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EXECUTIVE SUMMARY
OVERVIEW

In 2012, the governments of Canada and Alberta developed a “Joint Canada-Alberta Implementation Plan
for Oil Sands Monitoring” (Canada and Government of Alberta 2012) specific to the Athabasca oil sands
region of northeastern Alberta. The implementation plan was to build and expand on existing
environmental monitoring programs for the region, including the Regional Aquatics Monitoring Program
(RAMP, www.ramp-alberta.org). RAMP was implemented in 1997 as a multi-stakeholder aquatics
monitoring program that assessed the health of rivers and lakes within the oil sands region, and to assess
potential cumulative effects of oil sands development. The intent of the new joint implementation plan was
to enhance these monitoring activities and work to integrate environmental monitoring across all
environmental components (i.e., air, water, land, and biodiversity), which were historically monitored
independently through separate organizations or programs.

As a result of the implementation plan, the Joint Oil Sands Monitoring Plan (JOSMP,
www.jointoilsandsmonitoring.ca) was initiated over three years (2012 to 2015) to characterize the state of the
environment in the Athabasca oil sands region, understand the cumulative effects and changes, and develop
recommendations for an integrated environmental monitoring program, with an adaptive management
framework for implementation in the oil sands region. From 2012 to 2014, the RAMP Committees worked
with the governments of Canada and Alberta to align aquatics monitoring activities historically undertaken
by RAMP into the JOSMP, completing this process by April 1, 2014.

Established in 2014, the Alberta Environmental Monitoring, Evaluation and Reporting Agency (AEMERA,
www.aemera.org) is an arm’s length organization responsible for collecting credible scientific data and
other relevant information on the condition of Alberta’s environment and providing the public with open
and transparent reporting and access to the data and information. AEMERA is responsible for the
coordination and implementation of the JOSMP in the oil sands region, as well as the integration of all
environmental monitoring in the Province of Alberta. The intent of this agency is to provide timely collection
and objective reporting of scientific data and information on air, land, water, and biodiversity, including
information necessary to understand cumulative effects, in order to better inform the understanding of the
public, policy makers, regulators, planners, researchers, communities, and industries (www.aemera.org).

This report presents the 2014 results for aquatics monitoring in the oil sands regions in support of the
JOSMP that was historically conducted under the RAMP. Additional aquatics monitoring under the
JOSMP was conducted by Alberta Environment and Sustainable Resource Development (AESRD) and
Environment Canada; results from these monitoring activities are not provided in this report.

The study area that was used for this portion of aquatics monitoring under the JOSMP was defined as the
major watersheds in the Athabasca oil sands region, where oil sands development has been approved or are
active, while the geographic scope of the entire JOSMP encompasses a larger area, particularly to the north
(Canada and Government of Alberta 2012). The watersheds where monitoring occurred in 2014 included:

= |ower Athabasca River;

=  Major tributary watersheds/basins of the lower Athabasca River including the Clearwater River,
Christina River, Hangingstone River, Gregoire River, Steepbank River, Muskeg River, MacKay
River, Ells River, Tar River, Calumet River, High Hills River, and Firebag River;
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= Select minor tributaries of the lower Athabasca River (McLean Creek, Mills Creek, Beaver River,
Poplar Creek, Fort Creek, Pierre River, Eymundson Creek, Red Clay Creek, and Big Creek);

= Select minor tributaries to Christina Lake (Sunday Creek, Birch Creek, Jackfish River, Sawbones
Creek, and two unnamed creeks);

= Specific wetlands and shallow lakes in the vicinity of current or planned oil sands and related
developments; and

= A selected group of 45 regional acid-sensitive lakes.

The study area also included the Athabasca River Delta as the receiving environment for any oil sands
developments occurring in the Athabasca oil sands region.

The program incorporates both stressor- and effects-based monitoring approaches. Using impact
predictions from the various oil sands environmental impact assessments, specific potential stressors
have been identified that are monitored to document baseline conditions, as well as potential changes
related to development. Examples include specific water quality variables and changes in water quantity.
In addition, there is a strong emphasis on monitoring sensitive biological indicators that reflect the overall
condition of the aquatic environment. By combining both monitoring approaches, the program strives to
achieve a more holistic understanding of potential effects on the aquatic environment related to oil sands
development.

The scope of the program focuses on the following key components of boreal aquatic ecosystems:

1. Climate and hydrology are monitored to provide a description of changing climatic conditions in
the oil sands region, as well as changes in the water level of selected lakes and in the quantity of
water flowing through rivers and creeks.

