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SYMBOLS AND ABBREVIATIONS

7Q10 Lowest 7-day consecutive flow that
occurs, on average, once every 10
years
Inch

< Less than

> Greater than

% Percent

°C Temperature in degrees Celsius

°F Temperature in degrees Fahrenheit

3k Thousand dollars

pg/L Micrograms per litre

pg/m’ Micrograms per cubic metre

AAC Annual Allowable Cut

ABDC Aboriginal Business Development
Committee

AEOSRD Alberta Energy Oil Sands and
Research Division

AEP Alberta Environmental Protection

AEP-LFS Alberta Environmental Protection -
Land and Forest Service

AEPEA Alberta Environmental Protection and
Enhancement Act

AEUB Alberta Energy and Utilities Board

Al-Pac Alberta-Pacific Ltd.

AMD Air Monitoring Directive

AOSERP Alberta Oil Sands Environmental
Research Program

AOSTRA Alberta Oil Sands Technical Research
Authority

API American Petroleum Institute

APL Alberta Power Limited

ARC Alberta Research Council

asl or ASL Above sea level

ATP AOSTRA Taciuk Process

avg. Average

bbl Barrel, petroleum (42 U.S. gallons)

bpcd Barrels per calendar day

BCM Bank cubic metres

BCY Bank cubic yards

BOD Biochemical Oxygen Demand

C Carbon
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SYMBOLS AND ABBREVIATIONS

C&R Conservation and Reclamation

Ca Calcium

CaCo, Calcium carbonate

CCME Canadian Council of Ministers of the
Environment

CaSO, Calcium sulphate

CANMET Canada Centre for Mineral and
Energy Technology

cd Calendar day

CEA Cumulative effects assessment

CEC Cation exchange capacity

CEPA Canadian Environmental Protection
Act

ch Calendar hour

CHWE Clark Hot Water Extraction

CLI Canada Land Inventory

cm Centimetre

cm’ Square centimetres

cm/s Centimetres per second

CO, Carbon dioxide

COD Chemical oxygen demand

COH Co-efficient of haze

Conif. Coniferous

CONRAD Canadian Oi1l Sands Network for
Research and Development

Consortium Fine Tailings Fundamentals
Consortium

CPUE Catch per unit of effort

C5A Canadian Standards Association

CSEM Continuous Stack Emissions Monitor

CT Consolidated Tailings

CWQG Canadian Water Quality Guidelines

d Day

DBH Diametre at breast height

Decid. Deciduous

DL Detection limit

DEM Digital elevation model

DO Dissolved oxygen

DRU Diluent Recovery Unit

EC Effective Concentration
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SYMBOLS AND ABBREVIATIONS

e.g. For example

EIA Environmental Impact Assessment

ELC Ecological Land Classification

elev Elevation

EPA Environmental Protection Agency
(U.S)

EPL End Pit Lake

ER Exposure ratio

FEM Finite Element Modelling

FGD Flue Gas Desulphurization

FMA Forest Management Agreement

ft. Feet

ft. Cubsic feet

g Grams

g/ce Grams per cubic centimetre

GC/FID Gas Chromatography/Flare Ionization
Detection

GC/MS Gas Chromatography/Mass
Spectrometry

GDP Gross Domestic Product

GIS Geographic Information System

GJ Gigajoules

GLC Ground Level Concentration

Golder Golder Associates Ltd.

h Hour

ha Hectares

HQ Hazard quotient

HSI Habitat suitability index

H,S Hydrogen sulphide

HU Habitat unit

ibid. In the same place

ie. That is

IC Inhibiting concentration

ICP Inductively coupled argon plasma
atomic emission spectrometric
analysis

IR Infrared spectrophotometric analysis

IRIS Integrated Risk Information System

IRP Integrated Resource Plan

korK Thousand
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SYMBOLS AND ABBREVIATIONS

kg Kilogram

kg/d Kilograms per day

kg/ha Kilograms per hectare

kg/h Kilograms per hour

KIRs Key Indicator Resources

km Kilometre

km’ Square kilometres

km’ Thousand cubic metres

KV Kilovolt

Lorl Litre

LC/MS Liquid Chromatography/Mass
Spectrometry

LGHR Low grade heat recovery

Ib/hr Pounds per hour

LC Lethal concentration

LOAEL Lowest observed adverse effect level

LOEL Lowest observed effect level

LSA Local Study Area

m Metre

M Million

m/s Metres per second

m Square metres

m’ Cubic metres

m*/ha Cubic metres per hectare

m’/cd Cubic metres per calendar day

m’/d Cubic metres per day

m’/hr Cubic metres per hour

m’/s Cubic metres per second

Mm’ Million cubic metres

meq Milhiequivalents

MET Mature Fine Tails

mg Milligrams

mg/kg/d Milhgrams per kilogram body weight
per day

mg/L Milligrams per litre

MJ Megajoule

MLA Member of the Legislative Assembly

mm Millimetre

Mobil Mobil Oil Canada

MP Member of Parliament
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SYMBOLS AND ABBREVIATIONS

mS/cm millisiemens per centimetre

MVA Megavolt amperes

MW Megawatt

N Nitrogen

N/A or n/a Not applicable

NAQUADAT Alberta Environmental Historical
Water Database

n.d. No date

N.D. No data

No. Number

NOAEL No observed adverse effect level

NOEL No Observable Effect Level

NO, Oxides of nitrogen

NPRI National Pollutant Release Inventory

NRBS Northern River Basin Study

0&G Oil and Grease

OSEC Oil Sands Environmental Coalition

OSLO Other Six Lease Owners

OSWRTWG Oil Sands Water Release Technical
Working Group

P Phosphorus

PAH Polycyclic aromatic hydrocarbons

PANH Polycyclic Aromatic nitrogen
heterocycles

PASH Polycyclic aromatic sulphur
heterocycles

PM,, Particulate matter < 10 microns in
diameter

PM,; s Particulate matter < 2.5 microns in
diameter

PMF Probable maximum flood

ppb Parts per billion

ppm Parts per million

psi Pounds per square inch

Q Quarter (i.e., 3 months of a year)

QA/QC Quality Assurance/Quality Control

RSA Regional Study Area

RAQCC Regional Air Quality Coordinating
Committee

RfD Reference dose

RsD Risk Specific dose
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SYMBOLS AND ABBREVIATIONS

RRTAC Reclamation Research Technical
Advisory Committee

s Second

S Sulphur

SAGD Steam Assisted Gravity Drainage

SAR Sodium absorption ratio

scf/d Standard cubic feet per day

SCO Synthetic crude oil

SEC Supplementary Emission Control

SFR Sand to fines ratio

SLC Screening level criteria

SO, Sulphur dioxide

SO, Sulphur oxides

SO, Sulphate

Spp. Species

Suncor Suncor Energy Inc., Oil Sands

Syncrude Syncrude Canada Ltd.

t Tonne

t/cd Tonnes per calendar day

t/d Tonnes per day

TDS Total dissolved solids

THC Total hydrocarbons

TID Tar Island Dyke

TIE Toxicity identification evaluation

TKN Total Kjeldahl Nitrogen

TOC Total organic carbon

TofR Terms of Reference

Ton 2000 pounds (Imperial)

Tonne 2205 pounds (Metric)

t/h Tonnes per hour

TRV Toxicity reference value

TSS Total suspended solids

TV/BIP Ratio of total volume removed to total
volume of bitumen in place

Twp Township

pg/m’ microgram per cubic metre

ng/L microgram per litre

ng/kg/d microgram per kilogram body weight
per day

UTF Underground test facility
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SYMBOLS AND ABBREVIATIONS

USEPA U.S. Environmental Protection
Agency

USgpm U.S. gallons per minutes

vVOoC Volatile organic compound

Vol. Volume

VS, Versus

wt% Weight percentage

y Year
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-1- TERMS OF REFERENCE
CROSS-REFERENCE

Section Title Description Cross-Reference
Volume Section
Introduction Introduction
identify for Shell and the public, information required by government Terms of Reference
agencies for EIA report
Purpose relevant impacts, mitigation options and residual impacts will be 2 A
addressed 3 El
impact predictions in terms of magnitude, frequency, duration, seasonal | 2 A
timing, reversibility, geographic extent.
identify residual and cumulative impact and significance | 10
2 A
discuss mitigation measures, protection plans, monitoring or research I 10
programs, environmental performance objectives, anticipated regulatory | 2 A
requirements
Public Participation | EIA will be part of application to EUB 1 1
Residents from: 1 12
Fort McMurray
Fort McKay
Fort Chipewyan
communities of Wood Buffalo and
industrial, recreational, and environmental groups
public given opportunity to participate and express concerns
public notification of EIA given
Project Overview
Proponent and provide proponent name and name of legal entity 1 1
Lease 13 History 2 A
description of history of proposed development, resource 1 1
characterization, environmental studies 2 A, B
Project Area and includes all disturbed areas 2 D
EIA Study Areas
description of rationale and assumptions of Regional and Local Study 2 Dl
Area boundaries including those related to cumulative effects
maps of study areas to include township and range lines 2 DIl
provide maps with lease boundaries, land tenure, facility locations i 4
include lakes, streams and other geographic information ] 4
Project overview of project components, mining operations, process facilities, 1 1,4,5,7,13
Components and buildings, transportation infrastructure, utilitics, pipeline to Scotford 2 B
Development and Scotford upgrader project
Schedule
development schedule including: I 4,16
3 E16
pre-construction
construction
operation
reclamation and
decommissioning
key factors controlling schedule ] 1,15
describe major components to be applied for and constructed within 10 1 1,16
years
Project Need and analysis of need of project, including a no development scenario 1 1.1
Alternatives
discuss an alternative means of doing project 1 1.1
identify potential cooperative development opportunities 1 1.1
summary of reasons for selecting project and major components 1 1

Volume | - EUB/AEP Joint Application
Volume 2 - Includes; Introduction (A), Project Description (B), Consultation (C) and Environmental Settings (D)
Volume 3 - Impact Assessments (E)

Volume 4 - Cumulative Effects Assessment (F and G)

Volume 5 - Socio-Economic Baseline, Impact Assessment and Cumulative Effects Assessment
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TERMS OF REFERENCE

CROSS-REFERENCE

Section Title Description Cross-Reference
Volume Section
Regulatory identify regulatory approvals and legislation. 1 1
Approval
consider municipal, provincial and federal governments ] ]
identify government policies, resource management, planning or study 1 1
initiatives pertinent to the Project and discuss implications
Project Description
General describe mining, extraction and waste management components 1 4,5,6,7,8,9,1
Information 6
provide map of buildings, road access, pipeline routes, water pipelines, 1 1,4,8
utility corridors, sand and waste disposal sites
identify criteria and assumptions for locating facilities 1 4,8
provide description and schedule of land clearing | 4
provide schedule for location and relocation of pit storage 1 4
follow Oil Sands Subregional Integrated Resource Plan (IRP) setbacks 1 |
for Athabasca, Muskeg and other tributaries 3 El6
Process describe preparation and extraction processes 1 5
Description
provide material and energy balances 1 9
basic flow diagrams 1 7,89
describe technologies used and describe effects on water use, waste I 6,7,8,16
generation, chemical use, tailings, air emissions and bitumen recovery
discuss alternative technologies considered | 1,4,5,6
hydrocarbon and sulphur balance and energy efficiency information ! 9
Mining Description | describe mining method 1 4
discuss alternatives considered and environmental implications | 34
describe minimum ore grade selected and effect on tailings and fine | 34
tailings volumes, water requirements and long term reclamation
Utilities and maps of utilities | 7
Description discuss amount of energy nceded and source | 7
discuss options considered for thermal and electric power and ! 7
environmental implications
describe road access and needs for upgrading and new roads | 7
discuss the need for access management 5
provide results of consultation with local road authority 5
describe methodology and projected frequency for traffic on Highway 5
63 and Ft. Chipewyan winter road
discuss mitigation 5
discuss cooperation with other o1l sand and industry operators B
describe access through Lease 13 | 7
describe location, volume and source for road construction material I 7
describe utility and pipeline stream and river crossings ] 7
Air Emissions indicate type, rate and source of air enussions, include construction and | 16
Management vehicle pool 3 E2.2
identify emission and fugitive emission points on site plan 3 E2.23
E2.25
E2.2.6
describe monitoring and control systems 3 E2
describe Shell’s existing monitoring and involvement in RAQCC and 1 12
CASA 3 E2
estimate greenhouse gases 2 D2.7
3 E2.2.7
E2.7.1
describe greenhouse gas management plan and place emission estimates | 2 D2.7
in context with total emissions provincially and nationally 3 E2.7.1

Volume 1 - EUB/AEP Joint Application
Volume 2 - Includes; Introduction (A), Project Description (B), Consultation (C) and Environmental Settings (D)
Volume 3 - Impact Assessments (E)

Volume 4 - Cumulative Effects Assessment (F and G)

Volume 5 - Socio-Economic Baseline, Impact Assessment and Cumulative Effects Assessment
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-3- TERMS OF REFERENCE
CROSS-REFERENCE

Section Title Description Cross-Reference
Volume Section
Water Supply and describe process water and chemical requirements 1 8,16
Management
discuss water efficiency designs considered for all aspects of the project | 1 8
including, emergency operation designs 3 E4
describe source of water and options considered 1 8
discuss seasonal variability of water use, diversion and impacts 1 8
describe nature, location, volume, quality and fluctuations of effluents 1 8
show locations of water intakes and associated facilities treatment plants | 1 8
provide a water management plan and water balance, address site run- 1 8
off and containment, groundwater protection and depressurization 3 E3
describe wastewater treatment and disposal 1 8
include water balance for life of project 1 8
describe alternatives to minimize wastewater 1 8
describe alternatives to minimize change in Muskeg River and tributary | | 8
flows 3 E4
Waste Management | describe management plan for tailings, overburden, other mining wastes | | 4,6
and camp.
include plans to minimize fine tailings production 1 4,6
identify all on-site disposal areas on site plan 1 4,6
indicate strategy for disposal areas, their location and timing 1 4,6
include plans to minimize above ground storage of overburden and 1 4.6
tailings
describe waste management strategy on-site industrial landfills, estimate | | 16
quantity and composition of routine landfill wastes
describe waste minimization and recycling plans ) 16
describe waste management strategy for hazardous wastes, provide 1 16
quantity and composition of hazardous wastes
describe storage and handling methods proposed 1 16
Environmental Impact Assessment Methodology
Assessment provide information on the environmental resources and resource uses 2 D
Requirements that could be affected by the project
provide sufficient information to predict positive and negative impacts 2,34 all sections
extent impacts can be mitigated by planning, project design, 3 all sections
construction techniques, operational practices, and reclamation A
techniques 2
quantify impacts in terms of spatial, temporal and cumulative effects 3 all sections
sources of information will be reviewed and discussed 2,34 all sections
limitations will be discussed 3 all sections
information sources will include: 234 all sections
e EIA studies
e operating experience from current oil sands operations
e industry study groups
» traditional knowledge
e government sources
undertake studies where additional information is needed Baseline all sections
Reports
2
broad-based examination of ecosystem components, including previous | 2 D
environmental assessment work 34 E,F,G
describe and rationalize the selection of key components and indicators | 2 D
examined: 3 E
e  For each environmental parameter 2 D
e  describe existing locations and comment if available data are 2 D

Volume 1 - EUB/AEP Joint Application
Volume 2 - Includes; Introduction (A), Project Description (B), Consultation (C) and Environmental Settings (D)
Volume 3 - Impact Assessments (E)

Volume 4 - Cumulative Effects Assessment (F and G)

Volume 5 - Socio-Economic Baseline, Impact Assessment and Cumulative Effects Assessment
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December 1997 -4 - TERMS OF REFERENCE
CROSS-REFERENCE
Section Title Description Cross-Reference
Volume Section
sufficient to assess impacts and mitigative measures 3 E
e identify environmental disturbance from previous activities that 2 D
have become part of baseline conditions
e describe the nature and significance of environmental effects and 34 E,F,G
impacts associated with development activities
e  present an environmental protection plan (EPP) to mitigate negative | 2 A
impacts, discuss key elements 3,4 E,F.G
e identify residual impacts and significance 34 EF.G
e  present a plan to identify possible effect and impacts, monitor 2 A
environmental impacts and manage environmental changes to 3 E
demonstrate the project is operating in a environmentally sound 4 F.G
manner
e  present recommendations for environmental protection or 2 A
mitigation which may require joint government, industry and 3 E
community resolution 4 F,G
Cumulative assess cumulative environmental effects for the project 4 F.G
Environmental
Effects Assessment
e define study and time boundaries, give rationale and assumptions 4 FG
e  consider environmental effects of other existing and proposed 34 EF.G
projects (public disclosure stage) or reasonably foreseeable
activities in the region
e  demonstrate that any information of data from previous oil sands 3,4 E.F,G
and other development projects is appropriate, supplement where
required and consider all relevant environmental components
e  explain the approach and methods used to identify and assess 34 E,F,G
curnulative impacts
provide a record of all assumptions, confidence in data and analysis to 2 D
support conclusions 34 EF
Climate, Air discuss baseline air quality and climate of area 2 D2.4,2.5
Quality and Noise D4
identify components of project and effect on local and regional air 3 E2
quality
document appropriate air quality parameters mcluding NO,, VOCs, 2 D22
ground level ozone, TRS, total hydrocarbons, acidifying emissions, and D2.5
particulates 3 E2
model ground-level ozone as part of joint industry cumulative effects 3 E2.6
assessment 4 F2
estimate ground levels of appropriate air quality parameters 3 E2.3,E2.4
discuss changes to ambient particulate levels or acidic depositional 2 D2.6,
patterns 3 E2.5
justify and identify limitations of models used Appendix
11
identify potential for decreased air quality 3 E2
discuss implications on environmental protection and public health 3 EQ.EI1 EI2
discuss interactive effects of co-exposure of receptors to emissions and 3 E12.7
discuss limitation in present understanding of this subject El2.11
discuss how impacts will be mitigated 3 E2
identify a program to monitor air quality 3 E2
identify project components that will increase noise, discuss mitigation 3 El12.11
assess cumulative effects of air quality in the study area 4 F2,F12,G2,
Gl2
Geology, Terrain describe and map bedrock and surficial geology, topography and 1 2
and Soils drainage patterns in study area 2 D4

Volume | - EUB/AEP Joint Application
Volume 2 - Includes; Introduction (A), Project Description (B), Consultation (C) and Environmental Settings (D)
Volume 3 - Impact Assessments (E)

Volume 4 - Cumulative Effects Assessment (F and G)

Volume 5 - Socio-Economic Baseline, Impact Assessment and Cumulative Effects Assessment
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-5- TERMS OF REFERENCE
CROSS-REFERENCE

Section Title Description Cross-Reference
Volume Section
relate bedrock and surficial geology to regional areas (e.g., Susan Lake 1 2
Moraine)
assess and map changes due to projects construction, operation and 3 E8
reclamation 4 F8
describe and map soil types and distribution 2 D8
provide an assessment and map of pre and post-disturbance land 2 D8
capability 3 E8,E16
develop soils reclamation management plan 3 E16
describe availability and suitability of soils for reclamation 3 E8.E16
outline criteria for salvaging soils 1 16
3 El6
identify areas for soil salvage and stockpiling and estimate volumes 3 E16
identify soil constraints and limitations on reclamation. 1 16
3 E8
identify activities that may potentially contaminate soils 3 ES
collect baseline information to enable ecological land classification 2 D7
(ELCs)
describe impacts on ELCs 3 E7
Vegetation and describe and map vegetation communities 2 D9
Forest Resources Baseline
Reports
identify rare, threatened or endangered species 2 D9.6
3 E9.7
identify amount of land and types of vegetation communities to be 3 E9.7.4
disturbed E10.8.3
describe mitigative measures 3 E9.9
evaluate forest and peatlands/wetlands outlined in Alberta Vegetation 2 D9,.DI10
Standards (AVI) Manual Version 2.2
describe impact on commercial forestry 3 Ei14,El6
assess development and mitigation affect on peatiands/wetlands 3 E10
cumulatively 4 F10.G10
identify and evaluate potential impacts, including cumulative impacts 3 E10
(in context of Draft Wetlands Policy for Alberta) 4 F10.G10
illustrate, on a conceptual end land use map, type and distribution of ! 16
proposed reclaimed vegetation 3 E16
Wildlife describe wildlife habitat types and use 2 DI
identify rare and endangered species, habitat requirements and seasonal | 2 Dl
habitat use in significant areas
describe and map significant local habrtat, seasonal habitat use, winter Golder Golder
and summer range, and movement corridors for moose and other key 1998b 1998b
indicator species 3 E11.6.3
comment on the sensitivity of key species and habitat to impacts 3 E11.06
discuss regional and temporal effect and potential return to pre- 3 Ell.12
disturbance conditions 3 Et1.15
4 Fi1.Gll
provide a mitigation plan 3 Ell
identify and discuss monitoring programs to assess impacts of project 3 Elt
and mitigation plans
assess cumulative effects on wildlife (and wildlife health) 3 Ell
4 F11,Gl1
Surface Hydrology | describe pre and post project surface hydrology 2 D4
3 E4
identify potential impacts on local and regional hydrology 3 E4
4 F4

Volume 1 - EUB/AEP Joint Application
Volume 2 - Includes; Introduction (A), Project Description (B), Consultation (C) and Environmental Settings (D)
Volume 3 - Impact Assessments (E)

Volume 4 - Cumulative Effects Assessment (F and G)

Volume 5 - Socio-Economic Baseline, Impact Assessment and Cumulative Effects Assessment
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December 1997 -6 - TERMS OF REFERENCE
CROSS-REFERENCE

Section Title Description Cross-Reference
Volume Section
include impacts on theimal regime of surface water of Muskeg River 3 E5.7
and associated tributaries
describe alterations to timing, volume, and duration of peak flows 3 E4.4
including the western portion of Lease 13 and future development on
Lease 13 east, as appropriate
describe design and plans to protect Muskeg and tributaries, include 3 E4.3
location and dimensions of buffers E4.0
B4
describe monitoring program to assess water management 3 E4,E5
describe the design parameters for all water management plans and 1 16
facilities required within duration of Water Resources Act (WRA) 3 E4.3
approval
describe and discuss with respect to other projects including cumulative | 3 ES
effects 4 F5,G5
identify wastewater effluents, mine depressurized water and runoff in 3 E3,E4.4
terms of source, volume, and seasonal timing
describe management plans, mitigation measures and monitoring 3 E4
programs
discuss probable maximum flood and precipitation and influence on 3 E4.3
project design and contingency plans E4.9
Groundwater discuss the groundwater regime 2 D3
3 E3
4 F3,G3
summarize existing databases including flow patterns, groundwater 2 D3
quality, and regional interactions
describe effects on existing groundwater including water quality, 3 E3.6,E3.7
quantity and thermal regime. 4 F3,G3
discuss effects on basal aquifer 3 E3.5,E3.0
Appendix | E3.7
discuss relationship between groundwater and surface water 3 E3.5,E3.6
E3.7,E4
4 F3
describe monitoring programs and mitigative measures 3 E3
4 F3
describe surficial and upper bedrock groundwater regimes 2 D3
Water Quality describe baseline conditions 2 D5
identify activities influencing water quahty (before, during, after) 3 ES
describe potential impacts with respect to location, magnitude, duration | 3 ES
and extent, and significance
describe mitigation measures during construction, operation and 3 ES
reclamation
discuss seasonal variation and effects 3 ES.S
E5.6
ES.7
describe monitoring program to assess water management system for 3 E5.54 E5.6.4
collection, handling, treatment and discharge
assess cumulative effects 4 F5,G5
predict water quality conditions in Muskeg, Athabasca and other water 3 ES.5
bodies down stream of project ES5.6
compare predicted and existing water quality to Alberta Ambient 2 DS
Surface Water Quality Interim Guidelines, relevant US EPA guidelines, | 3 ES
and Canadian Water Quality Guidelines
consider the recommended procedure for using existing guidelines 3 ES
described in “Alberta Environmental Protection Protocol for

Volume | - EUB/AEP Joint Application

Volume 2 - Includes; Introduction (A), Project Description (B), Consultation (C) and Environmental Settings (D)
Volume 3 - Impact Assessments (E)

Volume 4 - Cumulative Effects Assessment (F and G)

Volume 5 - Socio-Economic Baseline, Impact Assessment and Cumulative Effects Assessment
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TERMS OF REFERENCE

CROSS-REFERENCE

Section Title Description Cross-Reference
Volume Section
Determining Water Quality Guideline Use”
discuss implications for short and long term water quality, resource use | 3 E5,El4
and aguatic resources 4 F5F14
Aquatic Resources | describe fish resources including species composition, distribution, 2 D6
relative abundance, movements and life history parameters Appendix
VI
Golder
1997d
describe and map appropriate fish habitat of Athabasca, Muskeg and 2 D6
tributaries affected by project Golder
19974,
Golder
1998a
describe impacts to fish and fish habitat because of changes in water 3 E6.5
quality, water quantity, substrate and hydrology EG.6
EG.8
discuss nature, extent, duration, magnitude and significance of impacts 3 EG6.5.3,
E6.6.3,
E6.7.3,
EG6.8.3
describe relevance to existing or potential domestic, recreational or 3 El4.12
commercial fishery
identify critical or sensitive habitats such as spawning, rearing and 2 D6
overwintering areas Golder
19974
describe existing information base, any deficiencies in information and 3 EG.5.4
studies proposed to evaluate the status of fish and aquatic resources E6.6.4
E6.7.4
E6.8.4
identify, provide rationale and selection criteria for key indicator 2 DI
species 3 EG.3
identify impacts on fish and fish habitat from project construction and 3 E6.5
operation E6.6
E6.8
assess cumulative effects in the on fish and fish habitats 4 F6,G6
discuss cooperative mitigation strategies 4 F6,G6
discuss design, construction and operation factors to protect fish 3 E6.5.2
resources
identify proposed mitigation and compensation plans for each impact 3 EG6.5
and specific site identified EG.6
E6.7
E6.8
identify residual impacts on fish and fish habitat, discuss significance to | 3 E6.5.3 E6.6.3
local and regional fisheries E6.7.3
E6.8.3,
£14.12
discuss how development and mitigation will address “no net loss” 3 E6.5.2
identify monitoring programs to address impacts and mitigation 3 EG6.10
discuss potential for fish tainting, survival of eggs and fry, chronic and 3 E6.5
acute health effects, and stress on populations from contaminants, E6.6
sedimentation, and habitat changes E6.7
E6.8
Reclamation/Mine Closure
provide a reclamation plan describing anticipated land capability and 1 16
end land use, land stability, erosion control, revegetation, development 3 E16

Volume 1 - EUB/AEP Joint Application
Volume 2 - Includes; Introduction (A), Project Description (B), Consultation (C) and Environmental Settings (D)
Volume 3 - Impact Assessments (E)

Volume 4 - Cumulative Effects Assessment (F and G)

Volume 5 - Socio-Economic Baseline, Impact Assessment and Cumulative Effects Assessment

Golder Associates




December 1997

TERMS OF REFERENCE

CROSS-REFERENCE

Section Title Description Cross-Reference
Volume Section
phasing, pit backfill sequencing, and time frames
describe how the final landform is incorporated into mine planning 3 ElG
describe implications to water quality and other ecosystem components | 3 E16.6
of the technology selected for managing fine tailings and alternative
technologies
describe management and disposal of water and processing wastes 3 E16.4
describe how reclamation plan addressed IRP and other government 3 El6
policies
describe impacts on biodiversity 3 E9, E10,
E16.6
compare pre-disturbed and anticipated species list 3 E9, Ell
describe differences in type, size, variety or distribution of terrestrial 3 El16.5
and aquatic landscape units on wildlife habitat, traditional uses,
aesthetics, recreation, or forestry
describe physical and biological parameters to be monitored and 3 E16.8
evaluated
outline key milestones and progress measures 1 16
3 E16.4
describe plans to demonstrate success 3 E16.2
review reclamation research and experience 3 EI16.8
describe future research initiatives to further reclamation technology 3 EI6.8
Land Use
identify aboriginal traditional land uses 3 EIS
identify existing land uses 2 D14, DIS
identify potential impacts on all land uses and possible mitigation 3 El4, El5
identify area that are potential sites for special status 2 DI3, Di4
Public Health and Safety Issues
describe aspects that may have pubic health implications 3 El2
describe measures to minimize adverse health effects 3 212
describe monitoring 3 E12
describe plans to participate in Alberta Ol Sands Community Exposure | 3 E12.7
Health Effects Assessment Program
provide outline of emergency response plan 3 E12.10
describe mitigation plans to ensure worker and public safety 3 E12.10
include prevention and safety for wildfires, chemical relcases and water | 3 E12.10
and fluid holding structure failures
Public Consultation
Public Consultation | document public consultation program | 12
2 C
describe method for dissemination of information to public ! 12
describe type of information disseminated ! 12
describe level and nature of response ! 12
describe consultative process | 12
show how public input was obtained and addressed | 12
describe and document concerns expressed by public ! 12
describe actions to address 1ssues and concerns | 12
describe how resolutions of 1ssues and concerns were incorporated into ] 12
Project development, mitigation and monitoring
describe plans to maintain the process after EIA review 1 12
ensure proper public forum for expressing views during ongoing ! 12
development, operation and reclamation
Secio-Economic
Socio-Economic describe existing socio-economic conditions 5 4, Appendix
Assessment

Volume | - EUB/AEP Joint Application

Volume 2 - Includes; Introduction (A), Project Description (B), Consultation (C) and Environmental Settings (D)
Volume 3 - Impact Agsessments (E)

Volume 4 - Cumulative Effects Assessment (F and G)

Volume 5 - Socio-Economic Baseline, Impact Assessment and Cumulative Effects Assessment
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-9 TERMS OF REFERENCE
CROSS-REFERENCE

Section Title Description Cross-Reference
Volume Section

define mitigation measures 5 5.1
impacts of region with respect to: 5 5.1
e local employment and training
e  opportunities and procurement
e local services and infrastructure
e  timing and size of workforce
e  population changes
Shell policy re. local hire, purchase 5 5.1
Outline plans to work with local residents and business re employment 5 5.1.6
and contracting opportunities
evaluate cumulative impacts on local services and infrastructure 5 6
Historical Resources
consult Alberta Community Development and Aboriginal communities, | 2 D13,Dl15
specifically Fort McKay, to establish process to assess historical, 3 E13,El54
archaeological and palaeontological significance
complete a field investigation which meets requirements of Alberta 3 E13
Community Development
develop appropriate mitigation plans 3 E13

Volume | - EUB/AEP Joint Application
Volume 2 - Includes; Introduction (A), Project Description (B), Consultation (C) and Environmental Settings (D)
Volume 3 - Impact Assessments (E)

Volume 4 - Cumulative Effects Assessment (F and G)

Volume 5 - Socio-Economic Baseline, Impact Assessment and Cumulative Effects Assessment
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A INTRODUCTION

A1 MUSKEG RIVER MINE PROJECT OVERVIEW

The Muskeg River Mine Project includes an oil sands mine, extraction
operations and associated infrastructure on Lease 13, an oil sands lease on
the east side of the Athabasca River. The project plant site will be
approximately 70 km north of Fort McMurray, Alberta and approximately
12 km northeast of Fort McKay, a community located on the west side of
the Athabasca River. Shell Canada Limited (Shell) and The Broken Hill
Proprietary Company Limited (BHP) are parties to a Feasibility agreement
for assessing and advancing the development of an oil sands project on
Lease 13.

The location of the Muskeg River Mine Project (the Project) is shown
relative to other existing or planned oil sands developments in Figure A-1.
The Project facilities will be located in the portion of Lease 13 which is east
of the Athabasca River and west of the Muskeg River, as shown in Figure
A-2, Syncrude Canada Ltd.’s recently approved Aurora North Mine is
located on the leases to the immediate north of the Muskeg River Mine.

A2 MUSKEG RIVER MINE PROJECT ENVIRONMENTAL
IMPACT ASSESSMENT

Integral to the application for development of an oil sands mining and
extraction development is the completion of an Environmental Impact
Assessment (EIA). The Muskeg River Mine Project Application to Alberta
Energy Utilities Board and Alberta Environmental Protection (the
Application) includes five volumes, of which four comprise the EIA.
Volume 1 of the Application provides a detailed review of the Project, the
history of Lease 13 and information on Shell and BHP, as development
proponents. The balance of the Application comprises the EIA volumes,
including:

o Volume 2 - EIA - Biophysical and Historical Resources Baseline
Conditions

e Volume 3 - EIA - Biophysical and Historical Resources Impact
Assessment

e Volume 4 - EIA - Biophysical and Historical Resources Cumulative
Effects Assessment

e Volume 5 - Socio-Economic Baseline and Impact Assessment and
Cumulative Effects Assessment
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A3 REGIONAL COOPERATION

The Project has been planned with the goal of actively exploring
opportunities for cooperation which will enhance economic return and
mitigate any potentially adverse environmental, socio-economic and
cultural impacts. This cooperative approach is focused on fostering
resource conservation goals and promoting environmental protection.

The regional approach for the Project involved two main considerations:

e Developments associated with the Muskeg River and its watersheds.
These developments include:

Muskeg River Mine Project
Syncrude Aurora North Mine
Mobil Kearl Mine

Syncrude Aurora South Mine
Shell Lease 13 East

® 2 © © o

e Developments associated with other projects in the Athabasca Oil
Sands area, including:

Syncrude Mildred Lake

Suncor Lease 86/17 and Steepbank Mine
Suncor Project Millennium
Petro-Canada MacKay River

Gibsons Petroleum UTF

SOLV-EX

® © ®» @ @ ©

Also included in the regional cooperative is consideration of other
developments in the area, including forestry and other mineral extraction
operations.

Details on the regional cooperation approach integral to the Muskeg River
Mine Project are provided in Section 1.7, Volume 1 of the Application.

Ad APPROVALS REQUIRED FOR THE MUSKEG RIVER MINE
PROJECT

This EIA supports Shell’s application to the Alberta Energy Utilities Board
(EUB) for the proposed Project. This EIA meets obligations under the
Alberta Environmental Protection and Enhancement Act, the Oil Sands
Conservation Act and applicable federal regulations to provide information
relating to the potential environmental effects of the development, operation
and reclamation, and closure of the Project. It also discusses measures that

Golder Associates
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will be employed to mitigate impacts, and provides an assessment of the
importance of potential environmental changes.

Ad.A1 Terms of Reference

This EIA report was prepared in accordance with the Final Terms of
Reference provided to Shell by Alberta Environmental Protection (AEP) on
November 7, 1997 (AEP 1997a, Appendix I). The requirements in the EIA
Terms of Reference have been cross-referenced to the information provided
in the EIA and in Volume 1 of the Application. The Terms of Reference
cross-reference list has been slotted after the Table of Contents and
Abbreviations at the start of Volumes 2, 3 and 4.

A4.2  Approvals Requested

Shell is applying for approval for the construction, operation and
reclamation, and closure of the Muskeg River Mine Project. The project
includes site preparation, mining, extraction, bitumen transport and
associated infrastructure, all of which are described in Volume 1 of the
Application. Shell also seeks approval for the reclamation activities to be
undertaken in association with the Project. Further details on required
approvals for the Project are provided in Section 1.8, Volume 1 of the
Application.

A4.2.1 Approvals Requested of the Energy and Utilities Board

In this application, Shell seeks Energy and Utilities Board (EUB) approval
for the proposed scheme or operation for the recovery of bitumen from oil
sands from the Project, including:

o Lease development, mining, on-site waste management and reclamation
activities in respect of the Application Area, pursuant to Section 10 of
the Oil Sands Conservation Act, (1983, c. 0-5.5) and pursuant to the Oil
Sands Conservation Regulation, (Alta. Reg. 76/88) including Sections
2,23, 24, 25 and 26 thereof.

e Construction and operation of an extraction plant and associated
utilities for the preparation of bitumen for transportation via a bitumen
pipeline for processing at the Scotford refinery in Fort Saskatchewan.

e Shipment of bitumen equivalent from the Project to such approved
processing facilities as may be authorized to accept oil sands or
bitumen equivalent for processing, from time to time, pursuant to
Section 10 of the Oil Sands Conservation Act.
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A4.2.2 Approvals Requested of Alberta Environmental Protection

Table A-1

Shell hereby requests that an approval be issued pursuant to Section 63 of
the Environmental Protection and Enhancement Act, (S.A. 1995, c.E-13.3)
and the Approvals Procedure Regulation (Alta. Reg. 113/93), in respect of
the following activities to be carried out in conjunction with the Project, as
described in this Application:

Opening up, operation and reclamation of the Muskeg River Mine
Project oil sands site.

Construction, operation and reclamation of an extraction {reatment
plant and associated utilities with a nominal capacity of 8.7 million m’
per annum of bitumen equivalent.

Oil sands site infrastructure, including but not limited to works,
buildings, structures, facilities, equipment, apparatus, mechanism,
instrument or machinery belonging to or used in connection with the
proposed mine, extraction and utilities plant, industrial landfill,
overburden disposal sites, reclamation materials storage, access roads,
telecommunication lines and other infrastructure as detailed in Volume
I of the Application.

Shell also requests of AEP, under Section 11.1 of the Water Resources Act,
approval for the collection and diversion of surface waters as described in
Section 16 of Volume 1 of the Application, including:

e ® © & @ @

impoundment of surface and groundwater for process water use;
diversion of natural surface waters around or away from the lease area;
muskeg dewatering;

process water ditching;

granular resource dewatering; and

mine depressurization.

The legal description of the area to be covered by this approval is provided
in Table A-1.

Legal Description of the Project Area

Township Range Section Meridian
(west of)

95 11 24,25, 36 4th

95 10 1-36 4th

95 9 7,8,17-20,29-~32 4th
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A4.2.3 Other Required Approvals

The Project will also require additional agreements, approvals or licences
from the provincial government, which will be applied for in a timely
manner as development proceeds. Additional approvals required are
detailed in Volume 1, Section 1 (Table 1-2) of the Application.

A5 PURPOSE OF THE ENVIRONMENTAL IMPACT
ASSESSMENT

This Environmental Impact Assessment (EIA) presents a summary of the
environmental effects associated with construction, operation and
reclamation, and closure of the Project. The EIA comprises Volumes 2 to 5
of the Application for approval of the Project, with Volumes 2, 3 and 4
focused on the biophysical and historical resources and Volume 5 focused
on socio-economics. Volume 1 of the Application includes a detailed
description of the Project as well as an application for the Alberta
Environmental Protection and Enhancement Act 10-year environmental
operating approval. Also included in Volume 1, Section 10 is a summary of
the results of the EIA.

The purpose of the EIA is to present information and analyses that meet the
requirements identified in EIA Terms of Reference for the Project, as
provided by Alberta Environmental Protection (AEP 1997a). The final
Terms of Reference is provided in Volume 2, Appendix 1 of the
Application. The EIA focuses on oil sands development issues and specific
concerns raised during the Project’s extensive public consultation process.

The key information requirements for an Environmental Impact Assessment
are: a comprehensive knowledge of the Project; an understanding of the
issues and concerns raised by the public, regulators and other Project
stakeholders; and an inventory of biophysical and historical resources. The
Project EIA includes:

e A description of the Project activities that have the potential to affect
the environment, detailed in Volume 1 of the Application and
summarized in Section B, Volume 2 of the Application.

e A list of issues and concerns raised during Project consultation efforts,
summarized in Section C, Volume 2 of the Application. Section 12,
Volume 1 of the Application details the public consultation program
completed as an integral part of preparing the Application for the
Project.
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e A summary of the existing (baseline) biophysical and historical
conditions in the Project area, presented in Section D, Volume 2 of the
Application.

e A discussion of the potential impacts of the Project on biophysical and
historical conditions, presented in Section E, Volume 3 of the
Application.

e A summary of the potential cumulative effects associated with the
Project and with Regional Development, discussed in Sections F and G,
Volume 4 of the Application.

e Details on the socio-economic baseline conditions for the Project, as
well as the socio-economic impact assessment, including cumulative
effects, presented in Volume 5 of the Application.

A5.1 Quality Assurance/Quality Control

A detailed quality assurance/quality control (QA/QC) plan was designed to
ensure data quality for the collection, analysis and management of a range
of information and samples for the Project EIA.

The QA/QC plan identified procedures that were implemented to ensure
data were of sufficient quality to be used in support of the EIA.

A5.2 ElA Results

The results of the Project EIA have been summanzed to provide
information on the design features and mitigation activities that will be
undertaken to reduce impacts related to the Project. Additionally, proposed
monitoring programs that will be implemented to evaluate the effectiveness
of design and mitigation efforts are described.

The residual impacts associated with the Project are summarized in Tables
A-2 and A-3, including:

e the design features and mitigation measures, monitoring programs and
planned participation in other regional initiatives that will be
implemented by Shell to reduce potential impacts associated with
construction and operation of the Project; and

e the Residual Impacts for environmental resources (biophysical and
historical) and socio-economics.

The cumulative effects from development of the Muskeg River Mine
Project are summarized for the environmental resources in the Introduction
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to Volume 4 of the Application and for socio-economics in Volume 5 of the
Application.
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Table A-2

Mitigation Measures and Residual Impacts for Biophysical and Historical Resources

Key Question/Environmental Issue

Mitigation/Monitoring

Residual Impact

AIR QUALITY ISSUES

AQ-1 Will Muskeg River Mine Project Emissions Result
in Exceedances of Ambient Air Quality Guidelines?

AQ-2 Will Muskeg River Mine Project Emissions Result
in Human Health Effects?

AQ-3 Will Muskeg River Mine Project Emissions Result
in the Deposition of Acid Forming Compounds That
xceed Target Loadings?

AQ-4 Will Muskeg River Mine Project Emissions Result
in the Formation of Ozone That Exceeds Air Quality
Guidelines?

