preferential growth of bacteria
over phytoplankton.

Following construction of the dykes, the lakes will fill to their new level through
natural drainage. The time required to fill the lakes is predicted to take between
one year (i.e., Lake E1) and eleven years (i.e., Lake A3 is predicted to fill in the
final year of operations); Lakes D2 and D3 will take three years to fill. The
gradual flooding of the riparian habitat associated with the raising of these lakes
may result in a surge in nutrient concentrations, particularly in the nearshore
region of the lakes. The period of time that the elevated nutrient concentrations
will remain in the lakes will be dependent on site-specific conditions, such as the
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mass of inundated organic material, the hydrological regime (i.e., retention time
and flushing rates) and rates of microbiological and biological activity (i.e., low
temperatures may reduce the potential for decomposition and assimilation).
Once the raised lakes are lowered at the end of operations (i.e., Lakes D2 and
D3, and E1), nutrient dynamics are anticipated to return to a condition that is
similar to baseline conditions. It is not expected that there will be any long term
effect on the nutrient dynamics in these lakes, or in Lake A3, which will remain
raised after operations.

The release of metals from the sediment of newly flooded areas is anticipated,
either from the suspension of sediment (i.e., particulate metals associated with
sediment particles) or during low oxygen conditions at the sediment water
interface associated with under-ice conditions in the shallow lakes (i.e., dissolved
metals). Total suspended sediment (TSS) concentrations will be elevated during
spring freshet inflows through the lakes and as a result of wave action. However,
any elevation in the concentration of metals associated with TSS from these
sources is anticipated to be temporary. It is not expected that there will be any
long term effect on the metals dynamics in these lakes.

Inundation of soils and vegetation surrounding lakes A3, D2 and D3, and E1 can
also increase the concentration of methylmercury in fish. Methylmercury is the
toxic form of mercury (Bloom 1992) and its availability to aquatic organisms
increases when new sources of inorganic mercury are introduced to the water
(i.e., inorganic mercury in the soil and vegetation) and microbial activity increases
due to increased nutrient additions (Rudd 1995; Bodaly and Kidd 2004).
Methylmercury tends to become more concentrated in higher trophic levels,
particularly top-predatory fish such as lake trout (Wright and Hamilton 1982;
Bodaly et al. 1984; Brouard et al. 1990; Hecky et al. 1987, 1991; Kidd et al.
1995).

There are several physical, chemical, and biological factors that increase the
biomagnification of methylmercury in fish in a lake. These factors include the
following:

e Small lake size (Bodaly et al. 1993). Smaller lakes tend to have fish
with higher mercury concentrations.

e Larger upstream watershed size (Evans 1986).
e Location of the lake lower down in the watershed (McMurtry et al. 1989).

e Low pH and high dissolved organic carbon (McMurtry et al. 1989;
Wiener et al. 1990; Driscoll et al. 1994).
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e Longer food chain lengths (Cabana et al. 1994; Cabana and
Rasmussen 1994; Power et al. 2002). Species connected to the benthic
food chain (e.g., round whitefish) have lower mercury concentrations
than species connected to the pelagic food chain (e.g., lake trout)
(Power et al. 2002).

e Position of the fish at or near the top of the food chain (Kidd et al. 1995;
Power et al. 2002).

e Age of the fish (Harris and Bodaly 1998). Larger, mature fish tend to be
slower growing than younger fish and use most of their ingested energy
for reproduction not growth. Therefore, older fish tend to retain most of
the ingested mercury (Bodaly and Kidd 2004).

Mercury concentrations in fish in the raised lakes are not expected to increase
high enough to impair the health of the fish or any wildlife that may eat these fish
because of the following:

e The amount of inorganic mercury available for methylation will be
minimized by preparing the area to be inundated before flooding.

e The number of lake trout, burbot, and northern pike (Esox lucius)
expected to be present in the raised lakes during mine operations is low.

e Arctic grayling, slimy sculpin, and ninespine stickleback, (i.e., the fish
species most likely to persist in the A, D and E watersheds during
mining) are planktivores or benthivores and, therefore, are low on the
food chain.

e The raised lakes are located in the headwaters of the Kennady Lake
watershed.

e Mercury concentrations in non-piscivorous fish typically peak in 4 to 5
years and then return to pre-impoundment concentrations usually within
10 to 15 years after flooding (Schetagne et al. 1997, cited in Legault
et al. 2004; Bodaly et al. 1997).

The effects of flooding on the riparian habitats around the small lakes to be
raised are expected to be minor because of the following:

e Lake level increases will occur gradually and changes to water quality
(i.e., increased turbidity) will be temporary.

e The riparian landscape surrounding Lakes D2, D3, E1, and A3 that will
be inundated will be prepared to the extent possible. For example,
some vegetation may be considered for removal during the construction
of the diversion dykes, and prior to flooding. Surveys of the areas prior
to flooding will identify vegetation that can be removed, and areas that
should be avoided to minimize land disturbance.
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e Shoreline areas that are susceptible to extensive erosion may be
armoured by cobble and boulder to reduce erosion and associated
resuspension of fine sediments.

e Physico-chemical water quality variations due to flooding are temporary,
peak quickly (less than four years) and subside as time passes (Legault
et al. 2004).

e Water quality monitoring in the lakes, and shoreline and riparian surveys
will be conducted during operations and closure to monitor change and
identify any requirement for mitigation.

Naturally low nutrient levels in the surface soils and cold temperatures
throughout the year would limit bacterial production, resulting in much lower rates
of processes such as decomposition (e.g., releasing nutrients) and methylation
compared to warmer waterbodies where large increases in nutrient releases to
the water column and mercury accumulation in fish have been documented.
Although there is potential for temporary changes to surface water and sediment
quality with the raising of lakes A3, D2 and D3, and E1, preparation of the areas
to be flooded where necessary, and monitoring will limit the potential for long-
term nutrient and metals releases to the lakes and mercury methylation.
Changes in water and sediment quality are predicted to be minor relative to
baseline conditions. As such, residual effects to fish are anticipated to be
negligible.

Removal of bedrock and kimberlite material from the active mining of pits may
change groundwater quantity in the Kennady Lake watershed, and affect the water
level in small lakes in the watershed

Mining will remove approximately 270 million tonnes (Mt) of rock, primarily from
the talik, but also from the deep groundwater system. This mass of rock
occupies an approximate volume of 46 Mm®. With an average porosity of 0.01,
the groundwater within this volume is about 0.5Mm?®  This volume of
groundwater will be permanently removed and incorporated into the mine rock
and coarse PK piles, the Fine PKC Facility, or managed through the WMP. Pore
spaces of the mine rock and coarse and fine PK material used to backfill Hearne
Pit and the backfilled portion of 5034 Pit will contain pore water that originates
primarily as groundwater. This water will be augmented by fresh water during
refilling. Therefore, the groundwater volume removed from the pits will be
replaced by groundwater in the backfill material and fresh water. As such, the
residual effect to groundwater quantity is expected to be negligible.
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Alteration of the groundwater regime from groundwater flows to the mined out
pits may change water quality and water quantity in other lakes in the watershed

Dewatering of the Kennady Lake bed and mine pits will induce groundwater to
flow toward the pit from all directions. The reduced groundwater pressures in the
deep groundwater flow system will cause a small volume of water to flow from
Lakes X4 and X6 toward the pit. Lakes X4 and X6 are located outside of the
Kennady Lake watershed (Section11.6, Subject of Note: Permafrost,
Hydrogeology, and Groundwater Figure 11.6-2), but are the most hydraulically
connected to groundwater below Kennady Lake due to their elevation and
proximity. Changes in groundwater discharges to other lakes within the LSA that
are hydraulically connected to the deep groundwater through fully penetrating
taliks are predicted to be less than those in these two lakes due to their smaller
size. The small lakes in the upper watershed of Kennady Lake, with the
exception of Area 8, are not considered of sufficient surface area to have talik
penetration to the deep groundwater regime. Based on the climatic conditions of
the LSA, lakes with a surface area less than 1 km? are not expected to have fully
penetrating taliks underneath except for some unusually shaped lakes
(e.g., those that are long but very narrow) (Section 11.6; Subject of Note:
Permafrost, Groundwater and Hydrogeology).

The maximum reduction lake volume for Lakes X4 and X6 through groundwater
flows due to dewatering and pit development is predicted to be in the order of
100 m*/d. The net precipitation to the lake surfaces of X4 and X6 Lakes only, not
including the rest of the catchment, is in the order of 2,400 m*/d. Climatic inputs
to the area therefore vastly overwhelm the magnitude of this change to lake
volume.

Altered groundwater flow directions and intercepts are anticipated in the LSA
surrounding the pit development, but no measureable effects are expected in
reducing lake volumes, and therefore water levels, in the small lakes within the
Kennady Lake watershed. As such this pathway was determined to have
negligible residual effect on water quality.

Impingement and entrainment of fish in potable water intake pumps in Area 8 may
cause injury and mortality to fish and affect fish populations

The freshwater intake and pumphouse will be located on the north western shore
of Area 8. The intake will consist of vertical filtration wells fitted with vertical
turbine pumps that supply water on demand. The intake will be connected to the
pumphouse with piping buried under a rock-filled embankment (Section 3). The
overlaid embankment will act as a secondary filtration screen, which will prevent
fish from becoming entrained.

De Beers Canada Inc.



Gahcho Kué Project 8-227 December 2010
Environmental Impact Statement

Section 8

The implementation of fish screens on the intake and a buried intake under rock
fill is anticipated to reduce fish mortality resulting from impingement or
entrainment. Mortality of small species and young life stages are anticipated, but
will be limited to a localized area and will have a minor influence on fish
populations. Therefore, residual effects to fish from the pumping potable water
from Area 8 are predicted to be negligible.

Extraction of potable water requirements for the Project may change surface
water levels in Area 8, and affect fish habitat

The provision of potable water for the camp and plant will be from Area 8 has the
potential to reduce surface water levels and outflows from Area 8. About 60,000
cubic metres per year (m%ly) of fresh water will be required for potable water
during construction. During operations, with a smaller workforce, the potable
water required will decrease to about 27,000 m*/y. The supply volumes are
small in comparison to mean daily outflow volumes for median conditions
predicted for Area 8 during construction and operations (Table 8.6-2).

Table 8.6-2  Mean Daily Outflow Volumes at the Outlet of Kennady Lake (Stream K5) —
Construction and Operations
Condition Return Period Snapshot Monthly Mean Daily Outflow Volume (m3)
(years) May June July August | September | October
Median baseline 708 65,900 39,300 22,800 13,200 3,070
construction 779 65,700 86,600 86,500 77,200 4,680
operations 428 21,900 6,670 4,580 2,460 371

m® = cubic metres.

Potable water supply from Area 8 is a small annual supply volume compared to
the volume of Area 8 and predicted outflows during construction and operations.
The annual requirements of water from Area 8 to meet potable water demand is
expected to result in a small change in water level to Area 8, and a minor change
to available fish habitat. Consequently, residual effects to fish are expected to be
negligible.

Close-circuiting of Areas 2 to 7 may change water quality in Area 8, and affect
aguatic health and fish

Water quality in Area 8 during the operations and closure phases will be driven
by dewatering of water from Area 7 and drainage flows from the H, I, J and Ke
watersheds. Pumped discharge from Area 7 to Area 8 is expected to have
similar water quality to Area 8, and will only be discharged if water in Area 8
meets specific discharge water quality criteria.

Concentrations of water quality constituents are predicted to increase slightly in
Area 8 over the course of operations and closure, due to evapo-concentration.
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The construction of Dyke A will result in a reduction in drainage area reporting to
Area 8, thereby increasing the residence time and the rate of evaporation relative
to recharge. Consequently, all water quality constituents are predicted to
increase to slightly above background conditions by the time Dyke A is breached
in Year 21.

The isolation of Area 8 from the upper areas of Kennady Lake will limit inflows to
this area to dewatering discharge in the construction and early operations phase
from Area 7, and sub-watershed drainage inputs. Minor changes to water quality
are anticipated in Area 8 during operations and closure, but these changes are
expected to be within the natural range of variability reported for Area 8. As such
this pathway was determined to have negligible residual effect on fish.

Increased under-ice noise and vibrations from traffic on winter road or activity on
the ice airstrip may affect fish

Trucks travelling on winter roads or aircraft landing on an ice airstrip can cause
increased noise levels on lakes. The level at which fish can detect sounds
depends on the background noise (Stewart 2001). Fish have been documented
to show an avoidance reaction to vessels when the radiated noise levels exceed
their threshold of hearing by 30 decibels (dB) or more (ICES 1995). Many
factors, including the presence of predators or prey, seasonal or daily variations
in physiology, and spawning or migratory activities can make them more or less
sensitive to unfamiliar sounds (Schwartz 1985; ICES 1995). Mann et al. (2009)
found that anthropogenic (man-made) noise (including helicopters, aircraft
landing and takeoff, and ice-road traffic) measured in Kennady Lake raised
ambient sound levels by approximately 30 dB; however, this was within the range
of natural ambient noise in the lake. Most of the anthropogenic sounds
measured were considered to be only detectable by fish species with specialized
hearing adaptations, such as lake chub (Couesius plumbeus) and suckers
(Catostomidae) (Mann et al. 2007, 2009).

The low level of truck traffic noise on winter roads or aircraft noise on frozen
lakes will have a negligible effect on fish because the noise will be intermittent
and sound propagation is limited under ice in shallow water. Fish will also have
the ability to move away from the noise; any movements would be expected to
be within their normal daily or day-to-day range.

Traffic activity on the winter road, and aircraft landing and taking-off on the ice
airstrip on Kennady Lake, which will be used before the permanent airstrip is
established, is anticipated to cause under-ice noise and vibrations that will be
localized and temporary. As such, disturbances from vehicle activity on the
winter road, and aircraft activity prior to the establishment of the on land airstrip,
are expected to have negligible residual effects on fish.
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8.6.2.4 Primary Pathways for Effects from Construction and
Operations

The remaining pathways for water quality and fish in Kennady Lake and its
watershed are classified as primary (listed below) and are carried forward as
effects statements (Table 8.6-3) to be assessed in the effects analysis sections
(Sections 8.7 to 8.12). Potential effects related to permafrost and hydrogeology
were determined to possess no linkage or be secondary pathways. Therefore,
no pathways related to these disciplines will be carried forward in this key line of
inquiry.  However, further assessment of Project effects to permafrost,
hydrogeology and groundwater is included in the Subject of Note: Permafrost,
Groundwater, and Hydrogeology (Section 11.6).