2. Water quality in rivers and lakes is monitored to assess the potential exposure of fish and
invertebrates to organic and inorganic chemicals.

3. Benthic invertebrate communities and sediment quality in rivers, lakes, and the Athabasca River
Delta are monitored because they reflect habitat quality, serve as biological indicators, and are
important components of fish habitat.

4. Fish populations in rivers and select lakes are monitored as they are biological indicators of
ecosystem integrity and are a highly valued resource in the region.

5. Water quality in regional lakes sensitive to acidification is monitored as an early warning indicator
of potential effects related to acid deposition.

A weight-of-evidence approach is used for the analysis of monitoring data by applying multiple analytical
methods to interpret results and determine whether any changes have occurred due to oil sands
developments. The analysis:

= is conducted at the watershed/river basin level, with an emphasis on watersheds in which
development has already occurred, as well as the lower Athabasca River at the regional level;

Joint Oil Sands Monitoring Plan (JOSMP) xIvii Final 2014 Program Report



= uses a set of measurement endpoints representing the health and integrity of valued
environmental resources within the component; and

= uses specific criteria (criteria used in oil sands project EIAs, AESRD, and CCME water quality
and sediment quality guidelines, generally-accepted EEM effects criteria) for determining whether
or not a change in measurement endpoints has occurred and is significant with respect to the
health and integrity of valued environmental resources. The magnitude of change in the values of
measurement endpoints has been described as Negligible-Low, Moderate, or High relative to
baseline conditions (see the tabular summary following the Executive Summary for details
regarding these criteria).

The 2014 Program Report uses the following definitions for monitoring status:

= Test is the term used in this report to describe aquatic resources and physical locations (i.e.,
stations, reaches) downstream of oil sands development; data collected from these locations are
designated as test for the purposes of analysis, assessment, and reporting. The use of this term
does not imply or presume that effects are occurring or have occurred, but simply that data
collected from these locations are being tested against baseline conditions to assess potential
changes; and

= Baseline is the term used in this report to describe aquatic resources and physical locations (i.e.,
stations, reaches, data) that are (in 2014) or were (prior to 2014) upstream of all oil sands
development; data collected from these locations are to be designated as baseline for the
purposes of data analysis, assessment, and reporting. The terms test and baseline depend solely
on the location of the aquatic resource in relation to the location of the oil sands development to
allow for long-term comparison of trends between baseline and test stations.

Satellite imagery was used in 2014 in conjunction with more detailed maps of Athabasca oil sands
operations provided by a number of oil sands operators to estimate the type, location, and amount of land
changed by oil sands development activities. As of 2014, it was estimated that approximately 123,990 ha
(3.5%) of the Athabasca oil sands region had undergone land change from oil sands developments. The
percentage of the area of watersheds with land change as of 2014 varied from less than 1% for many
watersheds (MacKay, Horse, Pierre River, and Upper Beaver watersheds), to 1% to 5% for the Steepbank,
Calumet, Firebag, Ells, Christina, and Hangingstone watersheds, to more than 10% for the Muskeg River,
Fort Creek, Mills Creek, Tar River, Shipyard Lake, Poplar Creek, and McLean Creek watersheds, as well as
for the smaller Athabasca River tributaries between Fort McMurray and the confluence of the Firebag River.

ASSESSMENT OF 2014 MONITORING RESULTS

A tabular summary of the 2014 results by watershed and component is presented at the end of this
Executive Summary.

Lower Athabasca River and Athabasca River Delta

Hydrology For the 2014 water year (WY), the mean open-water discharge, mean winter discharge,
annual maximum daily discharge, and open-water minimum daily discharge were 0.7%, 1.6%, 0.6%, and
1.1% lower, respectively, in the observed test hydrograph for the Athabasca River than in the estimated
baseline hydrograph. These differences were classified as Negligible-Low.
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Water Quality Differences in water quality in fall 2014 at all three stations (east bank, centre of channel,
and west bank) of the Athabasca River, downstream of oil sands development, were classified as
Negligible-Low compared to regional baseline conditions (historical baseline data for the Athabasca
River, upstream of development). Concentrations of water quality measurement endpoints were
consistent with regional baseline conditions and generally consistent with previously-measured
concentrations. Similarities of exceedances of guideline concentrations and regional baseline
concentrations were generally observed across all three stations. Concentrations of total aluminum
exceeded the guideline at all three stations in fall 2014 and total boron continued to show an increasing
trend at the station on the west bank of the Athabasca River, downstream of development.