Mitigation:
Fugitive PM Emissions:

@

Mitigation measures to reduce visible and
other emissions associated with vegetation
clearing will include: timber salvage to reduce
required burning; burning when large fuel
material has low motsture content; keeping
burn piles free of dirt to minimize smoldering;
and immediate cleanup of piles following the
burn. Areas to be cleared will be minimized.
Mitigation to reduce particulate emissions
associated with overburden removal include
the selection of mine areas covered with
shallow overburden. Shallow depths of
overburden reduce fuel use and emissions from
haul trucks. Overburden disposal areas will be
revegetated to stabilize surfaces.

Roadways will be watered as required during
warm, dry conditions to reduce particulate
emissions. Water will not be used during
winter for safety reasons. Occasionally, other
dust suppression methods will be used on the
roads.

The exterior surfaces of tailings settling ponds
will be revegetated to stabilize sand surfaces.

Construction / Operation:

e Fugitive PM emissions will result from vegetation
clearing, overburden removal, road construction and use,
mining activities and tailings management. The residual
impacts will be Negative in direction, Low {overburden
removal and mining activities) to Moderate (vegetation
clearing, roads and tailings management) in magnitude,
Long-Term in duration, Local in geographic extent
(except for vegetation burning, which can be Regional)
and Reversible. The degree of concern is Low to
Moderate.

e See Human Health Section E12 for analysis of human
health effects.

Closure:

e No residual impacts are expected, therefore the degree of
concemn is Negligible.
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Key Question/Environmental Issue

Mitigation/Monitoring

Residual Impact

Continuation of:

AQ-1 Will Muskeg River Mine Project Emissions Result
in Exceedances of Ambient Air Quality Guidelines?
AQ-2 Will Muskeg River Mine Project Emissions Result
§ in Human Health Effects?

AQ-3 Will Muskeg River Mine Project Emissions Result
in the Deposition of Acid Forming Compounds That
Exceed Target Loadings?

AQ-4 Will Muskeg River Mine Project Emissions Result
in the Formation of Ozone That Exceeds Air Quality
Guidelines?

NO, Emissions:

Low NO, bumers will be installed on the
stationary combustion sources at the plant site
to reduce NOy emissions.

Mine fleet vehicles with emission control
technology will be selected to manage NOy,
VOC and PM emissions.

VOC Emissions:

(]

Tailings solvent recovery (TSR) will reduce
solvent loss to the pond and hence fugitive
VOC emissions from the tailings settling
pond.

Vapour control will reduce emission from the
solvent and product storage tanks.

Monitoring:

Periodic stack surveys for key sources to
confirm NO, emissions.

Ambient monitoring to confirm NOy and PM,,
in the vicinity of the mine.

Confirm fugitive VOC emissions from the
mine and tailings settling pond.

Participate in the Southern Wood Buffalo Air
Shed Management Zone for regional air
quality and meteorology monitoring.

Construction / Operation:

e Oxides of nitrogen emissions will result from
combustion sources that are either stationary (e.g.,
boilers) or mobile (e.g., mine fleet). The residual impact
will be Negative in direction, Low to Moderate in
magnitude, Long-Term in duration, Local in geographic
extent and Reversible. The degree of concern is Low.

Closure:

e No residual impacts are expected, therefore the degree of
concern is Negligible.

Construction / Operation:

e Hydrocarbon and reduced sulphur emissions will resuit
from volatilization associated with the tailings settling
ponds, the extraction plant vents and from fugitive
sources, such as exposed oil sands faces. The residual
impact will be Negative in direction, Moderate (tailings
settling pond and oil sands faces) and Low (vents) in
magnitude, Long-Term (tailings settling pond and oil
sands faces) to intermittent (deaerator vents) in duration,
Local in regional extent and Reversible. The degree of
concern is Moderate.

Closure:

e The presence of fugitive VOC emissions from a dry CT
landscape is unknown. However, no residual impacts are
expected, therefore the degree of concern is Negligible.

AQ-5 How Will Muskeg River Mine Project Greenhouse
Gas Emissions (GHG) Compare to Those Associated With
Conventional Production?

Mitigation:

The warm water extraction process will result
in an energy efficient (low emissions)
operation. An efficient mine operation will
minimuze ore truck haul distances. The
selection of a high-grade/low overburden ore
body, which mimmuzes the amount of material
handled will mimimize energy expenditure and
GHG emissions.

Construction / Operation:
e CO, emissions will result from combustion sources that
are either stationary (e.g., boilers) or mobile (e.g., mine

fleet).

Closure:

e  Revegetation and reclamation will result in a carbon
sink.
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Key Question/Envirenmental Issue

Mitigation/Monitoring

Residual Impact

HYDROGEOLOGICAL ISSUES

GW-1 Will the Muskeg River Mine Project Change
Groundwater Levels and Groundwater Flow Patterns?

Monitoring:

@

Groundwater monitoring wells will be
installed in surficial aquifers and the Basal
Agquifer in selected locations around the
perimeter of the mine pit. Groundwater
levels in these wells will be monitored
periodically, to assess the performance of the
overburden dewatering and Basal Aquifer
depressurization systems, and to monitor the
magnitude of drawdown in the adjacent
unmined overburden and Basal Aquifer.

Construction / Operation / Closure:

@

The dewatering of overburden and depressurization of
the Basal Aquifer will lower groundwater levels from
their natural state. The residual impact will be Negative
in direction, Low to Moderate in magnitude, Local in
geographic extent, Medium to Long-Term in duration
and the frequency is High. The degree of concern is
Low.

GW-2 Will Groundwater Systems Re-establish After
Mining and Reclamation?

Monitoring:

14

Monitoring of recovery of groundwater levels
will be accomplished by installation of
monitoring wells at selected sites within and
adjacent to reclaimed mine pits and the
reclaimed tailings structure. It will be
possible to monitor groundwater levels in the
wells periodically over time to establish
recovery trends and provide a basis for
projecting equilibrium levels.

Construction / Operation / Closure:

)

The groundwater flow systems and groundwater levels
that re-establish after mining will be altered from their
natural state. However, the groundwater flow patterns
will be similar to the natural state. The residual impact
will be Neutral in direction, Low to Moderate in
magnitude, Local in geographic extent, Long-Term in
duration and the frequency is High. The degree of
concern is Low.

GW-3 Will the Muskeg River Mine Project Change
Groundwater Quality?

Mitigation:

®

Potential mitigation of seepage impacts may
be required if seepage was found to be
flowing past the perimeter ditch through
surficial aquifers to the Muskeg River. In
this event, an appropriate method, such as an
interceptor ditch between the river and the
tailings settling pond, could be employed to
collect tailings seepage before it reaches the
Muskeg River.

Monitoring:

Monitoring of groundwater quality during
operations and closure will be accomplished
by installation of monitoring wells at selected

Construction / Operation / Closure:

Groundwater quality in the Basal Aquifer beneath the
mine and the tailings settling pond will be altered from
the natural state. Groundwater quality in oil sands/lean
oil sands and possibly surficial sediments east of CT
disposal pits, and on both sides of the tailings settling
pond, will also be altered from its natural condition.
The residual impact will be Negative in direction,
Moderate to High in magnitude, Local in geographic
extent, Long-Term in duration, Irreversible and of High
frequency. The degree of concern is Low in the Basal
Aquifer, and Moderate to High in unmined oil sands or
surficial aquifers.
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Key Question/Environmental Issue

Mitigation/Monitoring

Residual Impact

sites. Groundwater quality in the wells will
be monitored through periodic sampling over
time to establish any changes or trends in
groundwater quality, and provide a basis for
projecting future groundwater quality.
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Key Question/Environmental Issue

Mitigation/Monitoring

Residual Impact

SURFACE WATER ISSUES

SW-1 Will the Muskeg River Mine Project Affect Flows
and Water Levels in Receiving Streams, Lakes, Ponds and
Wetlands?

Mitigation:

8

Maximize use of tailings and consolidated
tailings porewater release, Basal Aquifer water,
and site runof¥ for process water to minimize raw
water withdrawal requirement from the
Athabasca River.

Minimize impacts on the flows and water levels
in the Muskeg River and Mills Creck by
distributing muskeg drainage operations evenly
through the mine life to avoid a large increase in
flows in the receiving streams.

Minimize impacts of closed-circuit operations on
the flows and water levels in Muskeg River and
Mills Creek by maximizing diversion of natural
runoff from undeveloped areas (no contact with
o1l sands) around the mining area to the
receIving streams.

Minimize impacts on the flows and water levels
n the Muskeg River and Mills Creek by
developing a dramage layout to minimize the
changes i the natural drainage areas of the
receiving streams.

honitoring:

£

@

Monitor flows and water levels at selected sites.
participate in the Regional Hydrology and
Climate Monitoring Program, including
chmate monttoring for correlating with, and
interpreting of the results of streamflow
monitoring.

Construction:

-3

Alsands Drain: The degree of concern of the residual impacts
is rated Negligible, although the flow changes in this man-
made channel will be relatively High.

Muskeg River: The residual impacts will be Negative in
direction, Low in magnitude, Local in geographic extent,
Medium Term in duration, Reversible and of Intermittent
frequency. The degree of concern is Low.

Mills Creek: The residual impacts will be Negative in
direction, Low in magnitude, Local in geographic extent,
Medium Term in duration, Reversible and of Continuous
frequency. The degree of concern is Low.

Isadore’s Lake: The changes in inflows to the lake will cause
Negligible changes in lake water levels.

Athabasca River: The Project will have Negligible effects on
the Athabasca River flows.

Operation:

Alsands Drain: The degree of concern of the residual impacts
1s Negligible, although the flow changes in this man-made
channel will be relatively High.

Muskeg River: Temporary release of the end pit lake water
during the management period may moderately increase the
river flows. The residual impacts will be Negative in
direction, Low to High in magnitude, Local in geographic
extent, Medium Term in duration, Reversible and of
Continuous frequency. The degree of concern is Low to
Moderate.

Mills Creek: Muskeg drainage and overburden dewatering
will temporarily increase the streamflows. The residual
impacts will be Negative in direction, Low to High in
magnitude, Local in geographic extent, Medium Term in
duration, Reversible and of Continuous frequency. The
degree of concern is Moderate.

Isadore’s Lake: The changes in inflows to the lake will cause
Negligible changes in lake water levels.

Athabasca River: The Project will have Negligible effects on
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Key Question/Environmental Issue

Mitigation/Monitoring

Residual Impact

the Athabasca River flows.

Closure:

e  Alsands Drain: The degree of concem of the residual impacts
is Negligible, although the flow changes in this man-made
channel will be Low to High.

e Muskeg River: The residual impacts will be Negative in
direction, Low in magnitude, Local in geographic extent,
Long Term in duration, Irreversible and of Continuous
frequency. The degree of concem is Low.

o  Mills Creek: Surface runoff to the creek will be reduced. The
residual impacts will be Negative in direction, Moderate in
magnitude, Local in geographic extent, Long Term in
duration, Iireversible and of Continuous frequency. The
degree of concern is Moderate.

e [Isadore’s Lake: The changes in inflows to the lake will cause
Negligible changes in lake water levels.

e Athabasca River: The Project will have Negligible effects on
the Athabasca River flows.

SW-2 Will the Muskeg River Mine Project Affect Water
Balance of Nearby Lakes, Ponds, Wetlands and Streams?

Monitoring:

Monitor water levels and outflows at Kearl

Construction / Operation / Closure:
o The degree of concern of the Project residual impacts on

Lake as part of RAMP. the Kearl Lake water balance is Negligible, because the
Basal Aquifer depressurization will cause Negligible
changes to the lake outflows.
SW-3 Will the Muskeg River Mine Project Affect Basin Mitigation: Construction:

Sediment Yields and Sediment Concentrations in
Receiving Streams?

Minimize incremental sediment loads to the
Muskeg River by routing muskeg drainage,
overburden dewatering and runoff from site
clearing and overburden stripping operations
to sedimentation ponds before releasing to the
receiving streams.

Follow regulatory guidelines and best
management practices to minimize erosion
and sediment loading during site clearing and
construction of pipeline crossings.

Provide a minimum of 100 m buffer zone
between the mining footprint and the

o  The degree of concern of the Project residual impacts
on the streamflow sediment concentrations in Muskeg
River and Mills Creek is Negligible.

Operation:

e  Muskeg drainage and overburden dewatering during
operation will increase channel erosion in Mills Creek.
A temporary large increase of the Muskeg River flows
during the end pit lake management period will increase
channel erosion in Muskeg River. The residual impacts
will be Negative in direction, Negligible to Low in
magnitude, Local in geographic extent, Medium Term
in duration, Reversible and of Continuous frequency.
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Key Question/Environmental Issue

Mitigation/Menitoring

Residual Impact

channels of Muskeg River and Jackpine
Creek.

»  Provide erosion protection measures to
minimize erosion of the facilities located in
the 100-year flood risk limits.

o  Construct road ditches to collect and route
surface runoff from disturbed areas to
polishing ponds before release to receiving
streams.

o  Revegetate areas disturbed during
construction by seeding and mulching.

»  Provide erosion protection measures such as
riprap at river crossing embankments.

Monitoring:
e  Monitor streamflow sediment concentrations at
selected sites.

The degree of concern is Low.

Closure:

o  The increase of the Muskeg River flows after closure
will be small. The residual impacts will be Negative in
direction, Low in magnitude, Local in geographic
extent, Long Term in duration, Irreversible and
Continuous. The degree of concern is Low.

SW-4 Will the Muskeg River Mine Project Affect Channel
Regimes of Receiving Streams?

Mitigation:

o  The measures to minimize increases of flows
in receiving streams listed under Key
Question SW-1 also help minimize channel
erosion potential and thus minimize changes
in channel regimes of receiving streams.

Construction / Operatien / Closure:

o Increased streamflows in Muskeg River and Mills Creek
will cause small increases in the channel erosion rates.
The degree of concern of the Project residual impacts on
the channel regimes of Muskeg River and Mills Creek is
Negligible.

SW-§ Will the Muskeg River Mine Project Change the
Open-Water Areas Including Lakes and Streams?

Mitigation:

e Create closure reclamation drainage systems
consisting of drainage channels, shallow
lakes/wetlands and an end pit lake.

Construction / Operation:

e  The Project will displace a small number of shailow
lakes/ponds in the Project area. The residual impacts
will be Negative in direction, Low in magnitude, Local
in geographic extent, Medium Term in duration,
Reversible and Continuous. The degree of concern is
Low.

Closure:

e  The reclaimed landscape and drainage systems will
provide larger open-water areas of streams, wetlands
and lakes in the Project area and thus replace the open-
water areas lost during construction and operation. The
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Key Question/Environmental Issue

Mitigation/Menitoring

Residual Impact

degree of concemn of this impact is Negligible.

SW-6 Will the Muskeg River Mine Project Affect
Landscape and Drainage System Sustainability After
Closure?

Mitigation:

All the reclaimed surfaces will be covered
with reclamation material consisting of
organic and mineral soils to support
vegetation. Sand ridges will be constructed
on the sand-capped CT surfaces to provide
drained soil conditions to support upland
vegetation growth. These measures will
minimize surface erosion from the reclaimed
landscape.

All the reclaimed surfaces will be built with
drainage networks characteristic of natural
systems. Drainage networks based on natural
systems will ensure minimum gully erosion,
which is usually the main source of basin
sediment yield from an immature landscape.
All main drainage channels will be built “in
regime” by replicating geomorphic
relationship exhibited by natural streams.
Floodplains will be provided to accommodate
extreme flood events including the 100-year
and even the Probable Maximum Flood
(PMF) without excessive channel erosion and
sediment yield.

Shallow lakes, wetlands and the end pit lake
will help attenuate flood peak discharges to
the downstream channels and minimize flow
velocities and channel erosion. Rock
breakwaters will be provided to protect the
20 littoral zone to ensure biological
productivity and to minimize wave erosion.
The large end pit lake will settle sediment
runoff from the reclaimed surfaces and
minimize risks of increased sediment loading
to the Muskeg River.

Closure:
A reclamation drainage plan has been designed for the
Project to develop a long term reclamation landscape
and drainage systems on closure. The residual impacts
will be Negative in direction, Low in magnitude, Local
in geographic extent, Long Term in duration,
Irreversible and Continuous. The degree of concern is

Low.
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Key Question/Environmental Issue

Mitigation/Monitoring

Residual Impact

Menitoring:

8

A program will be designed for monitoring
flows and water quality from the
sedimentation ponds.
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Key Question/Environmental Issue

Design Feature/Mitigation/Monitoring

Residual Impact

WATER QUALITY ISSUES

WQ-1  Will Operational and Reclamation Water
Releases From the Project Result in Water Quality
Guideline Exceedances in the Athabasca and Muskeg
Rivers and Isadore’s Lake?

WQ-2  Will Operational and Reclamation Water
Releases From the Project Result in Toxicity Guideline
Exceedances in the Athabasca and Muskeg Rivers?

Mitigation:

e  Perimeter ditches around the tailings settling
pond will penetrate to an underlying low
permeability layer. Seepages will be collected
and pumped back into the pond during
operation; this will effectively prevent
seepages from progressing beyond this point.

e  CT deposited below grade to reduce seepage.

e  Water from CT will be recycled into the
closed-circuit system during operation.

e At closure, the perimeter ditch will drain to
wetlands before discharging to the Athabasca
River.

e  Wetlands will be developed on CT deposits
and reclaimed tailings settling pond.

e  After operation, sand and CT seepage water
will be channeled to the end pit lake for
remediation.

Monitoring:
e A water quality monitoring program will be
developed in conjunction with RAMP.

Construction / Operation / Closure:

Although background levels of several metals exceed
water quality guidelines in the Athabasca and Muskeg
rivers, no exceedances of water quality guidelines for
aquatic life are predicted to occur as a result of the
Project. The degree of concern is Negligible.
Exceedances of human health water quality guidelines
for two PAH compounds were predicted to occur as a
result of end pit lake discharges in the Muskeg River.
The residual impact will be Negative in direction, Low
in magnitude, Local in geographic extent, Medium-
Term in duration, Reversible, and of Medium (several
years) frequency. The degree of concern is Low.
Further evaluation by Human Health Section E12
eliminated these compounds as a concern.

No acute or chronic toxicity guideline exceedances are
predicted to occur in the Athabasca and Muskeg rivers.
The degree of concern is Negligible.

Isadore’s Lake water quality will not be affected.

WQ-3  Will Operational and Reclamation Water
Releases From the Project Alter the Temperature Regime
of the Muskeg River?

Mitigation:

e Discontinue filling end pit lake during winter
months to control rate of discharge to
Muskeg River.

o  Control end pit lake discharges during critical
fish life stages, if necessary.

Monitoring:
s  Temperature regime of Muskeg River will be
monitored in selected years as part of RAMP.

Construction / Operation / Closure:

Adjustment of timing of end pit lake water releases will
result in no residual impacts on temperature in the
Muskeg River, with the potential exception of reduced
diurnal fluctuation. The degree of concern is Negligible
for cooling in open water season and slower seasonal
temperature changes. It is Undetermined for reduced
diurnal fluctuation.

WQ-4  Will Muskeg Dewatering Activities Associated
With the Project Reduce Dissolved Oxygen
Concentrations to Unacceptable Levels in the Muskeg
River?

Mitigation:

e Sedimentation ponds will be constructed to
collect muskeg and overburden (operational)
waters.

Construction / Operation:

Waters will be controlled and treated if necessary to
ensure no residual impacts on dissolved oxygen
concentrations. Degree of concern is Negligible.
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Key Question/Environmental Issue

Design Feature/Mitigation/Monitoring

Residual Impact

o  Aerate sedimentation pond, if necessary.

Monitoring:
e  The BOD of these waters will be monitored
before release.

Closure:

e  Operational waters will no longer be discharged at
closure, hence no impact is predicted. The degree of
concern is Negligible.

WQ-5  Wili PAHs in Operational and Reclamation
Waters Released From the Project Accumulate in
Sediments and be Transported Downstream?

Mitigation:

o Sedimentation ponds and wetlands will be
constructed to intercept waters and allow
settling of particulates.

Menitoring:
o  Participation in regional aquatics monitoring
program (RAMP).

Construction / Operation / Closure:

e  No accumulation and transport of PAHs in sediments is
anticipated, however some uncertainty exists. The
residual impact will be Negative in direction, Negligible
to Low in magnitude, Local in geographic extent,
Medium-Term in duration, Reversible and of Moderate
frequency. The degree of concern is Negligible to Low.

WQ-6  Will End Pit Lake Water be Toxic Prior to
Discharge to the Muskeg River?

hitigation:

e Filling of the end pit lake will be controlled
at such a rate that lake discharges will be
non-1oxic.

e 20% httoral zone to enhance biological
productivity.

Construction / Operation / Closure:
e  Discharges from end pit lake will not be toxic. The
degree of concern is Negligible.

WQ-7  Will Accidental Water Releases Occur That
Could Affect Water Quality in the Athabasca and Muskeg
Rivers?

Mitigation:

o Emergency spill response manual.
o  Spill response training.

o  Best management practices.

Construction / Operation / Closure:
e  Degree of concern is rated as Negligible.

WQ-8  Will Changes in Water Quality Result From
Acidifying Emissions?

Monitoring:

e Shell will cooperate with other operators in
the region to more fully understand acid
deposition.

Construction / Operation / Closure:

e Questions remain about spring runoff impact of
acidification on water quality. The residual impact will
be Negative in direction, Undetermined in magnitude,
Local in geographic extent, Medium-Term in duration,
Reversible and of Medium frequency. The degree of
concemn is Undetermined.
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AQUATIC RESOURCES ISSUES

AR-1 Will Muskeg River Mine Project Activities Change
Fish Habitat?

Mitigation:

e Avoid critical sports fish habitat in the
Muskeg River or Jackpine Creek.

e  See design features for minimizing sediment
loading (SW-3).

e  See mitigation to prevent changes in
temperature regime of Muskeg River
(WQ-3).

e  Aquatic habitat will be established in the
reclatmed landscape including streams,
wetlands and an end pit lake. Fish may be
introduced into the end pit lake.

Mitigation:

s Habitat monitoring of Isadore’s Lake and
Muskeg River will be undertaken as part of
RAMP.

Construction / Operation:

e  No residual impacts on northern pike, Arctic grayling,
longnose sucker, walleye or lake whitefish habitat are
anticipated during the life of the Project. The degree of
concern is Negligible.

e  Several small ponds will be lost during construction.
The Alsands drainage system, which covers 3.4 ha, will
be removed in operation and replaced at closure when it
will form the outlet channel from the end pit lake.
Habitat of equivalent quality and quantity will be
replaced during operation. The residual impact will be
Negative in direction, Low in magnitude, Medium-
Term in duration, Local in geographic extent,
Reversible and once in frequency. The degree of
concern is Low.

Closure:

e  Positive impact through creation of sport and forage
fish habitat in reclaimed landscape (wetlands, streams
and end pit lake).

AR-2 Will Muskeg River Mine Project Activities Result
in Acute or chronic Effects on Fish?

Mitigation:
s  See mitigation features for WQ-1 and WQ-2.

Construction / Operation / Closure:
s No residual acute or chronic effects on fish are
anticipated. The degree of concern is Negligible.

AR-3 Will Muskeg River Mine Project Activities Change
Fish Tissue Quality?

Mitigation:
e  No operational discharges of process-affected
water.

e  Sce features for WQ-1 and WQ-2.

Monitoring:

e  Monitoring of fish tissue for bioaccumulation
through RAMP.

»  Only monitor for tainting if tainting studies
indicate potential for tainting from CT water.

Construction / Operation / Closure:
e  No residual acute or chronic effects on fish are
anticipated. The degree of concern is Negligible.
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AR-4 Will Muskeg River Mine Project Activities Change
Fish Abundance?

Monitoring:
e Monitoring of fish abundance as part of
RAMP.

Construction / Operation / Closure:
e  No residual effects on fish abundance are anticipated.
The degree of concern is Negligible.

AR-8 Will Muskeg River Mine Project End Pit Lake
Support 2 Viable Ecosystem?

Mitigation:
o See design features under WQ-6.
» See mitigation under WQ-6.

Monitering:

o  Monitoring of fish health, tainting,
bioaccurmnulation and fish populations.
Monitoring plans will be finalized once end pit
lake design is final.

Construction / Operation:

e  The end pit lake will start to discharge to the Muskeg
River near the end of operation (2029). This rules out
effects during these phases. The degree of concemn is
Negligible.

Closure:

e  End pit lake is expected to support a viable aquatic
ecosystem, however additional information is required
to confirm this; the impact is Undetermined in direction
and magnitude.
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ECOLOGICAL LAND CLASSIFICATION ISSUES

ELC-1 Will the Activities From the Muskeg River Mine
Project Result in a Loss or Alteration of ELC Units?

Monitoring:

e  Site clearing for the mine, tailings settling °
pond, overburden disposal areas, reclamation
materials storage areas, roads, plant site,
linear infrastructure (e.g., roads and pipelines)
and other associated facilities (e.g., ponds and
drainage structures) has been designed to
minimize area disturbed.

e  Conduct a reclamation monitoring program to

evaluate the re-establishment of ELC units. o

Construction / Operation:

Some ELC units will be lost or altered due to site
clearing and overburden stripping/disposal. The residual
impact will be Negative in direction, Low in
magnitude, Local in geographic extent, Medium-Term
in duration, Reversible and of Low frequency. The
degree of concern is Low to High.

Closure:

Vegetation communities will be reclaimed using
reclamation materials taken from the Project area.
Plantings from intact native vegetation communities as
well as supplemental planting with native species will
be undertaken. Some ELC units can be reclaimed,
while others (e.g., patterned fens) cannot be replaced
with current technologies. The residual impact will be
Neutral in direction, Low in magnitude, Long-Term in
duration, Reversible and of Low Frequency. The
degree of concern is Low.

ELC 2 Will the Activities From the Muskeg River Mine
Project Change Biodiversity?

Monitoring:

s  Site clearing for tailings settling pond, °
overburden disposal sites, muskeg storage
areas, end pit lake and linear infrastructure
(i.e., roads and pipelines) has been designed
to minimize area disturbed.

e  Reclaim disturbed areas sequentially as
development proceeds.

e Develop criteria and conduct a program to °
monitor the change 1n biodiversity at the
landscape level.

Construction / Operation:

ELC units will be lost/altered as a result of site clearing
and overburden stripping/disposal. The residual impact
will be Negative in direction, Low in magnitude, Local
in geographic extent, Medium-Term in duration,
Reversible and of Low frequency. The degree of
concern is Low to High.

Closure:

Vegetation communities will be reclaimed with stored
reclamation materials, using native seed mixes and
cuttings from Intact native vegetation communities. The
residual impact will be Neutral in direction, Low in
magnitude, Long-Term in duration, Reversible and of
Low Frequency. The degree of concern is Low.
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TERRAIN AND SOILS ISSUES

TS-1 Will the Activities From the Muskeg River Mine
Project Result in Loss or Alteration of Terrain and Soils ?

Mitigation:
e  Conduct phased reclamation over the life of the
project.

o  [fdirect placement of salvaged reclamation
material is not possible it will be stored in
temporary reclamation material storage areas.

o  Naturally developed terrain units and soil
cover will be removed during Project
development and replaced with recontoured
landforms and a reclamation soil mix.

Monitoring:

»  Participation in RACQQ Environmental
Effects Monitoring for evaluating acidification
of sensitive soils from operation emissions.

Construction / Operation:

o  The degree of acidification is Undetermined.

o  The impact of construction and operations will be
Negative in direction, High in magnitude, Local in
extent, Long-Term in duration and Irreversible. The
degree of concern is Moderate to High.

TS-2 Will Reclamation for the Muskeg River Mine
Project Change the Distribution of Terrain and Soils ?

Mitigation:

»  Reconstructed landforms and reclamation
materials soil cover will enhance landscape
diversity.

Closure:

e The closure landscape will have greater relief and a
wider variety of landforms than the pre-development
scenario. The residual impact will be Positive in
direction.

e  The reclamation material soil mixes will not be
naturally occurring soil types. The residual impact will
be Positive in direction.

TS-3 Will the Reclamation of the Landscape for the
Muskeg River Mine Project Change Soil
Productivity ?

Mitigation:

o Recontoured landforms and reclamation
material so1l mix will be designed to enhance
the potential for forest ecosystem re-
establishment.

Closure:

e There will be more productive soils for forest
ecosystems in the reclaimed landscape. The residual
impact will be Pesitive in direction.
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TERRESTRIAL VEGETATION ISSUES

VE-1 Will Muskeg River Mine Project Activities Result
in a Loss or Alteration of Vegetation Communities?

Mitigation:

e  Site clearing for the mine, tailings settling
pond, overburden disposal sites, reclamation
material storage areas, roads, plant site, linear
infrastructure (e.g., roads and pipelines) and
other associated facilities (e.g., ponds and
drainage structures) has been designed to be
minimal.

e  Maintain adjacent areas of native vegetation
to use for seed and cutting source during
reclamation.

Construction / Operation:

Vegetation communities will be lost/altered as a result
of site clearing. The greatest impact will occur within
the wetland ecosite phases. The residual impact will be
Neutral to Negative in direction, Negligible to
Moderate in magnitude, Local in geographical extent,
Medium to Long-Term in duration, Reversible and of
Low frequency. The degree of concern is Negligible to
Low.

Mine dewatering effects will be limited to the wetlands
and lake margins and will not affect terrestrial or upland
vegetation communities. The residual impact will be
Neutral to Negative in direction, Negligible to
Moderate in magnitude, Local in geographical extent,
Medium to Long-Term in duration, Reversible on the
east side and Non-Reversible on the west side of the
mine footprint and of High frequency. The degree of
concern is Negligible to Moderate.

VE-2 Will Muskeg River Mine Project Air Emissions or
Water Releases Alter Vegetation Health?

Mitigation:

¢ Direct effects may be minimized by ensuring
that ambient concentration levels meet
regulatory guidelines.

Monitoring:

o  Shell will be a member of the Regional Air
Quality Coordinating Committee (RAQCC),
which includes an Environmental Effects
Monitoring Program.

Construction / Operation:

The degree of acidification is Undetermined.

Air emissions associated with Project activities will
likely not affect plants negatively. The degree of
concern is Undetermined.

VE-3 Will the Muskeg River Mine Project Change Plant
Diversity?

Mitigation:

e Where technically feasible for the final
development plan, avoid highly sensitive plant
communities and areas with rare plants.

e  Maintain areas of native vegetation to allow for
use during reclamation. These areas will

Construction / Operation:

Vegetation communities will be lost/altered as a result
of site clearing and overburden stripping/disposal. The
greatest impact will occur within the wetlands ecosite
phases. The residual impact will be Neutral to Negative
in direction, Moderate to High in magnitude, Local in
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provide native sources of seed and vegetation
for replanting.

Reclaim disturbed areas sequentially to
produce a variety of age classes in the
revegetated communities.

Monitoring:

@

Component of monitoring program will assess
plant species diversity.

geographical extent, Medium to Long-Term in duration,
Reversible and of Low frequency. The degree of
concern is Moderate to High.

VE-4 Wil Landscape Reclamation and Closure of the
Muskeg River Mine Project Result in a Replacement of
Plant Communities?

Mitigation:

@

Where technically feasible for the final
development plan, avoid highly sensitive plant
communities and areas with rare plants.
Maintain adjacent areas of native vegetation to
allow for their use during reclamation. These
areas will provide native sources of seed and
vegetation for replanting.

Monitoring:

@

Design a reclamation monitoring program that
documents the re-establishment of plant
community types.

Closure:

e  Vegetation communities will take time to evolve to pre-
development condition. The residual impact will be
Positive in direction.
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WETLANDS ISSUES

WL-1 Will Muskeg River Mine Project Activities Result

in a Loss or Alteration of Wetlands?

Mitigation:

e  Where technically feasible for the final
development plan, avoid highly sensitive
wetlands areas (e.g., patterned fens and riparian
areas).

¢  Minimize the extent of air emissions through
design (e.g., low NO, burner) and regulatory
compliance.

Monitoring:
e Include wetlands vegetation in the local and
regional monitoring programs of RAQCC.

e  Establish a wetlands monitoring site on Lease
13 west to evaluate changes to wetlands due to
changes in water levels.

Construction / Operation:

e Impact to bogs and marshes will be Negligible since
they are mostly situated outside the mine development
area and most are beyond the aquifer drawdown zone.
Some wetlands areas cannot be avoided. The residual
impact will be Negative in direction, Moderate in
magnitude, Local in geographical extent, Long-Term in
duration, Irreversible and of Low frequency. The
degree of concern is Moderate.

WL-2 Will Landscape Reclamation and Closure of the
Muskeg River Mine Project Result in a Replacement of
Wetlands?

Mitigation:

e  Where technically feasible for the final
development plan, avoid highly sensitive
wetlands areas (e.g., patterned fens and riparian
areas). Maintain areas of native wetlands
vegetation to provide donor site for wetlands
reclamation. These areas will provide native
sources of seed and vegetation for replanting.

e  Development of wetlands systems in
association with reclamation drainage systems,
as well as reclaimed CT pits and the tailings
settling pond.

Monitoring:

e  Participate in the RAMP wetlands vegetation
monitoring program to document the re-
establishment of plant species and plant

Closure:

e  Wetlands types such as shallow open water and marshes
will be reclaimed using native seed and plantings from
undisturbed wetlands communities within the Project
area. However, other wetland types (e.g., patterned
fens) cannot be reclaimed with present technologies.
Although some wetlands will be reclaimed, the
distribution and composition of wetlands is expected to
change over the life of the Project. The residual impact
will be Positive in direction.
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WETLANDS ISSUES

community types. Expand to reclamation
wetlands sites over time.

WL-3 Will the Muskeg River Mine Project Change Mitigation: Closure:

Wetlands Diversity? s Successive revegetation over the course of e  Wetlands types such as shallow open water and marshes
mine development will allow for a variety of will be reclaimed using native seed and plantings from
revegetated wetlands age classes to develop, undisturbed wetlands communities within the Project
promoting diversity of wetlands successional area. However, other wetlands types {e.g., pattemned fens)
stages. cannot be reclaimed with present technologies. Although

some wetlands will be reclaimed, the distribution and
composition of wetlands is expected to change. The
residual impact will be Negative in direction, Low in
magnitude, Local in geographic extent, and Long-Term in
duration. The degree of concern is Low.
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WILDLIFE ISSUES

W-1 Will Activities From the Muskeg River Mine
Project Change Wildlife Habitat?

Mitigation:

e  Locate the development away from important
wildlife habitat, where practical.

e  Phased reclamation of the development area.

Monitoring:
e Assess wildlife use of possible corridors.

Construction / Operation:

*  Wildlife habitat will be lost/altered due to site clearing
and other Project activities. The residual impacts will
be Negative in direction, High in magnitude for most
KIRs (e.g., moose habitat units will be reduced by 54%
in the LSA). The degree of concemn is Moderate.

W-2 Will Water Releases From the Muskeg River
Mine Project Change Wildlife Health?

Mitigation / Monitoring:
* Refer to Section ES for mitigation measures

and monitoring for water quality and Section
E6 for Aquatic Resources.

»  Water quality monitoring (component of
RAMP).

Construction / Operation / Closure:

e During operation and closure, no impacts were identified
for all chemicals evaluated. However there is uncertainty
regarding the potential chronic effects of naphthenic
acids on animals. The residual impact will be Negative
in direction, Low in magnitude, Local in geographic
extent, Long-Term in duration, Reversible and of
Medium frequency. The degree of concern is Low.

W-3 Will Consumption of Plants Affected by Muskeg
River Mine Project Change Wildlife Health?

Mitigation:

e  Refer to Section E2 for mitigation measures
for air emissions that may affect the quality
of local plants.

Monitoring:

e  Participation in the Environmental Effects
Monitoring (EEM) Subcommittee of the
Regional Air Quality Coordinating
Committee for Southern Wood Buffalo Zone
to undertake periodic monitoring of plant
tissue concentrations and corresponding soil
concentrations outside the development area.

Construction / Operation:

e  During operation, no impacts to wildlife health were
identified based on consumption of plants in areas
outside the development area where wildlife will be
foraging. The Degree of Concern is Negligible.

Closure:

e  Residual impacts to health foraging of wildlife on the
reclaimed landscape following closure are discussed
under key question W-7.

Ww-4 Will the Combined Exposure to Water, Aquatic
Invertebrates and Plants Affected by the Muskeg River
Mine Project Change Wildlife Health?

Mitigation:

e  Refer to Section ES for mitigation measures
for water quality and Section E2 for
mitigation measures for air emissions that

Construction / Operation / Closure:

e  During operation and closure, no impacts were
identified for all chemicals evaluated. However, there is
some uncertainty regarding the potential chronic effects
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of naphthenic acids. The residual impact will be
Negative in direction, Low in magnitude, Local in
geographic extent, Long-Term in duration, Reversible
and of Medium frequency. The degree of concern is
Low.

may affect the quality of local plants.

Moniteoring:
The monitoring programs outlined for key
questions W-2 and W-3 also apply here.

W5 Will the Muskeg River Mine Project Change Wildlife | Mitigation: Construction / Operation / Closure:

Abundance or Diversity? o  Implement a nuisance wildlife management o  Changes in wildlife abundance and diversity will result
plan in cooperation with Fish and Wildlife in the LSA primarily due to changes in wildlife habitat.
Service, AEP. The extent of these changes depends on the amount of

o Where feasible, design straight roads with
long lines-of-site

o Maintain vegetation free shoreline in tailings
pond.

o  Use bird deterrence devices, particularly
during the spring and fall migration periods,
such as human effigies and propane-fuelled
cannons.

o  Participate in the Oil Sands Bird Protection
Commmittee to discuss mitigation results and
strategies.

Meonitoring:
e  Wildiife-tailings pond mortality.
o Wildlife-traffic mortalities.

habitat lost or altered (Golder 1998b). The residual
impact will be Negative in direction, High in

magnitude, Local in geographic extent, Medium-Term

in duration, Reversible and of Low frequency. The
degree of concern is Moderate.

W-6 Will the Reclaimed Landscape From the Muskeg
River Mine Project Change Wildlife Habitat?

Mitigation:

o Mitigation will be reclamation of the
development area to vegetation communities
that will support the desired end land uses.

Monitoring:
o Monitoring of wildlife habitat variables on
reclaimed lands to closure.

Closure:

o

There will be gains in some wildlife habitats (e.g.,
upland habitats) and losses in others (e.g., wetlands).

Some habitats are more difficult to reclaim than others

(e.g., patterned fens). Moose habitat is projected to
increase by 10% over baseline, beaver habitat will
decrease by 6% and western tanager habitat will
increase by 189%. Most impacts will be Pesitive in

direction.

W-7 Will the Reclaimed Landscape From the Muskeg
River Mine Project Change Wildlife Health?

Mitigation:
e  Refer to Section E16 for mitigation measures
considered for closure planning and

Closure:

During operation, no impacts to wildlife health were
identified based on consumption of plants in areas
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reclamation of the development site.

Monitoring:

Periodic monitoring of plant tissue
concentrations and soil concentrations on the
reclaimed landscape.

Participation of Shell in the Environmental
Effects Monitoring (EEM) Subcommittee of
the Regional Air Quality Coordinating

Committee for Southern Wood Buffalo Zone.

outside the development area where wildlife will be
foraging. However, there is a lack of toxicity data
respecting naphthenic acids. The residual impact will be
Negative in direction, Low in magnitude, Local in
geographic extent, Long-Term in duration, Reversible
and of Medium frequency. The degree of concern is
Low.

W-8 Will the Reclaimed Landscape and Post-disturbance
Activities From the Muskeg River Mine Project Change
Wildlife Abundance or Diversity?

Monitoring:

Monitoring of wildlife populations on
reclaimed lands to closure.

Closure:

There will be a gain in abundance for some wildlife
species (e.g., moose, western tanager) and a loss in
abundance for other wildlife species (e.g., wetlands
species) due to changes in habitat. Most impacts will be
Positive in direction.

Golder Associates




December 1997

A-32

Key Question/Environmental [ssue

Design Feature/Mitigation/Monitering

Residual impact

HUMAN HEALTH ISSUES

HH-1 Will Water Releases From the Muskeg River Mine
Project Change Human Health?

Mitigation:
o  Refer to Section ES for mitigation measures
for water quality.

Monitoring:

o  Refer to Section ES for water quality
monitoring and integration with RAMP. In
addition, consideration will be given to
resoive data gaps in toxicity data for
naphthenic acids as part of CONRAD.

Construction / Operation / Closure:

e During operation and closure no significant health
impacts were identified for human health; however,
there is some uncertainty regarding the chronic toxicity
of naphthenic acids. The residual impact will be
Negative in direction, Low in magnitude, Local in
geographic extent, Long-Term in duration, Reversible
and of Medium frequency. The degree of concern is
Low.

HH-2  Will Air Emissions From the Muskeg River
Mine Project Change Human Health?

Mitigation:
e  Referto Section E2 for mitigation measures
for air quahty.

Moaitoring:

o  Refer to Section E2 for air quality monitoring.

Construction / Operation:

e During construction and operation, no significant health
impacts were identified as a result of air emissions.
Therefore, the degree of concern was Negligible.

Closure:

e  No particulate or volatile air emissions are anticipated

following closure.

HH-3  Will Consumption of Local Plants and Game
Animals Affected by the Muskeg River Mine Project
Change Human Health?

Mitigation:

e  Referto Section E2 for mitigation measures
for air quality which may also mitigate
deposition of air contaminants on plant and
soils that ultimately may be consumed by
humans.

hionitoring:

e  Periodic monitoring of plant and animal
tissue from local and regional locations to
better characterize spatial and temporal
trends, and to improve exposure analysis,
should be conducted on a regional basis.