8.6.2.5 Potential Pathways during Closure

Pathways for effects to water quality and fish during closure include direct
impacts to fish and fish habitat (e.g., alteration of flows during the refilling of
Kennady Lake), and indirect effects to fish through changes in water quality
(e.g., change in concentrations of metals or nutrients in Area 8 when Dyke A is
breached) (Table 8.6-4). The effects of the Project on fish populations in
Kennady Lake and its watershed after Areas 3 to 7 are reconnected to Area 8
are addressed in this section. The discussion regarding the restoration
processes of Kennady Lake is addressed in this key line of enquiry, and also
more specifically in the Key Line of Inquiry: Long-term Biophysical Effects,
Reclamation and Closure (Section 10).

Effects to downstream hydrological conditions, water quality, fish, and fish habitat
and after closure are addressed in the Key Line of Inquiry: Downstream Water
Effects (Section 9). Section 9 also includes assessment of downstream effects
on fish during the refilling of Kennady Lake (i.e., downstream of Kennady Lake
and downstream of Lake N11).
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Table 8.6-3  Effects Statements for Water Quality and Fish during Construction and Operations
Discipline Project Activity Pathway Effects Statement
Hydrology |Project footprint (e.g., dykes, mine rock | reduction in watershed areas may change flows, water levels, and Effects of mine rock and coarse PK piles
and coarse PK piles, Fine PKC Facility, | channel/bank stability in streams and small lakes in the Kennady Lake and Fine PKC Facility to flows, water
access roads, mine plant, airstrip) watershed levels and channel/bank stability in
streams and smaller lakes in the
Kennady Lake watershed
Dewatering of Kennady Lake dewatering of Area 7 to Area 8 may change flows, water levels, and Effects of dewatering Kennady Lake to
channel/bank stability in Area 8 flows, water levels and channel/bank
stability in Area 8
Isolation and diversion of upper changes in A, B, D and E watershed areas and flow paths may change flows, | Effects of watershed diversions in
Kennady Lake watersheds water levels, and channel/bank stability in the Kennady Lake watershed watersheds A, B, D and E to flows, water
shoreline erosion, re-suspension of sediments and sedimentation may levels and channel/bank stability in
change due to changes in water levels in Lakes A3, D2, D3, and E1 streams and smaller lakes in the
Kennady Lake watershed
Water Construction and Mining Activity during |deposition of dust from fugitive dust sources may change to water quality and | Effects of the deposition of dust and
Quality construction and operations sediment quality metals from air emissions to water quality
and lake bed sediments in waterbodies
within the Kennady Lake watershed
air emission and deposition of sulphur dioxide [SO;], nitrogen oxides [NOx], |Effects of the acidifying air emissions to
particulate matter [PM], and total suspended particulates [TSP] may change |waterbodies within the Kennady Lake
water and sediment quality watershed
Aquatic Construction and Mining Activity during | deposition of dust in the Kennady Lake watershed may change aquatic Effects of air emissions to aquatic health
Health construction and operations health in the Kennady Lake watershed
deposition of acidifying substances in the Kennady Lake watershed may
change aquatic health
Fish and Project footprint (e.g., dykes, mine rock | project development in the Kennady Lake watershed will result in the loss of | Effects of Project activities to fish and fish
Fish Habitat |and coarse PK piles, Fine PKC Facility, |fish habitat habitat in Kennady Lake, and streams
access roads, mine plant, airstrip) and lakes within the Kennady Lake
Dewatering of Kennady Lake dewatering of Kennady Lake and other small lakes may cause mortality and | Watershed
spoiling of fish, temporary loss in productive capacity, and the alteration of
flows, water levels, and channel/bank stability in Area 8
Isolation and diversion of upper change of flow paths and construction of retention and diversion dykes in the
Kennady Lake watersheds A, B, D and E watersheds may result in loss of stream habitat, alteration of
water levels and lake areas, shoreline erosion, re-suspension of sediments
and sedimentation, and changes to lower trophic levels, fish communities
and migration
Construction and Mining Activity during |deposition of dust and particulate matter may cause increases in suspended
construction and operations sediment, and changes to aquatic health

De Beers Canada Inc.




Gahcho Kué Project 8-231 December 2010
Environmental Impact Statement
Section 8
Table 8.6-4  Potential Pathways for Effects to Water Quality and Fish during Closure

. . . . L Pathway
Project Component/Activity Effects Pathways Environmental Design Features and Mitigation A

ssessment

Reclaimed Project footprint  |e development of fish habitat « fish habitat compensation developed in consultation with DFO and other Primary

compensation works to account for
HADD associated with the Project

regulatory agencies

* removal of project infrastructure (e.g., o to the extent possible, all disturbed areas will be reclaimed and the surface No Linkage
roads, airstrip, dykes, buildings) may stabilized
change flows, water levels, and « surfaces will be re-graded and till or mine rock will be placed, as appropriate, to
channel/bank stability in streams and prevent dusting and water erosion, and stabilizing, as required, against
small lakes in the Kennady Lake thermokarst from freeze-thaw processes within the active layer
watershed, and affect, water quality, fish . . . . .
. " o drainage patterns will be re-established as close to pre-operational conditions
habitat and fish - ; ) ) ) -
- as possible, with drainage ditches contoured or backfilled as appropriate to -
« the Project may change the long-term remove any hazards to wildlife Primary
hydrology in the Kennady Lake
watershed
Removal of the temporary e reduction of water levels in Lakes D2, e none Secondary
diversion dykes in the B, D D3, and E1 may change to permafrost
and E watersheds conditions, and affect fish habitat
* removal of dykes may change flows, o watershed will be reconnected to Kennady Lake along previous connecting Primary
water levels, and channel/bank stability streams where possible
in streams and small lakes inthe B, D, |4 any diversion channels will be designed to provide spawning and rearing
andl_E V‘?tﬁrﬁhte)_(:r ?ndda;‘_feﬁt water habitat, and permit fish passage
quality, fish habitat and fis e monitoring of the new shorelines associated with the reduced lake levels
* removal of the temporary dykes for the |e watershed will be reconnected to Kennady Lake along previous connecting Secondary
realignment of diverted B, D, and E streams, but where necessary cobble and boulder placement will be used to
watersheds to Kennady Lake may reduce erosion potential
release sediment and change water and |4 piace erosion protection materials and processes over the natural downstream
Seg”f"_‘ehm quality, and affect fish habitat |  channels to limit erosion along the flow path to Kennady Lake
n . . .
andis e silt curtains will be placed upstream and downstream of the dykes to control the
release of suspended sediments during their deconstruction/breaching
o water levels in lakes will be drawn down by pumping or siphoning water to
Kennady Lake prior to removal of dykes
o dykes will be removed during low- or no-flow periods to allow work to be
completed “in the dry”
Removal of the temporary * removal of diversions and temporary « watershed will be reconnected to Kennady Lake along previous connecting Primary

diversion dykes in the B, D
and E watersheds

(continued)

dykes in B, D, and E watersheds may
result in changes to fish migration

streams where possible

any diversion channels will be designed to provide spawning and rearing
habitat, and permit fish passage

fish salvage will occur where appropriate prior to breaching and removing the
dykes and constructed diversion channels
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Table 8.6-4 Potential Pathways for Effects to Water Quality and Fish during Closure

Project Component/Activity Effects Pathways Environmental Design Features and Mitigation Pathway
Assessment
Refilling of Kennady Lake o refilling dewatered areas of Kennady e areas in Kennady Lake will not be completely dewatered for the duration of No Linkage
Lake may alter permafrost conditions, operations. Refilling of Areas 6 and 7 will be commenced in Year 6 when
and affect fish habitat mining of 5034 is complete. Dewatering of Area 4 will start in Year 4
* release of groundwater into the refilled |e Tuzo Pit will be refilled with surface water from Area 3 and 5 to minimize Secondary
Tuzo Pit may change groundwater groundwater inflow.
quality in the pit, and affect water quality
and fish in Kennady Lake
e pumping water from Lake N11 to o use of supplemental inflow from Lake N11 using a pipeline and pumping system | Secondary
Kennady Lake to supplement refilling to divert water directly to Area 3
may change water and sediment quality |o water quality of supplemental inflow will be similar to water quality of Kennady
in Kennady Lake, and affect aquatic Lake prior to dewatering
health and fish
* realignment of B, D, and E watersheds |e exclusion measures will be used to limit the initial migration of large-bodied fish Primary
for the refilling Kennady Lake may result| from the B, D, and E watersheds into Kennady Lake during refilling once the
in effects to fish dykes have been removed
o erosion of lake-bottom sediments in ¢ designing outfalls/diffusers so that they sit high in the water column and actively | No Linkage
Area 3 from the pump discharge during disperse piped discharge to prevent erosion of the lake-bed sediment
the refilling of Kennady Lake may * Areas 3 and 5 will remain part of the closed-circuited system until the lake is
change water quality, and affect fish filled and water quality meets criteria for reconnection with Area 8
habitat and fish
e continued isolation of Area 8 during » refilling of Kennady Lake will be supplemented by pumping from Lake N11 to Primary
refilling and recovery period may reduce the re-fill period to approximately 8 years
change surface water flows, water levels
in Area 8, and affect and water quality,
fish habitat and fish
e co-mingling of water in Tuzo Pit with e none Primary
water in Areas 3 to 7 during refilling may
change water quality in Kennady Lake,
and delay ecosystem recovery
Refilling of Kennady Lake o release or generation of mercury, * none Primary
nutrients, or other substances into Areas
3 to 7 from flooded sediments and
vegetation during refilling of Kennady
Lake may change water quality
e release of saline water from the Tuzo Pit |e none Primary
to surface waters of Kennady Lake may
change water quality
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Table 8.6-4 Potential Pathways for Effects to Water Quality and Fish during Closure

Project Component/Activity Effects Pathways Environmental Design Features and Mitigation Aspsaetsgvnignt
Breaching Dyke A to ¢ release of sediment into Areas 7 and 8 |e silt curtains will be placed upstream and downstream of the construction areato | Secondary
reconnect Kennady Lake with during the removal of Dyke A may control the release of suspended sediments
Area 8 change water and sediment quality, and
affect fish habitat and fish
o underwater noise and vibrations during |e use of machinery instead of explosives to reduce underwater noise and Secondary
the breaching and removal of Dyke A vibration
may affect fish « if explosives are required, DFO will be consulted, and their use will be in
accordance with applicable standards and guidelines
e changes in B, D, and E watershed areas | e monitoring of the new shorelines associated with the reduced lake levels Primary

and flow paths may result in alteration of
flows, water levels, and channel/bank
stability in the Kennady Lake watershed,
which can affect water and sediment
quality, fish habitat and fish

changes to water levels in Lakes D2, Primary
D3, and E1 may lead to shoreline
erosion, re-suspension of sediments
and sedimentation, and affect water
quality, fish habitat and fish

reconnection of Areas 3to 7to Area 8 |e breaching and removal activities will be limited to daylight hours to limit effects Secondary
may change water flows and water to fish and expected to be completed in one month

levels in Area 8, and affect fish habitat |4 preaching and removal activities will be completed using heavy machinery,

and fish such as long-armed backhoes, to limit effects to fish, with explosives used only
if necessary

reconnection of Areas 3 to 7 with Area 8 |e Dyke A will be breached and removed when water quality in Kennady Lake Primary
may change water quality in Area 8, and | meets specific criteria
affect aquatic health and fish

removal of Dyke A will change fish * none Secondary
migration through the Kennady Lake
watershed
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Table 8.6-4 Potential Pathways for Effects to Water Quality and Fish during Closure
. . . . L Pathway
Project Component/Activity Effects Pathways Environmental Design Features and Mitigation
Assessment
Mine rock and Coarse PK * seepage from the mine rock and coarse at closure, the mine rock piles will be re-shaped and a 1 m layer of NAG mine Primary
piles PK piles may change water quality, and rock will placed on the outer surface of the pile to prevent erosion.
affect aquatic health and fish PAG rock will comprise only a small proportion of the overall mine rock tonnage
o alteration of drainage patterns to and will be sequestered within the mine rock storage facilities. No Linkage
Kennady Lake due to the mine rock and | the thickness of the cover layer is predicted to be sufficient so that the active
coarse PK piles may change water freeze-thaw layer remains within the non-reactive mine rock.
f'°""?z water levels, and channel/bank the Coarse PK Pile, adjacent to Area 4, will be shaped and covered with a
stability in streams and small lakes, and . L . .
. . layer of mine rock of a minimum of 1 m to limit surface erosion. Permafrost
can affect water and sediment quality, - . ; ; . Y
g ) ) conditions are anticipated to be established in the pile by the end of mine life.
fish habitat and fish ) ) ) - N
runoff from the Coarse PK Pile and mine rock piles will be managed to mitigate
downstream effects on flows, water levels and channel bank stability. Perimeter
ditches will collect facility runoff, intercept upstream runoff and convey it to a
discharge point. Natural receiving channels that convey water to Kennady Lake
will be armoured to prevent erosion if necessary, or engineered channels will be
constructed.
Fine PKC Facility e seepage through filter dyke L may At closure, the Fine PKC Facility (Areas 1 and 2) will be graded and 1 to 2 m of Primary
change water quality in Kennady Lake, NAG mine rock will be placed on the outer surface of the pile to prevent
and affect aquatic health and fish erosion.
o alteration of drainage patterns to The final shaping of the facility will be designed to limit ponding of water over No Linkage

Kennady Lake from the Fine PKC
Facility may change water flows, water
levels, and channel/bank stability in
streams and small lakes, and affect
water and sediment quality and fish

the mine rock

Thermistors will be installed within the mine rock piles to monitor the
progression of permafrost development.

Permafrost development in the Fine PKC Facility and underlying talik is
expected to occur over time.

Thermistors will be installed in the Fine PKC Facility to monitor the formation of
permafrost in the solids.

Runoff from the Fine PKC Facility will be managed to mitigate downstream
effects on flows, water levels and channel bank stability. Perimeter ditches will
collect facility runoff, intercept upstream runoff and convey it to a discharge
point. Natural receiving channels that convey water to Kennady Lake will be
armoured to prevent erosion if necessary, or engineered channels will be
constructed.

De Beers Canada Inc.