Benthic Invertebrate Communities and Sediment Quality Benthic invertebrate communities were
monitored at four locations in the Athabasca River Delta (ARD) in fall 2014

1. Differences in measurement endpoints for benthic invertebrate communities for Big Point
Channel were classified as Negligible-Low because although there was a significant change in
Correspondence Analysis (CA) Axis 1 scores over time, the change was not indicative of
degradation. Additionally, all measurement endpoints of benthic invertebrate communities were
within the tolerance limits of the normal range of variation for all previous sampling years at
reaches of the ARD.

2. Differences in measurement endpoints for benthic invertebrate communities of Goose Island
Channel were classified as High because there were significant differences for all measurement
endpoints. Abundance and richness were lower and equitability was higher in 2014 than any
previous year of sampling, indicating potential negative changes to the benthic invertebrate
community. The percentage of sensitive EPT (Ephemeroptera, Plecoptera, Trichoptera) taxa was
higher in 2014 and was increasing over time. CA Axis 1 scores were decreasing over time and
were lower in 2014 than previous years and CA Axis 2 scores were increasing over time.
Abundance and richness were below the tolerance limits of the 5" percentile for the means of
previous years of sampling in the ARD. Chironomids were nearly absent in 2014 and tubificids
dominated the relative abundance of organisms at this reach, potentially reflecting the high silt
content in sediments.

3. Differences in measurement endpoints for benthic invertebrate communities of Fletcher Channel
were classified as Moderate because of the significant and large decreases in abundance and
CA Axis 1 scores, and increase in equitability, over time. However, Fletcher Channel showed
numerous indications of a stable community including a higher richness in 2014 and the presence
of EPT taxa.

4. Differences in measurement endpoints of benthic invertebrate communities for the Embarras
River were classified as Negligible-Low because although there were significant decreases in
abundance, percentage of fauna as EPT taxa, and CA Axis 1 and 2 scores, the percentage of
EPT taxa has actually remained stable over the past three years and abundance was higher in
2014 than 2013. There were no measurement endpoints that exceeded the tolerance limits for
the normal range of variation for previous years of sampling in the ARD indicating that there was
no concern that conditions were significantly degraded.
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In 2014, all sediment stations of the ARD were dominated by silt. All sediment quality measurement
endpoints at test stations on Big Point and Fletcher channels were within previously-measured
concentrations. Concentrations of F2, F3, and F4 hydrocarbons at Goose Island Channel reached
maximum values in fall 2014, while only F4 hydrocarbons exceeded the previously-measured maximum
concentration at the Embarras River. Concentrations of retene, total dibenzothiophenes, total polycyclic
aromatic hydrocarbons (PAHSs), and total alkylated PAHs exceeded previously-measured maximum
concentrations, while naphthalene was below the previously-measured minimum concentration at Goose
Island Channel. At the Embarras River, concentrations of retene and total dibenzothiophenes also
exceeded previously-measured maximum concentrations, while naphthalene and total parent PAHs were
below previously-measured minimum results. Concentrations of PAHs at all stations in fall 2014 were
dominated by alkylated species, indicating a petrogenic origin of these compounds. At all stations, with
the exception of Fletcher Channel, the PAH Hazard Index value exceeded the potential chronic toxicity
threshold of 1.0. The concentration of F3 hydrocarbons exceeded the CCME guideline at Goose Island
Channel, while concentrations of total arsenic exceeded the CCME guideline at Fletcher Channel, Goose
Island Channel, and the Embarras River. All toxicity test measurements were within the range of
previously-measured results at all stations for the amphipod Hyalella. Because no baseline data were
available for the ARD, it was not possible to calculate the Sediment Quality Index (SQI) for each station,
nor compare concentrations to relative baseline conditions.

Fish Populations (fish inventory) The objective of the fish inventory program was to assess general
trends in population variables such as abundance and richness as well as to determine age, size, and
health of individual fish within these populations. Key findings, with respect to changes observed in 2014
compared to previous years were as follows:

= Total catch in summer and fall 2014 was much lower compared to 2013, although catch in spring
was similar to 2013. The lower catch in fall was attributed primarily to the timing of sampling with
respect to the migration of lake whitefish from Lake Athabasca to spawning grounds in the
Athabasca River. Due to restrictions outlined in the Fish Research License issued by AESRD,
sampling could not occur during the spawning period, as it has in previous years. Lower water
levels were also observed in fall 2014, limiting habitat availability as well as boat access and
fishing efficiency. These factors also may have contributed to the reduction in total catch and
richness observed in 2014.