Construction / Operation / Closure:

e  During operation and closure no significant impacts

were identified for human health as a result of
consumption of native plants or wild game; therefore
the concern is Negligible.
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HH-4  Will the Combined Exposure to Water, Air,
Plants and Game Animals Affected by the Muskeg River
Mine Project Change Human Health?

Mitigation:
o  Refer to Section ES for mitigation measures
for water quality.

Monitoring:

»  Referto Section ES for water quality
monitoring and integration with RAMP. In
addition, consideration should be given to
resolve data gaps in toxicity data for
naphthenic acids as part of CONRAD.

Construction / Operation / Closure:

During operation and closure no significant impacts
were identified for human health through this
multimedia exposure pathway. However, there is some
uncertainty regarding the chronic toxicity of naphthenic
acids. The residual impact will be Negative in direction,
Low in magnitude, Local in geographic extent, Long-
Term in duration, Reversible and of Medium frequency.
The degree of concern is Low.

HH-5  Are Sufficient Procedures in Place to Assure
Worker Health and Safety During Construction and
Operation of the Muskeg River Mine Project? (operation
phase)

Mitigation:
e  Corporate training programs in place to
enhance worker knowledge of safe and

emergency response training and procedures.

Construction / Operation / Closure:

Qualitative evaluation of the corporate policies and
procedures respecting worker health and safety indicated
the necessary resources and know-how were in place to
ensure worker health and safety and emergency response
planning. The impact is Negligible.

HH-6  Will noise from Muskeg River Mine Project
Activities during Construction and Operation Unduly
Affect People who Reside in the Local Area?

Mitigation:

s Manage the location of equipment based on
monitoring results. Possible sound
attenuating barriers if needed.

Monitoring:
s  Ambient noise monitoring with multiple
octaves, at various nodes.

Construction / Operation:

Truck and shovel operation may cause periodic
exceedances of permissible sound level in Fort McKay.
This may arise from unique additive circumstances of
the Project plus the Aurora Mine. The residual impact
will be Negative in direction, Low in magnitude, local
in geographic extent, Long-Term in duration,
Reversible and of Medium Frequency. The degree of
concern is Low.

Closure:

Work related noise will cease at closure.

HH-7 Wil the Release of Chemicals From the
Reclaimed Landscape Change Human Health?

Mitigation:
e Refer to Section E5 for mitigation measures
for water quality.

Monitoring:
o  Refer to Section E5 for water quality
monitoring and integration with RAMP.

Closure:

Following closure in the far future when equilibrium
conditions have been established, the muitimedia
exposure risk assessment indicated no significant
impacts to human health through this multimedia
exposure pathway. However, there is some uncertainty
regarding the chronic toxicity of naphthenic acids. The
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residual impact will be Negative in direction, Low in
magnitude, Local in geographic extent, Long-Term in
duration, Reversible and of Low frequency. The degree
of concern 1s Low.
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HISTORICAL RESOURCES ISSUES

HR-1 Will Development Activities Associated With the
Muskeg River Mine Project Change Sites, Warranting
Avoidance or Further Information Recovery?

HR-2 Will the Mitigation Program Designed for Muskeg
River Mine Project Effectively Offset Project Effects?

Mitigation:

Avoidance: No historical resources identified
within the development area require
permanent avoidance.

Pre-development mitigation: completion of
existing mitigation requirements previously
established by Alberta Community
Development for sites within impact zones,
including the Bezya site (HhOv 73).
Completion of mitigation requirements set by
Alberta Community Development for sites of
Moderate value situated in impact zones.
Studies would focus on sites that represent
unusual sources of information and on
representative sampling from typical sites.

Monitoring:

Surface inspection of recently cleared areas to
record exposed sites. Sample recovery from
unique sites or representative sites if no
comparable samples exist for the area in
question.

Palacoenvironmental sampling: recovery of
bone and other relevant materials exposed
during muskeg removal.

Construction / Operation:

During construction and operation stages, sites within
impact zones will be completely removed. Residual
impacts will occur in the form of destruction of those
historical resources not recovered during mitigation
programming. Samples recovered for permanent
preservation, along with their analysis and
interpretation, will adequately offset these effects.
Because low value resources would be affected, residual
impacts will be Negative in direction, Low in
magnitude, Localized to development zones, Short-
Term in duration and Irreversible. Degree of concern is
acceptable.
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RESOURCE USE ISSUES

RU-1 Will There be a Change in Surface and Mineral
Materials 7

Mitigation:
e Salvage materials {e.g., gravel) during site
clearing, where possible.

Construction / Operation:

»  During construction and operation, restricted access will
reduce potential for other extraction purposes. The
residual impact will be Negative in direction, of
Moderate magnitude, of Local geographic extent,
Medium-Term duration and Reversible. The degree of
concern is Low.

Closure:

e  Following closure, surface and other mineral extraction
may occur and may be enhanced due to improved
access.

RU-2  Will There be a Change in Environmentally
Significant Areas {ESAs) 7

Mitigation:

o Minimize clearing as much as possible. Re-
vegetation will enhance cover for wildlife.

e  Reclaim areas to the extent possible with by
reseeding and planting with native
vegetation.

Construction / Operation:
e Minor changes to Kearl Lake moose habitat. The degree
of concemn is Negligible.

RU-3 Will There be a Change in Forestry ?

Mitigation:

o  Salvage merchantable timber during site
clearing. Keep site clearing to the smallest
posstble area.

e  Develop a forest management plan in
conjunction with the FMA quota holder and
the government for closure planning.
Reclaim forest to equivalent or greater
capability.

honitoring:

e A monitoring program will be designed to

document the establishment of regeneration
for commercial forestry purposes.

Construction / Operation:

o  Site clearing will remove productive forest and
regeneration during the life of the Project. The residual
impact will be Negative in direction, Low in magnitude,
Local in geographic extent, Long-Term in duration,
Reversible and of Low frequency. The degree of
concern is Low.

Closure:

e  The forest resource will be reclaimed to equivalent or
greater capability. As well, access should be enhanced
following closure. Thus, impact on forestry is expected
to be Positive in the long term.

Golder 7 -ociates
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A-37

Key Question/Environmental Issue

Design Feature/Mitigation/Monitoring

Residual Impact

RESOURCE USE ISSUES

RU-4  Will There be a Change in Berry Picking ? Mitigation: Construction / Operation:
e  Revegetation schemes should include berry- e  Loss of vegetation due to site clearing and restricted
producing shrubs where possible. access will affect berry picking activities. The residual
impact will be Negative in direction, Low in magnitude,
Local in geographic extent, Moderate in duration,
Reversible and of Low frequency. The degree of
concern is Low.
Closure:
e  Opportunities for berry picking are expected to increase
due to careful reclamation and improved access.
RU-5  Will There be a Change in Non-consumptive | Mitigation: Construction / Operation:

Recreational Use ?

Leave buffers of native vegetation between
disturbance and watercourses and highways
to reduce visual impact.

e  Loss of vegetation due to site clearing and restricted
access will affect recreational activities. The residual
impact will be Negative in direction, Low in magnitude,
Local in geographic extent, Moderate in duration,
Reversible and of High frequency. The degree of
concern is Low.

Closure:
e Opportunities for recreation are expected to increase due
to careful reclamation and improved access.

RU-6  Will There be a Change in Hunting ?

Mitigation:

Reclaim site to equivalent or greater
capability for wildlife.

Construction / Operation:

e  Loss of wildlife due to construction and operations and
restricted access will affect hunting opportunities. The
residual impact will be Negative in direction, Low in
magnitude, Local in geographic extent, Moderate in
duration, Reversible and of Moderate frequency. The
degree of concern is Low.

Closure:

e  Opportunities for hunting are expected to increase due
to careful reclamation and improved access. The impact
is Positive.
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Key Question/Environmental Issue

Design Feature/Mitigation/Monitoring

Residual Impact

RESOURCE USE ISSUES

RU-7  Will There be a Change in Trapping ?

Mitigation:

e  Reclaim site to equivalent or greater
capability for wildlife. Reimburse trappers
for lost revenue.

Construction / Operation:

e Loss of wildlife due to construction and operations and
restricted access will affect trapping opportunities. The
residual impact will be Negative in direction, Low in
magnitude, Local in geographic extent, Moderate in
duration, Reversible and of Moderate frequency. The
degree of concern is Low.

Closure:
e  Opportunities for trapping are expected to increase due

to careful reclamation and improved access. The impact
is Positive.

RU-8  Will There be a Change in Fishing 7

Monitoring:
o Monitor water quahty to ensure that fish
abundance and health are not affected.

Construction / Operation:

e  No changes will occur to sport fishing as a result of the
Project.

Closure:

o Opportunities for fishing may increase due to improved
access and the creation of the end pit lake.
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A-39

Table A-3

Mitigation Measures and Residual Impacts for Socio-Economics

Key Question/Secio-Economic Issue

Mitigation/Monitoring

Residual Impact

SOCIO-ECONOMIC ISSUES

What is the impact on local employment and training?

Local hiring, but always on merit. Shell will
use and encourage local businesses - including
First nations and Metis businesses - where
they are competitive and can meet Shell’s
requirements.

Mitigation:

Provide local educational institutions with
population forecast to aid planning.
Participate in career days and similar events,
consideration given to aboriginal scholarship
fund.

Enhanced local employment and business opportunities.

What are the impacts on local services and infrastructure?

Mitigation:

Active cooperation with the municipality and
other levels of government to identify impacts
and explore solutions. The Athabasca Oil
Sands Facilitation Committee and the
Regional Infrastructure Working Group on
Training and Education are examples of
collaborative initiatives.

Use of construction camp, that may be kept
open partially during operations phase.
Participation in the Career Preparation and
other education programs; Employee
orientation programs and EAP.

Development of corporate charitable donation
policy; encouragement of volunteer efforts of
staff.

Provision of basic medical services to workers
on site; disaster planning.

Mutual aid agreements with other emergency
services.

Temporary housing shortage; remaining concern about
the availability of rental accommodations.

Increased demand on social and emergency service
providers.

Increased traffic on Highway 63, especially north of the
urban service area.
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Key Question/Socic-Economic Issue Mitigation/Monitoring Residual Impact

o Traffic scheduling to avoid peak hours;
bussing services for commuting workers.

What are the impacts on the procurement of local, Alberta | Mitigation: e Increased opportunity for local, Albertan and Canadian
and Canadian goods? ®  Procurement of local, Albertan and Canadian suppliers.

goods and services, where competitive and
able to meet the project needs.

Nichols Appl- " Management
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B PROJECT DESCRIPTION

B1 HISTORY OF PROJECT

B1.1 Early Development Activities on Lease 13

The proposed Muskeg River Mine Project (the Project) focuses on the
development of the western portion of Bituminous Qil Sands Lease No.
7277080T13 (Lease 13). Shell Canada Limited (Shell) began work to
evaluate development on Lease 13 in 1955 when testing of production
methods was initially conducted on the lease. An application for approval
of an in-situ project was made to, but subsequently withdrawn from, the
Alberta government in 1962.

In 1974, following completion of a four-year drilling program, Shell
applied for a 100,000 barrels per day (bpd) mining project. This was
pursued for two years although it did not proceed to a commercial project
development. Shell continued work on development options, culminating
in 1979 with the application for the Alsands Project, a 137,000 bpd
development for production of synthetic crude oil from oil sands on Lease
13 and some neighbouring leases. This project received regulatory
approval but was canceled in 1982 due to escalating costs, falling crude oil
prices and uncertain fiscal considerations.

Further details on the history of development activities on Lease 13 are
provided in Section 1.2, Volume | of the Application.

B1.2 Current Project Development Plans

The Project development area is located on the east side of the Athabasca
River in the area approximately 70 km north of Fort McMurray, Alberta.
The project was officially launched through a Public Disclosure on March
14, 1997 (Shell 1997a).

The project will be developed on the western portion of Lease 13, which
covers approximately 20,182 ha of surface area and has a potentially
mineable resource of approximately 800 million m’ of bitumen. The
reserves in the area of the Project are assessed at 200 million m’ (1.3 billion
bbl). The targeted production rate for the project is 8.7 million m® (55
million bbl) of bitumen per year, or 23,850 m’ per day (150,000 bpd) of
bitumen, resulting in an expected mine life of about 20 years. If the
economic environment remains favourable, the intent is to also develop the
eastern portion of Lease 13 in the future.
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The scope of the Muskeg River Mine Project includes:

e Mine - truck and shovel mining.

e Extraction - a warm (45 - 50°C) water-based, caustic free ore
conditioning and extraction process coupled with a conventional
centrifuge froth treatment process, and a paraffinic solvent-based
product cleanup unit to meet the low solids and water specification for
the bitumen.

e Tailings - use of a tailings settling pond for initial tailings storage,
converting to consolidated tailings production and the initiation of in-
pit storage after four years.

e Ultilities - basic utilities including:
e raw water supply through a dedicated Athabasca River take station
and water supply line,
e natural gas-fired process water heating, and
e electrical power via connections to the Alberta electrical grid.

e Utilities corridor that runs southwest from the plant site to the lease
boundary, then west for connections to:
e the Alberta electrical grid, via two 144 kV tie-in lines,
e natural gas supply pipehnes,
e communications network and links, and
o Highway 963.

Details on the proposed Project development are provided in Volume 1 of
the Application.

B1.3 Project Needs and Alternatives

The project nceds and alternatives are discussed in Section 1.1 of Volume |
of the Application. In support of Shell’s planning efforts and its
Application for approval of the proposed Project, a number of options or
alternatives were considered for many of the major project features.

Environmental, engineering and economic criteria appropriate to the
components under consideration were evaluated to select the preferred
options for each of the Project {eatures. Where the preferred option for the
process or component 1s still under development, a contingency option is
considered. ~ This EIA does not specifically address the potential
environmental impacts of the contingency options. Options considered and
discussed in Volume 1 of the Application include:

e mine operating location
e plant site selection
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tailings site selection
tailings deposition plan
extraction process
corridor route selection
water intake and supply

B2 GEOLOGY AND RESERVES

Geology and reserves for the Project have been evaluated in detail over a
number of years. Detailed geological understanding of the project area has

been achieved through:

Geological Block Model - 1996, which included a review of all
available core and geological information for Lease 13 (over 500 core
holes for the Project area) and establishment of a new geological block
model.

Core Drilling Program - 1997, which included a field program to drill
40 core holes. The objective for this program was correlation with, and
validation of the historical information base, as well as to define mine
boundaries and potential external disposal sites.

Geological Facies Model - 1997, which included establishment of a
facies geology model to enhance understanding of the resource and
improve predictive capability.

Geological Field Project - 1997/1998, which is a planned program to
drill an additional 130 core holes, 200 overburden wells, two pumping
test wells for the basal aquifer and two piezometer wells. In addition, a
shallow seismic program will be conducted. These additional activities
will provide the necessary definition for detailed design and mine
operating plans.

B3 PROJECT DEVELOPMENT PLANS

The Project involves the mining and processing of oil sands from the
western portion of Lease 13 to produce a diluted bitumen product. After
initial site preparation including clearing, draining and pre-stripping of
overburden materials, the Lease 13 o1l sands deposit will be mined using
conventional truck and shovel methods. The ore will be crushed into
relatively small pieces using an in-pit crusher, then transported to the
extraction facility via conveyer systems.
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Oil sands will be subjected to a primary extraction process followed by
froth treatment. Following the froth treatment, the product will be
transported via pipeline to an upgrading facility near Edmonton.

Additional details on the components of the Project can be found below or
in Volume 1 of the Application.

B3.1 Mine Sequence

A screening analysis of three conceptual mining sequences was performed
to optimize the balance of overburden stripping, oil sand mining, ore grade
and tailings disposal. The mine plan for the Project assumes that tailings
from the process will be transported by pipeline initially to an out-of-pit
tailings settling pond. Once sufficient space is available in-pit, internal
dykes will be constructed to allow placement of consolidated tails (CT) in-

pit.

The mine plans must meet normal mining objectives, as well as allow
logical development of CT containment cells within the mine pit area. The
mine schedule also has to provide a consistent feed grade (average grade
11.4%), particularly in the early years to facilitate effective start-up and
operation of the extraction plant.

The life of mine composite plan, as shown in Figure B-1, was the one that
best balanced feed quality and tailings management. Continuing refinement
o the mine sequencing will be performed during ongoing mine feasibility
and planning activities.

Additional details on the mine sequencing can be found in Section 4,
Volume 1 of the Application.

B3.2 Infrastructure

The Muskeg River Mine Project will initially require all source process
water to be provided through a combination of surface and mine drainage
water and a supply from the Athabasca River. Within approximately two
years, water will be recycled from the tailings settling pond and the
Athabasca River makeup volumes will be reduced. A project water intake
facility and supply pipeline will be required to transfer water from the
Athabasca River to the plant.

The plant site selection for the Project is described in Section 4.2, Volume 1
of the Application. The plant site is centrally located to facilitate relatively
short distances between the mining areas and the processing facilities.

Golder Associates
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Screened and crushed pit run gravel for all mine haul and service roads will
be obtained from the existing Susan Lake gravel deposit, operated by a
contractor under the supervision of AEP, Land and Forest Services. The
gravel, which will be screened and crushed by contractors, will be hauled
and placed with mine equipment.

Positioning of reclamation material storage areas and overburden disposal
areas in areas to minimize ore sterilizations means that two such areas will
be developed in the area south of the Muskeg River and west of Jackpine
Creek (Figure B-1). A structure will be built to allow crossing of the
Muskeg River without causing disturbance to the river.

Further details on the infrastructure associated with the Project can be found
in Section 4.2, Volume 1 of the Application.

B3.3 Mine Preparation

The Muskeg River Mine Project land surface must be cleared and grubbed
before mining begins, with these activities typically scheduled between two
and five years in advance of the mining faces. This preparation also
enables drainage ditches and basal aquifer depressurization wells to be
constructed or installed ahead of the mining activities.

Muskeg soil resources (reclamation materials) will be removed from the
cleared and drained areas. Sufficient reclamation materials will be stored to
ensure adequate supplies are available for future reclamation activities. As
soon as sites are available for reclamation activities, reclamation materials
will be placed directly on the reclamation areas rather than hauled to
storage areas.

Overburden, centre rejects and oil sands will be loaded using large cable
shovels and hydraulic shovels where selectivity is required. The loaded oil
sands will be hauled by large dump trucks to the crushers. The overburden
and centre reject materials will be hauled by truck to either external
disposal areas or to in-pit locations.

Overburden disposal areas typically will be constructed in 10 m lifts to
achieve three horizontal to one vertical (3H:1V) final slope configurations.
The thickness of the lifts will depend on the strength of the materials being
placed as well as the considerations for efficient control of surface drainage.

The construction of tailings dykes with overburden will require on-site
engineering and supervision control. Dyke construction will include truck
haulage, placing fill material by bulldozers and graders, and compaction.
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Dewatering and Drainage

The drainage plan for the Muskeg River Mine Project will include surface
drainage and basal aquifer dewatering. The mining area is relatively flat,
ranging in elevation from about 285 to 300 m above sea level (masl). The
area is characterized by gentle slopes, wet muskeg, shallow ponds and a
poorly defined drainage system. The eastern mining areas of the Project
development area slope toward the Muskeg River, which in turns flows into
the Athabasca River. The western mining areas of the Project development
area generally slope southwest toward the Athabasca River.

Underlying the oil sands deposit are basal aquifers ranging in thickness
from 0 to 50 m. The aquifers will require dewatering before mining activity
begins.

Surface water will be handled by diversion ditches and mine water ditches.
Before mining begins, diversion ditches will be constructed to divert clean
surface waters around the mining area and into the existing drainage
courses of the Muskeg or Athabasca rivers. The diversion ditches will be
designed to take advantage of drainage systems constructed for the Alsands
Project. Finger ditches will be constructed annually to divert surface water
from wet areas into the main diversion ditches.

Process-affected waters, those from collection systems or those which
contact active oil sands mining areas, will be taken from the active mining
areas into sumps via constructed drainage systems.

Additional details on project dewatering activities can be found in Section
4.5, Volume 1 of the Application.

Prestripping

Prestripping activities will be carried out as soon as the initial mine area has
been cleared and drained, and had the reclamation materials removed. The
early start results from the need to send material to the external tailings
settling pond starter dyke to be used in preloading muskeg materials. The
overburden materials for this will come from the crusher excavation or
from that obtained from the first mining block.

A total of 12.3 million bank cubic metres (bcm) will be required to
construct the starter dyke. This will consume all the crusher excavation
overburden and much of the prestrip overburden removed to develop
working faces in the first mining block. Any surplus materials will be sent
to the south overburden stockpile.

Developing the crusher excavation will release 1.7 million tonnes of oil
sands, which will be placed on a temporary stockpile and used for plant
commissioning (scheduled for January 2002).
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Mine Advance

The mine will advance in a number of steps between 2002 and 2022. The
life of mine composite plan is shown in Figure B-1.

Status at End of 2005

Two adjacent mining areas will be developed east of the crusher and head
northeast, parallel to the Muskeg River. Overburden and centre reject
material will be taken to the south disposal area. Before 2005 some in-pit
dykes will be constructed.

Status at End of 2010

From 2006 to 2010, the mining faces will have reached the north and east
final pit limits, and the mine will advance westward along the north lease
boundary. The dykes for in-pit CT disposal cells 1a, 1b and 2 will be
completed.

By the end of 2010, most of the high grade, low strip ratio ore will be
exhausted and higher sustained production volumes will be necessary. That
is, overburden and centre reject volumes will increase to over 20 million
bem annually. The northeast disposal area will be completed as the mining
faces progress to the west.

Status at End of 2020

From 2010 to 2020, the mine will continue advancing to the west and
southwest. A new truck haul route will be established to haul oil sands
from the west areas to the crushers. By the end of 2020, dykes 4, 5 and 6
will have been completed.

Beginning in 2012, some of the in-pit overburden and centre rejects will be
deposited in Cell 1, which by then will be a mature, consolidated tailings
deposit. There will be sufficient room in-pit to allow overburden and centre
reject material to be hauled and dumped in mined-out areas.

Status at End of 2022

The mine approaches completion in 2022. Final dykes will be constructed
and a void will be left at the western limit of the pit. This area will be
reclaimed to form an end pit lake as part of the final mine closure plan.

Details on the mining operations, including detailed drawings of the mine
progression, are provided in Section 4.4 of Volume 1 of the Application.

Golder Associates



.December 1997

B3.4  Extraction and Tailings

Extraction Process

The oil sands ore, which will be sized to less than 400 mm using an in-pit
crusher, will be conveyed approximately 600 m to the extraction processing
facility, A schematic of the extraction process is shown in Figure 5-1
(Section 5.2, Volume 1 of the Application).

The start of the extraction processing facility will involve addition of water
to the oil sands to create a warm water slurry at approximately 45 - 50°C.
The oil sands slurry advances through a rotary breaker where the ore is
sized to less than 50 mm.

The slurry will be pumped from the rotary breaker to the first of several
agitated conditioning tanks, where the bitumen froth is generated and
subsequently separated in a conventional primary bitumen extraction unit.
The coarse sand is removed at that stage. The primary extraction process for
the Project does not include the addition of sodium hydroxide (caustic) as a
bitumen separation aid.

The bitumen froth will be processed in a froth treatment plant which has a
conventional dilution centrifuging froth treatment process followed by a
product clean-up processing unit to provide final removal of ultra-fine
solids and residual water. This product clean up step involves the recently
developed paraffinic solvent demulsification process.

The bitumen material from the froth treatment will be taken to a solvent
recovery unit where the bulk of the paraffinic solvent is removed. Roughly
30% by volume of the solvent is left with the bitumen to reduce the
viscosity to a level necessary for effective pipeline transport.

Additional details on the extraction process to be employed for the Project
are provided in Section 5.2 ,Volume 1 of the Application.

Tailings Management

Volumetric schedules for the tailings settling pond and in-pit consolidated
tailings (CT) cells have been developed in association with the mining
plans.

Tailings deposition using conventional methods will begin in 2002 in the
external tailings settling pond southwest of the extraction plant (Figure B-
1). This pond will be used at full production rates until 2006, after which
the rate of deposition will be reduced as in-pit CT deposition is initiated.
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B3.5 Utilities

The tailings materials will be pumped to the out-of-pit tailings settling pond
designed to function as a tailings disposal site until adequate in-pit cells are
ready for CT disposal. Therefore, the tailings settling pond will be operated
as the only receptor of tailings for the initial four years of plant operation.
For the next five to seven years, most of the tailings will go into CT, with
mature fine tailings (MFT) from the tailings settling pond used in the
process. After this, all tailings production will be into CT, with volumes of
MFT drawn from the tailings seftling pond to combine with the fresh
primary extraction tailings.

Further details on tailings management for the Project can be found in
Section 6, Volume 1 of the Application.

Elecirical Power and Naturai Gas

Auxiliary Utilities

The Project will produce heat and steam through import of natural gas.

Electric power is to be supplied from the Alberta grid, with power
requirements equalling approximately 81 megawatts (MW). Two 144 kV
electrical power lines to the site will be required to provide a reliable power
supply. An electrical substation will be built at the entrance to the site
facilities, This substation will contain the 144 kV breakers and 144 kV to
25 kV transformers.

Natural gas will be supplied through a new line to the Lease 13 site.
Natural gas demands will range between 2,085 gigajoules per hour (GJ/h)
during the winter to 1,470 GJ/h in the summer for an annual average of
1,828 GJ/h. The incoming gas line will be designed for 2,500 GJ/h.

Auxiliary utilities for the Project include diesel fuel, nitrogen, plant air and
steam. The average annual diesel fuel consumption is estimated at 66
million litres over the mine life. Various supply options are being
evaluated for the Project.

Nitrogen 1s required for inert gas blanketing of tanks and equipment in the
extraction and froth treatment plants, as well as for solvent stripping in the
tailings solvent recovery unit. Nitrogen will be supplied by a conventional
air separation unit at the plant site. Produced nitrogen will be distributed
through a low-pressure piping network.

Instrument and utility air requirements will be produced through a
conventional industrial air plan. Air will distributed through a separate
low-pressure piping network.
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About 100,000 kg/h of 1,000 kPa(g) steam is required for froth dearation,
solvent recovery, heat racing and utility steam. Steam will be supplied
using two conventional natural gas-fired utility boilers.

Additional details on the utilities and associated off-site requirements for
the Project are provided in Section 7, Volume 1 of the Application.

B3.6 Reclamation and Closure

A comprehensive conservation and development (C&R) plan has been
developed as a part of the integrated EUB/AEP Application for the Muskeg
River Mine Project. The C&R plan is provided in Section 16, Volume 1 of
the Application.

Closure planning has been initiated as an integral component of mine
planning. The closure planning process is described in Section E16,
Volume 3 of the Application.

B4 ECONOMIC CONTRIBUTION AND WORKFORCE

The Muskeg River Mine Project economics and workforce requirements
have been assessed based on the estimated initial capital cost of $1.2 billion
(1997%). These costs are estimated based on consideration of lease
evaluations, engineering, environmental and project management, mine
development, and construction of extraction and utilities facilities.

The socio-economic evaluation for the Project, including consideration of
the direct and indirect labour associated with the Project, is presented in
Volume 5 of the Application, with a summary provided in Section 11,
Volume 1 of the Application.

Additional details on the business plan for the Muskeg River Mine Project
are presented in Section 14, Volume 1 of the Application.
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C CONSULTATION

Consultation specific to the Environmental Impact Assessment (EIA) for
the Muskeg River Mine Project began in March 1997 with the release of the
Lease 13 Public Disclosure document (Shell 1997a).

The formal consultation process began on May 14, 1997 when the Proposed
Terms of Reference - Environmental Impact Assessment (EIA) Report for
the Proposed Shell Canada Limited Lease 13 Project, Fort McMurray,
Alberta (Shell 1997b) was issued to Alberta Environmental Protection
(AEP), Canadian Environmental Assessment Agency (CEAA) and key
project stakeholders.

Consultation for the EIA comprises only part of the consultation completed
for the Muskeg River Mine Project. Section 12, Volume 1 of the
Application details the public consultation program activities and initiatives
completed up to filing of the project application. Table 12-1 details the
non-regulatory stakeholder consultation sessions. Table 12-2 details the
consultation sessions with regulatory stakeholders.

Issues identified as part of the Project consultation program were tracked
using a database, described in Section 12.4, Volume 1 of the Application.

" The key issues raised through Project stakeholder consultation, as well as

Shell’s response to those issues, are detailed in Table 12-3, Volume 1 of the
Application. Key issues raised through the public consultation program for
the Muskeg River Mine Project, as well as through consultation activities
associated with other oil sands development applications, were incorporated
in the EIA where appropriate.

Discussions on where changes were made to the Project or additions were
made to the EIA as a result of Public and Regulatory Consultation are
provided within each of the component areas in the impact assessment
section of the EIA (Volume 3 of the Application). Specific examples
include:

e incorporation of micro-topographic design into the overburden disposal
areas to ensure landforms mesh with the surrounding area,

e addition of thermal regime analysis for the Muskeg River,

o addition of three key indicator resources (KIRs), lake whitefish,
pileated woodpecker and western tanager,

e carry-through of some chemicals within human health risk assessment,
although they were not related to Project activities, and

e evaluating the closure plan for the Muskeg River Mine Project with
consideration of the closure plan proposed for the Syncrude Aurora
North Mine project.
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D ENVIRONMENTAL SETTING

This section of the EIA contains information describing baseline conditions
for each EIA component and its relationship to the Muskeg River Mine
Project EIA terms of reference. Included are descriptions of the baseline
conditions for environmental, historical resources and land use components
of the Muskeg River Mine Project EIA. Regional and Local Study Area
selection criteria are defined. Section D is followed by the Impact
Assessment Section E in Volume 3 of the Application, which describes the
potential incremental effect of the Muskeg River Mine Project on the
baseline conditions described here.

Socio-economic considerations for the Project are discussed in Volume 5 of
the Application.
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D1 -1

D1 INTRODUCTION

D1.1 Overview

The environmental and historical baseline settings for the Muskeg River
Mine Project (the Project) are provided in this section of the EIA. Included
are descriptions of the baseline conditions for environmental, historic and
land use components of the Project EIA. Socio-economics are discussed in
detail in Volume 5 of the Application. The Muskeg River Mine Project
EIA baseline setting is divided into the following subsections:

Air Quality (D2)
Hydrogeology-Groundwater (D3)
Surface Water Hydrology (D4)
Surface Water Quality (D5)
Aquatic Resources (D6)
Ecological Land Classification (D7)
Terrain and Soils (D)

Terrestrial Vegetation (D9)
Wetlands (D10)

wildlife (D11)

Human Health (D12)

Historical Resources (D13)
Traditional Land Use (D14)
Resource Use (D15)

Each of these subsections includes a discussion on:

e the relationship of the subsection to requirements listed in the Muskeg
River Mine Project EIA terms of reference (AEP 1997a); and

o the relevant baseline environmental, historical or resource use
information.

Although the baseline conditions for each of the EIA components are
described in a stand-alone fashion, it is recognized that there are significant
interdependencies among them. This interdependency 1is shown
schematically in Figure D1-1. This figure shows the confluence of the
outputs from the mine development and plant operations in terms of
physical parameters (e.g., groundwater, surface water, air quality) that
impact on the components that constitute the viability or productivity of the
natural ecosystem (as measured in terms of human health, fish and wildlife
habitat and health, and plant communities). These ecosystem components
combined with socio-economic factors, as discussed in Volume 5 of the
Application, may impact the resource and land use both in the Project area
and in the region.
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Figure D1-1  Linkages Between EIA Components
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D1-3

Baseline conditions for the Project EIA are defined as those that exist in the
region as of 1997. Baseline and historical information is summarized in
this section of the EIA, as well as additional information collected in 1997
specifically for the Muskeg River Mine Project. Background information
that is important for understanding issues and potential impacts is also
included. For example, some sections describe the relevant regulatory
guidelines (e.g., air quality guidelines), while other sections provide
information on sensitivity to disturbance (e.g., sensitivity of vegetation to
air emissions).

D1.2 Project Area

The Muskeg River Mine Project includes an open pit oil sands mine, an
extraction plant and associated infrastructure. The Project is being
proposed for development on the western portion of Shell Canada Limited’s
Lease 13 in the Athabasca Oil Sands region of northeastern Alberta.
Details on the proposed Project are provided in Volume 1 as well as in
Section B of Volume 2 of the Application.

Two major study area levels have been defined for the assessment of the
potential impacts from the Muskeg River Mine Project. The study areas
include a regional study area and local study areas. As described below, the
spatial distribution of the study areas may vary for different EIA
components.

A secondary study area level is also used in discussions on the Project. The
Project area refers to the western portion of Lease 13, while the Project
Development area refers to those parts of the western portion of Lease 13
where Project-specific development activities will take place.

D1.2.1 Regional Study Area (RSA)

The Regional Study Area (RSA) for the environmental, historic and land
use components of the Muskeg River Mine Project EIA is based on the
RSA used for the Suncor Energy Inc. Steepbank Mine and Syncrude
Canada Ltd. Aurora Mine EIAs (Suncor 1996, BOVAR 1996a). This study
area, shown in Figure D1-2, provides the basis for addressing cumulative
effects resulting from the Project and from regional development. Through
maintenance of the same RSA, results are directly comparable among
project EIAs and consistency is maintained. In addition, there has been no
significant additions to water or air emissions from existing or recently
approved developments between the time the boundaries of the RSA were
established in 1996 and the announcement of the Muskeg River Mine
Project in 1997. Therefore, retaining the RSA boundary is justified.
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One slight difference between the Project RSA and that for the Steepbank
and Aurora ElAs is the inclusion of a longer, downstream portion of the
Athabasca River, ending at the confluence with the Embarras River. This
extension was added for the purpose of ensuring potential regional effects
on surface water quality were adequately addressed.

Some other variations to the base RSA for this Project were made
depending on the specific EIA component being addressed. For example
the RSA for human health cumulative effects encompasses a region of up to
100 km radius from the oil sands development area and includes the
communities of Fort McMurray, Fort McKay and Fort Chipewyan.
Changes to the base RSA are discussed in the specific component section of
the EIA.

The environmental RSA boundaries were originally selected using an
ecosystem-based approach, as defined by BOVAR Environmental (1996a).
In summary, this approach included consideration of three criteria, airshed,
watershed and landscape (ecological land classification), all of which are
discussed briefly below.

Airshed Criterion

The production of acidifying emissions by the Muskeg River Mine Project
will be very low. Although low from the Project, the production of these
emissions on a regional basis is of concern for the oil sands development
area. Therefore, the cumulative effects of emissions from the Project need
to be addressed in the context of emissions from existing or planned oil
sands facilities in the region. Air quality modelling of concentrations and
depositions was used to set the geographic extent of the potential and direct
or indirect impacts of air emissions on water, soil and vegetation (BOVAR
1996a).

Watershed Criterion

Watersheds provide an ecological basis for defining a boundary for water-
related impacts to aquatic resources, vegetation, soil and wildlife habitat
utilization (BOVAR 1996a). The Project RSA includes watersheds of
rivers and streams in the vicinity of the current and planned projects. The
major rivers included in the watershed criterion were the Muskeg River,
Steepbank River, MacKay River and the Athabasca River, from a point in
the south where the Clearwater River enters the Athabasca River near Fort
McMurray, to the confluence with the Embarras River in the north.

Landscape (Ecological Land Classification) Criterion

Ecological land classification (ELC) considerations used to delineate the
RSA were described in BOVAR Environmental (1996a). In summary, the
ELC considerations involved focus on ecodistricts, or subdivisions of the
mid-boreal mixedwood ecoregion, as described by Strong (1992). The
outer boundaries of those ecodistricts aligned with the oil sands
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development area were used to set the RSA boundary from a landscape
perspective.

D1.2.2 Local Study Areas (LSA)

The Local Study Areas (LSAs) have been defined to include the spatial
extent of all resources directly or indirectly affected by the Project.
Therefore, the LSAs encompass the Project development area or a larger
area depending on the environmental component (Figure D1-3).

There are seven different LSAs for the project:

e  Air Quality;

e Hydrogeology - Groundwater;

e Aquatics (Surface Water Hydrology, Surface Water Quality and
Aquatic Resources);

e Terrestrial (Terrain and Soils, Terrestrial Vegetation, Wetlands,
Wildlife and Ecological Land Classification);

e  Human Health (combination of Air and Aquatic LSAs);

e Historical Resources; and

¢ Traditional Land Use and Resource Use (same as for Terrestrial and
Aquatics).

Air Quality

The Air Quality LSA (or local airshed) is defined by a 41 by 41 km area
centred on the Project. It is within this region where air quality changes due
to the Project are expected to be greatest. This study area includes the
community of Fort McKay.

Hydrogeology - Groundwater

The LSA established for the Hydrogeologic-Groundwater impact
assessment is defined as the entire Muskeg River Mine Project area, plus an
area extending approximately 2 km north into the Syncrude Aurora North
Mine area. Within the Project area, the groundwater L.SA focuses on the
area between the Athabasca and Muskeg rivers. These rivers represent the
base of subsurface drainage for regional and local groundwater flow
systems and therefore form natural hydrogeologic boundaries.
Consequently, overburden dewatering effects and tailings or consolidated
tailings seepage will not extend across these hydrogeologic boundaries. To
the north of the Project boundary, the drawdown of surficial aquifers due to
overburden dewatering is expected to be limited to less than 2 km from the
edge of the mine pit development. This extension crosses the north
boundary of the lease and extends into the Syncrude Aurora Mine area.
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Aquatics

Terrestrial

Human Health

The Hydrogeology-Groundwater boundary is therefore bounded by the
Athabasca River on the west and a combination of the Muskeg River,
Jackpine Creek and the Lease Traverse Road on the east. The southern
boundary is the Lease Traverse Road or the Lease 13 border.

The Aquatics LSA includes the Surface Water Hydrology, Surface Water
Quality and Aquatic Resources components of the EIA. The LSA includes
both the Muskeg River watershed and the Isadore’s Lake watershed. It
focuses on watercourses and waterbodies in the Project development area.
The study area extends along the Athabasca River from the confluence of
the Muskeg and Athabasca rivers to the northern boundary of Lease 13.

The Terrestrial LSA has been designed to encompass potential direct effects
to ecological land classification units (ELC), terrain and soils, terrestrial
vegetation, wetlands and wildlife components. The Terrestrial LSA is
defined by the Project development area with the exception of the south and
east boundaries. Along these two borders, the LSA extends 500 m past the
Project development area. The 500 m buffer is based on previous studies in
the area and is designed to ensure inclusion of the potential disturbance to
wildlife species.

The local study area (LSA) for the human health component was selected
based on the areas identified for evaluation of changes in air and water
quality and the location of the nearest residential communities. The LSA
includes the Muskeg River watershed, the Athabasca River up to the north
boundary of Lease 13, and a 41 km radius from air emission sources on the
Muskeg River Mine Project. The community of Fort McKay is included
within the LSA. Worker health and safety considerations were confined to
the construction and operation activities associated with the Muskeg River
Mine Project. Evaluation of the reclaimed landscape was also confined to
the Muskeg River Mine Project area.

Historical Resources

The Historical Resources LSA is within the Project area and includes only
areas directly affected by the mine footprint and associated infrastructure.
Additional areas within the Project development area have previously been
assessed. These are discussed within the Historical Resources baseline.

Traditional Land Use and Resource Use

The Traditional Land Use and Resource Use LSA is generally the same as
the Terrestrial LSA, as most aspects of these components are related to the
terrestrial resources (e.g., forestry, environmentally significant areas, non-
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consumptive resource use, hunting and trapping). For aspects of traditional
land use and resource use related to the aquatic environment (e.g., fishing,
hunting and trapping), the LSA includes consideration of the waterbodies
and watercourses within the Aquatics LSA.

Golder Associates
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D2 AIR QUALITY

D2.1 Introduction

This section of the Muskeg River Mine Project (the Project) EIA provides
information as required by the Project Terms of Reference (TofR) issued on
November 7, 1997 (AEP 1997a). Specifically, the following are addressed
in this section:

e Baseline climate and air quality conditions in the area (TofR,
Section 4.2).

Project-specific impacts on air quality are addressed in Section E2 of this
EIA. Cumulative effects on air quality are addressed in Section F2. This
section (Section D2) describes the air quality baseline in terms of available
information and current monitoring activities for the following:

e existing sources and emissions
e meteorology; and
e background air quality.

Four baseline air quality reports were prepared in 1996 for the Suncor
Steepbank Mine and the Syncrude Aurora Mine environmental assessments.
The reports are:

e Report 1: Source Characterization. This report identifies and
quantifies anthropogenic air emissions in the Fort McMurray-Fort
McKay corridor. These emission sources include industrial point,
fugitive, traffic and residential combustion sources (BOVAR 1996b).

e Report 2: Ambient Air Quality Observations. This report
summarizes ambient air quality monitoring undertaken in the Fort
McMurray-Fort McKay airshed. The sources include continuous data
from the Suncor, Syncrude and Alberta Environmental Protection
(AEP) networks as well as periodic data associated with other
monitoring programs (BOVAR 1996¢).

e Report 3: Meteorology Observations. This report summarizes
meteorological data that describe the transport, dispersion and
deposition of emissions in the area. A review of the terrain in the
region and its effect on meteorology is provided (BOVAR 1996d).

e Report 4: Air Quality Modelling. Concurrent source, air quality and
meteorological data are used to select an optimum dispersion modelling
approach resulting in predictions that compare favourably with
observations. The modelling complements the ambient monitoring by
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providing local and regional short- and long-term air quality changes
associated with the current oil sands operations (BOVAR 1996¢).