Gahcho Kué Project

Environmental Impact Statement

Section 8

8-235 December 2010

Table 8.6-4 Potential Pathways for Effects to Water Quality and Fish during Closure

Project Component/Activity Effects Pathways Environmental Design Features and Mitigation As':’saetsgvn?)e/nt
Partial backfilling of Hearne Pit|e seepage from backfilled PK material in |e Hearne pit will be partially backfilled with fine PK after Year 7 Primary
with fine processed kimberlite pits may change water quality in « the backfilled pit will be 120 m deep
Kennady Lake, and affect aquatic health . . .
and fish « runoff water, pit water, and decant water from the fine PK will cause a
high TDS water layer above the settled fine PK in the pit
« the volume of high TDS water overlying the fine PK will allow for an
accelerated refilling at closure and promote the development of a
chemocline above the settled fine PK
Fish restocking to re-establish |e restocking Kennady Lake with fish may |e maintain an annual sustainable harvest rate from each potential brood stock Secondary

fish community structure

change brood-stock fish population and

affect genetics or parasites of fish in
Kennady Lake

lake to reduce potential for fish mortality and maintain trophic stability

stocking of Kennady Lake with fish from lakes within the same watershed as
Kennady Lake (i.e., the Kirk Lake watershed) will maintain similar genetic
make-up and minimize susceptibility to disease and maximize adaptability to
new environment

conduct pathology examinations of fish in potential source lakes to reduce the
potential of transferring diseased or parasite-infested fish to Kennady Lake
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8.6.2.6 No Linkage Pathways

The following pathways are anticipated to have no linkage to water quality and
fish in Kennady Lake during the closure phase, and will not be carried through
the effects assessment. The following section lists all of the potential pathways
that are classified with no linkage, and provides an explanation for the
classification.

Removal of Project infrastructure (e.g., roads, airstrip, dykes, buildings) may
change flows, water levels, and channel/bank stability in streams and small lakes
in the Kennady Lake watershed, and affect water and sediment quality, fish habitat
and fish

Mining is scheduled to end in Year 11, after which Project infrastructure removal
will begin. This process is expected to take two years, and will require the
demolition and removal of plant operations facilities (e.g., processing plant,
power plant), storage facilities (e.g., explosive storage, fuel storage tanks),
buildings, the airstrip, and roads.

To the extent possible, all disturbed areas will be reclaimed and the surface
stabilized. This will include re-grading and placing till or mine rock, as
appropriate to prevent dust generation and water erosion, and stabilizing, as
required, against thermokarst from freeze-thaw processes within the active layer.
Drainage patterns will also be re-established as close to pre-operational
conditions as possible, with drainage ditches contoured or backfilled as
appropriate to remove any hazards to wildlife.

Erosion will be controlled principally by keeping slope angles of constructed
facilities at less than the angle of repose or by rock armouring, as appropriate.
Where feasible, long-term sediment control will be achieved by re-vegetation.
Rock armouring will be done where re-vegetation is not possible and erosion
control is required. The rock will be obtained by screening suitably sized inert
material from the mine rock stockpile.

The removal of infrastructure from the Project is not anticipated to have a
measurable influence on surface hydrology and bank/channel integrity within the
Kennady Lake watershed. As such, drainage through the reclaimed areas of the
Project is not expected to result in measurable changes to water and sediment
quality in Kennady Lake. Consequently, this pathway was determined to have no
linkage to effects to fish.
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Refilling dewatered areas of Kennady Lake may change permafrost conditions,
and affect fish habitat

A talik exists under most of Kennady Lake. During construction and operations,
Areas 4, 6 and 7 of Kennady Lake will be dewatered for varying periods of time
and exposed to cold air temperatures. This may result in the decrease in the
extent of the talik under Kennady Lake and formation of permafrost in the
dewatered lake-bed. The mean annual soil temperature in the dewatered lake-
bed is estimated to cool after draining to approximately -2 to -3°C.

Based on the current Project schedule, Areas 4, 6 and 7 of Kennady Lake will be
dewatered at stages during operations for extended periods while the pits are
mined (i.e., up to a maximum of six years). Permafrost-related processes, such
as frost cracking and thermoerosion may occur within the dewatered lake-bed.
Frost cracking over the exposed lake-bed surface will also result in formation of a
polygon landscape and thin ice wedges in the cracks. The exposed saturated
material on the relatively flat slopes of the lake-bed surface will have sufficient
time for pore water pressure dissipation and it is unlikely that major slope
instability within the dewatered lake-bed will result. However, there may be a
potential for a local slope failure/deformation in steeper slopes around the
perimeter of the dewatered areas.

A talik is expected to reform under Kennady Lake after refilling. Disturbance of
the lake-bed and any resulting earth processes that resulted during exposure of
the lake bed following dewatering would be promptly levelled under the wave
action after refilling in the shallow portions of Kennady Lake. In areas with deep
water, the levelling of the bottom topography will occur more slowly, mainly by
gravitational processes, but would return to pre-existing talik conditions.

The alteration of lake-bed topography due to changes in permafrost conditions
within the areas of Kennady Lake is expected to have no measurable influence
on the re-establishment of fish habitat [where it would be expected)] after refilling.
Consequently, this pathway was determined to have no linkage to effects to fish.

Erosion of lake-bottom sediments in Area 3 from the pump discharge point during
the refilling of Kennady Lake may change water quality, and affect fish habitat and
fish
The potential for erosion of lake-bottom sediments in Area 3 will be minimized
during the pumping from Lake N11. Constructed channel outfalls or diffusers will
be used to reduce the erosive energy of water pumped into Area 3 to supplement
the natural refilling of Kennady Lake. It is anticipated that supplemental pumping
from Lake N11 will be required for approximately 8 years for Kennady Lake to
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refill. The average annual volume of supplemental water required from Lake N11
will be 3.7 Mm°.

Outfalls will be constructed in Area 3 to diffuse the velocity of the pumped
discharge. Diffusers, if required, will be placed as close to the surface as
possible over the deepest portion of Area 3 to increase the distance between the
outfall and the bottom sediments. Although some sediment may be mobilized
despite these measures, the extent of this effect is likely to be limited to the zone
of turbulence immediately adjacent to the diffuser, and is likely to quickly diminish
after sediments in the zone of turbulence are mobilized and become re-deposited
farther away from the outfall.

As a result, discharge of water from Lake N11 to Area 3 during refilling is not
expected to result in measurable changes to water and sediment quality or fish
habitat in Area 3. Consequently, this pathway was determined to have no linkage
to effects to fish.

Alteration of drainage patterns to Kennady Lake due to the mine rock and coarse
PK piles may change water flows, water levels, and channel/bank stability in
streams and small lakes, and affect water and sediment quality, fish habitat and
fish
Runoff from the mine rock and coarse PK piles will be managed to mitigate
downstream effects on flows, water levels and channel bank stability.

Mine rock will be placed in two designated mine rock piles during operations,
which will be constructed in Areas 5 and 6: the South Mine Rock Pile final pile
crest will be at a surface elevation of approximately 515 masl, giving the pile a
maximum height of about 90 m, and the West Mine Rock Pile will have a final
crest elevation of 474 masl and a height of 70 m. Both piles will be developed
with 2.4H:1V overall side slopes, which provide stability. Flatter side slopes will
be constructed when the final slope is exposed to the shoreline. Progressive
reclamation of the mine rock piles, which will include contouring and re-grading,
will start as early as Year 5 for the South Mine Rock Pile and Year 7 for the West
Mine Rock Pile. The piles will not be covered or vegetated, consistent with the
approaches in place at the Ekati Diamond Mine and Diavik Diamond Mine.
Runoff from these piles will be directed to Areas 5 and 6.

The Coarse PK Pile is located on land adjacent to Area 4. The Coarse PK Pile
will be progressively reclaimed during mine operations, and will be shaped and
covered with a layer of mine rock of a minimum of 1 m to limit erosion and dust
production. Runoff from this pile will be directed to Area 4.
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Runoff rates from the South and West Mine Rock and Coarse PK Piles are
expected to be equivalent to those from undisturbed surfaces after final mine
rock and coarse PK placement is completed. Drainage courses from the piles to
Kennady Lake will be monitored and evaluated to determine if flow rates exceed
the capacity of natural channels. Alternatively, natural channels may be
armoured to prevent erosion, or engineered channels may be used.

The alteration of drainage patterns in the Kennady Lake watershed from the
construction of the mine rock and coarse PK piles is expected to have no
measurable influence on water flows, water levels, and channel/bank stability in
drainage streams to Kennady Lake. As a result, changes to water and sediment
guality are not anticipated and this pathway was determined to have no linkage
to effects to water quality or fish once Kennady Lake is reconnected with the
upper watersheds and Area 8.

Alteration of drainage patterns to Kennady Lake from the Fine PKC Facility may
change water flows, water levels, and channel/bank stability in streams and small
lakes, and affect water quality, fish habitat and fish

Runoff from the Fine PKC Facility will be managed to mitigate downstream
effects on flows, water levels and channel bank stability.

The Fine PKC Facility in Areas 1 and 2 will be progressively reclaimed during
mine operations, as fine PK will be placed in the bottom of the mined-out Hearne
Pit during the latter stages of operations. As the Area 1 portion of the facility
becomes filled during the initial years of operations, it will be covered with a layer
of coarse PK to prevent the fine PK from being windblown. This will allow
subsequent vehicle traffic and placement of approximately a 1 to 2 m thick layer
of NAG mine rock. The facility will be graded so that any surface runoff will flow
towards Area 3.

The Area 2 portion of the Fine PKC Facility will be reclaimed in a similar fashion.
Any remaining water impounded within Area 2 behind Dyke L will be backfilled
with coarse PK or mine rock to provide runoff drainage patterns flowing into
Area 3. As above, the closure scenario also involves a NAG mine rock covered
terrain. For both Area 1 and Area 2, the final geometry of the cover layer will be
graded to limit ponding of water over the mine rock covered areas.

Runoff rates from the Fine PKC Facility are expected to be less than those from
undisturbed areas while they are being constructed, and equivalent to those from
undisturbed surfaces after final mine rock placement is completed.
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Drainage channels from these areas to Kennady Lake will be evaluated to
ensure that flow rates do not exceed the capacity for stability in the drainage
channels. These channels may be armoured to prevent erosion.

The alteration of drainage patterns in the Kennady Lake watershed from the
construction of Fine PKC Facility is expected to have no measurable influence on
water flows, water levels, and channel/bank stability in drainage streams to
Kennady Lake. As a result, changes to water and sediment quality are not
anticipated and this pathway was determined to have no linkage to effects to
water quality and fish once Kennady Lake is reconnected with the upper
watersheds and Area 8.

8.6.2.7 Secondary Pathways

The following pathways are anticipated to be secondary, or minor, and will not be
carried through the effects assessment. The following section lists all of the
potential pathways that are classified as minor, and provides an explanation for
the classification.

Reduction of water levels in Lakes D2, D3 and E1 may change permafrost
conditions, and affect fish habitat

At closure, the temporary dykes will be removed and the raised lakes that formed
upstream of the diversion dykes will be allowed to drain back to pre-disturbance
water levels to initiate the refilling of Kennady Lake. The background permafrost
conditions will return to the drained shoreline areas, potentially resulting in the
development of permafrost-related earth processes, such as frost cracking and
thermoerosion. These alterations to the exposed shoreline may reduce the re-
establishment of vegetation and increase erosion potential that may lead to
localized fish habitat changes through increased suspended solids and
sedimentation in the nearshore zone of the lakes. These changes are
anticipated to be short-term.

The removal of the temporary dykes in the realignment of the D and E
watersheds and lowering of water levels in lakes D2 and D3, and E1 will modify
the permafrost conditions in the exposed shoreline areas. Increases in TSS and
sedimentation in the nearshore zone of these lakes are anticipated, but will be
localized and have a minor influence on shallow fish habitat. As a result, the
residual effects to the fish are predicted to be negligible.
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Removal of the temporary dykes for the realignment of diverted B, D and E
watersheds to Kennady Lake may release sediment and change water and
sediment quality, and affect fish habitat and fish

At the end of operations, diversion Dykes E, F, and G will be breached. Prior to
breaching the dykes, the water levels in the raised lakes will be drawn down
through pumping or siphoning. Silt curtains will also be installed within the drawn
down lakes and downstream of the dykes before breaching activities are initiated.
The silt curtains will minimize the release of suspended sediment to downstream
channels. These curtains will remain in place until TSS concentrations between
the dyke and the silt curtains have been reduced below required levels.
Disturbance associated with the development of the dykes will also be minimized
by avoiding construction during the spring freshet when the potential for erosion
is highest.

Environmental design features and mitigation, such as silt curtains, restricting
breaching activities to low or no-flow periods, and undertaking monitoring during
breaching activities, will limit sediment resuspension and sedimentation. As a
result, localized, minor changes to water and sediment quality are expected.
Residual effects of dyke construction to fish and fish habitat in the diverted upper
watersheds are predicted to be negligible.

Despite the realignment of the B, D and E watersheds to Kennady Lake, fish
exclusion measures within the downstream channels will impede large-bodied
fish migration from the upper watersheds into Kennady Lake until Kennady Lake
is reconnected to Area 8.

Release of groundwater into the refilled Tuzo Pit may change groundwater quality
in the pit, and affect water quality and fish in Kennady Lake

Flooding of the Tuzo Pit basin (Tuzo Pit and unfilled portion of the 5034 Pit) with
fresh water will alter hydraulic gradients until new pressure and chemical
equilibriums are established, which are predicted to take more than 1,000 years.
The water quality within the talik that will reform directly under the refilled
Kennady Lake will initially be more dilute due to fresh water from the pit flowing
into the talik groundwater system. This will be expected to be a long-term effect.

Flooding of the backfilled and empty pit will be done in a controlled manner.
Once the pits are refilled, groundwater, with a higher salinity and density than
fresh water, may seep into the pit. The ingress of groundwater will be slow and
as pit filling continues, density stratification will develop where the lower-density
fresh water will float on top of the higher-density saline water. The hydrogeology
modelling (Section 11.6) indicates that fluid density gradients will create very little
flux and that reaching new equilibrium conditions with baseline groundwater
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chemistry will take a very long time. As a neutral hydraulic gradient is expected
between the groundwater and refilled Tuzo Pit basin, it is expected that there will
be no active movement of groundwater into Tuzo Pit.

The alteration to surface and deep groundwater regimes associated with Tuzo Pit
and the development of a density gradient within Tuzo Pit is expected to have a
negligible influence on groundwater quality in the pit, and surface water quality in
Kennady Lake. The strong density gradients and potential for chemocline
development will isolate the elevated TDS associated with deep groundwater in
the deeper zones of the pit. Therefore, residual effects to fish after the
reconnection of Kennady Lake to the upper watersheds and Area 8 are expected
to be negligible.

The long-term stability of the saline water at the bottom of the Tuzo Pit basin was
considered to be a primary effects pathway.

Pumping water from Lake N11 to Kennady Lake to supplement refilling may
change water and sediment quality in Kennady Lake, and affect aquatic health,
and fish

At the end of mine life, the water elevations in all water storage areas within
Area 1 to 7 will be lowered to 417.0 m by siphoning the water from Areas 3
and 5, Area 6 and Area 7 to the mined-out Tuzo Pit. It is estimated that the total
volume of water required to raise the water elevation in the entire lake area,
including Areas 1 to 7 and the mined-out pits, to the original Kennady Lake
elevation of 420.7 m will be 56.0 Mm®. To reduce the time required to refill
Kennady Lake, the closure Water Management Plan requires annual
supplemental pumping of water from Lake N11 to Area 3. The average annual
volume of water that can be pumped from Lake N11 has been estimated to be
3.7 Mm?® per year, which represents no more than 20% of the normal annual flow
from Lake N11. The required filling time is estimated to be approximately eight
years of both pumping from Lake N11 and natural surface runoff accumulation.
Natural surface runoff flows to Kennady Lake are much smaller in volume, such
that it would take about 15 to 16 years to fill the lake using natural inflow alone.
Groundwater inflow rates to the open pits will be small.