= A large change in species composition was observed in fall with a record low percentage of lake
whitefish captured. In years where lake whitefish were the most abundant species in fall in the
Athabasca River, sampling was generally conducted in the last ten days of September (compared
to 2014 when sampling was conducted from September 10 to 15).

= There was a decrease in catch per unit effort (CPUE) of white sucker in 2014 compared to 2013
in spring. However, the highest CPUE of white sucker continued to be observed in the Muskeg
area of the Athabasca River, which is a river that white sucker use for spawning.

= The dominant age class of northern pike in 2013 and 2014 was one and two years, respectively;
dominance was most pronounced at five years in 2012 and from 1997 to 2011. The increased
frequency of younger northern pike in the Athabasca River suggested higher levels of recruitment
or increased selection of older individuals from fishing pressure. The limited catch of younger lake
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whitefish is typical as lake whitefish are only commonly caught in the Athabasca River in the fall
as adults migrate from Lake Athabasca to spawning grounds upstream of Fort McMurray.

= OQverall, the 2014 fish health assessment indicated that abnormalities observed among all species
were within the historical range (1987 to 2013), despite the higher than average incidence of
abnormalities observed in northern pike (14.8%) related primarily to fin erosion. These findings
were also consistent with previously cited studies published prior to major oil sands development
in the upper Athabasca River, the Athabasca River Delta, and the Peace/Slave rivers.

Fish Populations (fish tissue) Measurement endpoints used in the assessment for the Athabasca River
fish tissue program included concentrations of metals and tainting compounds in muscle tissue of both
individual and composite samples of lake whitefish and walleye. Potential human health risks from
contaminated fish tissue were predicted from both individual and composite samples. In 2014, the mean
concentration of mercury in lake whitefish was slightly higher than 2011, but within the range of
concentrations observed in previous sampling years. The mean mercury concentration across all size
classes of lake whitefish were below the Health Canada guideline for subsistence fishers indicating a
Negligible-Low risk to human health. The mean concentration of mercury in walleye was higher in 2014
compared to previous years. The mean mercury concentration in size classes of walleye greater than
300 mm exceeded the subsistence fishers guideline for consumption indicating a High risk to subsistence
fishers and a Moderate risk to general consumers.

Fish Populations (fish assemblages) Results of the fish assemblage monitoring in the ARD indicated a
decrease in abundance across all reaches relative to 2013. All other measurement endpoints were
generally consistent across channels, with high values of the Assemblage Tolerance Index (ATI)
reflecting the tolerant nature of fish species in the delta. Water temperatures during the 2013 fish
assemblage monitoring program in the ARD ranged from 19.5°C to 20.4°C with a mean of 19.8°C,
whereas water temperatures during the 2014 monitoring program were higher ranging from 20.4°C to
23.4°C, with a mean of 22.1°C. The higher temperatures in 2014 could have resulted in fish being in
deeper, cooler waters, where boat electrofishing was not effective. The most abundant large-bodied
species were goldeye and northern pike; goldeye was dominant at reaches of Big Point, Goose Island,
and Fletcher channels, while northern pike was dominant at the Embarras River.

Muskeg River Watershed

Hydrology The 2014 WY mean open-water discharge, mean winter discharge, annual maximum daily
discharge, and open-water minimum daily discharge were -4.9%, -5.5%, -8.3%, and 35.6%, respectively,
in the observed test hydrograph for the Muskeg River compared to the estimated baseline hydrograph.
The difference in mean open-water discharge was classified as Negligible-Low. The difference in annual
maximum daily discharge and mean winter discharge were classified as Moderate, and the difference in
open-water minimum daily discharge was classified as High. The results of the longitudinal assessment
of the Muskeg River suggested that the extent of the High hydrologic changes was limited to a length of
the Muskeg River between Stanley Creek and Muskeg Creek.

In the 2014 WY, the water level of Kearl Lake declined from November until mid-April and then increased
from early April to early June and then decreased steadily until early September. The maximum level was
0.05 m higher than the historical mean annual maximum daily lake level. From early September until the
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end of the water year, the lake level remained relatively stable. The lake level was within the historical
interquartile range for most of the WY, and did not exceed or drop below historical maxima or minima.

