This document has been
digitized by the Oil Sands
Research and Information
Netwark, University af
Alberta, with permission of
Alberta Environment and
Sustainable Resource
Development.

Shell Canada Limited

application for the approval of

MUSKEG RIVER
MINE PROJECT

Volume 3 e Environmental Impact Assessment

Biophysical and Historical Resources
Part 2: Supplements

submitted to
Alberta Energy and Utilities Board
and to
Alberta Environmental Protection

Calgary,
December 1997



Reviewer
OSRIN Stamp


December 1997

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

$k Thousand dollars

png/L Micrograms per litre

pg/m3 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

CaCQO, Calcium carbonate

CCME Canadian Council of Ministers of the
Environment

CaS0, Calctum 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

em’ Square centimetres

cm/s Centimetres per second

CO, Carbon dioxide

COD Chemical oxygen demand

COH Co-efficient of haze

Conif. Coniferous

CONRAD Canadian O1l Sands Network for
Research and Development

Consortium Fine Tailings Fundamentals
Consortium

CPUE Catch per unit of effort

CSA 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.” Cubic feet

g Grams

glcc Grams per cubic centimetre

GC/FID Gas Chromatography/Flare lonization
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 Milliequivalents

MEFET Mature Fine Tails

mg Milligrams

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

mg/L Milligrams per litre

MJ Megajoule

MLA Member of the Legislative Assembly

mm Millimetre

Mobil Mobil O1l 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 orn/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, 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

5 Sulphur

SAGD Steam Assisted Gravity Drainage

SAR Sodium absorption ratio

sct/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

S0, 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

pg/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

VOC Volatile organic compound

Vol. Volume

vs. Versus

wt% Weight percentage

y Year
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Abiotic

Activity Area

Adverse Effect

Age-to-maturity

Alirshed

Alkalinity

Alluvium
Ambient
AOSERP
Aquifer

Archaeology

Armouring
Artifact

Aspect

ASWQO

Available Drawdown

Non-living factors that influence an ecosystem, such as climate, geology
and soil characteristics.

A limited portion of a site in which a specialized cultural function was
carried out, such as hide scraping, tool manufacture, food preparation
and other activities.

An undesirable or harmful effect to an organism (human, animal or
plant), indicated by some result such as mortality, growth inhibition,
reproductive abnormalities, altered food consumption, altered body and
organ weights, altered enzyme concentrations, visible pathological
changes or carcinogenic effects.

Most often refers to the age at which more than 50% of the individuals
of a particular sex within a popuation reach sexual maturity. Age-to-
maturity of individuals within the same population can vary
considerably from the population median value. In fish species, males
often reach sexual maturity at a younger age than female.

Describes the geographic area requiring unified management for
achieving air pollution control.

A measure of water’s capacity to neutralize an acid. It indicates the
presence of carbonates, bicarbonates and hydroxides, and less
significantly, borates, silicates, phosphates and organic substances. It is
expressed as an equivalent of calcium carbonate. The composition of
alkalinity is affected by pH, mineral composition, temperature and ionic
strength. However, alkalinity is normally interpreted as a function of
carbonates, bicarbonates and hydroxides. The sum of these three
components is called total alkalinity.

Sediment deposited in land environments by streams.
The conditions surrounding an organism or area.
Alberta Oil Sands Environmental Research Program.

A body of rock or soil that contains sufficient amounts of saturated
permeable matenal to yield economic quantities of water to wells or
springs.

The scientific discipline responsible for studying the unwritten portion
of man’s historic and prehistoric past.

Channel erosion protection by covering with protection material.
Any portable object modified or manufactured by man.

Compass orientation of a slope as an inclined element of the ground
surface.

Alberta Surface Water Quality Objectives. Numerical concentrations or
narrative statements established to support and protect the designated
uses of water. These are minimum levels of quality, developed for
Alberta watersheds, below which no waterbody is permitted to
deteriorate. These objectives were established as minimum levels that
would allow for the most sensitive use. These concentrations represent
a goal to be achieved or surpassed.

The vertical distance that the equipotential surface of an aquifer can be
lowered; in confined aquifers, this is to the top of the aquifer; in
unconfined aquifers, this is to the bottom of the aquifer.
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Background

Background
Concentration
(environmental)

Backwater

Baseline

Beaver River
Sandstone

Bedrock

Benthic Invertebrates

Bile

Bioaccumulation

Bioavailability

Bioconcentration

Biodiversity

Biological Indicators

Biomarker

An area not influenced by chemicals released from the site under
evaluation.

The concentration of a chemical in a defined control area during a fixed
period before, during or after data-gathering.

Discrete, localized area exhibiting reverse flow direction and, generally
lower stream velocity than main current; substrate similar to adjacent
channel with more fines.

A surveyed condition that serves as a reference point on which later
surveys are coordinated or correlated.

A light gray, medium to fine-grained quartz sandstone cemented in a
silica matrix.

The body of rock that underlies the gravel, soil or other superficial
material,

Invertebrate organisms living at, in or in association with the bottom
(benthic) substrate of lakes, ponds and streams. Examples of benthic
invertebrates include some aquatic insect species (such as caddisfly
larvae) that spend at least part of their lifestages dwelling on bottom
sediments in the river. These organisms play several important roles in
the aquatic community. They are involved in the mineralization and
recycling of organic matter produced in the open water above, or
brought in from external sources, and they are important second and
third links in the trophic sequence of aquatic communities. Many
benthic invertebrates are major food sources for fish.

An alkaline secretion of the vertebrate liver. Bile, which is temporarily
stored in the gall bladder, is composed of organic salts, excretion
products and bile pigments. It primarily functions to emulsify fats in the
small intestine,

A general term meaning that an organism stores within its body a higher
concentration of a substance than is found in the environment. This is
not necessarily harmful. For example, freshwater fish must
bioaccumulate salt to survive in intertidal waters. Many toxicants, such
as arsenic, are not included among the dangerous bioaccumulative
substances because they can be handled and excreted by aquatic
organisms.

The amount of chemical that enters the general circulation of the body
following administration or exposure.

A process where there is a net accumulation of a chemical directly from
an exposure medium into an organism.

The variety of organisms and ecosystems that comprise both the
communities of organisms within particular habitats and the physical
conditions under which they live.

Any biological parameter used to indicate the response of individuals,
populations or ecosystems to environmental stress. For example,
growth is a biological indicator.

Biomarker refers to a chemical, physiological or pathological
measurement of exposure or effect in an individual organism from the
laboratory or the field. Examples include: contaminanis in liver
enzymes, bile and sex steroids.
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Biome

Biotic

Bitumen

BOD

Bottom Sediments

Bottom-feeding Fish

Cancer

Canopy

Carcinogen

Centre Reject

Chert

Chronic Exposure

Chronic Toxicity
Chronic Toxicity Unit
(TUY)

Climax

Cline

Closure

Community

Composite Tailings

A major community of plants and animals such as the boreal forest or
tundra biome.

The living organisms in an ecosystem.

A highly viscous, tarry, black hydrocarbon material having an API
gravity of about 9° (specific gravity about 1.0). It is a complex mixture
of organic compounds. Carbon accounts for 80 to 85% of the elemental
composition of bitumen, hydrogen - 10%, sulphur - 5%, and nitrogen,
oxygen and trace elements the remainder.

The biochemical oxygen demand (BOD) determination is an imperical

test in which standardized laboratory procedures are used to determine

the relative oxygen requirements of wastewaters, effluents and polluted
waters.

Substrates that lie at the bottom of a body of water. For example, soft
mud, silt, sand, gravel, rock and organic litter, that make up a river
bottom.

Fish that feed on the substrates and/or organisms associated with the
river bottom.

A disease characterized by the rapid and uncontrolled growth of
aberrant cells into malignant tumours.

An overhanging cover, shelter or shade; the tallest layer of vegetation in
an area.

An agent that is reactive or toxic enough to act directly to cause cancer.

A non bituminous baring material found within a central zone of the oil
sand ore body.

A fine-grained siliceous rock. Impure variety of chalcedony that is
generally light-coloured.

A relatively long duration of time (Health Canada considers periods of
human exposure greater than three months to be chronic while the U.S.
EPA only considers human exposures greater than seven years to be
chronic).

The development of adverse effects after an extended exposure to
relatively small quantities of a chemical.

Measurement of long duration toxicity that produces an adverse effect
on organisms.

The culminating stage in plant succession for a given site where the
vegetation has reached a stable condition.

A gradual change in a feature across the distributional range of a
species or population.

The point after shutdown of operations when regulatory certification is
received and the area is returned to the Crown.

Pertaining to plant or animal species living in close association or
interacting as a unit.

A non-segregating mixture made by Syncrude Canada Ltd. of oil sands
extraction tailings that consolidates relatively quickly in deposits.
Composed of sand tailings, mature fine tailings and a chemical
stabilizer (e.g., CaSQ,).
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Concentration

Conceptual Model

Condition Factor

Conductivity

Confined Aquifer

Conifers

Conservative
Approach

Consolidated Tailings
(€T

Consolidated Tailings
Release Water

Consolidation

Contaminant Body
Burdens

Contaminants

Control

Crop Tree
Regeneration

Culture

Quantifiable amount of a chemical in environmental media.

A model developed at an early stage of the risk assessment process that
describes a series of working hypotheses of how the chemicals of
concern may affect potentially exposed populations. The model
identifies the populations potentially at risk along with the relevant
exposure pathways and scenarios.

A measure of the relative “fitness” of an individual or population of
fishes by examining the mathematical relationship between length and
weight. The values calculated show the relationship between growth in
length relative to growth in weight. In populations where increases in
length are matched by increases in weight, the growth is said to be
isometric. Allometric growth, the most common situation in wild
populations, occurs when increases in either length or weight are
disproportionate.

A measure of a waterbody’s capacity to conduct an electrical current. It
is the reciprocal of resistance. This measurement provides the
limnologist with an estimation of the total concentration of dissolved
ionic matter in the water. It allows for a quick check of the alteration of
total water quality due to the addition of pollutants to the water.

An aquifer in which the potentiometric surface is above the top of the
aquifer.

White and black spruce, balsam fir, jack pine and tamarack.

Approach taken to incorporate protective assumptions to ensure that
risks will not be underestimated.

Consolidated Tailings (CT) 1s a non-segregating mixture of oil sands
extraction tailings that consolidates relatively quickly in deposits.
Consolidated tailings are prepared by combining mature fine tails with
thickened (cycloned) fresh sand tailings. This mixture is chemically
stabilized using gypsum (CaSQO,) to prevent segregation of the fine and
coarse mineral sohids.

Water expelled from Consohdated Tailings mixtures during
consolidation.

The gradual reduction in volume of a soil or semi-solid mass.

The total concentration of a contaminant found in either whole-body or
individual tssue samples.

A general term referring to any chemical compound added to a receiving
environment m excess of natural concentrations. The term includes
chemicals or effects not generally regarded as “toxic,” such as nutrients,
colour and salts.

A treatment in a toxicity test that duplicates all the conditions of
exposure treatments but contains no test material. The control is used to
determune basic test conditions in the absence of toxicity (e.g., health of
test organisms, quality of dilution water).

The renewal of a forest or stand of trees by natural or artificial means,
usually white spruce, jack pine or aspen.

The sum of man’s non-biological behavioural traits: learned, patterned
and adaptive.
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CWQG

Darcy’s Law

Depressurization
DEM (Digital
Elevation Model)

Dendritic Drainage
Pattern

Deposit

Depuration

Detection Limit (DL)

Deterministic

Detoxification

Development Area

Diameter at breast
height (DBH)

Discharge

Disclimax

Disturbance (Historic)

Disturbance
(Terrestrial)

Diversity

Canadian Water Quality Guidelines. Numerical concentrations or
narrative statements recommended to support and maintain a designated
water use in Canada. The guidelines contain recommendations for
chemical, physical, radiological and biological parameters necessary to
protect and enhance designated uses of water.

A law describing the rate of flow of water through porous media.
(Named for Henry Darcy of Paris who formulated it in 1856 from
extensive work on the flow of water through sand filter beds.)

The process of reducing the pressure in an aquifer, by withdrawing
water from it.

A three-dimensional grid representing the height of a landscape above a
given datum.

A drainage pattern characterized by irregular branching in all directions
with the tributaries joining the main stream at all angles.

Material left in a new position by a natural transporting agent such as
water, wind, ice or gravity, or by the activity of man.

To free from impurities; to cleanse.

The lowest concentration at which individual measurement results for a
specific analyte are statistically different from a blank (that may be zero)
with a specified confidence level for a given method and representative
matrix.

Risk approach using a single number from each parameter set in the risk
calculation and producing a single value of risk.

To decrease the toxicity of a compound. Bacteria decrease the toxicity
of resin and fatty acids in mill effluent by metabolizing or breaking
down these compounds: enzymes like the EROD or P4501 A proteins
begin the process of breaking down and metabolizing many “oily”
compounds by adding an oxygen atom.

Any area altered to an unnatural state. This represents all land and
water areas included within activities associated with development of
the o1l sands leases.

The diameter of a tree 1.5 m above the ground on the uphill side of the
tree.

In a stream or river, the volume of water that flows past a given point in
. . . ¥
a unit of time (i.e., m’/s).

A type of climax community that is maintained by either continuous or
intermittent disturbance to a severity that the natural climax vegetation
is altered.

A cultural deposit is said to be disturbed when the original sequence of
deposition has been altered. Examples of agents of disturbance include
erosion, plant or animal activity, cultivation and excavations.

A force that causes significant change in structure and/or composition of
a habitat.

The variety, distribution and abundance of different plant and animal
communities and species within an area.
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DL

Dose

Dose Rate

Dose-Response

Drainage Basin

Ecological Land
Classification
Ecoregion

Ecosection

Ecosite

Ecosystem
Edaphic
Edge

Effects Assessment

Effluent

Environmental Impact
Assessment

Environmental Media

Ephemeral

ER (Exposure Ratio)

Detection Limit. The lowest concentration at which individual
measurement results for a specific analyte are statistically different
from a blank (that may be zero) with a specified confidence level for a
given method and representative matrix.

A measure of integral exposure. Examples include (1) the amount of
chemical ingested, (2) the amount of a chemical taken up, and (3) the
product of ambient exposure concentration and the duration of exposure.

Dose per unit time, for example in mg/day, sometimes also called
dosage. Dose rates are often expressed on a per-unit-body-weight basis,
yielding units such as mg/kg body weight/day expressed as averages
over some period, for example a lifetime.

The quantitative relationship between exposure of an organism to a
chemical and the extent of the adverse effect resulting from that
exposure.

The total area that contributes water to a stream.

A means of classifying landscapes by integrating landforms, soils and
vegetation components in a hierarchical manner.

Ecological regions that have broad similarities with respect to soil,
terrain and dominant vegetation,

Clearly recognizable landforms such as river valleys and wetlands, at a
broad level of generalization,

Subdivisions of the ecosection described and analyzed in greater detail
(e.g., subdivisions of the river valley). The focus at this level is on
specific vegetation associations (e.g., wetlands shrub) and the particular
soil, drainage and site conditions that support it.

An integrated and stable association of living and nonliving resources
functioning within a defined physical location.

Referring to the soil. The influence of the soil on plant growth is
referred to as an edaphic factor.

Where plant communties meet.

The process of determining the amount (concentraticn or dose) of a
chemical to which a receptor may be exposed without the development
of adverse effects.

Stream of water discharging from a source.

A review of the effects that a proposed development will have on the
local and regional environment.

One of the major categories of material found in the physical
environment that surrounds or contacts organisms (e.g., surface water,
groundwater, soil, food or air) and through which chemicals can move
and reach the organism.

A phenomenon or feature that last only a short time (i.e., an ephemeral
stream 1s only present for short periods during the year).

A comparison between total exposure from all predicted routes of
exposure and the exposure limits for chemicals of concern. This
comparison is calculated by dividing the predicted exposure by the
exposure limit.
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EROD

Escarpment
Exposure

Exposure Assessment

Exposure
Concentration

Exposure Limit or
Toxicity Reference
Value

Exposure Pathway or
Route

Exposure Ratio (ER)
or Hazard Quotient

(HQ)

Exposure Scenario

Fate

Fauna

Fecundity

Filter-Feeders

Ethoxyresorufin-O-deethylase {(EROD) are enzymes that can increase in
concentration and activity following exposure of some organisms to
chemicals such as polycyclic aromatic hydrocarbons. EROD
measurement indirectly measures the presence of catalytical proteins
that remove a CH,CH,-group from the substrate ethoxyresorufin.

A cliff or steep slope at the edge of an upland area. The steep face of a
river valley.

The contact reaction between a chemical and a biological system, or
organism.

The process of estimating the amount (concentration or dose) of a
chemical that is taken up by a receptor without the development of
adverse effects.

The concentration of a chemical in its transport or carrier medium at the
point of contact.

For a non-carcinogenic chemical, the maximum acceptable dose (per
unit body weight and unit of time) of a chemical that a specified
receptor can be exposed to, without the development of adverse effects.
For a carcinogenic chemical, the maximum acceptable dose of a
chemical to which a receptor can be exposed to, assuming a specified
risk (e.g., 1 in 100,000). May be expressed as a Reference Dose (RfD)
for non-carcinogenic (threshold-response) chemicals or as a Risk
Specific Dose (RsD) for carcinogenic (non-threshold response)
chemicals. Also referred to as a toxicity reference value.

The route by which a receptor comes into contact with a chemical or
physical agent. Examples of exposure pathways include the ingestion of
water, food and soil, the inhalation of air and dust, and dermal
absorption.

A comparison between total exposure from all predicted routes of
exposure and the exposure limits for chemicals of concern. This
comparison is calculated by dividing the predicted exposure by the
exposure limit. Also referred to as hazard quotient (HQ).

A set of facts, assumptions and inferences about how exposure takes
place, that helps the risk assessor evaluate, estimate and quantify
exposures.

In the context of the study of contaminants, fate refers to the chemical
form of a contaminant when it enters the environment and the
compartment of the ecosystem in which that chemical is primarily
concentrated (e.g., water or sediments). Fate also includes transport of
the chemical within the ecosystem (via water, air or mobile biota) and
the potential for food chain accumulation.

An association of animals living in a particular place or at a particular
time.

The most common measure of reproductive potential in fishes. It is the
number of eggs in the ovary of a female fish. It is most commonly
measured in gravid fish. Fecundity increases with the size of the female.

Organisms that feed by straining small organisms or organic particles
from the water column.
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Filterable Residue

Fine Tailings

Fines

Fish Health
Parameters

Fisheries Act

Floodplain

Flue Gas
Desulphurization
(FGD)

Fluvial

Food Chain Transfer

Forage Area

Forage Fish

Forb
Forest

Forest Fragmentation

Forest Landscape

Forest Succession

Materials in water that pass through a standard-size filter (often

0.45 mm). This is a measure of the “total dissolved solids” (TDS), i.e.,
chemicals that are dissolved in the water or that are in a particulate form
smaller than the filter size. These chemicals are usually salts, such as
sodium ions and potassium ions.

A suspension of fine silts, clays, residual bitumen and water that forms
in the course of bitumen extraction from oil sands using the hot water
extraction process. This material segregates from coarse sand tailings
during placement in tailings ponds and accumulates in a layer, referred
to as fine tailings, that dewaters very slowly. The top of the fine tailings
deposit is typically about 85% water, 13% fine minerals and 2%
bitumen by weight.

Silt and clay particles.

Parameters used to indicate the health of an individual fish. May
include, for example, short-term response indicators such as changes in
liver mixed function oxidase activity and the levels of plasma ghucose,
protein and lactic acid. Longer-term indicators include internal and
external examination of exposed fish, changes in organ characteristics,
hematocrit and hemoglobin levels. May also include challenge tests
such as disease resistance and swimming stamina.

Federal legislation that protects fish habitat from being altered, disrupted
or destroyed by chemical, physical or biological means. Destruction of
the habitat could potentially undermine the economic, employment and
other benefits that flow from Canada’s fisheries resources (DFO 1986).

Land near rivers and lakes that may be inundated during seasonally high

water levels (i.e., floods).

A process involving removal of a substantial portion of sulphur dioxide
from the combustion gas (flue gas) formed from burning petroleum
coke. Desulphurization is accomplished by contacting the combustion
gases with a solution of limestone. Gypsum (CaSO,) is formed as a
byproduct of this process.

Relating to a stream or river,

A process by which materials accumulate in the tissues of lower trophic
level organisms and are passed on to higher trophic level organisms by
dietary uptake.

The area used by an organism for hunting or gathering food.

Small fish that provide food for larger fish (e.g., longnose sucker,
fathead minnow)

Broadleaved herb, as distinguished from grasses.
A collection of stands of trees that occur in similar space and time.

The change in the forest landscape, from extensive and continuous
forests.

Forested or formerly forested land not currently developed for non-
forest use.

The orderly process of change in a forest as one plant community or
stand condition is replaced by another, evolving toward the climax type
of vegetation,
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Fragmentation
Froth

Fugitive Emissions

Geomorphic

Geomorphical
Processes

Geomorphology

GIS

Glacial Till

Glaciolacustrine

Golder

Gonads
Groundtruth
Groundwater
Groundwater Level

Groundwater Regime

Groundwater Velocity

GSI

Guild

The process of reducing size and connectivity of stands of trees that
compose a forest.

Air-entrained bitumen with a froth-like appearance that is the product of
the primary extraction step in the hot water extraction process.

Contaminants emitted from any source except those from stacks and
vents. Typical sources include gaseous leakages from valves, flanges,
drains, volatilization from ponds and lagoons, and open doors and
windows. Typical particulate sources include bulk storage areas, open
conveyors, construction areas or plant roads.

Pertaining to natural evolution of surface soils and landscape over long
periods.

The origin and distribution of landforms, with the emphasis on the
nature of erosional processes.

That branch of science that deals with the form of the earth, the general
configurations of its surface, and the changes that take place in the
evolution of landforms.

Geographic Information System. Pertains to a type of computer
software that is designed to develop, manage, analyze and display
spatially referenced data.

Unsorted and unstratified glacial drift, generally unconsolidated,
deposited directly by a glacier without subsequent reworking by water
from the glacier. Consisting of a heterogeneous mixture of clay, silt,
sand, gravel and boulders (i.e., drift) varying widely in size and shape.

Relating to the lakes that formed at the edge of glaciers as the glaciers
receded. Glaciolacustrine sediments are commonly laminar deposits of
fine sand, silt and clay.

Golder Associates Ltd.

Organs responsible for producing haploid reproductive cells in
multicellular cells in multicellular animals. In the male, these are the
testes and in the female, the ovaries.

Conductive site visits to confirm accuracy of remotely sensed
information.

That part of the subsurface water that occurs beneath the water table, in
soils and geologic formations that are fully saturated.

The level below which the rock and subsoil, to unknown depths, are
saturated.

Water below the land surface in a zone of saturation.

The speed at which groundwater advances through the ground. In this
document, the term refers to the average linear velocity of the
groundwater.

Gonad-Somatic Index. The proportion of reproductive tissue in the
body of a fish. It is calculated by dividing the total gonad weight by the
total body weight and multiplying the result by 100. It is used as an
index of the proportion of growth allocated to reproductive tissues in
relation to somatic growth.

A set of coexisiting species that share a common resource.

Golder Associates

GLOSSARY



December 1997

-10 - GLOSSARY

Habitat

Hazard
Head

Herb

Heterogeneity

Histology/
Histological

Historical Resources
Impact Assessment

Historical/Heritage
Resources
Hydraulic
Conductivity
Hydraulic Gradient

Hydraulic Head

Hydraulic Structure

Hydrogeology

ICP (Metals)

The place where an animal or plant naturally or normally lives and
grows, for example, a stream habitat or a forest habitat.

A condition with the potential for causing an undesirable consequence.

The energy, either kinetic or potential, possessed by each unit weight of
a liquid, expressed as the vertical height through which a unit weight
would have to fall to release the average energy possessed. It is used in
various compound terms such as pressure head, velocity head and loss
of head.

Tender plant, lacking woody stems, usually small or low; it may be
annual or perenuial, broadleaf (forb) or graminoid (grass).

Variation in the environment over space and time.

The microscopic study of tissues.

A review of the effects that a proposed development will have on the
local and regional historic and prehistoric heritage of an area.

Works of nature or of man, valued for their palaeontological,
archaeological, prehistoric, historic, cultural, natural, scientific, or
aesthetic interest.

The permeability of soil or rock to water.

A measure of the force of moving groundwater through soil or rock. It
is measured as the rate of change in total head per unit distance of flow
in a given direction. Hydraulic gradient is commonly shown as being
dimensionless, since its units are m/m.

The elevation, with respect to a specified reference level, at which water
stands in a piezometer connected to the point in question in the soil. Its
definition can be extended to soil above the water table if the piezometer
is replaced by a tensiometer. The hydraulic head in systems under
atmospheric pressure may be identified with a potential expressed in
terms of the height of a water column. More specifically, it can be
identified with the sum of gravitational and capillary potentials, and may
be termed the hydraulic potential,

Any structure designed to handle water tn any way. This includes
retention, conveyance, control, regulation and dissipation of the energy
of water.

The study of the factors that deal with subsurface water (groundwater),
and the related geologic aspects of surface water.

Inductively Coupled Plasma (Atomic Emission Spectroscopy). This
analytical method 1s a U.S. EPAdesignated method (Method 6010). The
method determmnes elements within samples of groundwater, aqueous
samples. leachates, industrial wastes, soils, sludges, sediments and other
solid wastes. Samples require chemical digestion before analysis.
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Induction

Inorganics

Integrated Resource
Management
Interspersion

Isolated Find

KIRs

Landform

LANDSAT

Landscape

Landscape Diversity

Leaching
Lean Oil Sands

Lesions
Lethal
Lipid

Littoral Zone

Loading Rates

LOAEL

LOEC

Response to a biologically active compound — involves new or
increased gene expression resulting in enhanced synthesis of a protein.
Such induction is commonly determined by measuring increases in
protein levels and/or increases in the corresponding enzyme activity.
For example, induction of EROD would be determined by measuring
increases in cytochrome P4501A protein levels and/or increases in
EROD activity.

Pertaining to a compound that contains no carbon.

A coordinated approach to land and resource management, which
encourages multiple-use practices.

The percentage of map units containing categories different from the
map unit surrounding it.

The occurrence of a single artifact with no associated artifacts or
features.

Key indicator resources are the environmental attributes or components
identified as a result of a social scoping exercise as having legal,
scientific, cultural, economic or aesthetic value.

General term for the configuration of the ground surface as a factor in
soil formation; it includes slope steepness and aspect as well as relief.
Also, configurations of land surface taking distinctive forms and
produced by natural processes (e.g., hill, valley, plateau).

A specific satellite or series of satellites used for earth resource remote
sensing. Satellite data can be converted to visual images for resource
analysis and planning.

A heterogeneous land area with interacting ecosystems.

The size, shape and connectivity of different ecosystems across a large
area.

The removal, by water, of soluble matter from regolith or bedrock.

Oil bearing sands, which do not have a high enough saturation of oil to
make extraction of them economically feasible.

Pathological change in a body tissue.
Causing death by direct action.

One of a large variety of organic fats or fat-like compounds, including
waxes, steroids, phospholipids and carotenes. Refers to substances that
can be extracted from living matter using hydrocarbon solvents. They
serve several functions in the body, such as energy storage and
transport, cell membrane structure and chemical messengers.

The zone in a lake that is closest to the shore.

The amount of deposition, determined by technical analysis, above
which there is a specific deleterious ecological effect on a receptor.

Lowest Observed Adverse Effect Level. In toxicity testing it is the
lowest concentration at which adverse effects on the measurement end
point are observed.

Lowest Observed Effect Concentration. The lowest concentration in a
medium that causes an effect that is a statistically significant difference
in effect compared to controls.
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LOEL

3
m /s

Mature Fine Tailings
(MFT)

Mature Forest

Mature Stand
Media

Mesic

Metabolism

Metabolites

MFO

Microclimate

. <
Microtox

Modelling

Multilayered Canopy

NOAEL

Lowest Observed Effect Level. In toxicity testing it is the lowest
concentration at which effects on the measurement end point are
observed.

Liver Somatic Index. Ratio of liver versus total body weight.
Expressed as a percentage of total body weight.

Cubic metres per second. The standard measure of water flow in rivers;
i.e., the volume of water in cubic metres that passes a given point in one
second.

These are fine tailings that have dewatered to a level of about 30%
solids over a period of about three years after deposition. The rate of
consolidation beyond this point is substantially reduced. Mature fine
tailings behave like a viscous fluid.

A forest greater than rotation age with moderate to high canopy closure;
a multilayered, multispecies canopy dominated by large overstory trees;
some with broken tops and other decay; numerous large snags and
accumulations of downed woody debris.

A stand of trees for which the annual net rate of growth has peaked.

The physical form of the environmental sample under study (e.g., soil,
waiter, air).

Pertaining to, or adapted to an area that has an intermediate supply of
water; neither wet not dry.

Metabolism is the total of all enzymatic reactions occurring in the cell; a
highly coordinated activity of interrelated enzyme systems exchanging
matter and energy between the cell and the environment. Metabolism
involves both the synthesis and breakdown (catabolism) of individual
compounds.

Organisms alter or change compounds in various ways, such as
removing parts of the original or parent compound, or in other cases
adding new parts. Then, the parent compound has been metabolized and
the newly converted compound is called a metabolite.

Mixed Function Oxidase. A term for reactions catalyzed by the
Cytochrome P450 family of enzymes, occurring primarily in the liver.
These reactions transform organic chemicals, often altering toxicity of
the chemicals.

The temperature, precipitation and wind velocity in a resiricted or
localized area, site or habitat.

A toxicity test that includes an assay of light production by a strain of
luminescent bacteria (Photobacterium phosphoreum).

A simplified representation of a relationship or system of relationships.
Modelling involves calculation techniques used to make quantitative
estimates of an output parameter based on iis relationship to input
parameters. The input parameters influence the value of the output
parameters.

Forest stands with two or more distinct tree layers in the canopy; also
called multistoried stands.

No observed adverse effect level. No observed effect level. In toxicity
testing, it is the highest concentration at which no adverse effects on the
measurement end point are observed.
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Node Location along a river channel, lake inlet or lake outlet where flows,
sediment yield and water quality have been quantified.

NOEC No observed adverse effect concentration. The highest concentration in
a medium that does not cause a statistically significant difference in
effect as compared to controls.

NOEL No observed effect level. In toxicity testing, it is the highest
concentration at which no effects on the measurement end point are
observed.

Non-Filterable Material in a water sample that does not pass through a standard size

Residue filter (often 0.45 mm). This is considered to represent “total suspended

solids” (TSS), i.e., particulate matter suspended in the water column.

Noncarcinogen A chemical that does not cause cancer and has a threshold concentration,
below which adverse effects are unlikely.

Nutrients Environmental substances (elements or compounds) such as nitrogen or
phosphorus, which are necessary for the growth and development of
plants and animals.

Oil Sands A sand deposit containing a heavy hydrocarbon (bitumen) in the
intergranular pore space of sands and fine-grained particles. Typical oil
sands comprise approximately 10 wt% bitumen, 85% coarse sand
(>44mm) and a fines (<44mm) fraction, consisting of silts and clays.

Organics Chemical compounds, naturally occurring or otherwise, which contain
carbon, with the exception of carbon dioxide (CO,) and carbonates (e.g.,
CaCo0,).

Overburden The soil, sand, silt or clay that overlies bedrock. In mining terms, this

includes all material that has to be removed to expose the ore.

Overstory Those trees that form the upper canopy in a multilayered forest.
Overwintering Habitat  Habitat used during the winter as a refuge and for feeding.

PAH(s) Polycyclic Aromatic Hydrocarbon. A chemical byproduct of petroleum-
related industry. Aromatics are considered to be highly toxic
components of petroleum products. PAHs, many of which are potential
carcinogens, are composed of at least two fused benzene rings. Toxicity
increases along with molecular size and degree of alkylation of the
aromatic nucleus.

Paleosol A paleosol is a soil that was formed in the past. Paleosols are usually
buried beneath a layer of sediments and are thus no longer being
actively created by soil formation processes like organic decay.

PANH Polycyclic Aromatic Nitrogen Heterocycle. See PAH.
PASH Polycyclic Aromatic Sulphur Heterocycle.
Patch This term is used to recognize that most ecosystems are not

homogeneous, but rather exist as a group of patches or ecological
islands that are recognizably different from the parts of the ecosystem
that surround them but nevertheless interact with them.

Pathology The science that deals with the cause and nature of disease or diseased
tissues.
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Performance
Assessment

Permit Holder

Physiological

Pictograph

Piezometer

Piezometric Surface

Plant Community

PM,,

PM,;

Polishing Pond

Population

Porewaier

Problem Formulation

QA/QC

QA/QC Plan

Rearing Habitat

Receptor

Reclamation

Reclamation Unit

Prediction of the future performance of a reclaimed lease to allow
identification of potential adverse effects with respect to geotechnical,
geomorphic and ecosystem sustainability.

The director of an Historical Resource Impact Assessment. Responsible
for the satisfactory completion of all field and laboratory work and
author of the technical report.

Related to function in cells, organs or entire organisms, in accordance
with natural processes of life.

Aboriginally painted designs on natural rock surfaces. Red ochre is the
most frequently used pigment.

A pipe in the ground in which the elevation of water level can be
measured.

If water level elevations in wells completed in an aquifer are plotted on
a map and contoured, the resulting surface described by the contours is
known as a potentiometric or piezometric surface,

An association of plants of various species found growing together.

Particulate matter in air that is < 10 microns in diameter and represents
the proportion of suspended particulates that is small enough to be
inhaled into the lungs.

Particulate matter in air that is € 2.5 microns in diameter and can be
inhaled into the lungs.

Pond where final sedimentation takes place before discharge.

A collection of individuals of the same species that potentially
interbreed.

Water between the grains of a soil or rock.

The mitial step in a risk assessment that focuses the assessment on the
chemicals, receptors and exposure pathways of greatest concern.

Quality Assurance/Quality Control refers to a set of practices that ensure
the quality of a product or a result. For example, “Good Laboratory
Practice™ 1s part of QA/QC in analytical laboratories and involves such
things as proper instrument calibration, meticulous glassware cleaning
and an accurate sample information system.

Quality Assurance/Quality Control Plan.

Habitat used by young fish for feeding and/or as a refuge from
predators.

The person or organism subjected to exposure to chemicals or physical
agents.

The restoration of disturbed or waste land to a state of useful capability.
Reclamation is the mitiation of the process that leads to a sustainable
landscape (see definition), including the construction of stable
landforms, drainage systems, wetlands, soil reconstruction, addition of
nutrients and revegetation. This provides the basis for natural
succession to mature ecosystems suitable for a variety of end uses.

A unique combination of reclamation conditions, namely surface shape,
sub-base material, cover material and initial vegetation.
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Regeneration

Rejects

Relative Abundance

Remote Sensing

Replicate

RfD (Reference Dose)

Riffle Habitat

Riparian Area

Risk

Risk-Based
Concentration (RBC)

Risk Analysis

Risk Assessment

Risk Characterization

Risk Management

Robust Landscape

The natural or artificial process of establishing young trees.

Hard clusters of clays or lean oil sands that do not pass sizing screens in
the extraction process and are rejected. Rejects contain residual bitumen
and account for a portion of extraction recovery loss.

The proportional representation of a species in a sample or a
community.

Measurement of some property of an object or surface by means other
than direct contact; usually refers to the gathering of scientific
information about the earth’s surface from great heights and over broad
areas, using instruments mounted on aircraft or satellites.

Duplicate analyses of an individual sample. Replicate analyses are used
for measuring precision in quality control.

The maximum recommended daily exposure for a non-carcinogenic
chemical exhibiting a threshold (highly nonlinear) dose-response based
on the NOAEL determined for the chemical from human and/or animals
studies and the use of an appropriate uncertainty factor.

Shallow rapids where the water flows swiftly over completely or
partially submerged materials to produce surface agitation.

A geographic area containing an aquatic ecosystem and adjacent upland
areas that directly affect it.

The likelihood or probability, that the toxic effects associated with a
chemical or physical agent will be produced in populations of
individuals under their actual conditions of exposure. Risk is usually
expressed as the probability of occurrence of an adverse effect, i.e., the
expected ratio between the number of individuals that would experience
an adverse effect at a given time and the total number of individuals
exposed to the factor. Risk is expressed as a fraction without units and
takes values from O (absolute certainty that there is no risk, which can
never be shown) to 1.0, where there is absolute certainty that a risk will
occur.

Concentration in environmental media below which health risks are not
expected to occur,

Quantification of predictions of magnitudes and probabilities of
potential impacts on the health of people, wildlife and/or aquatic biota
that might arise from exposure to chemicals originating from a study
area.

Process that evaluates the probability of adverse effects that may occur,
or are occurring on target organism(s) as a result of exposure to one or
more Stressors.

The process of evaluating the potential risk to a receptor based on
comparison of the estimated exposure to the toxicity reference value.

The managerial, decision-making and active hazard control process used
to deal with those environmental agents for which risk evaluation has
indicated the risk is too high.

Landscape with either an capability to self-correct after extreme events
or one with hazard triggers reducing with time.
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RsD (Risk Specific
Dose)

Run Habitat
Runoff

Run-on

Saturation Percentage
Scale

Screening

Secondary Extraction

Sediment Sampling

Sedimentation

Shell

Silviculture

Site

[Human Health]
Stte

[Historic]

Slamps

Snag
Snye

The exposure limit determined for chemicals assumed to act as
genotoxic, non-threshold carcinogens. An RsD is a function of
carcinogenic potency (q,ﬁ) and defined acceptable risk (i.e., q,“ | target
level of risk); for example, the RsD for a lifetime cancer risk of one-in-
one-million would equal qlﬁ, 1x10°

Areas of swiftly flowing water, without surface waves, that approximate
uniform flow and in which the slope of water surface is roughly parallel
to the overall gradient of the stream reach.

The portion of water from rain and snow that flows over land to streams,
ponds or other surface waterbodies. It is the portion of water from
precipitation that does not infiltrate into the ground, or evaporate.

Essentially the same as runoff, but referring to water that flows onto a
property, or any piece of land of interest. Includes only those waters
that have not been in contact with exposed o1l sands, or with oil sands
operational areas.

Percent water content where the soil is completely saturated with water.
Level of spatial resolution.

The process of filtering and removal of implausible or unlikely exposure
pathways, chemicals or substances, or populations from the risk
assessment process to focus the analysis on the chemicals, pathways and
populations of greatest concern.

In this step, bitumen froth from the primary extraction step is diluted
with light hydrocarbon and water and fine solids are removed by
centrifuges in stages.

A field procedure relating to a method for determining the configuration
of sediments.

The process of subsidence and deposition of suspended matter carried
by water, wastewater or other liquids, by gravity. It is usually
accomplished by reducing the velocity of the liquid below the point at
which 1t can transport the suspended matenal.

Shell Canada Limuted

The science and practice of controlling the establishment, composition
and growth of the vegetaton in forest stands. It includes the control or
production of stand structures such as snags and down logs, in addition
to live vegetation,

The area determined to be significantly impacted after the iterative
evaluations of the nisk assessment. Can also be applied to political or
legal boundaries.

Any location with detectable evidence of past human activity.

Small shallow slope failure imvolving relocation of surficial soil on a
slope without risk to the overall stability the facility.

Any standing dead, or partially dead iree.

Discrete section on non-flowing water connected to a flowing channel
only at its downstream end, generally formed in a side channel or behind
a peninsula (bar).
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Sodium Adsorption
Ratio (SAR)
Soil Structure

Spawning Habitat

Species

Species Composition

Species Distribution

Species Diversity

Species Richness
Sport/Game Fish
Stand

Stand Age

Stand Density

Standard Deviation
(Sd)

Stratigraphy

Strip Mining

Structure (Stand

Structure)

Subchronic toxicity

Succession

Concentrations of sodium, calcium and magnesium ions in a solution,

The combination or arrangement of primary soil particles into secondary
particles, units or peds.