The water quality of the water pumped from Lake N11 to supplement the
Kennady Lake refilling will be consistent with that measured in Kennady Lake
during existing conditions. Any variability in water quality of the flows from Lake
N11 will be within the natural range of variability reported for Kennady Lake.

The water quality in Kennady Lake at closure will possess a higher total
dissolved solids concentration than the diverted inflows from Lake N11. The
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process of supplementing the natural refilling from watershed inflows will provide
dilution potential to Kennady Lake.

During refilling, Kennady Lake will remain close circuited. Pumping water from
Lake N11 to Kennady Lake to supplement refilling is expected to have a
measurable influence on water quality because it will result in dilution of the
water retained in Area 3, and Kennady Lake. This change is positive and as a
result, residual effects to water quality from the pumping of supplemental water
from Lake N11 are predicted to be negligible. Prior to the reconnection of
Kennady Lake to Area 8, there will not be fish in the Areas 3 through 7.

The long-term water quality of Kennady Lake after refilling and effects to fish as a
result of the Project is a primary effects pathway.

Release of sediment into Areas 7 and 8 during the removal of Dyke A may change
water and sediment quality, and affect fish habitat and fish

Suspended sediment concentrations in Area 8 and the refilled areas of Kennady
Lake will be minimized by the use of silt curtains. Using appropriate design
criteria, silt curtains would be installed upstream and downstream of the dyke
before breaching Dyke A, and would be maintained until the entire dyke is
removed and habitat underneath the dyke has been replaced. With this
environmental design feature in place, sediment re-suspension and
sedimentation in Areas 7 and 8 are anticipated to result in minor changes to
water quality and fish habitat, which will be localized and temporary. As such
residual effects to fish in Area 8 will be negligible.

Underwater noise and vibrations during the breaching and removal of Dyke A may
affect fish

The noise and vibration disturbance from removing Dyke A in Area 8 will have a
negligible effect on fish, as Dyke A will be breached and removed using heavy
machinery, such as long-armed backhoes. Only if necessary will explosives be
used.

Underwater noise will be generated by the removal of boulders and any crushing
of rock or concrete by heavy machinery to facilitate the dyke breaching.
However, noise levels and vibrations from these sources are expected to be low.
Mann et al. (2009) found that activities associated with diamond exploration,
such as under-water drilling (46 dB higher than ambient noise levels), helicopter
hovering (60 dB higher than ambient), and walking on ice (30 dB higher than
ambient) all produced noise in Kennady Lake greater than ambient at a control
site. However, all anthropogenic (man-made) noises fell within the range of
natural background noise (44 dB to greater than the 105 dB spectrum level in the
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200 to 300 hertz [Hz] band) in Kennady Lake. Most of the anthropogenic sounds
measured were considered to be only detectable by fish species with specialized
hearing adaptations, such as chub and suckers (Mann et al. 2009). There is the
potential impact that anthropogenic noise of this type may mask natural sounds
for these species (Mann et al. 2009).

As a result, lake chub are likely to be the only fish species present in Area 8 able
to hear noises generated by excavation of Dyke A. The masking of natural
sounds could potentially make lake chub more susceptible to predation or reduce
their feeding efficiency. However, this will have a negligible effect on lake chub
in Area 8 because the breaching and removal of Dyke A will not be continuous
(i.e., only occur during the day shift) and disturbance duration is not expected to
extend beyond one month. Fish will also have the ability to move away from the
noise and continue to seek cover in the boulders along the shoreline. The
abundance of predators (i.e., lake trout, burbot, and northern pike) in Area 8 at
closure is also likely to be lower than pre-disturbance conditions.

Noise disturbance as a result of the breaching and removal of Dyke A will be
limited to fish present in Area 8, because fish are not expected in Kennady Lake
upstream of the dyke before its removal. The disturbance to fish in Area 8 is
anticipated to be minor, while being localized to the construction area and limited
to the period of time to complete the breaching and removal activities.
Consequently, residual effects to fish in Area 8 will be negligible.

Reconnection of Areas 3 to 7 with Area 8 may change water flows and water levels
in Area 8, and affect fish habitat and fish

When Kennady Lake and Area 8 are reconnected, water levels in Area 8 will
increase slightly from the operations and closure period, i.e., an annual average
water level increase of approximately 0.08 m. This predicted water level in the
post-closure phase is approximately 0.03 m below baseline conditions, due to
changes in Kennady Lake and the A sub-watershed. This minor change in water
level is within the natural variability of the Area 8, and as a result, changes to fish
habitat relative to baseline conditions are anticipated to be minor. Residual
effects to fish in Area 8 are predicted to be negligible.

Removal of Dyke A will change fish migration through the Kennady Lake
watershed

Once Kennady Lake is refilled and water quality conditions meet specific criteria,
Dyke A will be breached and removed to allow for the reconnection of the lake
with Area 8. It is expected that after removal of Dyke A, migrant fish will be enter
the refilled portions of Kennady Lake from Area 8, which is expected to contain
residual populations of lake chub, slimy sculpin, ninespine stickleback and
burbot. Fish from the watershed downstream of Area 8, such as Arctic grayling,
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will also be able to migrate into Kennady Lake. Habitat under Dyke A will be
replaced with similar large boulders, and the width and average depth of the
narrows between Areas 7 and 8 will be similar to what currently exists in the lake
(70 m and 2.5 m, respectively). As a result, fish will be able to migrate through
the narrows between Areas 7 and 8 as they were before the Project.
Consequently, residual effects to fish will be negligible.

Restocking Kennady Lake with fish from other local lakes may change brood-
stock fish population in the Kennady Lake watershed and affect genetics or
parasites of fish in Kennady Lake

After water quality in the refilled Kennady Lake is suitable for aquatic life, and a
self-sustaining low trophic community has established, including round whitefish,
benthic invertebrates, phytoplankton, and zooplankton, lake trout may be
transplanted into Kennady Lake from other lake sourced. Potential donor lakes
for lake trout for stocking Kennady Lake would be Lake 410 or Kirk Lake, which
would maximize the likelihood of transferring fish with similar genetic composition
as the lake trout in the Kennady Lake watershed. Stocking success is increased
if the source population has genetic traits that have adapted it to similar habitat
present in the lake to be stocked (Powell and Carl 2004).

A re-stocking plan for Kennady Lake will be required to include genetic analyses
of lake trout in Kennady Lake before drawdown and from lake trout in candidate
donor lakes to determine which lakes would provide the closest genetic match to
lake trout in Kennady Lake. Genetic analyses of progeny from transplanted fish
in Kennady Lake will also be conducted.

Fish will not be considered for transfer from any donor lake where the condition
of lake trout is poor (e.g., low weight to length ratio, evidence of heavy parasite
loading). This will ensure that potentially diseased or parasitized fish are not
transferred to Kennady Lake.

Restocking Kennady Lake with fish from other lakes within the LSA is expected
to result in minor changes to the genetic makeup of the lake trout population
relative to baseline conditions. As a result of the upper watershed diversion and
fish salvage prior to operations, lake trout would have been completely removed
from Kennady Lake upstream of Area 8, and the assumption has been made that
Area 8 would not support a self-sustaining population of lake trout during the
mine operation. Lake trout that migrate to Kennady Lake after reconnection with
the upper watershed and Area 8 (e.g., from Lake 11 and other lakes) may
possess slightly different genetics from lake trout that were established in
Kennady Lake prior to salvage, primarily because of the length of time between
the initial fish salvage, isolation and reconnection of Kennady Lake
(i.e., approximately 20 years). As a consequence, restocking of Kennady Lake
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with lake trout after reconnection with the upper watershed and Area 8 is
predicted to result in negligible residual effects to fish.

Restocking Kennady Lake with fish to establish the fish community structure to
aid in the recovery of the aquatic ecosystem in Kennady Lake is discussed in
Section 8.11.

8.6.2.8 Primary Pathways for Effects from Closure

The remaining pathways for water quality and fish in Kennady Lake and its
watershed during closure are classified as primary and are carried forward as
effects statements (Table 8.6-5) to be assessed in the effects analysis sections
(Sections 8.7 to 8.12).
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Table 8.6-5  Effects Statements for Water Quality and Fish during Closure
Discipline Project Activity Pathway Effects Statement
Hydrology reclaimed Project footprint the Project may change the long-term change hydrology in the Long-term effects of mine development to

Kennady Lake watershed

hydrology of Kennady Lake

removal of the temporary
diversion dykes in the B, D,
and E watersheds

removal of dykes may change flows, water levels, and channel/bank
stability in streams and small lakes in the B, D, and E watersheds,
changes to water levels in Lakes D2, D3, and E1 may lead to
shoreline erosion, re-suspension of sediments and sedimentation

Effects of temporary dyke removal to flows, water
levels and channel/bank stability in Kennady Lake

refilling of Kennady Lake

continued isolation of Area 8 during refilling and recovery period
may change surface water flows, water levels and water quality in
Area 8, which may affect fish and fish habitat

Effects of diversion of flows, water levels and
channel/bank stability in Area 8

Effects of refilling activities on flows, water levels
and channel/bank stability in Areas 3, 4,5, 6 and 7

Water Quality

refilling of Kennady Lake

co-mingling of water in Tuzo Pit with water in Areas 3 to 7 during
refilling may change water quality in Kennady Lake, and delay
ecosystem recovery

Long-term effects of changes to pit water quality on
the stability of meromictic conditions in the Tuzo Pit
basin

release or generation of mercury, nutrients, or other substances into
Areas 3 to 7 from flooded sediments and vegetation during refilling
of Kennady Lake may change water quality

release of saline water from the Tuzo Pit to surface waters of
Kennady Lake may change water quality

breaching Dyke A to
reconnect Kennady Lake
with Area 8

reconnection of Areas 3 to 7 with Area 8 may change water quality
in Area 8

mine rock and coarse PK
piles

seepage and runoff from the mine rock and coarse PK piles may
change water quality in Kennady Lake after refilling

Fine PKC facility

seepage through filter dyke from the Fine PKC Facility after refilling
may change water quality in Kennady Lake

full or partial backfilling of
Hearne Pit with processed
kimberlite

seepage from backfilled PK material in pits may change water
quality in Kennady Lake

Effects of Project activities to water quality in
Kennady Lake and Area 8 during and after refilling

Aquatic Health

breaching Dyke A to
reconnect Kennady Lake
with Area 8

altered water quality in Kennady Lake and Area 8 resulting in
changes to aquatic health to waterbodies within the Kennady Lake
watershed

Effects of water quality changes to aquatic health in
waterbodies within the Kennady Lake watershed
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Table 8.6-5  Effects Statements for Water Quality and Fish during Closure (continued)
Discipline Project Activity Pathway Effects Statement
Fish and Fish reclaimed Project Footprint development of fish habitat compensation works to account for Effects of Project closure and post-closure
Habitat HADD associated with the Project activities to fish and fish habitat in Kennady Lake,

removal of the temporary
diversion dykes in the B, D
and E watersheds

changes to flow paths, water levels and lake areas in the B, D and
E watersheds may change lower trophic levels, fish communities
and migration

refilling of Kennady Lake

continued isolation of Area 8 during refilling may affect fish
populations

post-closure activities

changes to water quality in Area 8 may change lower trophic
communities, fish habitat, and fish communities

changes to aquatic health may affect fish populations and
abundance

and streams and lakes within the Kennady Lake
watershed

De Beers Canada Inc.




Gahcho Kué Project 8-249 December 2010
Environmental Impact Statement

Section 8

8.7 EFFECTS TO WATER QUANTITY

The pathway analysis presented in Section 8.6 considered potential pathways for
effects to hydrology in Kennady Lake and the Kennady Lake watershed. A
summary of the primary pathways by which changes to water quantity could
occur during construction and operations is presented in Table 8.7-1, and during
closure in Table 8.7-2.

Section 8.7.1 provides an overview of the methodology used to develop the
hydrology predictions within Kennady Lake and the Kennady Lake watershed
during construction and operations, followed by a discussion of the results of the

effects analysis in Section 8.7.3.

Table 8.7-1

Watershed during Construction and Operations

Valid Pathways for Effects to Water Quantity in the Kennady Lake

Project Activity

Pathway

Effects Statement

Effects
Addressed

Project footprint (e.g., dykes,
mine pits, mine rock and coarse
PK piles, Fine PKC Facility,
access roads, mine plant,
airstrip)

reduction in watershed areas
may change flows, water levels,
and channel/bank stability in
streams and small lakes in the
Kennady Lake watershed

Effects of mine rock and coarse
PK piles and Fine PKC Facility
to flows, water levels and
channel/bank stability in streams
and smaller lakes in the
Kennady Lake watershed

Section 8.7.3.1

Dewatering of Kennady Lake

dewatering of Area 7 to Area 8
may change flows, water levels,
and channel/bank stability in
Area 8

Effects of dewatering Kennady
Lake to flows, water levels and
channel/bank stability in Area 8

Section 8.7.3.2

Isolation and diversion of upper
Kennady Lake watersheds

changesin A, B, D and E
watershed areas and flow paths
may change flows, water levels,
and channel/bank stability in the
Kennady Lake watershed

shoreline erosion, re-suspension
of sediments and sedimentation
may change due to changes in
water levels in Lakes A3, D2,
D3, and E1

Effects of watershed diversions
in watersheds A, B, D and E to
flows, water levels and
channel/bank stability in streams
and smaller lakes in the
Kennady Lake watershed

Section 8.7.3.3

PKC = processed kimberlite containment.
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Table 8.7-2

Watershed during Closure

Valid Pathways for Effects to Water Quantity in the Kennady Lake

Project Activity

Pathway

Effects Statement

Effects
Addressed

Refilling of Kennady Lake

continued isolation of Area 8
during refilling and recovery
period may change surface
water flows, water levels and
water quality in Area 8, which
may affect fish and fish habitat

Effects of refilling activities on
flows, water levels and
channel/bank stability in Areas
3,4,5,6,and 7

Section 8.7.4.1

Effects of diversion of flows,
water levels and channel/bank
stability in Area 8

Section 8.7.4.2

Removal of the temporary
diversion dykes in the B, D and
E watersheds

removal of dykes may change
flows, water levels, and

channel/bank stability in streams

and small lakes in the B, D, and
E watersheds, changes to water
levels in Lakes D2, D3, and E1
may lead to shoreline erosion,
re-suspension of sediments and
sedimentation

Effects of temporary dyke
removal to flows, water levels
and channel/bank stability in
Kennady Lake

Section 8.7.4.3

Reclaimed Project footprint

the Project may change the
long-term change hydrology in
the Kennady Lake watershed

Long-term effects of mine
development to hydrology of
Kennady Lake

Section 8.7.4.4

Section 8.7.2 provides an overview of the methodology used to develop the
hydrology predictions within Kennady Lake and the Kennady Lake watershed

during closure,

Section 8.7.4.