Water Quality In fall 2014, concentrations of most water quality measurement endpoints at stations of the
Muskeg River watershed were within the range of historical concentrations and generally consistent with
regional baseline conditions. Differences in water quality in fall 2014 at all stations in the Muskeg River
watershed compared to regional baseline water quality conditions were classified as Negligible-Low.

Concentrations of most water quality measurement endpoints at the lower test station of the Muskeg
River (sampled monthly) were within the range of regional baseline fall concentrations in each month of
2014, with monthly variability generally showing higher concentrations of ions and metals in winter and
early spring when water levels were low. Despite some variability across months, the ionic composition of
water collected throughout the year at the lower test station of the Muskeg River remained consistent.

Benthic Invertebrate Communities and Sediment Quality Benthic invertebrate communities were
monitored at five test reaches in the Muskeg River watershed in fall 2014:

1. Differences in values of measurement endpoints at the lower test reach of the Muskeg River were
classified as Negligible-Low because the significant changes in CA Axis 1 and 2 scores were a
result of higher relative abundances of benthic invertebrates at this reach. Higher relative
abundances of chironomids, mayflies, and caddisflies, and the presence of stoneflies were
indicative of good water quality and habitat conditions and higher habitat quality relative to 2013.
The percentage of the fauna as worms (tubificids and naidids) was low indicating no significant
change in the quality of the habitat. The percentage of EPT taxa was slightly higher than the inner
tolerance limit for the 95™ percentile, indicating a positive change at this reach.

2. Differences in values of measurement endpoints for benthic invertebrate communities at the
middle test reach of the Muskeg River were classified as Negligible-Low because there were no
significant changes detected at this reach, with high diversity and a high percentage of EPT taxa
in 2014, and habitat quality was higher relative to 2013.

3. Differences in values of measurement endpoints for benthic invertebrate communities at the
upper test reach of the Muskeg River were classified as Negligible-Low because the significant
increase over time in the percentage of EPT taxa and the higher percentage of EPT taxa in 2014
compared to the mean of baseline years or the mean of all years combined were indicative of a
positive change in the benthic invertebrate community. Four measurement endpoints were
outside of the tolerance limits for the historical range of variation, but were also indicative of
improving water quality and benthic community health. The relative abundance of tubificid
worms was high in 2014, but consistent with previous years, and habitat quality was higher
relative to 2013.

4. Differences in measurement endpoints for benthic invertebrate communities at the test reach of
Jackpine Creek were classified as Negligible-Low because equitability was lower than previous
years, indicating improving conditions, and the benthic community was diverse, including clams,
shails, mayflies, and stoneflies.
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5. Differences in measurement endpoints of benthic invertebrate communities of Kearl Lake were
classified as Negligible-Low because the statistically large changes observed for richness,
equitability, and CA Axis 1 and 2 scores were not indicative of degraded conditions. Additionally,
the benthic invertebrate community of Kearl Lake contained a diverse fauna and included several
taxa that are typically associated with relatively good water and sediment quality in lakes (e.g.,
the mayfly Caenis and bivalves).

Concentrations of sediment quality measurement endpoints at all Muskeg River watershed stations
sampled in fall 2014 were within previously-measured concentrations, with the exception of naphthalene
at the baseline station of upper Jackpine Creek, and the test stations of the upper Muskeg River and
Kearl Lake, and total dibenzothiophenes, total PAHs, and total alkylated PAHs at Kearl Lake, which were
below previously-measured minimum concentrations. Concentrations of F3 hydrocarbons exceeded the
relevant CCME guideline at the test stations of lower Jackpine Creek and the middle Muskeg River, and
F1, F2, and F3 hydrocarbons exceeded guidelines at Kearl Lake. Concentrations of metals in 2014 were
below CCME guidelines at all stations. Differences in sediment quality in fall 2014 at all applicable
stations of the Muskeg River watershed were classified as Negligible-Low relative to regional baseline
conditions. Sediment quality monitoring was not conducted at the lower station of the Muskeg River given
it is erosional habitat.

Fish Populations (fish assemblages) Differences in measurement endpoints of the fish assemblage at
the lower test reach of the Muskeg River were classified as Moderate. Although values of all
measurement endpoints were within the range of regional baseline variability, there were significant
decreases in abundance and catch per unit effort (CPUE), which were indicative of a potential negative
change in the fish assemblage over time. Differences in measurement endpoints for fish assemblages
between the middle test reach of the Muskeg River and regional baseline conditions were classified as
Negligible-Low given there were no significant differences implying a negative change in the fish
assemblage and only abundance and diversity were at the outer tolerance limit of the 5" percentile of
variation of baseline conditions. Differences in measurement endpoints for the upper test reach of the Muskeg
River were classified as High because although there were no significant differences over time, abundance,
diversity, and CPUE have been below the range of baseline variability for three consecutive years.