A particular type of area where a fish species chooses to reproduce.
Preferred habitat (substrate, water flow, temperature) varies from
species to species.

A group of organisms that actually or potentially interbreed and are
reproductively isolated from all other such groups; a taxonomic
grouping of genetically and morphologically similar individuals; the
category below genus.

A term that refers to the species found in the sampling area.

Where the various species in an ecosystem are found at any given time,
Species distribution varies with season.

A description of a biological community that includes both the number
of different species and their relative abundances. Provides a measure
of the variation in number of species in a region. This variation depends
partly on the variety of habitats and the variety of resources within
habitats and, in part, on the degree of specialization to particular habitats
and resources.

The number of different species occupying a given area.
Large fish caught for food or sport (e.g., northern pike, Arctic grayling).

An aggregation of trees occupying a specific area and sufficiently
uniform in composition, age, arrangement and condition so that it is
distinguishable from trees in adjoining areas.

The number of years since a stand experienced a stand-replacing
disturbance event (e.g., fire, logging).

The number and size of trees on a forest site.

A measure of the variability or spread of the measurements about the
mean. It is calculated as the positive square root of the variance.

The succession and age of strata of rock and unconsolidated material.
Also concemns the form, distribution, lithologic composition, fossil
content and other properties of the strata.

Mining method in which overburden is first removed from a seam of
coal, or a sedimentary ore such as oil sands, allowing the coal or ore to
be removed.

The various horizontal and vertical physical elements of the forest. The
physical appearance of canopy and subcanopy trees and snags, shrub
and herbaceous strata and downed woody material.

Adverse effects occurring as a result of the repeated daily exposure to a
chemical for a short time. In Canada, human exposures lasting between
two weeks and three months may be termed subchronic while in the
U.S., human exposures lasting between two weeks and seven years may
be termed subchronic.

A series of dynamic changes by which one group of organisms succeeds
another through stages leading to a climax community.
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Successional Stage

Suncor
Surficial Aquifer
Surficial Deposit

Suspended Sediments

Sustainable Landscape

Syncrude

Tailings

Tailings Ponds

DS
Thalweg

TID
Till
TOC

Total Dissolved Solids
(TDS)

Toxic

Toxic Threshold

Toxicity

A stage or recognizable condition of a forest community that occurs
during its development from bare ground to climax.

Suncor Energy Inc., Oil Sands
A surficial deposit containing water considered an aquifer.

A geologic deposit (clay, silt or sand) that has been placed above
bedrock. (See also “Overburden”)

Particles of matter suspended in the water. Measured as the oven dry
weight of the solids, in mg/L, after filtration through a standard filter

paper. Less than 25 mg/L would be considered clean water, while an
extremely muddy river might have 200 mg/L of suspended sediments.

Capability of landscape (including landforms, drainage, waterbodies and
vegetation) to survive extreme events and natural cycles of change,
without causing accelerated erosion and environmental impacts much
more severe than that of the natural environment.

Syncrude Canada Ltd.

A byproduct of oil sands extraction composed of water, sands and clays,
with minor amounts of residual bitumen.

Man-made impoundment structures required to contain tailings,
Tailings ponds are enclosed by dykes made with tailings sand and/or
overburden materials to stringent geotechnical standards.

Total dissolved solids. See filterable residue.

The (imaginary) line connecting the lowest points along a streambed or
valley. Within rivers, the deep channel area.

Tar Island Dyke
Sediments laid down by glaciers.

Total Organic Carbon. TOC is composed of both dissolved and
particulate forms. TOC is often calculated as the difference between
total carbon (TC) and total inorganic carbon (TIC). TOC has a direct
relationship with both biochemical and chemical oxygen demands, and
varies with the composition of organic matter present in the water.
Organic matter 1n soils, aquatic vegetation and aquatic organisms are
major sources of organic carbon.

The total concentration of all dissolved compounds solids found in a
water sample.

A substance, dose or concentration that is harmful to a living organism.

Almost all compounds (except genotoxic carcinogens) become toxic at
some level with no evident harm or adverse effect below that level.
Scientists refer to the level or concentration where they can first see
evidence for an adverse effect on an organism as the toxic threshold.
Genotoxic carcinogens exhibit some toxic potential at any level.

The inherent potential or capacity of a material to cause adverse effects
in a living organism.
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Toxicity Reference
Value (TRV)

TSP

TSS
U.S. EPA

Uncertainty

Uncertainty Factor

Unconfined Aquifer
Understory

Upgraded Crude Oil

Uptake

Vegetation Community

Waste Area

Water Equivalent
Water Table

For a non-carcinogenic chemical, the maximum acceptable dose (per
unit body weight and unit of time) of a chemical to which a specified
receptor can be exposed, without the development of adverse effects.
For a carcinogenic chemical, the maximum acceptable dose of a
chemical to which a receptor can be exposed, assuming a specified risk
(e.g., 1 in 100,000). May be expressed as a Reference Dose (RfD) for
non-carcinogenic (threshold-response) chemicals or as a Risk Specific
Dose (RsD) for carcinogenic (non-threshold response) chemicals. Also
referred to as exposure limit.

Total suspended particulates. A measure of the total amount of
suspended particulate matter in air.

Total suspended solids. See non-filterable residue.
U.S. Environmental Protection Agency.

Imperfect knowledge concerning the present or future state of the
system under consideration; a component of risk resulting from
imperfect knowledge of the degree of hazard or of its spatial and
temporal distribution.

A unitless numerical value applied to a reference toxicological value
(i.e., NOAEL) to account for uncertainties in the experimental data used
to derive the toxicological value (e.g., short testing period, lack of
species diversity, small test group, etc.) and to increase the confidence in
the safety of the exposure dose as it applies to species other than the test
species (e.g., sensitive individuals in the human population). The
exposure limit (or toxicity reference value) equals the NOAEL divided
by the uncertainty factor.

An aquifer in which the water level is below the top of the aquifer.

Those trees or other vegetation in a forest stand below the main canopy
level.

Often referred to as synthetic oil, upgraded crude oil is bitumen that has
undergone alteration to improve its hydrogen-carbon balance to a lighter
specific gravity product. Upgraded crude oil products may include:

e Oil Sands A, a blend of low sulphur (hydrotreated) naphtha,
kerosene and gas oil;

o  Oil Sands Diesel, hydrotreated kerosene;

e  Oil Sands E, a sour (higher sulphur) blend of coker distillate;
and

o  Oil Sands Virgin, an uncracked vacuum tower product.

The process by which a chemical crosses an absorption barrier and is
absorbed into the body.

See plant community.

The area where overburden materials are placed that are surplus to the
need of the mine. Also referred to as a “waste dump or stockpile.”

As relating to snow; the depth of water that would result from melting.

The shallowest saturated ground below ground level — technically, that
surface of a body of unconfined groundwater in which the pressure is
equal to atmospheric pressure.
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Watershed
Wetlands

Worst-Case

wsC

Xeric

YOY

The entire surface drainage area that contributes water to a lake or river.

Term for a broad group of wet habitats. Wetlands are transitional between
terrestrial and aquatic systems, where the water table is usually at or near
the surface or the land is covered by shallow water. Wetlands include
features that are permanently wet, or intermittently water-covered such as
swamps, marshes, bogs, muskegs, potholes, swales, glades, slashes and
overflow land of river valleys.

A semi-quantitative term referring to the maximum possible exposure,
dose or risk, that can conceivably occur, whether or not this exposure,
dose or risk actually occurs is observed in a specific population. It should
refer to a hypothetical situation in which everything that can plausibly
happen to maximize exposure, dose, or risk does happen. The worst-case
may occur in a given population, but since it is usvally a very unlikely set
of circumstances in most cases, a worst-case estimate will be somewhat
higher than what occurs in a specific population.

Water Survey of Canada

Referring to habutats in which plant production is limited by availability of
water.

Young of the year. Fish at age 0, within the first year after hatching.

Golder Associates



APPENDIX IV

Hydrogeology Impact Analysis, Detailed Calculations



December 1997 V-1

v HYDROGEOLOGY IMPACT ANALYSIS, DETAILED
CALCULATIONS

V.1 Introduction

Potential hydrogeologic impacts from the proposed development that have
been considered in the environmental impact assessment include:

impacts on groundwater resources;

e changes in groundwater regimes that interact with surface waters in
terms of quantity of flow; and

e effects on groundwater quality, particularly those that are subsequently
transmitted to receiving surface waters.

These potential impacts from the Muskeg River Mine Project are discussed
in detail in the body of the EIA report, in Sections IV3 and F3. The
hydrogeologic setting and baseline information are included in section D3
of the EIA report.

The appendix includes details of specific groundwater discharge and
seepage calculations that provided the data in Sections IV3 and F3 of the
EIA report. Technical review and data analysis is included as part of the
discussion in Sections IV3 and F3.

IV.2  Geologic Framework

The geologic framework of the Muskeg River Mine Project area is the
starting point for many of the hydrogeologic analyses conducted for the
Environmental Impact Assessment. Site geology was characterized by
Shell Canada Limited, and provided to Komex in the form of geologic
structure and isopach maps.

The distribution and characteristics of overburden material in the Muskeg
River Mine Project area were estimated primarily from two maps:

e  The thickness of surficial sand (Figure IV3-1) was used to estimate both
the thickness of overburden material that would contribute to
overburden dewatering and to assess seepage from backfilled mine pits
and from the tailings settling pond.

e The Bedrock Topography map (Figure I1V3-2) together with surface
topography, provided an estimate of the total overburden thickness.
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Structure and isopach maps for the Basal Aquifer (Figures 1V3-3 and IV3-4,
respectively) were used to generate cross-section models. The Basal
Aquifer isopach map (Figure IV3-4) was used to estimate Basal Aquifer
thickness in the mine area, for use in calculating transmissivity for Basal
Aquifer depressurization. In many of the cross-section models, lean oil
sands are present beneath the mine pit floor; the thickness of lean oil sands
was incorporated into the models based on the isopach map (Figure IV3-5).

V.3 Location of Model Cross-Sections

Eleven vertical cross-sections were developed for finite element modelling
of the various pits within the Project area. The cross-section locations are
shown in Figure IV3-6. In addition, one regional cross-section was
developed for the external tailings setling pond structure, extending from the
Athabasca River, across the tailings settling pond, to the Muskeg River.
The location of this cross-section (7R) is shown in Figure IV3-6.

V.4 OVERBURDEN DEWATERING CALCULATIONS

iV.4.1 Approach

The dewatering of surficial overburden is expected to be done by means of a
series of ditches, collecting groundwater for discharge to the surface water
management system. Most of the overburden that is dewatered is ultimately
mined. Therefore, the groundwater collected by the dewatering system
represents a finite volume. The volume of groundwater removed includes
the amount released from storage in the overburden plus any natural
recharge that may occur from precipitation during the dewatering period.

Six assumptions underlie the overburden dewatering calculations:

t. Groundwater collected from overburden dewatering and drainage is

discharged to receiving streams.

Loss of baseflow to surface streams due to overburden dewatering is not

calculated separately.

3. Groundwater inflow is calculated only for sand or sand and gravel
deposits.  Inflow from till or lacustrine sediments is assumed to be
negligible.

4. Groundwater collected from overburden drainage has three components:
(1) porewater that drains from overburden according to the specific
vield of the aquifer material;

(2) groundwater recharge from direct precipitation on the area being
dewatered; and

N
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(3) inflow from around the perimeter of the dewatering area.

5. Overburden storage areas, plant sites and sand disposal areas are built on
cleared land where the muskeg is drained, but no overburden
dewatering is required.

6. Overburden dewatering for each 1-year mine block takes place over a
period of two years, and flow rates are reported as the average over that
period.

Two approaches were used to estimate the dewatering of surficial
overburden deposits: a water balance approach, and an analytical solution
for unconfined groundwater flow. These approaches are discussed below.

The water balance approach is based on the assumption that the maximum
amount of groundwater that can be recovered from the overburden is limited
to the amount of groundwater recharge that occurs, plus any groundwater
released from storage. This method neglects inflows from the perimeter of
the dewatering area, and therefore will underestimate total dewatering
discharge.

The first (recharge) component of the water balance can be represented as:

Q =q, 4
(1)

where (O, is the total overburden discharge that can be obtained from
groundwater recharge g, over the surface area 4 of dewatering. The water
balance discharge calculations are influenced by the natural groundwater
recharge rate; two values of recharge (low recharge of 50 mm/y, and high
recharge of 69 mm/yr; Alsands 1981) are used to calculate a range of
discharge that reflects variation in this parameter. The second (storage)
component of the water balance can be represented as:

0, = AeDsS,
(2)

where O, is the total discharge obtained from the release of overburden
porewater from storage, D is the thickness of the overburden and Sy is the
specific yield of the overburden. The total discharge (Q,) from both
components of the water balance is:

Q=0 +0,
(3)
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The analytical approach is based on dewatering equations for a trench in
unconfined aquifers (Driscoll 1987). The dewatering equation allows
calculation of the discharge per unit length of ditch, based on the hydraulic
properties and water levels in the area to be dewatered.

The dewatering equation for flow from an unconfined aquifer to one side of
a dewatering ditch of unit length is given as:

K(H? - h*)
2L,

(4)

where Q is the discharge per unit length of ditch, K is hydraulic conductivity
of the overburden, H is the saturated thickness of the overburden before
dewatering, £ is the height of water in the ditch and Z, is distance to the
point of zero drawdown in the overburden.

To obtain an estimate of L,, a schematic cross-section of a single drainage
ditch was analyzed using a two-dimensional, finite element groundwater
flow model. The program used was SEEP/W, version 3.02 by Geo-slope
International of Calgary, Alberta. The finite element model was used to
evaluate drawdown versus distance from a ditch for a range of hydraulic
conductivity values and natural groundwater recharge rates. The model was
constructed to simulate one side of a single ditch, 46 m deep and 430 m
wide, excavated to the base of overburden sand 46 m thick. The overall
cross-section was 2.5 km long, with a single constant head node in the
centre of the ditch representing the drainage elevation of the ditch. The
vertical dimension of the cross-section included oil sands 48 m thick
overlying a 2 m thickness of Basal Aquifer in which a constant head was
specified at an elevation 10 m below ground surface. An example of the
single-ditch simulation 1s shown in Figure IV3-7

The model calculations showed, for reasonable combinations of recharge
and hydraulic conductivity, that the distance to insignificant drawdown
ranged from 1,000 to 2,000 m from the ditch.

The finite element model was also used to estimate an appropriate ditch
spacing. For a single ditch as described above, at a distance of 100 m from
the ditch, 0.1 to 0.4 m of overburden would remain saturated. For multiple
ditches spaced 200 m part, the additive effect of drawdown from adjacent
ditches should be adequate to dewater nearly the full thickness of
overburden material.
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At a ditch spacing of 200 m, then the equivalent of five ditches each 1 km in
length would be required to dewater 1 km* of overburden, for a total length
of 5,000 m of ditch per km’. Calculating the total dewatering discharge for
1 km?, includes two steps:

1. The discharge (Q) per unit length of ditch from the Driscoll equation, (4)
is doubled to reflect flow toboth sides of the ditch.

2. The above discharge per unit length of ditch is multiplied by 500 m the
total length of ditch per 1 km’.

The analytical calculation is affected by the hydraulic conductivity (K) of
the overburden, so discharge values were calculated reflecting high K (1x
10° m/s) and low K (5x10* m/s) overburden materials. The high K case
represents the K value measured by Golder Associates (1997) in eight
pumping tests of test pits in surficial material as part of the test ditching and
dewatering program at Syncrude’s Aurora Mine. This comprehensive set of
measurements was taken to be the most reliable measure of surficial sand K.
Although a wider range of K values has been reported Alsands 1981
estimated a range from 10° to 10° m/s), for the present study a value of
5x10* m/s was selected to represent a low value of K.

The Driscoll equation is intended to calculate steady-state drainage,
however for the present situation, the overburden is gradually dewatered
over a period of two years to zero saturated thickness. This condition was
approximated in the following manner. In the first year of dewatering, the
average saturated thickness was assumed to be 75% of the maximum
saturated thickness, assuming the groundwater surface declines linearly
from 100% to 50% of the maximum saturated thickness in the first year. In
the second year, the average saturated thickness was assumed to be 25% of
the maximum saturated thickness, assuming the groundwater surface
declines from 50% to 0% of the maximum saturated thickness in the second
year.

IV.4.2 Overburden Dewatering Results

The calculated discharge rates of groundwater that will be collected by the
overburden dewatering ditches are given in Table TV3-1. The 4 m thickness
of overburden sand is likely to be the most representative case. In this case,
the water balance results show overburden discharge rates at the start of
dewatering to be 38 to 40 m*/r, reaching a maximum of 109 to 114 m’/hr in
2011 to 2014. The analytical method shows higher discharge rates for the 4
m thickness of sand, ranging from 72 to 145 m’/h at the start of dewatering,
and reaching a maximum of 116 to 232 m*/h in 2011 to 2014. Over the
entire period of dewatering, for a 4 m thickness of overburden, the average
dewatering rate from the water balance approach is 78 to 82 m’/h; from the
analytical solution method, the average rate ranges from 83 to 166 m’/h.
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The distance to which overburden dewatering ditches are expected to affect
groundwater levels is illustrated in Figure IV3-8. This figure shows the
height of groundwater in the overburden as a function of distance from a
single, generic ditch. The case illustrated is for a hydraulic conductivity of 5
x 10* m/s (i.e., a low K case) and for high and low groundwater recharge
conditions (50 and 69 mm/y, respectively; Alsands 1981), as calculated
using the SEEP/W model for a generic ditch. Figure IV3-8 shows that the
influence of the ditch extends for a distance of about 1,000 m (low recharge
case) to 2,000 m (high recharge case) from the ditch.

V.5 Basal Aquifer Depressurization Calculations

The natural groundwater level in the Basal Aquifer in the area of the mine is
270 to 280 m above sea level (asl), which is substantially above the
elevation of the base of the mine pit, at 200 to 230 m asl. To have a stable
pit walls and floor, the Basal Aquifer must be depressurized before mining.
Depressurization of the Basal Aquifer entails pumping the aquifer to lower
the groundwater surface below the base of the mine pit.

The average, minimum and maximum thickness values for the Basal
Aquifer in each 5-year mine block were estimated from the isopach map
(Figure 1V3-4), and summarized with other basic structural data for the
mine blocks in Table IV3-2. Transmissivity (7) is the product of thickness
and hydraulic conductivity. The product of the average, minimum and
maximum thickness values and the geometric mean hydraulic conductivity
of 5x10* m/s (Komex 1997) was used to estimate T for each of the 5-year
mine blocks. Where noticeable differences in Basal Aquifer thickness were
present within one mine block, the proportion of each block with
corresponding thickness of Basal Aquifer was estimated separately, as
shown in the “Mine Block™ column of Table E3, IV-2.

The Basal Aquifer drawdown required in each 5-year mine block was
estimated by NorWest Mine Services from the difference between the
piezometric surface elevation in the Basal Aquifer (Komex 1997) and the pit
floor elevation in the mine plan (Table IV3-2, IV3-3).

The ranges of Basal Aquifer transmissivity and required drawdowns for
each 5-year mine block are shown in Table IV3-3.

The estimated value of storativity (S) of the Basal Aquifer used in the
depressurization calculations was 1.7x10*. This value is within the range of
storativity values from pumping tests quoted by Komex (1997) as typical for
the Basal Aquifer.
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To calculate the groundwater discharge rates that will accompany
depressurization of the Basal Aquifer, simple, well-established analytical
methods were used. The first component of this analysis, called the
“Equivalent Well Approach” (Driscoll 1987), assumes that an individual
mine pit will act as a very large-diameter, imaginary well. This method

Komex International
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Table IV3-1 Overburden Dewatering Discharge

Table IV3-1

Overburden Dewatering Discharge

Method 1 Calculation: RESULTS

Overburden Dewatering, Water Balance Results

Total Discharge (m'/hr)

Method 2 Calculation: RESULTS
Overburden Dewatering, Analytical Solution Results
Taetal Discharge (m’/hr)

Saturated Saturated Saturated
Saturated Thickness =2m|Saturated Thickness =4mjSaturated Thickness =6m| Thickness =2m | Thickness =4m | Thickness =6m
Low High Low High Low High
Year] Recharge  Recharge | Recharge  Recharge | Recharge  Recharge | lowK HighK|] lowK HighK | lowK HighK
1999
2000 21 23 38 40 54 56 18 36 72 145 163 325
2001 43 47 75 79 108 112 20 40 80 161 181 361
2002 43 47 75 79 108 112 20 40 80 161 181 361
2003 43 47 75 79 108 112 20 40 80 161 181 361
2004 43 47 75 79 108 112 20 40 80 161 181 361
2005 44 48 77 81 111 115 21 42 84 169 190 379
2006 45 49 80 84 114 118 21 4?2 85 169 191 381
2007 45 49 80 84 114 118 21 42 85 169 191 381
2008 45 49 80 84 114 118 21 42 85 169 191 381
2009 45 49 80 84 114 118 21 42 85 169 191 381
2010 53 58 94 99 135 140 28 56 113 226 254 508
2011 62 67 109 114 156 162 29 58 116 232 261 522
2012 62 67 109 114 156 162 29 58 116 232 261 522
2013 62 67 109 114 156 162 29 58 116 232 261 522
2014 62 67 109 114 156 162 29 58 116 232 261 522
2015 56 61 99 104 141 146 24 48 96 193 217 434
2016 50 55 89 93 127 131 24 47 94 189 212 424
2017 50 55 89 93 127 134 24 47 94 189 212 424
2018 50 55 89 93 127 131 24 47 94 189 212 424
2019 50 55 89 93 127 131 24 47 94 189 212 424
2020 30 32 52 55 75 78 6 i3 25 50 57 13
2021 9 10 17 23 24 4 9 17 35 39 79
2022 5 5 8 9 12 12 0 1 2 3 4 8
Mean, 22‘:)0202 44 48 78 82 12 116 2 42 83 166 187 374

Komex International



December 1997 V- 16

Table IV3-2 Basic Data Used in Basal Aquifer Depressurizaton Calculations

Table IV-2 Basic Data Used in Basal Aquifer Depressurization Calculations

Pit Ares Basal Aquifer Piezometric Surface
Mine Block (m’) R, (m) Basal Aquifer Thickness (m) Elevation of Pit Floor (masl) Elevation (masl)
Avg Min Max Avg Min Max Avg Min Max
2002 - 2006 ag619s3| tioz [T TT0T TR TR T T T 205 1202 T 230 TS TR T T ers
2007 - 2011 4707449 1224 8 o250 20 227 ' 202 1 236 277 ) 275 ! 282
H H , . H H
20122016 N7, | 2146775.3] 827 s v s 1 30 28 % 212 7 234 wa o212 % am
2012 - 2016 8%, | 42935507 1169 5 2.5 5 10 226 s 224 E 232 277 E 277 277
)
, 1 ' , ) ;
2017 - 2021 N¥, 3493418 1055 2.5 , 0.5 ' 5 222 f 210 ' 224 269 S 269 ; 269
2017 - 2021 8%, 1746709 746 8 ‘. 25 1 20 226 : 216 ' 232 265 : 265 ' 265
, : H : , .
2022 - 2023 387696 351 25 ' 0s ! 5 209 ¢ 218 ' 220 265 ' 265 ' 265
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Table IV3-3 Basal Aquifer Depressurization, Hydraulic Data and Steady State

Discharge
Mine Block Basal Aquifer Transmissivity Drawdown Required (m) Radius of Influence (km) Steady State Discharge Rate
(m’/d) (Q) m*/hr, Thiem Method
LLAve  Min | Max. | Ave. Min.  __ Max. | Ave. . Min, ___ Max. | Ave | Min Max.
2002 - 2006 432 ) 108 ! 864 60 + 42 ! 716 455 ' 23 ! 65 186 | 40 | 430
2007 - 2011 3456 , 108 . 86.4 50 1 39 ., 80 41, 23 . 65 129 1 38 . 456
: 1 . ) H H . .
; : . ; , | , :
2012 - 2016 N's, 648 . 216 . 1296 46 1 38 . 65 56 326 . 80 185 | 58 . 482
: . ) . H H ] .
2012 - 2016 S, 216 ) 108 ! 432 51 45 ! s3 326 ! 23 ) 455 87 ' 43 ' 164
. . H , ' ) : ,
. ) . : , : , : ;
2017 - 2021 N', 108 ' 216 ! 216 47 ' 45 ' 59 23 ! 98 ! 326 43 197
2017-2021 8% | 3456 1 108 1 864 39000 33 1 49 at 123 L6 88 1 27 | 248
. . , : , , ' .
) . . 1 ] , . ]
: . H , . ' ' .
2022 - 2023 108 4+ 216 . 216 46 . 45 47 23 1 98 ., 326 3L 4 8 . 59
H .
: , i ; , : H ,
1 . , , 1 : H ,
Average 3 10 ' 68 48 ' 41 ' 61 37 ' 23 ' s 107 ' 32 ' 276
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Figure IV3-8 Basal Aquifer Depressurization, Transient Discharge

FIGURE IV-8
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assumes that the irregular area 4 of each mine pit can be approximated by a
fully penetrating cylindrical well with radius r,, such that:

A

)

The area of each 5-year mine block, and corresponding equivalent well radius
1s given in Table IV3-2,

IV.5.1 Steady-State Discharge

Given the transmissivity of the Basal Aquifer, the drawdown required for
depressurization, and the storativity of the Basal Aquifer, steady-state discharge
for the “equivalent well” was calculated using the analytical equations of Thiem
(1906):

0 2n Ts,
S
1 -
rW

where Q is the total transmissivity of the Basal Aquifer, the drawdown required
for depressurization and the storativity of the Basal steady-state discharge from
the mine block with equivalent well radius r,.; R is the radius of influence of the
equivalent well; and s,, 1s the drawdown required in the mine block.

The following assumptions underlie this analytical solution:

the Basal Aquifer is confined, and non-leaky;

the aquifer is of uniform thickness and of infinite areal extent;

the aquifer is homogeneous and isotropic;

before pumping, the piezometric surface in the aquifer is horizontal,

the discharge rate from the aquifer is constant; and

the equivalent well penetrates the full thickness of the aquifer, so flow to the
well is only horizontal.

To estimate the radius of influence of the equivalent well, the Jacob method
(Cooper and Jacob 1946) was used:
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W2.3O3Q1 2.25T¢t
C 4n T ©8 R*S

(7)

where ¢ is the time since the start of pumping. A time of 10 years was selected
for estimating the radius of influence. The value of R corresponding to s = 0
was estimated using equation 7. Since ) is the same in both equations 6 and 7,
an estimated Q was used in equation 7 to calculate R, then a revised O was
calculated using equation 6. The revised {0 was then used to iterate through
equation 7 and checked again with equation 6. However, the radius of influence
in equation 6 was not very sensitive to the value of (, so in all cases only one
iteration was performed.

The variation in transmissivity and drawdown was incorporated into the
calculations to give the greatest range in steady-state discharge rates. The
maximum 7 and s, were used in the calculation of maximum (Q; similarly
average 7 and s,, were used for average ; and minimum 7 and s,, used for
minimum Q.

IV.5.2 Transient Discharge

Initial discharge is typically higher at the beginning of depressurization,
declining over time to the steady-state discharge rate. Consequently, the time-
varying (transient) discharge rate was calculated using the Jacob-Lohman
analytical mcthod (Jacob and Lohman 1962). This approach applies o a
confined aquifer in which the drawdown is constant, and the discharge varies
with time, such that:

4r Ts,
0=
2.30105(2-257”’/ z)
/T,
(8)

This calculation also used the equivalent well approach to estimate #, as
described above. The simplifying assumptions associated with this method
include all of those listed for the Thiem method (except assumption 5), plus the
following:

e water 15 released from storage instantaneously with the decline in head in
the aquifer; and
e storage in the well can be neglected.
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Table IV-4a Basal Aquifer Depressurization, Transient Discharge Calculated by the Jacob-Lohman Method

Transient Basal Aquifer Discharge Rate (Q) m’/hr, Jacob-Lohman Method

Mine Block Average T, Average Drawdown Minimum T, Minimum Drawdown Maximum T, Maximum Drawdown
Year 1 Year 2 Years 3-5 Year 1 Year 2 Years 3-5 Year 1 Year2 ! Years3-5

2002 - 2006 326 i 250 i 216 87 1 59 i 49 707 1 s62 i 493
2007 - 2011 23 1 176+ 151 82 i 55 i 46 752 i 596 523
2012 - 2016 N, 204 1 238 1 211 102+ 79 i 68 733 1 608 i 544
2012 - 2016 S, 165 i 121 i 103 91 i 6 i 52 286 1 219 i 190
2012 - 2016 Total 459 i1 359 i 313 194 ¢ 141 ¢ 120 1018 : 827 I 734
2017 - 2021 N¥, 89 i 6 i 5 37 0 19 i 14 180 | 134 | 115
2017 - 2021 S'/, 144 1 115 101 75 1 56 i 48 257 4 211 i 189
2017 - 2021 Total 233 1 177 1 153 m 714 i ez 437 1 345 i 303
2022 - 2023 50 + 40 i 35 4 i 10 i 9 % i 74 i 66
Average 221 ¢ 171 i 148 88 ! 62 i 52 495 @ 397 i 351
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Table IV-4b
Basal Aquifer Depressurization, Transient Discharge Calculated by the Jacob-Lohman
Method

Basal Aquifer Discharge (m3/hr)
Year Mean™ Minimum® | Maximum®
2002 326 87 707
2003 250 59 562
2004 216 49 493
2005 216 49 493
2006 216 49 493
2007 233 82 752
2008 176 55 596
2009 151 46 523
2010 151 46 523
2011 151 46 523
2012 459 194 1018
2013 359 141 827
2014 313 120 734
2015 313 120 734
2016 313 120 734
2017 233 112 437
2018 177 74 345
2019 153 62 303
2020 153 62 303
2021 153 62 303
2022-23 90 24 164
Average 218 75 526
NOTES: (a) Mean hydrauhic conductivity, average transmissivity average drawdown,

(b) Mean hydraubic conductivity, mintmum transmissivity minimum drawdown;

(c) Mean hydrauhc conductivity, maximum transmissivity maximum drawdown;
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IV.5.3 Results

The Jacob-Lohman method was used to calculate the average discharge rate
in the first year and second year of depressurization, and also the average
for years 3 to 5.

The variation in transmissivity and drawdown was incorporated in the
calculations to gives minimum, average and maximum Q values in the same
manner as the steady-state calculations, described above. The values of K
and S used were the same as in the Thiem method.

This approach was applied to each 5-year mine block, as for the Thiem
method.

The drawdown required in the mine ranges from 39 and 80 m, with an
average drawdown of 48 m. The steady-state discharge required to achieve
the required drawdown for each 5-year mine block is given in Table IV3-3.
The average steady-state discharge is 108 m*h, with minimum and
maximum steady-state discharges averaging 32 and 276 mi’/h over the life of
the mine,

The transient discharge rates for each 5-year mine block are given in Table
IV-4a, and are summarized on a year-by-year basis in Table IV3-4b. The
average rate over the life of the mine is 218 m'h, or approximately 5200
m’/d. From Table IV3-4, mean discharge rate over the 23-year period
ranges from 9075 to 459,526 m’/h. The discharge rate peaks in 2012, with
an average of 459 m’/r, and a range from 194 to 1018 m'/h. All of this
water will be used for oil sands processing.

The withdrawal of groundwater at these rates will produce a cone of
depression around the mine pit that will eventually extend to a distance of
30 to 40 km, although the greatest drawdown will occur within a few
kilometers of the mine pit. Figure IV3-9 shows the distance-drawdown
relationship for the Basal Aquifer, for long-term steady-state pumping at the
discharge rate (107 m’h) required to produce the average required
drawdown (48m) assuming average transmissivity. As this graph shows,
drawdown of greater than 20 m will be restricted to distances of less than 11
km from the mine pit.

IV.6  MINE PIT AND CT SEEPAGE

Five of the six mine pits will be backfilled with mined materials, four with
consolidated tailings (CT) and one with mined overburden. Calculations of
seepage from the backfilled mine pits were done for nine snapshot times, as
follows:
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Figure IV3-9

FIGURE V-9
STEADY-STATE DRAWDOWN IN BASAL AQUIFER WITH DISTANCE FROM THE MINE PIT
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Construction Phase
e 2000

e 2001
Operation Phase
e 2003

e 2005

e 2010

e 2020/2222

e 2025
Far-Future Phase
e 2030

e Far Future

Pre-Construction Drainage

Pre-Pit Opening

First year of Production without recycle

Production with Recycle, without CT manufacture

CT Production at 75% capacity

CT Production at 95% Capacity and Processing Complete

Mine Closure in Progress

Second year after Closure

Iv.6.1

Equilibrium Closure condition

Approach

The calculations focused on a series of vertical cross-sections, one or more
per pit. The cross-sections were selected to represent settings where
seepage from the mine could potentially reach a receiving stream or surface
waterbody. The location of the cross-section is shown in Figure IV3-6. The
cross-sections generally extend from near the centre of a pit, across the mine
highwall, to a point of potential groundwater discharge outside the mine.
Where the pit is located near a stream, the cross-section was selected at the
point where the pit is closest to the stream.

The seepage calculations were done using a two-dimensional, finite
element, groundwater flow model. The modelling software was SEEP/W
(Version 3.02) by Geo-slope International of Calgary, Alberta. For each of
the five backfilled mine pits, the vertical cross-section models were used to
calculate seepage discharge for a unit length of the pit perimeter.

For each of the snapshot periods after which a pit was opened, a simulation
model was developed for each relevant cross-section, reflecting conditions
in the pit at the time (e.g., open pit; partially filled pit; filled and capped).
Each simulation was run as a steady-state model, assuming that equilibrium
or near equilibrium conditions are reached at each snapshot time. The
model results were used to calculate the seepage flux into or out of the
receiving stream at each of the applicable snapshot periods. This seepage
flux (volume of water per unit length of cross-section per unit time) was
multiplied by the total length of the corresponding pit wall to obtain a total
discharge to the receiving stream.

Each vertical cross-section model was constructed based on the following
general characteristics:
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e npative materials beyond the limit of mining consisted of oil sands
underlain by Basal Aquifer, with or without a lean oil sandss layer, and
overlain by surficial sand and till.

e mined backfill materials consisted of CT or mined overburden,
underlain by Basal Aquifer with or without a lean oil sandss layer, and
overlain by mined overburden or tailings sand;

e no-flow {Type 2) boundary conditions were applied to left and right
vertical ends;

e a specified-head (Type 1) boundary was applied in the Basal Aquifer,
with head values corresponding to depressurized piezometric surface
elevation during the operations period. At the end of mining, hydraulic
head in the Basal Aquifer head gradually recovers to levels
corresponding to the pre-mining piezometric surface;

e recharge flux is applied to the reclaimed land surface; the recharge rate
was determined for each cross-section, based on achieving a reasonable
water table configuration;

e where surface ponds or streams were present and on the cross-section,
they were represented as specified-head (Type 1) boundaries. The head
value specified corresponded to the estimated elevation of the surface
water at such locations,

Although the SEEP/W modelling software is capable of simulating
unsaturated and saturated flow, the simulations were conducted considering
only saturated flow. Nonetheless, contours of hydraulic head are displayed
for both the saturated and unsaturated zones in the vertical cross-sections.
Discharge to surface waterbodies and to the Basal Aquifer was determined
using the “flux section” feature of SEEP/W.

The hydraulic conductivity values of natural and mined materials used in all
cross-sections are given in Table IV3-5. The lean o1l snads considered in
this series of simulations represent material with less than 7% bitumen (by
weight). Seven percent bitumen 1s assumed to correspond to approximately
50% bitumen saturation, The corresponding hydraulic conductivity was
estimated to be approximately one order of magnitude less than the K of
water-saturated Basal Aquifer. That is, the lean o1l sand was assumed to
have a K of 5x10° m/s.

iV.6.2 Results and Discussion

The cross-section models constructed for each snapshot time, along with a
summary of the physical and hydraulic conditions represented in the model],
are summarized in Table IV3-6, Seepage results are summarized in Table
V3.7,

No formal mass balance calculations were performed for this series of
models; in general, mass balance between known sources of inflow to a
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cross-section, and total outflows, agreed within a range from 1 to 30%, as
discussed in Section IV3-6.

Each cross-section model represents a single set of assumptions, reflecting
the individual hydraulic conductivity and recharge values used. No formal
sensitivity analysis was conducted, due to the large number of cross-
sections simulated.

Model simulation results for each of the snapshot items are presented in
Figures IV3-10 to IV3-42.

In 2003, Pit 1 is open, and seepage is directed into the pit from unmined
land to the east and south, including from the Muskeg River, as shown in
Figures IV3-10 and IV3-11.

In 2005 (Figures IV3-12, IV3-13) and 2010 (Figures IV3-14 and IV3-15),
Pit 1 is partially infilled with CT, with downward seepage into the Basal
Aquifer. Seepage from unmined land is toward the pit as in 2003. In 2010,
Pit 2 is open with seepage toward the pit from unmined land to the east,
including seepage from the Muskeg River (Figure IV3-16).

In 2022, Pits 1 to 4 have been backfilled, and seepage conditions are similar
to those for 2025, as discussed below. Pit 5 is partially backfilled with CT
(Figure IV3-17), with downward seepage into the Basal Aquifer. There is
aslo lateral seepage toward Pit 5 from unmined land to the east, including
the Muskeg River.

In 2025, Pits 1 to 4 are at their final backfill elevations. Hydraulic heads in
the Basal Aquifer are still low, with an estimated 35 m of residual
drawdown persisting below the mine. As shown in Figures IV3-18 to 22,
the low head in the Basal Aquifer maintains relatively deep water table
conditions in the reclaimed pits. Most shallow groundwater in the
surrounding unmined land is flowing toward the mine pits. There is no
seepage to the Muskeg River, which is still losing water to the mine pits.
Pits 5 and 6 are partially backfilled (Figures IV3-23, 24), and there is
seepage into both pits from unmined land. There is also seepage from the
Muskeg River into Pit 5.