8.7.1

Operations

8.7.1.1

Water Balance Model

followed by a discussion of effects analysis

Effects Analysis Methods — Construction and

results in

A water balance model was set up using GoldSim™ software on a daily time step
for the period of 1950 to 2005. This time period was selected to allow use of the
long-term climate data derived for the site. The Kennady Lake watershed was
divided into watersheds, including Kennady Lake, its tributaries, and land area
adjacent to the lake.

The water balance for each watershed considered rainfall and snowmelt runoff,
inflow from upstream watersheds, changes in lake storage, lake evaporation, and
outflow to downstream watersheds. The model incorporated runoff coefficients
from land surfaces, lake outlet stage-discharge rating curves, and degree-day
models for snowmelt and spring ice melt in outlet channels. These parameters
were used to calibrate the model using site-specific data collected in 2004 and
2005.
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The baseline water balance model described in Annex H was modified to model
the effects on Kennady Lake during construction and operations. The following
changes were made to the water balance model:

e Areas 2, 3, 4,5, 6 and 7 were isolated from Area 8 of Kennady Lake,
due to the presence of Dyke A during construction and operations;

e runoff from watershed A, upstream of the Lake A3 outlet, was
permanently diverted out of the Kennady Lake watershed due to the
presence of Dyke C during Operations;

e watershed A, in Area 1 downstream of the Lake A3 outlet, was treated
as land area due to the establishment of the Fine PKC Facility during
Operations;

e runoff from watershed B was diverted out of the Kennady Lake
watershed due to the presence of temporary Dyke E during Operations;

o runoff from watershed D, upstream of the Lake D2 outlet, was diverted
out of the Kennady Lake watershed due to the presence of temporary
Dyke F during Operations; and

o runoff from watershed E, upstream of the Lake E1 outlet, was diverted
out of the Kennady Lake watershed due to the presence of temporary
Dyke G during Operations.

During Construction, dewatering will discharge approximately half the volume in
Areas 2, 3, 4, 5, 6 and 7 of Kennady Lake to Lake N11 and to Area 8 of Kennady
Lake. Dewatering discharges to Area 8 will be managed to prevent downstream
erosion or geomorphological changes. The Dewatering model was set up such
that:

e pumping began on June 1 of each year;

e the pumping rate was limited to ensure that the total of natural and
diverted discharge will not exceed the 2-year (median) maximum daily
flow rate at Area 8 (114,000 m%d) and will not exceed 500,000 m%/d at
the Lake N11 outlet, and that no pumping occurred when natural flows
exceeded that rate;

e water was pumped from Kennady Lake Areas 2, 3, 4, 5, 6 and 7 until
half the initial volume remains (about 17.6 Mm?®); and

¢ runoff from Kennady Lake Areas 2, 3, 4, 5, 6 and 7 and their tributaries
was accounted for in the model.

During Operations, Areas 2, 3, 4, 5, 6 and 7 of Kennady Lake will continue to be
separated from Area 8, and the volume remaining in Kennady Lake will be kept
constant by pumping any excess capacity in the Water Management Pond
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(WMP, Areas 3 and 5) to Lake N11, subject to the same discharge limits. Inflows
to Area 8 will be limited to natural runoff from its adjacent watersheds (i.e., Ke, H,
| and J watersheds).

8.7.1.2 Analysis

For each modelling scenario, the time series of temperature and precipitation
was imposed on the water balance model for the entire 56-year modelling period.
The resulting time series of flows at key nodes, including Area 8, were subject to
frequency analysis to determine median flows and those for 5-, 10-, 20-, 50- and
100-year wet and dry conditions. Values were calculated for monthly mean daily
outflow volumes as well as representative flows including 1-, 7-, and 14-day peak
flows and 30-, 60-, and 90-day low flows. These simulated discharges are
presented in figures and tables.

Effects on Kennady Lake tributary watersheds were evaluated by quantifying
changes to watershed areas and using water balance components to determine
the corresponding changes to mean annual water yields and lake water surface
elevations.

Effects on channel and bank stability were evaluated qualitatively by identifying
changes relative to baseline and the corresponding monitoring and mitigation
methods to be applied.

8.7.2 Effects Analysis Methods — Closure

8.7.2.1 Water Balance Model

The baseline water balance model referred to in Section 8.7.1.1, and described
in Annex H (Climate and Hydrology Baseline), was modified to represent
changes to Area 8 of Kennady Lake and downstream watersheds during closure
and refilling.

To model the effects on Kennady Lake and downstream watersheds at closure,
the following changes were made to the water balance model:

e Areas 2, 3, 4,5, 6 and 7 were isolated from Area 8 of Kennady Lake;
and

e operational diversions of watersheds B, D and E were removed and
runoff to Areas 3 to 7 of Kennady Lake was restored.
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Two refilling scenarios were modelled, to evaluate the Base Case scenario and
one alternative:

e The Base Case scenario involved refilling Kennady Lake with runoff
from the reconnected Kennady Lake watershed with supplemental
diversion from Lake N11 to Kennady Lake Areas 3, 4, 5, 6 and 7 to
reduce the refill time.

e The No Pumping scenario involved refilling Kennady Lake only with
runoff from the Kennady Lake watershed, with no diversions from the
adjacent watershed.

The Base Case is intended to represent conditions during refilling, including the
effects of planned mitigation (pumped diversion from Lake N11). The No
Pumping scenario is intended to demonstrate the positive effect of the mitigation
provided in the Base Case scenario.

The refilling approach involved diverting water from Lake N11 to refill Kennady
Lake, while leaving enough flow to prevent adverse downstream effects in the N
watershed (i.e., Lake N11). The diversion criterion was to allow flow to be
diverted for refilling while maintaining a minimum Lake N11 outflow equal to the
5-year dry flow condition (refer to Section 9.10). The model was set up as
follows:

e diversion occurred within a 6-week period centred in June and July;

e if the annual flow from Lake N11 was greater than the 5-year dry flow,
the difference in volume was diverted over the 6-week period; and

o if the annual flow was less than the 5-year dry flow, no water was
diverted.

The No Pumping scenario was identical to the baseline water balance model,
except Area 8 was separated from the other areas of Kennady Lake.

8.7.2.2 Monte Carlo Simulation

The water balance model was used in conjunction with a Monte Carlo simulation
to develop probability-based estimates of the refill times for each of the two
scenarios. Output from the water balance model was used to develop probability
distributions that generate inflows into the Monte Carlo simulation. These
outputs included annual water yield from Lake N11 and the Areas 3 to 7 of
Kennady Lake. Refilling was modelled in stages that considered pit and lake
refilling.

De Beers Canada Inc.



Gahcho Kué Project 8-254 December 2010
Environmental Impact Statement

Section 8

8.7.2.3

8.7.3

8.7.3.1

Annual water yields at Kennady Lake and Lake N11 were arranged statistically in
bins, showing that each data set was normally distributed (normal distribution
using a mean and a standard deviation). Statistical parameters were
approximated in Microsoft Excel. The normal distributions both fit the data well
and were available for use with the GoldSim software used for the water balance
model.

The Monte Carlo simulation was performed for the Base Case scenario as well
as for the No Pumping scenario. Inflows to the model were set up as probability
distributions of annual volumes, which were sampled each year to obtain annual
values. The entire system was simulated 2,500 times (realizations), generating
multiple numbers of refilling times and allowing probabilities to be assigned.

The Monte Carlo simulation for the Base Case scenario sampled the water yield
distributions for the natural Kennady Lake watershed, the dry pit and lake areas,
and the Lake N11 outflow distribution each year. The Monte Carlo simulation for
the No Pumping scenario considered only runoff from the natural Kennady Lake
watershed, as well as dry pit and lake areas.

Analysis

The analysis approach for closure is identical to that described in Section 8.7.1.2.

Effects Analysis Results — Construction and Operations

Effect of Project footprint (dykes, mine pits, mine rock and
Coarse PK piles, Fine PKC Facility, access roads, mine plant
and airstrip) on Flows, Water Levels and Channel/Bank
Stability in Streams and Smaller Lakes in the Kennady Lake
Watershed

8.7.3.1.1 Project Activities

Project Surface Infrastructure

Project surface infrastructure, aside from the Fine PKC Facility, Coarse PK Pile,
South Mine Rock and West Mine Rock piles and watershed diversions, includes
the camp and plant site, processing facilities, sewage treatment plant, explosives
management facilities, airstrip and site roads.

The camp site will include an accommodations complex, administration offices,
maintenance complex, warehouse, power plant and storage facilities for oil, fuel
and de-icing fluid. The plant will include processing facilities for crushing,
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screening, concentration, diamond recovery and disposal of fine and coarse PK.
The camp, plant and sewage treatment plant will be located in Area 6 and
Area 7.

Explosives management facilities will include explosives magazines, ammonium
nitrate storage and an emulsion plant. These will be located in Area 1, to the east
of the Fine PKC Facility.

The Airstrip will be located across Kennady Lake from the camp and plant
facilities, in Area 7 and Area 8. It will be accessed via a causeway on top of
Dyke A. The airstrip will include an aviation fuel storage tank incorporating spill
prevention features and mobile de-icing equipment.

Site service and dedicated haul roads will be constructed throughout the
Kennady Lake watershed to provide land access to mine infrastructure. These
will be developed using compacted granular fill over general fill material. Road
grades will generally be limited to 8%, and will provide for two 4 metre (m) wide
lanes with 1 m wide shoulders, except for roads to outlying portions of the mine,
which may be provided with one 4 m wide lane with 0.5 m shoulders.

Mine Rock Piles

The South Mine Rock Pile, with an ultimate footprint area of 0.778 square
kilometres (kmz), will be developed starting in Year -2 on the south side of
Kennady Lake. This will occupy portions of the bed of Area 6 and local tributary
watersheds Kc and F.

The West Mine Rock Pile, with an ultimate footprint area of 0.789 km?, will be
developed starting in Year 3 on the west side of Kennady Lake. This will occupy
portions of the bed of Kennady Lake Area 5 and local tributary watershed Ka.

Water from the mine rock piles will be managed to remain within the mine closed-
circuited area and will be conveyed by constructed ditches or by natural drainage
paths, where appropriate, to the WMP (Areas 3 and 5).

Coarse PK Pile

The Coarse PK Pile, with an ultimate footprint area of 0.323 km?, will be
developed starting in Year 1 on land in Area 4. During the latter part of
Operations, coarse PK will be used as reclamation cover for the Fine PKC
Facility or placed in open pits.
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Fine PKC Facility

The Fine PKC Facility, with an ultimate footprint area of 1.554 km?, will be
developed starting in Year -1 on the northeast side of Kennady Lake. This will
occupy portions of the bed of Area 2 and local tributary watersheds Ka and A
(Area 1). In Year 1 and 2, fine PK will be deposited in Area 1, followed by
deposition in Area 2 in Years 3 to 8. After that time, fine PK will be deposited in
the mined-out Hearne Pit. The Fine PKC Facility will ultimately be capped with
coarse PK and mine rock.

8.7.3.1.2 Residual Effects

Project Surface Infrastructure
Plant and Camp

The camp and plant areas will have a footprint of approximately 0.333 km?, and
will be located primarily in Watersheds Kb (0.261 km?) and Kd (0.047 km?), with a
small footprint in the upland area of Watershed | (0.024 km? or 3% of the
watershed area of 0.746 km? Watershed 1). Water flows will be managed within
these areas, with natural drainage patterns used, where practical, to minimize the
use of ditches or diversion berms. Runoff will be conveyed to the WMP (Areas 3
and 5).

Airstrip

The airstrip will be located about 1 km southeast of the plant site on the opposite
side of Kennady Lake, in watersheds Kd, Ke, and H. It will have a total surface
area of 0.15 km?® Runoff from about 50% of the airstrip (eastern portion) will be
conveyed to Area 8 via natural drainage paths. Runoff from the remainder
(western portion) will be conveyed to Area 8 via natural and enhanced drainage
paths. Sediment traps (e.g., filter cloth silt fences) will be installed to intercept
sediment and will be cleaned out as required.

Explosives Management

Explosives management facilities have a footprint of approximately 0.025 km?,
and will be located in Watersheds Ka (0.023 km?), Kb (0.019 km?) and A (0.006
km?). Water flows will be managed within these areas, with natural drainage
patterns used, where practical, to minimize the use of ditches or diversion berms.
Runoff will be conveyed to the WMP.

Access Roads

Runoff from access roads within the mine closed-circuited area will be conveyed
to the WMP using natural drainage patterns, where practical, to minimize the use
of ditches or diversion berms. Watercourse crossings will be constructed using
culverts or rock drains to prevent upstream ponding and flows across the road
surface.
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A summary of effects on flows, water levels, and channel/bank stability is
provided below:

e Effects on flows:

— Tributaries to Areas 2 to 7 of Kennady Lake that include Project
infrastructure and are not assessed elsewhere include watersheds A,
Ka, Kb and Kd. All runoff from these watersheds will be conveyed to
the WMP by the site water management system.

— Tributaries to Area 8 that include Project infrastructure and are not
assessed elsewhere include watersheds H, I, and Ke. All
infrastructure within these watersheds will be free-draining and no
measurable effect on the quantity of inflow to Area 8 of Kennady
Lake is anticipated.

o Effects on water levels:

— No measurable hydrological effects are anticipated on any
waterbodies due to the Project infrastructure discussed in this
section.

e Effects on channel/bank stability:

— No effects on natural channel or bank stability are anticipated, as no
natural lakes will be affected, and constructed ditches will
incorporate erosion and sediment control measures.

Mine Rock Piles

The South Mine Rock Pile will be located in Area 6 of Kennady Lake, which is
located within the closed-circuit site water management system. Besides land
areas, the South Mine Rock Pile footprint of 0.778 km? will cover the existing
Lake F1 outlet channel and a portion of the bed of Kennady Lake. Watersheds
and basins affected, and the associated area of the South Mine Rock Pile, are
summarized below and in Table 8.7-3:

e Area 6 of Kennady Lake: The South Mine Rock Pile will occupy
0.506 km? of the 1.778 km? land and lake area of Area 6.

e Watershed Kc: The South Mine Rock Pile will occupy 0.254 km? of the
1.695 km? land area in watershed Kc. All of the area occupied by the
mine rock pile drains directly to Kennady Lake under baseline
conditions, with no defined waterbodies.

e Watershed F: The South Mine Rock Pile will occupy 0.018 km? of the
0.300 km? watershed F. This includes the lower portion of the Lake F1
outlet channel, which drains directly to Kennady Lake under baseline
conditions. Lake F1 (0.039 km?) will not be disturbed, and its outflow
will be diverted around the South Mine Rock Pile via a constructed
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diversion channel or natural watercourses with appropriate erosion
control measures.