Differences in measurement endpoints of the fish assemblage at the lower test reach of Jackpine Creek
were classified as High because abundance and CPUE were low and near the outer tolerance limit of
the 5 percentile of regional baseline variability and there were significant decreases in all measurement
endpoints that were indicative of a negative change in the fish assemblage over time. It should be
noted; however, that although there has been decreases in measurement endpoints since 2009,
abundance, CPUE, richness, and diversity were higher in 2014 compared to 2013, which could indicate
improving conditions.

Steepbank River Watershed

Hydrology The 2014 WY mean open-water discharge, mean winter discharge, annual maximum daily
discharge, and open-water minimum daily discharge were 0.33%, 0.34%, 0.34%, and 0.01% higher,
respectively, in the observed test hydrograph for the Steepbank River than in the estimated baseline
hydrograph. These differences were classified as Negligible-Low.
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Water Quality Concentrations of most water quality measurement endpoints in the Steepbank River
watershed in fall 2014 were within previously-measured concentrations, with the exception of many ions
at the middle test station (downstream of the confluence of the North Steepbank River), which showed
concentrations higher than previously measured in fall 2014. The ionic composition at all water quality
monitoring stations in the Steepbank River watershed in fall 2014 was similar to previous years.
Concentrations of water quality measurement endpoints were also generally within the range of regional
baseline conditions. Differences in water quality in fall 2014 compared to regional baseline water quality
conditions were classified as Negligible-Low for all stations in the Steepbank River watershed, with the
exception of the lower test station of the Steepbank River (near the mouth), which was classified as
Moderate due to exceedances of concentrations of total metals, ions, and physical variables from the 95™
percentile of regional baseline conditions.

Concentrations of most water quality measurement endpoints exhibited fluctuations across months at the
middle test station of the Steepbank River, which was sampled on a monthly basis in 2014. Typically the
maximum concentration of ions were reached in April, while the minimum concentrations were reached in
June. Despite the observed changes in ion concentrations from previous years in fall, the ionic
composition remained consistent throughout the year.

Benthic Invertebrate Communities Differences in measurement endpoints of the benthic invertebrate
community at the lower test reach of the Steepbank River were classified as Moderate because
abundance, richness, CA Axis 1 and 2 scores, and the percentage of EPT taxa were significantly lower
than the upstream baseline reach. The benthic invertebrate community at the lower test reach; however,
was diverse and contained many taxa that require cool, clean water indicating a lack of degradation at
this reach and generally good water quality conditions. Sediment quality monitoring was not conducted on
the Steepbank River given it is an erosional river.

Fish Populations (fish assemblages) Differences in measurement endpoints of the fish assemblage at
the lower test reach of the Steepbank River were classified as High because three of the five
measurement endpoints (abundance, richness, and catch per unit effort) significantly decreased over time
and catch per unit effort and abundance were lower than the range of regional baseline variability,
indicating a potential negative change to the fish assemblage.

Tar River Watershed

Hydrology The 2014 WY mean open-water discharge, maximum daily discharge, and minimum daily
discharge were all 28.8% lower in the observed test hydrograph for the Tar River than in the estimated
baseline hydrograph. These differences were classified as High. While the overall classification of
watershed changes was classified as High, the results from the longitudinal assessment suggested that
the extent of High hydrologic changes was limited to the lowest 7 km of the Tar River, which were
approved changes as part of the development of the Canadian Natural Horizon project.

Water Quality In fall 2014, water quality at stations of the Tar River indicated Negligible-Low differences
from regional baseline conditions. Most water quality measurement endpoints at the lower test and upper
baseline stations were within the range of previously-measured concentrations and were consistent with
regional baseline concentrations.
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Benthic Invertebrate Communities and Sediment Quality Differences in benthic invertebrate
communities at the lower test reach of the Tar River were classified as High because of the significant
decreases in abundance and richness, and increase in equitability (i.e., lower diversity) from the baseline
period at this reach. A significant time trend was noted for CA Axis 1 scores suggesting a change in taxa
composition over time with fewer water mites and mayflies found in more recent years at the lower test
reach. Abundance and richness were below the normal range of variation for regional baseline
depositional reaches. Overall diversity and the percentage of EPT taxa has been steadily decreasing
since 2009 and mayflies and caddisflies, which were present during the baseline period and in previous
test years, were absent in both 2013 and 2014.