In 2030, recovery of head in the Basal Aquifer is estimated to be 85%
complete. All pits are at their final backfilled elevations. Although there is
a small amount of seepage (8.8 m'/d) from Pit 2 to the Muskeg River
(Figure IV3-20), in all other pits shallow groundwater flow is still directed
into the mine.
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Table IV-5
Hydraulic Conductivity Values Used For CT and Tailings Pond Seepage Modeling
Hydrostratigraphic Unit Kh Kh/Kv Source of Value
(m/s)

Surficial Sand 1.00E-04 1 Golder (1997) Test Ditching Pumping Test

Golder (1996) Calibrated groundwater flow model ( Appendix D,

Detailed Supporting Calculations, Hydrogeology Impact Assessment,
Cretaceous-0il Sands 2.G0E-09 1 Bovar Environmental Ltd., 1996)
Cretaceous-Basal Aquifer 3.00E-05 i Komex (1997) Baseline Hydrogeology Study
Lean Oil Sands (Tailings Pond Area) 2.00E-08 i Estimated (experience and professional judgment)
Lean Oil Sands (Pit Floor) 5.00E-06 1 Estimated (experience and professional judgment)
In-pit and Perimeter Dykes 1.00E-07 1 Estimated {experience and professional judgment)
Consolidated Tailings 1.00E-09 ! AGRA, pers. com. from E. McRoberts, 97-08-07
Mined Overburden Capping Material 1.00E-07 1 Estimated (experience and professional judgment)
Tailings Sand Capping Material 1.00E-06 1 Estimated (experience and professional judgment)
Tailings Sand 1.00E-06 5 AGRA, pers. com. from E. McRoberts, §7-09-24
Mature Fine Tails 4.00E-07 1 Golder Associates, pers. com. from D. Long, 97-10-10 fax
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Table IV-7 Summary of Conditons Simulated in Cross-Section Models and Mine Pits

Total Discharge to Receiving | Total Seepage to
Surface Water Receiving Source Material of Surface Water; Basal Aquifer
Snapshot Time Pit No. X-Section No. (m’/d) Stream Discharge Node (m’/d)
2000 1 1-1 NA NA NA Si6 NA
Pre-construction Drainage 1 1-2 NA NA NA S16 NA
2 2-1 NA NA NA Si6 NA
3 3-1 NA NA NA Si6 NA
4 4-1 NA NA NA S32 NA
5 5-1 NA NA NA S16 NA
6 6-1 NA NA NA S32 NA
End-pit Lake EPL NA NA NA S32 NA
Tailings Pond, E 7R NA NA NA S16 NA
Tailings Pond, W 7R NA NA NA S17 NA
Tailings Pond, W 7R NA NA NA S33 NA
Tailing Pond, All 7R NA NA NA NA NA
2002 1 1-1 -68.8 Muskeg River Mined Overburden S16 0
Pre pit opening 1 1-2 -107.5 Muskeg River Mined Overburden S16 0
2 2-1 NA NA NA S16 NA
3 3-1 NA NA NA S16 NA
4 4-1 NA NA NA S32 NA
5 5-1 NA NA NA S16 NA
6 6-1 NA NA NA S32 NA
End-pit Lake EPL NA NA NA S32 NA
Tailings Pond, E 7R 245.6 Muskeg River Tailings Sand Si6 NA
Tailings Pond, W 7R 65.1 Athabasca River Tailings Sand S17 NA
Tailings Pond, W 7R 65.1 Isadore's Lake Tailings Sand S33 NA
Tailing Pond, All 7R NA NA Tailings Sand NA 1540
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Total Discharge to Receiving | Total Seepage to
Surface Water Receiving Source Material of Surface Water| Basal Aquifer
Smapshot Time Pit Ne. X-Section Neo. (m3/d) Stream Discharge Node (m3/d}
2003 i -1 -68.8 Muskeg River Mined Overburden Si6 0
ist Year Prod. i 1-2 -107.5 Muskeg River Mined Overburden Si6 0

2 2-1 NA NA NA Si6 NA
3 3-1 NA NA NA Si6 NA
4 4-1 NA NA NA $32 NA
5 5-1 NA NA NA Si6 NA
6 6-1 NA NA NA S32 NA
End-pit Lake EPL NA NA NA S32 NA
Tailings Pond, E 7R 3743 Muskeg River Tailings Sand Si6 NA
Taihings Pond, W 7R 72.2 Athabasca River Tailings Sand St7 NA
Tailings Pond, W 7 72.2 Isadore's Lake Tailings Sand S33 NA

Tailing Pond, All 7R NA NA Tailings Sand NA 1760
2005 t i-1 -68.4 Muskeg River Mined Overburden Si6 59
Prod./recycie, no CT i i-2 -107.4 Muskeg River Mined Overburden Si6 60
2 2-1 -55.3 Muskeg River Mined Overburden Sie6 NA
3 3-1 NA NA NA Sié NA
4 4-1 NA NA NA S32 NA
5 5-1 NA NA NA Sie6 NA
6 6-1 NA NA NA S32 NA
End-pit Lake EPL NA NA NA §32 NA
Tailings Pond, E 7R 499.0 Muskeg River Tailings Sand Sié NA
Tailings Pond, W 7R 79.1 Athabasca River Tailings Sand S17 NA
Tailings Pond, W TR 79.1 Isadore's Lake Tailings Sand 833 NA

Tailing Pond, All 7R NA NA Tailings Sand NA 1964

Komex I~ «ational




December 1997

Page 3 of 5
Total Discharge to Receiving | Total Seepage te
Surface Water Receiving Source Material of Surface Water] Basal Aquifer
Snapshot Time Pit No. X-Section No. (m’/d) Stream Discharge Neode (m’/d)
2010 1 1-1 -67.2 Muskeg River Mined Overburden S16 59
75% of capacity 1 1-2 -106.5 Muskeg River Mined Overburden S16 60
2 2-1 -121.3 Muskeg River Mined Overburden S16 0
3 3-1 0.0 Muskeg River Mined Overburden S16 0
4 4-1 NA NA NA S32 NA
5 5-1 NA NA NA S16 NA
6 6-1 NA NA NA 832 NA
End-pit Lake EPL NA NA NA 832 NA
Tailings Pond, E 7R 692.8 Muskeg River Tailings Sand S16 NA
Tailings Pond, W 7R 89.7 Athabasca River Tailings Sand S17 NA
Tailings Pond, W 7R 89.7 Isadore's Lake Tailings Sand S33 NA
Tailing Pond, All 7R NA NA Tailings Sand NA 2253
2022 1 1-1 -63.7 Muskeg River Mined Overburden S16 71
Processing complete 1 1-2 -76.5 Muskeg River Mined Overburden S16 74
2 2-1 -38.4 Muskeg River Mined Overburden S16 88
3 3-1 0.0 Muskeg River Mined Overburden S16 75
4 4-1 0.0 NA Mined Overburden S32 160
5 5-1 -93.8 Muskeg River Recast Tailing Sand S16 255
6 6-1 0.0 NA Mined Overburden S16 0
End-pit Lake EPL NA NA NA S32 NA
Tailings Pond, E 7R 1080.2 Muskeg River Tailings Sand S16 NA
Tailings Pond, W 7R 89.9 Athabasca River Tailings Sand S17 NA
Tailings Pond, W 7R 89.9 Isadore's Lake Tailings Sand S33 NA
Tailing Pond, All 7R NA NA Tailings Sand NA 2484
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Total Discharge to Receiving | Total Seepage to
Surface Water Receiving Source Material of Surface Water| Basal Aquifer

Snapshet Time Pit No. X-Section No. (m3/d) Stream Discharge Node (m3/d)
2025 1 1-1 -63.7 Muskeg River Mined Overburden 316 71
Cilosure in progress 1 1-2 -78.5 Muskeg River Mined Overburden S16 74
2 2-1 -38.4 Muskeg River Mined Overburden S16 88
3 3-1 0.0 Muskeg River Mined Overburden S16 75

4 4-1 0.0 NA Mined Overburden S32 160

5 5-9 -84.7 Muskeg River Recast Tailing Sand 3186 100

8 8-1 NA NA Mined Overburden 516 189

End-pit Lake EPL NA NA NA 832 NA

Tailings Pond, E 7R 282.7 Muskeg River Tailings Sand 516 NA

Tailings Pond, W 7R 207.7 Athabasca River Tailings Sand S17 NA

Tailings Pond, W 7R 207.7 Isadore's Lake Tailings Sand 833 NA

Tailing Pond, All 7R NA NA Tailings Sand NA 1817
2030 1 1-1 -2.3 Muskeg River Mined Overburden S16 36
2nd year after closure 1 1-2 -12.8 Muskeg River Mined Overburden S16 39
2 2-1 8.8 Muskeg River Mined Overburden 316 50
3 3-1 0 Muskeg River Mined Overburden S16 47

4 4-2 -1.8 End-pit Lake Recast Tailing Sand S32 167
5 5-1 -1.9 Muskeg River Recast Tailing Sand S16 87

5 5-2 -1410.9 End-pit Lake  pned Overburden/Tailings Sa 832 NA

6 6-1 NA NA Mined Overburden Si6 186

& 8-2 221 End-pit Lake  hed Overburden/Tailings Sa S32 NA

End-pit Lake EPL 0.0 NA Water 832 2837

Tailings Pond, E 7R 262.7 Muskeg River Tailings Sand S18 NA

Tailings Pond, W 7R 207.7 Athabasca River Tailings Sand S17 NA

Tailings Pond, W 7R 207.7 Isadore's Lake Tailings Sand S33 NA

Tailing Pond, All 7R NA NA Tailings Sand NA 1617
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Total Discharge to Receiving | Total Seepage to
Surface Water Receiving Source Material of Surface Water| Basal Aquifer

Snapshot Time Pit No. X-Section No. (m3/d) Stream Discharge Node (m3/d)
Far Future 1 1-1 31.0 Muskeg River Mined Overburden S16 17
1 1-2 28.8 Muskeg River Mined Overburden S16 17
2 2-1 15.0 Muskeg River Mined Overburden S16 17
3 3-1 0.0 Muskeg River Mined Overburden S16 32
4 4-2 -6.2 End-pit Lake Recast Tailings Sand 832 104
5 5-1 313 Muskeg River Recast Tailing Sand S16 68
5 5-2 -944.4 End-pit Lake ped Overburden/Tailings Sa S32 NA

6 6-1 NA NA Mined Overburden S16 1285
6 6-2 6.3 End-pit Lake  jped Overburden/Tailings Sa 832 NA
End-pit Lake EPL 26.6 Isadore's Lake Water S33 103
Tailings Pond, E 7R 262.7 Muskeg River Tailings Sand S16 NA
Tailings Pond, W 7R 207.7 Athabasca River Tailings Sand S17 NA
Tailings Pond, W 7R 207.7 Isadore's Lake Tailings Sand S33 NA

Tailings Pond, Ali 7R NA NA Tailings Sand NA 1617

Note: NA - Not Applicable

Komex International




December 1897

iV -3¢

Table V-7
Summary of Conditions Simulated in Cross-Section Models, Mine Pits, and

Cross- ) Overburden
Snapshot section Figure cT Backfill Overburden Cap Tallings Sand Cap Recharge Basai agquifer Head
Year Pit No. No. No. Pit Statug Elevation Elevation Elevation Elevation Flux (m/s) {masl} Comments
2000 - - No Excavation - - - - - - -
2002 - - No Excavation - - - - - - -
2003 1 1 H3-10 Open Pit - - - - none 210 Basal Aquifer Drawdown to base of pit
1 2 H3-11 Open Put - - - -~ none 210 {SW)to 213 (NE)} Basal Aquifer Drawdaown o base of pit
2005 1 1 H3-12 Part. Backfilled 230 - none - 4.00E-10 210 Basal Aquifer Drawdown to base of pit
1 2 H3-13  Part Backfilled 230 - none - 5.00E-10 210 {SW)to 213 (NE) Basal Aquifer Drawdown to base of pit
2 - Open Pit - -- - - none 200 Basal Aquifer Drawdown to base of pit
2010 1 1 H3-14 Backfilled 272 - 287(SE}to 2B4N(W) - 4.00E-10 210 Basal Aquifer Drawdown to base of pit
1 2 H3-15 Backfilled 272 - 287(SW) to 2B4{NE}) - 5.00E-10 210 (SW)to 213 (NE)  Basal Aquifer Drawdown to base of pit
2 4 H3-18 Cpen P - - - - none 200 Basal Aquifer Drawdown to base of pit
3 1 Open Puit - - - - none - -
2022 1 H Backfilled 272 - 2ZB7(SE) to 284N(W) - 4.00E-10 238 35 m Residual Drawdown in Basal Aquifer
1 2 Backhiled 272 - ZB7{SW) toc 284(NE) - 5.00E-10 236 {(SW)to 238 {NE) 35 m Residual Drawdown in Basal Aquifer
2 i Backflled 279 - 286.5,285.6 (Lake) - 1.60E-10 243 35 m Residual Drawdown in Basal Aquifer
3 1 Backfilled 279 - 295(N) to 293(S) - 5.00E-10 245 35 m Residual Drawdown in Basal Aquifer
4 1 Backfilled 281 - - 292(S) to 293(NEE) 5.00E-10 242 35 m Residual Drawdown in Basal Aquifer
5 1 H3-17  Pan Backfilied 283 - - none 1.00E-09 240 35 m Residual Drawdown in Basal Aguifer
2025 3 H H3-18 Backfilled 272 - 287{SE) to 284N{W) - 4.00E-10 238 35 m Residuat Drawdown in Basal Aquifer
1 2 H3-19 Backfilied 272 - 2B7(SW) 10 284(NE) - 500E-10 236 (SW)t0 235 (NE) 35 m Residual Drawdown in Basal Aquifer
2 i H3-20 Backfilied 279 - 286 5;285 6 (Lake) - 1.60E-10 243 35 m Residuat Drawdown in Basal Aquifer
3 1 H3-21 Backfilled 278 - 285(N) to 293(S) - 5.00E-10 245 35 m Residual Drawdown in Basal Aquifer
4 1 H3-22 Backfilied 280 - - 292(S) to 293(NE) 5.00E-10 242 35 m Residual Drawdown in Basal Aquifer
5 i H3-23  Pan Backfiied 278 - - none 1.00E-09 240 35 m Residuai Drawdown in Basal Aquifer
8 1 H3-24  Pan. Backfilied 273 - none 5.00E-10 238 {8} to 237 (N) 35 m Residual Drawdown in Basal Aquifer
2030 3 i H3-25 Backfilled 272 287(SE) 10 284N(W) - 4.00E-10 260.6 85% Recovery in Basal Aquifer
i 2 H3-26 Backfilled 272 - 287(SW) 10 284(NE) -- 5 00E-10 257.4 (SW) to 260.4 (NE) |85% Recovery in Basal Aquifer
2 i H3.27 Backfilied 279 - 286 35, 285 6 (Lake) - 1.60E-10 261.8 85% Recovery in Basal Aquifer
3 I H3-28 Backfilled 279 - 295(N) to 293(S) - 5 00E-10 268 85% Recovery in Basal Aquifer
4 2 Backfilled 278 - - 288(NE}) to 292(SW) 5.00E-09 259.5 (SW) 10 261.2 (NE) {85% Recovery in Basal Aquifer
3 1 H3.28 Backfilled 276 - 290 1.00E-09 265.2 85% Recovery in Basal Aquifer
286(SE) to 285(NW),
5 2 Backfilled 276 - - 282 6 (Lake) 5 00E-10 263.6 (NW) 0 262.7 (SE} {85% Recovery in Basal Aquifer
283(S) 1o 286(N), 262.5
6 i H3-30 Backfilied 273 (Lake) 5.00E-10 262.7 {S) 10 264.4 (N} 85% Recovery in Basal Aquifer
299(SW) 10 285(NE),
5 2 Backfilled 273 - 282 5 (Lake) - 261.2(S) 10 263.2 (N) 85% Recovery in Basal Aquifer
EPL H3-3} Lake Full 247 5 (MFT) - - - - 2525 (SW) 10 262.5 (NE) |85% Recovery in Basal Aquifer
Far Future H 1 H1-32 Reclaimed 272 - 287(SE) 10 284N(W) -- 4 00E-10 273 —
i 2 H3-33 Reclaimed 272 287(SW) to 284(NE) - 5 00E-10 271 (SW) 10 274 (NE) -
2 ] H3.34 Reclaimed 279 - 286 5. 285 6 {Lake} - 1 60E-10 278 -
3 i H3-35 Reclaimed 279 - 295(N) 10 293(S) - 5 00E-10 278 ~
4 1 H3-36 Reclaimed 278 - - 282(S) 10 293(NE) 5 00E-10 273 -
4 2 H3-37 Reclaimed 278 - 288(NE} 10 292(SW) 5 00E-09 270 (SW) 10 272 (NE) -
5 i H3.38 Reclaimed 273 - - 260 1 00E-09 275 -
286(SE) 10 285(NW),
S 2 H3-39 Reclaimed 274 - -- 282 6 (Lake) S 0QE-10 273 (NW) 10 272 (SE) -
283(S) to 286(N), 282 5
5 1 H3-40 Reclaimed - 273 - {Lake) 50CE-10 272 (S)1o 274 (N) -
299(SW) to 285(NE),
& 2 H3-41 Reclaimed -- 273 - 282.5 (Lake) - 270 (SW) 10 272 (NE} -
EPL H3-42 Lake Full 247 5{MFT) -- - - -~ 260 (SW) to 270 (NE) -

SMET7\App. fable H3-6
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In the far-future, the head in the Basal Aquifer is assumed to have recovered
to pre-mining levels. Groundwater flow from Pit 1 discharges to the
Muskeg River to the southeast (Cross-section 1-1, Figure 1V3-32) flowing
through unmined oil sandss, and to the southwest (Cross-section 1-2, Figure
IV3-33) by flow through unmined surficial aquifers. Groundwater flow
from Pit 2 also discharges to the Muskeg River, with flow occurring through
unmined oil sandss (Figure IV3-34),

Seepage from Pits 3 and 4 flows outward into unmined land (Figures IV3-
35, 36 and 37), however, this seepage is redirected vertically downward,
toward the Basal Aquifer before it can discharge to receiving surface water.

Seepage from pit 5 can discharge southeast to the Muskeg River, with flow
through the unmined oil sandss (Figure IV3-38).

The reclaimed surface in pit 6 is below the elevation of the unmined land, as
shown in Figure IV3-40. Therefore, all seepage is toward the pit from
unmined land.

IV.6.3 End pit lake Simulations

The long-term water balance of the End pit lake, and potential impacts on
lake water quality due to seepage from the mined areas, warranted special
consideration as part of the overall seepage analyses conducted for the mine.

Simulation models were developed for Cross-sections 4-2, 5-2 and 6-2
(Figure IV3-6) for the purpose of evaluating hdyrogeologic relationships
between the End pit lake and the adjacent mine pits, including in-pit dykes.
A model was developed for Cross-section EPL (Figure IV3-6) to assess
interactions between the lake and the surrounding unmined land.

The lake was assumed to be filled by 2030. The lower half of the lake’s
depth was assumed to be filled with mature fine tails (MFT). Simulations
for the cross-sections were conducted for 2030 and far-future snapshot
times.

Seepage results for these simulations are summarized in Table IV3-7.
Simulation results for cross-sections related to the end pit lake are shown in
Figure IV3-31 (2030, EPL) and Figures IV3-37, 39, 41 and 42 for the far-
future.

Seepage from the end pit lake will be directed toward both unmined land to
the west, and into the Basal Aquifer (Figure IV3-42). The lateral seepage to
Isadore’s Lake will be fresh water from the water cap of the Lake. Any

Komex International
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seepage through the MFT moves vertically downward into the Basal
Aquifer and becomes seepage to the Basal Aquifer.

As shown in Figures IV3-37, 39 and 41, the End pit lake is expected to lose
water through seepage to Pits 4, 5 and 6, respectively. This is largely due to
the seepage into the in-pit dykes, and subsequently directed downward into
the Basal Aquifer, which is expected to have a hydraulic head about 10 m
below the water level in the end pit lake.

IV.7  TAILINGS POND SEEPAGE

The tailings settling pond will hold mature fine tails (MFT) and water
during the operation phase of the mine, and will gradually increase in height
as the operation phase progresses. At the end of mining, MFT will be
removed from the pond, and the reclaimed pond will be a predominantly dry
structure.

IV.7.1 Approach

Seepage from the tailings settling pond was calculated in a similar manner
as seepage from the backfilled mine pits. A two-dimensional, finite element
groundwater flow model was developed for a vertical cross-section (7R,
Figure IV3-6) extending from the Athabasca River on the west, to the
Muskeg River on the east. The cross-section transects the tailings settling
pond transects at its southern end, where the tailings pond is nearest to both
rivers, as shown in Figure IV3-6. SEEP/W modelling software was also
used for these calculations.

A finite element model was constructed for each of the first five snapshot
times, and another was constructed for closure/far-future conditions. Each
model reflects the approximate tailings pond configuration and MFT/water
elevations expected for that time. The tailings settling pond models include
perimeter ditches 5 m deep on the east side and 2 m deep on the west side of
the tailings settling pond. In the model, the east perimeter ditch extends
through the entire thickness of overburden and muskeg, estimated to be
approximately 2 to 3 m, and into the underlying lean oil sands. The model
results were used to calculate seepage discharge for each snapshot time. For
each snapshot time, the model, which is run on a steady-state flow
simulation, assumes that equilibrium or near equilibrium conditions have
been attained.

The hydraulic conductivity of materials used in the modelling is given in
Table E3-5. The tailings settling pond is assumed to be constructed on
undisturbed muskeg and overburden materials. Together, these materials
have a hydraulic conductivity of 1x10™ m/s. No consideration was given to
consolidation of these materials due to the weight of the overlying tailings
setling pond structure.
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The surficial sediments and muskeg beneath the tailings settling pond are
underlain by the McMurray Formation. In the location of the tailings
settling pond this formation is assumed to consist of lean oil sands with a
hydraulic conductivity one order of magnitude higher than the ore-grade oil
sands, i.e., 2 x10® m/s vs. 2x10° m/s for mineable oil sands. However,
there are no direct measurements of hydraulic conductivity of this material.

Each tailings pond model was constructed with the following general
characteristics:

o no-flow (Type 2) boundary conditions were applied to west and east
vertical boundaries;

e the bottom of the Model is a no-flow (Type 2) boundary;

e the Athabasca and Muskeg Rivers were represented as specified-head
(Type 1) boundaries. The head value specified corresponded to the
river elevation at each location, and was assumed to be constant; and

o recharge flux is applied to tailings sand exposed at ground surface; the
recharge rate (5x10° m/s) was the same for all snapshot times.

IV.7.2 Results and Discussion

The configuration of the tailings settling pond profile, at each snapshot time,
is shown along with the simulation results for each time, in Figures 1V3-43
to IV3-49. The seepage discharge results are given in Table IV3-7.

Seepage from the tailings settling pond will discharge to the perimeter
ditches, the Muskeg River, Athabasca River and Isadore’s Lake. In
addition, downward seepage to the Basal Aquifer will occur; however, all
such seepage will subsequently discharge to either the Athabasca River or
Muskeg River, since there are no-flow boundaries on both ends and the
bottom of the model cross-section.

As a check on the accuracy of the model results and the corresponding
seepage estimates, the mass balance of flows was checked for the far-future
simulation. Total inflows to the model cross-section, from recharge applied
to tailings sand, were 1.1228x10° m’/s. Total outflows to perimeter
drainage ditches totalled 4.765x10° m’/s, and outflows to Basal Aquifer
seepage and discharge 1o the Athabasca and Muskeg rivers totaled
8.359x10° m’/s. Total outflows were therefore 1.3125x10° m’/s,. The total
outflows exceed mtlow by 16%. To a large extent, this error reflects the
particular selection of flux sections used to calculate the components of
inflow or outflow in SEEP/W. Experience suggests that such error ranges
between 1 and 30%, but is generally less than 20%. With optimum flux
section selection, numerical accuracy of the model is typically less than 1%.
In aggregate, the error associaied with the seepage estimates calculated with
these models is expected to be less than 30 %.
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In 2002, seepage from the tailings settling pond (Figure IV3-43) discharges
in four settings:

the east perimeter ditch;
the west perimeter ditch;
the Athabasca River; and
the Muskeg River

The perimeter ditches intercept seepage from the tailings settling pond
dykes and from the surficial overburden beneath the tailings settling pond.
These ditches are constructed through the surficial overburden. The only
pathway for lateral seepage beyond the perimeter ditches is through the lean
oil sands. Because of the large surface area of the tailings pond, downward
seepage into the underlying lean oil sandss is significant. Once in the lean
oil sandss, a component of seepage flows horizontally, toward the
Athabasca or Muskeg Rivers. As this component of flow approaches the
rivers, the direction of groundwater flow changes to vertical and this
seepage discharges into the rivers. The component of seepage that moves
vertically downward into the Basal Aquifer ultimately discharges to the
Athabasca River.

This general pattern of seepage continues as the tailings settling pond is
developed over time, as illustrated in Figures [V3-44 to 48. The proportion
of seepage intercepted by the ditches, versus discharging into the rivers or
into the Basal Aquifer changes over time. In general, the amount of seepage
discharge to the Muskeg or Athabsasca Rivers is relatively constant during
the operation phase. The main differences between the snapshot times is in
the amount of discharge to the perimeter ditches and, to a lesser extent, in
the amount of discharge to the Basal Aquifer.

When the tailings settling pond is emptied of MFT and water, as represented
by the closure/far-future simulation Figure (IV3-48), the final water table
beneath the centre of the tailings settling pond is about 4 m above the
original ground surface, and about 15 m below the reclaimed ground surface
of the pond. Vertical seepage downward into the Basal Aquifer is a
significant component of the overall seepage from the pond, representing
70% of the seepage not intercepted by the perimeter ditches.

Komex International
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V-1 SURFACE WATER QUALITY

V-1.1 Water Quality Screening Assumptions

V-1.1.1 Grouping Polyaromatic Hydrocarbons (PAHSs)

For simplicity, individual PAHs were grouped according to methods
described in Golder (1996f).

V-1.1.2 Operational and Reclamation Waters

The Oil Sands Water Release Technical Working Group (OSWRTWG), a
consortium of industry and government experts, was established in 1995 to
examine the issue of releases of waters from oil sands operations to the
Athabasca River. Water releases were classified into two groups:
operational and reclamation waters.

Operational waters are:

discharged from a channel or outfall;

discharged over the life of the project or a shorter time frame;
controllable;

treatable in a managed treatment system;

amenable to comparing with ambient water quality guidelines; and

potentially of concern with respect to regional off-site impacts.

The only operational waters to be released from the Project are muskeg and
overburden dewatering waters. These waters are also the main sources of
natural surface water in the region, since the drainage basins of the small
streams are largely made up of areas covered with muskeg (Section 5-D).

OSWRTWG (1996) described reclamation waters as:

e non-point source diffuse waters, which may be directed through
wetlands, streams or lakes prior to discharge to surface waters;

e released at slow rates over large areas for extended periods of time;

e non-controllable;

e non-treatable (but may be altered through natural systems or constructed
wetlands);
not amenable to conventional end-of-pipe approval requirements; and

e primarily an on-site water management system and a component of a
maintenance free reclamation landscape.

Tables V-1 and V-2 summarize the water quality associated with Shell,
Suncor and Syncrude’s operational and reclamation waters.
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V-1.1.3 Water Quality Guidelines

Table V-3 summarizes the water quality guidelines used for assessing water
quality impacts associated with the Muskeg River Mine Project.

V-1.1.4 Thermal Regime of Muskeg River

@

The temperature of shallow groundwater in the vicinity of the proposed
Muskeg River Mine varies from 2 to 4°C in the winter, and from 2 to
6°C in the summer (T. Dabrowski, Komex International Limited, pers.
comm.). Using this information as a starting point, monthly mean
temperatures were estimated for muskeg and overburden drainage
waters, assuming the water heats up 1°C per month beginning in May at
2°C, reaching a peak of 6°C in August, and then cooling again at the
same rate to 2°C by November (Figure V-17).

Grab sample data taken from Lake Athabasca, Christina Lake and
Gregoire Lake (Mitchell and Prepas 1990) were used to approximate the
surface temperature of the end pit lake during the open water period on
a monthly basis (April through October). To be conservative, these
temperatures were scaled down by up to 5°C from April to August and
scaled up (maximum 5°C) from September to November to obtain
monthly mean temperatures that would occur in a large, deep lake. This
was based on the expectation that the end pit lake would seasonally
warm up and cool down over a longer period of time than smaller water
bodies. During the ice cover period, near-surface temperature was
estimated as 1°C.  The resulting monthly mean end pit lake
temperatures are compared with monthly median temperatures
measured in the Muskeg River in Figure V-17.

There will be complete mixing of the incoming and receiving waters.

Discharge of muskeg and overburden drainage waters will not occur in
the winter due to freezing of channel walls and water in the channels in
dewatering areas.

The temperature of muskeg and overburden drainage waters will not
change during travel to the Muskeg River.

The temperature of end pit lake discharge water will not change during
travel to the Muskeg River.

Golder Associates
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V-1.1.5 Seepages

e The nature and timing of sand and CT seepages are discussed in
Section E3. Even if seepage waters do reach the Muskeg River, it is
probable that the toxic fraction (naphthenates) will likely undergo some
level of biological decay prior to seeping into the river. Under aerobic
conditions, the half-life for naphthenates is in the order of one year
(Table V-4). In groundwater, under anaerobic conditions,
biodegradation would be much reduced, perhaps to a level of only 1%
of those measured in aerobic waters. Even so, given that seepage
waters are expected to take hundreds of years to reach the Muskeg
River, a half-life of 100 years is significant and concentrations of
naphthenic acids would be greatly reduced prior to discharge to the
river.

e From a modelling perspective, the seepages occurring during operation
and reclamation phases are modelled as increased flows of surficial
aquifer water with its associated chemistry. Substances associated with
sand and CT seepages are not introduced until far future consistent with
the time estimated for those waters to reach the Muskeg River
(Section E3).

V-1.1.6 Muskeg River and Isadore’s Lake

The small streams model used to assess water quality in the Muskeg River
and Isadore’s Lake made use of the following assumptions:

e operational and reclamation discharges released from the Muskeg River
Mine Site mix completely with the receiving water body;

e shallow, above-ground flows freeze in winter, so muskeg and
overburden drainage waters only enter the Muskeg River Watershed
during the open water season;

o the end pit lake, present in 2030 and beyond, only produces a discharge
flow in the open water season;

e operational and reclamation seepages flow year round;

e operational and reclamation seepages released from the Project site take
an average of 284 years (M. Trudell, Komex International Ltd., pers.
comm.) to reach the Muskeg River; during this time, organic
components of these seepages experience decay; the employed decay
rates are summarized in Table V-4;

e prior to the “far future” scenario, seepages released from the Project site
were modelled as increased surficial aquifer flows;

e operational and reclamation seepages do not reach Isadore’s Lake;
above-ground discharges do not undergo decay;

e similarly, there is no chemical decay occurring in the two receiving
water bodies;
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o chemicals released into Isadore’s Lake or the Muskeg River remain in
the water column; chemical precipitation, settling and sediment
partitioning were ignored.

V-1.1.7 End Pit Lake

The following assumptions and boundary conditions were incorporated into
the end pit lake model:

total volume of the end pit lake is 130 million m’;

e the end pit lake will begin to fill in 2023;
inflows into the end pit lake include CT porewater, runoff from natural
and reclaimed areas, tailings sand porewater, MFT porewater and MFT;

e initially, 19 million m’ of CT porewater collected from in-pit CT
deposits will be transferred into the end pit lake; CT inflow rates drop
sharply in 2024, and continue to decrease slowly until finally stopping
altogether in 2044; exact values are found in Golder (1997));

e total volume of MFT to be transferred into the end pit lake is
66 million m’ at 30% solids (Golder 1997j);

e total volume of tailings sand and MFT porewater to be transferred into
the end pit lake is 43.6 million m® {(Golder 1997 j);

e MFT and tailings pond water transfer rates must be controlled such that
disc3harge from the end pit lake is non-chronically toxic and less than
1 m’/s;

e if necessary, Athabasca River water will be added to the end pit lake to
ensure that lake outflows are non-chronically toxic (in the final analysis,
this did not prove to be necessary);

e precipitation, evaporation and seepage were equal to 1.46, 2.02 and 0.05
million m’/yr, respectively (Golder 1997 j);

e MFT in the end pit lake continued to consolidate at rates shown in Table
V-4; and

e ammonia, organic compounds and their associated acute and chronic
toxicity decay at rates specified in Table V-4,

V-1.1.8 Athabasca River

The dispersion model used to assess water quality in the Athabasca River
took into account operational and reclamation water releases from the
Project, as well as existing oil sands operators. Background water quality
for low winter flows and mean open water flows was characterized just
upstream of Fort McMurray using data from NAQUADAT stations
00ALO7CC0500/0600. The contribution of upstream pulp mills and
municipalities were thus accounted for as background.

Operational flows from existing oil sands operators were simulated based on
historical maximum concentrations and long-term average flows reported
for each existing release water. Substances included in this analysis were
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ones that were both detectable (in one or more release waters) and for which
an established guideline exists (Table V-3). The quality of future CT
reclamation waters were based on existing data from both Suncor and
Syncrude.

The following assumptions were used to predict Athabasca water quality:

e complete, instantaneous vertical mixing;

e constant turbulence and dispersion coefficients across the width of the
river;
mass reaching the river banks was reflected back into the river;

e shallow, above-ground flows from the Muskeg River Mine Project area
freeze in winter, so muskeg and overburden drainage waters released
from this Project only enter the river system during the open water
season;

e the end pit lake, present on the Muskeg River Mine Site in 2030 and
beyond, only produces a discharge flow in the open water season;

e operational and reclamation seepages from the Muskeg River Mine
Project, as well as operational and reclamation releases from existing
operators, occurred year round; and,

e chemicals released into the Athabasca River remained in the water
column; chemical precipitation, decay, settling and sediment
partitioning were ignored.

V-1.2  Water Quality Modelling Results

V-1.2.1 Athabasca River

Tables V-5 and V-8 summarize projected water quality in the Athabasca
River during mean open water and annual 7Q10 flows.

V-1.2.2 Muskeg River

Tables V-9 and V-12 summarize projected water quality in the Muskeg
River during mean open water and annual 7Q10 flows.
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Table V-1 Operational and Reclamation Waters Associated the Muskeg River
Mine Project
Parameter / Substance (mg/L) Tailings Water' CT Seepagez Muskeg Dewatering3 Sand Seepage4
Water Quality Code’ E G N o
Aluminum - Total 1.2 1.9 0.53 1.2
Ammonia - Total 6.0 6.3 0.91 2.0
Antimony - Total 0.0018 0.0005 ND
Arsenic - Total 0.003 0.007 0.02 0.003
Barium - Total 0.10 0.16 0.2 0.10
Benzo(a)anthracene grp ND 0.0016 ND 0.00099
Benzo(a)pyrene grp ND 0.00048 ND 0.00008
Beryllium-Total 0.002 0.006 0.001 0.002
Biological Oxygen Demand 9.6 8 6.7
Boron - Total 1.9 3.7 0.04 1.9
Cadmium - Total 0.004 0.0066 ND 0.004
Calcium 25 157 106 70
Chloride 17 67 ND 17
Chromium - Total 0.002 0.023 0.023 0.002
Conductivity 1328 2402 614 2500
Copper - Total 0.006 0.022 0.01 0.006
Dissolved Organic Carbon 43 65 10.9 43
Ethylbenzene 0.0015 0.001 0.0015
Fluorene ND 0.00003 ND ND
Iron - Total 2.2 1.0 6.12 2.2
Lead - Total ND 0.02 0.0019 ND
Lithium-Total 0.12 0.20 0.008 0.14
Magnesium 9 28 13 25
Manganese - Total 0.14 0.065 0.801 0.21
Mercury - Total ND 0.00005 0.00E+00 ND
Molybdenum - Total 0.004 1.4 0.003 0.018
Naphthalene 0.00009 0.00005 ND 0.00005
Naphthenic Acids 55 100 ND 70
Nickel - Total ND 0.030 ND ND
Nitrate 0.26 0.05 0.016 0.06
Phenolics - Total 0.004 0.015 ND 0.004
Phosphorus-Total 0.20 0.073 ND 0.4
Pyrene ND 0.00004 ND ND
Selenium - Total 0.0002 0.0036 0.012 0.0002
Silver - Total ND 0.002 ND ND
Sodium 322 510 5.75 600
Strontium 0.28 2.1 0.168 0.28
Sulphate 32 1270 3.1 200
Total Dissolved Solids 910 1780 334 1007
Total PAH's 0.0023 0.032 ND 0.0011
Toxicity - acute 2.3 2.7 2.3
Toxicity - chronic 6.3 7.2 6.3
Total Suspended Solids 53 17 ND 53
Uranium - Total ND ND 0 ND
Vanadium - Total 0.01 0.17 0.005 0.01
Zinc - Total 0.08 0.204 0.058

NOTE: ND = Non-Detect
" Assumed identical to Suncor TID drainage water reported in Golder (1996a)
? Assumed identical to Suncor CT water reported in Golder (1996a)
* Data from Golder (1997d) and unpublished 1997 data from Syncrude
f Combination of TID water (Golder 1996a) and Syncrude sand scepage (Golder 1996d)
’ Refers to codes in Figures V-1 to V-10
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Table V-2 Suncor/Syncrude Operational and Reclamation Waters
(Page 1 of 2)
Parameter (in mg/L) |South Mine| Mid-Plant [North Mine|{ Future TID Sewage CT Wastewater’ Cooling | Gypsum { Pond Basal
Drainage1 Drainage2 Drainage2 Runoff Seepage2 Effluent’ Seepage2 Pond E° (FGD)2 11A Aquifer3
(max. of
South and
North)
Water Quality Code’ A B C D E F G H I K L M
Aluminum - Total 0.04 0.1 0.07 0.07 1.2 0.51 1.9 0.72 1.2 0.88
Ammonia - Total 0.082 19 0.03 0.082 6.0 9 6.3 25 0.22 20 2.8
Antimony - Total 0.0018 0.002 0.0006
Arsenic - Total 0.0005 0.0007 0.0002 0.0005 0.003 0.004 0.007 0.0018 0.0014 0.0036
Barium - Total 0.08 0.09 0.12 0.12 0.10 0.06 0.16 0.10 0.082 0.13 0.77 0.25
Benzo(a)anthracene grp ND ND ND ND ND 0.0016 0.00029 ND ND 0.0001 ND
Benzo(a)pyrene grp ND ND ND ND ND 0.00048 0.00014 ND ND
Beryllium-Total 0.003 0.003 0.003 0.003 0.002 0.002 0.006 0.002 0.002
Biological Oxygen 0.9 1.1 0.7 0.9 9.6 15.9 8 11.2 2.5
Demand
Boron - Total 0.22 0.38 0.19 0.22 1.9 0.50 3.7 0.15 0.07 1.2 2.3 2.2
Cadmium - Total ND ND 0.002 0.002 0.004 ND 0.0066 0.006 0.001
Calcium 82 285 97 97 25 50 157 69 55 43 37
Chloride 40 190 36 40 17 106 67 354 18 33 318
Chromium - Total 0.005 0.01 0.002 0.005 0.002 0.006 0.023 0.009 0.004 0.028
Conductivity 602 1332 747 747 1328 937 2402 825 245 1374 3040
Copper - Total 0.004 0.027 0.009 0.009 0.006 0.005 0.022 0.055 0.029 0.01 0.003
Dissolved Organic 11 112 15 15 43 48 65 35 15
Carbon
Ethylbenzene 0.001 ND ND 0.0012 0.002 ND 0.001 0.001 0.0015 ND ND
Fluorene ND ND ND ND ND 0.00003 ND ND ND 0.00014
Iron - Total 0.11 0.45 0.30 0.30 2.2 1.1 1.0 1.8 23 0.35 23
Lead - Total ND ND ND ND ND ND 0.02 0.015 ND
Lithium-Total 0.018 0.034 0.016 0.018 0.12 0.01 0.20 0.013 0.006 0.23 0.46
Magnesium 21 79 30 30 9 16 28 18 16 18 20
Manganese - Total 0.068 2.2 0.11 0.11 0.14 0.43 0.065 0.12 0.069 1.4 1.8 0.032
Mercury - Total 0.0003 0.00011 0.00008 0.0003 ND ND 0.00005 0.0003 0.00006 ND 0.0004
Molybdenum - Total ND 0.10 ND ND 0.004 0.045 1.4 0.55 ND 2.2 0.071 0.0025
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Table V-2 Suncor/Syncrude Operational and Reclamation Waters
(Page 2 of 2)
Parameter (in mg/L) | South Mine| Mid-Plant |North Mine| Future TID Sewage CT Wastewater” | Cooling | Gypsum | Pond Basal
Bmiﬂage1 Dmmagez Drainage2 Runoff Seepage2 Effluent’ Seepage2 Pond E° (FGD)2 1/1A% Aquifer3
(max. of
South and
Nerth)
Water Quality Code A B C D E F G H 1 K L M
Naphthalene ND ND ND ND 0.000609 0.00005 ND ND ND 0.00056 | 0.0013
Naphthenic Acids 4 11 4 4 55 ND 100 ND ND 95 42
Nickel - Total 0.005 0.60 ND 0.005 ND 0.008 0.030 0.15 0.005 0.50 0.055
Nitrate ND 0.53 0.014 ND 0.26 8 0.05 1.09 0.12 0.1
Phenolics - Total 0.008 0.04 0.078 0.078 0.004 0.018 0.015 0.88 0.082
Phosphorus-Total 0.032 1.2 0.036 0.036 0.20 6.2 0.073 0.29 0.13 0.2 0.21
Pyrene ND ND ND ND ND 0.00004 0.00016 ND ND 0.0000%
Selenium - Total ND 0.0002 ND ND 0.0002 ND 0.0036 0.0059 0.0002
Silver - Total 0.002 0.002 ND 0.002 ND ND 0.002 0.002 ND
Sodium 33 340 30 33 322 57 510 246 23 16600 705
Strontium 0.17 0.49 0.28 0.28 0.28 0.34 2.1 0.29 0.21 0.77
Sulphate 128 1250 142 142 32 57 1270 116 49 118 5.3
Total Dissolved Solids 383 2390 518 518 910 560 1780 570 190 1250 1940
Total PAH's ND ND ND ND 0.0023 0.032 0.0037 ND 0.0053 0.003 0.0023
Toxicity - acute ND ND ND ND 23 1.3 2.7 ND ND
Toxicity - chronic ND 14 8.3 8.3 6.3 2.8 7.2 4.0 2.9 14
Total Suspended Solids 2 171 20 20 53 62 17 42 87
Uranium - Total ND ND ND ND ND ND ND ND ND
Vanadium - Total 0.005 0.021 0.005 0.005 0.01 0.011 0.17 1.1 0.006 13 0.05
Zinc - Total 0.004 0.063 0.016 0.016 0.021 0.08 0.12 0.024 12 0.007 0.022