These reports summarize information collected to mid-1995. The air
quality setting for the Muskeg River Mine Project presented in this
subsection is based on these baseline reports and is supplemented with data
collected after mid-1995. The air quality setting discussion is organized as
follows:

e Section D2.2 identifies existing sources and emissions in the regional
study area (RSA).

e Section D2.3 identifies sources of air quality and meteorological data in
the region.

e Section DZ.4 characterizes the meteorological parameters that control
the transport and dispersion of these emissions.

e Section D2.5 provides a summary of background air quality
information on an individual parameter basis.

e Section D2.6 provides dispersion model predictions to complement the
ambient monitoring results presented.

e Section D2.7 provides a summary on greenhouse gases.

e Section D2.8 provides a summary statement of baseline air quality in
the context of the Muskeg River Mine Project area.

Study Area Boundaries

For the purposes of assessing air quality, two study areas were defined.
These areas, which were described previously in Section D1, include:

e The Local Study Area, or local airshed (LSA) is defined by a 41 by
41 km arca centred on the Project. It is within this region where air
quality changes due to the Project are expected to be the greatest. This
study area includes the community of Fort McKay.

e The Regional Study Area, or regional airshed (RSA) is defined by an
area approximately 160 by 140 km centred over the location of the
current Suncor and Syncrude facilities, This area has been used in
previous assessments to depict the overlap of current and proposed oil
sands operations. This study area includes the community of Fort
McMurray.

The LSA is shown in D1-3 while the RSA is shown in Figure D1-2.
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Ambient monitoring data from both the local and regional airsheds are
discussed in this section and dispersion model predictions are provided for
the (LSA) in this section (D2.6) for the current sources and in Section E2
for the Muskeg River Mine Project. Dispersion model predictions for the
regional airshed are provided in Section F2.

D2.2 Existing Sources and Emissions

Major sources of air emissions in the Project area include the two existing
oil sands operations. These facilities have AEP approvals for air emissions,
and have both controlled and fugitive emission sources. The facilities are:

e Suncor Energy Inc., Oil Sands (Suncor). The Suncor Lease 86/17
facilities are located about 30 km south of the Project site. The
facilities are serviced by numerous stacks that vent combustion
products to the atmosphere. The Suncor utilities plant is serviced by a
flue gas desulphurization (FGD) plant, which was commissioned in
July 1996. Emission parameters for this stack are detailed in the
Steepbank Mine Assessment (BOVAR and Golder 1996) and more
recent information is also provided in the Suncor 1996 Annual Air
Report (Suncor 1997).

e Syncrude Canada Ltd. (Syncrude). The Syncrude Mildred Lake
facilities are located about 25 km to the south of the Project site. Like
Suncor, the Syncrude facilities are serviced by numerous stacks.
Recent information is detailed in the Syncrude 1996 Annual Air Report
(Syncrude 1997).

Other currently operating industrial facilities with quantifiable air emissions
include the Northlands Forest Products conical bumer and the Gibson
Petroleum in situ oil sands operation. Non-industrial sources include the
traffic and residential emissions in the communities of Fort McMurray and
Fort McKay.

The emission sources associated with these operations are summarized in
Table D2-1. The results in Table D2-1 confirm the two existing oil sands
operations as the major sources of regional emissions (i.e., Suncor and
Syncrude). The other sources, while smaller, can affect air quality adjacent
to the respective source zones. It should be noted that fugitive emission
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Table D2-1 Summary of Anthropogenic Emissions From Current Emission
Sources in the Region
Emission
Source SO, NO, CO, CO PM THC | TRS
(t/d) t/d) (t/d) (t/d) (t/d) (t/d) (t/d)
Suncor (@) @ (®) {®) ®) (b) ()
FGD Stack 2729 | 21.9 5665 14.1 139
SRU Incinerator 18.2 - 93 5.5 0.003 | 0.001 0.6
Secondary Sources - 13.9 3451 0.9 0.3 0.04 -
Intermittent Flaring 15.6 0.1 19 0.06 0.0011 0.02 -
Continuous Flaring 11.5 0.1 12 0.04 0.001 | 0.01 -
Mine Fleet - 33 201 0.9 0.2 0.2 -
Upgrading (Fugitive) - - - - - 6.3 0.04
Tailings Ponds - - - - - 35 0.07
Subtotal 72.5 39.3 9440 214 1.8 23.0 0.7
Syncrude (a) () (b) (b) (v) (b) {©)
Main Stack 197.4 13.2 6647 472 7.7 - -
Secondary Sources - 12.2 13475 2.6 0.9 0.3 -
Diverter Stacks 0.2 - 30 6.0 0.5 0.6 0.7
Flare Stacks 1.9 0.2 141 0.2 0.01 0.1 -
Mine Fleet - 11.1 540 2.5 0.5 0.7 -
Settling Basin (Fugitive) - - - - - 2.1 0.05
Other (Fugitive) - - - - - 11.7 0.04
Subrtoral 199.5 36.7 20833 58.6 9.6 15.5 0.8
Other(C) (b) (b) v} (b) (b} (b} (b)
Gibsons Petroleum UTF 0.06 0.23 183 0.05 - 0.009 -
Northlands Forest Products 0.03 0.27 918 35 - 3.0 -
Highway 63 0.01 0.46 81 1.6 - 03 -
Fort McMurray/Fort McKay 0.2 0.88 129 39 - 2.1 -
Subtotal 0.3 I8 1311 40.6 - 5.4
Total 272.3 77.8 31584 11206 11.4 439 1.6
" From Suncor 1997 and Syncrude 1997. “" Value included in FGD stack value.
™ From BOVAR 1996b. “" No values for SOLV-EX as operation currently

(c)

suspended.

Combined FGD and Powerhouse average value - see note in text.

S50, = sulphur dioxide PM = particulate matter

NO, = oxides of nitrogen THC = total hydrocarbons

CO, = carbon dioxide TRS =  total reduced sulphur

CO = carbon monoxide FGD = flue gas desulphurization
SRU = sulphur recovery unit
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estimates (e.g., for particulate matter [PM] and hydrocarbons [HC]) have
not been estimated from these smaller sources. Detailed source parameters
used for the dispersion model assessment are taken from the previously
referenced documents (Section D2.1).

Before commissioning the FGD system at Suncor, all the utilities plant
effluent was vented up the powerhouse stack. When the FGD unit is fully
operating, the effluent from the three coke-fired boilers is vented up the
FGD stack. The emissions provided in the table assume the FGD stack is
operational and the overall average SO, and PM emission rates are
weighted according to an FGD uptime of 95%. Overall, the average
combined SO, emissions for the Suncor powerhouse stack (5% uptime) and
the FGD stack (95% uptime) are expected to be 27.2 t/d. Similarly, PM
emissions are expected to be 1.3 t/d. This compares with average
Powerhouse stack SO, and PM emissions of 214.1 t/d and 6.3 t/d,
respectively. The emission rates for the other gaseous compounds in the
table are assumed to be the same for the Powerhouse and FGD stacks.

In 1996, the total Syncrude and Suncor SO, emissions were about 463 t/d.
The effect of the FGD is to reduce this amount to 272.3 t/d.

D2.3  Sources of Air Quality and Meteorological Data

D2.3.1 Ambient Air Quality

Suncor, Syncrude and AEP collectively maintain 12 continuous ambient air
quality stations to monitor air quality and associated meteorology
(Figure D2-1). AEP and Environment Canada collectively maintain nine
precipitation quality monitoring stations in the vicinity of northern Alberta
(within 600 km of the oil sands area). These monitoring programs have
been further supplemented by baseline air quality monitoring conducted for
the SOLV-EX, OSLO and SandAlta projects and supplemental
meteorological monitoring conducted by Suncor at the Mannix and Lower
Camp air quality station sites.

Table D2-2 provides a summary of the parameters measured at the 12
continuous monitoring stations. While data from all stations can be used to
describe regional air quality, the following stations are used to define local
air quality:

e The SOLV-EX Lease 5 background air quality station. Data are
available for the 10-month period September 1996 to June 1997. This
station is 15 km northwest of the Muskeg River Mine Project area.

Conor Pacific Environmental
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e The OSLO background air quality station. Data are available for the
22 month period March 1988 to December 1989. This station is 7 km
east of the Muskeg River Mine Project area.

e The SandAlta background air quality station. Data are available from
AEP for the 24-month period April 1984 to March 1986 (Hansen 1985,
1986). This station was 13 km southeast of the Muskeg River Mine
Project area.

e The AEP Fort McKay station. This station is 12 km southwest of the
Muskeg River Mine Project area.

e The Suncor Lougheed Bridge compliance monitoring station. This
station 1s 14 km south-southwest of the Muskeg River Mine Project
area. Data collection at the site began in October 1991.

These stations are all located within the LSA and provide an indication of
the existing source effects on air quality. They do not provide an indication
of background air quality associated with air flow into the LSA or the RSA.
There are three background air quality stations in western Canada that can
provide this type of information. These stations include the Acid
Deposition Research Project (ADRP) Fortress Mountain (1985 - 1987) site
located in southern Alberta (Legge and Krupa 1990), the West Central
Airshed Society (1996) Hightower site located north of Hinton (West
Central Airshed Society 1997) and the Environment Canada station located
near Cree Lake, Saskatchewan (1988 to 1995). These three locations have
instruments to measure low background concentration values, in contrast to
the other stations, which have a compliance monitoring functionality and
are instrumented to measure higher concentration values.

D2.3.2 Precipitation Quality

Table D2-3 identifies the location of the seven precipitation monitoring
stations operated by AEP and the two stations operated by Environment
Canada within 600 km of the RSA. Fort McMurray and Fort Chipewyan
are the closest stations to the RSA. The Fort Vermilion, High Prairie and
Beaverlodge stations are located in northwestern Alberta. The Cold Lake
and Vegreville stations are located to the south of the oil sands area while
Cree Lake station 1s to the east in Saskatchewan. Snare Rapids is located to
the north in central N.W.T. The data from these stations were reviewed to
provide an understanding of the precipitation quality associated with air
flow into the RSA and LSA.

Conor Pacific Environmental
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Table D2-2 Summary of Parameters Currently Monitored Continuously
Operation Station U 8 80, H,S NQO, THC O, CO PM,,

Suncor Mannix (#2) v v v v % v %® x %
Lower Camp (#4) v v e v % e x % %
Fina Airstrip (#5) v v v v % % % x %
Poplar Creek (#9) v v 4 v % v % % x
Lougheed Bridge (#10) v v v v % v % % %

Syncrude AQS1 (Mine South) v v v v % x % P x
AQS2 (Fort McMurray) v v v v % v % % %
AQS3 (Mildred Lake) v v v v % % %® % pes
AQS4 (Tailings North) v v v v v v % % x
AQSS (Tailings East) v v e Ve % e % % %

Alberta Environmental

Protection FMMU (Fort v v v v v v v v e
McMurray)
FRMU (Fort McKay) 4 v v v x v x % x

v = currently being monitored NO, oxides of nitrogen

= = ot being monitored THC = total hydrocarbons

8] = wind speed 0O, = ozone

8 = wind direction CO = carbon monoxide

SO, = sulphur dioxide PM,, = particulate matter less than 10 pm in diameter

H,S = hydrogen sulphide

Conor Pacific
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Table D2-3

Precipitation Quality Monitoring Locations

Distance'”
Location (km) Direction”

Fort McMurray 36 SSE
Fort Chipewyan 190 N
Fort Vermilion 310 WNW
High Prairie 360 SW
Beaver Lodge 530 SW
Cold Lake 300 SSE
Vegreville 395 S
Cree Lake (Saskatchewan) 285 ENE
Snare Rapids (N.W.T.) 450 NNE

(a)

From Muskeg River Mine Project area.

D2.3.3 Meteorology

Meteorological data collected at the OSLO and the Suncor Mannix sites are
summarized and are used to assess local and regional air quality changes.
The OSLO wind data were collected by instruments at a height of 15.8 m.
The Mannix wind data are collected at three levels (20, 45 and 75 m above
sea level (masl)) of a tower located above the valley (base elevation = 334
masl). The Mannix tower is about 30 km south of the Muskeg River Mine
Project area. Validated data are available for the period November 1993 to
June 1995.

The OSLO data are more representative of air flow in the immediate vicinity
of the Project due to proximity and the lower emission heights associated
with the Project operations. The Mannix data are more representative of
regional air flows that affect emissions from the taller sources (i.c.,
Syncrude and Suncor).

D2.4 Meteorology

Meteorology controls the transport and dispersion of gaseous emissions that
are vented into the atmosphere. Specific meteorological parameters of
concern include:  wind direction, wind speed, mixing height and
atmospheric turbulence. These elements are required by dispersion models
used to predict ground-level air quality concentrations. Precipitation
quantity information is required to predict the wet deposition or removal of
contaminants.
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D241 Wind Direction

Wind direction data can be displayed by plotting the frequency distribution
as a “windrose.” The windrose is comprised of bars whose length indicates
the frequency the wind blows from a given direction. Wind information is
displayed for the 16 points of a compass (e.g., N, NNE, NE, ENE, etc.).

Figure D2-2 presents windrose from the OSLO (March 1988 to December
1989) and Mannix sites (November 1993 to June 1995). Both sites indicate
two prevailing wind direction quadrants: winds from the south (S) and
south-southeast (SSE); and winds from the north (N) and north-northeast
(NNE). These directions coincide with the north-south orientation of the
Athabasca River Valley and the location of other elevated terrain landforms
(e.g., Birch Mountain and Muskeg Mountain).

Although differences in wind direction observed at various locations in the
oil sands area occur due to differing site characteristics, elevations and time
periods, the windrose depicted in Figure D2-2 are typical of other oil sands
sites. Specifically, the wind direction observations reflect the channelling
due to topography (e.g., the Athabasca River valley).

D2.4.2 Wind Speed

Wind speed information can be displayed in a histogram format. Wind
speed can vary from site to site due to differences in site elevation,
observation height and site characteristics.

Figure D2-3 compares the wind speeds observed at OSLO (15.8 m above
ground level) and Mannix (75 m above ground level). At the OSLO site,
the most frequent winds are in the 1 to 11 km/h range; at the Mannix site,
the most frequent winds are greater than 12 km/h. In reviewing other
regional wind data, this difference can be attributed to the difference in the
respective measurement heights.

Table D2-4 summarizes the mean wind speeds (km/h) observed at the two
sites. These mean wind speeds compare to a value of 9.6 km/h observed at
Fort McMurray Airport {13 m above ground level). Duc to the expanse of
flat, cleared areas the wind speeds recorded at airports tend to be higher than
those observed above a forest canopy (i.e,, OSLO). Winds in northern
Alberta are generally lower than those observed in southern Alberta (e.g.,
Calgary has a mean wind speed of 16.2 kmn/h) (Environment Canada 1983).
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Figure D2-2  Annual Windrose for OSLO and Mannix Monitoring Sites
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*QSLO recorded 15.8 m above ground level; Mannix recorded 75 m above ground level.
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Figure D2-3 Annual Wind Speed Frequency Distribution for OSLO and Mannix
Monitoring Sites
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Table D2-4 Comparison of Mean Wind Speeds Observed at the OSLO and
Mannix Sites

Season OSLO Mannix

(15.8 m) (75 m)
Winter (Dec., Jan., Feb.) 6.1 14.3
Spring (Mar., Apr., May) 6.5 15.8
Summer (Jun., Jul., Aug.) 5.8 14.5
Fall (Sep., Oct., Nov.) 6.1 16.6
Annual 6.1 15.2

D2.4.3 Mixing Height

In a well-mixed atmosphere, the temperature tends to decrease 1°C for
every 100 m increase in height above the ground. During the nighttime
when the ground cools due to radiation heat loss, the temperature may
increase with increasing height. This is referred to as a temperature
inversion. The base of an inversion can be ground-based or elevated.

In the case of an elevated inversion layer, a two-layer atmosphere is created.
The lower layer tends to be well-mixed and is characterized by neutral or
unstable conditions. The depth of this lower layer is referred to as the
mixing height. The upper layer tends to be characterized by stable
conditions. The vertical transfer of mass between these two layers is
suppressed by temperature gradient differences.

Because mixing heights are not routinely measured hourly, they have to be
inferred from other collected data. The estimation of mixing heights should
include mechanical and convective mechanisms that produce limited mixing
layers.

Mixing layer heights have been calculated for the OSLO site from
climatological relationships (Concord 1992a) based on time of day and
season. Mixing layer heights have been calculated for the Mannix site
based on net radiation observations (BOVAR 1996d).

Figures D2-4 and D2-5 show the diurnal and seasonal mixing height values
observed at the OSLO and Mannix sites. During the winter, the mixing
heights do not show much diurnal variation due to lower solar radiation
values. During the other seasons, the mixing heights tend to increase after
sunrise to a maximum value by mid-afternoon then decrease at sunset.

Table D2-5 compares these median afternoon values to the median values
reported for the oil sands area by Davison et al., (1981) and the mean
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maximum values reported by Portelli (1977). While these comparisons are
not completely independent, they confirm the smallest afternoon mixing
heights tend to occur in winter (~ 300 to 500 m) and the largest in
spring/summer (~ 1000 to 1800 m).

Table D2-5 Comparison of Maximum Afternoon Mixing Height Values Reported
for the Oil Sands Area

OSLO | Mannix Davison et al. Portelli
(m) (m) (1981) (m) (1977) (m)
Winter 490 500 270 260
Spring 1390 1000 1000 1230
Summer 1780 1000 1000 1725
Fall 850 800 800 760

All values in m above ground level

D2.4.4 Atmospheric Turbulence

Atmospheric turbulence determines the dilution of a plume as it is
transported by the wind. The turbulence may be generated by either thermal
or mechanical mechanisms. Surface heating or cooling by radiation
contributes to the generation or suppression of thermal turbulence, while
high wind speeds contribute to the generation of mechanical turbulence.

Meteorologists frequently wuse the Pasquill-Gifford (PG) stability
classification scheme when describing the amount of turbulence present in
the atmosphere. These classes range from Unstable (Stability Classes A, B
and C) through Neutral (Stability Class D) to Stable (Stability Classes E and
F). Unstable conditions are primarily associated with daytime heating
conditions, which result in enhanced turbulence levels. Stable conditions
are assoclated primarily with nighttime cooling conditions, which result in
suppressed turbulence levels. Neutral conditions are primarily associated
with high wind speed conditions or with overcast conditions,

Atmospheric stability can be either measured directly from wind fluctuation
observations or inferred from indirect measurements. For the OSLO site,
the estimation of the PG stability class was based on standard deviations of
the wind direction (o,) while the PG estimates for the Mannix site were
based on standard deviations of the vertical wind angle (o,). For both sites,
the stability classes were himited from A to D for daytime conditions and
from D to F for nighttime conditions.
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Figure D2-4  Diurnal and Seasonal Mixing Height Values Based on OSLO Data
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Figure D2-5
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Table D2-6

Figures D2-6 and D2-7 show the diurnal and seasonal variation of PG
stability classes. The figure confirms PG classes A to C being limited to the
day, PG classes E and F being limited to the night and the greater frequency
of unstable conditions (A to C) during the summer. The neutral PG class D
can occur day or night.

Table D2-6 summarizes the frequency of unstable, neutral and stable
conditions for the OSLO and Mannix sites. The difference between the two
sites reflect the subjectivity involved in estimating the PG stability class
rather than actual site-to-site variation.

Comparison of PG Stability Class Frequency for the OSLO and
Mannix Sites

Frequency (%)

Season Site Unstable Neutral Stable

(A, B, C) (D) (E,F)
Winter OSLO 18 47 36
Mannix 4 61 35
Spring OSLO 43 35 21
Mannix 22 61 17
Summer OSLO 45 31 24
Mannix 32 53 15
Fall OSLO 28 38 33
Mannix 8 66 26
Year OSLO 36 37 28
Mannix 16 61 23

D2.4.5 Precipitation Quantity

The presence of precipitation, the precipitation rate and the type (e.g., liquid
or frozen), control the wet removal of compounds vented into the
atmosphere. For the period associated with the Mannix meteorological data,
hourly precipitation rates (mm/h) were obtained from the Fort McMurray
airport. Figure D2-8 compares monthly total precipitation observed at the
Mannix site for the period November 1993 to January 1995 to the long-term
climatological values observed in Fort McMurray (Environment Canada
1983b). In comparison, February, March and June were wetter for the
period than the longer-term norms, and August and September were dryer
for the period than the longer-term norms.

Conor Pacific Environmental




December 1997 D2 - 18

Figure D2-6  Diurnal and Seasonal Stability Class Values Based on OSLO Data
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Figure D2-7  Diurnal and Seasonal Stability Class Values Based on Mannix Data
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Figure D2-8  Comparison of Long-Term Monthly Precipitation With Precipitation
From November 1993 to June 1995
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D2.5 Background Air Quality Information

The background air quality information is presented on an individual
parameter basis in the following sections.  Where appropriate, the
observations are compared to ambient air quality criteria that exist as
guidelines or target loadings.

D2.5.1 Air Quality Guidelines

The impact of air emissions introduced into the atmosphere by industrial
activities can be broad. The emissions can have direct and indirect effects
on humans, other animals, vegetation, soil, water and visibility. It is for this
reason that environmental regulatory agencies have established maximum
concentration limits in the atmosphere.

Ambient Concentration Criteria

Table D2-7 presents the Alberta provincial guidelines and the Canadian
federal government air quality objectives for regulated compounds. The
compounds include: sulphur dioxide (SO,). hydrogen sulphide (H,S),
nitrogen dioxide (NO,), carbon monoxide (CO), oxidants expressed as
ozone (03) and suspended particulates. These guidelines and objectives
refer to averaging periods ranging from one hour to one year. In addition,
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Table D2-7 Federal, Alberta and Other Government Ambient Air Quality
Guidelines and Objectives
Federal Objectives™
Alberta Guidelines Desirable Acceptable Tolerable
SO, (ng/mr)
Annual 30 (0.01 ppm) 30 60 n/a®
24-Hour 150 (0.06 ppm) 150 300 800
1-Hour 450 (0.17 ppm) 450 900 n/a
H,S (ug/m3)
24-Hour 4 (0.003 ppm) n/a 5() n/a
1-Hour 14 (0.01 ppm) 1() 15() n/a
NO, (ng/m?)
Annual 60 (0.03 ppm) 60 100 n/a
24-Hour 200 (0.11 ppm) n/a 200 300
1-Hour 400 (0.21 ppm) n/a 400 1000
CO (mg/m?3)
8-Hour 6 (5 ppm) 6 15 20
1-Hour 15 (13 ppm) 15 35 n/a
Oxidants (ng/m3)@
Annual n/a n/a 30 n/a
24-Hour 50 (0.025 ppm) 30 50 n/a
1-Hour 160 (0.082 ppm) 100 160 300
Suspended Particulates
(ng/m3)
Annual®© 60 n/a 60 70 n/a
24-Hour 100 n/a n/a 120 400
PM,, "
24-Hour 50 n/a n/a n/a n/a
24-Hour 150" n/a n/a n/a n/a
Annual 50" n/a n/a 120 400
PM, "
24-Hour 65" n/a n/a n/a n/a
Annual 15™ n/a n/a n/a n/a

At a temperature of 25°C and pressure of 101.3 kPa, respectively.

n/a = not applicable.
Proposed.

As ozone (O,).

As a geometric mean.

PM,, - particulate matter emissions with particle diameter less than 10pm.

Based on B.C. and Ontario.
Based on US EPA.

PM, ; - particulate matter emissions with particle diameter less than 2.5 um
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the federal government has established three levels of objectives
(Environment Canada 1981). The levels are as follows:

e The maximum desirable level defines the long-term goal for air quality

and provides a basis for an anti-degradation policy for the unpolluted
parts of the country and for the continuing development of control
technology.

e The maximum acceptable level is intended to provide adequate

protection against adverse effects on soil, water, vegetation, materials,
animals, visibility, personal comfort and well-being.

e The maximum tolerable level denotes a concentration of an air

contaminant that requires abatement without delay to avoid further
deterioration to an air quality that endangers the prevailing Canadian
lifestyle or ultimately, to an air quality that poses a substantial risk to
public health.

In Alberta, the maximum concentrations in ambient air are currently
specified as guidelines for SO,, H,S, NO,, CO, oxidants expressed as O;
{ozone) and total suspended particulate matter (Government of Alberta
1993).

With the exception of oxidants and the proposed federal one-hour average
objective for H;S, the Alberta Environment guidelines are equal to the most
stringent of the federal objectives. The Alberta guidelines for oxidants are
less strict when compared with the Federal Air Quality objectives since
rural ozone concentrations in Alberta have been observed to exceed the
Federal Desirable Level (Angle and Sandhu 1986, 1989).

The primary focus on Particulate Matter (PM) emissions is the inhalable
fraction, with diameters less than 10 um (referred to as PM,,) and the
respirable fraction, with diameters less than 2.5 pm (referred to as PM, ;),
not Total Suspended Particulate (TSP) matter. Neither Alberta nor the
federal government have adopted PM,, or PM,; guidelines; the values
provided in Table D2-8 reflect those adopted by B.C., Ontario and the U.S.
EPA.

Deposition Criteria

Deposition includes both wet and dry processes and can result in the long-
term accumulation of emissions in aquatic and terrestrial ecosystems. Wet
processes involve the removal of emissions vented into the atmosphere by
precipitation. Dry processes involve the removal by direct contact with
surface features (e.g., vegetation). Both wet and dry deposition are
expressed as a flux in units of “kg/ha/a.” Where more than one chemical
species 1s considered, the flux is often expressed in “keq/ha/a” where “keq”
refers to hydrogen ion equivalents (1 keq = 1 kmol H'). The deposition of
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Table D2-8 Deposition Target Loadings for Acid Forming Emissions

Form Loadingm Comments Reference

Wet Sulphate Deposition 20 kg/ha/a (Target ) SO42_ not strongly correlated with US-Canada Memorandum
H' in western Canada. of Intent (1983)

Does not include dry deposition or
NO, precursors.

Acidifying Potential (AP)

0.12 to 0.31 keg/ha/a (Critical)

Does not include dry deposition or
NO, precursors.
AP =[SO, "]([Ca” [+[Mg"'])

Interim Acid Deposition
Target Loadings Task
Group (1990)

Effective Acidity (EA)

0.1 to 0.7 keg/ha/a depending on soil
sensitivity (Critical)

Various forms account for wet and
dry deposition and NO, precursors.
Accounts for soil response to
deposition.
EA=[H"]+1.15[NH,]-0.7
[NO,T+[SO,] +[SO.*]

Alberta Environment (1990)
and Peake and Fong (1992)

Acid Neutralizing Capacity
(ANC)

0.25 to 1.5 keg/ha/a depending on
ecosystem (Critical)

Includes wet and dry deposition of
all components. e.g., ANC = ([Ca’"]
+[Mg”]+ [K'] +[Na']) - ([SO,”]
+[NO;] + [NH, ]+ [CT])

World Health Organization
(1994)

Potential Acid Input (PAI)

0.25 keqg/ha/a (Critical)

For sensitive areas. Includes SO,
and NO,, wet and dry deposition
and baseline precipitation. PAI =
(SO, 1+ [NO ] + [NH, ") -
([Ca™ 1+ Mg +[K']D

Target Loading Subgroup
(1996)

@ Target Load:

practically and politically achievable.

Critical Load:

Conor Pacific Environmental
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sulphur and nitrogen compounds to these systems has been associated with
changes in water and soil chemistry and with the acidification of water and
soil.

Table D2-8 presents target loading values that have been considered for
application to the deposition of acidic compounds in Alberta. The preferred
AEP method is based on the Potential Acid Input (PAI) that is similar to the
acid neutralizing capacity (ANC) except the oceanic salt contribution has
been removed (i.e., [Na'] and [CI']). The calculation of the PAI is based on
sulphur compounds (e.g., SO, (gas), SO,” [particle]), nitrogen compounds
(e.g., NO, NO, and HNO; (gas), NO, (particle)) and base cations (e.g.,
Ca®", Mg and K" (particle)).

The critical target loading recommended by the Target Loading Subgroup
(1996) is for sensitive systems and is based on the European Approach
outlined in the World Health Organization document (WHO 1994). This
approach specifies critical target loads of 0.25, 0.5, 1.0 and 1.5 keg/ha/a that
range from the most sensitive to least sensitive ecosystems. The terrestrial
sensitivities depend on the geology of the parent material and the surface
water sensitivities depend on the base cation concentration and runoff
amounts.

D2.5.2 Sulphur Dioxide Concentrations

Table D2-9 summarizes the number of times sulphur dioxide (SO,)
concentrations have been observed above the 0.17 ppm (450 pg/m3) hourly
ambient air quality guideline. While exceedances have been observed at all
sites, the frequency of exceedances in the LSA is typically 0 to 2 events per
year (as defined by the Lougheed Bridge and Fort McKay stations).
Figure D2-9 shows the maximum hourly average SO, concentrations
observed at the SOLV-EX, SandAlta, OSLO and Fort McKay stations.
Specific to the LSA stations, the following are noted:

e SOLV-EX Lease 5. The maximum SO, concentrations for each of the
10 months of monitoring ranged from 0.013 to 0.114 ppm (34 to
296 pg/m’).

o  SandAlta. The maximum SO, concentrations for each of the 24 months
of monitoring ranged from 0.02 to 0.25 ppm (50 to 660 pg/m’). On
average, the maximum hourly values for each month tend to be about
0.10 ppm (260 pg/m’).

e  OSLO. An extreme event of 0.5 ppm (1300 ug/m3) was observed in
November 1986. This may have been due to an abnormal emission
(e.g., flaring) event. For the most part, the average maximum hourly
values tend to be about 0.10 ppm (260 pg/m’).
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Table D2-9 Number of Hourly SO, Concentrations Greater Than 0.17 ppm (450 pg/m?®)

Station 1990 1991 1992 1993 1994 1995 1996 Total | Average

Mannix (#2) 21 7 5 9 21 20 10 93 16
Lower Camp (#4) 18 11 1 3 6 5 3 49 8
Fina (#5) 41 20 9 14 16 21 11 132 22
Poplar Creek (#9) 0 0 2 0 4 4 3 13 2
Lougheed Bridge (#10) 0 0 2 2 6 2 0 12 2
AQSI (Mine South) 6 2 0 3 7 3 1 22 4
AQS2 (Fort McMurray) 1 2 0 0 5 6 0 14 2
AQS3 (Mildred Lake) 4 3 5 4 8 5 2 31 5
AQS4 (Tailings North) 4 2 1 0 3 3 2 15 3
AQS5 (Tailings East) 0 0 0 0 1 0 2 3 0.5
FMMU (Fort McMurray) 0 0 0 0 0 1 0 1 0.2
FRMU (Fort McKay) 0 2 1 1 2 2 0 8 2
Total 95 49 26 36 79 72 34
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Figure D2-9

Maximum Hourly Average SO2 Concentration {ppm)

0.50

0.40

0.30

0.10

0.00

0.50

Maximum Hourly Average SO, Concentrations Observed at the

SOLV-EX, SandAita, OSLO and Fort iMicKay Monitoring Stations

SOLV-EX E
___ Federal Acceptable Concentration (900 UO/M3) . _ . oo
| . Alberta Environment and Federal Desirable Concentration (450 ug/m3) __ .. _______
f ; L I f : i 5 I L | e v WY sccons warosuui
Sep Oct Nov Dac Jan Feb Mar Apr May Jun
1996 1997
SandAlta k

0,40 -

0.30 -

0.20 -

0.10 -

0.00

0.50

0.10

0.00

0.60

0.40

0.30

0.20

.10

ol L Do npal

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct' Nov Dec Jan Feb VMarr
1984 1985 1988

0osLO -

ool

nanxmARANER RN

{mﬂfﬂﬂmﬂmmﬂﬂmﬂﬂmmmmmﬂ

i3
Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dac
1984 1985 1988
Fort MacKay E

Federal Acceptable Concentration (900 ug/m3)

Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun  Jul  Aug

Conor Pacific Environmental

1200

1000

800

600

400

200

1200

1600

800

1200

1000

800

-] 600

-1 400

200

1200

1000

800

600

400

3

Maximum Hourly Average SO2 Concentration (ug/m3)



December 1997 D2-27

e Fort McKay. Maximum hourly SO, concentrations since 1996 have
typically been in the 0.072 to 0.231 ppm (188 to 611 pg/m’) range. The
period January 1996 to August 1997 is shown.

Once in the atmosphere, SO, (gas) can be converted into sulphate (SO, a
particle). Background SO, and SO,” values representative of the air flow
into the region are useful in defining a regional background deposition.
Table D2-10 summarizes values from the previously indicated background
sites. Although the SO, concentrations are similar at the three sites, the
SO,” concentrations recorded at Cree Lake are larger. This may be due to
the 2.5 pum size limitation associated with the observations at Hightower
Ridge and Fortress Mountain.

In summary, historical monitoring has indicated exceedances of the hourly
air quality guideline for SO, in the LSA. These exceedances typically occur
up to two hours per year. “Pristine” SO, and 8042' concentrations are
typically 1.2 and 0.7 pg/m’ respectively.

Table D2-10 Background SO, and SO,” Concentrations for “Pristine”
Continental Areas

Site SO, SO”
ppm ng/m’ pg/m’
Hightower Ridge (1996) 0.41 1.1 0.58
Fortress Mountain (1985 to 1987) 0.51 1.4 0.51
Cree Lake (Saskatchewan) (1988 to 0.45 1.2 0.99
1995)
Average 0.46 1.2 0.69

D2.5.3 Hydrogen Sulphide Concentrations

Table D2-11 summarizes the number of hourly hydrogen sulphide (H,S)
concentrations in excess of the 0.01 ppm (14 pg/m’) ambient air quality
guideline. While exceedances have been observed at all sites, the frequency
in the local area is typically about once per year (as defined by the
Lougheed Bridge and Fort McKay stations). Specific to the LSA stations,
the following are noted:

e SOLV-EX Lease 5. The maximum H,S concentrations for each of the
10 months of monitoring ranged from 0.001 to 0.010 ppm (1.4 to
14 pg/m’).
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Table D2-11  Number of Hourly H,S Concentrations Greater Than 0.01 ppm {10 ppb or 14 ug/m3)

Station 1990 1991 1992 1093 1994 1995 1996 Total Average
Mannix (#2) 44 37 5 24 42 10 16 162 27
Lower Camp (#4) 100 7 0 2 2 4 12 115 19
Fina (#5) - - - - 2 - - 2 2
Poplar Creek (#9) 0 15 1 0 0 4 0 20 3
Lougheed Bridge (#10 1 0 0 1 2 2 2 6 i
AQSI (Mine South) 10 2 0 4 10 0 1 26 4.7
AQS2 (Fort McMurray) 3 0 0 3 13 0 0 19 3.5
AQS3 (Mildred Lake) 80 4 i 3 1 0 3 89 16
AQS4 (Tatlings North) 2 i 0 5 6 2 0 16 2.9
AQSS (Tailings East) 0 1 0 0 0 2 0 3 0.5
FMMU (Fort McMurray) i 5 0 0 S 0 0 11 2.0
FRMU (Fort McKay) | 0 0 0 0 2 1 4 0.6
Total 242 72 7 42 83 72 35
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e Lougheed Bridge. The maximum hourly H,S concentration of
0.10 ppm (140 pg/m’) was observed at this location.

e Fort McKay. Maximum hourly H,S concentrations since 1995 have
typically been in the 0.002 to 0.071 ppm (3.8 to 135 pg/m’®) range.

In summary, historical monitoring has indicated exceedances of the hourly
air quality guidelines for H,S in the local airshed. These exceedances can
be expected about once per year and when they occur, they can be several
times the guideline value. These peak values will result in odours.

D2.5.4 Nitrogen Dioxide Concentrations

Figure D2-10 shows the maximum hourly nitrogen dioxide (NO,)
concentrations observed at the SOLV-EX, OSLO and SandAlta monitoring
sites compared to the guideline of 0.21 ppm (400 pg/m®). The monitoring
results indicate:

e SOLV-EX Lease 5. The maximum NO, concentrations for each of the
10 months of monitoring ranged from 0.010 to 0.058 ppm (20 to
110 pg/m’).

e OSLO. The maximum NO, concentrations for each of the 22 months
of monitoring range from 0 to 0.17 ppm (0 to 324 pg/m’). The majority
of the NO, observations were likely due to local traffic or emissions
from the monitoring station electrical generator.

¢ SandAlta. The maximum NO, concentrations for each of 24 months of
monitoring range from 0 to 0.04 ppm (0 to 76 pg/m’).

No exceedances of the hourly NO, guideline have been recorded.

Once in the atmosphere, NO is rapidly oxidized to form NO,. These gases
can then be transformed into nitric acid (HNOs; a gas), ammonium (NH,"; a
particle) or nitrate (NO;'; a particle). Pristine background levels of NO, and
NO are low as these compounds are readily transformed into HNO, through
reactions with ambient O, and methane. Background levels of NO, (NO +
NO,) tend to range from 10 to 15% of the total nitrogen compounds in
remote areas to 60% in areas where nearby sources are present (Ridley
1991). Table D2-12 summarizes values from the previously identified
background sites. Observed values of HNO; and NO;™ at Cree Lake are
about one-half the values observed at the other two locations. Background
NH," values are similar at both Cree Lake and Hightower Ridge.
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Figure D2-10 Maximum Hourly Average NO, Concentrations as Observed at the
SOLV-EX, OSLO and SandAlta Monitoring Stations
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In summary, the maximum NO, concentrations are relatively low in the
local area and are within the air quality guideline. “Pristine” HNO,, NH,"
and NO; are about 0.23, 0.19 and 0.09 ug/mS, respectively.

Table D2-12  Background HNO,, NH," and NO;  for “Pristine” Continental Areas

Site HNO, NH," NO,

(ppb) (ng/m’) (ug/m’) (ng/m’)
Hightower Ridge (1996) 0.10 0.27 0.18 0.09
Fortress Mountain (1985 to 1987) 0.11 0.31 - 0.13
Cree Lake (1988 to 1995) 0.06 0.15 0.20 0.05
Average 0.10 0.23 0.19 0.09

D2.5.5 Ozone Concentrations

Ozone has been monitored continuously at Fort McMurray for the longest
period and monitored for limited periods at the SOLV-EX, OSLO and
SandAlta stations.

Table D2-13 summarizes the monthly ozone statistics at Fort McMurray for
the period January 1990 to August 1997. The last hourly exceedance of
0.082 ppm (82 ppb) occurred in June, 1993. Since that time the maximum
hourly values have typically been in the 58 to 77 ppb range. While
exceedances of the hourly guidelines are relatively infrequent, exceedances
of the daily guideline (25 ppb or 50 pg/m’) can occur on average about 135
days per year. Exceedances of the daily guidelines have been observed 50
to 90% of the time in rural Alberta areas compared to 10 to 40% of the time
in urban areas (Angle and Sandhu 1989).

Figure D2-11 shows the maximum hourly ozone values observed at the
SOLV-EX, OSLO and SandAlta monitoring sites:

e SOLV-EX Lease 5. The maximum O; concentration was 72 ppb
(140 pg/m’) which occurred in March and April 1997,

e OSLO. The maximum O, concentration of 69 ppb (134 pg/m’)
occurred in July 1989,

e SandAlta. The maximum O; concentration of 87 ppb (170 pg/m’)
occurred in May 1985.
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Table D2-13  Ozone Statistics Observed at Fort McMurray

Station 1990 1991 1992 1993 1994 1995 1996 1997 1990 - 1997
Hourly Statistics
Mean (ppb) 25 22 21 22 24 25 18 21 23
Median (ppb) 22 21 20 21 22 23 17 20 21
Maximum (ppb) 89 65 59 91 77 71 58 61 91
N = 82 ppb (Wa) 16 0 0 4 0 ] 0 0 2.5
Daily Statistics
Mean {ppb) 25 22 21 22 24 25 18 21 23
Median {ppb) 23 22 21 21 23 25 17 21 22
Maximum {ppb) 68 43 43 54 58 50 44 44 68
N> 25 ppb (d/a) 156 131 91 127 153 86 98 86 135

(a}

From January { to August 30, 1997,
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Figure D2-11 Maximum Hourly Average O; Concentrations as Observed at the
SOLV-EX, OSLO and SandAlta Monitoring Stations
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Over the period March 1977 to April 1980, ozone was measured by the
Alberta Oil Sands Environmental Research Program (AOSERP) at Birch
Mountain and Bitumount. The Birch Mountain site is located about 45 km
northwest of the Muskeg River Mine Project area and was selected as a
background site. The Bitumount site is located at the forestry lookout tower
about 12 km north of the Project area. Table D2-14 provides a summary of
the ozone values observed at these two areas. These monitoring results
indicate higher values than those from 1990 to 1997, as depicted in
Table D2-13. The higher values occur during periods when the NO,/VOC
emissions (ozone precursors) were lower. The higher values may be
attributable to natural background values and the higher elevation locations.

For the purpose of comparison, the maximum ozone concentrations
observed at remote sites in Alberta have been 122 ppb [Fortress Mountain
(1985 to 1987)] and 68 ppb [Hightower Ridge (1996)]. The average ozone
concentrations at these two sites were 43 and 38 ppb, respectively.

The values observed in Fort McMurray are consistent with observations
from northern latitudes. For example, maximum hourly average O,
concentrations that have been observed are as follows: Norway, 0.055 to
115 ppb (Pederson and Lefohn 1994); Finland, 59 to 79 ppb (Laurila and
Lattila 1994); northern UK, 55 to 107 ppb (Bower et al., 1994).

In summary, maximum hourly and daily ozone concentrations in excess of
the guidelines have been observed in the region. The maximum values are
consistent with background observations at other areas in Alberta. Various
reasons have been proposed for the high rural ozone values, ranging from
troposphere/stratosphere interactions (Angle and Sandhu 1986, Davies and
Schuepbach 1994) to long range ftransport of photochemical ozone
precursors {Legge and Krupa 1990, Pederson and Lefohn 1994).