Concentrations of all sediment quality measurement endpoints at the lower test station of the Tar River in
fall 2014 were within previously-measured concentrations except naphthalene, which was below historical
observations. The concentration of F3 hydrocarbons and the predicted PAH toxicity exceeded relevant
thresholds, but were within the range of historical observations. Differences in sediment quality observed
in fall 2014 between the lower test station and regional baseline conditions were classified as Negligible-
Low. Sediment quality monitoring was not conducted at the upper station of the Tar River given it is
erosional habitat.

Fish Populations Differences in measurement endpoints for fish assemblages between the lower test
reach of the Tar River and regional baseline conditions were classified as Negligible-Low because all
measurement endpoints were within the inner tolerance limits of the baseline range of variability and
there were no significant changes in measurement endpoints over time.

MacKay River Watershed

Hydrology The 2014 WY mean open-water discharge, mean winter discharge, and open-water minimum
daily discharge were 0.004%, 0.069%, 0.045% lower, respectively, and the annual maximum daily
discharge was 0.007% higher in the observed test hydrograph for the MacKay River than in the estimated
baseline hydrograph. These differences were classified as Negligible-Low.

Water Quality Concentrations of most water quality measurement endpoints for stations of the MacKay
River watershed were within the range of previously-measured concentrations and within the range of
regional baseline concentrations in fall 2014. Differences between water quality at the lower and middle
test stations, and the upper baseline station and regional baseline water quality conditions were classified
as Negligible-Low.

Concentrations of most water quality measurement endpoints exhibited fluctuations across months at the
upper baseline station, which was sampled on a monthly basis in 2014. Typically, the maximum
concentration of ions occurred in March and the minimum concentrations occurred in May, consistent with
expected seasonal influences of surface-water runoff (i.e., greatest during freshet and weakest during
winter low-flow conditions). The decrease in alkalinity in spring likely resulted from base-cation dilution by
snowmelt rather than consumption of alkalinity by acidic compounds in snow, given consistent seasonal
trends also were observed in other ions. Despite the observed changes in ion concentrations, the ionic
composition remained relatively consistent throughout the year but was slightly less dominated by
calcium in winter months.
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Benthic Invertebrate Communities Differences in measurement endpoints for benthic invertebrate
communities at the lower test reach of the MacKay River were classified as Negligible-Low because,
although richness was significantly lower than the upper baseline reach, richness was higher in 2014 than
the mean of all baseline years for the lower and upper reaches. Differences in CA Axis 2 scores were due
to slight differences in taxa composition between the lower test and upper baseline reaches. Additionally,
the taxa composition at the lower test reach has remained stable and diverse over the past two years with
the presence of EPT taxa and a low overall abundance of worms. Differences in measurement endpoints
for the benthic invertebrate community at the middle test reach of the MacKay River were classified as
Negligible-Low because the only significant change was an increasing trend over time in the percentage
of the fauna as EPT taxa and differences in CA Axis 2 scores, which did not imply a negative change in
the benthic invertebrate community. The benthic fauna at the middle test reach was representative of
good overall water quality with a high percentage of EPT taxa and a low relative abundance of worms.
Sediment quality monitoring was not conducted on the MacKay River given it is an erosional river.

Fish Populations Differences in measurement endpoints of the fish assemblage at the lower test reach
of the MacKay River were classified as Moderate because of significant decreases in abundance and
catch per unit effort over time and differences compared to the upper baseline reach. In addition,
abundance and catch per unit effort were also lower than regional baseline conditions. Differences in
measurement endpoints for the fish assemblage at the middle test reach of the MacKay River were
classified as Negligible-Low given there was only a significant decrease in abundance over time and all
measurement endpoints were within regional baseline variability.

Calumet River Watershed

Hydrology The 2014 WY mean open-water discharge, maximum daily discharge, and minimum daily
discharge were 0.26% lower in the observed test hydrograph for the Calumet River than in the estimated
baseline hydrograph. These differences were classified as Negligible-Low.