NOTE: ND = non-detect
' Golder (19962) and NAQUADAT Station 20AL07DA1014
? Golder (19962)
° Golder (1996d)
* Golder (1996a) and NAQUADAT Station 20AL07DA1005
* Golder (19962) and NAQUADAT Station 20ALO7DA1000/1001
¢ Golder (1996a) and NAQUADAT Station 20AL07DAI10613

7 Water Quality codes correspond to symbols used in Figures V-1 to V-10

Golder A-~nciates




December 1997

Table V-3 Guidelines
Substance (mg/L) Acute | Chronic | HHC | HHNC Source”
Aluminum - Total 0.1 CCME
Ammonia - Low Winter Flow 16 2.1 USEPA

- Open Water Flow 10 1.9 USEPA
Antimony - Total 0.014 |USEPA
Arsenic - Total 0.36 0.01 0.000018 USEPA, ASWQG
Barium - Total 1 1 USEPA, ASWQG
Benzo(a)anthracene group 0.0000028 USEPA
Benzo(a)pyrene group 0.0000028 USEPA
Beryllium-Total 0.13 0.0053 USEPA
Boron - Total 0.5 ASWQG
Cadmium - Total 0.0074 0.0018 USEPA*
Chloride 860 230 USEPA
Chromium (VI) 0.016 0.011 USEPA
Copper - Total 0.027 0.007 ASWQG*
Ethylbenzene 0.7 3.1 |CCME, USEPA
Fluorene 1.3 USEPA
Iron - Total 0.3 0.3 JASWQG, USEPA
Lead - Total 0.17 0.007 USEPA*
Lithium-Total 2.5 CCME
Manganese - Total 0.05 0.05  JASWQG, USEPA
Mercury - Total 0.0024 0.000012 0.00014 JUSEPA
Molybdenum - Total 1 BCMOE
Naphthalene 2.3 0.62 USEPA
Nickel - Total 2.3 0.25 0.61 [USEPA*
Nitrate 10 10 |CCME, USEPA
Phenolics - Total 0.005 ASWQG
Phosphorus-Total 0.05 ASWQG
Pyrene 0.96 USEPA
Selenium - Total 0.02 0.01 USEPA, ASWQG
Silver - Total 0.01 0.05 USEPA, ASWQG *
Toxicity - acute 0.3 USEPA
Toxicity - chronic 1.0 USEPA
Total Suspended Solids 10 ASWQG
Uranium - Total 0.01 CCME
Vanadium - Total 10 BCMOE
Zingc - Total 0.19 0.05 USEPA*, ASWQG

" USEPA = United States Environmental Protection Agency

CCME = Canadian Council of Ministers of the Environment
ASWQG = Alberta Surface Water Quality Guidelines
BCMOE = British Columbia Ministry of the Environment
* guideline specified for hardness of 175 mg/L CaCO,
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Table V-4 Summary of Decay Rates Used for Water Quality Modelling

Wetlands Seepages EPL and Tailings Ponds

Substance (1/year) Source (1/year) Source (1/year) Source
Ammonia - Total 8.54 (a) - 8.54 Suncor 1996
Benzo(a)anthracene group|  0.37 (a) 0.0009 (b) 0.37 BOVAR 1996a
Benzo(a)pyrene group 0.48 (a) 0.0012 (b) 0.48 BOVAR 1596a
Naphthenic Acids 2.66 Suncor 1996 | 0.0065 {d) 1.83 EMA 1993
Toxicity - acute 0.77 (a) 0.0030 (b) 0.77 Syncrude 1995
Toxicity ~ chronic 1.67 (a) 0.0065 (©) 1.67 Syncrude 1995
MFT consolidation
Year 1to 5 - - 0.0074 EMA 1993
Year 21 to 100 - - 0.0046 EMA 1993

(a) assumed identical to rates observed in end pit lakes and tailings ponds
(b) calculated using ratio of naphthenic acid degradation rates in anaerobic and aerobic environments and substance
degradation in aerobic conditions

(¢) assumed identical to naphthenic acids
exirapolaiion from experiments conducted at Simon Fraser University by M. Moore (1997)

(@)
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Table V-5 Assessment of Water Quality in the Athabasca River in Mean Open
Water Flow Conditions at 10% Right Bank Mixing Zone Boundary

Parameter / 2000 2002 2003 2005 2010
Substance mg/L._|Exceeds]| mg/l. |Exceeds| mg/L, [Exceeds| mg/l, |Exceeds| mg/L |Exceeds
Aluminum - Total | 6.8E-01 C__|6.8E-01 C ]6.88-01 C __|6.8E-01 C _]6.8E-01 C
Ammonia - Total 1.9E-02 1.9E-02 1.9E-02 1.9E-02 1.8E-02
Antimony - Total | 8.1E-07 8.1E-07 8.3E-07 8.4E-07 7.0E-07

Arsenic - Total 14E-03| HC |14E-03{ HC [1.4E-03]| HC |14E-03| HC [14E-03| HC
Barium - Total 7.0E-02 7.0E-02 7.0E-02 7.0E-02 7.0E-02
Benzo(a)anthracene | 2.7E-07 2.7E-07 2.7B-07 2.7E-07 1.1E-07

grp

Benzo(a)pyrene grp | 6.2E-08 6.2E-08 6.2E-08 6.2E-08 4.3E-08
Beryllium-Total 1.0E-03 1.0E-03 1.0E-03 1.0E-03 1.0E-03

Boron - Total 4.1E-02 4.1E-02 4.1E-02 4.1E-02 4.1E-02
Cadmium - Total 1.0E-03 1.0E-03 1.0E-03 1.0E-03 1.0E-03
Calcium 32E+01| NG [3.2E+01] NG |3.2E+01] NG [3.2E+01| NG |3.2E+01| NG
Chromium - Total | 4.0E-03 4.0E-03 4.0E-03 4.0E-03 4.0E-03
Conductivity 24E+02] NG |2.4FE+02] NG |24E+02) NG |24E+02] NG [2.4E+02] NG
Copper - Total 3.5E-03 3.5E-03 3.5E-03 3.5E-03 3.5E-03

Dissolved Organic | 1.0E+01| NG [1.0E+01] NG |1LOE+01} NG |1.0E+01] NG |1.0E+01{ NG
Carbon

Iron - Total 3.0E+00| C HNC|3.0E+00| C HNC|3.0E+00| C HNC|3.0E+00| C HNC{3.0E+00} C HNC
Lead - Total 5.2E-05 5.2E-05 5.2E-05 5.2E-05 5.3E-05
Magnesium 79E+00{ NG [7.9E+00f NG |79E+00f NG {7.9E+00; NG |7.9E+00| NG

Manganese - Total | 4.0E-01 | C HNC| 4.0E-01 | C HNC|4.0E-01 | C HNC| 4.0E-01 | C HNC} 4.0E-01 | C HNC

Mercury - Total 1.0E-04 C 1.0E-04 C 1.0E-04 C 1.0E-04 C 1.0E-04 C

Molybdenum - Total | 3.1E-04 3.1E-04 3.1E-04 3.1E-04 1.7E-04
Naphthenic Acids | 5.1E-01| NG |S5.1E-01| NG [5.0E-01| NG |5.0E-01| NG |[5.1E-01| NG
Nickel - Total 5.6E-05 5.6E-05 5.6E-05 5.6E-05 5.2E-05
Phenolics - Total 2.1E-03 2.1E-03 2.1E-03 2.1E-03 2.1E-03
Selenium - Total 2.0E-04 2.0E-04 2.0E-04 2.0E-04 2.0E-04
Silver - Total 7.2E-07 7.2E-07 7.2E-07 7.2E-07 5.0E-07
Sodium 6.9E+00] NG |[69E+00] NG [6.9E+00] NG {6.9E+00| NG |7.0E+00| NG
Strontium 22E-01] NG |22E-01| NG |22BE-01] NG |22E-0lf NG |22E-01| NG
Sulphate 1.9E+01| NG |1.9E+01| NG 1.9E+01] NG [1.9E+01] NG |j1.9E+01] NG

Total Dissolved 1.5B+02] NG |1.5E+02} NG {1.5E+02| NG |1.5E+02| NG [1.5E+02} NG
Solids

Total PAH's 5.0E-06 NG 5.0E-06 NG 5.0E-06 NG 5.0E-06 NG 1.8E-06 NG
Toxicity - acute 4.2E-04 4.2E-04 4.2E-04 4.2E-04 1.7E-04
Toxicity - chronic 2.8E-03 2.8E-03 2.8E-03 2.8B-03 1.9E-03
Vanadium - Total 4,1E-03 4.1E-03 4.1E-03 4.1E-03 4.1E-03

Zinc - Total 1.1E-02 1.1E-02 1.1E-02 1.1E-02 1.1E-02

C = Chronic

HC = Human Health Carcinogen
HNC = Human Health Non-Carcinogen
NG = no guidelines
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Table V-6 Assessment of Water Quality in the Athabasca River in Mean Open
Water Flow Conditions at 10% Right Bank Mixing Zone Boundary
Parameter / 2020 2022 2025 2030 Far Future
Substance mg/L. | Exceeds| mg/L. |Exceeds| mg/L |Exceeds| mg/L. |Exceeds| mg/L | Exceeds
Aluminum - Total [ 6.8E-01 C ]6.8E-01 C |6.8E-01 C  ]6.8E-01 C 6.8E-01 C
Ammonia - Total 1.9E-02 1.9E-02 1.8E-02 1.9E-02 1.6B-02
Antimony - Total 8.5E-07 7.4E-07 7.2E-07 1.6E-05 2.4B-07
Arsenic - Total 1.4E-03 HC | 1.4E-03 HC | 1.4E-03 HC | 1.4E-03 HC |1.4E-03 HC
Barium - Total 7.0E-02 7.0E-02 7.0E-02 7.0E-02 7.0E-02
Benzo(a)anthracene |3.1E-07 3.1E-07 3.1E-07 2.9E-06 4.3E-07
8rp
Benzo(a)pyrene grp | 8.5E-08 8.5E-08 8.5E-08 6.0E-07 6.9E-08
Beryllium-Total 1.0E-03 1.0E-03 1.0E-03 1.0E-03 1.0B-03
Boron - Total 4.1E-02 4.1E-02 4.1E-02 8.7E-02 4.2E-02
Cadmium - Total 1.0E-03 1.0E-03 1.0E-03 1.0E-03 1.0E-03
Calcium 3.2B+01| NG [32E+01] NG [3.2E+01| NG [3.3E+01| NG |3.2E+01| NG
Chromium - Total | 4.0E-03 4.0E-03 4.0E-03 4.0E-03 4.0E-03
Conductivity 24E+02] NG [24E+02] NG _[24E+02] NG [2.6E+02] NG [24E+02] NG
Copper - Total 3.5E-03 3.5E-03 3.5E-03 3.5E-03 3.5E-03
Dissolved Organic [1.0E+01] NG |1.0E+01} NG |1.0E+01|{ NG |{L.1E+01{ NG |L.0E+01| NG
Carbon
Iron - Total 3.0E+00| C HNC|3.0E+00| C HNC|3.0E+00| C HNCJ|3.0E+00{ C HNC|3.0E+00| C HNC
Lead - Total 5.2B-05 5.2E-05 5.2E-05 2.5E-04 5.7B-05
Magnesium 7.9E+001 NG {79E+00{ NG {7.9B+00] NG |8.2E+00{ NG |{8.0E+00{ NG
Manganese - Total | 4.0E-01 | C HNC| 4.0E-01 | C HNC| 4.0E-01 | C HNC| 4.0E-01 | C HNC| 4.0E-01 | C HNC
Mercury - Total 1.0E-04 C 1.0E-04 C 1.0E-04 C 1.0E-04 C 1.0E-04 C
Molybdenum - Total | 4.2E-04 4.2E-04 4.2E-04 1.3E-02 1.9E-04
Naphthenic Acids | 5.0E-01 | NG |5.1B-01] NG |5.1E-01| NG |5.6E-01| NG |[5.2E-01| NG
Nickel - Total 7.1E-05 7.1E-05 7.1E-05 3.2E-04 5.5E-05
Phenolics - Total 2.1E-03 2.1E-03 2.1E-03 2.1E-03 2.0E-03
Selenium - Total 2.0E-04 2.0E-04 2.0E-04 2.0E-04 2.0E-04
Silver - Total 9.2E-07 9.2E-07 9.2E-07 1.8E-05 3.8E-07
Sodium 7.3E+00| NG |73E+00f NG |73E+00{ NG |14BE+01| NG |[7.2E+00| NG
Strontium 22B-01| NG |22E-01| NG |22B-01{ NG |22E-01| NG |2.2E-01| NG
Sulphate 2.0E+01| NG [2.0B+01| NG [2.0E+01f NG [2.9E+01| NG |2.0E+01| NG
Total Dissolved 1.5E+02| NG [1.5E+02] NG |[1.5B+02] NG [L.7B+02] NG |}1.5E+02| NG
Solids
Total PAH's 6.1E-06| NG |6.1E-06] NG ]6.1B-06| NG |3.0B-04| NG [|4.2E-06| NG
Toxicity - acute 5.4E-04 5.4E-04 5.4B-04 2.6E-03 6.9E-04
Toxicity ~ chronic | 3.5E-03 3.5E-03 3.5E-03 4.7E-03 1.7E-03
Vanadium - Total 4.1E-03 4.1B-03 4.1E-03 5.0E-03 4.0E-03
Zinc - Total 1.1E-02 [.1E-02 1.1E-02 1.2E-02 1.1B-02
C = Chronic

HC = Human Health Carcinogen
HNC = Human Health Non-Carcinogen

NG = no guidelines
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Table V-7 Assessment of Water Quality in the Athabasca River in Annual
7Q10 Flow Conditions at 10% Right Bank Mixing Zone Boundary
Parameter / 2000 2002 2003 2005 2010
Substance mg/L, | Exceeds| mg/L. |Exceeds| mg/LL |Exceeds| mg/L |Exceeds| mg/L | Exceeds
Aluminum - Total | 5.5E-02 5.5E-02 5.5E-02 5.5E-02 5.5E-02
Ammonia - Total 3.3E-02 3.3EB-02 3.3E-02 3.3E-02 3.3E-02
Antimony - Total 1.6E-07{ NG |1.6E-07] NG [23E-07| NG [2.5E-07] NG |42E-07] NG
Arsenic - Total 4.0E-04 4.0E-04 4.0E-04 4.1E-04 4.1E-04
Barium - Total 8.6E-02 8.6E-02 8.6E-02 8.6E-02 8.6E-02
Benzo(a)anthracene | 9.0E-08| NG |9.0E-08| NG |9.0E-08] NG [9.0E-08f NG |2.2E-07| NG
grp
Benzo(a)pyrene grp | 24E-08} NG |24E-08] NG |24E-08] NG |2.4E-08f NG |6.7E-08{ NG
Beryllium-Total 4.6E-07 4.6E-07 6.0E-07 6.4E-07 1.1E-06
Boron - Total 3.0E-02 3.0E-02 3.0E-02 3.0E-02 3.1E-02
Cadmium - Total 1.0E-03 1.0E-03 1.0E-03 1.0E-03 1.0E-03
Calcium S.0E+01| NG |S.OE+01}] NG |S5.0E+01) NG [S5.0E+01] NG [5.0E+01| NG
Chromium - Total | 3.0E-03 3.0E-03 3.0E-03 3.0E-03 3.0E-03
Conductivity 4.0E+02] NG |[4.0E+02| NG [4.0E+02{ NG [4.0E+02] NG [4.0E+02] NG
Copper - Total 1.0E-03 1.0E-03 1.0E-03 1.0E-03 1.0E-03
Dissolved Organic 8.0E+00| NG |8.0E+00f NG |8.0E+00f NG |8.0E+00| NG |(8.0E+00| NG
Carbon :
Iron - Total 1.8E-01 1.8E-01 1.8E-01 1.8E-01 1.8E-01
Lead - Total 8.3E-06 8.3E-06 8.4E-06 8.4E-06 1.1E-05
Magnesium 14E+011 NG [14E+01] NG {14E+01{ NG [14E+01} NG |14E+01} NG
Manganese - Total | 1.0E-01 C 1.0E-01 C 1.0E-01 C 1.0E-01 C 1.0E-01 C
Mercury - Total 1.0E-04 C 1.0E-04 C 1.0E-04 C 1.0E-04 C 1.0E-04 C
Molybdenum - Total | 9.0E-05 9.0E-05 9.1E-05 9.1E-05 2.0E-04
Naphthenic Acids 58B-03] NG |58E-03] NG |58E-03| NG |5.8E-03| NG 14E-02|1 NG
Nickel - Total 8.6E-06 8.6E-06 8.5E-06 8.5E-06 9.3E-06
Phenolics - Total 3.0E-03 3.0E-03 3.0E-03 3.0E-03 3.0E-03
Selenium - Total 1.0E-04 1.0E-04 1.0E-04 1.0E-04 1.1E-04
Silver - Total 1.8E-07 1.8E-07 1.8E-07 1.8E-07 2.8E-07
Sodium 1.6B+01| NG |1.6E+01] NG |1.6E+01| NG |1.6E+01| NG |1.6E+01| NG
Strontium 34E-01| NG |34E-01| NG |34E-01| NG _|3.4E-01 NG | 34E-01 NG
Sulphate 4.0E+01{ NG [4.0E+01| NG |4.0E+01[ NG_ |4.0E+01| NG [4.0E+01{ NG
Total Dissolved 24E+02] NG ([24E+02| NG |[24E+02{ NG [24E+02| NG [24E+02| NG
Solids
Total PAH's 1.7E-06 | NG |1.7E-06| NG }1.7E-06| NG |1.7E-06] NG |[44E-06] NG
Toxicity - acute 1.6E-04 1.GE-04 1.6E-04 1.6E-04 3.8E-04
Toxicity - chronic | 7.0E-04 7.0E-04 7.0E-04 7.0E-04 1.0E-03
Vanadium - Total | 2.0E-03 2.0E-03 2.0E-03 2.0E-03 2.1E-03
Zinc - Total 7.0E-03 7.0E-03 7.1E-03 7.1E-03 7.1E-03
C = Chronic

NG = no guidelines
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Table V-8 Assessment of Water Quality in the Athabasca River in Annual
7Q10 Flow Conditions at 10% Right Bank Mixing Zone Boundary
Parameter / 2020 2022 2025 2030 Far Future
Substance mg/L | Exceeds| mg/l, |Exceeds| mg/L |Exceeds| mg/L |Exceeds| mg/L |Exceeds
Aluminum - Total | 5.6E-02 5.6E-02 5.6E-02 5.6E-02 5.7E-02
Ammonia - Total 3.AB-02 3.4E-02 3.4E-02 3.6E-02 3.6E-02
Antimony - Total 7.6E-07] NG |7.6E-07| NG [6.0E-07| NG |56E-07| NG |[5.8E-07] NG
Arsenic - Total 4.1E-04 4.1E-04 4.1E-04 4.1E-04 4.0E-04
Barium - Total 8.6E-02 8.6E-02 8.6E-02 8.6E-02 8.6E-02
Benzo(a)anthracene |4.7E-07| NG |4.7E-07| NG |[4.7E-07| NG |1.0B-06| NG |LI1E-06] NG
grp
Benzo(a)pyrene grp | 14E-07] NG |[14E-07| NG [|14E-07] NG |1.7E-07] NG |18E-07] NG
Beryilium-Total 2.1E-06 2.1E-06 1.8E-06 3.3E-06 3.6E-06
Boron - Total 3.1E-02 3.1E-02 3.1E-02 3.3E-02 3.3E-02
Cadmium - Total 1.0E-03 1.0E-03 1.0E-03 1.0E-03 1.0E-03
Calcium 5.0E+01] NG |5.0E+01| NG |5.0E+01| NG |5.0E+01| NG [5.0E+01| NG
Chromium - Total } 3.0E-03 3.0E-03 3.0E-03 3.0E-03 3.0E-03
Conduciivity 4.0E+02] NG [4.0B+02] NG J4.0BE+02] NG |[4.0E+02] NG [4.0E+02] NG
Copper - Total 1.0E-03 1.0E-03 1.0E-03 1.0E-03 1.0E-03
Dissolved Organic  [8.0E+00| NG |8.0E+00| NG [8.0E+00| NG |8.1E+00| NG |[8.1E+00] NG
Carbon :
Iron - Total 1.8E-01 1.8E-01 1.8E-01 1.9E-01 1.9E-01
Lead - Total 1.4E-05 1.4E-05 1.3E-05 2.1E-05 2.1E-05
Magnesium 14E+011 NG [14E+01] NG |14E+01] NG |14E+01| NG |l14E+01{ NG
Manganese - Total | 1.0E-01 C 1.0E-01 C 1.0E-01 C 1.0E-01 C 1.0E-01 C
Mercury - Total 1.0E-04 C 1.0E-04 C 1.0E-04 C 1.0E-04 C 1.0E-04 C
Molybdenum - Total | 4.2E-04 4.2E-04 4.2E-04 4.2E-04 4.5E-04
Naphthenic Acids [3.0E-02{ NG 130E-02! NG |30E-02] NG |32E-02] NG |34E-02] NG
Nickel - Total 1.8E-05 1.8E-05 1.8E-05 2.0E-05 1.3E-05
Phenolics - Total 3.0E-03 3.0E-03 3.0E-03 3.0E-03 3.0E-03
Selenium - Total 1.1E-04 1.1E-04 1.0E-04 1.0E-04 1.0E-04
Silver - Total 5.9E-07 5.9E-07 5.9E-07 5.9E-07 6.4E-07
Sodium 1.6B+01| NG [|1.6B+01| NG |1.6E+01| NG |1L.7E+01| NG |[1.7E+01| NG
Strontium 34E-01| NG |34E-01| NG |34E-01] NG (34E-01} NG [3.4E-01] NG
Sulphate 4.0E+01| NG |4.0E+01| NG [4.0E+01{ NG [|4.0B+01] NG |4.0B+01] NG
Total Dissolved 24E+02| NG |24E+02| NG |2.4E+02} NG [24BE+02] NG |24E+02| NG
Solids
Total PAH's 93E-06] NG |93E-06] NG |9.3E-06] NG [9.6B-06] NG [1.0BE-05] NG
Toxicity - acute 8.0E-04 8.0E-04 8.0E-04 1.6E-03 1.8E-03
Toxicity - chronic | 2.1E-03 2.1E-03 2.1E-03 3.0B-03 3.1E-03
Vanadium - Total 2.1E-03 2.1E-03 2.1E-03 2.1E-03 2.1E-03
Zinc - Total 7.2E-03 7.2E-03 7.1E-03 7.2E-03 7.1E-03
C = Chronic

NG = no guidelines
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Table V-9 Assessment of Water Quality in the Muskeg River in Mean Open
Water Flow Conditions
Parameter / 2000 2002 2003 2005 2010
Substance mg/L |Exceeds| mg/L |Exceeds| mg/L. |Exceeds| mg/L |Exceeds| mg/L |Exceeds
Aluminum - Total 5.5E-02 5.5E-02 5.5E-02 5.5E-02 5.6E-02
Ammonia - Total 5.5E-02 5.5E-02 5.6E-02 5.6E-02 5.8E-02
Antimony - Total 3.1E-06 3.1E-06 3.4E-06 3.6E-06 4.6E-06
Arsenic - Total 3.0E-03 HC |3.0E-03 HC |3.0E-03 HC |3.0E-03 HC |3.0E-03 HC
Barium - Total 2.6E-02 2.6E-02 2.7E-02 2.7E-02 2.7E-02
Benzo(a)anthracene |0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 -
g1p
Benzo(a)pyrene grp |0.0E+00 - __|0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 -
Beryllium-Total 6.3E-06 6.3E-06 6.8E-06 7.2E-06 9.2E-06
Boron - Total 4.5E-02 4.5E-02 4.5E-02 4.5E-02 4.5E-02
Cadmium - Total 2.0E-04 2.0E-04 2.0E-04 2.0E-04 2.0E-04
Calcium 39E+01| NG |3.9E+01] NG |3.9E+01| NG |39E+01| NG |3.9E+01| NG
Chloride 3.1E+00 3.1E+00 3.1E+00 3.1E+00 3.1E+00
Chromium - Total | 5.4E-04 5.4E-04 5.5E-04 5.6E-04 6.1E-04
Conductivity 2.7E+02| NG |2.7E+02] NG |2.7B+02] NG |[2.7E+02] NG |2.7E+02| NG
Copper - Total 8.6E-04 8.6E-04 8.6E-04 8.7E-04 8.8E-04
Dissolved Organic |2.2E+01| NG [2.2E+01| NG |2.2E+01| NG [2.2E+01| NG [2.2E+01] NG
Carbon
Iron - Total 8.2E-01 | C HNC| 8.2E-01 | C HNC| 8.3E-01 | C HNC| 8.3E-01 | C HNC| 8.4E-01 | C HNC
Lead - Total 4.1E-04 4.1E-04 4.1E-04 4.1E-04 4.1E-04
Magnesium 9.6E+00( NG |9.6E+00| NG |9.6E+00{ NG [9.6E+00] NG |[9.6E+00] NG
Manganese - Total | 4.4E-02 4.4E-02 4.4E-02 4.5E-02 4.6E-02
Mercury - Total 9.9E-05 C_ [9.9E-05 C  19.9E-05 C _19.9E-05 C _ 19.9E-05 C
Molybdenum - Total | 2.2E-04 2.2E-04 2.2E-04 2.2E-04 2.3E-04
Naphthenic Acids  [4.0E+00] NG |4.0E+00| NG |4.0E+00| NG |4.0E+00f NG [4.0E+00] NG
Nickel - Total 4.0E-04 4.0E-04 4.0E-04 4.0E-04 4.0E-04
Phenolics - Total 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 -
Selenium - Total 7.5E-05 7.5E-05 8.2E-05 8.7E-0S 1.1E-04
Silver - Total 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 -
Sodium 1.0E+01| NG |1.0E+01] NG |1.0E+01| NG |1.0E+01} NG |[1.0E+01| NG
Strontium 6.0E-02{ NG {6.0E-02! NG |6.0E-02| NG |6.0E-02] NG |6.0E-02] NG
Sulphate 4.5E+00| NG |4.5E+00{ NG |4.5E+00 NG [4.5E+00] NG |4.5E+00] NG
Total Dissolved 1.7E+02 1.7E+02 1.7E+02 1.7E+02 1.7E+02
Solids
Total PAH's 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 -
Toxicity - acute 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 -
Toxicity - chronic | 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 -
Vanadium - Total 4.3E-04 4.3E-04 4.3E-04 4.3E-04 4.4E-04
Zing - Total 1.2E-02 1.2E-02 1.2E-02 1.2E-02 1.3E-02
C = Chronic

HC = Human Health Carcinogen
HNC = Human Health Non-Carcinogen

NG = no guidelines
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Table V=10

Assessment of Water Quality in the Muskeg River in Mean Open
Water Flow Conditions

Parameter / 2020 2022 2025 2030 Far Future
Substance mg/L, | Exceeds| mg/L |Exceeds| mg/L. |Exceeds| mg/L. |Exceeds| mg/L |Exceeds
Aluminum - Total | 5.2E-02 5.2E-02 5.2E-02 2.2E-01 C 5.2E-02
Ammonia - Total 5.1E-02 5.1B-02 5.0E-02 6.5E-02 5.1E-02
Antimony - Total 8.1E-07 8.0E-07 1.9E-07 1.1E-04 5.3E-09
Arsenic - Total 2.9E-03 HC |2.9E-03 HC |2.9E-03 HC |3.2E-03 HC |2.8E-03 HC
Barium - Total 2.6E-02 2.6E-02 2.5E-02 3.9E-02 2.6E-02
Benzo(a)anthracene {0.0E+00 - 0.0E+00 - 0.0E+00 - 1.7E-05 HC |3.1E-07
grp
Benzo(a)pyrene grp |0.0E-+00 - 0.0E+00 - 0.0E-+00 - 3.7E-06 HC [2.3E-08
Beryllium-Total 1.6E-06 1.6E-06 3.7E-07 4.5E-04 1.6E-06
Boron - Total 4.5E-02 4.5B-02 4.5E-02 3.5E-01 4.7E-02
Cadmium - Total 2.0E-04 2.0E-04 2.0E-04 7.8E-04 2.1E-04
Calcium 39E+01] NG 139E+01] NG |3.8E+0li NG 14.7E+01] NG |3.9E+01] NG
Chloride 3.1E+00 3.1E+00 3.1E+00 7.8E+00 3.2E+00
Chromiui - Total | 4.4E-04 4.4B-04 4.1E-04 2.0E-03 44E-04
Conductivity 2.7E+02] NG |2.7E+02] NG |2.7B+02]| NG |4.6E+02| NG 12.7E+02] NG
Copper - Total 8.1E-04 8.1E-04 8.0E-04 2.4E-03 8.1E-04
Dissolved Organic  |2.2E+01] NG {2.2E+01{ NG |2.2E+01} NG [26E+01| NG (22E+01; NG
Carbon
Iron - Total 8.0E-01 | C HNC| 8.0E-01 | C HNC| 7.9E-01 | C HNC] 9.7E-01 | C HNC| 8.1E-01 | C HNC
Lead - Total 4.0E-04 4.0E-04 4.0E-04 1.7E-03 4.3E-04
Magnesium 9.6E+00] NG |9.6E+00] NG |9.6E+00| NG |1L.1E+01] NG |9.6E+00| NG
Manganese - Total | 4.1E-02 4.1E-02 4.0E-02 6.6E-02 | C HNC| 4.4E-02
Mercury - Total 1.0E-04 C 1.0E-04 C 1.0E-04 C 9.5E-05 C 1.0E-04 C
Molybdenum - Total | 2.0E-04 2.0E-04 2.0E-04 8.5E-02 2.1E-04
Naphthenic Acids  [4.0E+00| NG [4.0E+00f NG |4.0E+00) NG |3.7E+00{ NG {3.9E+00! NG
Nickel - Total 4.0E-04 4.0E-04 4.0E-04 2.1E-03 4.0E-04
Phenolics - Total 0.0E+00 - 0.0E+00 - 0.0E+00 - 1.1E-03 0.0E+00 -
Selenium - Total 1.9E-05 1.9E-05 4.5B-06 2.3E-04 0.0E+00 -
Silver - Total 0.0E+00 - 0.0E+00 - 0.0E+00 - 1.2E-04 5.9E-09
Sodium 1.LOE+01[ NG |1.0E+01| NG [LOE+01[ NG [5.5E+01] NG (1.1E+01| NG
Strontium 6.0E-02] NG |6.0E-02|] NG |59E-02] NG |2.0E-01; NG [6.0E-02] NG
Sulphate 45B+00] NG [4.5E+001 NG |4.5E+00] NG [8.1E+01| NG |4.6E+00| NG
Total Dissolved 1.7B+02 1.7E+02 1.7E+02 3.1E+02| HNC |1.7E+02
Solids
Total PAH's 0.0E+00 - 0.0E+00 - 0.0E+00 - 2.0E-03] NG |1.5E-06| NG
Toxicity - acute 0.0E+00 - 0.0E+00 - 0.0E+00 - 1.4E-02 5.2B-04
Toxicity - chronic__ {0.0E+00 0.0E+00 - 0.0E-+-00 - 2.0E-02 6.1E-04
Vanadium - Total [ 4.1E-04 4.1E-04 4.0E-04 1.1E-02 4.1E-04
Zinc - Total 1.1E-02 1.1E-02 1.1E-02 1.5B-02 1.1E-02

C = Chronic

HC = Human Health Carcinogen
HNC = Human Health Non-Carcinogen

NG = no guidelines
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Table V-11 Assessment of Water Quality in the Muskeg River in Annual 7Q10

Conditions
Parameter / 2000 2002 2003 2005 2010
Substance mg/L |Exceeds| mg/L. |Exceeds| mg/L. |Exceeds| mg/l. |Exceeds| mg/L |Exceeds
Aluminum - Total _ [4.0E-02 4.0E-02 7.9E-02 9.2E-02 1.1E-01 C
Ammonia - Total _ |[1.1E+00 1.1E+00 1.1E+00 1.1E+00 1.1E+00
Antimony - Total __[0.0E+00 - {0.0E+00 - 4.0E-05 5.3E-05 7.1E-05
Arsenic - Total 0.0E-+00 - 10.0E+00 - 1.6E-03 2.1E-03 2.9E-03
Barium - Total 7.1E-G2 7.1E-02 8.1E-02 8.5E-02 9.0E-02
Benzo(a)anthracene |0.0E+00 - |0.0E+00 - |0.0E+00 - |0.0E+00 - |0.0E+00 -
grp
Benzo(a)pyrene grp |0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 -
Beryllium-Total 0.0E+00 - 10.0E+00 - 8.0E-05 1.1E-04 1.4E-04
Boron - Total 5.8EB-02 5.8E-02 5.7E-02 5.6E-02 5.5E-02
Cadmium - Total 6.0E-04 6.0E-04 5.5E-04 5.4E-04 5.1E-04
Calcium 7.2E+01] NG [7.2E+01| NG |74E+01| NG _|7.5E+01| NG |7.6E+01| NG
Chloride 5.6E+00 5.6E+00 5.2E+00 5.0E+00 4.8E+00
Chromium - Total  [5.2E-03 5.2E-03 6.6E-03 7.1E-03 7.7E-03
Conductivity 4.8E+02f NG |4.8E+02] NG |49E+02] NG [49E+02] NG _|5.0E+02| NG
Copper - Total 2.0E-03 2.0E-03 2.6E-03 2.8E-03 3.1E-03

Dissolved Organic [2.0E+01| NG |[2.0E+01{ NG |[1.9E+01| NG [1.9E+01| NG |[1.9E+01| NG
Carbon

Iron - Total 2.4E+00 C_|2.4E+00 C_ |2.7E+00 C__ |2.8E+00 C 2.9E+00 C
Lead - Total 3.8E-03 3.8E-03 3.6E-03 3.6E-03 3.5E-03
Magnesium 1.7E+01] NG J1.7E+01] NG |1.7E+01] NG |1.7E+01{ NG |1.7E+01| NG

Manganese - Total | 5.5E-01 C 5.5E-01 C 5.7E-01 C 5.7E-01 C 5.8E-01 C

Mercury - Total 1.0E-04 C 1.0E-04 C 9.2E-05 C 8.9E-05 C 8.6E-05 C

Molybdenum - Total |0.0E+00 - 0.0E+00 - 2.4E-04 3.2E-04 4.3E-04
Naphthenic Acids  |0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 -
Nickel - Total 1.3E-03 1.3E-03 1.2E-03 1.2E-03 1.1E-03
Phenolics - Total 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E-+00 - 0.0E+00 -
Selenium - Total 0.0E+00 - 0.0E+00 - 9.6E-04 1.3E-03 1.7E-03

Silver - Total 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 -
Sodium 1.5E4+01| NG [1.5E+01| NG |14E+01| NG {14E+01| NG [|1.3E+01| NG
Strontium 1.8E-01! NG [1.8E-01| NG 1.8E-01 NG 1.8E-01 NG 1.8E-01} NG
Sulphate 5.1E+00f NG |S.1E+00{ NG |[4.9E+00| NG [4.9E+00| NG [4.8E+00] NG
Total Dissolved 3.0E+02 3.0E+02 3.1E+02 3.1E+02 3.1E+02

Solids

Total PAH's 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 -
Toxicity - acute 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 -
Toxicity - chronic__ |0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 -
Vanadium - Total 5.0E-04 5.0E-04 8.6E-04 9.8E-04 1.1E-03

Zinc - Total 2.2E-02 2.2E-02 3.6E-02 4.1E-02 4.8E-02

C = Chronic

HC = Human Health Carcinogen
HNC = Human Health Non-Carcinogen
NG = no guidelines
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Table V-12 Assessment of Water Quality in the Muskeg River in Annual 7Q10
Conditions
Parameter / 2020 2022 2025 2030 Far Future
Substance mg/L |Exceeds| mg/L |Exceeds| mg/L. |Exceeds| mg/L. |Exceeds| mg/L |Exceeds
Aluminum - Total 1.4E-01 C 1.4E-01 C 6.9E-02 5.5E-02 7.8E-02
Ammonia - Total 1.1E+00 1.1E+00 1.1E+00 1.1E+00 1.1E+00
Antimony - Total 1.1E-04 1.1E-04 3.0E-05 1.5E-05 0.0E+00 -
Arsenic - Total 4.3E-03 4.3E-03 1.2E-03 6.1E-04 1.0E-04
Barium - Total 9.9E-02 9.9E-02 7.9E-02 7.5E-02 7.2E-02
Benzo(a)anthracene {0.0E+00 - 0.0E-+00 - 0.0E+00 - 0.0E+00 ~ 2.6E-05
grp
Benzo(a)pyrene grp | 0.0E+00 0.0E+00 - 0.0E+00 - 0.0E+00 - 2.0E-06
Beryllium-Total 2.1E-04 2.1E-04 5.9E-05 3.1E-05 6.8E-05
Boron - Total 5.4E-02 5.4E-02 5.7E-02 5.7E-02 1.2E-01
Cadmium - Total 4.7E-04 4.7E-04 5.6E-04 5.8E-04 7.2E-04
Calcium 7.9E+01] NG |7.9E+0l1] NG [74E+01| NG |7.3E+01{ NG [|7.1E+01| NG
Chloride 4 4E+00 4.4E+00 5.3E+00 5.4E+00 6.0E+00
Chromium - Total | 9.0E-03 9.0E-03 6.3E-03 5.7E-03 5.1E-03
Conductivity 5.1E+02] NG |[5.1E+02] NG |4.9E+02] NG |4.8E+02| NG [5.5E+02] NG
Copper - Total 3.7E-03 3.7E-03 2.5E-03 2.2E-03 2.1E-03
Dissolved Organic {1.8E+01] NG |1.8E+01] NG |[1.9E+01{ NG |[2.0E+01] NG |2.iE+01| NG
Carbon
Iron - Total 3.2E+00 C 3.2E+00 C 2.6E+00 C 2.5E+00 C 2.4E+00 C
Lead - Total 3.4E-03 3.4E-03 3.6E-03 3.7E-03 3.6E-03
Magnesium 1.6E+01| NG [1.6E+01| NG |L7E+01| NG [1.7E+01] NG [1.7E+01] NG
Manganese - Total | 6.0E-01 C 6.0E-01 C 5.6E-01 C 5.5E-01 C 5.3E-01 C
Mercury - Total 7.9E-05 C 7.9E-05 C 9.4E-05 C 9.7E-05 C 9.7E-05 C
Molybdenum - Total | 6.4E-04 6.4E-04 1.8E-04 9.2E-05 6.2B-04
Naphthenic Acids | 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 - 3.8E-01] NG
Nickel - Total 1.0E-03 1.0E-03 1.2E-03 1.3E-03 1.3E-03
Phenolics - Total 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 - 1.4E-04
Selenium - Total 2.6E-03 2.6E-03 7.1E-04 3.7B-04 0.0E+00
Silver - Total 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 -
Sodium 1.3E+01}] NG |[1.3E+01] NG |14E+01f NG |[14E+01| NG [3.5BE+01| NG
Strontium 1.8E-01| NG [18E-01| NG |18E-01| NG |18E-0l1 NG [1.8E-01{ NG
Sulphate 4.7E+00 NG |4.7E+00f NG |[5.0E+00] NG |5.0E+00f NG [1.2E+01] NG
Total Dissolved 3.1E+02 3.1E+02 3.0E+02 3.0E+02 3.3E+02
Solids
Total PAH's 0.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E+00 - 3.8E-05 NG
Toxicity ~ acute 0.0E-+00 - 0.0E+00 - 0.0E-+00 0.0E+00 - 3 4E-02
Toxicity - chronic  {10.0E+00 - 0.0E+00 - 0.0E+00 - 0.0E-+00 - 3.4E-02
Vanadium - Total 1.5E-03 1.5E-03 7.7E-04 6.4B-04 8.2E-04
Zinc - Total 6.1E-02 6.1E-02 3.2E-02 2.7E-02 2.3E-02
C = Chronic

NG = no guidelines
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Figure V-3  ILLUSTRATION OF FLOWS ASSOCIATED WITH EACH NODE IN 2003 (O mrunorr
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ILLUSTRATION OF FLOWS ASSOCIATED WITH EACH NODE IN 2010
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Figure V-6

{LLUSTRATION OF FLOWS ASSOCIATED WiITH EACH NODE IN 2020
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Figure V-7

ILLUSTRATION OF FLOWS ASSOCIATED WITH EACH NODE IN 2022
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Figure V-8

ILLUSTRATION OF FLOWS ASSOCIATED WITH EACH NODE IN 2030
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Figure V-10 ILLUSTRATION OF FLOWS ASSOCIATED WITH EACH NODE IN FAR FUTURE
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Figure V-11: Muskeg River Mine Project Scenario Year: 2030 at Mean Open Water Flow
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Figure V-17
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APPENDIX VI

Habitat Requirements for the Muskeg River Mine Project Fish
KIRS

Golder Associates



December 1997

VI-2

Vi-1 HABITAT REQUIREMENTS FOR THE MUSKEG RIVER
MINE PROJECT FISH KIRS

Vi-1.1 Northern Pike

Northern pike in Alberta are widely-distributed and occur almost
everywhere except for higher elevation and steeper gradient watercourses in
the Rocky Mountains and foothills (Nelson and Paetz 1992). Typical
northern pike habitat is characterized by vegetated, nutrient-rich shallow
waters. Northern pike are not adapted to survive in strong currents,
therefore they predominantly occur in lakes or in slow moving rivers and
streams, where they inhabit backwaters and pools (Inskip 1982).