The West Mine Rock Pile will be located in Area 5 of Kennady Lake, which is
located within the closed-circuit site water management system. Besides land
areas, the South Mine Rock Pile footprint of 0.789 km? will cover the existing
Lake Kal and its outlet channel, and a portion of the bed of Kennady Lake.
Watersheds and basins affected, and the associated area of the South Mine
Rock Pile, are summarized below and in Table 8.7-3:

e Area 5 of Kennady Lake: The West Mine Rock Pile will occupy
0.348 km® of the 2.448 km® watershed associated with the WMP
(Areas 3 and 5).

e Watershed Ka: The West Mine Rock Pile will occupy 0.441 km? of the
1.695 km® Ka watershed area that drains to Kennady Lake. Some of this
area drains directly to Kennady Lake under baseline conditions, with the
remainder draining through Lake Kal (0.009 km?) and its outlet channel.
Lake Kal and its outlet channel will be completely covered by the West
Mine Rock Pile and upstream flow will be diverted to Kennady Lake via
a constructed diversion channel or natural watercourses with
appropriate erosion control measures.

Mine rock will also be used to cap the Fine PKC Facility and the Coarse PK Pile,
and effects are addressed in the discussion of those facilities in the following,
sub-sections.

Table 8.7-3 Effects of Mine Rock Piles on Watershed Areas

Watershed/ Watershed Area/ Lake
Mine Rock Pile Lake Area Description Lake Area Area
(km?) (%)
existin 1.778 100
Kennady Lake Area 6 g - - =
construction and operations 1.272 100
existing 1.695 0.0
South Kc - -
construction and operations 1.441 0.0
E existing 0.300 13.0
construction and operations 0.282 13.8
Kennady Lake Area 3 and 5 existing 2:448 100
West y construction and operations 2.100 100°
Ka existing 2.237 0.4
construction and operations 1.796 0.0

@ This portion of Kennady Lake will be dewatered during construction and operations.

®  This portion of Kennady Lake will be partially dewatered and refilled during construction and operations.

km? = square kilometres; % = percent.
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During construction and operations, it is estimated that direct precipitation to the
mine rock piles will collect and freeze in interstices in the stored mine rock and
that the mean annual water yield from the mine rock pile will be about 116 mm,
or about half of that for natural vegetated land surfaces.

A summary of effects on flows, water levels and channel/bank stability is
provided below:

e Effects on flows:

— The mine rock piles will be located entirely within the mine closed-
circuited area and all drainage will be managed as part of the closed-
circuit site water management system.

e Effects on water levels:

— Lake F1 will not be affected by the South Mine Rock Pile. A small
portion (6%) of the tributary area to its outlet channel, downstream of
Lake F1, will be occupied by the South Mine Rock Pile

— Lake Kal and its outlet channel will be covered by the West Mine
Rock Pile.

e Effects on channel/bank stability:

— No effects on natural channel or bank stability are anticipated,
because runoff around the mine rock pile perimeters and in the
diverted Lake F1 outlet channel will be managed to prevent channel
erosion.

Coarse PK Pile

The Coarse PK Pile will be located in Area 4 of Kennady Lake, which is located
within the closed-circuit site water management system. Besides land areas, the
Coarse PK Pile footprint of 0.323 km? will cover Lake Kb4 and its outlet channel,
and a portion of the bed of Kennady Lake. Watersheds and lake areas affected,
and the associated area of the Coarse PK Pile, are summarized below and in
Table 8.7-4:

e Area 4 of Kennady Lake: The Coarse PK Pile will occupy 0.006 km? of
the 0.762 km? Area 4 of Kennady Lake.

e Watershed Kb: The Coarse PK Pile will occupy 0.316 km? of the
1.375 km® Kb watershed area that drains to Kennady Lake. Some of this
area drains directly to Kennady Lake under baseline conditions, with the
remainder draining through Lake Kb4 (0.010 km?) and its outlet channel.
Lake Kb4 and its outlet channel will be completely covered by the
Coarse PK Pile and flow from upstream will be diverted to Kennady
Lake via a constructed diversion channel or natural watercourses with
appropriate erosion control measures.
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Table 8.7-4  Effects of Coarse PK Pile on Area 4
Watershed/ I Watershed/ % Lake
Description Lake Area
Lake Area 2 Area
(km?)
Kennady Lake |baseline area 0.762 100.0
Area 4 Coarse PK Pile footprint 0.006 100.0
area unaffected by Coarse PK Pile footprint 0.756 100.0
Watershed Kb |baseline area 1.375 4.1
Coarse PK Pile footprint 0.316 3.1
area unaffected by Coarse PK Pile footprint 1.059 4.4

kmzzsquare kilometres; % = percent; PK = processed kimberlite.

A summary of effects on flows, water levels, and channel/bank stability is
provided below:

o Effects on flows:

— All runoff from the Coarse PK Pile will be located entirely within the
mine closed-circuited area and all drainage will be managed as part
of the closed-circuit site water management system.

o Effects on water levels:

— Construction and operation of the Coarse PK Pile will result in the
permanent loss of Lake Kb4 as a waterbody, with a lake area of
approximately 0.010 km?.

e Effects on channel/bank stability:

— No effects on natural channel or bank stability are anticipated, due to
construction of the Coarse PK Pile. Runoff from the facilities and
upstream areas will be managed with internal and perimeter ditches
to prevent channel erosion.

Fine PKC Facility

The Fine PKC Facility will be located in Areas 1 and 2 of Kennady Lake, which
are located within the closed-circuit site water management system. Besides land
areas, the Fine PKC Facility footprint of 1.554 km? will cover Lake Al and its
outlet channel, Lake A2 and its outlet channel, and a portion of the bed of
Kennady Lake (Area 2). Watersheds and lake areas affected, and the associated
footprint area of the Fine PKC Facility, are summarized below and in Table 8.7-5:

o Area 2 of Kennady Lake: The Fine PKC Facility will occupy 0.584 km? of
Area 2 (0.626 km?). Dyke L will occupy an additional 0.042 km? of
Area 2 of Kennady Lake. The lake area of Area 2 will be completely
filled.
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Watershed Ka: The Fine PKC Facility will occupy 0.100 km? of the
2.237 km® land area in watershed Ka. All of the area occupied by the
Fine PKC Facility drains directly to Kennady Lake under baseline
conditions, with no defined waterbodies. Dykes D, E and L will occupy
an additional 0.028 km? of land area in watershed Ka.
Watershed A: The Fine PKC Facility will occupy 0.492 km? of the
1.593 km® land area in watershed A, and will also completely cover
Lakes A1, A2, A5 and A7, with a total lake area of 0.378 km?, for a total
footprint of 0.870 km?. Dyke C will occupy an additional 0.019 km? of
land area and 0.001 km? of lake area in Watershed A. The upper
watershed, including Lake A3, will be diverted to the N lakes watershed,
and this is discussed in Section 8.7.3.3.
Seepage water from the Fine PKC Facility will flow towards Area 2, where it will
seep through the permeable Dyke L into the WMP. This will include runoff from
undisturbed portions of the Area 2 (Watershed Ka) upland.
Table 8.7-5  Effects of Fine PKC Facility on Area 1 and Area 2
VI\_/ZLeerZr;gg/ Description Watershg(dnlql_zse\ke Area % Lake Area
Kennady Lake |baseline area 0.626 100.0
Area 2 Fine PKC Facility footprint 0.584 100.0
Dyke L footprint 0.042 100.0
area unaffected by Fine PKC Facility footprint 0.000 100.0
Watershed Ka |baseline area 2.246 0.4
Fine PKC Facility footprint 0.100 0.0
Dyke D, E and L footprint 0.028 0.0
area unaffected by Fine PKC Facility footprint 2.118 0.4
Watershed A |baseline area 2.237 28.8
Fine PKC Facility footprint 0.870 43.4
Dyke C footprint 0.020 5.0
area unaffected by Fine PKC Facility footprint 0.840 28.7
area diverted to L watershed 0.507 5.0

kmzzsquare kilometres; % = percent; PKC = processed kimberlite containment.
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A summary of effects on flows, water levels, and channel/bank stability is
provided below:

e Effects on flows:

—  All runoff from the Fine PKC Facility will be located entirely within the
mine closed-circuited area and all drainage will be managed as part
of the closed-circuit site water management system.

e Effects on water levels:

— Construction and operation of the Fine PKC Facility will result in the
permanent loss of Kennady Lake Area 2 as a waterbody, with a lake
area of approximately 0.626 km?. It will also result in the permanent
loss of lakes A1, A2, A5 and A7 and outlet channels, with a total lake
area loss of approximately 0.379 km?.

e Effects on channel/bank stability:

— No effects on natural channel or bank stability are anticipated, due to
construction of the Fine PKC Facility. Runoff from the facilities and
upstream areas will be managed with internal and perimeter ditches
to prevent channel erosion.

8.7.3.2 Effects of Dewatering of Kennady Lake to Flows, Water
Levels and Channel/Bank Stability in Area 8

8.7.3.2.1 Project Activities

Kennady Lake Areas 2, 3, 4, 5, 6, and 7 will be partially or completely dewatered
at stages during the construction and operation of the Project to allow mine pit
development on the lake-bed. Key steps in this activity will include:

e Dyke A will be constructed across the narrows between Area 7 and
Area 8;

e Areas 2 to 5 will be dewatered to Lake N11 through active pumping from
Area 3, and Areas 6 and 7 will be dewatered to Area 8 through active
pumping from Area 7. It is estimated that at a minimum 2 m drawdown
will be achieved before bottom sediments have a significant impact on
water quality. Active pumping from Area 7 will cease when the water
quality in Area 7 approaches specific water quality criteria for discharge;

o Dewatering will expose sills on the lakebed. Dyke H will be constructed
on the sill between Area 5 and Area 6, and Dyke J will be constructed on
the sill between Area 4 and Area 6. These will separate Areas 2 to 5
from Areas 6 and 7, and allow Areas 3 and 5 to then serve as the WMP
for the Project;
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e The remaining water from Areas 6 and 7 will be dewatered to Area 5 of
the WMP, to allow mining of the 5034 and Hearne pits. A pervious dyke
may be constructed within Area 5 if required to control TSS
concentrations in the WMP. As groundwater will be pumped to the WMP,
active pumped discharge from Area 3 will continue as long as the water
quality in Area 3 meets specific water quality criteria for discharge;

e Between Year 4 and Year 5, Dyke B will be constructed to separate
Area 3 and Area 4 of Kennady Lake. Area 4 will then be dewatered to
the WMP between Year 5 and 6 to allow mining of the Tuzo Pit;

e In Year 6, Dyke K will be constructed to its final height between Area 6
and Area 7 of Kennady Lake.

A summary of the Kennady Lake dewatering schedule is provided in Table 8.7-6.
During the dewatering period, discharges will be limited so that flows at the outlet
of Kennady Lake (stream K5) do not exceed the 1 in 2 year flood value of
114,000 m*d. During operations, natural flows from Areas 2 to 7 will no longer
flow into Area 8 due to the construction of Dyke A, but runoff from undisturbed
areas within the Area 8 watershed will still flow to Area 8.
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Table 8.7-6  Kennady Lake Areas 2 to 7 Dewatering Schedule

Water Surface
Period Kennady Lake Area Project Activity Elevation 'at End
of Period
(masl)
Baseline Areas 2to 7 None. 420.7
Areas 2,3,4and 5 Dewater to Lake N11. ~418.7
Year -2 to Year -1 i i iteri .
Areas 6 and 7 Dewa_ltqr while meeting TSS criteria to Area 8; <4145
remaining water decanted to Area 5.
Areas 2,3,4and 5 Annual discharge from Area 3 to Lake N11. ~418.7
Year 1to Year 4
Areas 6 and 7 Maintain as dewatered. <4145
Operate as closed system, unless water quality _
Areas 2, 3 and 5 permits discharge to Lake N11. 420.7
Year5to Year6 Area 4 Dewater to WMP (Areas 3 and 5) to allow mining. 405.0
Areas 6 and 7 Maintain as dewatered. <4145
Areas 2, 3 and 5 Allow to fill to ~2 m above original lake elevation. 4221
Allow overflow to Area 6 mined-out pits.
Area 4 Maintain. 405.0
Year 6 to Year 8 — - m P —
Area 6 Maintain. Eqs; portion allowed to refill after mining 404.0
of Hearne Pit is complete.
Area 7 Dyke off Area 7 and allow to refill. <419.8
Areas 2,3 and 5 Maintain at ~2 m above original lake elevation. ~422.6
Area 4 Maintain. 405.0
Year 9 to Year 11 — - - — -
Area 6 Maintain, with continued filling of east portion. 404.0
Area 7 Allow to refill. ~420.7
Begin flooding Tuzo Pit with water from Areas 3, 6
End of Project Areas 3to 7 and 7. Begin supplemental pumping refill of Areas n/a
2to7.
masl = metres above sea level; ~ = approximately; < = less than.

8.7.3.2.2 Residual Effects

Dewatering of Areas 2 to 7 will reduce the quantity of water in these lake areas to
water stored in the WMP (Areas 3 and 5) and in local depression storages
(collection ponds). All water in Areas 2 to 7 will be in the mine closed-circuit area
and will be managed by the Project.

Dyke A will prevent water from flowing from Area 8 into Area 7 during
construction and operations. Area 8 will be preserved as a free-draining
waterbody throughout this period, though its hydrological regime will be changed.

During dewatering, discharges from Area 7 of Kennady Lake will be limited to
ensure that 2-year flood conditions (1 in 2 year maximum daily discharge) are not
exceeded within Area 8 or its outlet channel. During dewatering, no direct
discharge will occur if snowmelt or rainfall runoff cause water levels to exceed
the 2-year flood water level in Area 8.
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Diffusers will be used to dissipate the energy of water pumped into Area 8 during
the dewatering. These diffusers will be placed as close to the surface as
possible to increase the distance between the outfall and the bottom sediments.
Although some sediment may be mobilized despite these measures, the extent
of this effect is likely to be limited to the zone of turbulence immediately adjacent
to the diffuser, and is likely to quickly diminish after sediments in the zone of
turbulence are mobilized and become re-deposited further away from the outfall.