Tabie D2-14 O Values Observed at Birch Mountain and Bitumount
(1997 to 1980) Birch Mountain Bitumount

Hourly Statistics
Mean (ppb) 37 28
Maximum (ppb) 0 130
N > 82 ppb 3 13
Daily Statistics
Mean (ppb) 37 28
Maximum (ppb) 66 83
N > 25 ppb 325 212
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D2.5.6 Carbon Monoxide Concentrations

Carbon monoxide (CO) is monitored only at the Fort McMurray location.
Since 1995, maximum values tend to be in the 1.2 to 4.1 ppm (1380 to 4730
ug/m3) range. This compares to the corresponding hourly air quality
guideline of 13 ppm (15,000 pg/m’). Local Fort McMurray sources are
likely the most significant contributor to the observed CO values.

D2.5.7 Total Hydrocarbon and Non-Methane Hydrocarbon Concentrations

Table D2-15 summarizes median and maximum total hydrocarbon (THC)
concentrations measured at selected sites. Median values are in the 1.5 to
2.2 ppm range while individual values of up to 35 ppm have been observed
at the Lougheed Bridge site.

Non-methane hydrocarbons (NMHC) were measured at the SOLV-EX
background site. On a monthly basis, the maximum values ranged from 5.3
to 13.3 ppm. However, in February and March 1997, the peak values were
73 and 22 ppm, respectively.

Most of the THC value is expected to be methane. For the purposes of
comparison, the average and maximum methane concentrations observed in
the West Central Alberta Airshed area in 1996 were 2.0 and 4.5 ppm,
respectively. These values were observed at Violet Grove, near Drayton
Valley. Methane concentrations in the atmosphere are typically 1.7 ppm
(e.g., Ahrens 1994). The average and maximum NMHC measured at Violet
Grove were 0.02 and 4.6 ppm, respectively.

In summary, relatively high THC and NMHC have been periodically
measured in the LSA, although there are no ambient guidelines for these
parameters.

D2.5.8 Particulate Matter Concentrations

Total Suspended Particulate Matter

A high-volume sampler was used to collect filter samples of total suspended
particulate (TSP) matter at the OSLO site from March to December 1988
(Figure D2-12). The overall maximum TSP was 62.7 pg/m’ observed in
May 1988. This is within the Alberta 24-hour guideline of 100 pg/m’.

TSP is also measured by Syncrude at the AQS4 (Tailings North) site. Since
1991, two exceedances of TSP guidelines have been observed at AQSA4.
One was attributed to a truck engine that was left running near the station
during station servicing. Figure D2-12 also shows the maximum 24-hour
value observed at this site in 1996. The maximum value of 53 pg/m’ was
within the Alberta guideline of 100 pg/m’.
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Table D2-15 Median and Maximum THC Concentrations (ppm)

Lougheed AQS4 (Tailings Fort McMurray Fort McKay
Bridge (#10) North) (FMMU) (FRMU)
Median 1990 2.1 1.8 1.6 1.8
1991 1.7 1.8 1.6 1.6
1992 2.0 2.0 1.8 1.7
1993 1.9 1.8 2.0 1.8
1994 1.6 1.5 2.2 1.7
1995 - 1.7 2.0 1.7
1996 - - 2.2 1.8
Maximum 1990 30.9 5.9 35 4.1
1991 135 6.1 8.6 3.5
1992 12.7 7.0 3.8 3.9
1993 35.0 5.7 3.2 3.6
1994 13.7 4.3 3.7 3.3
1995 - 14.6 2.7 3.5
1996 - - 3.8 3.9

{al

No data collected.

PM,,

Acidifying PM

For the purposes of comparison, limited TSP data are also available from
AOSERP Birch Mountain and Bitumount (Strosher 1978). The maximum
values observed in May 1997 at Birch Mountain and Bitumount were 29
and 55 pg/m’, respectively.

The review of the OSLO, Syncrude AQS4 and the two AOSERP sites
indicate that TSP values can be as high as 50 to 60 pg/m’ in the local
airshed.

Since January 1997, AEP has measured PM,, on a continuous basis (hourly
average) at Fort McMurray. Based on the six-month period January to
June, the maximum hourly values for each month have ranged from 11.8 to
105.5 pg/m’, with the latter value occurred in March. These values are
within the US EPA 24-hour guidelines.

In addition to potential health effects, particulates play an important role in
the acidification process. Background levels of sulphate (SO,>), nitrate
(NO;") and ammonium (NH,") were given in the sections on SO, and NO,
concentration. Base cations such as Ca”*, Mg'” and K" have the ability to
neutralize acid inputs, and are also important nutrient elements for
ecosystems.
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Ambient concentrations of these base cations can be inferred from
precipitation concentration measurements (e.g., Draaijers et al., 1997). This
approach was used to estimate concentrations based on precipitation
observations at Cree Lake (1983 to 1992), Snare Rapids (1989 to 1996),
Fort Chipewyan (1992 to 1996) and Fort McMurray (1992 to 1996) (Table
D2-16). The median diameters of these cations are expected to be in the 4
to 7 pm range.

The inferred concentrations for Cree Lake and Snare Rapids are similar to
each other and are consistent with those measured on Birch Mountain
during the winter of 1976 (Legge and Krupa 1990). These values would be
typical of a pristine continental area. The Fort Chipewyan and Fort
McMurray values tend to be greater than those measured at Cree Lake or
Snare Rapids. The range and median Ca™ concentrations observed at
Fortress Mountain were 0.001 to 0.89 pg/m’ and 0.10 ug/m3, respectively.,
Corresponding Fortress Mountain values for K™ were 0.001 to 0.28 pg/m’
and 0.04 ug/mj, respectively.

Cree Lake and Snare Rapids are located within the Canadian Shield area,
distant from expected sources of Ca’’. Fort McMurray is likely to be
influenced by local activities, but the data collection is much better than that
at Fort Chipewyan. However, since the inferred concentrations are not that
dissimilar between these two sites; the regional background Ca’*, Mg®" and
K" concentrations for air flow into the RSA were taken as 0.36, 0.09 and
0.15 pg/m’, respectively. These are the average of the Fort McMurray and
Fort Chipewyan stations.

Table D2-16  Observed Concentrations in Precipitation and Inferred Ambient Air
Concentrations of Selected Cations
Cree Snare Fort Fort
Lake Rapids | Chipewvan | McMurray
Ca”’ precipitation concentration (mg/L.) 0.068 0.047 0.258 0.237
Ca’"  air concentration (pg/m"') 0.10 0.071 0.38 0.35
Mg’ precipitation concentration (mg/L) 0.015 0.010 0.036 0.058
Mg’ air concentration (ng/m’) 0.026 | 0.017 0.07 0.12
K' precipitation concentration (mg/L) 0.028 | 0.022 0.082 0.034
K" air concentration (jg/m’) 0.069 | 0.057 0.21 0.09

D2.5.9 Precipitation Quality

Acid-forming substances released into the atmosphere will eventually be
deposited on the earth’s surface in the form of precipitation (wet deposition)
or as particles or gases (dry deposition). The effects of deposition will
depend on the amount being deposited and the buffering capacity of the
receptor. Alberta Environmental Protection conducts precipitation quality
measurements at selected locations in Alberta with the following objectives:
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Precipitation pH

e to monitor the quality of precipitation;
e to detect any significant trends in precipitation; and

e to determine long-range transport of pollutants into the province.

This provincial monitoring program has been supplemented by a similar
program conducted by Environment Canada. The Environment Canada
program includes two sites in the Alberta and Saskatchewan region.

Precipitation is collected by a sampler that opens automatically whenever it
is raining or snowing. Samples are retrieved monthly, weekly or daily and
are analyzed for acidity (pH), cation concentrations (positively charged
ions) and anion concentrations (negatively charged ions). By also collecting
total precipitation values, the wet deposition can be calculated from the
concentration measurements. Tables in this section are based on computer
databases provided by AEP.

The term pH is used as a direct indication of acidity and is defined on a
logarithmic scale from the following relationship:

pH = -log,, [H']

where [H'] = hydrogen ion concentration expressed in moles per litre. pH
values less than 7 are associated with acidic solutions, while those greater
than 7 are associated with alkaline (or basic) solutions. A pH of 7 is
regarded as neutral; a pure water solution would have a pH of 7. Clean
water in equilibrium with “unpolluted” air would be slightly acidic with a
pH of 5.6, which is a result of the water being in equilibrium with CO, in
the atmosphere. However, measurements of precipitation at remote
locations have shown that the pH of uncontaminated rain can be near 5.0
(Galloway et al., 1982, Sequeria 1981).

Table D2-17 provides the annual average pH values at the stations identified
in Table D2-3 for the period 1990 to 1996. On average, it appears that the
pH of the precipitation in locations closest to the oil sands area (i.e., Fort
McMurray) is more acidic (pH ~ 4.8) than other regions in northern Alberta.
Other, more distant, regions in northern Alberta tend to have pH values
between 5.0 and 5.3. This compares with the average value in northern
Saskatchewan and centra] N.W.T. (i.e., Cree Lake and Snare Rapids) of
about 5.0.

Wet Sulphate and Nitrate Deposition

Anions such as sulphate (SO,”) and nitrate (NO5;) result from sources
venting products of combustion such as SO, and NO, into the atmosphere.
Industrial sources venting these compounds include oil sands plants, gas
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processing plants, oil refineries and coal-fired power plants. Table D2-18
shows the annual variation of SO,” deposition and Table D2-19 shows the
annual variation of NO; deposition at the identified precipitation monitoring
sites.

Sulphate (SO,”) deposition ranges from a low of 0.9 kg/ha/a at Snare
Rapids to a maximum of 4.6 kg/ha/a in Fort McMurray. At other northern
Alberta vicinity sites, deposition ranges from 1.9 to 3.9 kg/ha/a. There is
considerable year-to-year as well as spatial variability. The larger Fort
McMurray sulphate values (4.6 kg SO,*/ha/a) likely represent contributions
from the existing sources identified in Table D2-1. In the absence of these
sources, the “pristine” northern Alberta values would likely be about 1.7 kg
SOf'/ha/a. From this, it is estimated that the existing sources could
therefore be contributing as much as 3.2 kg SO, /ha/a in Fort McMurray.

Nitrate (NO;) deposition ranges from 0.7 kg/ha/a at Snarc Rapids to
3.0 kg/ha/a at Vegrevilie. The average value observed in Fort McMurray is
2.2 kg/ha/a.  There is also considerable year-to-year as well as spatial
variability.  Similar to sulphate, the Fort McMurray nitrate value
(2.2 kg NOZ'J/ha/a) represents contributions from existing sources. In the
absence of these sources, the “pristine” northern Alberta values are about
1.1 kg NO; /ha/a. The existing sources could therefore be contributing
about 1.1 kg NO,”/ha/a in Fort McMurray.

Wet Potential Acidifying Input (PAI) From Wet Deposition

The degree of acidification generally depends on the balance of acid-
forming compounds (such as SO,”. NO, and NH,") and cations (positively
charged ions such as Ca’" . Mg"" and K') in the precipitation. The Potential
Acid Input (PAT) as a composite measure of acidification is expressed as:

PAI (wet) = ([SO, 7] + [NOy ]+ [NH, ] - ([Ca™ ] + [Mg"'] + [K'])

The PAI takes mto account sulphur and nitrogen species and all values are
n units of “keg/hasa.”

Table D2-20 summarizes the PAI values that have been observed in
northern Alberta area. The average PAI observed in Fort McMurray is
0.09 keg/ha/a; this compares to 0.02 keg/ha/a value observed in Fort
Vermilion and Fort Chipewyan. The central N.W.T. (Snare Rapids) value is
0.04 keg/ha/a. Based on an average of Fort Chipewyan, Fort Vermilion,
Cree Lake and Snare Rapids, the average background wet PAI is about
0.038 keg/ha/a.  This suggests that the existing sources could be
contributing 0.05 kmol H /ha/a in Fort McMurray.
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Table D2-17  Precipitation Acidity (pH) Observed at Selected Precipitation Stations
Year
1990® | 1991 1992 1993 1994 1995 1996 | Average®

Fort McMurray 49 4.9 4.7 4.7 4.7 4.7 438 48 49 4.8
Fort Chipewyan 5.1 5.0 54 5.2 5.3 5.0 5.4 5.3© 5.3 52
Fort Vermilion 5.3 53 52 5.3 52 52 5.0 5.5¢ - 52
High Prairie 5.6 5.3 5.1 52 5.1 5.1 52 5.2 5.3© 5.3
Beaverlodge 5.1 52 5.0 5.1 5.1 5.0 5.0 49 5.0 5.0
Cold Lake 5.6 5.1 5.2 5.1 5.2 5.3 52 53 55 5.3
Vegreville n/a n/a 53 - 53 5.3 5.1 54 55 53
Cree Lake (Sask) 5.0 5.0 - 5.0 - 4.9® - - - 5.0
Snare Rapids 5.1 - 5.0 5.0 49 5.1 5.0 5.0
(N.W.T)

(a)
(b}
(c)

Not operational.
(d)

Values in AEP report were calculated improperly (these are corrected).
Only first quarter values, then station closed.

Conor Pacific Environmental

Averages include monthly values 1990, 1991, then weekly values 1992 through 1996 and are logarithmically averaged.
©) Less than 50% of data available.
© > 50 to < 75% of data available.




December 1997

D2-42

Table D2-18  Annual Average Sulphate (SO,*) Deposition (kg SO,*/ha/a) Observed at Selected Precipitation

Stations
Year
1990® 1991 1992 1993 1994 1995 1996 Average

Fort McMurray 529 6.0 45 53 3.0 45 3.9 46
Fort Chipewyan 1.5@ 1.6 4.8 4.3 0 ® A0 2.6
Fort Vermilion 2.5® 2.9 1.6 1.2 1.4 0 . 1.9
High Prairie 42 4.4 2.0 2.0 1.5 A0 - 2.8
Beaverlodge 2.4 2.2 19 2.3 32 3.0 2.5 25
Cold Lake 3.4 2.8 2.0 3.4 2.7 1.5 2.7 2.6
Vegreville - n/o 3.1 6.8 3.2 3.3 2.9 3.9
Cree Lake 1.9 2.3 2.3 - - - - 2.2
Snare Rapids 0.6 - 1.0 0.9 0.8 0.9 14 0.9
10 months

® 11 months

) & months

(d)
(e)
it

6 of 8 monthly values
7 of & monthly values

Less than 50% of data available
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Table D2-19  Annual Average Nitrate (NO;) Deposition (kg NO,/ha/a) Observed at Selected Precipitation Stations

Year

1990 1991 1992 1993 1994 1995 1996 Average
Fort McMurray 2.8® 3.7 1.7 1.7 1.5 1.9 23 22
Fort Chipewyan 1.0® 0.8 0.8 0.7 -0 0 -0 0.8
Fort Vermilion 2.0" 2.6 0.9 0.7 0.8 0 - 1.4
High Prairie 2.6 2.5 1.2 1.1 1.0 0 -0 1.7
Beaverlodge 1.7 1.8® 1.1 1.1 1.9 2.2 1.7 1.6
Cold Lake 2.7 2.9 1.9 2.4 2.5 1.8 3.1 2.5
Vegreville - - 2.3 4.6 2.5 32 2.8 3.0
Cree Lake 1.4 1.6 1.4 - - - - 1.5
Snare Rapids 0.4 - 0.5 1.0 0.7 0.8 1.1 0.7
© 1992 data were monthly until August, then weekly
® 10 months
® 11 months
©) 8 months

(d)

© 6 of 8 monthly values

7 of 8 monthly values
Y ess than 50% of data available
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D2.5.10 Dry Deposition

The values in the previous tables reflect the contribution by wet deposition.
For the purposes of calculating dry deposition, a single annual deposition
velocity is often used. This is not strictly correct as the deposition velocities
change with time of day and season to reflect the variability of
meteorological and receptor uptake processes. The dry component of the
PAI (in equivalents) can be given by:

PAI (dry) = (ISO;] + [SO,*] + [HNO,] + [NO,"] + [NH,"])
- ([Ca™ ]+ [Mg™'] + [K')

where SO, and HNO; are in a gaseous form and the remaining species are in
particulate form.

Table D2-21 shows the estimation of the regional dry component of the PAI
based on the background sulphur, nitrogen and base cation concentrations.
The deposition velocities are based on calculations from Royal Park, which
is located 15 km northwest of Vegreville (Bates 1996). The estimated dry
PAI contribution i1s 0.045 keq/ha/a. This estimate is subject to significant
uncertainty since the base cation contribution is inferred from precipitation
measurements. Also, there is some uncertainty in the application of the
deposition velocities used.

In a recent study, the dry deposition of base cations was found to be 4.4
times that of sulphate due to the size differences. Most of the sulphate
particles are in the fine fraction with a median diameter of 0.5 um, while the
median diameter for base cations can range from 3 to 7 um (Ruigrok et al.,
1997). In contrast, Bates (1996) assumed the deposition velocity for base
cations to be the same as that for sulphate. The latter, more conservative
assumption was used for the calculation of PAI reported here.
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Table D2-20 Annual Average Potential Acid Input (PAI) (keg/ha/a) Observed at
Selected Precipitation Stations

Year
1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 Average
Fort McMurray 0.05 0.11 0.11 0.08 0.06 0.10 0.09 0.09
Fort Chipewyan | 0.02 | 0.02 | 0.01“0 o0.00 |-® 0.01 |-@ 0.02
Fort Vermilion | 0.05 | 0.01 | 0.00 | 0.02 | 0.03 0.00 | -® 0.02
High Prairie -0.15 | 001 | 0.04 0.03 |- @ @ 0.03@
Beaverlodge 0.05 | 004 | 005 | 005 ] 0.09 0.07 | 0.06 0.06
Cold Lake 0.11 | 007 | 0.08 |-® 0.07 0.05 | 0.09 0.06
Vegreville -® -® 0.05°) -® 0.09 0.05 |- 0.08
Cree Lake 0.06 0.07 0.07 - - - - 0.07
Snare Rapids 0.02 | - 0.02 | 004 | 0.03 0.10 | 0.05 0.04

@ Less than 50% of data available.

®>50 to <75% of data available.

) Value represents monthly samples from January to August; weekly values were sampled from
September to December where < 75% of the data were available, therefore no value is given for this
period.

@ Excludes the 1990 value, which appears anomalous.

D2.5.11 Total Potential Acidifying Input

The total background PAI for air masses entering the region is the sum of
the wet and dry deposition values, and total contributions are estimated as:

PAI (wet) 0.038 keg/ha/a
PAI (dry) 0.045 keg/ha/a
PAI (total) 0.083 keg/ha/a

This value was estimated from data to represent the PAI associated with air
flow into the regional airshed. This compares to the target loading value of
0.25 keg/ha/a for sensitive ecosystems.
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Table D2-21

Estimation of Background Dry Component of the Potential Acid

Input (PAI)
Deposition Deposition
Parameter Concentration Velocity
(ng/m’) (cm/s) (kg/ha/a) keq/ha/a

Sulphur Compounds
SO, (gas) 1.2 0.37 1.40 0.044
SO,” (particle) 0.7 0.14 0.31 0.006

1.71 0.050
Nitrogen Compounds
NH," (particle) 0.19 0.14 0.08 0.004
HNO, (gas) 0.23 1.33 0.96 0.015
NO;™ (particle) 0.09 0.26 0.07 0.001

1.11 0.020
Base Cations
Ca®" (particle) 0.036 0.14 0.20 0.003
Mg’ (particle) 0.09 0.14 0.04 0.020
K" (particle) 0.15 0.14 0.07 0.002

0.31 0.025
PAI = £ (S) + £ (N) - £ (Base) 0.045

D2.6 Model Predictions
Dispersion model predictions were used to complement the ambient
monitoring in terms of defining baseline air quality. Dispersion modelling
has the advantage of providing a better indication of spatial variability than
the monitoring programs offer. Specifically, the models were used to
predict maximum hourly SO, and NO, concentrations and associated
deposition that could occur in the local airshed due to the existing sources.
Further discussion on the model approach is provided in Appendix 12.

D2.6.1 SO, Predictions

Maximum hourly average SO, concentrations from the Suncor and
Syncrude sources as detailed in Table D2-1 were predicted using the
ISC3BE model and the meteorological measurements from the Mannix
station. For Syncrude, no flaring or use of the diverter stack was assumed.
Therefore, total Syncrude SO, emissions were 197.4 t/d. The predictions
were undertaken for two cases:

Case 1 assumes the Suncor utilities plant emissions are vented up the
Powerhouse stack (1.e., the FGD system is down). This case would
therefore represent conditions prior to July 1996 (i.e., powerhouse stack
SO, emissions = 214.1 t/d). No intermittent flaring was assumed,
therefore total Suncor 50, emissions are: 214.1 (Powerhouse) + 18.2
(SRU) + 11.5 (Continuous flaring) = 244 t/d.

]
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e (Case 2 assumes the Suncor utilities plant emissions are vented up the
FGD stack (i.e., the FGD system is operating). The case conservatively
assumes a weighted SO, emission based on 95% FGD uptime (i.e., FGD
SO, emission = 27.2 t/d). No intermittent flaring was assumed,
therefore the total Suncor SO, emissions are: 27.2 (FGD) + 18.2 (SRU)
+ 11.5 (Continuous flaring) = 56.9 t/d.

Maximum predicted hourly SO, concentrations are presented in
Figure D2-13 for Case 1 and Figure D2-14 for Case 2. The results in the
figures indicate:

e Maximum values are associated with the elevated Muskeg Mountain
terrain near the southeast portion of the area depicted. The effect of the
FGD system is to reduce the maximum hourly SO, value from
1500 ug/m3 (0.57 ppm) to 500 pg/m® (0.19 ppm).

e Maximum values on the Fort Hills (near the northern portion of the area
depicted) are predicted to be about 300 pg/m’ (0.11 ppm) and
100 pug/m’ (0.04 ppm) for Cases 1 and 2, respectively.

e The elevated concentrations over the proposed Muskeg River Mine
Project tailings settling pond are also shown in the figure. The
maximum values on the pond are 400 pg/m’ (0.15 ppm) and 150 pg/m’
(0.06 ppm) for Cases 1 and 2, respectively.

The maximum predicted values can be compared to the observed maximum
presented in Table D2-8. While the model tends to under predict the
extreme maximum observed at the LSA monitoring sites, the model
predictions are in agreement with the typical maximum values that have
been observed. In summary, maximum hourly SO, concentrations in the
vicinity of the Muskeg River Mine Project should be within the air quality
guideline value of 450 pg/m’ (0.17 ppm) when the Suncor FGD is
operating.

D2.6.2 NO,/NO, Predictions

Maximum hourly average NO, concentrations from the Suncor and
Syncrude sources were predicted using the ISC3BE model and the
meteorology measurements from the Mannix station. The maximum
predicted values presented in Figure D2-15 indicate:

e The maximum value in the area depicted is 200 pg/m’ (0.11 ppm),
which occurs in the southwest corner of the LSA.

e In the Muskeg River Mine Project area, the maximum hourly NO,
concentration ranges from about 75 to 100 ug/m’ (0.04 to 0.05 ppm).
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The ISC3BE model enhances predicted concentration values in the
Athabasca River valley by reducing the lateral spread of a plume. Due to
the lower stack heights associated with the NO, sources, this effect is more
pronounced for predicted NO, concentrations than for predicted SO,
concentrations.

These predictions are consistent with those observed in the LSA which
range from 50 to 100 pg/m’ (0.03 to 0.05 ppm). In summary, NO,
concentrations in the vicinity of the Muskeg River Mine Project are
expected to be within the air quality guideline value of 400 pg/m’
(0.21 ppm).

D2.6.3 Deposition Predictions

The CALPUFF model was used to predict maximum annual average
deposition patterns in the area using the same SO, and NG, emissions. The
results are presented in the following figures:

e Figure D2-16 shows the total annual sulphate equivalent deposition
based on predicted SO, and SO, deposition (wet and dry) due to SO,
emissions from the Syncrude and Suncor sources (Case 2 SO, emissions
were assumed). No background values have been added. The
maximum predicted value of 13 kg SO,” /ha/a is predicted to occur on
the southern boundary of the LSA. The 13 kg SO,*/ha/a value is
equivalent to 0.27 keg/ha/a.

s  Figure D2-17 shows the total annual nitrate equivalent deposition based
on predicted NO,, HNO, and NO, deposition (wet and dry) due to NO,
emissions from the Syncrude and Suncor sources. No background
values have been added. The maximum predicted value of 18 kg/ha/a is
predicted to occur on the southern boundary of the LSA. The
18 kg NO; /ha/a 1s equivalent to 0.27 keg/ha/a.

o Figure D2-18 total PAI based on expressing the total sulphate and
nitrate deposition from Figures D2-16 and D2-17 and expressed in
keg/ha/a.  The maximum predicted value of 0.55 keg/ha/a (which
includes a background value of 0.083 keg/ha/a) is predicied to occur on
the southern boundary of the LSA. Table D2-22 summarizes the
maximum predicted values in the LSA due to current sources. The
maximum PAI exceeds the 0.25 keg/ha/a interim guideline for sensitive
ecosystems.
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Table D2-22 Summary of Maximum Total Sulphate, Nitrate and PAIl in the Local

Study Area
Total Sulphate (kg/ha/a)
From Suncor and Syncrude 13.0
Pristine background 3.4
Combined 16.4
Total Nitrate Equivalent (kg/ha/a)
From Suncor and Syncrude 18.0
Pristine background 2.2
Combined 20.2
Total PAI (keq/ha/a)
From Suncor and Syncrude (with background) 0.55
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Figure D2-13 Maximum Predicted Hourly Average SO, Concentrations (ng/m®)
From Existing Sources (Assumes Suncor FGD Is not Operating)
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Figure D2-14

Maximum Predicted Hourly Average SO, Concentrations (jg/m®)
from Existing Sources (Assumes Suncor FGD Is Operating)
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Figure D2-15 Maximum Predicted Hourly Average NO, Concentrations (pg/m’)

From Existing Sources
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Figure D2-16 Predicted Sulphate Equivalent Deposition (kg S0,*/ha/a) from
Existing Sources in the Region (Assumes Suncor FGD Is

Operating)
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Figure D2-17

Predicted Nitrate Equivalent Deposition (kg NOs/ha/a) From
Existing Sources in the Region (Predicted Values do not Include a
Background Value)
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Figure D2-18

Predicted Potential Acid Input (keq/ha/a) From Existing Sources in
the Region (Includes a Background Value of 0.083 keqg/ha/a)
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D2.6.4 Provincial Scale Modelling

Alberta Environmental Protection and Environment Canada have applied a
long-range transport and dispersion model to estimate total potential acid
input (PAI) in Alberta (Cheng et al. 1997). This application is based on the
Regional Lagrangian Acid Deposition (RELAD) model that addresses wet
and dry deposition of sulphur and nitrogen compounds. The model was
applied to B.C., Alberta and Saskatchewan and the results are based on
1990 NO, and SO, emission data, which do not reflect the lower Suncor
SO, emissions related to the FGD.

The provincial scale modelling results indicate:

e The maximum sulphur compound loading is in the 4.8 to 7.2 kg
SO,*/ha/a range, which is less than the peak value of 13 kg SO,*/hala
shown in Figure D2-16.

e The maximum nitrogen compound loading is in the 0 to 3.1 kg NO;’
/ha/a range, which is less than the peak value of 18 kg NO, /ha/a shown
in Figure D2-17.

e The overall PAJ is in the 0.05 to 0.10 keq/ha range which compares
with the peak value of 0.59 keg/ha/a shown in Figure D2-18.

The RELAD model predictions are presented as averages over a 60 x
110 km grid system. As such, these predictions are less than the finer scale
predictions using the CALPUFF model. This is because the present scale
modelling focuses on the LSA, which is smaller and can account for these
finer scale features.

Table D2-23  Maximum Values in the Fort McMurray Area Predicted by the AEP
and EC Provincial Scale Modelling
Fort McMuyrray keg/ha/a keg/ha/a
Sulphur loading (5O, and SOf') 481072 0.10t0 0.15
Nitrogen loading (NO,, HNO,, NO,", and NH, ) 01to3.1 0.00 to 0.05
Total sulphur and nitrogen loading - 0.10t0 0.15
Base cation (Na', Mg™", Ca”" and K') ) 0.05 t0 0.10
PAIL - 0.05 t0 0.10

D2.7 Greenhouse Gases

It 1s generally well understood that the production and burning of fossil
fuels generates CO, and other greenhouse gases. The effect of these gases
on our global climate is still under investigation, as further research and
evidence is necessary to determine the effects and their significance. In the
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near term, a voluntary challenge program is in place in Canada to stabilize
the amount of CO, emissions at the level produced in 1990.

Canadian and Alberta Emissions

Canada’s greenhouse gas emissions for 1995 are summarized as follows:

CO,
Emissions Amount Equivalent

(kt/a) (kt/a)
CO, 499,600 499,600
CH, 3,780 78,600
N,O 104 32,300
Other - 9,000
Total CO, Equivalent (kt/a) 619,000

The breakdown of the Canadian emissions in CO, equivalent (kt/a), by
sector is as follows:

e Industrial process - 93,400

e Stationary fuel combustion - 313,000
e Mobile fuel combustion - 165,000

e  Municipal waste incineration - 796

e  Agriculture - 27,600

e Miscellaneous - 20,100

Alberta contributes about 189,000 CO, equivalent kt/a, which represents
about 30% of the Canadian total. Of the Alberta amount, the oil sands
region contributes about 11,500 kt/a or about 6% of the Alberta total.

D2.8 Summary

Alr quality and meteorological data are available from a number of different
locations in the vicinity of the proposed Muskeg River Mine Project area. A
summary review of this information follows.

D2.8.1 Emissions
The existing Suncor and Syncrude facilities are the major emission sources

in the region with a minor contribution by other sources. In summary, the
current regional airshed emissions, based on 1996 information, including

Conor Pacific Environmental



December 1997 D2 - 58

the Suncor FGD operation, are:

Parameter t/d
SO, 272
NO, 78
CO, 31,584
CO 121
PMi, 11
HC 44
TRS 1.5

The 1997 SO, emissions are expected to be much lower with greater
utilization of the Suncor FGD system (e.g., total of 272 t/d based on 95%
utilization of FGD). The PM,, emissions given in the table only reflect
combustion sources and do not include fugitive sources from mining and
other activities. Similarly, the CO, emissions only reflect site-based
combustion sources and do not include those associated with electrical

energy usage.

D2.8.2 Meteorology

A review of the meteorological data collected in the region was undertaken
to provide information required for dispersion modelling. The
meteorological data indicates:

()

Wind directions are predominantly form the north and south, reflecting
the orientation of the Athabasca River valley and other terrain features.

e Compared with the southerly portion of the province, wind speeds are
relatively light. Mean wind speeds are 6.1 and 15.2 km/h at 15.8 and
75 m above ground level, respectively.

e Limited mixing conditions range from 300 to 500 m above ground level
during the night and during the winter. During the spring and summer,
the afternoon mixing heights range from 1,000 to 2,000 m above ground
level.

e Atmospheric turbulence is enhanced during the day (unstable
conditions) and 1s more frequent during the spring and summer.
Turbulence 1s reduced during the night.

D2.8.3 Observed Air Quality

A review of air quality conditions recorded in the vicinity of the Muskeg
River Mine Project area indicates the following:
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e The hourly average SO, concentration in the area has exceeded the
hourly air quality guideline of 450 pg/m’ (0.17 ppm) for up to two
hours per year. Based on observations at OSLO and SandAlta stations
(1984 to 1989 period), maximum hourly SO, values on a monthly basis
range from 130 to 400 pg/m’ (0.05 to 0.15 ppm). Based on Fort McKay
and SOLV-EX observations (1996 to 1997 period) maximum hourly
SO, values on a monthly basis range from 130 to 260 pg/m’ (0.05 to
0.10 ppm).

e The hourly average H,S concentrations in the area can be expected to
exceed the guideline of 14 pug/m’ (0.01 ppm) about once per year. The
H,S exceedance value, however, can be several times the guideline for
H,S. On a monthly basis, the maximum hourly H,S concentration
ranges from 1.4 to 7 pg/m’ (1 to 5 ppb).

e The maximum hourly average NO, values on a monthly basis range
from 50 to 100 pg/m’ (0.03 to 0.05 ppm).

e Maximum hourly average O; concentrations range from about 60 pg/m’
(30 ppb) during the winter to 120 to 150 pg/m” (60 to 70 ppb) during
the summer. Exceedances of the hourly guideline of 160 pg/m’
(82 ppb) occurred in 1990 and 1993,

e PM,, values are monitored only in Fort McMurray. The maximum
hourly value for the months January to June 1997 have ranged from 12
to 105 pg/m’.

e While average THC concentrations range from 1.4 to 2.1 ppm, peak
values of up to 31 ppm have been observed.

The precipitation quality data were reviewed to determine current deposition
values in Fort McMurray and those associated with air flow into the RSA:

e The mean pH of precipitation in Fort McMurray is 4.8; this compares
with other areas in northern Alberta that range from 5.0 to 5.3.

o The mean wet sulphate deposition is about 4.6 kg SO,’/ha/a in Fort
McMurray; this compares to a background wet value of 1.7kg
SO, /ha/a.  With dry deposition, the estimated background total
sulphate deposition is 3.4 kg SO,*/ha/a.

e The mean wet nitrate deposition is about 2.2 kg NO,/ha/a in Fort
McMurray; this compares to a background wet value of 1.1kg
NO,/ha/a. With dry deposition, the estimated total nitrate deposition is
2.2 kg NO, /ha/a.
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e The wet Potential Acid Input (PAI) in Fort McMurray is about
0.09 keg/ha/a, this compares to a background value of 0.038 keq/ha/a.
The estimated background dry component of PAI is 0.045 keg/ha/a.
Therefore the total background PAI (wet + dry) is about 0.083 keq ha/a.
This compares to the target loading for sensitive, moderately sensitive
and buffered ecosystems of 0.25 keg/ha/a, 0.5 keg/ha/a and
1.0 keqg/ha/a, respectively.

D2.8.4 Model Predictions

Dispersion model predictions were used to provide an indication of the
spatial variability of SO, and NO, in the vicinity of Muskeg River Mine
Project area from the following existing sources:

e The maximum predicted SO, concentrations on the Project area are in
the 200 to 300 pg/m’ (~ 0.08 to 0.11 ppm) range, when the Suncor FGD
system is down.

» The maximum predicted SO, concentrations when the FGD is operating
are in the 75 to 150 pg/m’ (0.03 to 0.06 ppm) range.

e The maximum predicted NO, concentrations are in the 75 to 90 ug/m3
range (0.039 to 0.097 ppm).

The model predictions are consistent with the observations in the region.
Additional model predictions of deposition in the LSA due to existing
sources are as follows:

o  The maximum sulphate deposition is 16 kg SO,*/ha/a.
e The maximum nitrate deposition is 20 kg NO;" /ha/a.
e The PAIis 0.55 keg/ha/a.

These include background values associated with airflow into the region.
The maximum PAI exceeds the interim guideline value for sensitive and
moderately sensitive ecosystems, but is within the guideline for buffered
ecosystems.

D2.8.5 Conclusion

The air quality in the vicinity of the Muskeg River Mine Project area is
affected by emissions from local sources. Episodic upset events are likely
the source of elevated THC/NMHC and H,S observations. While ambient
50, concentrations are within the guidelines, exceedances can be expected
up to two hours per year., Ambient NO, values are within the guidelines.
Naturally occurring high ozone levels tend to occur in the spring and have
exceeded the guidelines (4 hours in 1993). The maximum PAI in the region
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exceeds the interim guideline for sensitive and moderately sensitive systems
but is within the guideline for buffered ecosystems.
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D3 HYDROGEOLOGIC (GROUNDWATER) SETTING

D3.1 Introduction

This section of the Muskeg River Mine Project (the Project) EIA provides
information as required by the Project Terms of Reference (TofR) issued on
November 7, 1997 (AEP 1997a). Specifically, the following are addressed
in this section:

e discussion on the groundwater regime of the Study Area through
summarization of the existing regional databases including flow
patterns, groundwater quality and interactions with regional
groundwater flows;

e discussion on the relationship between groundwater and surface water
in the Study Area; and

e description of the surficial and upper bedrock groundwater regimes in
the Project area (TofR, Section 4.7).

Project-specific impacts on groundwater are addressed in Section E3 of this
EIA. Cumulative effects on groundwater are addressed in Section F3.

The following information is abstracted and summarized from a detailed
hydrogeology baseline study for the Muskeg River Mine Project (the
Project) conducted by Komex (1997). The Hydrogeology Baseline Study -
Oil Sands Lease 13 West report (Komex 1997) provides additional
information on the hydrogeologic setting of the Project area.

The following five groundwater-bearing intervals (listed in ascending order)
are of regional significance in the Athabasca oil sands area:

La Loche Formation;

Methy Formation:

Water sand at the base of the McMurray Formation (Basal Aquifer);
Water-bearing lenses within the oil sands (Intra-orebody aquifers); and
Quaternary deposits (Surficial aquifers).

P NERENIES

These water-bearing zones, as they occur in the Project area, are discussed
in the following subsections.

Hydrogeological investigations within the Project area span a period
between 1971 and 1997, with work undertaken by Shell Canada Limited
(Shell) and a number of consultants. Most of these programs are discussed
and referenced by Komex (1997).

KOMEX INTERNATIONAL



December 1997

D3 -2

According to archival records, within the Project area are:

e seven monitoring wells that intercept the Middle Devonian Methy
Formation, with seven chemical analyses of groundwater;

e 35 monitoring wells installed in the Lower Cretaceous Basal Aquifer,
with 60 chemical analyses of groundwater;

# 31 monitoring wells installed in the Lower Cretaceous Intra-orebody and
near the contact with Quaternary deposits, with 14 chemical analyses of
groundwater; and

e 39 monitoring wells installed in Quaternary deposits, with 18 chemical
analyses of groundwater,

The following is a discussion of the study area boundaries for the Project
area and a summary of hydrogeological conditions in the main groundwater-
bearing units. The units are in ascending order from the oldest (La Loche
Formation) to the youngest (Quaternary sediments).

D3.2 Study Area Boundaries

The Local Study Area (LSA) for hydrogeologic impact assessment is
defined as the entirc Muskeg River Mine Project area, plus an area
extending approximately 2 km north into the Syncrude Aurora lease. The
hydrogeology L.SA was defined in Section D1 (Figure D3-1).

The Regional Study Areca (RSA) for groundwater is the area bounded by the
Athabasca River on the west, and the outcrop or subcrop of the McMurray
Formation to the north, the Firebag River to the northeast and the Steepbank
River to the east and south. The hydrogeology RSA was also defined in
Section D1. These rivers are the base of surface drainage for regional
groundwater flow systems, and therefore form natural hydrogeologic
boundaries for the RSA. As the hydraulic conductivity of Devonian rocks
below the McMurray Formation is very low (Komex 1997), hydrogeologic
effects of mining on the McMurray Formation will be restricted to areas
where the McMurray Formation 1s present, so the RSA for groundwater is
limited by the subcrop of this formation. Note that the RSA for
groundwater 1s a subset of the RSA for the overall EIA.
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D3.3 Groundwater-Bearing Intervals of Regional Significance

D03.3.1 La Loche Formation

The La Loche Formation is located beyond the zone potentially affected by
the proposed mining operation, thus no piezometers were installed in this
unit.

Drill stem tests (DST) conducted in hole W805021 (now outside of the
Project area within Aurora North leases) and W805027, indicate the
presence of groundwater-bearing zones with highly variable thickness and
hydraulic properties. The potentiometric surface (converted to equivalent
freshwater) stabilizes approximately 25 m below ground surface (W805021)
and approximately 12 m above the Methy Aquifer (Alsands Energy Ltd.
1981). The drill stem tests conducted within high porosity intervals indicate
hydraulic conductivity ranging from practically zero to 2x10” m/s. Due to
the insufficient number of observation wells, groundwater flow direction
and velocities cannot be readily defined within this stratigraphic unit.

Only one groundwater sample was collected from this formation
(W805021). Groundwater pH was 8.0, mineralization approximately
172,000 mg/L total dissolved solids (TDS) and chloride concentration
102,206 mg/L. This brine represents a Na-Cl hydrochemical type (Alsands
Energy Ltd. 1981),

D3.3.2 Methy Formation

The Methy Formation is underlain by an 18 to 48 m thick layer of low
hydraulic conductivity McLean River Formation. Observed differences in
piezometric elevations between the La Loche and Methy formations indicate
that these units are hydraulically separated by intervening McLean River
sediments.

Groundwater surface elevations in this confined groundwater-bearing zone,
as measured in March 1981, range between 256 m above sea level (masl)
(W8015039) and 267.8 masl (W731489). Some of these elevations may
represent resultant groundwater surface elevations originating from
relatively long sand pack and/or screen interval completions. The
hydrographs presented in Alsands Energy Ltd. (1981) indicate that very
small temporal changes (<0.5 m) occur in groundwater surface elevations.
This indicates hydraulic isolation of this groundwater-bearing zone.

The Methy Formation includes zones of highly variable hydraulic
conductivity. Based on two DST tests, Alsands Energy Ltd. (1981) reports
hydraulic conductivities ranging from unmeasurably small to 3x10°° m/s,
and from 7x10"° to 3x10” m/s based on analysis from two cores.
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Piezometers completed in this formation indicate hydraulic conductivities
ranging from 2x10° m/s to >1x10* m/s. Zones of high hydraulic
conductivity, and associated high yields encountered during piezometer
development, are most likely limited to reefal buildups.

Distribution of hydrochemical types and groundwater mineralization within
this stratigraphic unit are shown in Figure D3-2. Groundwater in this unit
represents a chloride-sodium hydrochemical type, with mineralization
ranging from 9,824 to 78,666 mg/l. TDS. This variability is most likely
related to either inadequate piezometer development and/or piezometer
designs. Sampling during the winter 1997/98 program, more than 15 years
after piezometer reconstruction, should clarify the issue of groundwater
mineralization.