Northern pike are spring-spawners, spawning immediately after ice melt in
April to early May when water temperatures range from 4-11°C (Scott and
Crossman 1973). They may migrate long distances to reach appropriate
spawning areas (Inskip 1982). Both lake and river populations of northern
pike tend to migrate up tributaries to find favourable spawning habitat such
as wetlands, shallow pools, and the vegetated floodplains of rivers, marshes
and bays of lakes (Scott and Crossman 1973; Casselman and Lewis 1996).
No nest is built and the semi-adhesive eggs are broadcast over submerged
vegetation (Inskip 1982; Casselman and Lewis 1996). The vegetation must
provide abundant surface area for eggs and newly hatched fry to attach and
allow the circulation of water for oxygenation (Inskip 1982).

Northern pike typically spawn in calm waters less than 0.5 m deep, that
contain moderately dense mats of short vegetation (e.g. grasses and sedges).
They avoid spawning in channelized reaches and prefer spawning in pools
with low velocities and fine substrate. Absence of instream cover and flows
greater than 1.5 m/s may inhibit spawning (Inskip 1982). Dissolved oxygen
concentrations which fall below 30-35% air saturation usually results in a
greatly reduced survival of northern pike eggs and larvae. High water
levels at spawning time with stable levels after the incubation period are
associated with large year-classes of northern pike. Thus, it is critical that
water levels are maintained throughout the egg and fry life stages (Hassler
1970). Water temperature decreases and/or silt deposition have been found
to cause significant mortality of incubating eggs (Hassler 1970).

Eggs hatch approximately two weeks after spawning, and the emerging
post-hatch larvae attach themselves to aquatic vegetation for 6-10 days as
they absorb their yolk reserves. After they detach, the fry remain in the
vicinity of the spawning grounds for 2-3 weeks, feeding on zooplankton and
aquatic invertebrates (Ford er al. 1995). The optimal temperature for
northern pike fry is 25.6°C (Casselman and Lewis 1996). The young
aggressively defend a territory in shallow areas, seeking cover amongst
vegetation as they are photo-sensitive. At 20 mm in length they become
free-ranging and move to other parts of the lake or river. Due to their rapid
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growth and increase in activity, the physical needs of young northern pike
expand.

Casselman and Lewis (1996) estimated young northern pike require more
than 10 times the area of nursery habitat compared to spawning habitat, and
optimally this habitat will contain 40-80% coverage by submergent and
emergent aquatic plants. Young northern pike grow rapidly, and shift to
piscivory at a length of 50-60 mm. As they grow older, an ambush style of
feeding is adopted; therefore, the presence of submerged cover (e.g.,
aquatic vegetation or logs) is important (Ford et al. 1995; Casselman and
Lewis 1996). The optimal temperature for northern pike young-of-the-year
is 22-23°C (Casselman and Lewis 1996).

Juvenile and adult northern pike prefer shallow, littoral areas (< 4 m deep)
with moderate densities of vegetation (> 30% coverage), and usually stay
within 100 m of the shore (Inskip 1982; Casselman and Lewis 1996). They
are known to move short distances in summer or winter, and rarely make
long migrations (Ford ef al. 1995). However, shallow, heavily vegetated
lakes that were favorable for most of the year frequently develop low
dissolved oxygen concentrations during winter. Northern pike counter the
effects of lowered oxygen concentrations by seeking areas of higher oxygen
concentrations higher up in the water column, decreasing their activity
levels, and reducing or ceasing to feed. Northern pike generally avoid
oxygen concentrations of less than 3-4 mg/L, with the lower incipient lethal
oxygen concentration estimated at 0.5-1.5 mg/L. Smaller northern pike are
more tolerant of oxygen depression than larger individuals. The optimal
temperature for adult northern pike is 19°C, while the incipient lethal water
temperature is 30°C for subadults (Casselman and Lewis 1996).

Adult northern pike are a strictly predatory and opportunistic feeder,
primarily feeding on fish, but crayfish, waterfowl and even small mammals
may contribute to the diet (Scott and Crosman 1973; Ford et al. 1995).

Vi-1.2  Arctic Grayling

Arctic grayling inhabit cold water streams, rivers and lakes that support
aquatic vegetation (Hubert et al. 1985). They are found almost exclusively
in pools but can tolerate a current of 0.26 m/s (Kreuger 1981). Arctic
grayling overwinter in large streams and rivers or in deep holes (>1.0 m) in
smaller streams (Nelson and Wojcik 1953). Spring-fed reaches that do not
completely freeze in winter also provide suitable overwintering habitat
(Kreuger 1981).

Arctic grayling are spring spawners, and may migrate long distances to
reach tributary spawning streams. Once spawning is completed, adult
Arctic grayling may move upstream or downstream, or migrate to larger
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streams for summer feeding (Tack 1980). By late summer or fall, the adults
have moved downstream to wintering areas (Kratt and Smith 1977).

Spawning usually occurs over gravel substrate in the transition area
between a riffle and a pool (Bishop 1971). Spawning typically occurs in
May to early June when water temperatures may range from 4-10°C (Scott
and Crossman 1973; Northcote 1995). Current velocities at spawning sites
range from 0.34 to 1.46 m/s (Kreuger 1981). Arctic grayling do not
typically spawn over silt or clay, as this substrate type does not provide
optimal conditions for egg survival (Bishop 1971). Many eggs commonly
drift downstream soon after being spawned (Warner 1955).

Newly hatched fry spend a few days buried under 2 to 3 cm of gravel,
protected from water currents and wave action (Kratt and Smith 1977).
After fry emerge from the gravel they remain in quiet backwaters and
sheltered areas of the spawning stream throughout the summer (Craig and
Poulin 1975). In contrast, juveniles will use pool and siough habitat in the
spawning stream most or all of the growing season, and may feed in riffles
(Kreuger 1981). Fry depend on interstitial spaces and shadows of boulders
for cover from predators (Kreuger 1981). Juveniles will commonly use
overhanging vegetation, logs, boulders and turbulence for instream cover
(Kreuger 1981).

Juvenile Arctic grayling have a temperature tolerance of 2-24.5°C and an
optimal temperature for growth of 10-12°C. Adult Arctic grayling have a
temperature tolerance of 1-20°C and an optimal temperature for growth of
10°C. Juvenile and adult Arctic grayling have a lower lethal oxygen
concentration of 1.4 and 2.0 mg/L, respectively (Ford et al. 1995).

VI-1.3 Longnose Sucker

Longnose sucker are the most widespread sucker in northern Canada and
are found in large numbers in most waterbodies with clear and cool waters
(Lee et al. 1980). Longnose sucker spawning normally occurs in tributary
streams rather than in lakes or in large rivers (Brown and Graham 1953).
Longnose sucker require riffle habitats for spawning, where water velocities
range from 0.3 to 1.0 m/s and clean gravel or cobble (1 to 20 ¢m in
diameter) is present. Peak spawning occurs in June when water
temperatures range from 10-15°C (Edwards 1983).

The fry of longnose sucker drift downstream following emergence from the
gravel. Fry seek shelter from predation and swift flows in shallow areas of
reduced velocity and vegetation. Fry have been reported to congregate near
the water surface (within 150 mm of surface) and within 2 m of the shore or
river bank (Hayes 1956). As young-of-the-year longnose sucker become
larger (juveniles), they frequent shallow weedy areas and will seek out
areas with some current velocity (Johnson 1971).
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Longnose sucker feed on zooplankton and diatoms as fry, and shift to larger
organisms such as benthic macroinvertebrates as they become larger
(Edwards 1983). Adult longnose suckers in general feed on a wide range of
food items based on availability, dominant items in the diet include
amphipods, cladocerans, aquatic insect larvae and other invertebrates. The
preferred temperature range of adult longnose suckers is 10-15°C with the
upper lethel limit estimated at 27°C (Edwards 1983). No specific
information exists for dissolved oxygen criteria but concentrations above 5
mg/L is assumed to be adequate (Edwards 1983).

Longnose sucker migrate widely in the Athabasca River system. Most
longnose sucker overwinter in Lake Athabasca and migrate into Athabasca
River tributaries to spawn. In areas with prolonged and extensive ice cover,
overwintering habitats are critical to longnose suckers. The principle habitat
requirements for longnose sucker winter habitat are an adequate oxygen
supply and sufficient water depth to allow for ice cover and refugia from
high water velocities.

Vi-1.4 Forage Fish Species

Within the study area, the primary forage fish species of interest are the
fathead minnow, pearl dace, lake chub, brook stickleback and slimy sculpin.
The general life history of the first four species is generally similar: fathead
minnows, brook stickleback, and pearl dace are often found in association
with each other, and lake chub and pearl dace are known to hybridize with
each other as the two species are closely related (Scott and Crossman 1973;
Nelson and Paetz 1992). Therefore, the general life history of these four
species will be treated together. The life history of slimy sculpin is
somewhat different and will require specific references to these different
traits.

The four forage fish species are generally found in a wide range of habitats
(small creeks, rivers, ponds and lakes) usually in still waters and in
association with aquatic vegetation (Scott and Crossman 1973; Nelson and
Paetz 1992; Lane et al. 1996). Spawning occurs from April to August when
water temperatures range from 8-18°C (Scott and Crossman 1973; Nelson
and Paetz 1992). Maturity occurs as early as one year (brook stickleback)
to as late as 3-4 years for lake chub. Fathead minnows attach their eggs to
the underside of objects and are fractional spawners, spawning several
times over a summer {Gale and Buynak 1982). Brook stickleback are
unique in that a small nest of detritus and fibres is constructed on aquatic
vegetation into which eggs are deposited. Pearl dace deposit their eggs over
in shallow water over sand and gravel in weak to moderate current, while
lake chub spawn amongst rocks and over silt and defritus (Brown er al.
1970). Eggs generally hatch in 5-9 days (Scott and Crossman 1973; Nelson
and Paetz 1992).
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The diet of these four forage species is typical of other forage fish and
consists of aquatic insects (e.g. chironomids), crustaceans (e.g. cladocerans)
and algae. Larger lake chub will consume small fish, while brook
stickleback will eat fish eggs and larval fish (Scott and Crossman 1973;
Nelson and Paetz 1992). These species are short-lived, ranging from three
years (fathead minnow) to five years (lake chub). Maximum sizes (length)
range from 87 mm (brook stickleback) to 200 mm (lake chub) (Scott and
Crossman 1973; Nelson and Paetz 1992). Dissolved oxygen requirements
of these four forage species are less critical when compared to salmonid
species. They are tolerant to intermediately tolerant to low dissolved
oxygen concentrations, with the acute concentrations of dissolved oxygen
ranging from < 1 - 2 mg/L (Barton and Taylor 1996). There is little
information on temperature tolerances except for fathead minnow which
has an upper lethal temperature of 32-33°C (Clayton and Maughan 1978).
It is likely the other three species have similar temperature tolerances.

As mentioned earlier, slimy sculpins have different life history traits
compared to the previous four species. Slimy sculpins occur in the deeper
portions of lakes and in cool, rocky streams. They have been captured in
lakes at depths ranging from 6-82 m and most commonly at depths from 37-
73 m. They spawn between and under rocks from May to June, when water
temperatures range from 5-10°C. Eggs hatch approximately 28 days later
(Nelson and Paetz 1992). In an Alaskan stream, Craig and Wells (1976)
observed that most slimy sculpins matured at age 3-4. Slimy sculpins feed
predominantly on aquatic insect larvae and nymphs, although crustaceans,
small fish, and plant material are sometimes eaten (Scott and Crossman
1973; Craig and Wells 1976).

Symons et al. (1976) estimated the preferred temperature (acclimated at
20°C) of slimy sculpin was 13°C and the lethal temperature was 25°C.
Maximum size from Alberta is 90 mm (Nelson and Paetz 1992) while the
largest reported size is 109 mm (Scott and Crossman 1973). The maximum
reported lifespan of slimy sculpins is 7 years (Scott and Crossman 1973).

Vi-1.,5  Lake Whitefish

In Alberta, lake whitefish are most abundant in the eastern portion of the
province, in the drainages of the Hay, Slave, Peace, Athabasca, Beaver,
North Saskatchewan, and upper Battle rivers. Their presence in southern
drainages is the result of introductions. Lake whitefish are characteristically
a lake-dwelling species, but in Alberta they do sometimes occur in rivers
(Nelson and Paetz 1992).

Lake whitefish are fall-spawners, with spawning occurring in lakes, rivers
and streams from October to December when water temperatures are 8°C or
less. The longest spawning migrations usually occur when lake whitefish
ascend rivers, while shorter migrations occur for lake spawning
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populations. Age of maturity varies depending on fishing pressure, but 4-9
years is typical. No nest is built and in rivers, the eggs are broadcast over
cobble and gravel in shallow running water. In lakes, eggs are broadcast
over sand, gravel, cobble and boulders in depths from 0.3 to 30.0 m.
Spawning occurs at night. Eggs incubate over the winter for approximately
20-23 weeks, hatching in April or May. Eggs require water temperatures
between 0.5-12°C for incubation; 4-6°C has been found to be the optimal
water temperature (Scott and Crossman 1973; Ford et al. 1995).

After hatching, the young move downstream from spawning areas to river
margins. Larval lake whitefish begin feeding on small zooplankton species
1-3 days after hatching. They may also remain in adjacent, backwater areas
where they stay for several weeks feeding on planktonic (e.g., cladocerans)
and then benthic (e.g., dipteran larvae) organisms (Ford et al. 1995).
Towards late summer the young move from the warmer epilimnetic waters
to the cooler metalimnetic waters, where their diet begins to resemble adult
lake whitefish. The upper lethal temperature for young lake whitefish is
estimated at 26.6°C with the preferred temperature ranging from 12-16°C
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During the summer months lake whitefish descend into deeper, cooler
waters, while in the fall and winter they are found in shallower waters. The
preferred temperature range of adult lake whitefish is estimated to be
between 8-14°C, while the preferred oxygen concentrations are > 7.0 mg/L.
The acute temperature for adults is estimated at > 23°C while the
recommended short term exposure for oxygen is estimated at 4.25 mg/L
(Taylor and Barton 1992; Ford ef al. 1995).

Adults are almost entirely benthic feeders and consume aquatic insect
larvae (e.g. chironomids and caddisflies), clams, snails and amphipods.
Zooplankton, fish and fish eggs are occasionally consumed by adults, in
lesser amounts (Nelson and Paetz 1992; Ford ef al. 1995). The major
predators of lake whitefish are lake trout, northern pike, walleye, burbot,
and even lake whitefish which will consume their own eggs (Scott and
Crossman 1973). Yellow perch and ciscoes will also feed on larval lake
whitefish. Lake whitefish on average have a maximum observed age of 16
years.

Vi-1.6  Walleye

Walleye are piscivores and feed on a variety of fish species (Scott and
Crossman 1973). Adult and juvenile walleye generally feed in turbid
waters where forage fish are abundant. In rivers, walleye spawn on rocky
shoals downstream of rapids and falls and along shallow shorelines. Lake
populations spawn on cobble/boulder shoals. Spawning occurs in spring
when water temperatures range from 5.6 - 11.1°C. Walleye fry remain
close to the substrate for about 10 days after hatching. They enter the water
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column to feed on zooplankton until they reach 1.5 to 2.5 c¢cm in length
(about six weeks), at which point they begin feeding on fish. Overwintering
habitat is similar to summer feeding habitat except that in winter, walleye
will avoid strong currents (Scott and Crossman 1973).

Preferred water temperatures are 10 to 18°C in spring and fall and 20 to 24°
C in summer (McMahon et al. 1984). Juvenile walleye have a temperature
tolerance range of between 15-34°C with 22-28°C providing optimal growth
(Ford et al. 1995). Adult walleye have a temperature tolerance range of
between 0 to 29-34°C, with 20-24°C providing optimal growth (Ford et al.
1995). The preferred oxygen concentrations for juvenile and adult walleye
is > 5 and > 3 mg/L, respectively. Concentrations below 3 mg/L are likely
to physiological impairments and mortality (Ford et al. 1995).

VI-1.7 Goldeye

Goldeye are surface feeding fish that occupy warm turbid lakes and rivers.
They are opportunistic and survive on a wide variety of food types
including invertebrates (terrestrial and aquatic), fish, mammals and fish
eggs. Spawning occurs during May and June in firm bottomed pools and
backwaters of turbid rivers when water temperatures range from 10-13°C.
Since goldeye spawn in turbid water, spawning activity is difficult to
observe (Scott and Crossman 1973). In contrast to other freshwater fishes
in North America, goldeye eggs are semi-buoyant. Young fry float near the
surface and drift downstream.
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VIi-1 THE USE OF AQUATIC TOXICITY TESTS AS THE
BASIS FOR IMPACT PREDICTIONS

Vii-1.1 Approach

Prediction of acute or chronic effects on aquatic organisms focussed on
reclamation waters. The only operational waters to be released from the
Project are those from dewatering of muskeg and overburden materials;
thus, operational waters represent shallow groundwater, which is not
expected to be toxic. Reclamation waters include consolidated tailings
(CT) release water via seepage and direct discharge from the end pit lake
after closure, sand seepage water (tailings sand dyke porewater) and tailings
pond seepage waters. Results of previous toxicity tests indicate that these
waters are potentially toxic to aquatic organisms.

Results of aquatic toxicity tests of presently available oil sands reclamation
waters were used in combination with water quality modelling to predict
potential acute and chronic effects on aquatic organisms in receiving
waters. The general procedure used is outlined below.

1. Select representative reclamation waters for use in the impact analysis.

2. Select toxicity data representing the acute and chronic effects on the
most sensitive test organisms caused by exposure to the above
reclamation waters.

3. Based the toxicity data selected in Step 2, assign levels of acute and
chronic toxicity to each representative reclamation water in the form of
acute and chronic Toxic Units (TUa and TUc, respectively).

4. Use water quality models to predict the level of toxicity (as TUa and
TUc) in receiving waters. (TUs are treated during modelling as
concentrations of water quality parameters.)

5. Compare predicted TUs with regulatory guidelines for whole effluent
toxicity to evaluate the potential for impacts.

This approach is dependent on a number of assumptions. The most
important assumption is that it is valid to extrapolate from laboratory
toxicity data to effects on native fauna in the field. Sufficient research has
been carried out to show that toxicity tests are usually predictive of effects
on natural aquatic communities (Environment Canada 1996). This
statement is based upon a review of laboratory-to-field validation studies
that compare toxicity tests results with results from field studies of fish,
invertebrates and aquatic plants. Therefore, extrapolation from toxicity test
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results to natural populations and communities is acceptable, providing the
uncertainty inherent in such extrapolations is recognized and addressed
through appropriate follow-up monitoring programs.

Background information on aquatic toxicity tests and details of the
procedure ouilined above are described in greater detail in the following
sections.

Vil-1.2  Aquatic Toxicity Tests

Aquatic toxicity tests are used to detect and evaluate the potential
toxicological effects of chemicals on aquatic organisms. Since these effects
are not necessarily harmful, a principal function of these tests is to identify
chemicals or whole effluents that can have adverse effects at relatively low

i datals 4+l [ AP |
exposure concentrations. These tests provide a database that can be used to

assess the risk associated with a situation in which the chemical agent, the
organism and the exposure conditions are defined (Rand 1995). In the case
of the Project, the “chemical agents” are reclamation waters; the
“organisms” are the KIR fish species; and, the “exposure conditions” are
defined by the water quality modelling.

Aquatic toxicity tests consist of exposure of test organisms to a number of
dilutions of the test water for a specified period. At the end of the exposure
period, survival (acute tests) or other, non-lethal endpoints (e.g., growth,
reproduction) are quantified and a dose-response relationship is developed.
Then, standard statistics are calculated based on the dose-response curve.

The statistic used to describe acute toxicity is the median lethal
concentration (LC50), which is the concentration of test water that causes
50% mortality. Statistics used to describe sublethal toxicity are the IC50
and the IC25 (for “inhibition concentration”). The inhibition concentration
is the concentration causing a given percent reduction in growth or
reproduction. For example an IC50 for growth would be the CT water
concentration causing a 50% reduction in growth.

Two additional numerical expressions of toxicity include the Lowest
Observed Effects Concentration (LOEC) and the No Observed Effects
Concentration (NOEC), The LOEC is the lowest concentration in the
dilution series used in a test at which the biological response of interest
(growth or reproduction) is observed. The NOEC is the highest
concentration of test water at which adverse effects are not observed; it is
always the next lowest concentration after the LOEC in the dilution series.

The above statistics can be converted to Toxic Units (TU), which are useful
in the modelling of toxicity in receiving waters. Unlike the concentration of
a test water representing the LCS50, the value of the TU is directly
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proportional to the degree of potential adverse effects (e.g., higher acute TU
values represent greater potential for lethal effects). The number of acute
Toxic Units (TUa) associated with a water sample can be calculated as
100/L.C50. For example, if the LC50 is 20%, TUa=5. Chronic Toxic Units
(TUc) are calculated similarly, using the IC25 determined by a chronic
toxicity test.

Vii-1.3 Representative Reclamation Waters

Suncor’s reclamation waters were selected to represent reclamation waters
associated with the Project. Assumptions specific to the selection of
representative reclamation waters include the following:

e results of tests on CT water produced by Suncor are applicable to future
CT water produced by the Project;

o tests on Tar Island Dyke (TID) seepage water from Suncor are
applicable to future sand seepage water and tailings water produced by
the Project; and

e CT water and TID water tests are sufficient to predict overall potential
to cause effects in the receiving environment despite the fact that the
actual cause of CT or TID toxicity is not yet thoroughly characterized.

VII-1.4  Toxicity Testing of Representative Reclamation Waters

Toxicity of CT water produced by Suncor was investigated using the same
battery of standard aquatic toxicity tests as those used previously to assess
toxicity of TID water (Golder 1996f). Data presented by Golder (1996f)
and results of toxicity tests using recently produced Suncor CT water
(Suncor 1997, unpublished data) were included in the evaluation. During
these tests, acute toxicity was determined for:

e two water flea species (crustaceans): Daphnia magna and Ceriodaphnia
dubia (endpoint is survival); and

e two fish species: rainbow trout (Oncorhynchus mykiss) and fathead
minnow (Pimephales promelas) (endpoint is survival).

Chronic toxicity was determined for:
e the freshwater alga Selenastrum capricornutum (endpoint is growth);

e the water flea Ceriodaphnia dubia (endpoint is reproduction); and
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e fathead minnow (endpoint is growth).

The acute toxicity of CT water varied considerably among the four test
species (Table VII-1). The order of sensitivity from least to most sensitive
species was Daphnia magna << fathead minnow < rainbow trout <
Ceriodaphnia. The two most sensitive test species, rainbow trout and
Ceriodaphnia, had LC50s of 35 to 37%. The least sensitive test species,
Daphnia magna, had no mortality at any test concentration, including 100%
CT water.

Chronic toxicity of CT water was greatest in Ceriodaphnia (Table VII-1).
The order of sensitivity from least to most sensitive species was fathead
minnow < Selenastrum < Ceriodaphnia. The concentration of CT required
to produce a 50% reduction in reproduction in Ceriodaphnia was 20%. The
other two species tested were more tolerant. Growth of the alga
Selenastrum and the fathead minnow was reduced by 50% at CT
concentrations of 41% and 36%, respectively.

The acute toxicity of TID water was somewhat lower than that reported for
CT water (Table VII-1). The order of species sensitivity from least to most
sensitive was Daphnia magna < Ceriodaphnia < fathead minnow < rainbow
trout. The LC50 for the most sensitive species, rainbow trout, was 35%.

The chronic toxicity of TID water was greatest in Ceriodaphnia (Table VII-
1), with an IC50 of 22%. The alga Selenastrum was barely affected.
Growth of the fathead minnow was reduced by 50% at 29% CT water
concentration. Thus, the order of species sensitivity from least to most
sensitive was Selenastrum < fathead minnow < Ceriodaphnia.

Vil-1.5 Use of Toxicity Data in the Impact Assessment

The toxicity data summarized above provided the basis for the prediction of
effects on the KIR fish species, as well as on the aquatic ecosystem as a
whole (including benthic invertebrate communities and algal communities).

The use of the IC25 as the primary measurement of effect rather than
NOECs or LOECs is based upon recommendations by Environment Canada
(1996). The reasons for this are: (1) the possible values of NOEC and
LOEC are limited to whatever concentrations were chosen by the
investigator; i.e., they are not statistically-derived point estimates like the
IC25; and, (2) the particular concentrations which emerge as LOEC and
NOEC are very much governed by the design and power of the experiment
(Environment Canada 1996).
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Table Vil-1 Toxicity of CT Water and TID Water

Test Endpoint CT Water' TID Water’
Range n Range n
72 h Algal Growth Inhibition Test using the 1C25 (%) 25 -50 3 42 - 62 4
freshwater alga Selenastrum capricornutum 1C50 (%) 41-78 3 92 ->100 4
NOEC (%) 25 3 25 -50 4
LOEC (%) 50 3 50 - 100 4
48 h Daphnia magna Survival Test LC25 (%) >100 3 >100 3
LC50 (%) >100 3 >100 4
NOEC (%) 100 3 100 3
LOEC (%) >100 3 >100 3
7 day Ceriodaphnia dubia Survival Test i LC25 (%) 27 -95 4 43.8 - 96 4
LC50 (%) 35->100 4 66.7 - >100 4
NOEC (%) 50 - 100 4 50 4
LOEC (%) 100->100 4 100 4
7 day Ceriodaphnia dubia Reproduction Test 1C25 (%) 13.9 -62.5 4 16 - 25 4
1C50 (%) 19.9-75 4 22 -52 4
NOEC (%) 12.5-25 4 12.5 -25 4
LOEC (%) 25 - 50 4 25 -350 4
96 h Rainbow Trout Survival Test LC25 (%) 31 1 - -
LC50 (%) 37 ->100 11 35-55 4
NOEC (%) 25 1 25 3
LOEC (%) 50 1 50 3
7 day Fathead Minnow Survival Test 1.C25 (%) 33-62 2 33 - 61 3
LC50 (%) 41 -75 2 64 - 74 3
NOEC (%) 12.5-50 2 50 3
LOEC (%) 25-100 2 100 3
7 day Fathead Minnow Growth Test IC25 (%) 26 - >50 2 9-11 3
IC50 (%) 36 ->50 2 29 - 52 3
NOEC (%) 25-50 2 <6.25 3
LOEC (%) 50 - >50 2 6.25-12.5 3
NOTES:
'CT water data were obtained from the following sources:
EVS (1996)
Golder (1997%)
Golder (1996f)

Suncor's 1995 CT studies
Suncor's 1997 CT studies

’TID water data were obtained from HydroQual (1996)

The toxicity data were used in predictive water quality modelling and in
subsequent impact prediction as described below:

Concentrations Suncor’s reclamation waters representing the 1.C50 and the
IC25 to the most sensitive test organisms were used to assign acute and
chronic Toxic Units (TUa and TUc, respectively) to CT water and sand
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Table Vii-2

seepage water associated with the Project. The resulting TU values were as
shown in Table VII-2:

Toxic Unit Values Assigned to Reclamation Waters

Reclamation Water TUa TUe
Sand seepage waer 2.3 6.3
CT water 2.7 7.2

During water quality modelling, the TUa and TUc values were treated as
concentrations of water quality parameters. Predicted toxicity levels were
compared with toxicity guidelines to evaluate the potential for acute or
chronic effects on aquatic organisms.

The regulatory guidelines used in the impact assessment for toxicity in the
receiving environment were TUa<0.3 and TUc<l (AEP 1996). These
guidelines were developed by the USEPA based on a large set of whole
effluent toxicity data. The guideline values correspond to the approximate
values of the NOEC for acute and chronic endpoints. Hence, predicted TU
values below the guidelines indicate the absence of toxicity. In the event of
exceedances of the TU guidelines, the magnitude of the exceedance was
used as a guide to assess the severity of the predicted effects.
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Vili-1 DESIGN CRITERIA FOR WILDLIFE CORRIDORS

Design criteria applicable to ungulates and carnivores (Soule et al. 1991,
Harrison 1992) are summarized as follows: (Soule et al. 1991, Harrison
1992):

e a corridor should be designed with the fewest possible physical or
psychological barriers to the target species;

e the corridor should be kept as straight as possible (i.e., it should not
include cul-de-sacs or doglegs);

e the edge to interior ratio should be kept as low as possible since edges
are where most wildlife-human interactions will take place;

e corridors of constant width are best since funnel-shaped corridors are
less effective;

e the nature and extent of human disturbance on either side must be
considered; (i.e., the more disturbance, the wider the corridor must be);

e a corridor’s width should be proportional to its length; (i.e., the longer
the corridor the wider it should be);

e the corridor should be designed for the critical functions in the ecology
of the target species; (i.e., is it only used for travelling, or is it also used
for bedding, feeding thermal cover, etc.?);

e corridor width is not necessarily the most important factor; other factors
such as cover and topography are just as important;

e predators are less at risk of mortality during passage through a corridor,
so corridors planned solely for predators can be narrower (Harrison
1992);

e human use of the corridor to ensure corridor should be precluded
effectiveness;

e corridors must be designed large enough to withstand natural
disturbances (Pace 1991);

e although corridors must be designed for individual species, the needs of
other species must not be overlooked (Soule 1991); and

e uncertainty can be addressed by allowing for redundant corridors (Beier
and Loe 1992, Smith et al. 1996).

While much has been written on appropriate corridor widths for different
target species, none of these recommendations has been derived from
empirical evidence (Pace 1991). Suggested widths have ranged from 5 m
for small mammals (Lapolla and Barrett 1993) to 6.4 km for large mammals
(Csuti 1991). Harris and Aitkins (1991) suggested that corridors of 10 to 30
m were adequate for movement of individuals, while movements of species
required 30 to 1000 m and movements of species assemblages required
1000+ m. Pace (1991) also recommended a tiered approach to corridor
widths, with three levels of increasing corridor width: 15 to 61 m wide
riparian corridors; 400 to 1600 m riparian and ridge corridors; and 1600+ m
upland corridors. Within the Bow Valley Corridor, the Three Sisters EIA
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(UMA. 1991) recommended a minimum width of 350 m for primary
corridors and 187 m for secondary corridors, based on elk requirements for
secure habitat and hiding cover, respectively (Thomas 1979). Golder (1994)
recommended a minimum width of 500 m for the multispecies Sulphur
Mountain corridor near the Middle Springs development in Banff National
Park.
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IX-1 WILDLIFE HABITAT EFFECTIVENESS

The effectivenesss of a habitat can be decreased through visual, auditory and
olfactory disturbance even though the physical characteristics of the habitat
may remain. unchanged The end result 1s that, although the habitat is

dlsturbances Such habitat alienation refers to loss of habitat effectiveness
when wildlife withdraw from sensory disturbances from human activities,
presumably into more marginal habitats (e.g., Morgantini and Hudson
1979). Different species, and individuals within each species, react differently
to various stimuli. In general, animals best habituate to stimuli that are
predictible in space and time. Mobile species, for example, can adapt their
behaviour to avoid roads during the day when traffic is heavy, and use the
habitat at night when traffic is light.

Further assesment is required to determine displacement distances of species
reacting to different stimuli. This assessment will target vision and hearing
responses because of the lack of information about wildlife reactions to
industrial tastes and smells.

Numerous studies have shown that some wildlife species are displaced from
roads due to sensory stimuli (e.g., Ward 1976, Perry and Overly 1976, Rost
and Bailey 1979, Morgantini and Hudson 1979, Lyon et al. 1985, McLellan
and Shackleton 1988 and 1989, Leptich and Zager 1991, Reed et al. 1996).
Literature reviews pertaining to impacts of oil and gas development on
wildlife in Alberta include Sopuck et al. (1979), CAPP (1982) and Jalkotzy
et al. (1997). The distance animals are displaced can vary by the amount,
type and predictability of the disturbance, the local vegetation and
topography, the season, the time of day or night and whether the wildlife
population is hunted or not. In general, the degree of displacement is
proportional to the amount of disturbance and inversely proportional to the
line of sight between the disturbance source and the animals. For example,
Ward (1976) determined that disturbance is less in forested than in open
habitats.

Hunted wildlife species will also avoid roads to a greater degree than
unhunted wildlife species. For example, Schultz and Bailey (1978) found
that traffic volumes had little effect on elk displacement for unhunted
populations in mountain national parks.

Noise can impact wildlife in several ways. First, it can mask sounds that an
animal needs to hear. It can make it impossible for a predator to hear prey
thus reducing hunting efficiency. For example, great gray owls hunt by
listening for prey. Communication between individuals, for example
mothers and offspring, might be masked. Sound may also occur out of the
human auditory range. Rock doves can hear sounds as low as 1 Hz and bats
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use sound as high as 30 Mhz for echo location (typical human hearing is 20
to 20,000 Hz).

As discussed under the effects of habitat loss, the behaviour of humans and
development of compensating management programs (mitigation) play a
central role in managing the effects of sensory disturbances.
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X HUMAN AND WILDLIFE HEALTH APPENDIX

XA Chemical Screening

The objective of screening chemicals is to focus the list of chemicals
measured in various media (e.g., water, air, fish, plants, meat) to those
chemicals that may be a concern because of their concentrations and
their potential to cause adverse human or wildlife health effects. This
list of chemicals of potential concern is used to assist in receptor and
exposure pathway screening, and the chemicals identified here are
carried forward into the Risk Analysis phase.

The screening process used for both the human and wildlife health risk
assessments followed a methodical, step-wise process, as shown
schematically in Figure X-1, and outlined in detail below.
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Figure X-1 Process for Chemical Screening
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X.1.1  Grouping of PAHs for Screening

All detected PAHs were classified and grouped for screening purposes
according to their structure and physical/chemical and toxicological
properties.

Closely-related chemicals were combined to form chemical groups
when insufficient human and/or ecological toxicity data were available
to evaluate them individually. Maximum detected concentrations for
each member of a chemical group were summed to provide a total
concentration for each group in each sampling media. Within each
chemical group, chemicals that were not detected in a particular media
did not contribute to the overall group concentration.

For example, a chemical group designated the Naphthalene Group
includes naphthalene, methyl naphthalene as well as the Cp, C3, and
C4 substituted naphthalenes. Details of chemical grouping are
summarized in Table X-1.

Selection of Surrogate Toxicity Values for Screening Purposes

For the purpose of risk-based screening, all PAHs within a group were
assumed to have the same toxicological properties. Therefore, the
quantitative toxicity value of a single compound (ie., the toxicity
surrogate) was used to characterize the toxicity of the group. In
selecting a toxicity surrogate for a group, the first choice was the
parent compound found within that group. For example, naphthalene
was chosen as the toxicity surrogate for the Naphthalene Group. For
the Benzo(a)anthracene Group, sufficient data existed for two parent
compounds (benzo(a)anthracene and chrysene). In this case, the
chemical with the more protective toxicity value (benzo(a)anthracene)
was selected as the toxicity surrogate.

When adequate toxicity data were not available or a more protective
toxicity value was desired, a toxicity surrogate not present within the
chemical group was chosen. For example, pyrene was chosen as a
toxicity surrogate for the Phenanthrene and Dibenzothiophene Groups.
Pyrene was selected as a surrogate for these groups for the following
reasons:

e Pyrene and the constituents of these three groups are classified as
noncarcinogens; and

e Of the PAHs with sufficient toxicity data, pyrene has the second
lowest reference dose (RfD). Naphthalene has the lowest RfD;
however, there is greater uncertainty associated with the
naphthalene RfD compared to the pyrene RfD.
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TABLE X-1

Therefore, the wuse of pyrene as a toxicity surrogate for
noncarcinogenic PAHs for which insufficient toxicity data was
available is assumed to be sufficiently protective.

In some cases, toxicity surrogates were used for individual compounds
(not groups of compounds) that have insufficient toxicity data. For
example, acenaphthene was chosen as a surrogate for acenaphthylene
based on their similar chemical structures and similar physio-chemical
properties.

The toxicity surrogates used in the risk analysis for each group of

PAHs are listed in Table X-1.