Discharges from Area 8 and water levels in Area 8 were modeled for dewatering
during construction and operations. Project effects on Area 8 during construction
and operations are shown in Figure 8.7-1 and Figure 8.7-2, and summarized in
Table 8.7-7 to Table 8.7-10.

Construction: The water balance results for Area 8 show that monthly mean
flows will be approximately equal to baseline during the natural high water month
of June, and will be greater than baseline during the natural low water months of
July to September. The 100-year and 2-year flood discharges will be lower than
baseline due to the reduction in upstream drainage area and low pumping
capacity relative to the natural flood discharges. Under median conditions, low
flows will increase during construction.

Operations: The water balance results for Area 8 show that when pumped
discharge from Area 7 ceases, flows will be reduced from baseline. Results for
the month of November are not shown because conditions during construction
and operations for that month are expected to be similar to baseline, due to
frozen conditions.
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Figure 8.7-1 Comparison of Effects on the Outlet of Kennady Lake (Stream K5)
Discharges during Construction and Operations
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Figure 8.7-2 Comparison of Effects on the Outlet of Kennady Lake (Stream K5) Water
Level during Construction and Operations
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Table 8.7-7  Mean Daily Outflow Volumes at the Outlet of Kennady Lake (Stream K5) —
Construction and Operations
Condition | Return Period Snapshot Monthly Mean Daily Outflow Volume (m®)
(years) June July August | September | October
baseline 121,000 86,500 59,600 68,600 13,500
100 construction 91,500 92,800 93,300 90,800 18,400
operations 35,500 19,600 14,700 16,900 2,030
wet baseline 97,600 61,900 38,100 29,200 6,640
10 construction 83,800 89,600 89,700 88,100 10,200
operations 30,700 12,000 8,680 6,620 967
baseline 65,900 39,300 22,800 13,200 3,070
Median 2 construction 65,700 86,600 86,500 77,200 4,680
operations 21,900 6,670 4,580 2,460 371
baseline 36,900 23,100 13,900 6,880 1,430
10 construction 41,000 85,500 85,400 57,300 1,880
operations 12,000 3,570 2,310 892 91
Dry baseline 12,900 12,000 9,420 4,910 878
100 construction 6,470 84,900 84,800 43,800 1,270
operations 2,380 1,880 1,390 496 18

m® = cubic metres.

Table 8.7-8  Representative Discharges at the Outlet of Kennady Lake (Stream K5) —
Construction and Operations
N Return Period P(_eak 7-Day Mean 14-Day |30-Day Low |60-Day Low |90-Day Low
Condition Snapshot | Daily Q Peak Q Mean Peak Flow Q Flow Q Flow Q
(years) mIs) | mid)y | Qm¥d) | (md) (m¥d) (m¥/d)
baseline 251 192,000 167,000 48,900 52,500 59,000
100 construction 2.02 103,000 96,900 91,800 90,100 89,200
operations 1.39 85,200 61,000 10,500 14,100 13,300
Wet baseline 2.14 166,000 145,000 26,200 32,300 41,000
10 construction | 1.68 97,600 93,100 88,100 87,500 87,700
operations 1.11 71,700 52,600 5,070 7,200 8,450
baseline 1.56 123,000 108,000 12,800 18,300 26,000
Median 2 construction | 1.41 92,600 89,900 76,100 81,400 83,800
operations 0.78 52,900 39,900 2,100 3,390 4,830
baseline 0.798 64,600 59,900 6,990 10,900 16,000
10 construction 1.24 89,400 88,000 56,700 71,800 77,500
operations 0.46 31,100 23,700 900 1,820 2,720
bry baseline 0.0013 1,680 9,110 4,760 7,480 10,500
100 construction | 1.16 88,100 87,200 42,300 64,000 72,200
operations 0.21 10,800 7,400 473 1,260 1,680

m?%s = cubic metres per second; m*/d = cubic metres per day; Q = discharge
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Table 8.7-9  Mean Daily Water Levels at the Outlet of Kennady Lake (Stream K5) —
Construction and Operations
Condition Return Period Snapshot Monthly Mean Stage (m)
(years) June July August | September | October

baseline 0.531 0.471 0.425 0.443 0.315
100 construction 0.497 0.492 0.492 0.490 0.291
operations 0.367 0.297 0.267 0.283 0.166
et baseline 0.498 0.430 0.370 0.341 0.256
10 construction 0.479 0.484 0.484 0.483 0.254
operations 0.348 0.257 0.231 0.214 0.137
baseline 0.433 0.368 0.311 0.262 0.197
Median 2 construction 0.438 0.474 0.474 0.452 0.204
operations 0.304 0.210 0.187 0.152 0.096
baseline 0.361 0.312 0.270 0.217 0.156
10 construction 0.392 0.472 0.472 0.392 0.163
operations 0.250 0.174 0.153 0.113 0.059
Dry baseline 0.299 0.269 0.246 0.197 0.136
100 construction 0.356 0.472 0.472 0.343 0.139
operations 0.203 0.149 0.133 0.095 0.039

m® = cubic metres.

Table 8.7-10 Representative Water Levels at the Outlet of Kennady Lake (Stream K5) —
Construction and Operations

N Return Period Pe_ak 7-Day 14-Day 30-Day 60-Day 90-Day
Condition (years) Snapshot Daily Mean Peak | Mean Peak | Low Flow | Low Flow | Low Flow
Stage (m) | Stage (m) | Stage (m) | Stage (m) | Stage (m) | Stage (m)

Wet 100 baseline 0.631 0.607 0.582 0.397 0.406 0.421

construction 0.590 0.501 0.491 0.483 0.480 0.479

operations 0.525 0.472 0.425 0.246 0.270 0.265

10 baseline 0.600 0.581 0.557 0.327 0.349 0.376

construction 0.557 0.492 0.485 0.477 0.476 0.476

operations 0.490 0.447 0.406 0.197 0.219 0.230

Median 2 baseline 0.544 0.529 0.508 0.262 0.293 0.327

construction 0.527 0.484 0.480 0.456 0.465 0.470

operations 0.439 0.407 0.373 0.150 0.174 0.194

Dry 10 baseline 0.442 0.433 0.423 0.217 0.249 0.281

construction 0.507 0.479 0.477 0.416 0.448 0.458

operations 0.373 0.345 0.317 0.115 0.143 0.162

100 baseline 0.060 0.140 0.236 0.193 0.222 0.246

construction 0.496 0.477 0.475 0.380 0.432 0.448

operations 0.290 0.249 0.221 0.094 0.128 0.140

m = metre.

A summary of effects on flows, water levels, and channel/bank stability is
provided below:
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o Effects on flows:

Construction of dyke A across the narrows will reduce the outflow
from Area 7 into Area 8 to zero. All discharges from Area 7 to Area 8
during construction and operations will be by direct discharge during
dewatering.

During dewatering, flows from Area 8 will generally be increased and
the duration of the flood period will be extended through September;
however, flows will be limited so that dewatering does not cause the
total flow to exceed the 2-year flood discharge.

During Operations, when dewatering has ceased, flows from Area 8
will be reduced from baseline, because only the local tributary area
(Watersheds I, J and Ke) will contribute runoff to Area 8.

e Effects on water levels:

Water levels in Areas 3 to 7 will be managed to allow mining and
changes water levels will follow the schedule presented in
Table 8.7-6.

Changes to water levels in Area 8 will correspond to changes in
flows. For median conditions, the greatest changes in June to
October mean monthly stage are expected to occur in September
during construction (+0.190 m) and July for operations (-0.158 m).

e Effects on channel/bank stability:

No effects on channel stability in the Kennady Lake watershed are
anticipated, as all dewatering flows will be pumped via pipeline to
receiving waterbodies or pumped to receiving streams rather than
conveyed by natural channels. No effects on bank stability are
anticipated, due to the drop in water levels. Exposed lake-bed areas
may be subject to erosion by runoff, depending on the type of
substrate present. However, all water within Areas 3 to 7 will be
managed to prevent the release of water to the natural receiving
environment if TSS concentrations exceed specific water quality
criteria.

Water levels in Area 8 and discharges from its outlet channel will be
maintained below baseline 1 in 2 year flood levels throughout
construction and operations, except where natural exceedences
occur while pumped diversions are suspended. No adverse effects
on channel or bank stability are anticipated.
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8.7.3.3 Effect of Watershed Diversion in Watersheds A, B, D and E
on Flows, Water Levels and Channel/Bank Stability in
Streams and Smaller Lakes in the Kennady Lake Watershed

8.7.3.3.1 Project Activities

To reduce the amount of natural runoff into the dewatered Areas 2 to 7 of
Kennady Lake, and the amount of water that must be managed by the site water
management system, several upstream tributary watersheds will be diverted to
the adjacent N watershed during operations. These diversions will remain in
place until the start of Kennady Lake refilling.

Watershed A above Lake A2 will be diverted to Lake N9. Permanent Dyke C will
be constructed across the existing Lake A3 outlet to Lake A2. The mean water
level in Lake A3 will be raised by approximately 3.5 m. The new outlet channel
from Lake A3 to Lake N9 will be approximately 150 m long at a bed slope of
2.6%. All diversion channels will be designed and constructed to prevent erosion
and sedimentation and to incorporate lessons learned from the Ekati Diamond
Mine (Jones et al. 2003).

Watershed B will be diverted to Lake N8. Temporary Dyke E will be constructed
across the existing Lake B1 outlet to Kennady Lake. The mean water level in
Lake B1 will not be raised, because the natural water surface is approximately
1.3 m above that in Lake N8. The new outlet channel from Lake B1 to Lake N8
will be approximately 275 m long at a bed slope of 0.5%.

Watershed D above Lake D1 will be diverted to Lake N14. Temporary Dyke F will
be constructed across the existing Lake D2 outlet. The mean water level in Lake
D2 will be raised by approximately 2.8 m and the mean water level in Lake D3
will be raised by approximately 1.6 m, as the area between the two lakes is
flooded and they form a continuous waterbody. The new outlet channel from
Lake D2/D3 to Lake N14 will be approximately 120 m long at a bed slope of
1.4%. Lake D1 is located downstream of the saddle dyke and will receive runoff
from the local watershed only during the diversion period.

Watershed E will also be diverted to Lake N14. Temporary Dyke G will be
constructed across the existing Lake E1 outlet. The mean water level in Lake E1
will be raised by approximately 0.8 m. The new outlet channel from Lake E1 to
Lake N14 will be approximately 25 m long at a bed slope of 3.4%.

8.7.3.3.2 Residual Effects

Diversion of watersheds A, B, D and E will reduce the amount of runoff from
undisturbed areas that must be managed by the site water management system.
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Natural streams immediately downstream of the saddle dykes will be dry while
the watershed diversions are in place, and flows to receiving streams will
increase. The water level within the diverted lakes will also increase. A
summary of hydrological changes to Lakes A3, B1, D2, D3 and EL1 is provided in
Table 8.7-11.

Table 8.7-11 Hydrological Effects on the Outflows from the A, B, D and E Watersheds

during Operations

Local Lake Parameters Watershed Parameters
Lake | Condition Surface Perimeter Maximum Watershed Lake Surface Mean An_nual
Area Depth Area Area Water Yield
(ha) (m) (m) (km?) (km?) (%) (mm) (m’)
A3® Baseline 23.77 2,360 124 0.839 0.241 28.7 162 136,000
Diverted 46.55 3,470 15.9 0.839 0.466 55.5 98 82,500
B1 Baseline 8.21 2,340 4.1 1.269 0.174 13.7 198 251,000
Diverted 8.21 2,340 4.1 1.269 0.174 13.7 198 251,000
o1 Baseline 1.88 780 ® 4.497 1.027 | 22.8 | 175 788,000
Diverted 1.88 780 ® 0.349 0.019 54 | 210 73,300
Baseline 12.53 2,320 1.0 4.148 1.008 24.3 172 713,000
b2 Diverted 103.00 6,460 3.8 4.148 1.447 349 155 645,000
Baseline 38.37 4,070 3.0 2.957 0.839 28.4 163 481,000
D3 Diverted © © 4.6 (© (© (©) (© ©
Baseline 20.24 2,780 3.9 1.225 0.244 19.9 182 223,000
£l Diverted 26.98 3,150 4.7 1.225 0.311 25.4 173 212,000

@ Lake A4, with a pre-diversion lake area of 0.35 ha and an unknown depth, will also be inundated when Lake A3 is raised.

(b)

Maximum depth unknown; no change anticipated due to Project.

© Included in values provided for raised Lake D2.

km? = square kilometre; % = percent; m = metre; mm = millimetre.

Diversion outlet structures will be designed and managed to provide an outflow
rating curve that approximates the natural outflow rating curve, to the extent
possible, during construction and operations. Because of the increase in
proportion of lake water surface area for raised lakes, greater evaporative losses
are expected and the mean annual water yield from the diverted portion of Lake
A3 watershed will be reduced from 136,000 to 82,500 m® (a reduction of 39%),
the mean annual water yield from the diverted portion of the D watershed will be
reduced from 788,000 to 718,300 m® (a reduction of 10% from the watershed
above the Lake D2 outlet and 9% from the entire watershed), and the mean
annual water yield from the diverted portion of the E watershed will be reduced
from 223,000 to 212,000 m® (a reduction of 5%). The D watershed below the
Dyke F at the Lake D2 outlet will not be disturbed. The mean annual water yield
from the local watershed is expected to be the same as baseline, though the
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inflow from Lake D2 will be interrupted while the diversion is in place. This will
increase the residence time of water in the lake and reduce lake outflows.

The increase in lake storage in the Lake A3 watershed will be about
1,100,000 m®, due to the increase in the water surface elevation of Lake A3. This
volume is about 10 times the mean annual water yield from the diverted
watershed, meaning that, for mean conditions, there will be no outflow from the
diverted watershed as Lake A3 fills until the eleventh year of Operations.
However, if water is transferred to Lake A3 during Area 1 dewatering, the time
until outflow occurs would be reduced.

The increase in lake storage in the D2/D3 lakes watershed will be about
1,400,000 m®, due to the increase in the water surface elevation of Lakes D2 and
D3. This volume is about twice the mean annual water yield from the diverted
watershed, meaning that, for mean conditions, there will be no outflow from the
diverted watershed as these lakes fill until the third year of operations.

The increase in lake storage in the E1 watershed will be about 110,000 m®, due
to the increase in the water surface elevation of Lake E1. This volume is about
half the mean annual water yield from the diverted watershed, meaning that, for
mean conditions, outflow from the raised Lake E1 should commence in the first
year of operations.