An issue of potential hydraulic connection between the Methy Formation
and Basal Aquifer, and its impact on proposed Project development, has
been raised in the past. Hydrogeological information available to date
indicates that such a hydraulic connection does not exist. The factors
leading to this conclusion are as follows:

e piezometric pressures in the Basal Aquifer and Methy Formation are
different (Komex 1997, Tables 1A and 1B; Figures 10 and 11);

¢ during long-term Basal Aquifer dewatering, associated with the test pit
excavation, no drawdown was observed in the Methy Formation
(Alsands Energy Ltd. 1981);

e Jow seasonal groundwater surface fluctuations in the Methy Formation
indicate hydraulic isolation from shallower units (including the Basal
Aquifer);

e groundwater chemistry and mineralization are significantly different in
both zones (Komex 1997; Tables 3A and 3B) and Alsands Energy Ltd.
(1981). Environmental isotopes further confirm isolation of these two
groundwater-bearing zones (Wallick and Dabrowski 1982); and

e the Prairie Evaporite Formation, Watt Mountain Formation and
Beaverhill Lake Group, representing in excess of 100 m of low
hydraulic conductivity sediments, are acting as an aquiclude, effectively
separating the Methy Formation and Basal Aquifer.

In the unlikely event that a hydrogeological “window” is opened between
the Methy Formation and Basal Aquifer, saline groundwater inflows could
be controlled using a conventional engineering approach. Grouting of
groundwater circulation routes may be the best approach in achieving
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separation between those two aquifers. This should be feasible because of
the:

e relatively small differences (10 to 20 m) that exist in piezometric levels
between the two zones of concern;

e presence of thick sequence (>100 m) of low permeability sediments that
separate both geological units;

o relatively small storage of saline water within reefal buildups in Methy
Formation; and

e possible lack of hydraulic connection between reefal buildups.

D3.3.3 Basal Aquifer

The Basal Aquifer is a confined aquifer underlain by low hydraulic
conductivity basal clay (if present) and Beaverhill Lake Group sediments
(Alsands Energy Ltd. 1981). Locally, groundwater may occur within the
Upper Devonian fractured zones and/or the weathered uppermost part of
this stratigraphic unit. In this case, it is expected that the upper zone would
remain in hydraulic communication with the overlying Basal Aquifer.

The Basal Aquifer is represented by fine- to coarse-grained sand (0 to 40 m
thick) deposited on the erosional surface of Upper Devonian sediments.
Several monitoring wells were installed in this major aquifer (Komex 1997,
Figure 6). Piezometer completion details, groundwater surface elevations
and hydraulic conductivity test results are summarized in Table 1B (Komex
1997).

Groundwater surface elevations range from 230.9 to 289.9 masl. Depth to
groundwater surface varies from less than 2 m to more than 60 m below
ground surface. The vertical hydraulic gradient between the Basal Aquifer
and Methy Formation 1s downward in the Project area and upward in the
area adjacent to the Athabasca River. Hydrographs obtained from Basal
Aquifer piezometer measurements indicate that very small seasonal changes
occur in groundwater surface elevations. In most cases, these fluctuations
do not exceed 1 m (Alsands Energy Ltd. 1981). Small amplitude and lack
of a distinct seasonal trend in the groundwater surface elevation fluctuations
indicate that direct recharge to the Basal Aquifer occurs far beyond the
LSA.

Significant recharge will occur where McMurray Formation basal sands
subcrop below permeable Quaternary sediments or outcrop at the surface.
The presence of tritium in porewater obtained from oil sands, indicates that
groundwater in the Basal Aquifer is also recharged through the oil sands. In
some areas (e.g., lean oil sands and higher permeability sediments), such
recharge may occur within a timeframe of 5 to 10 years (Wallick and
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Dabrowski 1982). Where thick layers of high grade oil sands are present,
recharge rates will be much slower.

A peizometric surface contour map for the Basal Aquifer is shown in Figure
D3-3. It shows that in the proposed mine pit area, groundwater surface
elevations range from approximately 275 masl to 289.9 masl.

Although not confirmed, the change in hydraulic gradient west of the
proposed mine may reflect a constriction of groundwater flow in the Basal
Aquifer. This may be due to relief variations on the Devonian surface (e.g.,
bedrock highs), which in turn would directly impinge on Basal Aquifer
thickness. This may also reflect an overall increase in the hydraulic
conductivity of the Basal Aquifer adjacent to the Athabasca River. For
example, hydraulic connection between the Basal Aquifer and the
Athabasca River is inferred to occur in the vicinity of piezometers
W805053, W805054 and MW97-42, where groundwater surface elevations
(230 - 235 masl) are comparable with elevations in the Athabasca River
(230 - 235 masl).

Groundwater flow is generally toward the west with hydraulic gradients
ranging between approximately 0.002 (in the proposed mine area) to 0.025
(in the zone of steep hydraulic gradients west of the Project area).

Aquifer tests in the Project area between 1972 and 1974 were interpreted to
give a range of hydraulic conductivity of 2x10” to 3x10™ m/s, with a
geometric mean of 5x10”° m/s (Alsands Energy Ltd. 1981). In addition, 26
single well tests were performed during development of wells in 1981,
Sixteen of the wells gave a range of hydraulic conductivity from 1x10™ to
>1x10™ m/s (Komex 1997; Table 1B), which is similar to the range found
from the aquifer test referred to above. Ten of the wells gave lower values,
in a range of 5x10° to 7x10® m/s (Alsands Energy Ltd. 1981 and 1982).
These lower values may be related to the piezometer screen being plugged
with heavy oil, or placing the screen within oil sands, where the Basal
Aquifer is absent.

Other measurements of hydraulic conductivity based on pumping tests in
the Basal Aquifer are also available. Golder Associates Ltd. (1996a) refers
to the analysis of a pumping test on Lease 34 (Aurora Mine North) that was
analyzed to give a transmissivity ranging from 21 to 61 m*d. If a Basal
Aquifer thickness of 25 m is assumed, based on isopach maps in Golder
1996a, then a range in hydraulic conductivity values of 1x10” to 3x10”° m/s
may be calculated.
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Based on the results of these aquifer tests, it appears that the Basal Aquifer
(clean sand) in the Project area has a hydraulic conductivity in the range of
1x10” to >1x10™* m/s. Lower values are associated with oil-saturated sands.

Storativity for the Basal Aquifer was calculated from each of four aquifer
tests (1972 - 1974) referred to in Alsands Energy Ltd. Energy Ltd. (1981).
A total of 14 values were evaluated, 11 of which were within a 1x10~ to
1x10™* m/s. The two tests conducted in 1974 yielded higher values up to
2x10’2/s, which would be considered unusual for a confined aquifer, and one
value of 1x10” m/s. Analysis of aquifer tests at OSLO Lease 31 yielded
storativity values between 2.2x10” and 1.3x10™ mys. Analysis of the 1996
aquifer test at Lease 34 (Aurora Mine North) gave values ranging from
4x10” to 3x10™ m/s (Golder 1996a).

Based on these aquifer tests, it would appear that the Basal Aquifer in the
Aurora leases and the Muskeg River Mine Project area has a storativity in
the range 1x10” to 4x10™ mvs, typical of a confined aquifer.

Distribution of hydrochemical types is shown in Figure D3-3. Groundwater
represents mostly CI-HCO;-Na and HCO;-Cl-Na hydrochemical types, with
mineralization ranging between 1,430 and 7,407 mg/L. TDS. An anomalous
hydrochemical type was encountered in piezometer W810061, where
HCO;-Na type water with a relatively low mineralization of 1,430 mg/L
TDS was found.

Chloride distribution is shown in Figure D3-4. Concentrations range from
81 mg/L (W810061) to 2,793 mg/L (W810068). The anomalous
hydrochemical type combined with low TDS and chloride concentrations in
WE10061 suggest the presence of a hydrogeological “window” in the area
adjacent to this monitoring well.

D3.3.4 Cretaceous Intra-Orebody and Near Contact With Quaternary

Intra-orebody groundwater-bearing zones are represented by generally thin
and locally discontinuous layers of silty sands and/or sands with low
bitumen content. Such aquifers may be present within the McMurray
Formation profile extending from the contact with Quaternary deposits and
the top of the Basal Aquifer. Groundwater may be under confined
conditions, especially in the lower parts of the McMurray Formation. Due
to restricted recharge and low storage capacity, the groundwater reserves in
the intra-orebody aquifers are expected to be relatively small.
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A relatively small number of observation wells have been installed in this
zone. Groundwater surface elevations range from approximately 230 masl
to 300 masl. Seasonal changes in groundwater surface elevations are within
a range of 1.5. It is expected that a downward hydraulic gradient dominates
within the McMurray Formation.

The bitumen content of the oil sands results in a low hydraulic conductivity,
which is often difficult to measure in well tests. Analysis of a Syncrude
1996 pumping test using the Neuman and Witherspoon (1972) method gave
an estimate of 2x10™% my/s for the vertical hydraulic conductivity of the oil
sands (Golder 1996a). Clark (1960) estimated a range of 3.2x10™° to 1x10”
m/s based on laboratory studies. Wallick and Dabrowski (1982) estimate a
vertical hydraulic conductivity of 4x10™ m/s based on a study of tritium
concentrations in porewater.

Golder Associates Ltd. (1997a) measured hydraulic conductivity in
piezometer MW97-42A within an interval 20.7 to 24.5 m below ground
surface. The result, 7x10°® mys, 1s consistent with results obtained from the
literature.

Six different hydrochemical types of groundwater were encountered within
the McMurray Formation. Associated with this variability is a wide range
of mineralization 239 to 846 mg/L. TDS. Chloride concentrations are
relatively low and do not exceed 122 mg/L (Golder 1997a).

D3.3.5 AQuaternary

The surficial aquifers are represented by relatively thin (<20 m)
fluvioglacial and alluvial sands and gravels of Quaternary age. These
aquifers are usually unconfined. Within the Project area, depth to the
phreatic surface varies from 0 to 7 m below ground surface.

A buried tributary valley was identified in the western part of Lease 13,
extending north from Isadore’s Lake. Groundwater reserves associated with
such channels are highly variable, depending on the extent and thickness of
water-bearing granular deposits.

Depth to the groundwater surface within the Project area was measured
periodically to define seasonal groundwater surface fluctuations and
direction of groundwater flow. The direction of groundwater flow in
surficial sediments is not well defined. However, the aquifers drain toward
local topographical depressions and surface drainage systems. A downward
vertical hydraulic gradient exists between the surficial aquifers and the
Basal Aquifer.
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Hydrographs obtained from surficial aquifer piezometers indicate a
relatively slow response of the groundwater surface to extended periods of
rain. In general, seasonal fluctuations in the groundwater surface do not
exceed 1.5 m. This is due mostly to the significant storage capacity of the
Quaternary sediments.  Most surficial piezometers are frozen from
December until the end of May.

Hydraulic conductivity of surficial aquifers is highly variable and ranges
from approximately 1x10® to 1x10™ mys.

Golder (1996a) noted a range of 1x10” to 1x10” my/s for the hydraulic
conductivity of surficial deposits in the Aurora Mine areas, while Alsands
Energy Ltd. (1981) indicate a range of 1x10° to 1x10™ m/s for the Project
area. The large range is due to the variation in surficial materials from
highly permeable sands and gravels to low permeability lacustrine clays.
Golder (1996a) also give a vertical hydraulic conductivity of 5x10™"° my/s for
lacustrine clay, a vertical hydraulic conductivity range of 6x10™"" to 4x10™
m/s for till, and a horizontal hydraulic conductivity range of 6x10°° to 2x107
mv/s for till.

A pumping test performed in the main Pleistocenejchannel in the Aurora
Mine South area gave a transmissivity of 3.6x10” m’/s, which was reported
to correspond to a hydraulic conductivity of 1.9x10” m/s (Golder 1996a).

Groundwater in Quaternary aquifers consists mostly of the HCO,-Ca-Mg
and HCO;-Ca-Mg-Na hydrochemical types. Distribution of groundwater
hydrochemical types is shown in Figure D3-6.

The majority of the samples collected from the zone encompassing the
Quaternary sediments indicate the presence of fresh water in these aquifers.
In general, mineralization varies from 239 to 1,729 mg/L. TDS, while
chloride concentrations are below 135 mg/L (Komex 1997; Table 3D).

Local hydrochemical anomalies were found in the Isadore’s Lake area,
where relatively high mineralization was encountered in holes 80-W1-2 and
80-W1-5. In these holes, mineral content exceeded 1,300 mg/L TDS
(Komex 1997, Table 3D). These holes may be in hydraulic contact with
Cretaceous deposits.

KOMEX INTERNATIONAL
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N/A DENOTES INFORMATION NOT AVAILABLE
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D4 SURFACE WATER HYDROLOGY

D4.1 Introduction

This section of the Muskeg River Mine Project (the Project) EIA provides
information as required by the Project Terms of Reference (TofR) issued on
November 7, 1997 (AEP 1997a). Specifically, the following are addressed
in this section:

e discussion on the surface water hydrology in the Study Area; and
e discussion on the probable maximum flood or probable maximum
precipitation events (TofR, Section 4.6).

Project-specific impacts on surface water hydrology are addressed in
Section E4 of this EIA. Cumulative effects on surface water hydrology are
addressed in Section F4.

This section presents a summary of the surface water hydrology baseline
data and relevant climate information for the Regional Study Area (RSA),
as shown in Figure D1-2, and the Local Study Area (ILSA), as shown in
Figure D4-1.

Previous surface water hydrologic studies in the region were conducted for
the existing Syncrude and Suncor oil sands facilities west of the Athabasca
River: the Syncrude Aurora Mine Project in the Muskeg River basin and the
Suncor Steepbank Mine Project east of the Athabasca River. The most
recent baseline hydrology study conducted for the Aurora project EIA
(AGRA 1996a) contains a portion of the baseline hydrology and climate
data applicable to the Shell Muskeg River Mine Project (the Project) EIA.

Shell Canada Limited (Shell) commissioned Golder Associates to collect
additional hydrology baseline data in the LSA during the winter and
summer of 1997 to expand the hydrologic baseline database developed for
the Aurora Project. The expanded database fills data gaps and provides a
good basis for conducting the Muskeg River Mine Project EIA. Jointly,
Shell and Syncrude will continue to operate the existing climate and
hydrology monitoring networks in the Muskeg River basin to provide the
data for hydrological modelling. Continuing monitoring is important for
collecting data for future design of water management systems and for
monitoring the effects of the Project on surface water hydrology.

A hydrologic modelling analysis was conducted during this baseline study,
to calibrate a continuous hydrologic simulation model based on the short-
term streamflow data collected in the LSA. This modelling study improved
the definition of the streamflow characteristics of the small streams in the
LSA, beyond that available for the Aurora Mine Project and has provided a
sound basis for the EIA.

Golder Associates
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This section synthesizes all available hydrology information and data, as
well as relevant climate data. Additional data collected during the 1997
winter and summer programs are presented in two Golder Associates reports
entitled “Lease 13 Surface Water Hydrology - 1997 Winter Data Collection
Program” (Golder 1997b) and “1997 Summer Data Collection Program and
Baseline Hydrologic and Hydraulic Studies for the Muskeg River Mine
Project, December 1997 (Golder 1997c). The latter report also presents the
detailed modelling methodology and results of the baseline hydrologic and
hydraulic modelling studies.

D4.1.1 Physical Setting

The Muskeg River Mine Project LSA is situated on the east side of the
Athabasca River with the majority of the development within the lower
watershed of the Muskeg River. The remainder of the Project development
is situated within the Isadore’s Lake watershed, which drains directly into
the Athabasca River.

The RSA has a continental climate with significant seasonal variations in
temperature and precipitation. Daily mean temperatures typically dip below
freezing in mid-October and remain below zero until the beginning of April.

The terrain in the Project area is nearly flat with elevations ranging from
276 to 300 masl (metres above sea level) with an average elevation of about
290 masl. The Muskeg River basin is generally flat, except for Muskeg
Mountain on the east side of the watershed. Ground slopes of less than
0.5% are typical of the poorly drained lowland in the LSA. Slopes of 1 to
3% are typical of the better drained upland areas at elevations above
340 masl. Details on the terrain of the Project area are provided in Section
D8.

The dominant surficial soils in the LSA are fen soils, which are highly
absorbent, generally poorly drained and characterized by a high water table,
at or near the ground surface, following spring snowmelt. The fen soils of
the study area are typically 0.5 to 4.5 m thick and overlie relatively
impervious lacustrine deposits. Details on the soils of the Project area are
provided in Section DS.

Vegetation in the LSA consists primarily of willow brush, shrubs, black
spruce and sphagnum moss. A mixed forest cover of coniferous and
deciduous trees occurs in upland areas. Details on the Project area
vegetation and wetlands are provided in Sections D9 and D10.

There is a great deal of beaver activity in the LSA, especially in lowland
areas. Most of the well-defined streams are blocked by beaver dams at
numerous locations. Beaver lodges are also present in permanently
inundated lowland areas. Details on the Project area wildlife are provided in
Section D11.

Golder Associates
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D4.2 Climate

Climate considerations are important for surface water hydrology because
of the significant impact of precipitation, wind and temperature on
hydrology.

D4.2.1 Data Sources

Published Data

There is a significant quantity of climate data available for the RSA. Data
are principally gathered by Atmospheric Environment Services of
Environment Canada (AES) and Alberta Forestry at a regional network of
seasonally and continuously operated climate monitoring stations. The
regional AES stations generally have 20 or more years of records.
Additional short-term data are available from other baseline studies
conducted for the study area and from stations operated by Syncrude and
Suncor at their respective oil sands operations.

A substantial amount of summer rainfall and temperature data are available
from the AES stations. Snowfall data have been recorded at only three
stations, but two of these have been discontinued. The only year-round
climate station in the RSA with a long period of record is located at the Fort
McMurray airport. Climate stations at Mildred Lake and Fort McMurray
airport are the only climate stations in the RSA that collect wind, solar
radiation and evaporation data. Figure D4-2 shows the locations of the
regional climate stations, which include:

e  Alberta Forestry seasonal precipitation monitoring stations;

e Atmospheric Environment Services of Environment Canada long-term,
year-round monitoring stations; and

e oil sands industry year-round climate monitoring stations.

Aurora Mine Climate Monitoring Station

Syncrude has operated a climate station for the Aurora Mine project since
May 1995. Climatic variables monitored at the station include the following
at hourly intervals:

air temperature;

rainfall;

snowfall;

global solar radiation;
relative humidity; and
wind speed and direction.

S ® ® © @ @
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Air Temperature

Figure D4-3 shows a comparison between the recorded daily air
temperatures at the Fort McMurray airport and Aurora Mine stations for the
period May 1995 to July 1997. The similarity of daily temperature
variations at these two stations suggests that the long-term temperature
statistics at the Fort McMurray airport are representative of the conditions in
the LSA. Table D4-1 shows hourly and daily air temperature statistics for
the LSA. Table D4-2 shows monthly statistics. These statistics were
derived from recorded data at the Fort McMurray airport for the period
1953 to 1995.

Mean monthly air temperatures in the LSA typically range from -20°C in
January to 16.5°C in July. The maximum hourly air temperature was
36.5°C recorded in August, and the minimum hourly air temperature was -
47.8°C recorded in January. Figure D4-4 shows the temporal distribution of
monthly air temperatures for the LSA.

Table D4-1 Derived Hourly and Daily Air Temperature Statistics for the LSA®

Month Hourly Extreme (°C) Daily Mean and Daily Extreme (*C)
Maximum Minimum Maximum Mean Minimum

January 12.5 -47.8 8.4 -20.0 -41.1
February 13.4 44 .4 9.2 ~15.0 -36.9
March 17.8 -43.9 9.2 -7.8 -32.0
April 29.8 -34.4 20.9 2.4 -26.4
May 34.8 -13.3 24.6 9.8 -5.9
June 35.0 -3.9 25.0 14.2 3.6
July 35.6 0.6 26.5 16.5 8.2
August 36.5 -2.9 26.7 15.0 2.5
September 31.9 -13.9 21.4 9.0 5.0
October 28.4 ~24.4 18.3 2.9 -19.9
November 15.5 -37.2 9.4 -8.6 -35.2
December 15.6 -42.7 6.6 -16.5 -39.8

© Based on data recorded at the Fort McMuitay airport between 1953 and 1996.

Golder Associates
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Table D4-2 Derived Monthly Air Temperature Statistics for the LSA®

Month Monthly Mean and Extreme ("C)
Maximum Mean Minimum
January -9.1 -20.0 -30.9
February -3.2 -15.0 -26.3
March -1.0 -7.8 -17.2
April 10.1 2.4 -7.8
May 12.7 9.8 5.0
June 16.4 14.2 11.6
July 18.9 16.5 14.2
August 18.7 15.0 11.2
September 12.5 9.0 3.9
October 7.6 2.9 -1.5
November -2.1 -8.6 -16.9
December -7.7 -16.5 -24.6

) Based on data recorded at the Fort McMurray airport between 1953 and 1996.

Precipitation

Precipitation statistics were derived for the LSA from long-term records at
the Fort McMurray airport, which were adjusted for known changes in
precipitation with elevation, as determined by a regional analysis. Table D4-
3 shows the resulting mean and extreme monthly and annual precipitation
estimates for the Project area.

Table D4-3 Derived Monthly and Annual Precipitation Statistics for the LSA®

Total Precipitation (mm)
Month 100 Year 10 Year Average 10 Year 100 Year

Dry Dry Year Wet Wet
January 39 7.5 19.4 34.8 56.1
February 1.1 3.7 15.4 313 53.6
March 23 4.8 16.6 329 55.7
April 0.0 4.4 20.2 38.7 64.2
May 1.8 9.5 34.1 65.9 110.1
June 16.6 25.9 62.3 111.1 178.6
July 12.5 337 72.6 118.0 179.6
August 17.9 28.1 69.2 111.1 176.6
September 109 19.1 47.6 84.6 135.9
October 1.5 7.0 26.5 52.2 87.7
November 0.0 7.4 22.9 41.3 66.6
December 5.7 9.4 21.1 36.1 56.8
Annual 269 319 423 545 712

®" Mean elevation at the Muskeg River Mine Project site = 290 masl; based on precipitation data
recorded at the Fort McMurray airport during 1966 to 1995, with adjustment for lower elevation
of Muskeg River Mine Project area.

Golder Associates
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Average annual precipitation in the Project area is estimated to be 423 mm.
Approximately 70% (296 mm) of the average annual precipitation occurs as
rainfall, with approximately 30% (127 mm) occurring as snowfall. The 10-
year wet annual precipitation is estimated to be 319 mm, and the 10-year
dry annual precipitation 1s 319 mm. Figure D4-5 shows the temporal
distribution of monthly precipitation derived for the Project area.

Table D4-4 and Figure D4-6 present rainfall Intensity-Duration-Frequency
(IDF) curves derived for the Project area. The 24-hour rain with 10-year
return pertod is estimated to be 61.9 mm, and the 24-hour rain with 100-year
return period is estimated to be 94.5 mm. These compare with the 24-hour
probable maximum precipitation (PMP) of 391 mm derived for the Project
area.

Table D4-4 Derived Rainfall Intensity-Duration-Frequency (IDF) Data for the

LSA
Total Rainfall (mm/h)

Duration 2 Year 5 Year 10 Year 20 Year 50 Year 100 Year
5 minutes 52.8 76.8 92.4 108.0 127.2 141.6
10 minutes 37.8 52.8 63.0 72.6 85.2 94.8
15 minutes 30.0 42.4 50.4 58.4 68.4 86.0
30 minutes 19.4 28.8 35.0 35.0 48.8 54.8
1 hour 11.6 16.5 19.7 19.7 26.8 29.7
2 hours 7.6 10.7 12.8 12.8 17.3 19.2
6 hours 39 5.6 6.8 6.8 9.4 10.5
12 hours 24 3.6 4.4 4.4 6.1 6.8
24 hours 1.5 2.1 2.6 2.6 3.5 3.9
2 days 0.85 1.2 1.4 1.4 2.0 2.2
5 days 0.40 0.55 0.65 0.65 0.88 0.93
10 days 0.25 0.34 0.40 0.40 0.52 0.58

(a) Mean Elevation at the Muskeg River Mine Project area = 290 m.
(b) Based on recorded precipitation at Fort McMurray airport from 1966 to 1995, adjusted for lower
elevations at the Muskeg River Mine Project area.

Golder Associates
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Evaporation and Evapotranspiration

Evaporation is the process by which water is transferred from open water
surfaces to the atmosphere. Transpiration is the process by which water is
transferred from soil and plant surfaces to the atmosphere. Evapotranspiration
is the combined losses of water from the earth’s surface to the atmosphere
through evaporation and transpiration.  Potential evaporation is the
evaporation that occurs from a small water surface. Lake evaporation is the
evaporation that occurs from a large water surface. Potential
evapotranspiration is the evapotranspiration that occurs in a moist
environment from a small area. Areal evapotranspiration is the
evapotranspiration that occurs from a large area.

Table D4-5 shows evaporation and evapotranspiration statistics including
potential evaporation and evapotranspiration for the Muskeg River Mine
Project area. These statistics were derived using the CLRE model from
Alberta Environmental Protection (AEP), based on climate data recorded at
the Fort McMurray Airport for the period 1953 to 1993.

Table D4-5 Derived Evaporation and Evapotranspiration Statistics for the LSA
Evaporation Evapotranspiration
(mm) (mm)
Month Potential Lake Potential | Areal
1 m Depth | 2 m Depth | 5 m Depth

January -3 -3 -4 -3 -3 -3
February -2 -2 -3 -3 -1 -1
March 14 12 7 0 22 13
April 85 56 45 19 92 31
May 151 101 95 66 153 43
June 163 120 118 105 161 68
July 168 131 131 128 161 81
August 135 105 111 121 125 56
September 76 54 63 85 62 19
October 25 20 26 48 18 11
November -1 -1 1 20 -3 -1
December -5 -5 -4 -1 -4 -4
Annual 806 588 588 584 782 512

Note: Negative values denote condensation by which water vapour changes to the liquid or solid state.

Mean annual potential evaporation is estimated to be 806 mm for the
Muskeg River Mine Project area. Lake evaporation is estimated to be
588 mm, and is much lower than potential evaporation because blowing air
has a cooling effect over a large lake surface area. Most lake evaporation
occurs in summer with a peak monthly evaporation of approximately 130
mm occurring in July. The seasonal occurrence of the maximum lake
evaporation is a function of lake depth. The greater heat capacity of a deep
lake delays seasonal warming and cooling, resulting in higher evaporation
rates at later dates.

Golder Associates
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Mean annual potential evapotranspiration is estimated to be 782 mm, which
is almost as great as potential evaporation. Actual areal evapotranspiration
averages 312 mm per year, because of the limited water supply in a basin
and the cooling effect of moving air. Peak mean monthly
evapotranspiration is estimated to be 81 mm, occurring in July.

Figure D4-7 shows the temporal distribution of monthly lake evaporation
and areal evapotranspiration derived for the Muskeg River Mine Project
area.

There is relatively little variation in lake evaporation and areal
evapotranspiration from year to year, as indicated by the results of the
frequency analysis in Table D4-6.

Table D4-6 Frequency Analysis of Extreme Annual Evaporation and
Evapotranspiration for the Muskeg River Mine Project Area
Return Peried Annual Lake Annual Areal
(years) Evaporation Evapotranspiration

(mm) (mm)

2 588 312

5 623 325

10 640 340

20 653 349

50 668 360

100 677 367

Relative Humidity

Relative humidity statistics for the Muskeg River Mine Project area were
derived from the long-term record at the Fort McMuiray airport for the
period 1953 to 1995. Table D4-7 presents hourly and daily relative
humidity statistics. Table D4-8 and Figure D4-8 present the monthly
relative humidity statistics. Mean daily relative humidity is usually in the
range of 55 to 80%. Winter months typically have higher relative humidity
than summer months.

Golder Associales
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Table D4-7 Derived Hourly and Daily Relative Humidity Statistics for the LSA
Month Hourly Humidity (%) Daily Humidity (%)
Maximum Minimum Maximum Mean Minimum
January 100 64 100 76 39
February 100 57 99 73 34
March 100 42 97 69 33
April 100 28 98 61 27
May 100 23 99 57 25
June 100 29 97 64 31
July 100 32 98 69 32
August 100 40 98 72 37
September 100 37 100 74 41
October 100 41 100 73 41
November 100 63 98 79 40
December 100 71 96 78 30
Table D4-8 Derived Statistics of Monthly Relative Humidity Statistics for the
LSA
Month Monthly Relative Humidity (%)
Maximum Mean Minimum
January 95 76 65
February 88 73 60
March 78 69 52
April 73 61 46
May 68 57 47
June 76 64 52
July 76 69 62
August 82 72 62
September 84 74 66
October 82 73 65
November 88 79 70
December 86 78 66
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Wind

Table D4-9

The wind statistics for the LSA are presented in Section D2-4. These
statistics were derived from the short-term wind data available at the OSLO
(March 1988 to December 1989) and Mannix (November 1993 to June
1995) stations. These data are enhanced with other regional data collected
over longer periods or from areas closer to the Project LSA.

The recorded wind data at the Fort McMurray airport, Mildred Lake and
Aurora climate stations were compared for the same period of record, since
May 1995. The comparison showed that Fort McMurray and Mildred Lake
had similar wind statistics. However, the Aurora Mine climate station wind
data exhibited differences from the other two climate stations, possibly due
to the influence of tall forest surrounding the Aurora Station.

To illustrate the regional variation of wind statistics, Table D4-9 and Figure
D4-9 present mean wind speed statistics and probability of occurrence based
on the long-term records (1959 to 1996) at the Fort McMurray airport.
Table D4-10 and Figure D4-10 present the frequency analysis and wind rose
plot of the extreme hourly wind speeds.

Mean Wind Speeds and Probabilities of Occurrence at Fort

McMurray Airport @

Wind Direction Mean Speed Probability of
(km/h) Occurrence (%)

N 11 5.4

NE 9 4.9

E 12 20.9

SE 11 6.2

S 10 6.7

SW 12 12.8

W 13 14.1

NwW 11 12.8

CALM 0 16.2
ALL 9.6 100

" Based on data recorded at the Fort McMurray Airport between 1959 and 1996.
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Table D4-10 Frequency Analysis of Extreme Hourly Wind Speeds at Fort
McMurray Airport @

Wind Direction Extreme Hourly Wind Speeds for Various Return Periods (km/hr)
2 Year 10 Year 100 Year
N 30 37 47
NE 26 33 42
E 33 40 47
SE 32 39 47
S 29 36 44
SW 37 48 61
W 43 55 70
NW 36 44 56

@ Based on data recorded at the Fort McMurray airport between 1959 and 1996.

The dominant wind at Fort McMurray Airport is an easterly wind with the
highest probability of occurrence (21%). This compares with the dominant
wind directions in the LSA from south to southeast or north to northeast
based on data from OSLO and Mannix stations (Figure D2-2), due to the
effects of the Athabasca River valley and local landforms.

The mean wind speed at Fort McMurray Airport is about 9.6 km/h. This
compares with the mean wind speeds of 6.1 km/h at OSLO (Table D2-4)
because of the effect of the local forest canopy. The westerly wind at Fort
McMurray Airport typically has the highest speed with a mean valie of
about 13 km/h, and the 100-year return period of extreme hourly wind speed
is about 70 km/h also from the west.
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D4.3 Surface Water Hydrology

D4.3.1 Data Sources

Regional Monitoring

Local Monitoring

There are more than 30 streamflow monitoring stations in the region.
However, most of these stations have short-term or discontinuous periods of
record and are therefore of little value in defining the regional hydrologic
characteristics. Long-term data from 10 streamflow monitoring stations
operated by Water Survey of Canada (WSC) were used in defining the
regional hydrology. Of these 10 stations, the Muskeg River and Jackpine
(formerly Hartley) Creek stations have recorded streamflow data within the
LSA. Figure D4-11 shows these long-term regional hydrologic monitoring
stations. Some of these stations also record sediment data.

Syncrude installed five hydrologic (streamflow and sediment) monitoring
stations for the Aurora Mine in the spring of 1995 (81, 82, S3, S4 and S5 in
Figure D4-12). Shell recognized the need for additional site-specific,
hydrologic data for the Muskeg River Mine Project area. One additional
hydrologic monitoring station was established on Mills Creek to monitor
inflows to Isadore’s Lake (56 in Figure D4-12). A temporary weir was
installed at the station in the spring of 1997, and a permanent flow
measurement structure is planned for late fall 1997 or early spring 1998.

Figure D4-12 shows the locations of the LSA hydrologic monitoring
stations. Local, short-term monitoring stations include:

Station S1: Alsands Drain

Station 82: Jackpine Creek
Station S3: Iyinimin Creek
Station S4: Blackfly Creek

Station S5: Muskeg River
Station S6: Mills Creek

® 2 ® © © 9

Syncrude and Shell jointly conducted the hydrologic and climatic
monitoring during the 1997 data collection program in the LSA and plan to
continue this cooperative program.
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D4.3.2 Regional Analysis and Hydrologic Modelling

The hydrologic characteristics of the large basins in the RSA were
determined based on a regional analysis of the 10 gauged watersheds with
drainage areas ranging from 151 km? (Poplar Creek) to 5,990 km?* (Firebag
River). The hydrologic characteristics of the Athabasca River were defined
based on the records at the WSC gauging station on the Athabasca River
below Fort McMurray.

Data collection at the streamflow monitoring stations in the LSA began in
May 1995. These data are valuable for calibrating hydrologic models.
However, the data are insufficient for defining reliable statistics without
extension of the database by modelling. The continuous (dynamic)
Hydrologic Simulation Program Fortran (HSPF) model developed by the
US Environmental Protection Agency (USEPA) was previously calibrated
based on the Beaver River Basin (AGRA 1996a). During the current
baseline study, the HSPF model was also calibrated based on long-term data
recorded at the Muskeg River Basin and short-term data collected at the
local S1 to S6 stations (Figure D4-12). The calibrated model was used to
derive the streamflow statistics for the small basins in the LSA.

D4.3.3 Streamflow Characteristics of the Athabasca River

The drainage area of the Athabasca River in the RSA increases by about
17% from immediately downstream of its confluence with the Clearwater
River near Fort McMurray to the downstream boundary near Embarras.
The mean annual flow of the Athabasca River below the Clearwater River
confluence is about 640 m’/s. Daily low flows occur in winter, with the
10-year return period daily low flow is about 107 m’/s at this location.

Streamflow characteristics of the Athabasca River along the study reach in
the RSA were derived from the WSC gauging station located downstream of
its confluence with the Clearwater River and the WSC gauging station at the
Embarras airport, which is located at the very northern edge of the RSA, as
shown in Figure D1-2. Table D4-11 and Figures D4-13 and D4-14 present
the temporal distribution of monthly flows recorded at the WSC stations
below Fort McMurray and at the Embarras airport. Monthly river flow
typically peaks in July and reaches the lowest flow in February. Table D4-
12 presents the mean and flood flow statistics for four locations in the RSA.
Table D4-13 presents the low flow statistics for the four locations.
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Table D4-11  Athabasca River Monthly Flows Recorded at the WSC Stations
Below Fort McMurray and at the Embarras Airport @

Monthly Discharge (m’/s)

Month WSC Station below Fort McMurray | WSC Station at Embarras Airport

Maximum Mean Minimum | Maximum Mean Minimum
January 242 179 101 269 224 143
February 213 163 105 240 198 134
March 271 171 107 220 208 181
April 1030 510 213 1050 627 436
May 2080 1060 487 1970 1190 626
June 2050 1330 671 2060 1500 823
July 2740 1410 731 2790 1660 948
August 1740 991 557 1360 1130 845
September 1510 766 435 1760 943 530
October 864 570 329 1210 711 376
November 490 333 211 590 482 325
December 293 203 107 322 250 197

R Periods of Record: 1957-1995 below Fort McMurray and 1971-1984 at the Embarras Airport.

Table D4-12 Mean and Flood Flow Statistics of the Athabasca River in the RSA

Location along PDrainage Mean Annual Floed Peak Discharge for
Athabasca River Area Annual Specified Return Period
Discharge {(m’/s)
(km*) (m’/s) 2 Years 10 Years | 100 Years

Below Fort McMurray® | 133,000 640 2450 3900 5950
Below Confluence with | 135,200 650 2489 3962 6045
Muskeg River®

Below Confluence with | 141,600 681 2608 4152 6334
MacKay River®

Near the Embarras 155,000 745 2854 4543 6931
Airport®

a Discharges estimated based on statistical analysis of WSC gauging station.

(b)Mean and annual flood peak discharges are estimated based on the ratios of drainage areas.

© Mean and annual flood peak discharges are estimated based on the ratios of drainage areas. The records of concurrent period at the
WSC stations (below Fort McMurray and at the Embarras Airport) were compared to verify the discharge estimates based on the
area ratio.
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Table D4-13  Low Flow Statistics of the Athabasca River in the RSA
Locations Along the Athabasca River
Below
Below Confluence
Confluence with At the
Below Fort | with Muskeg MacKay Embarras
Low Flow Parameter McMurray River® River” Airport®
Open-Water 2 Years 451 458 480 526
Season 10 Years 300 305 319 350
Daily (mid April to 100 Years 181 184 193 211
Low | mid November)
Flow Ice-Cover 2 Years 143 145 152 167
(m’/s) Season 10 Years 107 109 114 125
{mid November 100 Years 75 76 80 88
to mid April)
Open-Water 2 Years 453 460 482 528
Season 10 Years 306 311 326 357
7-Day (mid April to 100 Years 203 206 216 237
Low | mid November)
Flow Ice-Cover 2 Years 147 149 157 171
(m’/s) Season 10 Years 111 113 118 129
(mid November 100 Years 77 78 82 90
to mid April)

D4.3.4 Streamflow Characteristics of Large Gauged Basins in the RSA

Annual Water Yield

*' Low flow statistics are estimated from the ratios of drainage areas.

Analysis of annual water yields of large gauged basins in the RSA show no
distinct correlation between annual water yield and basin area. The results
of the analysis of annual water yields at 10 major gauged basins are given in
Table D4-14 and Figure D4-15. Other basin characteristics, such as slope
and elevation, affect water yield. Mean annual water yields of the large
gauged basins in the RSA range from 49 to 133 mm. The Muskeg River
basin has a large percentage of lowland area (about 45%), and its mean
annual water yield is 86 mm. Figure D4-16 shows the temporal distribution
of recorded monthly flows at the WSC station for the Muskeg River. The
highest monthly flow on the Muskeg River occurs in May and the lowest in
February.
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Table D4-14 Regional Mean Annual Water Yield for Large Gauged Basins

Gauged River Basin Drainage Area Annual Water Yield Period of
Name (km?) (mm) Record

Poplar Creek 151 200® 1972-1986
Beaver River 165 106 1975-1995
Joslyn Creek 257 77 1975-1993
Unnamed Creek 274 49 1975-1993
Jackpine Creek 358 98 1975-1993
Steepbank River 1320 121 1972-1995
Muskeg River 1460 86 1974-1995
Ells Creek 2450 92 1975-1986
MacKay River 5570 82 1972-1995
Firebag River 5990 133 1971-1995

(a) Recorded flow at Poplar Creek included diverted flow from the Beaver River basin. Therefore, this value does not represent
the natural Poplar Creek basin water yield.
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Flood Peak Discharge

Frequency analyses of flood peak discharge on gauged basins are presented
in Table D4-15. Flood peak discharge was recorded at the WSC stations.
Rainfall runoff events produce higher peak flow than the snowmelt runoff
events for most of the gauged basins. Snowmelt events in the Muskeg River
basin typically produce higher peak flow than the rainfall events, because of
the relatively large percentage of lowland area and relatively high storage
capacity in the Muskeg River basin.

Table D4-15 Flood Peak Discharge of Large Gauged Basins by WSC
Gauged Drainage Flood Peak Discharge for Various Return Periods (m’/s)
River Basin Area Snowmelt Runoff Rainfall Runoff®
Name (km?) 2 10 100 2 10 100
Years Years Years Years Years Years
Poplar Creek 151 4.26 14.1 29.3 5.75 15.9 28.6
Beaver River 165 3.13 7.45 13.9 10.1 28.3 51.0
Joslyn Creek 257 7.97 16.1 28.5 6.13 18.2 77.5
Unnamed 274 3.07 6.49 10.8 3.74 12.3 333
Creek
Jackpine Creek 358 3.49 10.6 21.1 5.43 13.9 24.5
Steepbank 1320 25.7 71.0 128 21.7 56.6 120
River
Muskeg River 1460 17.7 53.8 91.5 16.6 34.2 56.2
Ells River 2450 29.7 68.8 118 32.2 150 324
MacKay River 5570 72.7 1292 638 74.5 203 427
Firebag River 5990 86.8 158 264 66.1 127 370

@ Note: Adds 0.015 m*/s/km? to rainfall flood peak discharge to account for rain-on-snow conditions.

Low Flow

Daily low flow of the large gauged streams occurs in winter. Summer daily
low flow is usually one to two orders of magnitude higher than the winter
daily low flow. Low flow statistics of the large gauged basins are shown in
Table D4-16. Data are provided in litres/second because of very low
numbers for smaller streams.