CHEMICAL GROUPINGS AND TOXICITY SURROGATES

Chemical /
Chemical Groups

Contains Following Compounds

Toxicity Surrogate

methyl fluorene
C1 substituted fluorene

Acenaphthene acenapthene acenaphthene
Group methy! acenaphthene
Acenaphthylene acenaphthylene acenaphthene
Benzo(a)anthracene | benzo(a)anthracene/chrysene benzo(a)anthracene®
Group methy! benzo(a)anthracene/chrysene
Cy substituted benzo(a)anthracene/chrysene
Benzo(ghi)perylene | benzo(ghi)perylene pyrene™
Benzo(a)pyrene benzo(a)pyrene benzo(a)pyrene
Group methyl benzo(b or k)fluoranthene/methyl benzo(a)pyrene
C1 substituted benzo(b or k){luoranthene/benzo(a)pyrene
Biphenyl Group biphenyl biphenyl
methy!l bipheny!
C2 substituted bipheny!
Dibenzothiophene dibenzothiophene pyrene®®
Group methyl dibenzothiophene
Co, C3, and C4 substituted dibenzothiophenes
Fluoranthene Group | fluoranthene fluoranthene
methy! fluoranthene/pyrene
Fluorene Group fluorene fluorene

Naphthalene Group

naphthalene
Cy, C3, and Cy4 substituted naphthalenes
methyl naphthalene

naphthalene

7-methyl quinoline
C» alkyl substituted quinolines

Phenanthrene Group | phenanthrene/anthracene pyrene™
methyl phenanthrene/anthracene
Cy, C3, and Cy4 substituted phenanthrene/anthracene

Acridine Group acridine anthracene
methyl acridine

Quinoline Group quinoline pyridine

Based on B(a)P and toxicity equivalent factors for ecological receptors due to lack of data for benzo(a)anthracene.
" Based on B(a)P and toxicity equivalent factors for ecological receptors duc to lack of data for benzo(ghi)perylene.
" Based on pyrene as there was sufficient laboratory data for ecological receptors.
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X.1.2 Chemical Screening for Wildlife Health

Site-specific data were collected and evaluated, and appropriate
concentrations were selected for the screening process. For this
assessment, the maximum measured concentrations were selected as a
conservative estimate of the chemical concentrations.

Steps 1 and 2: Compile Validated Site and Background Chemical
Concentration Data

Site and background data used in chemical screening for wildlife
health is listed below under each key question.

W-2: Water-Mediated Exposure (Operation and Closure)

Water - Since operational release waters from Muskeg River Mine
Project were not available, water chemistry data from similar oil sands
facilities (i.e., Suncor and Syncrude) were used as surrogates for water
quality modelling. Predicted concentrations in the Muskeg River were
used for chemical screening, since they were more generally more
conservative than Athabasca River concentrations. For more details
on water quality, refer to Section E5. Maximum predicted
concentrations were used for screening purposes.

Background water quality data used in this assessment included water
samples that were collected in the Muskeg River from NAQUADAT,
Golder and R.L.&L.

Fish Tissues - Fish tissue data were obtained from walleye, goldeye
and longnose sucker collected during spring and summer of 1995
(Golder 1996b). These data were considered to be representative of
baseline conditions. In addition, tissue analyses were performed on
trout held in 10% TID water in the laboratory and these data were
considered to represent a worst-case scenario (HydroQual 1996).
Maximum concentrations were used for screening purposes.

Background fish tissue data were obtained from laboratory
experiments in which walleye and rainbow trout were exposed to
Athabasca River water collected upstream of the site (HydroQual
1996). For more details on fish quality, refer to Section E6.

Aquatic Invertebrates - Measured tissue concentrations in benthic
invertebrates collected from potentially impacted areas of the
Athabasca River in 1995 were used for chemical screening.
Background data were obtained in 1983 upstream from existing oil
sands facilities Beak (1988).
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W-3: Plant-Mediated Expesure (Operation)

Plants - Plant tissue data were obtained from a vegetation sampling
program conducted on the Muskeg River Mine Project site (baseline),
in areas within the zone of air deposition of existing oil sands facilities
and in control areas. Three types of plants consumed by local First
Nations residents were selected for analysis: blueberries; Labrador tea
leaves and cattail root. Maximum concentrations on the Project site
and potentially impacted areas were used in the chemical screening.
Plant tissue concentrations from control areas were used as
background data for chemical screening purposes.

Plants - Plant tissue concentrations were predicted for the reclaimed
landscape scenario based on measured concentrations in reclamation
soils (i.e., overburden, tailings sand and muskeg) and bioconcentration
factors for plant uptake. The predicted plant tissue concentrations
were used in chemical screening.

W-T: Multi-Media Exposure (Closure)

Terrestrial Plants - Plant tissue concentrations were predicted for the
reclaimed landscape scenario based on measured concentrations in
reclamation soils (i.e., overburden, tailings sand and muskeg) and
bioconcentration factors for plant uptake. The predicted plant tissue
concentrations were used in chemical screening.

Aquatic Invertebrates - Nix et al. (1995) investigated the use of
constructed wetlands as a method of treatment of oil sands wastewater.
In that study, metal residue concentrations were reported for benthic
invertebrates and emergent insects from two types of constructed
wetlands including: (1) experimental control (i.e., surface runoff from
a nearby lake), (2) seepage water from tailings ponds dykes.
Reference data were also collected from a reference drainage ditch.
Residue data from invertebrates found in the seepage water were used
as a basis for chemical screening of prey tissue that might be
consumed by wildlife species (e.g., mallard). Residue data from the
experimental control, natural wetlands and a reference drainage ditch
were used as background data. The maximum residue concentrations
were used for screening.

Aquatic Plants - Data from Nix et al. (1994) were used for
concentrations in aquatic plants. Nix et al. (1994) studied the uptake
of oil sands related inorganic chemicals into cattail and bulrush shoots
growing in a constructed wetland. In that study, metal residue
concentrations were reported for aquatic plants from two types of
constructed wetlands including: (1) experimental control (i.e., surface
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runoff from a nearby lake), (2) seepage water from tailings ponds
dykes. Reference data were also collected from a reference drainage
ditch. Residue data from aquatic plants found in the seepage water
were used as a basis for chemical screening for wildlife species (e.g.,
moose, mallard, beaver) that may consume aquatic plants as part of
their diet. Residue data from the experimental control, natural
wetlands and a reference drainage ditch were used as background data.
The maximum residue concentrations were used for screening.

Step 3: Compile Relevant Environmental Criteria and Select SL.C
Water - Drinking water criteria included:

e Canadian Council of Resource and Environment Ministers
(CCREM) Water Quality Guidelines. Guidelines for Livestock
Drinking Water Quality (CCREM 1987); and,

e BC Environment (BCE) Contaminated Sites Regulation. Schedule
6. Generic Numerical Water Standards. Livestock. (BCE 1997).

The lowest available value of the two criteria was chosen as the SLC
for drinking water (Table X-2).

Fish, Invertebrates and Plants - No regulatory SLC were available.

Steps 4 and 5: Comparison of Maximum Observed Concentration
to SL.C and Background Concentrations

Maximum observed concentrations were first compared to SLC If the
concentration of a chemical did not exceed the SLC, then the chemical
was eliminated from further consideration. If the chemical
concentration exceeded the SLC or if there was no SLC for a chemical,
it was then compared to background concentrations. If the
concentration of a chemical was less than or equal to background
concentrations, it was eliminated from further consideration since
these chemical concentrations were assumed to be natural in origin and
not Project-related. If the concentration of a chemical exceeded
background concentrations, it was carried forward to Step 6.

Step 6: Identification of Risk-Based Concentrations (RBCs) for
Remaining Chemicals

At this stage, risk-based concentrations (RBCs) were identified for all
chemicals for which site concentrations exceeded both SLC and
background concentrations. Receptor-specific mammalian wildlife
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NOAELS were calculated for water, plants and prey, based on
estimated No-Observed-Adverse-Effect-Levels (NOAELs) reported
for laboratory animals using appropriate dose-scaling techniques as
described in Sample et al. (1996). Dose-scaling from laboratory
animals to mammalian wildlife receptors is endorsed by Environment
Canada and the U.S. EPA. According to Sample et al. (1996), dose
scaling methods for interspecies extrapolation among mammals are
not applicable to birds. The most appropriaie scaling factor for dose
extrapolation among birds is 1. Therefore, NOAELs for avian wildlife
species are equivalent to NOAELSs reported for avian test species. The
receptor-specific wildlife NOAELs are presented in Table X-2, along
with details of the laboratory studies used to derive these NOAELs.

Receptor-specific RBCs were then calculated based on receptor-
specific NOAELSs, ingestion rates and dietary preferences (e.g., RBC
for water = 0.1 x (NOAEL x body weight)/ingestion rate for water). In
general, adverse effects are observed at levels ten times greater than the
NOAEL,; therefore, an RBC based on a chronic NOAEL is considered to
be conservative (Sample et al. 1996). To be consistent with screening
methods for human health, the target hazard quotient of the RBCs was
conservatively set at 0.1, assuming an animal could only receive one-
tenth of its daily exposure from each media. Receptor-specific RBCs are
presented in Table X-3.

If RBCs were not available and could not be derived, chemicals were
retained and evaluated for nutrient and/or non-toxic status under Step
7. If RBCs were available, chemicals were retained and evaluated for
exceedance of RBCs in Step 8.

Step 7: Substance is Essentially Non-Toxic Under Environmental
Exposure Scenarios

Certain constituents may be eliminated from further consideration
based on their importance as a dietary component, status as an
essential nutrient, or general lack of toxic effects. Calcium,
magnesium, potassium, iron and sodium can generally be eliminated
from an evaluation at the screening stage based on dietary and
nutritional status (NAS 1980). Therefore, these chemicals were
eliminated from further consideration. Other chemicals may be
considered non-toxic under certain conditions of exposure. These are
described below.

Aluminum

Aluminum is the third most abundant element in the earth’s crust and
is present in all rock types and most geologic materials, especially
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clays (CCREM 1987). Total aluminum measurements in soil reflect
the natural abundance of aluminum silicate in soils, which are less
thatn 1% bioavailable by the oral route. The daily intake of aluminum
is largely from food. For these reasons, the elevated aluminum
concentrations in reclamation soils were not evaluated further in the
risk assessment.

Ammonia

Although considered an odour nuisance at low concentrations in water,
ammonia was not considered an ecological health concern via the
ingestion pathway (HSDB 1995).

Chloride

Chloride is an essential nutrient for the growth of plants (CCREM
1987) and is an essential nutrient for animals, which functions to
ensure proper fluid-electrolyte balance (NAS 1980). Typically, when
animals suffer from sodium and chloride deficiency, they will be
drawn to salt licks (NAS 1980). Given that chloride is essential for
plant and animal health and that there is no anthropogenic source for
this chemical, chloride was eliminated from further consideration.

Phosphorus

Phosphorus is a natural element that may be removed from igneous
and other types of rock by leaching or weathering (CCREM 1987).
Environmental concentrations in western Canada range from 0.003 to
3 mg/L for total phosphorus. Given that phosphorus occurs naturally
and that concentrations at the site fall within concentrations reported
for western Canada, phosphorus was eliminated from further
consideration.

Silicon

Silicon is important in the formation of bone in young animals and
birds and toxicity does not appear to be a serious problem in animals
(NAS 1980). In addition, silicon is insufficiently bioavailable to be
absorbed following intake (HSDB 1995). Therefore, it is considered
non-hazardous and was eliminated from further consideration.

Sulphate

High sulphate concentrations in water can be tolerated in livestock, but
a loss in agricultural production (i.e., decreased water and food
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consumption and weight loss) can be expected at concentrations above
1000 mg/L. Given that sulphate is a major ion, and that measured
concentrations fall within the reported range for environmental
concentrations, sulphate was not considered to be an wildlife health
concern via the ingestion pathway and was eliminated from further
consideration.

Step 8: Comparison of Maximum Observed Concentration to
Risk-Based Concentration

In this step, the maximum chemical concentrations measured in water,
invertebrates, fish and plants were compared to the RBCs. If the
maximum concentration of a chemical exceeded the RBC, then the
chemical was retained for further evaluation in the risk assesssment. If
the RBC was not exceeded, then the chemical was eliminated from
further consideration.

Chemical screening tables are presented in Tables X-4 to X-22. The
final chemical list for each key question is presented in Table X-23,
indicating the media in which clevated chemical concentrations were
identified. For key questions W-4 and W-7, all chemicals that were
identified in one or more media were evaluated in all media. This was
done to determine the combined exposure to these chemicals from all
potentially affected media (i.e., water, invertebrates, fish and plants)
during operation (W-4) and following closure (W-7). Detailed screening
tables for each media are presented at the end of this section.
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SUMMARY OF CHRONIC WILDLIFE NOAELS FOR ECOLOGICAL RECEPTORS

=X

Page 1 0of 12
Chemicals Test Test! Toxicological Test Endpoint2 Estimated” References
Species Species Endpoint Species Species Chronic
NOAEL Body Body Wildlife NOAEL
(mg/kg-BW/day) Weight Weight (mg/kg-BW/day)
(kg) (kg)
rV—V ater Shrew
Acenaphthylene laboratory mice 17.5 hepatoxicity 0.03 0.013 21.6 U.S. EPA 1989a.
Acenaphthene laboratory mice 17.5 hepatoxicity 0.03 0.013 21.6 U.S. EPA 1989a.
Anthracene laboratory mice 100 reproduction 0.03 0.013 1233 U.S. EPA 1989a.
Benzo(a)anthracene laboratory mice 10 reproduction 0.03 0.013 12.3 Based on benzo{a)pyrene and TEFS.
Benzo(a)pyrene laboratory mice 1 reproduction 0.03 0.013 1.23 Mackenzie and Angevine 1981.
Benzo(ghi)perylene laboratory mice 100 reproduction 0.03 0.013 123.3 Based on benzo(a)pyrene and TEFS.
Biphenyl laboratory rats 50 reproduction 0.03 0.013 61.6 Ambrose et al. 1960.
Dibenzothiophene laboratory mice 7.5 kidney effects 0.03 0.013 9.2 Based on pyrene.
Fluorene laboratory mice 12.5 hematological effects 0.03 0.013 15.4 U.S. EPA 1989c¢.
{Fluoranthene laboratory mice 12.5 nephropathy, liver changes 0.03 0.013 15.4 U.S. EPA 1988
Naphthalene laboratory mice 13 mortality, body & organ weights 0.03 0.013 16.4 Shopp et al. 1984.
Phenanthrene laboratory mice 4 mortality, clinical signs 0.03 0.013 4.93 Buening et al. 1979.
Pyrene laboratory mice 7.5 kidney effects 0.03 0.013 9.2 U.S. EPA 1989d.
Acridine laboratory mice 100 reproduction 0.03 0.013 1233 Based on anthracene.
Quinoline laboratory rat 1 increased liver weight 0.35 0.013 2.28 U.S. EPA 1986. Based on pyridine.
Chloroform laboratory rat 15 liver, kidney, gonads 0.35 0.013 34.2 Palmer et al. 1979.
Ethylbenzene laboratory rat 9.7 liver and kidney toxicity 0.35 0.013 22.1 Wolf et al. 1956,
Toluene laboratory mice 26 reproduction 0.03 0.013 32.0 Nawrot and Staples 1979.
Xylene laboratory mice 2.1 reproduction 0.03 0.013 2.54 Marks et al. 1982.
2,4-Dimethylphenol laboratory mice 5 clinical signs and blood changes 0.03 0.013 6.2 U.S. EPA 1989c.
m-cresol mink 216 reproduction 1 0.013 640.3 Based on o-cresol.
Aluminum laboratory mice 1.93 reproduction 0.03 0.013 2.4 Ondreicka et al. 1966
Antimony laboratory mice 0.125 lifespan, longevity 0.03 0.013 0.154 Schroeder et al. 1968,
Arsenic laboratory mice 0.126 reproduction 0.03 0.013 0.155 Schroeder et al. 1971
Barium laboratory rat 5.1 growth, hypertension 0.435 0.013 12.2 Perry et al. 1983.
Beryllium laboratory rat 0.7 longevity, weight loss 0.35 0.013 1.5 Schroeder and Mitchner 1975
{Boron laboratory rat 28.0 reproduction 0.35 0.013 63.8 Weir and Fisher 1972
Cadmium laboratory rat 1.0 reproduction 0.303 0.013 2.2 Sutou et al. 1980b
Cobalt cattle 0.24 maximum tolerable level 318 0.013 3.0 NAS 1980.
Copper mink 11.7 reproduction 1 0.013 34.6 Aulerich et al. 1982
Chromium (I1I) laboratory rat 2737.0 reproduction; longevity 0.35 0.013 6234.6 Ivankovic and Preussmann 1975
Cyanide laboratory rat 6.9 reproduction 1 0.013 203 Tewe and Maner 1981
L ead laboratory rat 8.0 reproduction 0.35 0.013 18.2 Azar etal. 1973
Lithium laboratory rat 9.4 reproduction 0.35 0.013 214 Marathe and Thomas 1986
Manganese laboratory rat 88 reproduction 0.35 0.013 200.5 Laskey et al. 1982.
Mercury (inorganic) mink 1 reproduction 1 0.013 3.0 Aulerich et al. 1974
Molybdenum laboratory mice 0.26 reproduction 0.03 0.013 0.32 Schroeder and Mitchener 1971
Nickel laboratory rat 40.00 reproduction 0.35 0.013 91.12 Ambrose et al. 1976
Selenium laboratory rat 0.20 reproduction 0.35 0.013 0.46 Rosenfeld and Beath 1954
Strontium laboratory rat 263 body weight and bone changes 0.35 0.013 599.1 Skornya 1981.
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Chemicals Test Test! Toxicelogical Test Endpointz Estimated’ References
Species Species Endpoint Species Species Chronic
NOAEL Body Body Wildlife NOAEL
{mg/kg-BW/day) Weight Weight (mg/kg-BW/day)
(ke) {kg)
Tin laboratory rat 0.6 kidney and liver effects 0.35 0.013 1.4 NTP 1982,
Uranium laboratory mice 3.1 reproduction 0.028 0.013 3.72 Paternain et al. 1989.
Vanadium laboratory rat 0.21 reproduction 0.26 0.013 0.44 Domingo et al. 1986.
Zinc laboratory rat 160 reproduction 0.35 0.013 364.46 Schlicker and Cox 1968
Zirconium iaboratory mice 1.7 lifespan; longevity 0.03 0.013 2.14 Schroeder et al. 1968,
River Otter
Acenaphthylene taboratory mice 17.5 hepatoxicity 0.03 7.698 4.4 U.S. EPA 1989a.
Acenaphthene laboratory mice 17.5 hepatoxicity 0.03 7.698 4.4 U.S. EPA 1989%a.
Anthracene laboratory mice 100 reproduction 0.03 7.698 25.0 U.S. EPA 1989a.
Benzo(a)anthracene laboratory mice 10 reproduction 0.03 7.698 2.5 Based on benzo(a)pyrene and TEFS.
Benzo(a)pyrene laboratory mice 1 reproduction 0.03 7.698 0.25 Mackenzie and Angevine 1981,
Benzo(ghi)perylene laboratory mice 100 reproduction 0.03 7.698 25.0 Based on benzo(a)pyrene and TEFS.
Biphenyl laboratory rats 50 reproduction 0.03 7.698 12.5 Ambrose et al. 1960.
Dibenzothiophene laboratory mice 7.5 kidney effects 0.03 7.698 1.9 Based on pyrene.
Fluorene laboratory mice 12.5 hematological effects 0.03 7.698 3.1 U.S. EPA 1989¢.
Fluoranthene laboratory mice 12.5 nephropathy, liver changes 0.03 7.698 3.1 U.S. EPA 1988
Naphthalene laboratory mice i3 mortality, body & organ weights 0.03 7.698 33 Shopp et al. 1984.
Phenanthrene laboratory mice 4.0 mortality, clinical signs 0.03 7.698 1.0 Buening et al. 1979,
Pyrene {aboratory mice 7.5 kidney effects 0.03 7.698 19 U.S. EPA 1989d.
Acridine laboratory mice 100 reproduction 0.03 7.698 25.0 Based on anthracene.
Quinoline laboratory rat 1.0 increased liver weight 0.35 7.698 0.46 U.S. EPA 1986. Based on pyridine.
Chloroform laboratory rat 15 liver, kidney, gonads 0.35 7.698 6.9 Palmer et al. 1979.
Ethylbenzene {aboratory rat 9.7 liver and kidney toxicity 0.35 7.698 4.5 Wolf et al. 1956,
Toluene laboratory mice 26 reproduction 0.03 7.698 6.5 Nawrot and Staples 1979.
Kylene laboratory mice 2.1 reproduction 0.03 7.698 0.51 Marks et al. 1982,
2,4-Dimethylphenol laboratory mice 5.0 clinical signs and blood changes 0.03 7.698 12 U.S. EPA 1989c.
m-cresol mink 216 reproduction 1 7.698 129.8 Based on o-cresol.
Aluminum laboratory mice 1.93 reproduction 0.03 7.698 0.5 Ondreicka et al. 1966
Antimony laboratory mice 0.125 lifespan, longevity 0.03 7.698 0.031 Schroeder et al. 1968,
Arsenic iaboratory mice 0.126 reproduction 0.03 7.698 0.031 Schroeder et al. 1971
Barium laboratory rat 5.1 growth, hypertension 0.435 7.698 2.5 Perry et al. 1983,
Beryllium laboratory rat 0.7 longevity, weight loss 0.35 7.698 0.3 Schroeder and Mitchner 1975
Boron laboratory rat 28.0 reproduction 0.35 7.698 12.9 Weir and Fisher 1972
Cadmium laboratory rat 1.0 reproduction 0.303 7.698 0.4 Sutou et al. 1980b
Copper mink 1.7 reproduction 1 7.698 7.0 Aulerich et al. 1982.
Cyanide iaboratory rat 6.9 reproduction 1 7.698 4.1 Tewe and Maner 1981
Lead laboratory rat 8.0 reproduction 0.3% 7.698 37 Azaretal. 1973
Lithium laboratory rat 9.4 reproduction 033 7.698 4.3 Marathe and Thomas 1986
Manganese laboratory rat 83 reproduction 0.35 7.698 40.6 Laskey et al. 1982.
Mercury (inorganic) mink 1 reproduction 1 7.598 0.6 Aulerich et al. 1974
Molybdenum {aboratory mice 0.26 reproduction 0.03 7.698 0.06 Schroeder and Mitchener 1971
Nickel laboratory rat 40 reproduction 0.35 7.698 18.5 Ambrose et al. 1976.
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Chemicals Test Test' Toxicological Test EndpointZ Estimated’ References
Species Species Endpoint Species Species Chronic
NOAEL Body Body Wildlife NOAEL
(mg/kg-BW/day) Weight Weight (mg/kg-BW/day)
) (k)
Selenium laboratory rat 0.2 reproduction 0.35 7.698 0.1 Rosenfeld and Beath 1954
Strontium laboratory rat 263 body weight and bone changes 0.35 7.698 1214 Skornya 1981.
Tin laboratory rat 0.60 kidney and liver effects 0.35 7.698 0.3 NTP 1982
Uranium laboratory mouse 3.1 reproduction 0.028 7.698 0.75 Paternain et al. 1989.
Vanadium laboratory rat 0.21 reproduction 0.26 7.698 0.09 Domingo et al. 1986.
Zinc laboratory rat 160 reproduction 0.35 7.698 73.9 Schiicker and Cox 1968.
Zirconium laboratory mouse 1.7 jlifespan; longevity | 0.03 7.698 0.43 Schroeder et al. 1968.
Killdeer
Acenaphthylene mallard 22.6 liver weights, blood flow 1 0.0989 22.6 Peakall et al. 1982.
Acenaphthene mallard 22.6 liver weights, blood flow 1 0.0989 22.6 Peakall et al. 1982,
Anthracene herring gull 22.6 weight gain; osmoregulation 04 0.0989 22.6 Peakall et al. 1982.
Benzo(a)anthracene herring gull 0.11 weight gain; osmoregulation 04 0.0989 0.11 Based on benzo{a)pyrene and TEFS,
Benzo(a)pyrene herring gull 0.011 weight gain; osmoregulation 0.4 0.0989 0.011 Peakall et al. 1982.
Benzo(ghi)perylene herring gull 1.1 weight gain; osmoregulation 0.4 0.0989 1.1 Based on benzo(a)pyrene and TEFS.
Dibenzothiophene mallard 22.6 liver weights, blood flow 1 0.0989 226 Based on pyrene.
Fluoranthene mallard 22.6 liver weights, blood flow 1 0.0989 22.6 Based on pyrene.
Fluorene mallard 22.6 liver weights, blood flow 1 0.0989 22.6 Patton and Dieter 1980.
Phenanthrene mallard 22.6 liver weights, blood flow 1 0.0989% 226 Patton and Dieter 1980.
Pyrene mallard 22.6 fiver weights, blood flow 1 0.0989 22.6 Patton and Dieter 1980.
Acridine herring gull 22.6 weight gain; osmoregulation 0.4 0.0989 22:6 Based on anthracene.
Aluminum ringed dove 109.7 reproduction 0.155 0.0989 109.7 Carriere et al. 1986
Arsenic mallard ducks 5.1 mortality 1 0.0989 5.1 USFWS 1964
Barium day-old chicks 21 mortality 0.121 0.0989 21 Johnson et al. 1960.
Cadmium mallard 1.45 reproduction 1.153 0.0989 145 White and Finley 1978,
Chromium black duck 1 reproduction 1.25 0.0989 1 Haseltine et al. 1985.
Cobalt chicken 0.7 maximum tolerable level 1.6 0.0989 0.7 NAS 1980.
Copper day-old chicks 47 growth, mortality 0.534 0.0989 47 Mehring et al. 1960
Manganese Japanese quail 977 growth, behaviour 0.072 0.0989 977 Laskey and Edens 1985
Mercury {(inorganic) Japanese quail 0.45 reproduction 0.15 0.0989 0.45 Hill and Schaffner 1976
Molybdenum chicken 3.5 reproduction 1.5 0.0989 35 Lepore and Miller 1965
Nickel mallard 77.4 mortality, growth, behaviour 0.782 0.0989 77.4 Cain and Pafford 1981
Selenium mallard 0.5 reproduction 1 0.0989 0.5 Heinz et al. 1987
Uranium black duck 16 mortality, body weight, liver/kidney effects 1.25 0.0989 16 Haseltine and Sileo 1983.
Vanadium mallard 114 mortality, body weight 1.17 0.0989 114 White and Dieter 1978.
Zinc chicken 14.5 reproduction 1.935 0.0989% 14.5 Stahl et al. 1990
Great Blue Heron
Acenaphthylene mallard 22.6 liver weights, blood flow 1 2.204 22.6 Peakall et al. 1982,
Acenaphthene mallard 22.6 liver weights, blood flow 1 2.204 22.6 Peakall et al. 1982.
Anthracene herring gull 226 weight gain; osmoregulation 0.4 2.204 22.6 Patton and Dieter 1980.
Benzo(a)anthracene herring gull 0.11 weight gain; osmoregulation 0.4 2.204 0.11 Based on benzo(a)pyrene and TEFS.
Benzo(a)pyrene herring gull 0.011 weight gain; osmoregulation 0.4 2.204 0.011 Peakall et al. 1982,
Benzo(ghi)perylene herring gull 1.1 weight gain; osmoregulation 0.4 2.204 1.1 Based on benzo(a)pyrene and TEFS.
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Chemicals Test Test’ Toxicological Test Endpointz Estimated’ References
Species Species Endpoint Species Species Chronic
NOAEL Body Body Wildlife NOAEL
{mg/kg-BW/day) Weight Weight {(mg/kg-BW/day)
(ko) ckg)
Dibenzothiophene mallard 22.6 liver weights, blood tlow il 2.204 22.6 Based on pyrene,
Fluoranthene mallard 226 liver weights, blood flow 1 2.204 22.6 Based on pyrene.
Fluorene mallard 22.6 liver weights, blood flow 1 2.204 22.6 Patton and Dieter 1980.
Phenanthrene mallard 22.6 liver weights, blood flow H 2.204 22.6 Patton and Dieter 1980.
Pyrene mallard 226 liver weights, blood flow 1 2.204 22.6 Patton and Dieter 1980.
Acridine herring gull 22.6 weight gain; osmoregulation 0.4 2.204 22.6 Based on anthracene.
Aluminum ringed dove 109.7 reproduction 0.155 2.204 109.7 Carriere et al. 1986
Arsenic mallard 5.1 mortality 1 2.204 5.1 USFWS 1964
Barium day-old chicks 21 mortality 0.121 2.204 21 Johnson et al. 1960.
Cadmium mallard 1.45 reproduction 1.153 2.204 1.45 White and Finley 1978.
Copper day-old chicks 33.2 growth, mortality 0.534 2.204 33.2 Mehring et al. 1960.
Manganese Japanese quail 977 growth, behaviour 0.072 2.204 977 Laskey and Edens 1985
Mercury (inorganic) Japanese quall 0.45 reproduction 0.15 2.204 0.45 Hill and Schaffner 1976
Molybdenum chicken 3.5, reproduction 1.5 2.204 3.5 Lepore and Miller 1965
Nickel mallard duckling 774 mortality, growth, behaviour 0.782 2.204 774 Cain and Pafford 1981.
Selenium mallard 0.5 reproduction 1 2.204 0.5 Heinz et al. 1987
Uranium black duck 16 mortality, body weight, liver/kidney effects 1.25 2.204 16 Haseltine and Sileo 1983,
Vanadium mallard 114 mortality, body weight 1.17 2.204 11.4 White and Dieter 1978,
Zinc chicken 145 reproduction 1.935 2.204 14.5 Stahl et al. 1990
Deer Mouse
Acenaphthene laboratory mice 17.5 hepatotoxicity 0.03 0.0187 19.7 U.S. EPA 1989a.
Acenaphthylene laboratory mice 17.5 hepatotoxicity 0.03 0.0187 19.7 Based on acenaphthene.
Anthracene laboratory mice 100 mortality, clinical signs, body weights 0.03 0.0187 112.5 U.S. EPA 1989b.
Benzo(a)anthracene iaboratory mice 10 reproduction 0.03 0.0187 11,3 Based on benzo(a)pyrene and TEFS.
Benzo(a)pyrene laboratory mice i reproduction 0.03 0.0187 1.1 Mackenzie and Angevine 1981.
Benzo(b,kfluoranthene laboratory mice 10 reproduction 0.03 0.0187 11.3 Based on benzo(a)pyrene and TEFS.
Biphenyl {aboratory rats 50 reproduction 035 0.0187 104.0 Ambrose et al. 1960.
m-cresol mink 216.2 reproduction 1 0.0187 584.6 Based on o-cresol.
0-Cresol mink 216.2 reproduction 1 0.0187 584.6 Hornshaw et al. 1986.
Dibenzo(a,h)anthracene laboratory mice 0.2 reproduction 0.03 0.0187 0.23 Based on benzo(a)pyrene and TEFS,
Dibenzothiophene laboratory mice 7.5 kidney effects 0.03 0.0187 8.4 Based on pyrene.
2,4-Dimethylphenol laboratory mice 5 clinical signs and blood changes 0.03 0.0187 5.6 U.S. EPA 1989c.
Ethylbenzene laboratory rats 9.71 liver and kidney toxicity 0.35 0.0187 20.2 Wolfetal. 1936.
Fluoranthene {aboratory mice 12.5 nephropathy, liver changes, 0.03 0.0187 14.1 U.S. EPA 1988.
Fluorene laboratory mice 12.5 hematological effects 0.03 0.0187 14.1 U.S. EPA 1989d.
Naphthalene laboratory mice 13.3 mortality, body & organ weights 0.05 0.0187 15.0 Shopp et al. 1984.
Phenanthrene laboratory mice 4 mortality, clinical signs 0.03 0.0187 4.5 Buening et al. 1979.
Phenol laboratory rats 60 reproduction 0.35 0.0187 124.8 NTP 1983.
Pyrene Jaboratory mice 7.5 kidney effects 0.03 0.0187 8.4 U.S. EPA 1989%.
Quinoline laboratory rat 1 increased liver weight 0.35 0.0187 2.1 U.S. EPA 1986. Based on pyridine.
Xylene laboratory mice 2.06 reproduction 0.03 0.0187 23 Marks et al. 1982.
Aluminum laboratory mice 1.9 reproduction 0.02 0.0187 22 Ondreicka et al. 1966.
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Chemicals Test Test' Toxicological Test Endpoint2 Estimated® References
Species Species Endpoint Species Species Chronic
NOAEL Body Body Wildlife NOAEL
(mg/kg-BW/day) Weight Weight (mg/kg-BW/day)
(k) (k)

Antimony laboratory mice 0.125 lifespan, longevity 0.03 0.0187 0.14 Schroeder et al. 1968.

Arsenic laboratory mice 0.126 reproduction 0.03 0.0187 0.14 Schroeder and Mitchener 1971.
Barium laboratory rat 5.06 growth, hypertension 0.435 0.0187 11.1 Perry et al. 1983,

Beryllium laboratory rat 0.7 longevity, weight loss 0.35 0.0187 14 Schroeder and Mitchner 1975
Boron laboratory rat 28 reproduction 0.35 0.0187 58.2 Weir and Fisher 1972
Cadmium laboratory rat 1 reproduction 0.35 0.0187 2.1 Sutou et al. 1980
Chromium (hexavalent) laboratory rat 328 body weight; food consumption 0.35 0.0187 6.8 Mackenzie et al. 1958.
Chromium (trivalent) laboratory rat 2737 reproduction, longevity 0.35 0.0187 5692.9 Ivankovic and Preussmann 1975.
Cobalt cattle 0.24 maximum tolerable level 318 0.0187 2.7 NAS 1980.

Copper mink 11.71 reproduction 1 0.0187 31.7 Aulerich et al. 1982,

Cyanide laboratory rat 6.87 reproduction 0.273 0.0187 13.4 Tewe and Maner 1981,
Lead laboratory rat 8 reproduction 0.35 0.0187 16.6 Azar et al. 1973,

Lithium laboratory rat 9.39 reproduction 1 0.0187 254 Marathe and Thomas 1986.
Manganese laboratory rat 88 reproduction 0.35 0.0187 183.0 Laskey et al. 1982,

IMercury {inorganic) mink 1 reproduction 1 0.0187 2.7 Aulerich et al. 1974
Molybdenum laboratory mice 0.26 reproduction 0.03 0.0187 0.29 Schroeder and Mitchener 1971
Nickel laboratory rat 40 reproduction 0.35 0.0187 83.2 Ambrose et. al 1976.

Selenium laboratory rat 0.2 reproduction 0.35 0.0187 0.4 Rosenfield and Beath 1954
Strontium laboratory rat 263 body weight and bone changes 0.35 0.0187 547.0 Skornya 1981.

Thallium laboratory rat 0.0074 reproduction 0.365 0.0187 0.016 Formigli et al. 1986.
Uranium laboratory mice 3.07 reproduction 0.028 0.0187 3.4 Paternain et al. 1989.
Vanadium laboratory rat 0.21 reproduction 0.26 0.0187 0.41 Domingo et al. 1986.

Zinc laboratory rat 160 reproduction 0.35 0.0187 332.8 Schiicker and Cox 1968.
Zirconium laboratory mice 1.738 lifespan; longevity 0.03 0.0187 20 Schroeder et al. 1968.
Snowshoe hare

Acenaphthene laboratory mice 17.5 hepatotoxicity 0.03 1.505 6.6 U.S. EPA 1989a.
Acenaphthylene laboratory mice 17.5 hepatotoxicity 0.03 1.505 6.6 Based on acenaphthene.
Anthracene laboratory mice 100 mortality, clinical signs, body weights 0.03 1.505 37.6 U.S. EPA 198%b.
Benzo(a)anthracene laboratory mice 10 reproduction 0.03 1.505 3.8 Based on benzo(a)pyrene and TEFS.

IBenzo(a)pyrene laboratory mice 1 reproduction 0.03 1.505 0.38 Mackenzie and Angevine 1981.
Benzo(b,k)fluoranthene laboratory mice 10 reproduction 0.03 1.505 3.8 Based on benzo(a)pyrene and TEFS.
Benzo{ghi)perylene laboratory mice 100 reproduction 0.03 1.505 37.6 Based on benzo(a)pyrene and TEFS.
Biphenyl laboratory rats 50 reproduction 0.35 1.505 34.7 Ambrose et al. 1960,
m-cresol mink 216.2 reproduction 1 1.505 195.2 Based on o-cresol.
o-cresol mink 216.2 reproduction 1 1.505 1952 Hornshaw et al. 1986.
Dibenzo(a,h)anthracene laboratory mice 0.2 reproduction 0.03 1.505 0.08 Based on benzo(a)pyrene and TEFS.
2,4-Dimethylphenol laboratory mice 5 clinical signs and blood changes 0.03 1.505 1.9 U.S. EPA 1989c.
Dibenzothiophene laboratory mice 75 kidney effects 0.03 1.505 2.8 Based on pyrene.