Raising of the water levels in Lakes A3, D2, D3 and E1 will create new shorelines
at higher elevations than the existing shorelines. This will expose new soils, often
on steeper slopes than the existing shorelines, to wave erosion and potential
instability due to permafrost disturbance. A recent regulatory application (MHBL
2005) included a review of historical research and six case studies of lakes being
raised in northern environments. Annual shoreline erosion for these case studies
ranged from 0.14 m*m to 1.08 m*m, and a best estimate of 0.23 m*m was
suggested for the lake that was the subject of the regulatory application. This
lake had a fetch length of approximately 1 km, similar to those at Lakes A3,
D2/D3 and E1, and shorelines comprising deposits of fine marine sediments
including clay fractions.

Table 8.7-12 shows the approximate lengths of new shoreline that will be
established at each raised lake, broken down by soil units corresponding to those
described in Annex D (Bedrock Geology, Terrain, Soil and Permafrost Baseline).
Surficial soils have the following Associations:

e Lobster Lake (moraine veneer, with till >1 m thick);

e Wolverine Lake (moraine veneer, with till <1 m thick);
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e Sled Lake (shallow to deep bog and mixed fen and bog peat);
e Dragon Lake (shallow to deep fen peat); and

e Goodspeed (shallow organic soils derived from sedge, cottongrass,
willow, birch and alder species.

Table 8.7-12 shows that of a total new shoreline length of 13 km:

e 3.7 km has a water erosion risk rating of Low;
e 5.7 km has a water erosion risk rating of Low (Moderate);
e 2.4 km has a water erosion risk rating of Low (High); and

e 0.4 km has a water erosion risk rating of Moderate.

The remaining 0.8 km of dyke face will be armoured appropriately to prevent
erosion. These water erosion risk ratings were developed to assess the risk of
erosion from flowing water, based on rainfall intensity, soil erodibility and terrain
slope and length, so they are not directly applicable to erosion due to wave
action at shorelines. However, they are indicative of the greater erosion
resistance of organic soils (i.e., Dragon, Sled and Goodspeed Lake Associations)
and morainal soils (i.e., Wolverine and Lobster Lake Associations) relative to
more fine-grained lacustrine soils that are not present in the area. Approximately
8.1 km of the new shoreline will comprise morainal soils, and 4.1 km will
comprise organic soils.

Furthermore, morainal soils, as described in Section D5.3.1.2 of Annex D,
contain coarse fractions up to boulder size. These are erosion-resistant due to
the natural armouring that occurs with these larger sized soil fractions; the fine
fractions are eroded away and coarser fractions are left behind. The sand and
larger fractions of morainal soils have high settling velocities relative to silts and
clays, and are unlikely to contribute to persistent or non-localized increases in
TSS concentrations.

Bog and fen peat soils are typically associated with low-slope terrain that is less
susceptible to wave erosion and would similarly not contribute silt and clay
sediment fractions that would result in elevated TSS concentrations.
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Table 8.7-12 Characteristics of New Shorelines at Lakes A3, D2/D3 and E1

Shoreline Description Erosion Risk
Lake Length Soil Unit (From Table D6.3-3) (from Annex D
(m) Table D6.3-5)®
Wolverine Lake Association dominant; minor inclusions of
180 | W1lu Bedrock and Sled Lake, Dragon Lake, and Goodspeed Lake M
unit, landforms are undulating in the W1u unit associations
Wolverine Lake and Sled Lake associations are co-dominant;
minor inclusions of Dragon Lake and Goodspeed Lake
2,570 | WSt associations; the landform is undulating to hummocky with bog L M)
A3 forms in the WS1 unit
Sled Lake and Dragon Lake associations co-dominant; minor
inclusions of Goodspeed Lake Association; landforms are
370 | SD1 L
polygonal peat plateau, northern peat plateau and lowland
polygon bogs, with level to gently inclined forms
350 | Dyke Face n/a
3,470 | Total
Wolverine Lake Association dominant; inclusions of Sled Lake
350 | w2 Association; minor inclusions of Bedrock, and of Goodspeed L (H)
Lake and Dragon Lake associations; the landform is undulating
to hummocky in the W2 unit
70 | WS1u See WS1 above L (M)
Wolverine Lake and Sled Lake associations are co-dominant;
inclusions of the Dragon Lake Association occur; landforms are
1,570 | wS2u undulating in the WS2u unit, with subdominant bog forms L (M)
(plateau and polygonal)
D2/D3 Sled Lake Associati.on. dominant; inclusions of the Wolverine and
Dragon Lake associations; landforms are polygonal peat
310 | S3u ) L (M)
plateau, northern peat plateau and lowland polygon bogs, with
undulating upland in the S3u unit
510 | SD1 See SD1 above L
the Sled Lake and Dragon Lake associations are co-dominant;
110 | sp2 inclusions of Wolverine Lake Association; landforms are L (M)
polygonal peat plateau, northern peat plateau and lowland
polygon bogs
230 | Dyke Face n/a
3,150 | Total
230 | W1lu See W1u above M
990 | W2 See W2 above L (H)
Wolverine Lake Association dominant; inclusions of Sled Lake
1,080 | W3 and Dragon Lake associations occur; the landform is undulating L (H)
to hummocky, with inclusions of Bog and Fen forms
360 | WS1 See WS1 above L (M)
E1 730 | WS2u See WS2u above L (M)
1,440 | SD1 See SD1 above L
Dragon Lake Association dominant; inclusions of the Sled Lake
Association; landforms are complexes of bog and fen forms,
1,380 | D3 . . . . L
including horizontal and lowland polygon fens, with polygonal
peat plateau, northern peat plateau and lowland polygon bogs
250 | Dyke Face n/a
6,460 | Total

@ | =Low, L (M) = Low (Moderate), L (H) = Low (High), M = Moderate. The ratings Low (Moderate) and Low (High)
indicate that there are some areas of soil complexes in which one of the soil components has a rating higher than
Low. Generally, the Medium and High ratings apply to Wolverine Lake soils that occur on hummocky topography with
slopes in the 6 to 15% or higher slope categories.
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It is possible that shoreline erosion rates at the Project could be similar to those
predicted for Tail Lake (MHBL 2005). However, the armouring action of morainal
materials and the rapid settling of its coarse fractions from the water column,
along with the location of organic soils in low-gradient locations, mean that
increases in TSS concentrations during the lake level increases are expected to
be low. It is expected that the lakes with the largest changes in elevation (A3 and
D2/D3) will take three or more years to fill to an elevation that will result in
discharge to the N watershed, leaving time to observe shoreline and TSS
conditions and assess the need for specific mitigation.

A detailed survey of future shoreline areas to identify areas of significant erosion
potential on a finer spatial scale will be performed during construction to establish
a monitoring program baseline. The monitoring program will include visual
inspection of shoreline characteristics and periodic TSS monitoring. Should areas
of significant erosion be identified during construction and operations, mitigation
measures, including placement of rock armour material to arrest erosion, will be
undertaken.

A summary of effects on flows, water levels and channel/bank stability is
provided below:

e Effects on flows:

— Annual outflows from raised lakes (i.e., Lakes A3, D2/D3 and E1) will
be reduced somewhat from baseline due to increased evaporation
from the lake water surfaces. The annual outflow from Lake D1 into
Kennady Lake will be greatly reduced, because of the upstream
diversion. The annual outflow from Lake B1 will be unchanged.

— Constructed diversion channels will convey water from the diverted
areas to receiving waterbodies in the N watershed, once water
surface elevations have increased to the spill elevation. The general
shapes of the annual hydrographs in these diversion channels will be
similar to that of the natural lake outflows, though peak and annual
flows will be reduced due to increased evaporative losses.

e Effects on water levels:

— The nominal water level of Lake A3 will increase by 3.5 m, the
nominal water level of Lake D2 will increase by 1.6 m, the nominal
water level of Lake D3 will increase by 2.8 m, and the nominal water
level of Lake E1 will increase by 0.8 m. The nominal water level of
Lake B1 will not be affected.

— Annual variation in water levels in the raised lakes will be similar to
pre-diversion values.
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8.7.4

8.74.1

o Effects on channel/bank stability:

— Diversions will consist of constructed channels designed to prevent
erosion and to maintain stability in permafrost.

— Raised lakes will be subject to erosion as new shorelines are
established. Natural armoring of the 8.1 km of morainal soils is
expected to limit erosion in these areas and persistent TSS
generation is expected to be limited as coarse materials settle out on
the lakebed near to where they are mobilized. Low slopes in new
shoreline areas with organic (peat) soils are expected to minimize
erosion and generation of TSS. A monitoring and mitigation program
will be incorporated in an adaptive management plan for shoreline
erosion.

Effects Analysis Results — Closure

Effect of Refilling Activities on Flows, Water Levels and
Channel/Bank Stability in Areas 3, 4, 5, 6, and 7

8.7.4.1.1 Activity Description

Kennady Lake refilling will use natural runoff from Areas 2, 3, 4, 5, 6 and 7,
including upstream tributary watersheds, plus a diversion of flow from Lake N11
to shorten the refill time.

Pumping of water from Lake N11 will be restricted to years where the annual
runoff volume upstream of the N11 lake outlet will be greater than the 5-year dry
annual runoff volume, to be protective of fisheries resources (refer to
Section 9.10.4.1). This estimate will be based on measurements of snowpack
and lake water surface elevation. When this criterion is met, the difference will
be pumped to Area 3 of Kennady Lake. The diversion will occur within a 6-week
period, centered between June and July. The difference between the 2-year
median and 5-year dry annual runoff volume upstream of the Lake N11 outlet is
estimated to be 3,715,000 m?, or 88,550 m®/d, over a 6-week period.

8.7.4.1.2 Residual Effects

To increase the rate of refiling and decrease the refilling time, flow will be
diverted from Lake N11 to Area 3 of Kennady Lake.

The water balance model was used in conjunction with a Monte Carlo simulation
to evaluate the probabilities of durations for Kennady Lake refiling. The
simulations were based on a total lake refilling volume of 63.6 Mm?, including
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mine pits and voids in mine rock placed below the final lake water level. The
median refilling time for the Base Case scenario is about 8 to 9 years.

Detailed results for the Base Case scenario were placed in ranges along with the
corresponding frequency of occurrence and cumulative probability. Results are
presented in Figure 8.7-3 and Table 8.7-13. Corresponding lake water levels
with time are shown in Figure 8.7-4 and Table 8.7-14. The median time to refill
the mine pits is just over seven years, after which the lake proper will refill.

Figure 8.7-3 Kennady Lake Refilling Time Frequency and Cumulative Probability for
Base Case Scenario
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Table 8.7-13 Kennady Lake Refilling Time Frequency and Cumulative Probability for
Base Case Scenario

Base Case Scenario Base Case Scenario
i Range i
Ranseears) | proquency | QUS| (0| Frequeney | GRS

(%) (%)

5t06 0.00 0.00 10to 11 29.00 79.56
6to7 0.00 0.00 11to 12 14.68 94.24
7t08 1.40 1.40 12 to0 13 5.00 99.24
8to9 16.92 18.32 13t0 14 0.76 100.00
9to 10 32.24 50.56 14 to 15 0.00 100.00

% = percent.

Figure 8.7-4 Kennady Lake Water Levels with Time during Refilling — Base Case
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Table 8.7-14 Kennady Lake Water Levels with Time during Refilling — Base Case, Median

m = metre.

Conditions
Lake Depth Water Level Refilling Time
(m) (m) (Years)
0 405.00 5.4
5 410.00 5.7
10 415.00 6.5
15 420.00 8.6
15.7 420.70 9.0

Areas of potential erosion during Kennady Lake refilling include direct discharge
points and areas of unprotected sediment that are subject to wave action as the
lake water level rises. The outfall of the pipeline in Area 3 from Lake N11 will be
armoured to prevent local erosion, as will potentially erodible flow paths to lower
elevations in the dewatered lake-bed and the Tuzo and Hearne mine pits. No
water will be released downstream into Area 8 until the water level is equal to the
water level in the upstream basins (about 420.7 m) and water quality in Area 7
meets specific water quality criteria. At that time, the shoreline will be at its
naturally armoured baseline location and suspended sediment from prior wave
action will have settled from the water column.

A summary of effects on flows, water levels, and channel/bank stability is
provided below:

o Effects on flows:

— During closure, all flow from Kennady Lake Areas 3, 4, 5, 6 and 7
tributary watersheds will contribute to lake refilling. Diversion of
water from Lake N11 to Kennady Lake during refilling will reduce the
median refilling time from 17 years to approximately 8 or 9 years.

e Effects on water levels:

— Water levels in Kennady Lake will rise during refilling as a function of
the cumulative inflow less lake evaporation.

e Effects on channel/bank stability:

— The diversion pipeline outfall will be armoured to prevent erosion.
No water will be released downstream from Kennady Lake Areas 3,
4,5, 6 and 7 into Area 8 until the upstream water level is equal to
that in Area 8 (and water quality in Area 7 meets specific water
quality criteria). Water levels in the upstream Areas will not exceed
the naturally armoured shoreline elevation. Therefore, no effects on
channel or bank stability are anticipated.
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8.7.4.2 Effect of Diversion on Flows, Water Levels and
Channel/Bank Stability in Area 8

8.7.4.2.1 Activity Description
Refilling activities are described in detail in Section 8.7.4.1.1. During refilling,
hydrological conditions at Area 8 will be similar to those during Operations. The
only difference will be that potable water demand will likely be considerably
reduced, but this will not have a significant effect on the water balance for the
watershed.

8.7.4.2.2 Residual Effects
Discharges and water levels and associated residual effects during closure will
be identical to those presented for operations in Section 8.7.3.2.2.

8.7.4.3 Effects of Temporary Dyke Removal to Flows, Water Levels

and Channel/Bank Stability in Kennady Lake

8.7.4.3.1 Activity Description
During Closure, the temporary dykes involved in diversions of Lakes B1, D2/D3
and E1 to the N watershed will be removed to restore drainage of the upstream
watersheds to Kennady Lake. Lake water levels will be drawn down to baseline
levels prior to removal of the dykes. Lake outlets will be reconstructed to restore
the baseline lake water level regime.

8.7.4.3.2 Residual Effects

Lake drawdown activities will require the transfer of approximately 1,400,000 m®
of water from Lake D2/D3 (equal to approximately twice the natural annual water
yield) and 110,000 m® of water from Lake E1 (equal to about half of the natural
annual water yield) to Kennady Lake. This drawdown will be accomplished by
pumping and/or siphoning flow over the dykes at the existing lake outlets. Flows
in the natural outlet channels will be limited to the 2-year flood discharge, and
dewatering could be accomplished in one year by maintaining this flow for an
extended duration. Piping may be extended to discharge at armoured aprons on
the shore of Kennady Lake if more rapid drawdown over a shorter duration is
desired.

Lake B1 will not need to be drawn down, but the operational diversion will be
decommissioned by constructing a permanent earthfill plug. Other operational
diversions will be above the range of restored water levels and will not need to be
blocked.
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Temporary dykes at the natural lake outlets will be breached and the outlets
restored to provide non-erodible control sections that restore the