Golder Associates




December 1987

D4-34

Table D4-16  Low Flow Freguency Analyses for Large Gauged Basins
Gauged Daily Low Flow (L/s) Monthly Low Flow (LL/s)
River Basin Spring/Summer Season Fall/Winter Season Spring/Summer Season Fall/Winter Season
ay - Sep) Oct - Apr (May - Sep) Oct - Apr)

Name 2¥r 10¥r | 100 Yr 2¥r 10¥r [ 100Y¥Yr | 2¥r 0Yr | 100 Yr 2Yr 10¥Yr | 100 VYr
Beaver River 124 17.6 0.0 6.7 0.16 0.0 204 52.0 0.0 12.1 0.55 0.0
Joslyn Creek 52.5 2.9 0.0 2.5 0.00 0.0 149 9.5 0.0 6.6 2.14 0.0
Unnamed Creek 67.3 6.7 0.0 n/a® n/a® n/a® 170 67.5 55.5 n/a® n/a® n/a®
Jackpine Creek 152 5.6 0.0 3.26 0.0 0.0 261 16.8 6.0 4.00 0.000 0.0
Steepbank River 1270 117 0.0 242 74.2 0.0 2310 358 56.1 310 151 50.8
Muskeg River 666 142 614 182 68.8 20.2 1190 268 99.4 235 109 44.2
Ells River 2790 609 81.7 689 180 0.000 3560 940 505 798 242 0.0
MacKay River 2120 232 0.0 234 75.3 0.000 4180 480 0.0 328 136 19.5
Firebag River 14,700 9590 7500 7340 5490 3590 18,900 | 10,900 7630 8130 6330 4990
Athabasca River | 521,000 | 383,000 | 335,000 | 139,000 | 103,000 | 76,900 | 697,000 | 500,000 | 409,000 | 158,000 | 118,000 | 87,200
)" Seasonal monitoring; limited winter discharge records are available.
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D4.3.5 Streamflow Characteristics of Small Basins in the LSA

Streamfiow Derivation

The small gauged basins in the LSA have short periods of record (less than
two years), except for Station S2 on Jackpine Creek, which has a longer
period of record from WSC. The locations of these stations (S1 to S6) are
shown in Figure D4-12. Other reference locations (nodes) shown in Figure
D4-12 (S9 to S15) are not gauged. The streamflow characteristics of these
small streams (S1, S3 to S6, and S9 to S15) were based on hydrologic
simulations. Streamflow characteristics of Jackpine Creek (Station S2) were
derived from the recorded data at the long-term WSC station.

Annual Water Yield

Percentage of upland and lowland areas is an important factor affecting the
annual water yield of a small basin. The simulated mean annual discharge
of the small streams in the LSA are presented in Table D4-17. Figure
D4-17 shows the temporal distribution of the simulated monthly flows for
the Stations S3 and S6. Station S3 is located on Iyinimin Creek, which is a
typical small upland basin. Station S6 is located on Mills Creek, which is a
typical lowland basin.

Table D4-17  Simulated Mean Annual Discharge of Small Streams in the LSA
(period of record: 1954 to 1996)

Station or Stream Basin Area (km?) Mean Annual Discharge
Node No. Name Upland | Lowland | Total (m*/s) mm/yr
S1 Alsands Drain 0.0 15.8 15.8 0.05 92
S2 Jackpine Creek™ 203.0 155.0 358.0 1.39 122
S3 Iyinimin Creek 39.5 0.0 39.5 0.18 143
S4 Blackfly Creek 38.2 0.0 38.2 0.16 143
S5 Muskeg River 218.0 172.0 390.0 1.56 126
S6 Mills Creek 0.0 23.8 23.8 0.07 91
S9 Stanley Creek 36.9 27.3 64.2 0.24 117
S10 Iyinimin Creek 584 9.6 68.0 0.33 154
S11 Shelley Creek 18.4 0.0 18.4 0.05 81
S12 Muskeg Creek 270.0 97.2 367.2 1.55 133
S13 Muskeg Creek 58.4 15.2 73.6 0.31 134
S15 Wapasu Creek 81.6 44.7 126.3 0.51 124
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Flood Peak Discharge

Table D4-18

Table D4-18 shows flood peak discharge of local streams derived from the
hydrologic simulations and frequency analyses of simulated flood peak

discharges.

Simulated Flood Peak Discharge of Small Streams in the LSA

Flood Peak Discharge for Specified Return
Station or Stream Drainage Period (m/s)
Node No. Name Area (km?) 2 Years 10 Years 100 Years
S1 Alsands Drain 15.8 0.3 0.7 1.6
S2 Jackpine Creek 358.0 9.5 18.9 33.8
S3 Iyinimin Creek 395 1.7 3.3 5.8
S4 Blackfly Creek 38.2 1.5 2.9 3.1
S5 Muskeg River 390.0 10.4 20.6 35.7
S6 Mills Creek 23.8 0.5 1.2 2.5
S9 Stanley Creek 64.2 2.0 4.1 8.1
S10 Iyinimin Creek 68.0 3.0 6.2 11.1
S11 Shelley Creek 18.4 0.3 0.8 2.1
S12 Muskeg Creek 367.0 10.6 20.3 33.7
S13 Muskeg Creek 73.6 1.1 1.5 1.8
S15 Wapasu Creek 126.0 3.4 6.5 10.6
Low Flow

Daily low flow of the small streams in the LSA occurs in winter. Low flow
characteristics of these streams are represented by the 7Q10 parameter,
which denotes mean low flow of a 7-day duration with 10-year return
period. Table D4-19 presents these low flow statistics for both the open-
water (mid-April to mid-November) and ice-cover (mid-November to mid-
April) periods.
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Table D4-19 Low Flow Statistics of Small Streams in the LSA
Station or Stream Low Flow Parameter 7Q10 (10”m"/s or L/s)

Node Name Open-Water Period Ice-Cover Period

No. (mid April to (mid November to
mid November) mid April)

S1 Alsands Drain® 3 1
52 Jackpine Creek 73 12
S3 Iyinimin Creek 0 0
S4 Blackfly Creek 0 0
S5 Muskeg River 83 16
S6 Mills Creek® 5 1
S9 Stanley Creek® 6 1
S10 Iyinimin Creek® 4 1
S11 Shelley Creek 0 0
S12 Muskeg Creek 53 4
S13 Muskeg Creek 27 1
S15 Wapasu Creek 32 4

® T.ow flow statistics at this station (or node) were estimated from the ratio of the natural lowland area at
the WSC hydrologic monitoring station (or node) for the Muskeg River area at Node 16 (Figure D4-

12).

D4.3.6 Mapping of Muskeg River and Jackpine Creek Floodplains

A flood risk map for the 13 km reach of the Muskeg River and the 8§ km
reach of Jackpine Creek in the LSA is shown i Figure D4-18. This
analysis of flood levels was conducted to show the natural flood risk limits
and to provide a basis for evaluating the effect of any potential
encroachment onto the river floodplain by the Project. Open-water flood
water surface profiles were calculated using the HEC-RAS program
developed by the Hydrologic Engineering Centre (US Army Corps of
Engineers 1995). The following input data were used in the hydraulic
modelling:

o Channel and floodplain cross-sectional data were surveyed along the
study reaches of the Muskeg River and Jackpine Creek. The surveyed
data included 17 selected cross-sections to represent the channel and
floodplain geometry of the study reaches.

e The Manning’s roughness coefficient is a hydraulic parameter used to
model energy losses in a hydraulic conveyance system. The Manning’s
roughness coefficient for the main channel is the most important
hydraulic parameter governing flood levels. It was calibrated using the
recorded water levels along the study reaches. The methodology was to
use the HEC-RAS model to reproduce measured high water levels by
adjusiing coefficient for the Manning’s roughness.

Golder Associates
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The Muskeg River and Jackpine Creek floodplain was mapped for both the
10 and 100 year flood events. The flood risk areas were delineated on a
1:20,000 scale map as shown in Figure D4-18.

D4.4  Stream Sediment Transport

D4.4.1 Regional Basin Sediment Yields

Climatic, hydrologic and geomorphic conditions of a drainage basin jointly
influence basin sediment yield. The sediment yield characteristics of the
large basins in the region were analyzed based on available stream sediment
measurements (Golder 1996). Analysis results are presented in Table D4-20
and in Figure D4-19. The mean annual sediment yield (ranging from about
0.0016 to 0.16 mm vyield per unit area) does not exhibit any strong
correlation with the drainage area. The mean annual sediment vield for the
Muskeg River is about 0.0016 mm, the lowest in the region. This contrasts
with the mean annual sediment yield of 0.16 mm for the Athabasca River.

Table D4-20 Mean Annual Sediment Yields of Large Basins Gauged by WSC
Basin Name Drainage Area Mean Annual Sediment Yield

(km”) (mm)

Poplar Creek (07DA007) 151 0.0193

Beaver River (07DA018) 165 0.0236

Joslyn Creek (07DA016) 257 0.0647

Jackpine Creek (07DA009) 358 0.0027

Steepbank River (07DA006) 1,320 0.0246

Muskeg River (07DA008) 1,460 0.0016

Ells River (07DA017) 2,450 0.0928

MacKay River (07DB001) 5,570 0.0175

Firebag River (07DC001) 5,990 0.0114

Athabasca River (07DA001) 133,000 0.159

Note: Drainage areas are for the full basin for the listed rivers and creeks.

D4.4.2 Muskeg River Sediment Transport

The available total suspended sediment (TSS) measurements from 1976 to
1983 at the WSC hydrometric station on the Muskeg River were analyzed to
determine the relationship of sediment transport and stream discharge. The
results are shown in Figure D4-20. The sediment concentrations during the
snowmelt period (April 1 to May 15) were relatively high, with values up to

40 mg/L. The sediment concentrations measured during the spring/summer

period (May 15 to October 31) were much less than the sediment concentrations
measured during the snowmelt period.

Golder Associates
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D4.4.3 Small Stream Sediment Transport

TSS concentration was monitored at the small gauged basins (S1 to S6) in
the LSA between April and October 1997. This sediment monitoring
program will be extended to develop a database for accurate quantification
of small basin sediment yield and the small stream sediment transport
characteristics. The collected TSS data during this short period were
analyzed and the results are shown in Figure D4-21. The available
measurements indicate that the smaller streams (such as S3) have higher
concentrations of TSS (up to 130 mg/L) than the larger streams (such as
S5).

D4.5 Stream Geomorphic Conditions

Previous geomorphic studies in the region included the study of the
headwater streams in the Muskeg River basin conducted for the OSLO
Project (W-E-R Engineering 1989) and the study of the streams in the
Beaver River basin conducted for Syncrude (AGRA 1995b). A
supplemental geomorphic study for the Muskeg River Mine Project was
conducted to provide site-specific information and data for defining the
geomorphic characteristics of the local streams in and adjacent to the
Muskeg River Mine Project area.

The site locations where geomorphic surveys were conducted in the LSA
are shown in Figure D4-22. Table D4-21 presents a summary of the stream
geomorphic data including basin area, channel bed slope, valley slope,
channel depth, channel width, entrenchment ratio and bed material size.

The survey data and information for the local streams in and adjacent to the
LSA were used to classify each stream using the Rosgen classification
system (Rosgen 1996). This system indicates the degree of stream channel
stability and the degree of its resistance to disturbance or change in flow
regime. Most of these surveyed streams are classified as ES or E6 in the
Rosgen classification, and are characterized by pronounced meandering,
wide floodplains, and low to moderate width-to-depth ratios. They are
typically found in broad alluvial-type valleys. The channel banks are
typically stable and well vegetated. They are highly stable if the floodplain
and the width-to-depth ratio are maintained. However, if these two
characteristic features are disrupted, the streams are subject to rapid de-
stabilization.

Golder Associates
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Table D4-21  Summary of Stream Geomorphic Data
Site Stream Basin Bed Valley Mean | Bankfull | Sinuosity’® | Entrenchment | Width/ | Dg,® | D,,®
No. Name Area Slope Slope Depth® | Width" Ratio® Depth®
(km’) _(m) (m) (mm) | (mm)_

M1 |Lower Mills Creek 23.8 0.0190 | 0.0286 0.28 49 1.5 1.5 17 022 | 125
M2 Upper Mills Creek n/a n/a n/a n/a n/a n/a n/a n/a

M3 |Jackpine Creek 358 0.0033 | 0.0083 1.1 8.6 2.5 >22 7.6 | 0.15 | 0.63
M4  |Unnamed Creek 6.75 0.0102 | 0.0143 0.4 1.05 1.4 n/a 7.6

M5 |Unnamed Creek 6.75]  0.0095] 0.0143 0.26 2.4 1.5 n/a 7.6

M6  [Jackpine Creek 342 0.0029 | 0.0034 0.31 11.3 1.2 1.6 35

M7 [Jackpine Creek 342 n/a n/a 0.55 13 n/a 2.1 23 0.07 | 0.63
M9  |{Unnamed Creek 2 8.8 0.0044 | 0.0053 0.26 1.9 1.2 >22 73
M10 Unnamed Creek 2 8.8 0.0044 0.0053 n/a n/a 1.2 n/a n/a
MI12  [Shelley Creek 7.6 0.0051 [ 0.0077 0.45 4 1.5 >2.2 8.8
MI13  [Shelley Creek 7.6 0.0055 | 0.0077 0.24 32 1.4 >2.2 13 029 | 2
M14  |Khahago Creek 156.5 0.0020 | 0.0029 1.5 12 15 >2.2 8.0
M15  [Blackfly Creek 27 0.0048 | 0.0071 0.44 4.7 1.5 1.3 10
M16  |Muskeg Creek 331 0.0018 | 0.0045 1.3 7.8 2.5 >22 601 024 | 0.63
MI17  |Muskeg Creek 329 0.0031 | 0.0040 1 8.1 1.3 >2.2 6.9
M18  {Muskeg River 938 0.0006 n/a n/a n/a n/a n/a n/a 0.35 2
M19  |Unnamed Creek 3 187.8 0.0024 | 0.0041 2 5 1.7 >2.2 12
M20  |Unnamed Creek 4 131.5 0.0047 | 0.0061 0.36 44 1.3 1.3 12
M21  [Wesukemina Creek >2 0.0035 | 0.0043 0.26 1 1.2 >22 38
M22  |Kearl Lake Outlet 72.5 0.0039 | 0.0042 0.57 4.6 1.1 >2.2 8.0
M23  |Iyinimin Creek 24.5 0.0148 | 0.0222 0.57 3.7 1.5 1.2 6.5

Cl1 Muskeg River 1351 0.0006 | 0.0007 1.63 40 1.2 >2.2 24

C2  |Muskeg River 1323 0.0004 | 0.0005 0.94 12.5 1.3 >2.2 13

C3  |Muskeg River 1306 0.0004 |  0.0006 1.88 24 1.5 >22 13

C4  |Muskeg River 1272 0.0006 { 0.0008 1.94 33 1.3 >2.2 17

C5  |Muskeg River 1233 0.0004 | 0.0006 1.0 15 1.5 >2.2 15

C6  |Muskeg River 1224 0.0002 | 0.0004 0.69 20 2.4 >2.2 29

C7  |Muskeg River 1202 0.0002 | 0.0005 0.69 15 2.9 >22 22

C8 Muskeg River 1177 0.0003] 0.0008 0.63 10.5 3.1 >2.72 17

C9 Jackpine Creek 350 0.0015{ 0.0025 0.9 12.8 2.2 >2.2 23

C10  Jackpine Creek 344 0.0021| 0.0035 0.7 224 1.7 >2.2 29
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Site Stream Basin Bed Valley Mean | Bankfull | Sinuosity” | Entrenchment | Width/ | Dg® | D, ®
No. Name Area Slope Slope Depth® | Width® Ratio® Depth®
(km’) (m) (m) (mm) | (mm)
Cii Jackpine Creek 342 0.0030 0.0048 0.9 17.5 1.6 >2.72 20
Ci2 Jackpine Creek 340 0.0028 0.0037 0.74 8.6 1.3 >2.2 24
Ci3 Jackpine Creek 337 0.0027 0.0029 0.70 15.5 >2.2 25

¥ Mean depth: mean bankfull depth across a stream channel.

® Bankfull width: width of channel measured at bankfull stage.

© Sinuosity: ratio of stream length to valley length.

Y Entrenchment ratio: {width of the flood-prone area at an elevation twice the maximum bankfull depth) / (bankfull width).
© Width/depth ratio: bankfull width / mean bankfull depth.

® Dy, = median particle size of channel bed soil.

® D, ,, = maximum particle size of channel bed soil.
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D5 SURFACE WATER QUALITY

D5.1 Introduction

This section of the Muskeg Mine Project (the Project) EIA provides
information as required by the Project Terms of Reference (TofR) issued on
November 7, 1997 (Alberta Environmental Protection [AEP] 1997a).
Specifically, the following are addressed in this section:

description of the baseline water quality conditions in the Study Area;

e discussion of seasonal variation and effects; and
comparison of the existing water quality with the Alberta Ambient
Surface Water Quality Interim Guidelines, relevant United States
Environmental Protection Agency Guidelines and the Canadian Water
Quality Guidelines (TofR, Section 4.8).

Project-specific impacts on water quality are addressed in Section ES of this
EIA. Cumulative effects on water quality are addressed in Section F5.

Surface water, sediment and porewater quality data were summarized from
a variety of information sources, including the Project field programs
(Golder 1997b in part), routine monitoring by AEP (Hamilton et al., 1985,
Noton and Shaw 1989, Noton and Saffran 1995), the Northern River Basins
Study (Crosley 1996, Brownlee et al., 1997), baseline programs for various
oil sands developments (R.L.&L. 1989, Golder 1996b) and the Oil Sands
Regional Aquatic Monitoring Program established for the oil sands area
(Golder 1998a). The complete data set is presented in the Aquatic
Resources Baseline Study for the Muskeg River Mine Project (Golder
1997d) and is summarized in this section.

Water quality of rivers and lakes in the study area is described in terms of
chemical characteristics and toxicity. Descriptions of water chemistry are
focused on parameters that are considered indicators of certain aspects of
water quality. These groups and toxicity are briefly described below:

e pH is an indication of the acidic or basic (alkaline) nature of water.
Neutral waters have a pH near 7. The pH of natural surface waters
usually falls between 6 and 9 in Alberta. Acidification causes a decline
in pH.

e Dissolved salts can occur in a variety of forms in surface waters (e.g.,
sodium chloride, calcium sulphate). Total dissolved solids is a
frequently used indicator of total salt level in water. As a general rule,
salt levels in excess of 2,000 mg/L total dissolved solids are usually
considered deleterious to aquatic life.
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Suspended sediments includes all solid particles suspended in the water
column. An increase in suspended sediment level usually results in a
corresponding increase in stress to aquatic animals. Total suspended
sediment levels below 25 mg/L are usually not considered harmful to
aquatic life, but much higher levels may be tolerated for short periods.

Nutrients include a variety of nitrogen and phosphorus compounds that
are required for plant growth in very small quantities. Biological
productivity of lakes and rivers is usually limited by one nutrient
(frequently phosphorus), referred to as the limiting nutrient. Total
phosphorus level typically ranges between 0.001 mg/L in unproductive
waters such as alpine lakes, to >0.1 mg/L in highly productive waters.

Metals usually occur in small quantities (<1 mg/L) in surface waters,
since they are usually associated with suspended sediments and tend to
settle out. Exceptions include metals forming water-soluble salts (e.g.,
calcium, magnesium, sodium, potassium), which may occur in excess
of 100 mg/L in dissolved form, as positively charged ions (cations).
These are frequently referred to as “major ions,” along with the
negative ions (anions) that balance them in surface waters. Elevated
levels of metals are usually harmful to aquatic organisms. The level
causing toxicity varies by metal.

Organic coempounds include chemicals consisting of chains or rings of
carbon atoms, such as hydrocarbons, phenols, polycyclic aromatic
hydrocarbons (PAHs) and naphthenic acids. These may originate from
natural sources (e.g., oil sands deposits, forest fires), or may be released
from industrial sources. Elevated levels of organic compounds may be
harmful to aquatic organisms. The level causing toxicity varies widely
by chemical. In the oil sands area, naturally occurring hydrocarbons
and PAHs have been reported at elevated (but not toxic) levels in
natural surface waters.

Toxicity refers to harmful effects on organisms caused by chemicals.
The Microtox® test is a standard rapid test that provides an indication
of the level of toxicity of the water tested. It measures the degree of
light inhibition in a bioluminescent bacterium caused by exposure to the
test water. Microtox® IC50 and IC25 values between 90 and 100% and
Microtox® screen values >75% of the control value indicate the lack of
toxicity to bacteria.

To provide an indication of the “level” of water quality in the waterbodies
discussed, concentrations of individual chemicals (parameters) were
compared with water and sediment quality guidelines for the proteciion of
aquatic life. Whenever possible, winter water chemistry data were used for
these comparisons, because concentrations of the majority of chemicals are
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usually at their annual maximum in surface waters in this season. This is
due to the lowest annual dilution capacity in rivers during the winter low-
flow period. In the absence of winter data, fall data were used for guideline
comparisons. Since sediment chemistry does not vary greatly by season, all
available sediment data were compared with guidelines.

Guidelines developed by regulatory agencies based on toxicity data were
used for these comparisons (Table D5-1), as recommended by AEP
(1996c). Compliance with acute guidelines in surface waters protects
aquatic organisms from short-term, lethal effects; meeting chronic
guidelines provides protection from longer-term, lethal or sublethal effects
(e.g., reduced growth or reproduction). Sediment chemistry was compared
with values of the threshold effect level (TEL) and the probable effect level
(PEL), using the interim freshwater Canadian sediment quality guidelines
(Smith et al., 1996).

D5.2 Athabasca River

D5.2.1 Surface Water

Water quality of the Athabasca River has not changed measurably over the
last two decades (Table D5-2). Typically, pH remains between 7 and 8§,
dissolved salt and nutrient concentrations are moderate, and levels of metals
are low. The Microtox® test has not provided an indication of potential
toxicity in river water. Much of the variation in water quality within a
typical year is the result of seasonal changes in the river’s discharge;
summer high flows usually cause a large increase in suspended sediment
load, which is reflected in the concentrations of a number of parameters
(e.g., total phosphorus and some metals).

Concentrations of naturally occurring hydrocarbons have been consistently
low in the Athabasca River throughout the period of record. Based on the
relatively large amount of data available for this river, oil sands-related
discharges have not had a discernible effect on water quality (Noton and
Saffran 1995).

In general terms, water quality of the Athabasca River is good, though
periods of high suspended sediments may cause stress to aquatic organisms.
Exceedances of water quality guidelines for the protection of aquatic life
were found for a number of metals and total phosphorus (Table D5-3).
These exceedances were typically minor and were largely by metals that
tend to be elevated due to increased suspended sediment levels. These
exceedances are of no concern regarding potential adverse effects on
aquatic organisms.
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D5.2.2 Bottom Sediments

Bottom sediments have not been extensively sampled in the Athabasca
River. Recent studies found elevated levels of naturally occurring
hydrocarbons above and adjacent to existing oil sands operations
(Table D5-4). Although metal levels were typical of sediments in large
rivers in Alberta, as documented in the North Saskatchewan River by Shaw
et al., (1994), occasional exceedances of TELs for cadmium and nickel
were found near Tar Island Dyke (TID) and at Fort Creek (Table D5-3).
Levels of certain PAHs also exceeded the applicable TELs above TID in
1994 (Table D5-3).

Bottom sediment surveys conducted during the Northern River Basins
Study (NRBS) found detectable but low PAH levels along the entire length
of the Athabasca River (Crosley 1996, Brownlee et al., 1997). Total PAH
concentration nearly doubled upstream of Fort McMurray relative to the
upper river sites, but declined slightly below existing oil sands operations.
Compared with levels for the Peace and Wapiti rivers, levels of individual
PAHs were lower at all sites sampled in the Athabasca River. The limited
data available do not reveal spatial trends consistent with input of PAHs
from oil sands operations, but suggest there is an increase in natural input of
PAHs near the upstream limit of the oil sands area.

D5.2.3 Porewater

Porewater samples collected in 1995 at three sites in the Athabasca River
contained variable amounts of dissolved salts and naphthenic acids, most
likely reflecting the presence of varying amounts of oil sands at the
sampling sites (Table D5-5, Golder 1994a, 1995). Low levels of naturally
occurring PAHs were detected at one of the sampling sites. Overall, the
amount of oil sands in bottom sediments is a major determinant of
porewater chemistry.

D5.3 Muskeg River Basin

D5.3.1 Surface Water

Surface waters of the Muskeg River basin were characterized by pH of 7 to
8, low to moderate dissolved salt concentrations and moderate levels of
nutrients (Tables D5-6 to D5-8). Dissolved organic carbon was elevated in
all streams, indicating the influence of muskeg drainage. Concentrations of
metals were generally low. Levels of organic chemicals were not markedly
affected by naturally occurring deposits of oil sands, though hydrocarbons
were detected at low concentrations at a few sites sampled during 1995
(Golder 1996f). Microtox® test results did not indicate any toxicity in the
basin from natural sources.
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Table D5-1 Water and Sediment Quality Guidelines for the Protection of
Adquatic Life

Parameter Units Water Quality Guidelines

Acute l Chronic | Reference
Surface Water
Chloride mg/L 860 230 USEPA
Nitrate mg/L. - 10 CCME
Nitrite mg/L - 0.06 CCME
Total Suspended Solids mg/L. - 10 ASWQG
Total Phenolics mg/L. - 0.005 ASWQG
Total Ammonia (low winter flow) mg/L 16 2.1 USEPA
Total Ammonia (open water flow) mg/L 10 1.9 USEPA
Total Phosphorus mg/L. - 0.05 ASWQG
Aluminum (Al) mg/L. - 0.1 CCME
Arsenic (As) mg/L 0.36 0.01 USEPA, ASWQG
Barium (Ba) mg/L - 1 ASWQG
Beryllium (Be) mg/L 0.13 0.0053 USEPA
Boron (B) mg/L - 0.5 ASWQG
Cadmium (Cd) mg/L 0.0074* 0.0018* USEPA
Chromium (Cr) mg/L 0.016 0.011 USEPA
Cobalt (Co) mg/L - 0.05 CCME
Copper (Cu) mg/L 0.027* 0.007* ASWQG
Iron (Fe) mg/L - 0.3 ASWQG
Lead (Pb) mg/L 0.17* 0.007* USEPA
Lithium (Li) mg/L - 2.5 CCME
Manganese (Mn) mg/L - 0.05 ASWQG
Mercury (Hg) mg/L 0.0024 0.000012 USEPA
Molybdenum (Mo) mg/L - 1 BCMOE
Nickel (Ni) mg/L 2.3* 0.25* USEPA
Selenium (Se) mg/L - 0.01 ASWQG
Silver (Ag) mg/L 0.01* 0.05 USEPA, ASWQG
Uranium (U) mg/L - 0.01 CCME
Vanadium (V) mg/L - 10 BCMOE
Zinc (Zn) mg/L 0.19* 0.17* USEPA
Sediment TEL PEL
Arsenic ne's 59 1 Smith et al. 1996
Cadmium ug/g 0.596 3.53 Smith et al. 1996
Chromium ug/g 373 90 Smith et al. 1996
Copper ng/g 357 197 Smith et al. 1996
Lead ng/g 35 91.3 Smith et al. 1996
Mercury ug/g 0.174 0.486 Smith et al. 1996
Nickel ug/g 18 359 Smith et al. 1996
Zinc ug/g 123 315 Smith et al. 1996
Phenanthrene ug/g 0.0419 0.515 Smith et al. 1996
Benz(a)anthracene /g 0.0317 0.385 Smith et al. 1996
Benzo(a)pyrene ng/g 0.0319 0.782 Smith et al. 1996
Chrysene ng/g 0.0571 0.862 Smith et al. 1996
Fluoranthene ng/g 0.111 2.355 Smith et al. 1996
Pyrene ng/g 0.053 0.875 Smith et al. 1996

NOTES: - = no guideline; * guideline specified for hardness of 175 mg/L CaCO,
ASWQG = Alberta Surface Water Quality Guidelines

BCMOE = British Columbia Ministry of the Environment

CCME = Canadian Council of Ministers of the Environment

USEPA = United States Environmental Protection Agency

TEL = Threshold effect level

PEL = Probable effect level
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Table D5-2 Water Quality of the Lower Athabasca River (1976-1997)

Parameter Units Upstream Fort McMurray Near Donald Creek Below Existing O#f Sands Operations Below Fort Creek

Wiater [ Spring { Summer ‘ Falt Spring l Sumnmer 1 Fall Spring f Summer l Fait Winter I Spring l Summer | . Fall
Conventions! Parameters snd Nutrients
pH - 788 8.01 7.98 750 781 - 81 763 78280 794 763 - 8 - 792 82 7.95 83
Total Alkaltnity mg/L 169 102 98 110 76 - 974 882 92948 104 %03 - 94 - 144 99 90.1 104
Total Dissolved Solids mg/L 243 159 144 158 140 - 141 120 146-200 146 - 240 123 - 158 - - 46 182 140-160
Total Suspended Solids mg/L 2.45 82 1265 192 19 - 181 624 4057 36 - 190 629 - 676 . 23 215 2655 36
Total Herdness mg/L 190 14 105 124 <1 - 11 1353 100-104 12 101 - 118 . 158 103 92 105.7
Dissolved Orgauic Carbor mg/L 8 10 8 8 78 - 1% 167 992 76 13 - 161 - 68 i 127 88
Total Kjeldahi Nitrogen mg/L 0.54 0.87 0.81 062 12 - <0.02 . <02 - 033 12 101 0.5
Total Ammonia mg/L 0.03 0.02 0.0t 0.01 <6.0f - <005 004 <g 01-<0 05 <00t 004 - <005 - 0055 0.05 0.03 <0.05
Toti Phosphorus mg/L 0.022 0.110 0.128 0.033 Cl14 - 0144 117 0084-0.087 012 0298 - 132 008 00285 0082 0.2895 0.058
Dissolved Phosphorus mg/L 0012 2.013 0.013 0.007 0.02 - 0022 - 0019 0602 0.0195 0013 0.018 0.013
Metals {Total)
Almninum (AL mg/L 0053 0.844 0.908 023 €17 - 518 864 011223 0315 - 405 101 - 141 389 00155 366 613 238
Arsenic {As) mg/L 0.0004 0.0012 0.0012 0.00t 0.06006 - 0.002 0.007 0 0005-0 0013 00008 - 0002 60057 - 0007 00015 0.0004 0.00:1 0.0045 9.0008
Cadmizm (C4) mg/L 0.001 0.001 <0.001 <0.001 <0.0002 - <0.003 <0003 <0 002-<0003 §<2E04 - <0 00002 - <0003 <0.0002 0.001 <0.001 0.001 0.001
Chrominm {Cr) mg/L 0.003 0.0045 0.004 0.0025 <0.002 - 0.005% 0.003 <0 002-0 0026 | <0002 - 0005 <0002 - 00197 00043 00025 0.005 0.009%5 0.003
Copper (Cua) mg/L 0.001 0.004 0.005 0.0015 <0.001 - 0.007 - 4049 0004 - 0006 00181 00041 0.0015 0.002 0.008 0.002
iron (Fe) mg/l 0.174 3.21 3115 0.352 043 - 524 179 09%1-219 043 - 376 176 - 194 298 03625 504 161 241
Mercury (Hg) mg/L 0.6001 0.0001 <0.000 <0.0001 <0.0002 - <005 <005 <0 0001-<005 }<2E-04 - <005 <@ 000t - <005 <0 0001 00001 <0.0001 <0 0001 <0.0001
Vanadium (V) mg/L <0.002 0.002 0.0045 - <0002 - 0.0125 Q009 <0 0001 0004 - 0013 Q015 - 00379 00097 <0 002 0009 0023 0.0061
Zine (Zn) mg/L 0.007 0.0145 0.013 0.607 - - 0014 - - 0034 - - - 0.005
Metals (Dissolved)
Aluminum (Al) mg/L 0.0t 0.0675 <0.002-0.02 0.02 0.241 0.6159 00H43 00572 00499 0072% . 0415 9026 0.036
Arsenic (As) mg/L 0.0005 ¢ 0009 00005 0.0006 0.001 <0 0004 00005 0 G006 0 0006 0 0006 - 00012 00005 0.0005
Cadmium: (Cd) mg/L <0.001 <0.001-0.006 <0.001 - <0.000! 0.0028 0.0001 <0 0001 00002 00001 - 00001 06002 0.0001
Chrominm (Cr) mg/L 0.003 0.603 €.003 0.003 <0.0004 <0.0004 <0.6004 <0.0004 <0 0004 <0004 - 0.0007 <0 0004 <0.0004
Copper (Cu) mg/L <0.001 <0 £01-0.003 £.602 - 0.0043 G 0022 0.0022 00024 0006 00042 - 0 0049 G003 0002
Iron (Fe) mg/L 0.11 01 0907 0.12 114 0.1 0.14 032 008 <0 ot - 193 043 014
Mercury (Hg) mg/L - - - - <0.0002 <0.0002 <0.0002 <0 0002 <0.0002 <0.0002 . <0.0002 <0 0002 <0 0002
Vanadium (V) mg/L <0.001 <0.001-<0.002 <0.001 - 0.0012 <0.0001 <0.6001 Q0002 <0.0001 0.0002 - 0.002 0.0001 <0.0001
Zinc (Zn) mg/L 0.002 <0.001 <0.001 - - 0.038 0.014 0006 0.027 0023 - 0.015 0016 o.019
Organics
Naphthenic Acids mg/L - - - - <l -2 <1 <i <1 <] ND - 1 - -
Recoverable Hydrocarbons mgl - - - - <05 - <l 1 <t <05 . <i <05 - <i - - <0.5 - -
PAHs and Alkylated PAHs rg’t - - - - ND ND ND ND . 003 ND - - - - -
Target PANHs nz/l - - - - ND ND ND ND ND - - - - -
Phenolics ngfl - - - - ND ND - ND ND . . . . .
Volatile organics pg/l - - - - ND - - ND - - s - - - -
Toxicity
Microtox IC50 Ya - - - - 100 100 >100 91 - 100 100 - - - - -
Microtox [C25 % - - - - 100 00 >100 9t - 100 100 - - - - -
NOTES: -=No data; ND = Not detected; PAH = Polycyclic aromatic hydrocarbon; PANH = Polycyclic aromatic nitrogen heterocycle

Median concentrations {n>2}, ranges (n=2), or measured concentrations (n=1) are presented; data sources are listed by Golder (1997¢)
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Summary of Water and Sediment Quality Guideline Exceedances

Table D5-3
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Total Phosphorus

Total Aluminum
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Total ron

Total Manganese

Total Mercury
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Sediment Quality Guideline Exceedances

Cadmium
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Benz(a)anthracene
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Fluoranthene

Pyrene

NOTES:

C
A

chronic guideline exceeded
acute guideline exceeded

no data

ND=

TEL = threshold effect level

Tar Island Dyke
*concentrations of benz(a)anthracene and chrysene were reported as one number, which exceeded the TEL for both of these compounds

TID
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Concentrations of total phosphorus, total phenolics and a number of metals
occasionally exceeded chronic water quality guidelines (Table D5-3).
Overall, water quality in the Muskeg River basin can be classified as good,
and occasional guideline exceedances are of no concern to aquatic life.

D5.3.2 Bottom Sediments

Bottom sediment samples were collected in fall 1997 from the Muskeg
River and Jackpine Creek as part of the Regional Aquatic Monitoring
Program (RAMP) for the oil sands area. Levels of metals were typically
fower than in the Athabasca River (Table D5-4) or the North Saskatchewan
River (Shaw et al., 1994), and no guideline exceedances were found (Table
D5-3). Concentrations of PAHs were also below those in the Athabasca
River. Potential exceedances of the TEL value for benz(a)anthracene and
chrysene occurred at all three sites sampled in the Muskeg River basin (Table
D5-9); however, since concentrations of these compounds were reported together,
exceedances cannot be evaluated with certainty.

D5.3.3 Porewater

Porewater data are limited to two sites in the Muskeg River basin (Muskeg River
and Jackpine Creek), sampled in 1995 (Table DS5-5). Dissolved salt
concentrations were low at these sites and naturally occurring hydrocarbons,
PAHs and naphthenic acids were not detected. Samples were not toxic to bacteria.
Compared with samples from the Athabasca and Steepbank rivers, all measured
parameters were less concentrated in porewater from the Muskeg River and
Jackpine Creek.