Ethylbenzene laboratory rats 9.71 liver and kidney toxicity 0.35 1.505 6.7 Wolf et al. 1956.
Fluoranthene laboratory mice 12.5 nephropathy, liver changes, 0.03 1.505 4.7 U.S. EPA 1988.
Fluorene laboratory mice 12.5 hematological effects 0.03 1.505 4.7 U.S. EPA 1989d.
Naphthalene laboratory mice 13.3 mortality, body & organ weights 0.03 1.505 5.0 Shopp et al. 1984,
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Species Species Endpoint Species Species Chronic
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Phenanthrene laboratory mice 4 mortality, clinical signs 0.03 1.505 1.5 Buening et al. 1979.
Phenol laboratory rats 60 reproduction 0.35 1.505 41.7 NTP 1983,
Pyrene laboratory mice 7.5 kidney effects 0.03 1.505 2.8 U.S.EPA 198%.
Quinoline laboratory rat 1 increased liver weight 0.25 1.505 0.69 U.S. EPA 1986. Based on pyridine.
Kylene laboratory mice 2.06 reproduction 0.03 1.505 0.77 Marks et al. 1982,
Alurminum laboratory mice 1.93 reproduction 0.03 1.505 0.73 Ondreicka et. al 1966.
Antimony laboratory mice 0.125 lifespan, longevity 0.03 1.505 0.047 Schroeder et al. 1968.
Arsenic faboratory mice 0.126 reproduction 0.03 1.505 0.047 Schroeder and Mitchener 1971.
Barium laboratory rat 5.06 growth, hypertension 0.435 1.505 37 Perry et al. 1983,
Beryllium laboratory rat 0.7 longevity, weight loss 0.35 1.505 0.5 Schroeder and Mitchner 1975
Boron laboratory rat 28 reproduction 0.35 1.505 19.4 Weir and Fisher 1972
Cadmium laboratory rat 1.0 reproduction 0.303 1.505 0.7 Sutou et al. 1980b
Chromium (hexavalent) laboratory rat 3.28 body weight; food consumption 0.35 1.505 23 Mackenzie et al. 1958.
Chromium (trivalent) laboratory rat 2737 reproduction, longevity 0.35 1.505 1900.7 Ivankovic and Preussmann 1975.
Cobalt cattle 0.24 maximum tolerable level 318 1.505 0.92 NAS 1980.
Copper mink 11.71 reproduction 1 1.505 10.6 Aulerich et al. 1982,
Cyanide laboratory rat 6.87 reproduction 0.273 1.505 4.5 Tewe and Maner 1981.
Lead laboratory rat 8 reproduction 0.35 1.505 5.6 Azaretal. 1973,
Lithium laboratory rat 9.39 reproduction 1 1.505 8.5 Marathe and Thomas 1986.
Manganese laboratory rat 88 reproduction 0.35 1.505 61.1 Laskey et al. 1982,
Mercury (inorganic) mink i reproduction 1 1.505 0.9 Aulerich et al. 1974
Molvbdenum laboratory mice 0.26 reproduction 0.03 1.505 0.10 Schroeder and Mitchener 1971
Nickel laboratory rat 40 reproduction 0.35 1.505 278 Ambrose et al. 1976.
Selenium laboratory rat 0.2 reproduction 0.35 1.505 0.14 Rosenfield and Beath 1954
Strontium iaboratory rat 263 body weight and bone changes 0.35 1.505 182.6 Skornya 1981.
Thallium laboratory rat 0.0074 reproduction 0.365 1.505 0.005 Formigli et al. 1986.
Uranium laboratory mice 3.07 reproduction 0.028 1.505 1.1 Paternain et al. 1989.
Vanadium laboratory rat 0.21 reproduction 0.26 1.505 0.14 Domingo et al. 1986.
Zinc laboratory rat 160 reproduction 0.35 1.505 1111 Schlicker and Cox 1968.
Zirconium laboratory mice 1.738 lifespan; longevity 0.03 1.505 0.65 Schroeder et al. 1968.
Beaver
Acenaphthene laboratory mice 17.5 hepatotoxicity 0.03 18.275 35 U.S. EPA 1989a.
Acenaphthylene laboratory mice 17.5 hepatotoxicity 0.03 18.275 3.5 Based on acenaphthene.
Anthracene laboratory mice 100 mortality, clinical signs, body weights 0.03 18.275 20.1 U.S. EPA 1989b.
Benzo{a)anthracene laboratory mice 10 reproduction 0.03 18.275 2.0 Based on benzo(a)pyrene and TEFS.
Benzo(a)pyrene laboratory mice 1 reproduction 0.03 18.275 0.20 Mackenzie and Angevine 1981.
Benzo(b.k)fluoranthene taboratory mice 10 reproduction 0.03 18.275 2.0 Based on benzo(a)pyrene and TEFS.
Bipheny! laboratory rats 50 reproduction 0.35 18.275 18.6 Ambrose et al. 1960.
m-cresol mink 216.2 reproduction 1 16.275 104.6 Based on o-cresol.
o-cresol mink 216.2 reproduction 1 18.275 104.6 Hornshaw et al. 1986.
Dibenzo(a,h)anthracene taboratory mice 0 reproduction 0.03 18.275 0.040 Based on benzo(a)pyrene and TEFS.
2 4-Dimethylphenol iaboratory mice clinical signs and blood changes 0.03 18.275 1.0 U.S. EPA 198%¢.
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Dibenzothiophene laboratory mice 7.5 kidney eftects 0.03 18.275 1.5 Based on pyrene.
Ethylbenzene laboratory rats 9.71 liver and kidney toxicity 0.35 18.275 36 Wolf et al. 1956.
Fluoranthene laboratory mice 12.5 nephropathy, liver changes, 0.03 18.275 25 U.S. EPA 1988,
Fluorene laboratory mice 12.5 hematological effects 0.03 18.275 2.5 U.S. EPA 1989d.
Naphthalene laboratory mice 133 mortality, body & organ weights 0.03 18.275 2.7 Shopp et al. 1984.
Phenanthrene laboratory mice 4 mortality, clinical signs 0.03 18.275 0.81 Buening et al. 1979.
Phenol laboratory rats 60 reproduction 0.35 18.275 22.3 NTP 1983.
Pyrene laboratory mice 7.5 kidney effects 0.03 18.275 1.5 U.S. EPA 1989%.
Quinoline laboratory rat 1 increased liver weight 0.35 18.275 0.37 U.S. EPA 1986. Based on pyridine.
Xylene laboratory mice 2.06 reproduction 0.03 18.275 0.41 Marks et al. 1982,
Aluminum laboratory mice 1.93 reproduction 0.03 18.275 0.39 Ondreicka et. al 1966.
Antimony laboratory mice 0.125 lifespan, longevity 0.03 18.275 0.025 Schroeder et al. 1968.
Arsenic laboratory mice 0.126 reproduction 0.03 18.275 0.025 Schroeder and Mitchener 1971.
Barium laboratory rat 5.06 growth, hypertension 0.435 18.275 2.0 Perry et al. 1983,
Beryllium laboratory rat 0.7 longevity, weight loss 0.35 18.275 0.2 Schroeder and Mitchner 1975
Boron laboratory rat 28 reproduction 0.35 18.275 10.4 Weir and Fisher 1972
Cadmium laboratory rat 1.0 reproduction 0.303 18.275 0.4 Sutou et al. 1980b
Chromium (hexavalent) laboratory rat 3.28 body weight; food consumption 0.35 18.275 12 Mackenzie et al. 1958,
Chromium (trivalent) laboratory rat 2737 reproduction, longevity 0.35 18.275 1018.2 Ivankovic and Preussmann 1975.
Cobalt cattle 0.24 maximum tolerable level 318 18.275 0.49 NAS 1980.
Copper mink 11.71 reproduction 1 18.275 5.7 Aulerich et al. 1982.
Cyanide laboratory rat 6.87 reproduction 0.273 18.275 24 Tewe and Maner 1981,
Lead laboratory rat 8 reproduction 0.35 18.275 3.0 Azaret al. 1973.
Lithium laboratory rat 9.39 reproduction 1 18.275 45 Marathe and Thomas 1986.
Manganese laboratory rat 88 reproduction 0.35 18.275 32.7 Laskey et al. 1982,
Mercury (inorganic) mink 1 reproduction 1 18.275 0.5 Aulerich et al. 1974
Molybdenum {aboratory mice 0.26 reproduction 0.03 18.275 0.05 Schroeder and Mitchener 1971
Nickel laboratory rat 40 reproduction 035 18.275 14.9 Ambrose et. al 1976,
Selenium laboratory rat 0.2 reproduction ’ 0.35 18.275 0.07 Rosenfield and Beath 1954
Strontium laboratory rat 263 body weight and bone changes 0.35 18.275 97.8 Skornya 1981.
Thallium laboratory rat 0.0074 reproduction 0.365 18.275 0.003 Formigli et al. 1986.
Uranium laboratory mice 3.07 reproduction 0.028 18.275 0.61 Paternain et al. 1989.
Vanadium laboratory rat 0.21 reproduction 0.26 18.275 0.07 Domingo et al. 1986.
Zinc laboratory rat 160 reproduction 0.35 18.275 59.5 Schlicker and Cox 1968.
Zirconium laboratory mice 1.738 lifespan; longevity 0.03 1.505 0.65 Schroeder et al. 1968.
Moose
Acenaphthene laboratory mice 17.5 hepatotoxicity 0.03 381 1.6 U.S. EPA 1989a.
Acenaphthylene laboratory mice 17.5 hepatotoxicity 0.03 381 1.6 Based on acenaphthene.
Anthracene Iaboratory mice 100 mortality, clinical signs, body weights 0.03 381 9.4 U.S. EPA 1989,
Benzo(a)anthracene laboratory mice 10 reproduction 0.03 381 0.94 Based on benzo(a)pyrene and TEFS.
Benzo(a)pyrene laboratory mice 1 reproduction 0.03 381 0.09 Mackenzie and Angevine 1981.
Benzo(b,k)fluoranthene laboratory mice 10 reproduction 0.03 381 0.94 Based on benzo(a)pyrene and TEFS.
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{mg/kg-BW/day) Weight Weight {mg/kg-BW/day)

_ U ) e
Benzo(ghi)perylene laboratory mice 100 reproduction 0.03 381 9.4 Based on benzo{a)pyrene and TEES.
Biphenyl laboratory rats 50 reproduction 0.35 381 8.7 Ambrose et al. 1960,
m-Cresol mink 216.2 reproduction 1 381 48.9 Based on o-cresol.
o-cresol mink 216.2 reproduction 1 381 48.9 Hornshaw et al. 1986,
Dibenzo(a,h)anthracene laboratory mice 0.2 reproduction 0.03 381 0.019 Based on benzo(a)pyrene and TEFS.
2,4-Dimethyiphenol laboratory mice 5 clinical signs and blood changes 0.03 381 0.47 U.S. EPA 1989¢.
Dibenzothiophene laboratory mice 7.5 kidney effects 0.03 381 0.71 Based on pyrene.
Ethylbenzene laboratory rats 9.71 liver and kidney toxicity 0.35 381 1.7 Wolf et al. 1956.
Fluoranthene laboratory mice 12.5 nephropathy, liver changes, 0.03 381 12 U.S. EPA 1988,
Fluorene laboratory mice 12.5 hematological effects 0.03 381 1.2 U.S. EPA 1989d.
Naphthalene laboratory mice 13.3 mortality, body & organ weights 0.03 381 1.3 Shopp et al. 1984.
Phenanthrene laboratory mice 4 mortality, clinical signs 0.03 381 0.38 Buening et al. 1979.
Phenol laboratory rats 50 reproduction 0.35 381 10.4 NTP 1983,
Pyrene laboratory mice 7.5 kidney effects 0.03 381 0.71 .S, EPA 1989%¢.
Quinoline laboratory rat i increased liver weight 0.35 381 0.17 U.S. EPA 1986. Based on pyridine.
Xylene laboratory mice 2.06 reproduction 0.03 381 0.19 Marks et al. 1982.
Aluminum laboratory mice 1.93 reproduction 0.03 381 0.18 Ondreicka et. al 1966.
Antimony laboratory mice 0.125 lifespan, longevity 0.03 381 0.012 Schroeder et al. 1968.
Arsenic laboratory mice 0.126 reproduction 0.03 381 0.012 Schroeder and Mitchener 1971,
Barium iaboratory rat 5.06 growth, hypertension 0.435 381 0.93 Perry et al. 1983,
Beryllium laboratory rat 0.7 longevity, weight loss 0.35 381 0.1 Schroeder and Mitchner 1975
Boron iaboratory rat 28 reproduction 0.35 581 4.9 Weir and Fisher 1972
Cadmium laboratory rat 1.0 reproduction 0.303 581 0.2 Sutou et al. 1980b
Chromium (hexavalent) laboratory rat 3.28 body weight; food consumption 0.35 381 0.57 Mackenzie et al. 1958,
Chromium (trivalent) laboratory rat 2737 reproduction, longevity 0.35 381 476.5 Ivankovic and Preussmann 1975.
Cobalt cattle 0.24 maximum tolerable level 318 281 0.23 NAS 1980.
Copper mink 11.71 reproduction 1 381 2.7 Aulerich et al. 1982.
Cyanide {aboratory rat 6.87 reproduction 0.273 381 1.1 Tewe and Maner 1981,
Lead laboratory rat 8 reproduction 0.3% 381 1.4 Azar et al. 1973,
Lithium laboratory rat 9.39 reproduction 1 381 2.1 Marathe and Thomas 1986.
Manganese iaboratory rat 88 reproduction 0.35 381 153 Laskey et al. 1982.
Mercury {inorganic) mink 1 reproduction 1 381 0.2 Aulerich et al. 1974
Molybdenum laboratory mice 0.26 reproduction 0.03 381 0.024 Schroeder and Mitchener 1971
Nickel laboratory rat 40 reproduction 0.35 381 7.0 Ambrose et. al 1976.
Selenium laboratory rat 0.2 reproduction 0.35 381 0.035 Rosenfield and Beath 1934
Strontium laboratory rat 263 body weight and bone changes 0.35 381 45.8 Skornya 1981.
Thallium laboratory rat 0.0074 reproduction 0.365 381 0.001 Formigli et al. 1986.
Uranium laboratory mice 3.07 reproduction 0.028 381 0.28 Paternain et al. 1989,
Vanadium laboratory rat 0.21 reproduction 0.26 381 0.034 Domingo et al. 1986.
Zinc laboratory rat 160 reproduction 0.35 381 279 Schlicker and Cox 1968.
Zirconium laboratory mice 1.738 lifespan, longevity 0.03 381 0.16 Schroeder et al. 1968.

Biack Bear
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TAbE X-2

SUMMARY OF CHRONIC WILDLIFE NOAELS FOR ECOLOGICAL RECEPTORS

Page 9 of 12
Chemicals Test Test! Toxicelogical Test Endpoint2 Estimated” References
Species Species Endpoint Species Species Chronic
NOAEL Body Body Wildlife NOAEL
(mg/kg-BW/day) Weight Weight (mg/kg-BW/day)
(kg) (kg)
o . SN

Acenaphthene laboratory mice 17.5 hepatotoxicity 0.03 130 2.2 U.S. EPA 1989%a.

Acenaphthylene laboratory mice 17.5 hepatotoxicity 0.03 130 2.2 Based on acenaphthene.
Anthracene laboratory mice 100 mortality, clinical signs, body weights 0.03 130 12.3 U.S. EPA 198%.
Benzo(a)anthracene laboratory mice 10 reproduction 0.03 130 1.2 Based on benzo(a)pyrene and TEFS,
Benzo(a)pyrene 1aboratory mice 1 reproduction 0.03 130 0.12 Mackenzie and Angevine 1981.
Benzo(b,k)fluoranthene laboratory mice 10 reproduction 0.03 130 1.2 Based on benzo(a)pyrene and TEFS.
Benzo(ghi)perylene laboratory mice 100 reproduction 0.03 130 12.3 Based on benzo(a)pyrene and TEFS.
Biphenyl laboratory rats 50 reproduction 0.35 130 11.4 Ambrose et al. 1960.

m-cresol mink 216.2 reproduction 1 130 64.0 Based on o-cresol.

o-cresol mink 216.2 reproduction 1 130 64.0 Hornshaw et al. 1986.
Dibenzo(a,h)anthracene laboratory mice 0.2 reproduction 0.03 130 0.02 Based on benzo(a)pyrene and TEFS.
2,4-Dimethylphenol laboratory mice 5 clinical signs and blood changes 0.03 130 0.6 U.S. EPA 1989c¢.
Dibenzothiophene laboratory mice 15 kidney effects 0.03 130 0.9 Based on pyrene.

Ethylbenzene laboratory rats 9.71 liver and kidney toxicity 0.35 130 2.2 Wolf et al. 1956.

Fluoranthene laboratory mice 12.5 nephropathy, liver changes, 0.03 130 1.5 U.S. EPA 1988,

Fluorene laboratory mice 12.5 hematological effects 0.03 130 1.5 {J.S. EPA 1989d.

Naphthalene laboratory mice 13.3 mortality, body & organ weights 0.03 130 1.6 Shopp et al. 1984.

Phenanthrene laboratory mice 4 mortality, clinical signs 0.03 130 0.5 Buening et al. 1979.

Phenol laboratory rats 60 reproduction 0.35 130 13.7 NTP 1983.
{Pyrene laboratory mice 7.5 kidney effects 0.03 130 0.9 U.S. EPA 198%.

Quinoline laboratory rat 1 increased liver weight 0.35 130 0.23 U.S. EPA 1986. Based on pyridine.
Xylene laboratory mice 2.06 reproduction 0.03 130 0.25 Marks et al. 1982,

Aluminum faboratory mice 1.93 reproduction 0.03 130 0.24 Ondreicka et. al 1966.

Antimony laboratory mice 0.125 lifespan, longevity 0.03 130 0.015 Schroeder et al. 1968.

Arsenic laboratory mice 0.126 reproduction 0.03 130 0.016 Schroeder and Mitchener 1971.
Barium laboratory rat 5.06 growth, hypertension 0.435 130 1.2 Perry et al. 1983.

Beryllium laboratory rat 0.7 longevity, weight loss 0.35 130 0.2 Schroeder and Mitchner 1975
§Boron {aboratory rat 28 reproduction 0.35 130 6.4 Weir and Fisher 1972

Cadmium laboratory rat 1.0 reproduction 0.303 130 0.2 Sutou et al. 1980b

Chromium (hexavalent) laboratory rat 3.28 body weight; food consumption 0.35 130 0.7 Mackenzie et al. 1958.

Chromium (trivalent) laboratory rat 2737 reproduction, longevity 0.35 130 623.5 Ivankovic and Preussmann 1975.
Cobalt cattle 0.24 maximum tolerable level 318 130 0.30 NAS 1980.

Copper mink 11.71 reproduction 1 130 3.5 Aulerich et al. 1982.

Cyanide laboratory rat 6.87 reproduction 0.273 130 1.5 Tewe and Maner 1981.

Lead laboratory rat 8 reproduction 0.35 130 1.8 Azar et al. 1973,

Lithium laboratory rat 9.39 reproduction 1 130 2.8 Marathe and Thomas 1986,
Manganese laboratory rat 38 reproduction 0.35 130 20.0 Laskey et al. 1982,

Mercury (inorganic) mink 1 reproduction 1 130 0.3 Aulerich et al. 1974

Molybdenum laboratory mice 0.26 reproduction 0.03 130 0.03 Schroeder and Mitchener 1971
Nickel laboratory rat 40 reproduction 0.35 130 9.1 Ambrose et al. 1976.

Selenium laboratory rat 0.2 reproduction 0.35 130 0.05 Rosenfield and Beath 1954
Strontium laboratory rat 263 body weight and bone changes 0.35 130 59.9 Skornya 1981.
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SUMMARY OF CHRONIC WILDLIFE NOAELS FOR ECOLOGICAL RECEPTORS

Page 10 of 12

Chemicals Test Test' Toxicological Test Endpoint2 Estimated” References
Species Species Eadpoint Species Species Chronic
NOAEL Body Body Wildlife NOAEL
(mg/kg-BW/day) Weight Weight (mg/kg-BW/day)
(kg) (ke)

Thallium laboratory rat 0.0074 reproduction 0.365 130 0.002 Formigli et al. 1986.
Uranium laboratory mice 3.07 reproduction 0.028 130 0.4 Paternain et al. 1989.
Vanadium laboratory rat 0.21 reproduction 0.26 130 0.04 Domingo et al. 1986.

Zinc laboratory rat 160 reproduction 0.35 130 36.4 Schlicker and Cox 1968.
Zirconium laboratory mice 1.738 lifespan; longevity 0.03 130 0.21 Schroeder et al. 1968.
American robin

Acenaphthene mallard 22.55 liver weights, blood flow 1 0.0836 22.55 Patton and Dieter 1980.
Acenaphthylene mallard 22.55 liver weights, biood flow 1 0.0836 22.55 Based on acenaphthene.
Benzo(a)anthracene herring guil 0.11 weight gain; osmoregulation 0.4 0.0836 0.11 Based on benzo(a)pyrene and TEFS.
Benzo{a)pyrene herring gull 0.0112 weight gain; osmoregulation 0.4 0.0836 0.0112 Peakall et al. 1982.
Benzo(b,k)fluoranthene herring gull 0.11 weight gain; osmoregulation 0.4 0.0836 0.11 Based on benzo(a)pyrene and TEFS,
Dibenzothiophene mallard 22.55 liver weights, biood flow 1 0.0836 22.55 Based on pyrene

Fluorene mallard 22.55 liver weights, blood flow 1 0.0836 22.55 Patton and Dieter 1980.
Phenanthrens mallard 22.55 tiver weights, blood flow 1 0.0836 22.55 Patton and Dieter 1980.
Pyrene mallard 22.55 liver weights, blood flow 1 0.0836 22.55 Patton and Dieter 1980.
Aluminum ringed dove 1114 reproduction 0.155 0.0836 1114 Carriere et al. 1986.

Arsenic cowbird 2.46 mortality 0.049 0.0836 2.46 USFWS 1966.

Arsenic mallard 5.135 mortality 1 0.0836 5.135 USFWS 1964.

Barium day-old chicks 20.826 mortality 0.121 0.0836 20.826 Johnson et al. 1960.

Boron mallard 28.8 reproduction 1 0.0836 28.8 Smith and Anders, 1989
Cadmium mallard 1.45 reproduction 1.153 0.0836 1.45 White and Finley 1978,
Chromium black duck 1 reproduction 1.25 0.0836 1 Haseltine et al_, unpub. data.
Cobalt chicken 0.7 maximum tolerable level 1.6 0.0836 0. NAS 1980.

Copper day-old chicks 33.21 growth 0.524 0.0836 3321 Mehring et al. 1960.

Lead american kestrel 3.85 reproduction 0.13 0.0836 3.85 Pattee 1984.

Manganese Jjapanese quail 977 growth, behaviour 0.072 0.0836 877 Laskey and Edens 1985
Mercury (inorganic) Japanese quail 0.45 reproduction 0.13 0.0836 0.45 Hill and Schaffner 1976
Molybdenum chicken 3.5 reproduction 1.3 0.0836 3.5 Lepore and Miller 1965
Nickel mallard duckling 77.4 mortality, growth, behavior 0.782 0.0836 77.4 Cain and Pafford 1981,
Selenium mallard 0.5 reproduction 1 0.0836 0.5 Heinz et al, 1987,

Selenium mallard 0.4 reproduction 1 0.0836 0.4 Heinz et al. 1989.

Uranium black duck 16 mortality, body weight 1.23 0.0836 16 Haseltine and Sileo 1983,
Vanadium mallard 11.38 mortality, body weight 1.17 0.0836 11.38 White and Dieter 1978,
Zinc chicken 4.5 reproduction 1.935 0.0836 14.5 Stahl et al. 1990

Ruffed grouse

Acenaphthene mallard 22.55 liver weights, blood flow 1 0.54285 22.55 Patton and Dieter 1980.
Acenaphthylene mallard 22.55 liver weights, blood flow 1 0.54285 22.55 Based on acenaphthene.
Benzo(a)anthracene herring gull 0.11 weight gain; osmoregulation 0.4 0.54285 0.11 Based on benzo(a)pyrene and TEFS,
Benzo(a)pyrene herring gull 0.0112 weight gain; osmoregulation 0.4 0.54285 0.0112 Peakall etal. 1982,
Benzo(b.k)fluoranthene herring gul} 0.11 weight gain; osmoregulation 04 0.54285 0.11 Based on benzo(a)pyrene and TEFS,
Dibenzothiophene mallard 22.55 liver weights, blood flow 1 0.54285 22.55 Based on pyrene

Fluorene mallard 22.55 liver weights, blood flow 1 0.54285 22.55 Patton and Dieter 1980.

- M972-2237'8800\8870\tables\tables3.xis Table X-2

Golder ™™

sociates

0Cc-X



& X-2

SUMMARY OF CHRONIC WILDLIFE NOAELS FOR ECOLOGICAL RECEPTORS

Page 11 of 12

Chemicals Test Test' Toxicological Test Endpoint2 Estimated® References
Species Species Endpoint Species Species Chronic
NOAEL Body Body Wildlife NOAEL
(mg/kg-BW/day) Weight Weight (mg/kg-BW/day)
(kg) (kg)
Phenanthrene mallard 22,55 TIver Weights, blood flow T 054285 22.55 Pation and Dieter 1950,
Pyrene mallard 22.55 liver weights, blood flow 1 0.54285 22.55 Patton and Dieter 1980.
Aluminum ringed dove 111.4 reproduction 0.155 0.54285 111.4 Carriere et al. 1986.
Arsenic cowbird 2.46 mortality 0.049 0.54285 2.46 USFWS 1969,
Arsenic mallard 5.135 mortality i 0.54285 5.135 USFWS 1964.
Barium day-old chicks 20.826 mortality 0.121 0.54285 20.826 Johnson et al. 1960.
Boron mallard 28.8 reproduction 1 0.54285 28.8 Smith and Anders, 1989
Cadmium mallard 1.45 reproduction 1.153 0.54285 1.45 White and Finley 1978.
Chromium black duck 1 reproduction 1.25 0.54285 1 Haseltine et al., unpub. data.
Cobalt chicken 0.7 maximum tolerable level 1.6 0.54285 0.7 NAS 1980.
Copper day-old chicks 33.21 growth 0.534 0.54285 33.21 Mehring et al. 1960.
Lead american kestrel 3.85 reproduction 0.13 0.54285 3.85 Pattee 1984,
Manganese Japanese quail 977 growth, behaviour 0.072 0.54285 977 Laskey and Edens 1985
Mercury (inorganic) Japanese quail 0.45 reproduction 0.15 0.54285 0.45 Hill and Schaffner 1976
Molybdenum chicken 3.5 reproduction 1.5 0.54285 3.5 Lepore and Miller 1965
Nickel mallard duckling 774 mortality, growth, behavior 0.782 0.54285 774 Cain and Pafford 1981,
Selenium mallard 0.5 reproduction 1 0.54285 0.5 Heinz et al. 1987.
Selenium mallard 0.4 reproduction 1 0.54285 0.4 Heinz et al. 1989.
Uranium black duck 16 mortality, body weight 1.25 0.54285 16 Haseltine and Sileo 1983.
Vanadium mallard 11.38 mortality, body weight 1.17 0.54285 11.38 White and Dieter 1978,
Zinc chicken 14.5 reproduction 1.935 0.54285 14.5 Stahl et al. 1990
Mallard
Acenaphthene mallard 22.55 liver weights, blood flow 1 1.107 22.55 Patton and Dieter 1980.
Acenaphthylene mallard 22.55 liver weights, blood flow 1 1.107 22.55 Based on acenaphthene.
Benzo(a)anthracene herring gull 0.11 weight gain; osmoregulation 0.4 1.107 0.11 Based on benzo(a)pyrene and TEFS.
Benzo(a)pyrene herring gull 0.0112 weight gain; osmoregulation 0.4 1.107 0.0112 Peakall et al. 1982,
Benzo(b,k)fluoranthene herring gull 0.11 weight gain; osmoregulation 0.4 1.107 0.11 Based on benzo(a)pyrene and TEFS.
Dibenzothiophene mallard 22.55 liver weights, blood flow 1 1.107 22.55 Based on pyrene
Fluorene mallard 22.55 liver weights, blood flow 1 1.107 22.55 Patton and Dieter 1980.
Phenanthrene mallard 22.55 liver weights, blood flow 1 1.107 22.55 Patton and Dieter 1980.
Pyrene mallard 22.55 liver weights, blood flow 1 1.107 22,55 Patton and Dieter 1980.
Aluminum ringed dove 111.4 reproduction 0.155 1.107 111.4 Carriere et al. 1986.
Arsenic cowbird 246 mortality 0.049 1.107 246 USFWS 1969.
Arsenic mallard 5.135 mortality 1 1.107 5.135 USFWS 1964,
Barium day-old chicks 20.826 mortality 0.121 1.107 20.826 Johnson et al. 1960.
Boron mallard 28.8 reproduction 1 1.107 28.8 Smith and Anders, 1989
Cadmium mallard 1.45 reproduction 1.153 1.107 1.45 White and Finley 1978.
Chromium black duck 1 reproduction 1.25 1.107 1 Haseltine et al., unpub. data.
Cobalt chicken 0.7 maximum tolerable level 1.6 1.107 0.7 NAS 1980.
Copper day-old chicks 33.21 growth 0.534 1.107 33.21 Mehring et al. 1960.
Lead american kestrel 3.85 reproduction 0.13 1.107 3.85 Pattee 1984.
Manganese Jjapanese quail 977 growth, behaviour 0.072 1.107 977 Laskey and Edens 1985
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TABLE X-2
SUMMARY OF CHRONIC WILDLIFE NOAELS FOR ECOLOGICAL RECEPTORS

Page 12 of 12

Chemicals Test Test' Toxicological Test Endpoint2 Estimated’ References
Species Species Endpoint Species Species Chronie
NOAEL Body Body Wildlife NOAEL
{mg/kg-BW/day} Weight Weight (mg/kg-BW/day)
(kg) (kg) N
Mercury (inorganic) Japanese quail 0.45 reproduction 0.15 1.107 0.45 Hill and Schaftner 1976
Molvbdenum chicken 3.5 reproduction 1.5 1.107 3.5 Lepore and Miller 1965
Nickel mallard duckling 774 mortality, growth, behavior 0.782 1.107 77.4 Cain and Pafford 1981.
Selenium mallard 0.3 reproduction 1 1.107 0.5 Heinz et al. 1987.
Selenium mallard 04 reproduction 1 1.107 0.4 Heinz et al. 1989,
Uranium black duck 16 mortality, body weight 1.25 1.107 16 Haseltine and Sileo 1983.
Vanadium mallard 11.38 mortality, body weight 1.17 1.107 11.38 White and Dieter 1978.
Zinc chicken 14.5 reproduction 1.935 1.107 143 Stahl et al. 1990

! No-Observed Adverse Effect Level (NOAEL) based on the toxicological literature and the method by Sample et al. 1996,

* Based on literature derived values. Please see Appendix V.
* For mammalian species, estimated wildlife NOAEL = NOAELeqt (body weightiegt / body weightwﬂdﬁfe)m. Based on method by Sample et al. {1996).
¥ For avian species, estimated wildlife NOAEL = test NOAEL. Based on method by Sample et al. (1996).
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RISK-BASED CONCENTRATIONS (RBC) FOR THE INGESTION OF PLANTS, PREY AND WATER FOR ECOLOGICAL RECEPTORS

Page 1 of 14
Chemicals Estimated’ Endpointz Plant’ Prey2 Water® Risk-Based® Risk-Based® Risk-Based”
Chronic Species Ingestion Ingestion Ingestion Concentration Concentration Concentration
Wildlife NOAEL Body Rate Rate Rate {mg/kg plant) (mg/kg prey) (mg/L water)
(mg/kg-BW/day) Weight (kg/day) (kg/day) (L/day)
(kg)

'Water Shrew

Acenaphthylene 21.6 0.013 - 0.01235 0.001987 - 23 14.1
Acenaphthene 21.6 0.013 - 0.01235 0.001987 - 23 14.1
Anthracene 1233 0.013 - 0.01235 0.001987 - 13.0 80.7
Benzo(a)anthracene 123 0.013 - 0.01235 0.001987 - 13 8.0
Benzo(a)pyrene 1.23 0.013 - 0.01235 0.001987 - 0.1 0.8
Benzo(ghi)perylene 1233 0.013 - 0.01235 0.001987 - 13.0 80.7
Bipheny! 61.6 0.013 - 0.01235 0.001987 - 6.5 40.3
Dibenzothiophene 9.24 0.013 - 0.01235 0.001987 - 1.0 6.0
Fluorene 15.41 0.013 - 0.01235 0.001987 - 1.6 10.1
Fluoranthene 15.41 0.013 - 0.01235 0.001987 - 1.6 10.1
Naphthalene 16.39 0.013 - 0.01235 0.001987 - 1.7 10.7
Phenanthrene 4.93 0.013 - 0.01235 0.001987 - 0.5 3.2
Pyrene 9.24 0.013 - 0.01235 0.001987 - 1.0 6.0
Acridine 123.25 0.013 - 0.01235 0.001987 - 13.0 80.6
Quinoline 2.28 0.013 - 0.01235 0.001987 - 0.2 1.5
Chloroform 34.17 0.013 - 0.01235 0.001987 - 3.6 224
Ethylbenzene 22.12 0.013 - 0.01235 0.001987 - 2.3 14.5
Toluene 32.02 0.013 - 0.01235 0.001987 - 34 209
Xylenes 2.54 0.013 - 0.01235 0.001987 - 03 1.7
2,4-Dimethylphenol 6.16 0.013 - 0.01235 0.001987 - 0.6 4.0
m-cresol 640.28 0.013 - 0.01235 0.001987 - 67.4 418.9
Aluminum 24 0.013 - 0.01235 0.001987 - 0.3 1.6
Antimony 0.15 0.013 - 0.01235 0.001987 - 0.0 0.1
Arsenic 0.155 0.013 - 0.01235 0.001987 - 0.0 0.1
Barium 12.17 0.013 - 0.01235 0.001987 - 1.3 8.0
Beryllium 1.5 0.013 - 0.01235 0.001987 - 0.2 1.0
Boron 63.8 0.013 - 0.01235 0.001987 - 6.7 41.7
Cadmium 22 0.013 - 0.01235 0.001987 - 0.2 14
Chromium (IIT) 6234.6 0.013 - 0.01235 0.001987 - 656.3 4079.0
Cobalt 3 0.013 - 0.01235 0.001987 - 0.3 2.0
Copper 346 0.013 - 0.01235 0.001987 - 3.6 22.6
Cyanide 20.3 0.013 - . 0.01235 0.001987 - 2.1 133
Lead 18.2 0.013 - 0.01235 0.001987 - 1.9 119
Lithium 214 0.013 - 0.01235 0.001987 - 23 14.0
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RISK-BASED COMCENTRATIONS (RBC) FOR THE INGESTION OF PLANTS, PREY AND WATER FOR ECOLOGICAL RECEPTORS

Page 2 of 14
Chemicals Estimated" Endpoint2 Plant’ Prey2 Water’ Risk-Based” Risk-Based® Risk-Based’
Chronic Species Ingestion Ingestion Ingestion Concentration Concentration Concentration
Witdlife NOAEL Body Rate Rate Rate (mg/lg plant) {mg/kg prey) (mg/L water)
{mg/kg-BW/day) Weight (kg/day) (kg/day) (L/dav)
(kg)

Manganese 200.45 0.013 - 0.01235 0.001987 - 21.1 1311
Mercury (inorganic) 3 0.013 - 0.01235 0.001937 - 03 2.0
Molybdenum 0.32 0.013 - 0.01235 0.001987 - 0.03 02
Nickel 91.12 0.013 0.01235 0.001937 - 5.6 59.6
Selenium 0.46 0.013 - 0.01235 0.001937 - 0.0 03
Strontium 599.08 0.013 - 0.01235 0.001987 - 63.1 392.0
Tin 1.37 0.013 - 0.01235 0.001937 - 0.1 0.9
Uranium 3.72 0.013 - 0.01235 0.001987 - 04 2.4
Vanadiom 0.44 0.013 - 0.01235 0.001987 - 0.05 0.3
Zine 364.46 0.013 0.01235 0.001987 - 384 2384
Zircontum 2.14 0.013 - 0.01235 0.001987 - 0.2 1.4
River Otter

Acenaphthylene 437 7.698 - 0.3678 0.6214 - 9.2 54
Acenaphthene 4.37 7.698 - 0.3678 0.6214 - 9.2 5.4
Anthracene 24,99 7.698 - 0.3678 0.6214 - 523 31.0
Benzo(a)anthracene 2,50 7.698 - 0.3678 0.6214 - 52 3.1
Benzo(a)pyrene 0.235 7.698 - 0.3678 0.621< - 0.5 0.3
Benzo(ght)perylene 24.99 7.698 - 0.3678 0.6214 - 523 3.0
Biphenyl 12.49 7.698 - 0.3678 0.6214 - 26.1 155
Dibenzothiophene 1.87 7.698 - 0.3678 0.6214 - 3.9 23
Fluorene 3.12 7.698 - 0.3678 0.6214 - 6.5 3.9
Fluoranthene 3.12 7.698 - 0.3678 0.6214 - 6.5 3.9
Naphthalene 332 7.698 - 0.3678 0.6214 - 7.0 4.1
Phenanthrene 1.00 7.698 - 0.3678 0.6214 - 2.1 1.2
Pyrene 1.87 7.698 - 0.3678 0.6214 - 3.9 23
Acridine 24,99 7.698 - 0.3678 0.6214 - 52.3 31.0
Quinoline 0.46 7.698 - 0.3678 0.6214 - 1.0 0.6
Chleroform 6.93 7.698 - 03678 0.6214 - 14.5 8.6
Ethylbenzene 4.48 7.698 - 0.3678 0.6214 - 9.4 5.6
Toluene 6.49 7.698 - 0.3678 06214 - 13.6 8.0
Xylenes 0.51 7.698 - 0.3678 0.6214 - 11 0.6
2,3-Dimethylphenol 1.25 7.698 - 0.3678 0.6214 - 2.6 1.5
m-cresol 129.80 7.698 - 0.3678 0.6214 - 271.7 160.8
Aluminum 0.50 7.698 - 0.3678 0.6214 - 1.0 0.6
Antimony 0.03 7.698 - 0.3678 0.6214 - 0.1 0.04
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RISK-BASED CONCENTRATIONS (RBC) FOR THE INGESTION OF PLANTS, PREY AND WATER FOR ECOLOGICAL RECEPTORS

Page 3 of 14
Chemicals Estimated' Endpoint2 Plant’ Prey2 Water Risk-Based’ Risk-Based® Risk-Based”
Chronic Species Ingestion Ingestion Ingestion Concentration Concentration Concentration
Wildlife NOAEL Body Rate Rate Rate (mg/kg plant) (mg/kg prey) (mg/L water)
(mg/kg-BW/day) Weight (kg/day) (kg/day) (L/day)
(kg)

Arsenic 0.03 7.698 - 0.3678 0.6214 - 0.1 0.04
Barium 2.47 7.698 - 0.3678 0.6214 - 5.2 3.1
Beryllium 03 7.698 - 0.3678 0.6214 - 0.6 0.4
Boron 129 7.698 - 0.3678 0.6214 - 27.0 16.0
Cadmium 0.4 7.698 - 0.3678 0.6214 - 0.8 0.3
Copper 7.03 7.698 - 0.3678 0.6214 - 14.7 8.7
Cyanide 4.1 7.698 - 0.3678 0.6214 - 8.6 5.1
Lead 3.7 7.698 - 0.3678 0.6214 - 7.7 4.6
Lithium 434 7.698 - 0.3678 0.6214 - 9.1 54
Manganese 40.64 7.698 - 0.3678 0.6214 - 85.0 50.3
Mercury (inorganic) 0.60 7.698 - 0.3678 0.6214 - 1.3 0.7
Molybdenum 0.06 7.698 - 0.3678 0.6214 - 0.1 0.1
Nickel 18.47 7.698 - 0.3678 0.6214 - 38.7 229
Selenium 0.09 7.698 - 0.3678 0.6214 - 0.2 0.1
Strontium 121.44 7.698 - 0.3678 0.6214 - 254.2 150.4
Tin 0.28 7.698 - 0.3678 0.6214 - 0.6 0.3
Uranium 0.75 7.698 - 0.3678 0.6214 - 1.6 0.9
Vanadium 0.09 7.698 - 0.3678 0.6214 - 0.2 0.1
Zine 73.88 7.698 - 0.3678 0.6214 - 154.6 915
Zirconium 0.43 7.698 - 0.3678 0.6214 - 0.9 0.5
Killdeer

Acenaphthylene 22.55 0.0989 - 0.0154 0.02179 - 14.5 10.2
Acenaphthene 22.55 0.0989 - 0.0154 0.02179 - 14.5 10.2
Benzo(a)anthracene 0.11 0.0989 - 0.0154 0.02179 - 0.1 0.05
Benzo(a)pyrene 0.011 0.0989 - 0.0154 0.02179 - 0.01 0.005
Benzo(ghi)perylene L1 0.0989 - 0.0154 0.02179 - 0.71 0.50
Dibenzothiophene 22.6 0.0989 - 0.0154 0.02179 - 145 103
Fluoranthene 226 0.0989 - 0.0154 0.02179 - 14.5 10.3
Fluorene 22.55 0.0989 - 0.0154 0.02179 - 14.5 10.2
Phenanthrene 22.55 0.0989 - 0.0154 0.02179 - 145 10.2
Pyrene 22.55 0.0989 - 0.0154 0.02179 - 145 10.2
Acridine 22.55 0.0989 - 0.0154 0.02179 - 14.5 10.2
Aluminum 109.7 0.0989 - 0.0154 0.02179 - 70.5 49.8
Arsenic 5.1 0.0989 - 0.0154 0.02179 - 33 2.3
Barium 21 0.0989 - 0.0154 0.0217% - 135 9.5
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Chemicals Estimated! Endpoint® Plant® Prey’ Water® Risk-Based” Risk-Based” Risk-Based”
Chronic Species Ingestion Ingestion Engestion Concentration Concentration Concentration
Wiidlife NOAEL Body Rate Rate Rate {mg/kg plant} {mg/kg prey) (mg/L water)
{mg/kg-BW/day) Weight {kg/day) {kg/day) (L/day)
(kg)

Cadmium 1.45 0.0989 - 0.0154 0.02179 - 0.9 0.7
Chromium H 0.0989 - 0.0154 0.02179 - 0.6 0.5
Cobalt 0.7 0.0989 - 0.0154 0.02179 - 0.4 0.3
Copper 47 0.0989% - 0.0154 0.02179 - 30.2 213
Lead 3.85 0.0989 - 0.0154 0.02179 - 25 17
Manganese 977 0.0989 - 0.0154 0.0217% - 627.4 443.4
Mercury (inorganic) 0.45 0.0989 - 0.0154 0.02179 - 03 0.2
Molybdenum 3.5 0.0989 - 0.0154 0.02179 - 22 1.6
Nickel 774 0.098% - 0.0154 0.02179 - 49.7 351
Selenium 0.5 0.0989 - 0.0154 0.02179 - 0.3 0.2
Uranium 16 0.0989 - 0.0154 0.02179 - 10.3 73
Vanadium it4 0.0989 - 0.0154 0.02179 - 73 52
Zinc 145 0.0989 - 0.0154 0.02179 - 9.3 6.6
Great Blue Heron