D5.4 Isadore’s Lake and Miills Creek

D5.4.1 Surface Water

Water quality of Isadore’s Lake and Mills Creek was assessed during the Muskeg
River Mine Project baseline surveys in 1997 (Golder 1997d). The data suggest
that, in terms of water quality, these waterbodies are generally similar to others in
the Muskeg River basin (Table D5-10). Differences from other surface waters in
the basin include higher dissolved salts in Mills Creek in the fall only and slightly
lower dissolved organic carbon and nutrient levels in both Isadore’s Lake and
Mills Creek. However, these differences may simply represent the limited data
available at the present for Isadore’s Lake and Mills Creek.
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Table D5-4 Sediment Quality of the Athabasca River in 1994, 1995 and 1997
Parameter Units 1994’ 1995° 1997’
1 km Above TID At TID At TID 1 km Above TID At TID At TID At Donald | At Fort
West Bank East Bank | Waest Bank West Bank East Bank | West Bank Creek Creek
Total Organic Carbon Weight % 1.07 1.31 0.49-1.61 1.39 0.49 1.02 0.67 232
Recoverable Hydrocarbons ng/s - - - 2160 450 703 423 1190
Metals
Aluminum ng/'g 6420 7670 4250-7740 3910 3730 4890 10700 7790
Arsenic ng'g 1.7 2.1 1.3-2 0.6 0.9 1 5.6 5.1
Cadmium ne/'g <0.3 <0.3 <0.3 <3 0.6 0.5 <0.5 <0.5
Chromium ng/g 15.3 17.3 13.4-17.2 13.9 11.1 12.4 19 20.2
Copper pg/g 5.1 79 3.6-8.6 4.6 3.6 6.5 15 15
fron ng/g 13600 16400 10200-14800 11000 9820 13100 15000 15500
Lead ne's 3 6 6.0-8.0 4 5 5 9 8
Mercury ng/g 0.023 0.03 <0.02-0.03 0.03 0.04 0.03 0.05 0.06
Nickel ng/g 15 18 14-19 13.8 11.8 15.6 16 19
Molybdenum ng/g 1 1.2 0.9-14 <0.3 04 0.5 <1 <1
Vanadium ne/s 18.8 19.4 14-19.8 14.7 12.8 14.5 28 18.5
Zinc ug/g 35.6 43.6 26.3-46.1 29.9 27.6 39.6 53 57.4
PAHS and Alkylated PAHS
Phenanthrene pg/g <0.01 <0.01 <0.01 0.01 <0.01 <0.01 0.01 0.01
Benz(a)anthracene/Chrysene ng/g 2.1 <0.01 <0.01-0.02 0.03 <0.01 0.01 0.02 0.025
Benzo(a)pyrene ng/'s <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.006
Fluoranthene ng/g 0.4 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.006
Pyrene ng's 1.5 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01
Total PAHs ng/g 43 - 0.5 0.66 0.07 0.13 0.48 1.203
Toxicity
Microtox Screen | % Control | 73-99 118 | 91-120 | - [ - - - -
NOTES:
'Golder (1994a)
Golder (1996b)

3Sarnples collected in fall 1997 for RAMP

TID = Tar Island Dyke
- =no data or not applicable
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Table D5-5

Porewater Chemistry and Toxicity in the Athabasca, Steepbank and Muskeg Rivers and Jackpine
Creek in 1994 and 1995
Site Sodium Di:‘ss:)t;le d Naphthenic Total Total Microtox
. Acids Ammonia PAHSs IC50
Solids

(mg/L) | (mg/L) (mg/L) (mg/L) (ng/L) (%)
Athabasca R. 1 km above TID, West Bank 1210 | 3220 17 0.78 0.04 >100
Athabasca River at TID, West Bank 12.8 259 <1 0.58 ND >100
Athabasca River at TID, East Bank 423 1730 <1 0.59 ND >100
Steepbank River at the mouth 12.6-26.5 | 240-374 2-4 0.47-0.62 | ND-0.84 >100
Steepbank River, 15 km from the mouth 380-5120 § 1370-14500 3-16 0.5-3.01 §1.21-33.75 >100
Steepbank River, 25 km from the mouth 11.5-26.1 | 125-228 <1-5 0.03-0.06 | ND-0.03 >100
Muskeg River at the mouth 11 130 <1 <0.01 ND >100
Jackpine Creek at the mouth 10.5 168 <1 0.01 ND >100

TID = Tar Island Dyke

ND = Not detected

PAL = Polycyclic aromatic hydrocarbon
Data from Golder (19962)
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Table D5-6 Water Quality of the Muskeg River (1972-1997)

Parameter Units AT Mouth LCower Muskeg River Upper Muskeg xaver |
| winter [ Spring | Sammer ] Fall ‘Winter [ Spring | Summer | Fall Wﬁfer_rSﬁﬁg | Summer | Fall
onveniional Parameters and Nutrien
pH - 7.3 77 8.0 8-9.2 7.4 7.5 7.8 77 7.4 7.5 7.6 7.7
Total Alkalinity mg/L 257 113 148 153 259 101 170 136 301 128 196 171
Total Dissolved Solids mg/L 331 143 202 184 303 138 195 162 327 135 211 23
Total Suspended Solids mg/L 4 1 3 6 6 5 3 3 10 3 4 -
Total Hardness mg/L 253 111 153 148 253 74 156 141 291 125 177 168
Dissolved Organic Carbon mg/L 21.4 15.8 24 24.0 20 17.3 225 253 21.5 16.8 24.5 24.5
Total Kjeldahl Nitrogen mg/L 1.11 0.60-0.76 1.05 0.7 1.30 0.86 1.04 0.90 1.50 0.81 1.04 0.85
Total Ammonia mg/L 0.23 <0.03 0.04 0.05 0.59-1.63 <0.05 - - 0.82 0.05 0.14 0.07
Total Phosphorus mg/L 0.027 0.034 0.029 0.045 0.038 0.031 0.025 0.028 0.099 0.031 0.055 0.037
Dissolved Phosphorus mg/L 0.008 <0.02 0.015 0.014 <0.02 0.60 - - - - - -
Metals (Total)
Alummum (AT) mg/L 0.01 0.0 0.05 0.06 0.04 0.07 0.05 0.04 0.03 0.03 0.04 0.02
Arsenic (As) mg/L 0.0002 0.0003 <0.0004 0.001 <0.0004 <0.0004 <0.005 {0.001-<0.005{ 0.0004 0.0004 0.0002 0.0005
Cadmium (Cd) mgL |  0.001 <0.002 <0.001 0.003  |<0.0002-0.001} <0.0002 - - <0.001 | <0.001 | <0.001 <0.001
Chromium (Cr) mg/L 0.003 0.002 0.002 0.006 <0.0004-0.01 | <0.0004 - - <0.001 0.001 0.001 0.001
Copper (Cu) mg/L 0.001 0.001 0.004 0.001 0.002 0.0008 - - <0.001 | <0.001 | <0.001 <0.001
Iron (Fe) mgL 137 0.56 0.84 1.14 242 0.79 - - 6.2 1.06 2.71 1.17
Mercury (Hg) mg/L 0.0001 <0.0002 <0.0002 <0.05 0.0001 0.0001 <0.0001 0.0001 0.0001 0.0001 <0.0001 0.0001
Vanadium (V) mg/L <0.002 0.0015 0.002 0.002 0.0005 0.0004 - - <0.001 0.001 <0.001 0.001
Zinc (Zn) mg/L 0.003 0.0065 0.015 0.0205 0.013-0.03 0.011 - - 0.0055 0.0015 0.001 0.011
 Metals (Dissolved)
Alumninum (Al) me/l T U033 0.0094 00565 - TOIT3 - E T - - -
Arsenic (As) mg/L | <0.00075 <0.0004 | <0.0004-<0.0005 <0.001 0.0004 0.0005 0.00035 0.0004 0.0005 0.0005 0.00025 | <0.0002-0.0003
Cadmium (Cd) mg/L <0.001 <0.0001 0.0001-<0.001 <0.0001 - <0.0001 - - - - - -
Chromium (Cr) mg/L 0.004 <0.0004 <0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.005 0.003 <0.003
Copper (Cu) mgd | 0001 0.0013 | 0.0009-<0.001 0.0011 - 0.0013 - - - - - .
Tron (Fe) mg/L 048 1.03 0.12-0.41 0.25 - 1.03 - - - - - .
Mercury (Hg) mg/L - <0.0002 <0.0002 0.0002 - <0.0002 - - - - - -
Vanadium (V) mgL | <0.001 0.0001 | <0.0001-<0.001 - - 0.0001 - - - - N -
Zinc (Zn) mgll | <0.001 0.008 0.001-0.017 - - 0.008 - - - - - N
Organics
Naphthenic Acids mg/L - I <I <1 <T 4 - - - <I <1
Recoverable Hydrocarbons mg/L - 0.5 <0.75 <1 2 <0.5 - - 0.4 <0.1 0.15 0.25
PAXs and Alkylated PAHs ng/L - - ND ND ND - - - - - - -
Target PANHs pg/L - ND ND ND ND - - - - - - -
Phenolics ng/L - ND ND ND ND - - - - - - -
Volatile Organics ng/L - - - - - - - - - - - -
[Toxicity
Microtox IC30 % - >100 >100 100 >59 >91 - - - >100 >100 -
Microtox IC25 % - >100 100 I 100 - >91 - - - >100 >100 -
NOTEST - = No dafa, ND = Not detecied; PAH = Polycyclic aromatic hydrocarbon, = PGIYCYCIIC aTomanic nirogen neterocycle

Median concentrations (n>2), ranges (n=2), or measured concentrations (n=1) are presented; data sources are listed by Golder (1997¢)
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Table D5-7 Water Quality of Jackpine Creek (1976-1997)
Parameter Units At Mouth Lower Jackpine Creek Upper Jackpine Creek

Winter | Spring | Summer | Fall Winter | Spring | Summer Fall Winter | Spring | Summer Fall
Conventional Parameters and Nutrients
pH - 7.1 7.6 716 7.8 7.5-8.0 7.3-8.3 7.7 7.5 7.75 7.62 7.7 7.6
Total Alkalinity mg/L 134 74 126 101 141-303 56-99 136 182 272.7 79.2 127.6 110.0
Total Dissolved Solids mg/L 136 84 142 124 147-385 74-117 168 202 330 108 145 125
Total Suspended Solids mg/L 13.0 53 20 3 120 1.9 28 6.8 [ 4.8 26 4.4
Total Hardness mg/L 121.1 57.6 98.75 84.6 130.2-275.9 51.0-74.6 109.9 170.5 2593 578 104.0 1019
Dissolved Organic Carbon mg/L 28 17 23 19 13-34 12.0-28.0 11.5-27.0 12.5-27.0 23.0 143 243 236
Total Kjeldahl Nitrogen mg/L 045 0.82 129 0.80 0.5-1.23 0.86-1.02 091 0.64 0.86 0.80 1.04 0.82
Total Ammonia mg/L - 0.03 0.065 <0.05 - - 0.12-0.22 - 1.60 0.05 <0.05 0.01-0.03
Total Phosphorus mg/L 0.140 0.020 0.025 0.020 0.071 0.030 0.026 0.030 0.044 0.022 0.030 0.024
Dissolved Phosphorus mg/L - - - 0.012-0.014 - - - <0.02 <0.02 - -
Metals (Total)
Aluminum (Al mg/L 0.07 0.09 0.03 0.04 0.03-0.07 0.08-0.34 <0.01 0.06 0.0475 0.07 0.055 0.04
Arsenic (As) mg/L - 0.0004 0.0050 0.0004 - - 0.0080 0.0080-0.0200 <0.0004 0.0004 0.0004 0.0006
Cadmium (Cd) mg/L - <0.001 <0.0053 <0.001 - - <0.01 - <0.001 <0.0002 <0.001 <0.001-0.004
Chromium (Cr) mg/L - <0.001 0.008 <0.0016 - - <0.01 - <0.01 <0.0004 | <0.001-0.004 | <0.001-0.012
Copper (Cu) mg/L - <0.001 0.003 0.0024 - - <0.005 - 0.0009 0.001 <0.001 <0.001
Iron (Fe) mg/L - 0.26-0.47 0.96 112 - - 0.51-0.52 - 2.25-2.40 0.47 0.87-0.93 0.57-0.58
Mercury (Hg) mg/L <0.0001 <0.0001 <0.0001 <0.00003 <0.0001-0.0003 | <0.0001 <0.0001 0.0002 0.0001 <0.0002 <0.0001 <0.0001
Vanadium (V) mg/L - <0.001 <0.006 0.0014 - - <@.1 - 0.0004 0.0002 0.002-0.005 <0.002
Zinc (Zn) mg/L - 0.001-0.003 0.02 0.027 - - 0.03-0.1 - 0.011-0.025 0.008 0.001-0.433 0.002-0.186
Metals (Dissolved)
Alzminum (Al) mg/L - - - 0.058-0.092 - - - - - - - -
Arsenic (As) mg/L 0.0010 0.0007 0.0004 0.0010 <0.0001-0.0200 0.0011 {0.0014-0.0040 <0.0010 0.0003 0.001 0.0005 0.0003
Cadmiuvm (Cd) mg/L - - - <0.001 - - - - - - - -
Chromium {Cr) mg/L 0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.003 0.003 0.003 0.003 0.003
Copper (Cu) mg/L - - - 0.0022-0.0027 - - - - - - - -
fron {Pb) mg/L - - - 0.32-0.34 - - . - - - - -
Mercury (Hg) mg/L - - - <0.0002 - - - - - - - -
Vanadivm (V) mg/L - - - 0.0002-0.0003 - - - B - - . .
Zinc (Zn) mg/L - - - 0.016-0.02 - - - - - - - -
Organics
Naphthenic Acids mg/L - - - 1 - - - - <1 <1 <1 <1
Recoverable Hydrocarbons mg/L - <0.1 0.3 0.5 - - 0.6-1.5 - <i <0.3 <0.5 <1
PAHs and Alkylated PAHs ug/t - - - - - - - - - ND ND ND
PANHs ng/t - - - - - - - - - ND ND ND
Phenolics ug/L - - - - - - - - - ND ND ND
Volatile Organics pg/l - - - - - - - - - ND - -
Toxicity
Microtox 1C50 % - - - - - - - - >99 >91 100 >100
Microtox 1C25 %o - - - - - - - - - >100 >100 >100
NOTES: -=No data; ND = Not detected; PAH = Polycyclic aromatic hydrocarbon; PANH = Polycyelic aromatic nitrogen heterocycle

Median concentrations {n>2), ranges (n=2), or measured concentrations (n=1) are presented; data sources are listed by Golder (1997¢)
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Table D5-8 Water Quality of Other Muskeg River Tributaries (1976-1997)

Parameter Units Muskeg Creek Shelley Creek Upper Muskeg Creek Drainage
Winter | Spring | Summer | Fall | Winter | Spring |  Summer Winter | Spring | Summer | Fall
Conventional Parameters and Nutrients .
pH - 72 7.2 7.7 7.4 7.2 7.3 7.8 7.8 7.8 7.7 7.6
Total Alkalinity mg/L 168 79 115 109 284 60 106 233 84 140 112
Total Dissolved Solids mg/L 196 87 123 125 290 70 129 260 93 146 125
Total Suspended Solids mg/L 5 5 4 1 14 3 2 11 1 3 3
Total Hardness mg/L 146 60 95 83 243 45 89 188 65 114 87
Dissolved Organic Carbon mg/L 335 16.5 28.0 26.5 32.0 14.0 24.8 - .- 33.2 29.6
Total Kjeldahl Nitrogen mg/L 1.71 1.13 1.22 0.82 233 0.92 0.20 1.48 0.67 0.84 0.87
Total Ammonia mg/L 0.46 0.05 0.05 0.04 0.51 0.05 0.05 1.04 0.04 | 0.08 0.03
Total Phosphorus mg/L 0.052 0.030 0.034 0.033 0.200 0.020 0.025 0.135 0.019 0.032 0.019
Dissolved Phosphorus mg/L <0.02 <0.02 <0.02 - <0.02 | <0.02 | <0.02 C- - - -
Metals (Total)
Aluminum (Al) mg/L 0.04 0.07 0.03 0.02 0.05 0.04 0.038-0.043 0.04 0.02 0.06 0.02
Arsenic (As) mg/L 0.0004 | 0.0003 | <0.0005 | 0.0003 | 0.00i1 | 0.0004 <0.0004 0.0011 | 0.0004 0.0009 0.0004
Cadmium (Cd) mg/L <0.001 | <0.001 | <0.001 { <0.001 | <0.0002} <0.0002 0.0002 <0.001 | <0.001 <0.002 0.001
Chromium (Cr) mg/L <0.001 0.001 0.002 0.001 | <0.0004 | <0.0004 | <0.0004-0.0018 <0.001 | <0.001 <0.0055 0.001
Copper (Cu) mg/L <0.001 | <0.001 0.001 <0.001 | 0.0012 | 0.0012 | 0.0009-0.001 | <0.001 0.001 <0.001 <0.001
Iron (Fe) mg/L 1.15 0.47 0.61 0.39 7.92 0.09 0.39-0.61 3.30 043 0.64 0.46
Mercury (Hg) mg/L 0.0001 | <0.0001 | <0.0001 | 0.0001 | <0.0001| <0.0001] - 0.0001 <0.0001 | <0.00005 | 0.00005 | <0.000075
Vanadium (V) mg/L <0.001 | <0.001 { >0.002 | <0.001 | 0.001 ] <0.0002}<0.0002-0.0007}| <0.001 | <0.001 <0.005 0.001
Zinc (Zn) mg/L 0.0045 | 0.0065 | 0.0105 0.004 0.027 0.005 0.028-0.103 0.006 0.002 0.02 0.003
Metals (Dissolved) . .
Arsenic (As) mg/L 0.001 | <0.0005} 0.0004 | 0.0002 § 0.001 | 0.0005 | 0.0002-0.0005 - - - -
Chromium (Cr) mg/L 0.003 0.003 <0.003 | <0.003 | <0.003 | 0.003 - - - - -
Organics
Naphthenic Acids mg/L 1 <1 <1 <1 1 o<1 <1 - - <1 <1
Recoverable Hydrocarbons mg/L 1.1 <0.3 <0.3 0.4 <1 <0.5 <0.5 0.6 <0.1 0.7 <0.4
Toxicity
Microtox IC50 @ 15 min % >99 91-100 >100 <100 >99 >91 - - - >100 >100
Microtox IC25 @ 15 min % - >100 >100 <100 - - - - - >100 >100
NOTES: - = No data; ND = Not detected; median concentrations (n>2), ranges (n=2), or measured concentrations (n=1) are presented; data sources are listed
by Golder (1997¢)
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Concentrations of total phosphorus and a number of metals exceeded chronic
water quality guidelines in Isadore’s Lake (Table D5-3). No guideline
exceedances were found in Mills Creek. Overall, water quality in Isadore’s Lake
and Mills Creek can also be classified as good, and the guideline exceedances
noted are of no concern to aquatic life.

D5.5 | Relationship Between Total and Dissolved Metal Levels in
' Surface Waters

The available data were examined to see if there are general relationships between
total and dissolved metal concentrations on a seasonal basis. In rivers with
seasonally varying levels of suspended sediments, total metal levels tend to also
fluctuate seasonally. However, because typically only a small fraction of the total
metals is in the dissolved form, total metal measurements reveal little about the
potential for biological effects during periods of high suspended sediment levels.
Therefore, seasonal estimates of the proportions of dissolved and particulate forms
of metals may advance our understanding of the potential effects of elevated levels
of metals on aquatic biota. ‘ :

Only limited data are available at the present regarding dissolved metal
concentrations in the study area. However, some patterns are beginning to
emerge (Table D5-11). In all rivers sampled, dissolved aluminum, cobalt,
titanium and vanadium tend to form a small percentage of total metals. In
contrast, antimony, calcium, sodium and strontium were mostly in the
dissolved form. Other metals were either in the intermediate range (e.g.,
molybdenum), or the percentage of the dissolved form varied widely by
season (e.g., iron).

Overall, percentages of dissolved metals were lower in the Athabasca River
than in the Muskeg River basin, which reflects the generally higher
suspended sediment levels in the Athabasca River. As well, seasonal
variation in the percentage of dissolved metals was greater in the Athabasca
River, as may be expected, since this river carries a seasonally variable
sediment load, whereas suspended sediment level is relatively constant in
the Muskeg River basin.
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Table D5-9 Sediment Quality in the Muskeg River and Jackpine Creek in 1997

. Muskeg River Muskeg River | Jackpine
Parameter Units at Mouth upstream Creek at

Jackpine Creek| Mouth
Total Organic Carbon - % 2.98 4.5 2.0
Recoverable Hydrocarbons ug/g 3440 3690 5660
Metals
Aluminum (Al) ng/g 2970 5820 3060
Arsenic (As) pg'g 1.0 24 1.2
Cadmium (Cd) ng'g <0.5 <0.5 <0.5
Chromium (Cr) pg/g 6.9 12.3 7.8
Copper (Cu) pg/g 7 10 7
Iron (Fe) ng/g 11200 23000 5430
Lead (Pb) ng'e <5 <5 <5
Mercury (Hg) ng/g 0.04 0.04 0.03
Molybdenum (Mo) nglg <1 <1 <1
Nickel (Ni) ng'g 6 9 6
Vanadium (V) ng/g 9 16 11
Zinc (Zn) ug/g 264 37.9 22.2
PAHs
Phenanthrene ng'g 0.007 0.009 <0.003
Fluoranthene ng/g 0.003 0.006 0.004
Pyrene ng'g 0.012 0.015 0.006
Benz(a)anthracene/Chrysene ng/g 0.035 0.057 0.034
Benzo(a)pyrene neg/g 0.013 . 0.016 0.015
Total PAHs : uo/g 1.712 3.888 2.027

NOTES: PAH = Polycyclic aromatic hydrocarbon
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Table D5-10 Water Quality of Isadore’s Lake and Mills Creek in 1997

Parameter Units Isadore's Lake Mills Creek -
Winter | Summer |  Fall Spring |  Fall

Conventional Parameters and Nutrients
pH ' - 7.2 8.4 8 8 -8
Total Alkalinity mg/L 287 129 136 237 237
Dissolved Organic Carbon | mg/L 15 11 9 5 7
Total Dissolved Solids mg/L 290 236 220 390 894
Total Suspended Solids mg/L 24 2 6 7 <2
Total Hardness mg/L 277 154 164 345 319
Total Kjeldahl Nitrogen mg/L 0.8 0.4 0.4 <0.2 <0.2’
Total Ammonia mg/L 0.51 <0.05 0.11 <0.05 <0.05
Total Phosphorus mg/L 0.14 0.016 0.012 0.042 <0.002
Dissolved Phosphorus mg/L <0.02 0.008 0.012 0.05 <0.002
Metals (Total)
Aluminum (Al) mg/L 0.368 0.018 0.062 0.055 0.031
Arsenic (As) mg/L| 0.0011 <0.0004 0.0018 <0.0004 <0.0004
Cadmium (Cd) mg/L| <0.0002 <0.0002 0.0003 <0.0002 <0.0002
Chromium (Cr) Img/L| <0.0004 0.0014 <0.0004 <0.0004 <0.0004
Copper (Cu) mg/L] 0.0012 0.0009 0.0066 0.0008 0.0008
Iron (Fe) mg/L 7.92 0.21 <0.01 0.82 0.05
Mercury (Hg) mg/L| <0.0002 0.0001 <0.0001 <0.0002 <0.0001
Vanadium (V) mg/L]  0.0009 0.0004 <0.0002 <0.0002 <0.0001
Zinc (Zn) mg/L 0.027 0.013 0.012 0.009 0.008
Metals (Dissolved)
Aluminum (Al) mg/L - - 0.0346 - 0.023
Arsenic (As) mg/L - - 0.0016 - <0.0004
Cadmium (Cd) mg/L - - 0.0003 - <0.0001
Chromium (Cr) mg/L - - <0.0004 - <0.0004
Copper (Cu) mg/L - - 0.0015 - 0.0013
Iron (Fe) mg/L - - 0.02 - ©0.03
Mercury (Hg) mg/L - - <0.0002 - <0.0002
Vanadium (V) mg/L - - 0.0001 - <0.0001
Zinc (Zn) mg/L - - 0.017 - 0.01
Organics
Naphthenic Acids mg/L 1 <1 1 <1 <1
Recoverable Hydrocarbons . | mg/L <1 <0.5 <0.5 <0.5 <0.5
Phenolics mg/L - <0.001 <0.001 <0.001 <0.001
Volatile Organics ‘ng/L - - - - -
Toxicity
Microtox IC50 % >99 - - >91 -
Microtox IC25 % - - - >91 -

NOTES: - =no data; measured values (n = 1) are presented

Data sources are listed by Golder (1997¢)
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D5.6 Muskeg Drainage Water

Muskeg drainage water refers to the water released from muskeg, which
covers large areas in the Muskeg River basin. It constitutes a large
proportion of stream flow during the open-water season. Large volumes of
muskeg drainage water are expected to enter surface waters during muskeg
dewatering, which occurs during the initial phase of oil sands mine
development. The available information on muskeg water was summarized
to provide background information on the characteristics of these waters.

In the Muskeg River and Jackpine Creek, the proportions of total flow
contributed by muskeg drainage water, groundwater and precipitation vary
considerably by season under natural conditions (Schwartz 1980).
Baseflow in winter is contributed almost exclusively by groundwater. The
makeup of spring flows is highly variable, and includes precipitation
(snowmelt), groundwater and muskeg water in rapidly changing
proportions. From late spring to freeze up, muskeg drainage contributes an
average of 80% of stream flow in Jackpine Creek and about 60% of the
flow in the Muskeg River.

The quality of muskeg drainage waters has not been characterized in detail,
with the exception of major ion concentrations (Schwartz 1980). A few
samples of muskeg drainage water were collected by Syncrude in the
Aurora Mine area and were analyzed for a wider variety of parameters.

Most pH measurements were between 6 and 8, but pH ‘exhibited a wide
range (1.98 to 9.15) in samples collected by Schwartz (1980). Calcium was
the dominant cation in muskeg waters, with lower concentrations of sodium
and magnesium, while bicarbonate dominated the anions (Table D5-12).
Concentrations of most ions varied seasonally in 1978, but within a
relatively narrow range (Schwartz 1980).
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Table D5-11 Dissolved Metals Expressed as the Percentage of Total Metals in
Surface Waters
Athabasca River Muskeg River Basin
Metal Spring | Summer Fall Spring | Summer Fall
(n=3) (n=1) (n=1) (n=1) (n=1) (n=3)

Aluminum (Al) 6 <1 2 14 13 7
Antimony (Sb) - 83 100 - 100 -
Arsenic (As) 52 11 40 - - -
Barium (Ba) 59 22 52 75 87 68
Boron (B) 70 55 79 87 100 99
Cadmium (Cd) - 100 - - ’ - -
Calcium (Ca) 89 54 92 - 89 -
Chromium (Cr) 19 - - - - -
Cobalt (Co) 42 3 25 - - 15
Copper (Cu) 57 33 100 100 12 50
Iron (Fe) 23 <1 - 100 59 24
Lead (Pb) 40 9 92 93 - 46
Lithium (L1) 66 28 64 83 91 88
Manganese (Mn) 57 2 14 92 49 49
Molybdenum (Mo) 49 50 83 65 45 16
Nickel (Ni) 70 22 32 - 50 28
Potassium (K) 59 80 53 - 84 -
Silicon (Si) 24 8 - 62 87 94
Sodium (Na) 100 100 93 - 87 -
Strontium (Sr) 84 68 91 89 89 89
Titanium (Ti) 4 1 1 22 29 4
Uranium (U) 58 34 73 - - -
Vanadium (V) 11 - 2 25 - 11
Zinc (Zn) 28 42 68 73 100 .73
NOTE:

Data.from 1997 RAMP field program

- =no data

Comparison of the Syncrude data with seasonal medians for streams in the
Muskeg River basin indicates that muskeg drainage waters are similar to
surface waters sampled during the winter (Table D5-12). Major ion
composition of muskeg water was very similar to that in stream samples,
but nutrient levels were generally lower in muskeg water. Levels of metals
in muskeg water were similar to those in surface waters, or in some cases
higher in muskeg water, but total metal measurements likely reflect the
higher suspended sediment level in the Syncrude samples.

Concentrations of aluminum, iron and manganese in muskeg water
exceeded chronic water quality guidelines (Table DS5-3).  These
exceedances were likely caused by the elevated suspended sediment level in
Syncrude’s muskeg water samples.
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In summary, the limited data available on the quality of muskeg drainage
waters suggest that these waters are not substantially different from stream
water in the Muskeg River basin during the winter.

Table D5-12 Water Quality of Muskeg Drainage Waters Compared with Stream
Water in the Muskeg River Basin

Muskeg Muskeg Muskeg River, Jackpine Creek, Shelley
Parameter Units Drainage Drainage Creek and Muskeg Creek
Water! Water? (Seasonal Median Values)
Winter | Spring | Summer | = Fall

[Conventional Parameters and Vajor Jons
ph - 1.13 - 7.435 7.00 7.80 7.60
Conductance uS/cm 481 137 480 167 255 226
Total Dissolved Solids mg/L 263 - 300 i1 174 156
Total Suspended Solids mg/L 29 - 6 5 3 3
Calcium mg/L 85.0 17.0 69.0 20.0 33.1 30.0
Magnesium mg/L 12 4.9 17.1 6.0 9.0 8.5
Potassium mg/L 0.9 0.6 1.5 1.3 0.5 0.8
Sodium mg/L 44 4.1 15.1 82 . 11.8 12.3
Bicarbonate mg/L 317 81 349 100 171 183
Chloride mg/L <0.05-<0.5 24 4.75 1.7 2.1 2.0
Sulphate mg/L <0.1-3.1 59 5.1 4.1 4.5 33
Total Hardness mg/L 261 - 242 72 116 111
Total Alkalinity mg/L 260 - 256 85 141 119
Total Organic Carbon mg/L 10.2 - 25.0 18.0 25.5 25.5
Dissolved Organic Carbon mg/L 9.8 - 23.0 15.8 24.0 24.0
Biochemical Oxygen Demand - mg/L 6.4 - 1.5 1.0 0.8 1.7
Total Phenolics mg/L <0.001 - 0.007 0.009 <0.001 0.002
Nutrients
Nitrate + Nitnte mg/L <0.03-0.016 - 0.100 <0.003 <0.1 <0.05
Total Ammonia mg/L 0.17 - 053 | <0.05 <0.05 0.04
Total Kjeldah! Nitrogen mg/L 0.34 - 1.30 .0.83 <0.20 0.82
Total Phosphorus ' mg/L <0.1 - 0.052 0.030 <0.005 0.031
Metals (Totals)
Aluminum (Al) mg/L 0.33 - 0.04 <{.01 <0.005 <0.01
Cadmium (Cd) mg/L <0.0002 - <0.001 <0.001 <0.001 <0.001
Chromium (Cr) mg/L 0.011 - <0.001 <0.001 <0.001 <0.001
Copper (Cu) mg/L 0.0035 - <0.001 <0.001 <0.001 <0.001
Iron (Fe) mg/L 4.44 - 1.41 0.56 0.84 0.925
Lead (Pb) mg/L <0.0003 - 0.002 <0.02 <0.02 <0.002
Manganese (Mn) mg/L 0.357 - 0.487 0.024 0.041 0.053
Vanadium (V) .mg/L <0.002-0.005 - <0.001 <0.001 <0.001 <0.001
Zinc (Zn) mg/L 0.020 - 0.008 0.006 <0.001 0.016

NOTES: - = no data
'"Median values or range (n=4); data from Syncrude, Aurora Mine, February and March, 1997.
2Means for 144 samples of standing water in muskeg (Schwartz 1980).
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D6 AQUATIC RESOURCES

D6.1 Introduction

This section of the Muskeg River Mine Project (the Project) EIA provides
information as required by the Project Terms of Reference (TofR) issued on
November 7, 1997 (AEP 1997a). Specifically, the following are addressed
in this section:

e description of the fish resources in the Study Area, including
identification of the species composition, distribution, relative
abundance, movements and general life history parameters;

e discussions of the relevance of the fish resources to existing or potential
domestic, sport or commercial fisheries;

e description and mapping, as appropriate, of the fish habitat of the
Athabasca River, Muskeg River and other tributaries likely to be
affected by the Project; and

e identification of critical or sensitive habitats such as spawning, rearing,
overwintering and migration areas (TofR, Section 4.9).

Project-specific impacts on aquatic resources are addressed in Section E6 of
this EIA. Cumulative effects on aquatic resources are addressed in Section
Fé.

Studies of aquatic ecosystems routinely include investigations of benthic
invertebrates (i.e., bottom-dwelling organisms), fish habitat and fish
communities. This type of information is summarized in this section from a
variety of historical and recent sources (Bond 1980, R.L.& L. 1989, Golder
1996b, 1996¢, 1997d and 1998a). For more details on aquatic resources in
the LSA see the Aquatic Resources Baseline Study for the Muskeg River
Mine Project (Golder 19974d).

This section presents information on aquatic resources for waterbodies
within the Local Study Area (LSA). These include the Athabasca River, the
Muskeg River and its tributaries, ponds within the Muskeg River basin, the
Alsands Drain and Isadore’s Lake (Figure D6-1).

D6.2 Athabasca River

D6.2.1 Benthic Invertebrates

The Athabasca River in the oil sands area is wide and carries a considerable
silt load during the summer months. It provides relatively low quality,
largely depositional habitat for benthic invertebrates.
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Bottom sediments of the lower Athabasca River support a relatively
homogeneous benthic fauna, characterized by low density and number of
species, consisting largely of chironomid midge larvae, oligochaete worms
and nematode worms (Anderson 1991). More diverse communities were
documented on artificial substrate (AS) samplers used for monitoring oil
sands-related discharges. Since AS provides ideal colonization habitat for
invertebrates, this finding is consistent with expectations. These samplers
were colonized by representatives of several pollution-sensitive invertebrate
groups (e.g., Ephemeroptera, Plecoptera and Trichoptera), in addition to
invertebrates found in bottom sediments (McCart et al. 1977, Noton 1979,
Noton and Anderson 1982, Golder 1996b).

Studies have documented minor, localized effects of water release from oil
sands operations. Reductions in invertebrate density and taxonomic richness
below Suncor’s Tar Island Dyke refinery wastewater and sewage outfalls
were reported by Noton (1979), Noton and Anderson (1982) and Boerger
(1983). Results of recent benthic surveys suggest that such effects are
absent below areas of discharge from oil sands operations (Golder 1994a,
1996b). However, these studies did not sample immediately below
discharge areas, so localized effects cannot be ruled out.

D6.2.2 Fish Habitat

Fish habitat in the Athabasca River near the Muskeg River Mine Project
was mapped in 1996 and 1997 (Golder 1996b, 1998a). The most recent
habitat maps of this reach of the river are presented in the Regional
Aquatics Monitoring Program (RAMP) report (Golder 1998a).

The Athabasca River has turbid cool-water habitat and dynamic shifting-
sand channels (Golder 1996b). In the LSA, single channels are the major
channel type, but near islands and sand bars, multiple channels are present
(Golder 1998a). Major habitat features include backwaters and snyes
associated with islands and sandbars. The substrate is almost entirely sand.
Instream cover is minimal except for that provided by depth and turbidity.
River banks are mainly armoured or erosional with some depositional areas
and cliffs.

Fish habitat in the Athabasca River is relatively poor due to the
homogeneous habitat and shifting-sand bottom. Fish are usually associated
with distinct habitat features such as backwaters, snyes and tributary
mouths (Golder 1996b, 1998a). The Athabasca River is an important
migratory corridor for fish that move from overwintering and feeding areas
to spawning areas in tributaries or rapids (e.g., lake whitefish, longnose
sucker) (Golder 1996b).
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D6.2.3 Fish Communities

Several fish surveys of the Athabasca River have been conducted within the
LSA. These include:

e The Regional Aquatics Monitoring Program (RAMP) of 1997 (Golder
1998a);

e Inventories conducted by Syncrude in 1996 and from 1989 to 1991
(Golder 1996¢, Syncrude unpublished data);

e The Northern River Basins Study (NRBS) fish inventories (R.L.&L.
1994); and

e The Alberta Oil Sands Environmental Research Program (AOSERP)
(McCart et al. 1977, Bond 1980, Tripp and McCart 1979, Tripp and
Tsui 1980).

Fish species occurrence and habitat use of the Athabasca River is presented
in Table D6-1 and shown in Figure D6-2. Twenty-seven species have been
reported historically from the Athabasca River in the LSA (Bond 1980). In
the 1997 RAMP fisheries inventories, a total of 14 species were captured in
the reach of river from the mouth of the Muskeg River to approximately the
northern boundary of Lease 13 (Table D6-1). Similar species composition
was also found in 1996 (Golder 1996b). Species abundance and distribution
patterns are similar to those reported by the AOSERP studies of the late
1970s (McCart et al. 1977, Bond 1980, Tripp and McCart 1979, Tripp and
Tsui 1980) and the recent NRBS fish inventories (R.L.&L. 1994).

Fish species that use the Athabasca River near the LSA fall into two
categories: migratory populations and resident fish species. Most of the
large fish species are migratory. The resident populations are those which
overwinier in the system (Table D6-1).

Recent and historical studies indicate that goldeye, walleye, white sucker
and longnose sucker are the most abundant large fish species in the
Athabasca River near the LSA (Bond 1980, Golder 1996¢, 1998a).

Historical studies report that immature goldeye migrate from Lake
Athabasca to feed in the lower reaches of the Athabasca River in the spring.
In 1995, 1996 and 1997, a small proportion of goldeye captured in the
Athabasca River in the oil sands area were found in spawning condition
{Golder 1996b, 1996¢, 1998a).
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Table D6-1

Fish Species Use of the Athabasca River in the LSA

Species

Past
1997 Study™] 1996 Study’| Studies™ Spawning Rearing Feeding Overwintering Migrating

Arctic Grayling

(] v v v

Burbot @

v

Emerald Shiner

Ve v

|Flathead Chub ©)

Goldeye

Lake Chub

ANE BN BN ENE AN

Lake Whitefish )

Longnose Sucker

<

Northern Pike

Spottail Shiner

Trout Perch ™

Walleye

White Sucker

AN NN N N

Brassy Minnow

Brook Stickleback

Bull Trout

Fathead Minnow

Finescale Dace

Iowa Darter

Longnose Dace

‘{Mountain Whitefish

Ninespine Stickleback

Northern Redbelly Dace

|Pearl Dace

s|0oj{ojojoje|jeo|e|0je|0j0 0o @ |0 00|00 |® | |2 |
YRS AN A AN A AN AN AN AN AV AN AYAY AY AN AN AT A N AN NN B NE RN

River Shiner

Slimy Sculpin

[ ]
AN
<
AN
<

Spoonhead Sculpin

L)
AN

Yellow Perch

] ° v

® Common, widespread species in the Athabasca River. Note that Arctic grayling are mainly found in the tributaries during the open-water season.

®Y Golder 1998a.
© Golder 1996b,

@ Data from Bond 1980, McCart et al. 1977, Tripp and McCart 1979, Tripp and Tsui, 1980, RL. & L. 1994,
Syncrude's unpublished fish inventories 1989-91, Golder 1996b, 1996¢ and 1998a.

© present in study area
vkind of habitat use

7 may use habitat but use not confirmed

Walleye also move upstream in the spring to spawn. The Athabasca River
near the Muskeg River Mine Project area provides important rearing and
summer feeding habitat for walleye. Walleye spawning locations have not
been located with certainty but there is evidence that they spawn at the
rapids upstream of Fort McMurray (Tripp and McCart 1979). A
radiotelemetry study, currently under way as part of the RAMP program,
may provide information on walleye spawning areas (Golder 1998a).

Longnose sucker and white sucker migrate upstream in the spring and move
into the tributaries to spawn (Tripp and McCart 1979, McCart et al. 1977).
Shortly after spawning, they move back into the Athabasca River, and
remain there to feed for the rest of the open-water season (Golder 1996b).
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Other game and commercial fish species captured in the Athabasca River
include lake whitefish, mountain whitefish, burbot, northern pike, Arctic
grayling and yellow perch (Golder 1996b, 1996¢, 1998a).

Lake whitefish spawn in the rapids upstream of Fort McMurray in the fall.
The LSA, particularly the mouths of tributaries, is an important feeding and
resting area for lake whitefish moving upstream to spawn (Golder 1998a).

Mountain whitefish also migrate within the Athabasca River system. They
are found in low abundance in the Athabasca River near the LSA. Feeding
migrations of mountain whitefish often occur in the tributaries, but
spawning and overwintering locations are unknown (Bond 1980).

Burbot are found in the mainstream Athabasca River in low abundance
throughout the open-water season, although in the summer some burbot are
thought to migrate back to Lake Athabasca to avoid warm-water
temperatures (Bond 1980). Burbot spend part of the winter in Lake
Athabasca but migrate into the river to spawn during late winter (January or
February). Burbot spawning has been documented in the Athabasca River
near Suncor (Bond 1980).

Northern pike do not move as far afield as other large fish species in the
Athabasca River (Tripp and McCart 1979). They spawn in the tributaries
and in a few areas of the Athabasca River that have flooded vegetation.
Northern pike are thought to overwinter in the Athabasca River (Tripp and
McCart 1979).

Similarly, Arctic grayling spawn in the tributaries and remain there until
late fall when most return to the Athabasca River (Machniak and Bond
1979, Golder 1996b).

Yellow perch are uncommon in the Athabasca River but reside in some of
the tributaries (Tripp and Tsui 1980).

The major small fish species in the Athabasca River near the LSA are
fathead chub, spottail shiner, lake chub, trout-perch, slimy sculpin and
emerald shiner. Most of these species are found in the Athabasca River
year-round, except for emerald shiner, which are thought to overwinter in
the Athabasca Delta and then migrate into the Athabasca River to spawn
(Bond 1980). Fathead chub is one of the most common small fish species
(McCart et al. 1977). They are generally confined to the mainstem and
rarely enter the tributaries. Spottail shiner also reside primarily in the
mainstem Athabasca River. In contrast, lake chub are common in both the
mainstem Athabasca River and in the tributaries. They likely spawn in the
lower reaches of the tributaries and overwinter in both the tributaries and
the Athabasca River. Trout-perch also spawn in the tributaries but feed and
overwinter in the Athabasca River (McCart et al. 1977). Slimy sculpin are
found in both the tributaries and the Athabasca River.
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D6.3 Muskeg River Basin

D6.3.1 Benthic Invertebrates

Benthic communities in the Muskeg River and several of its tributaries were
characterized during the 1980s (Beak 1986, R.L.&L. 1989) and in 1995
(Golder 1996b).

In 1985 and 1988, stream sites were classified as pool, riffle or run habitat.
Pool sites supported slightly fewer taxa and lower numbers of invertebrates
than other habitats. All habitats were dominated by chironomid midges and
other dipterans, followed by non-insect taxa and the aquatic insect groups
Ephemeroptera, Trichoptera and Plecoptera. The percentage of insects was
slightly higher at riffle sites than at pool or run sites, and the benthic
invertebrate community was dominated by detritivores at all sites.

In 1995, benthic communities also reflected the habitats sampled. Stream
sites were classified as depositional or erosional habitat. Depositional sites
typically supported invertebrate communities with moderate density and
low taxonomic richness, consisting almost exclusively of oligochaete
worms, nematode worms and chironomid midge larvae. FErosional sites
supported less dense invertebrate communities, but a greater variety of
invertebrates. The structure of benthic communities, in terms of relative
proportions of functional feeding groups, was consistent with habitat type;
i.e., detritivores in depositional habitat and mostly scrapers in erosional
habitat.

Qualitative examination of a subset of the available data for stream sites in
the Muskeg River basin and Kearl Lake revealed that invertebrate density
may vary considerably among years. Large year-to-year variability was
found in density in the Muskeg River, Iyinimin Creek and Kearl Lake. In
contrast, numbers remained similar in three other streams. Taxonomic
richness was low and variable in fall samples in all three years, with lowest
values in Kearl Lake.

Taxonomic composition has varied little during the last decade. All stream
sites, with the exception of Iyinimin Creek, were numerically dominated by
chironomid midges and non-insect taxa. This is typical of the Muskeg River
basin, where the predominant lotic habitat is depositional and is
characterized by slow current velocity and large amounts of organic
material in the sediments. The Iyinimin Creek site supported a relatively
large proportion of stonefly nymphs (Plecoptera), which is consistent with
the erosional habitat reported for this site by all three surveys. The fauna of
the Jackpine Creek site was unique, since it included a relatively constant
proportion of mayfly nymphs (Ephemeroptera), which were nearly absent
from other stream siies selected for this comparison. Kearl Lake supported
the simplest community, which consisted largely of chironomid midges and
oligochaete worms,
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D6.3.2 Fish Habitat

Muskeg River

Fish habitat in the Muskeg River has been characterized by Machniak and
Bond (1979) and Walder et al. (1980). They classified the river into six
reaches based on stream gradient, flow characteristics, substrate and
channel form (e.g., straight, irregular, meander). Habitat mapping of
representative areas within these reaches has been conducted by O’Neil et
al. (1982), Beak (1986), R.L. & L. (1989) and Golder (1996b, 19974d).

Reach 1, in the area of the river mouth, is a fairly straight reach that extends
for 0.5 km (O’Neil et al. 1982, 1989, Golder Associates 1996a). The next
8.5 km comprise Reach 2, which has irregular meanders. Both reaches
have a high gradient and are characterized by runs, riffles and pools. Fast,
low-quality, shallow runs are predominant at the mouth, with the occasional
riffle and pool. Farther upstream in Reach 2, pools are more common.
Substrate composition in these reaches is mainly gravel and cobble with
very little evidence of sedimentation. Near the mouth, banks are less than 1
to 3 m high, while farther upstream in Reach 2, there are cliffs that range
from 10 m to 20 m.

Reach 3 is about 7.5 km (Walder et al. 1980). Characteristics of Reach 3
are intermediate between Reaches 2 and 4. It has a lower gradient than
Reach 2, but still has gravel substrate and runs interspersed with riffles and
pools (R.L.&L. 1989). However, the runs are deep and slow, a
characteristic that is representative of Reach 4.

Reach 4 is very long (over 60 km) and represents the most common type of
habitat in the Muskeg River. Here the river has slow, deep runs and
tortuous meanders. Substrate in the runs consists mainly of organic debris
and silt with a few large boulders. Riffles are uncommon but there are a
few associated with cobble substrate. Beaver activity is common and there
are many dams causing ponding.

Reaches 5 and 6 encompass the headwaters of the Muskeg River and
although exhibiting a relatively high gradient, contain large numbers of
beaver impoundments, debris, pools and fine/silted substrates.

The Project is within Reach 4 of the Muskeg River. Habitat maps from fall
1995 and 1997 for a portion of the river within the Project area are shown in
Figures D6-3 and D6-4. Table D6-2 shows the relative proportions of
habitat features in the two years, which differed significantly in flow
conditions. In 1995, flow was low (discharge 1.8 m’/s). Several beaver
dams were present and there was a small proyortion of riffles. Under high
flow conditions in fall 1997 (discharge 21 m’/s), no riffles or beaver dams
were present and some deep pools were noted.
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Table D6-2 Habitat Features in the Muskeg River in 1995 and 1997

Percent Composition

Habitat Feature Fall 1995 Fall 1997
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