Acenaphthylene 2255 2.204 - 0.09757 0.2223 - 50.9 224
Acenaphthene 2255 2.204 - 0.09757 0.2223 - 50.9 224
Benzo(a)anthracene 0.11 2.204 - 0.09757 0.2223 - 0.2 0.1
Benzo(a)pyrene 0.011 2.204 - 0.09757 0.2223 - 0.0 0.0
Benzo(ghi)perylene 11 2.204 - 0.09757 0.2223 - 2.48 1.09
Dibenzothiophene 22.55 2204 - 0.09757 0.2223 - 50.9 224
Fluoranthene 2235 2.204 - 0.09757 0.2223 - 50.9 224
Fluorene 22.35 2.204 - 0.09757 0.2223 - 50.9 224
Phenanthrene 2255 2.204 - 0.09757 0.2223 - 50.9 224
Pyrene 22.55 2.204 - 0.09757 0.2223 - 50.9 224
Acridine 2235 2.204 - 0.09757 0.2223 - 50.9 224
Aluminum 109.7 2.204 - 0.09757 0.2223 - 247.8 108.8
Arsenic 51 2.204 - 0.09757 0.2223 - 115 5.1
Barium 21 2,204 - 0.69757 0.2223 - 474 20.8
Cadmium 14 2.204 - 0.09757 0.2223 - 32 14
Copper 47 2.204 - 0.09757 0.2223 - 106.2 46.6
Lead 3.85 2.204 - 0.09757 0.2223 - 87 38
Manganese 977 2.204 - 0.09757 0.2223 - 2206.9 968.6
Molybdenum 3.5 2.204 - 0.09757 0.2223 - 79 3.5
Mercury (inorganic) 0.45 2204 - 0.09757 0.2223 - 1.0 0.4
Nickel 774 2.204 - 0.09757 0.2223 - 174.8 76.7
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Chemicals Estimated’ Endpoint2 Plant® l"rey2 Water® Risk-Based’ Risk-Based’ Risk-Based®
Chronic Species Ingestion Ingestion Ingestion Concentration Concentration Concentration
Wildlife NOAEL Body Rate Rate Rate (mg/kg plant) {mg/kg prey) (mg/L water)
(mg/kg-BW/day) Weight (kg/day) (kg/day) (L/day)
(kg)

Selenium 0.5 2.204 - 0.09757 0.2223 - 1.1 0.5
Uranium 16 2.204 - 0.09757 0.2223 - 36.1 159
Vanadium 114 2.204 - 0.09757 0.2223 - 113
Zinc 14.5 2.204 - 0.09757 0.2223 - 3238 144
Deer Mouse

Acenaphthene 19.7 0.0187 0.00188 0.00136 0.00276 19.6 27.1 13.3
Acenaphthylene 19.7 0.0187 0.00188 0.00136 0.00276 19.6 271 13.3
Anthracene 1125 0.0187 0.00188 0.00136 0.00276 i11.9 154.7 76.2
Benzo(a)anthracene 113 0.0187 0.00188 0.00136 0.00276 11.2 155 7.7
Benzo(a)pyrene 1.1 0.0187 0.00188 0.00136 0.00276 11 1.5 0.7
Benzo(b,k)fluoranthene 113 0.0187 0.00188 0.00136 0.00276 112 15.5 7.7
Biphenyl 104 0.0187 0.00188 0.00136 0.00276 103.4 143.0 70.5
m-cresol 584.6 0.0187 0.00188 0.00136 0.00276 581.5 803.8 396.1
o-cresol 584.6 0.0187 0.00188 0.00136 0.00276 581.5 803.8 396.1
Dibenzo(a,h)anthracene 0.23 0.0187 0.00188 0.00136 0.00276 0.2 0.3 0.2
Dibenzothiophene 84 0.0187 0.00188 0.00136 0.00276 84 116 5.7
2,4-Dimethylphenol 56 0.0187 0.00188 0.00136 0.00276 56 7.7 3.8
Ethylbenzene 20.2 0.0187 0.00188 0.00136 0.00276 20.1 27.8 13.7
Fluoranthene 14.1 0.0187 0.00188 0.00136 0.00276 14.0 19.4 9.6
Fluorene 14.1 0.0187 0.00188 0.00136 0.00276 14.0 194 9.6
Naphthalene 15 0.0187 0.00188 0.00136 0.00276 149 20.6 10.2
Phenanthrene 45 0.0187 0.00188 0.00136 0.00276 45 6.2 3.0
Phenol 124.8 0.0187 0.00188 0.00136 0.00276 124.1 171.6 846
Pyrene 8.4 0.0187 0.00188 0.00136 0.00276 84 11.6 5.7
Quinoline 2.1 0.0187 0.00188 0.00136 0.00276 2.1 29 1.4
Xylene 23 0.0187 0.00188 0.00136 0.00276 23 3.2 1.6
Aluminum 2.2 0.0187 0.00188 0.00136 0.00276 22 3.0 1.5
Antimony 0.14 0.0187 0.00188 0.00136 0.00276 0.1 02 0.1
Arsenic 0.14 0.0187 0.00188 0.00136 0.00276 0.1 0.2 0.1
Barium 111 0.0187 0.00188 0.00136 0.00276 11.0 153 75
Beryllium 14 0.0187 0.00188 0.00136 0.00276 14 1.9 0.9
Boron 58.2 0.0187 0.00188 0.00136 0.00276 579 80.0 394
Cadmium 2.1 0.0187 0.00188 0.00136 0.00276 2.1 29 14
Chromium (hexavalent) 6.8 0.0187 0.00188 0.00136 0.00276 6.8 9.4 4.6
Chromium (trivalent) 5692.9 0.0187 0.00188 0.00136 0.00276 5662.6 7827.7 3857.1
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Chemicals Estimated’ Endpoint’ Plant’ Prey’ Water® Risk-Based” Risk-Based” Risk-Based”
Chronic Species Ingestion Ingestion Ingestion Concentration Concentration Concentration
Wildlife NOAEL Body Rate Rate Rate {mg/kg plant) {mg/kg prey) {mg/L water)
{mg/kg-BW/day) Weight {kg/day) (kg/day) (L/day)
(kg)

Cobalt 2.7 0.0187 0.00188 0.00136 0.00276 27 3.7 18
Copper 317 0.0187 0.00188 0.00136 0.00276 31.5 43.6 213
Cyanide 13.4 0.0187 0.00188 0.00136 0.00276 13.3 18.4 9.1
Lead 16.6 0.0187 0.00188 0.00136 0.00276 16.5 22.8 11.2
Lithium 254 0.0187 0.00188 0.00136 0.00276 253 349 17.2
Manganese 183 0.0187 0.00188 0.00136 0.00276 182.0 251.6 124.0
Mercury 2.7 0.0187 0.7236 0.00136 0.00276 0.0070 37 1.83
Molybdenum 0.29 0.0187 0.7236 0.00136 0.00276 0.001 0.4 02
Nickel 832 0.0187 0.7236 0.00136 0.00276 0.2 114.4 56.4
Selenium 0.4 0.0187 0.7236 0.00136 0.00276 0.001 0.6 0.3
Strontium 547 0.0187 0.7236 0.00136 0.00276 14 752.1 370.6
Thallium 0.016 0.0187 0.7236 0.00136 0.00276 0.00004 0.0 0.01
Uranium 34 0.0187 0.7236 0.00136 0.00276 0.009 4.7 23
Vanadium 041 0.0187 0.7236 0.00136 0.00276 0.001 0.6 03
Zinc 332.8 0.0187 0.7236 0.00136 0.00276 0.9 4576 2255
Zirconium 2 0.0187 0.7236 0.00136 0.00275 .01 2.8 14
Snowshoe hare

Acenaphthene 6.6 1.505 0.1178 - 0.143 3.4 - 6.9
Acenaphthylene 6.6 1.505 0.1178 - 0.143 3.4 - 6.9
Anthracene 37.6 1.505 0.1178 - 0.143 48.0 - 39.6
Benzo(a)anthracene 3.8 1.505 0.1178 - 0.143 4.9 - 4.0
Benzo(a)pyrene 038 1505 0.1178 - 0.143 0.5 - 04
Benzo(b,k)fluoranthene 38 1.505 0.1178 - 0.143 49 - 4.0
Benzo(ghi)perylene 37.6 1.505 0.1178 - 0.143 48.0 - 396
Bipheny! 347 1.505 0.1178 - 0.143 443 - 36.5
m-cresol 1952 1.505 0.1178 - 0.143 2494 - 2054
n-cresol 195.2 1.505 0.1178 - 0.143 249.4 - 205.4
Dibenzo(a,h)anthracene 0.08 1.505 0.1178 - 0.143 0.1 - 0.1
Dibenzothiophene 28 1.505 0.1178 - 0.143 3.6 - 29
2,4-Dimethyiphenol 19 1.505 0.1178 - 0.143 24 - 2.0
Ethylbenzene 6.7 1.505 0.1178 - 0.143 3.6 - 7.1
Fluoranthene 47 1.505 0.1178 - 0.143 6.0 - 49
Fluorene 4.7 1,505 0.1178 - 0.143 6.0 - 49
Naphthalene 5 1.503 0.1178 - 0.143 6.4 - 33
Phenanthrene 1.3 1.505 0.1178 - 0.143 1.9 - 1.6
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Chemicals Estimated' EndpointZ Plant’ I"rey2 Water Risk-Based’ Risk-Based’ Risk-Based’
Chronic Species Ingestion Ingestion Ingestion Concentration Concentration Concentration
Wildlife NOAEL Body Rate Rate Rate (mg/kg plant) {mg/kg prey) (mg/L water)
(mg/kg-BW/day) Weight (kg/day) (kg/day) (L/day)
(kg)
Phenol 41.7 1.505 0.1178 - 0.143 53.3 - 43.9
Pyrene 28 1.505 0.1178 - 0.143 3.6 - 29
Quinoline 0.69 1.505 0.1178 - 0.143 0.9 - 0.7
Xylene 0.77 1.505 0.1178 - 0.143 1.0 - 0.8
Aluminum 0.73 1.505 0.1178 - 0.143 0.9 - 0.8
Antimony 0.047 1.505 0.1178 - 0.143 0.1 - 0.05
Arsenic 0.047 1.505 0.1178 - 0.143 0.1 - 0.05
Barium 3.7 1.505 0.1178 - 0.143 4.7 - 3.9
Beryllium 0.5 1.505 0.1178 - 0.143 0.6 - 0.5
Boron 19.4 1.505 0.1178 - 0.143 24.8 - 204
Cadmium 0.7 1.505 0.1178 - 0.143 09 - 0.7
Chromium (hexavalent) 23 1.505 0.1178 - 0.143 2.9 - 2.4
Chromium (trivalent) 1900 1.505 0.1178 - 0.143 2427.4 - 1999.7
Cobait 0.92 1.505 0.1178 - 0.143 1.2 - 1.0
Copper 10.6 1.505 0.1178 - 0.143 13.5 - 11.2
Cyanide 45 1.505 0.1178 - 0.143 57 - 4.7
Lead 56 1.505 0.1178 - 0.143 72 - 5.9
Lithium 8.5 1.505 0.1178 - 0.143 10.9 - 8.9
Manganese 61.1 1.505 0.1178 - 0.143 78.1 - 64.3
Mercury 0.9 1.505 0.1178 - 0.143 11 - 0.9
Molybdenum 0.1 1.505 0.1178 - 0.143 0.1 - 0.1
Nickel 27.8 1.505 0.1178 - 0.143 355 - 29.3
Selenium 0.14 1.505 0.1178 - 0.143 0.2 - 0.1
Strontium 182.6 1.505 0.1178 - 0.143 2333 - 192.2
Thallium 0.005 1.505 0.1178 - 0.143 0.0 - 0.01
Uranium 1.1 1.505 0.1178 - 0.143 1.4 - 1.2
Vanadium 0.14 1.505 0.1178 - 0.143 0.2 - 0.1
Zinc JSEN1 1.505 0.1178 - 0.143 1419 - 116.9
Zirconium 0.65 1.503 0.1178 - 0.143 0.8 - 0.7
Beaver
Acenaphthene 3.5 18.275 0.7237 - 1.353 88.4 - 473
Acenaphthylene 3.5 18.275 0.7237 - 1.353 88.4 - 473
Anthracene 20.1 18.275 0.7237 - 1.353 507.6 - 2715
Benzo(a)anthracene 2 18.275 0.7237 - 1.353 50.5 - 27.0
Benzo(a)pyrene 0.2 18.275 0.7237 - 1.353 5.1 - 2.7
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Chemicals Estimated' Endpoint’ Plant’ Prey’ Water® Risk-Based’ Risk-Based® Risk-Based”
Chronic Species Ingestion Ingestion Ingestion Concentration Concentration Concentration
Wiidlife NOAEL Body Rate Rate Rate {mg/kg plant) (mg/kg prey) {mg/L water}
{mg/kg-BW/day) Weight (kg/day} {kg/day) (L/day)
(kg)

Benzo(b,k)fluoranthene 2 18.275 0.7237 - 1.353 50.5 - 27.6
Biphenyl 18.6 18.275 0.7237 - 1.353 469.7 - 2512
m-cresol 104.6 18.275 0.7237 - 1.353 26414 - 1412.8
n-cresol 104.6 18.275 0.7237 - 1.353 26414 - 1412.8
Dibenzo(a, h)anthracene 0.04 18.275 0.7237 - 1.353 1.0 - 0.5
Dibenzothiophene 1.5 18.275 0.7237 - 1.353 37.9 - 20.3
2,4-Dimethylphenol 1 18.275 0.7237 - 1.353 253 - 135
Ethylbenzene 3.6 18.275 0.7237 - 1.353 969 - 48.6
Fluoranthene 25 18.275 0.7237 - 1.353 63.1 - 338
Fluorene 25 18.275 0.7237 - 1.353 63.1 - 33.8
Naphthalene 27 18.275 0.7237 - 1.353 68.2 - 36.5
Phenanthrene 0.81 18.275 0.7237 - 1.353 20.5 - 10.9
Phenol 223 18.275 0.7237 - 1.353 563.1 - 301.2
Pyrene 15 18.275 0.7237 - 1.333 379 - 20.3
Quinoline 0.37 18.275 0.7237 - 1.353 93 - 5.0
Xylene 0.41 18.275 0.7237 - 1.353 10.4 - 5.5
Aluminum 0.39 18.275 0.7237 - 1353 9.8 - 53
Antimony 0.025 18.275 0.7237 - 1.353 0.6 - 0.3
Arsenic 0.025 18.275 0.7237 - 1333 0.6 - 0.3
Barium 2 18.275 0.7237 - 1.353 30.5 - 27.0
Beryllium 0.2 18.275 0.7237 - 1.353 5.1 - 2.7
Boron 10.4 18.275 0.7237 - 1.353 262.6 - 1405
Cadmium 04 18.275 0.7237 - 1.353 10.1 - 54
Chromium (hexavalent) 1.2 18.275 0.7237 - 1.353 303 - 16.2
Chromium {trivalent) 1018.2 18.275 0.7237 - 1.353 25711.8 - 13752.8
Cobalt 0.49 18.275 0.7237 - 1.353 12.4 - 6.6
Copper 57 18.275 0.7237 - 1.353 143.9 - 77.0
Cyanide 24 18.275 0.7237 - 1.353 60.6 - 324
Lead 3 18.275 0.7237 - 1.333 758 - 40.5
Lithium 4.5 18.275 0.7237 - 1.353 113.6 - 60.8
Manganese 327 18.275 0.7237 - 1353 825.7 - 4417
Mercury 0.5 18.275 0.7237 - 1.353 12.6 - 6.8
Molybdenum 0.05 18.275 0.7237 - 1.353 13 - 0.7
Nickel 149 18.275 0.7237 - 1.353 376.3 - 2013
Selenium 0.07 18.275 0.7237 - 1.353 1.8 - 0.9
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Chemicals Estimated" Endpoint2 Plant’ Prey2 Water® Risk-Based® Risk-Based® Risk-Based®
Chronic Species Ingestion Ingestion Ingestion Concentration Concentration Concentration
Wildlife NOAEL Body Rate Rate Rate (mg/kg plant) (mg/kg prey) (mg/L water)
(mg/kg-BW/day) Weight (kg/day) (kg/day) (L/day)
(kg)
Strontium 97.8 18.275 0.7237 - 1.353 2469.7 - 1321.0
Thallium 0.003 18.275 0.7237 - 1.353 0.1 - 0.04
Uranium 0.61 18.275 0.7237 - 1.353 15.4 - 8.2
Vanadium 0.07 18.275 0.7237 - 1.353 1.8 - 0.9
Zine 59.5 18.275 0.7237 - 1.353 15025 - 803.7
Zirconium 0.65 18.275 0.7237 - 1.353 16.4 - 8.8
§Moose

 Acenaphthene 1.6 381 6.586 - 20.83 9.3 - 29
Acenaphthylene 1.6 381 6.586 - 20.83 9.3 - 2.9
Anthracene 9.4 381 6.586 - 20.83 54.4 - 17.2
Benzo(a)anthracene 0.94 381 6.586 - 20.83 54 - 1.7
Benzo(a)pyrene 0.09 381 6.586 - 20.83 0.5 - 0.2
Benzo(b,k)fluoranthene 094 381 6.586 - 20.83 54 - 1.7
Benzo(ghi)perylene 9.4 381 6.586 - 20.83 54.4 - 17.2
Biphenyl 8.7 381 6.586 - 20.83 50.3 - 159
m-cresol 48.9 381 6.586 - 20.83 282.9 - 894
n-cresol 48.9 381 6.586 - 20.83 282.9 - 89.4
Dibenzo{a,h)anthracene 0.019 381 6.586 - 20.83 0.1 - 0.03
Dibenzothiophene 0.71 381 6.586 - 20.83 4.1 - 13
2,4-Dimethylphenol 0.47 381 6.586 - 20.83 2.7 - 0.9
Ethylbenzene 1.7 381 6.586 - 20.83 9.8 - 3.1
Fluoranthene 1.2 381 6.586 - 20.83 6.9 - 2.2
Fluorene 1.2 381 6.586 - 20.83 6.9 - 2.2
Naphthalene 1.3 381 6.586 - 20.83 75 - 24
Phenanthrene 0.38 381 6.586 - 20.83 22 - 0.7
Phenol 10.4 381 6.586 - 20.83 60.2 - 19.0
Pyrene 0.71 381 6.586 - 20.83 4.1 - 1.3
Quinoline 0.17 381 6.586 - 20.83 1.0 - 03
Xylene 0.19 381 6.586 - 20.83 il - 0.3
Aluminum 0.18 381 6.586 - 20.83 1.0 - 03
Antimony 0.012 381 6.586 - 20.83 0.1 - 0.02
Arsenic 0.012 381 6.586 - 20.83 0.1 - 0.02
Barium 0.93 381 6.586 - 20.83 54 - 1.7
Beryllium 0.1 381 6.586 - 20.83 0.6 - 0.2
Boron 49 381 6.586 - 20.83 28.3 - 9.0

r:\1997\2200\972-2237\8800\8870\tables\tables3 xis Table X-3 Golder Associates

Le-X



TABLE X-3

Page 10 of 14

RISK-BASED CONCENTRATIONS (RBC) FOR THE INGESTION OF PLANTS, PREY AND WATER FOR ECOLOGICAL RECEPTORS

Chemicals Estimated’ E‘anpoint2 Plant’ {’rey2 Water Risk-Based® Risk-Based” Risk-Based’
Chronic Species Ingestion Ingestion Ingestion Concentration Concentration Concentration
wWildlife NOAEL Body Rate Rate Rate {mg/kg plant) (mg/kg prey) {mg/L water)
(mg/kg-BW/day) Weight {kglday) (kg/day) {L/day)
(kg)

Cadmium 0.2 381 6.586 - 20.83 1.2 - 0.37
Chromium {hexavalent) 0.57 381 6.586 - 20.83 33 - 1.0
Chromium {trivalent) 476.5 381 6.586 - 20.83 2756.6 - 871.6
Cobalt 0.23 381 6.586 - 20.83 13 - 0.4
Copper 2.7 381 6.586 - 20.83 13.6 - 4.9
Cyanide i 381 6.586 - 20.83 5.4 - 2.0
Lead 14 381 6.586 - 20.83 3.1 - 2.6
Lithium 2.1 381 6.586 - 20.83 12.1 - 38
Manganese 153 381 6.586 - 20.83 88.5 - 28.0
Mercury 0.2 381 6.586 - 20.83 12 - 0.4
Molybdenum 0.024 381 6.586 - 20.83 0.1 - 0.04
Nickel 7 381 6.586 - 20.83 40.5 - 12.8
Selenium 0.035 381 6.586 - 20.83 0.2 - 0.1
Strontium 45.8 381 6.586 - 20.83 265.0 - 83.8
Thallium 0.001 381 6.586 - 20.83 C.01 - 0.002
Uranium 0.28 381 6.586 - 20.83 1.6 - 0.5
Vanadium 0.034 381 6.586 - 20.83 0.2 - 0.1
Zinc 279 381 6.586 - 20.83 1614 - 51.0
Zirconium 0.16 381 6.586 - 20.83 0.9 - 03
Black Bear

Acenaphthene 22 130 2.26 0.75 7.89 12.7 38.1 3.6
Acenaphthylene 22 130 2.26 0.75 7.89 2.7 38.1 3.6
Anthracene 123 130 0.75 7.89 70.8 213.2 203
Benzo(a)anthracene 1.2 130 2.26 0.75 7.89 6.9 20.8 20
Benzo(a)pyrene 0.12 130 2.26 0.75 7.89 0.7 2.1 0.2
Benzo(b,k)fluoranthere 1.2 130 226 0.75 7.89 6.9 26.8 2.0
Benzo(ghi)perylene 123 130 2.26 0.75 7.89 70.8 2132 20.3
Biphenyl 114 130 2.26 0.75 7.89 65.6 197.6 18.8
m-cresol 64 130 2.26 0.75 7.89 368.1 1109.3 105.4
n-cresol 64 130 2.26 0.75 7.89 368.1 11093 105.4
Dibenzo(a,h)anthracene 0.02 130 226 0.75 7.89 0.1 0.3 0.03
Dibenzothiophene 0.6 130 226 0.75 7.89 3.5 104 1.0
2,4-Dimethylphenol 0.9 130 2.26 0.75 7.89 32 15.6 1.3
Ethylbenzene 22 130 2,26 0.75 7.89 127 38.1 3.6
Fluoranthene 1.5 130 2.26 0.75 7.89 &.6 26.0 25

Q72-2237'8800\8870\ables\tables3.xis Table X-3

Golde sociates

e - X



LN &

RISK-BASED CONCENTRATIONS (RBC) FOR THE INGESTION OF PLANTS, PREY AND WATER FOR ECOLOGICAL RECEPTORS
Page 11 of 14

Chemicals Estimated" Endpcﬁnt2 Plant’ Prey2 Water” Risk-Based” Risk-Based’ Risk-Based’
Chronic Species Ingestion Ingestion Ingestion Concentration Concentration Concentration
Wildlife NOAEL Bedy Rate Rate Rate (mg/kg plant) (mg/kg prey) (mg/L water)
(mg/kg-BW/day) Weight (kg/day) (kg/day) (L/day)
(kg)

Fluorene 1.5 130 2.26 0.75 7.89 8.6 26.0 25
Naphthalene 1.6 130 226 0.75 7.89 9.2 27.7 26
Phenanthrene 0.5 130 226 0.75 7.89 2.9 8.7 0.8
Phenol 13.7 130 226 0.75 7.89 78.8 2375 22,6
Pyrene 0.9 130 2.26 0.75 7.89 52 15.6 1.5
Quinoline 0.23 130 226 0.75 7.89 1.3 4.0 0.4
Xylene 0.25 130 2.26 0.75 7.89 14 43 0.4
Aluminum 0.24 130 2.26 0.75 7.89 14 42 04
Antimony 0.015 130 226 0.75 7.89 0.1 03 0.02
Arsenic 0.016 130 2.26 0.75 7.89 0.1 0.3 0.03
Barium 1.2 130 2.26 0.75 7.89 6.9 20.8 2.0
Beryllium 0.2 130 2.26 0.75 7.89 1.2 3.5 0.3
Boron 6.4 130 2.26 0.75 7.89 36.8 110.9 10.5
Cadmium 0.2 130 2.26 0.75 7.89 1.2 3.5 0.33
Chromium (hexavalent) 0.7 130 2.26 0.75 7.89 4.0 12.1 12
Chromium (trivalent) 623.5 130 2.26 0.75 7.89 3586.5 10807.3 1027.3
Cobalt 0.3 130 2.26 0.75 7.89 1.7 5.2 0.5
Copper 3.5 130 2.26 0.75 7.89 20.1 60.7 58
Cyanide 1.5 130 2.26 0.75 7.89 8.6 26.0 2.5
Lead 1.8 130 2.26 0.75 7.89 10.4 31.2 3.0
Lithium 2.8 130 2.26 0.75 7.89 16.1 48.5 4.6
[Manganese 20 130 2.26 0.75 7.89 115.0 346.7 33.0
Mercury 03 130 2.26 0.75 7.89 17 5.2 0.5
Molybdenum 0.03 130 2.26 0.75 7.89 02 0.5 0.05
Nickel 9.1 130 2.26 0.75 7.89 523 157.7 15.0
Selenium 0.05 130 2.26 0.75 7.89 03 09 0.1
Strontium 59.9 130 2.26 0.75 7.89 344.6 10383 98.7
Thallium 0.002 130 2.26 0.75 7.89 0.012 0.035 0.003
Uranium 0.4 130 2.26 0.75 7.89 23 6.9 0.7
Vanadium 0.04 130 2.26 0.75 7.89 0.2 0.7 0.1
Zinc 36.4 130 2.26 0.75 7.89 2094 630.9 60.0
Zirconium 0.21 130 2.26 0.75 7.89 1.2 3. 0.3
American robin

Acenaphthene 22.55 0.0836 0.004884 0.01256 0.019227 38.6 15.0 9.8
Acenaphthylene 22.55 0.0836 0.004884 0.01256 0.019227 386 15.0 9.8
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TABLE X-3

Page 12 of 14

RISK-BASED CONCENTRATIONS (RBC) FOR THE INGESTION OF PLANTS, PREY AND WATER FOR ECOLOGICAL RECEPTORS

Chemicals Estimated’ Endpoint2 Plant® PreyZ Water” Risk-Based” Risk-Based® Risk-Based’
Chronic Species Ingestion Ingestion Ingestion Concentration Concentration Concentration
Wildlife NOAEL Body Rate Rate Rate {mg/kg plant) {mg/kg prey) (mg/L water)
(mg/kg-BW/day) Weight (kg/day) {kg/day) (L/day)
(kg)

Benzo(a)anthracene 0.11 0.0836 0.004884 0.01256 0.019227 0.2 0.1 0.05
Benzo(a)pyrene 0.0112 0.0836 0.004884 0.01256 0.019227 0.019 0.007 0.005
Benzo(b,k)fluoranthene 0.11 0.0836 0.004884 0.01256 0.019227 0.2 0.1 0.05
Dibenzothiophene 22.55 0.0836 0.004884 0.01256 0.019227 386 15.0 3.8
Fluorene 22,53 0.0836 0.004884 0.01256 0.019227 38.6 15.0 9.8
Phenanthrene 22,55 0.0835 0.004884 0.01256 0.019227 38.6 15.0 98
Pyrene 2255 0.0836 0.004884 0.01256 0.019227 38.6 15.0 s.8
Aluminum 109.7 0.0836 0.004884 0.01256 0.019227 187.8 73.0 47.7
Antimony 2.46 0.0836 0.004884 0.01256 0.019227 42 1.6 1.1
Arsenic 5.135 0.0836 0.004884 0.01256 0.019227 88 3.4 22
Barium 20.826 0.0836 0.004884 0.61256 0.019227 35.6 13.9 9.1
Boron 28.8 0.0836 0.004884 0.01256 0.019227 49.3 19.2 125
Cadmivm 1.45 0.0836 0.004884 0.01256 0.019227 2.5 1.0 0.6
Chromium 1 0.0836 0.004884 0.01256 0.019227 1.7 0.7 04
Cobalt 0.7 0.0836 0.004884 0.01256 0.019227 1.2 0.5 0.3
Copper 47 0.0836 0.004884 0.01256 0.019227 80.5 313 204
Lead 3.85 0.0836 0.004884 0.01236 0.019227 6.6 2.6 1.7
Manganese 977 0.0836 0.004884 0.01256 0.019227 16723 650.3 4248
Mercury 0.45 0.0836 0.004884 0.01256 0.019227 6.770 0.300 0.196
Molybdenum 35 0.0836 0.004884 0.01256 0.019227 6.0 23 1.5
Nickel 774 0.0836 0.004884 0.01256 0.019227 1325 515 33.7
Selenium 0.5 0.0836 0.004884 0.01256 0.019227 0.9 03 0.2
Selenium 04 0.0836 0.004884 0.01256 0.019227 0.7 0.3 0.2
Uraninm 16 0.0836 0.004884 0.0i1256 0.019227 274 10.6 7.0
Vanadium 11.38 0.0836 0.004884 - 0.01256 0.019227 19.5 7.6 4.9
Zine 14.5 0.0836 0.004884 0.01256 0.019227 24.8 9.7 6.3
Ruffed Grouse

Acenaphthene 22,55 0.34285 0.0391 - 0.07776 31.3 - 15.7
Acenaphthylene 2255 0.54285 0.0391 - 0.07776 313 - 15.7
Benzo(a)anthracene 0.11 0.54285 0.0391 - 0.07776 0.2 - 0.1
Benzo(a)pytene 0.0112 0.54285 0.0391 - 0.07776 0.016 - 0.008
Benzo(b,k)fluoranthene 0.1t 0.54285 0.03%1 - 0.07776 0.2 - 0.1
Dibenzothiophene 2235 0.54285 0.0391 - 0.07776 313 - 157
Fluorene 22.55 0.54285 0.0391 - 0.07776 313 - 157
Phenanthrene 22.35 0.54285 0.0391 - 0.07776 313 - 157
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RISK-BASED CONCENTRATIONS (RBC) FOR THE INGESTION OF PLANTS, PREY AND WATER FOR ECOLOGICAL RECEPTORS
Page 13 of 14

Chemicals Estimated’ Endpeint® Plant’ Prey’ Water” Risk-Based’ Risk-Based’ Risk-Based®
Chronic Species Ingestion Ingestion Ingestion Concentration Concentration Concentration
Wildlife NOAEL Body Rate Rate Rate (mg/kg plant) (mg/kg prey) {mg/L water)
(mg/kg-BW/day) Weight (kg/day) (kg/day) (L/day)
(kg)

Pyrene 22,55 0.54285 0.0391 - 0.07776 313 - 15.7
Aluminum 109.7 0.54285 0.0391 - 0.07776 1523 - 76.6
Antimony 246 0.54285 0.0391 - 0.07776 34 - 1.7
Arsenic 5.135 0.54285 0.0391 - 0.07776 7.1 - 3.6
Barium 20.826 0.54285 0.0391 - 0.07776 28.9 - 45
Boron 28.8 0.54285 0.0391 - 0.07776 40.0 - 20.1
Cadmium 1.45 0.54285 0.0391 - 0.07776 2.0 - 1.0
Chromizm i 0.54285 0.0391 - 0.07776 14 - 0.7
Cobalt 0.7 0.54285 0.0391 - 0.07776 1.0 - 0.5
Copper 47 0.54285 0.0391 - 0.07776 65.3 - 32.8
Lead 3.85 0.54285 0.0391 - 0.07776 5.3 - 27
Manganese 977 0.54285 0.0391 - 0.07776 1356.4 - 682.1
Mercury 0.45 0.54285 0.0391 - 0.07776 0.625 - 0.314
Molybdenum 3.5 0.54285 0.0391 - 0.07776 4.9 - 24
Nickel 77.4 0.54285 0.0391 - 0.07776 107.5 - 54.0
Selenium 0.5 0.54285 0.0391 - 0.07776 0.7 - 03
Selenium 0.4 0.54285 0.0391 - 0.07776 0.6 - 0.3
Uranium 16 0.54285 0.0391 - 0.07776 222 - 11.2
Vanadium 11.38 0.54285 0.0391 - 0.07776 15.8 - 7.9
Zinc 14.5 0.54285 0.0391 - 0.07776 20.1 - 10.1
Mallard

Acenaphthene 22.55 1.107 0.01574 0.0464 0.13277 158.6 538 18.8
Acenaphthylene 22.55 1.107 0.01574 0.0464 0.13277 158.6 538 18.8
Benzo(a)anthracene 0.11 1.107 001574 - 0.0464 0.13277 0.8 03 0.1
Benzo(a)pyrene 0.0112 1.107 0.01574 0.0464 0.13277 0.1 0.03 0.01
Benzo(b,k)fluoranthene 0.11 1.107 0.01574 0.0464 0.13277 0.8 .3 0.1
Dibenzothiophene 22.55 1.107 0.01574 0.0464 0.13277 158.6 53.8 18.8
Fluorene 2255 1.107 0.01574 0.0464 0.13277 158.6 53.8 18.8
Phenanthrene 22.55 1.107 0.01574 0.0464 0.13277 158.6 53.8 18.8
Pyrene 22355 1.107 0.01574 0.0464 0.13277 158.6 53.8 18.8
Aluminum 109.7 1.107 0.01574 0.0464 0.13277 7715 261.7 91.5
Antimony 2.46 1.107 0.01574 0.0464 0.13277 17.3 59 2.1
Arsenic 5.135 1.107 0.01574 0.0464 0.13277 36.1 123 43
Barium 20.826 1.107 0.01574 0.0464 0.13277 146.5 49.7 174
Boron 28.8 1.107 0.01574 0.0464 0.13277 202.6 68.7 24.0
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TABLE X-3

RISK-BASED CONCENTRATIONS (RBC) FOR THE INGESTION OF PLANTS, PREY AND WATER FOR ECOLOGICAL RECEPTORS
Page 14 of 14

Chemicals Estimated’ Endpnint2 Plant’ Prey2 Water? Risk-Based” Risk-Based® Risk-Based®
Chronic Species Ingestion Ingestion Ingestion Concentration Concentration Conecentration
Wildlife NGAEL Body Rate Rate Rate {mg/kg plant) (mg/kg prey} {mg/L water}
{mg/kg-BW/day) Weight (kg/day) (kg/day) (L/day)
(kg)
Cadmium 145 1.107 0.01574 0.0464 0.13277 10.2 3.5 1.2
Chromium 1 1.107 0.01574 0.0464 0.13277 7.0 24 0.8
Cobalt 0.7 1.107 0.01574 0.0464 0.13277 4.9 1.7 0.6
Copper 47 1.107 0.01574 0.0464 0.13277 330.6 112.1 39.2
Lead 3.85 1.107 0.01574 0.0464 0.13277 27.1 9.2 32
Manganese 977 1.107 0.01574 0.0464 0.13277 6871.3 23309 814.6
Mercury 043 1.107 0.01574 0.0464 0.13277 316 1.07 0.38
Molybdenum 3.5 1.107 0.01574 0.0464 0.13277 24.6 8.4 2.9
Nickel 774 1.107 0.01574 0.0464 0.13277 544.4 184.7 64.5
Selenium 0.5 1.107 0.01574 0.0464 0.13277 3.5 12 0.4
Selenium 0.4 1.107 0.01574 0.0464 0.13277 28 1.0 0.3
Uranium 16 1.107 0.01574 0.0464 0.13277 1125 38.2 13.3
Vanadium 11.38 1.107 0.01574 0.0464 0.13277 80.0 272 9.5
Zine 145 1.107 0.01574 0.0464 0.13277 102.0 34.6 12.1
! No-Observed Adverse Effect Level (NOAEL) based on the toxicological literature and the method by Opresko er. al. 1994, See Table 11I-1.
® Based on literature derived values. See Appendix V for derivation and summary.
® RBC = THQ x (NOAEL x body weight)/(ingestion rate x exposure frequency x bioavailability factor).
Note that for the screening assessment, the target hazard quotient (THQ) was conservatively set at 0.1 and exposure frequency and bicavailability factors were set at 1.0,
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TABLE X-4

WILDLIFE HEALTH SCREENING LEVEL CRITERIA FOR CONSUMPTION OF DRINKING WATER

Page 1 of 3

Chemicals

CCREM'
(mg/L)
(livestock)

BC MOE’
(mg/L)
(livestock/
wildlife)

Screening3
Level
Criteria
(mg/L)

PAHS AND SUBSTITUTED PAHS

Acenaphthylene

Acenaphthene group5

Benzo(a)anthracene group5

Benzo(ghi)perylene

Benzo(a)pyrene group5

Biphenyl

Dibenzothiophene group5

Fluoranthene group5

S
Fluorene group

Naphthalene group5

Phenanthrene groupS

Pyrene

SUBSTITUTED PANH COMPOUNDS

Acridine group5

Quinoline group5

NAPHTHENIC ACIDS

Naphthenic acids

VOLATILES

Carbon tetrachioride

Chloroform

Ethylbenzene

Methylene chloride

Toluene

m-+p-xylenes

o-xylene
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TABLE X-4

WILDLIFE HEALTH SCREENING LEVEL CRITERIA FOR CONSUMPTION OF DRINKING WATER

Page 2 0of 3
Chemicals CCREM' BC MOE’ Screening’
(mg/L} (mg/L) Level
(livestock) (livestock/ Criteria
wildlife) {mg/L)

PHENOLS
Phenol -4 - -
2,4-Dimethylphenol A - -
m-cresol S A -
o-cresol - S -
INORGANICS
Aluminum 5 5 5
Ammonia - - -
Antimony -4 -4 -
Arsenic 0.5 0.5 0.5
Barium - - -
Beryliium 0.1 0.1 0.1
Boron 5 5 5
Cadmium 0.02 0.02 0.02
Calcium 1000 1000 1000
Chioride - - -
Chromium i i 1
Cobalt 1 1 1
Copper 0.5 03 0.3
Cyanide = = -
ron - - -
Lead 0.1 0.1 0.1
Lithium - 5 5
Magnesium - -4 -4

fanganese - - -
Mercury 0.003 0.002 0.002
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WILDLIFE HEALTH SCREENING LEVEL CRITERIA FOR CONSUMPTION OF DRINKING WATER

TABLE X-4

Page 3 of 3
Chemicals CCREM' BC MOE® Screening’
(mg/L) (mg/L) Level
(livestock) (livestock/ Criteria
wildlife) (mg/L)

Molybdenum 0.5 0.05 0.05
Nickel 1 1 i
Phosphorus - A -
Potassium - A -4
Selenium 0.05 0.05 0.05
Silicon - = A
Silver - - -
Sodium o o -
Strontium o S A
Sulphate 1000 1000 1000
Tin i 4 )
Titanium - A -
Vanadium 0.1 0.1 0.1
Uranium 02 0.2 0.2
Zinc 50 50 50
Zirconium - - -

1

Canadian Council of Resource and Environment Ministers Water Quality Guidelines for Livestock Drinking Water Quality (CCREM 1987).

% British Columbia Ministry of Environment Water Quality Criteria for the protection of livestock and/or wildlife (BC Contam Sites Regulation, 1997).
3 Screening Level Criteria are the lowest of the listed criteria values.

No criterion

* For information on grouping of chemicals and the use of surrogate chemicals, please refer to Table X-1.
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TABLE X-5

COMPARISON OF FUTURE MUSKEG RIVER CONCENTRATIONS TO BACKGROUND CONCENTRATIONS AND TO WILDLIFE HEALTH SCREENING LEVEL

CRITERIA FOR WATER

Page 1 of 2
Chemical Future Muskeg River Concentrations Screening Level Background Comments
Construction and Closure Closure Criteria® Muskeg
Operation 2060-2025 2030 Equilibrium River
(max)’ {max)’ (max)’ (median)’
{mg/L) (mg/L} (mg/l) (mg/L) {mg/L)
PAHS AND SUBSTITUTED PAHS
Benzo(a)anthracene group’ 0 1.70E-05 3.10E-07 £ nd No criterion; EXCEEDS BACKGROUND
Benzo(a)pyrene group7 0 3.70E-06 2.30E-08 S nd No criterion; EXCEEDS BACKGROUND
NAPHTHENIC ACIDS
Naphthenic acids 4 3.74 395 