Water Quality In fall 2014, water quality at the lower test station and upper baseline station of the
Calumet River indicated Negligible-Low differences from regional baseline conditions. Concentrations of
most water quality measurement endpoints were within previously-measured concentrations for both
stations, with the exception of concentrations of many hydrocarbons (CCME fractions and PAHS) in 2014
at the lower test station, which had concentrations substantially greater than historically observed at this
station and compared to the upper baseline station in 2014. Significantly higher flows in 2014 in the
Calumet River in May and June 2014 contributed to bank erosion near the lower water quality station,
which may have caused the increase in total suspended solids and PAHs and hydrocarbons from bank
sediments. The ionic composition of water at the lower test station was consistent with previous years,
while the ionic composition of water at the upper baseline station was less dominated by bicarbonate ions
in 2014 than most previous sampling years.

Firebag River Watershed

Hydrology The 2014 WY mean open-water discharge, mean winter discharge, annual maximum daily
discharge, and open-water minimum daily discharge were 0.23% lower in the observed test hydrograph
for the Firebag River than in the estimated baseline hydrograph. These differences were classified as
Negligible-Low. The water level of McClelland Lake, in winter of the 2014 WY was generally near the
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upper quartile and reached a peak in early June due to rainfall events. The lake level from June to
October was above the historical median values.

Water Quality In fall 2014, water quality at the lower test station and upper baseline station of the
Firebag River showed Negligible-Low differences from regional baseline water quality conditions.
Concentrations of most water quality measurement endpoints at both stations were within the range of
regional baseline concentrations and within the range of previously-measured concentrations in fall 2014.
The ionic composition of water in fall 2014 at both Firebag River stations and Johnson Lake were
consistent with previous sampling years and dominated by calcium and bicarbonate ions. The ionic
composition of McClelland Lake was dominated by magnesium and bicarbonate and consistent with
previous sampling years. Concentrations of water quality measurement endpoints for McClelland Lake
and Johnson Lake were not compared to regional baseline conditions given the ecological differences
between lakes and rivers and the lack of baseline-lake data for the region.

Benthic Invertebrate Communities and Sediment Quality Differences in benthic invertebrate
communities of McClelland Lake were classified as Negligible-Low because although there was a
significant increase in the percentage of fauna as EPT taxa and lower equitability in 2014 compared to
previous years, these changes were indicative of good lake conditions. The general composition of the
community in terms of relative abundances, presence of fully aquatic forms, and presence of generally
sensitive taxa such as the mayfly Caenis and six types of caddisflies suggested that the benthic invertebrate
community of McClelland Lake was in good condition and generally consistent to baseline conditions.

The benthic invertebrate community of Johnson Lake showed some improvement in 2014 compared to
2013, with the presence of sensitive EPT taxa, which were not observed in 2013. The abundance of
worms (Tubificidae and Naididae) were lower in 2014 compared to 2013 and there were amphipods and
gastropods present, indicating that Johnson Lake was generally in good condition.

Sediment of McClelland Lake and Johnson Lake was predominantly composed of silt. The percentage of
silt and the total organic carbon content exceeded previously-measured maximum values at McClelland
Lake, while the percentage of sand was below the previously-measured minimum value. All physical
sediment variables for Johnson Lake were within the range of previously-measured values.
Concentrations of naphthalene, retene, total dibenzothiophenes, total PAHs, and total alkylated PAHs at
Johnson Lake were below previously-measured minimum concentrations. All sediment quality
measurement endpoints were below the relevant sediment quality guidelines, with the exception F3
hydrocarbons, which exceeded the CCME guideline at both lakes. SQI values were not calculated for
McClelland and Johnson lakes given the absence of regional baseline concentrations for lakes.

Ells River Watershed

Hydrology The 2014 WY mean open-water discharge (May to October), mean winter discharge, annual
maximum daily discharge, and open-water minimum daily discharge were 0.15% higher in the observed
test hydrograph for the Ells River than in the estimated baseline hydrograph. These differences were
classified as Negligible-Low.

Water Quality Differences in water quality in fall 2014 between the Ells River and regional baseline
conditions were classified as Negligible-Low. Water quality conditions were consistent with previous
years at the lower test station of the Ells River and were typically within the range of previously-measured
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concentrations and regional baseline conditions. The upper baseline station, initiated in 2013, showed
similar water quality to the lower test station, and was within regional baseline conditions in fall 2014 for
all measurement endpoints with the exception of lower concentrations of total mercury (ultra-trace).
Concentrations of water quality measurement endpoints for Gardiner and Namur lakes were not
compared to regional baseline conditions given the ecological differences between lakes and rivers. The
ionic composition of water in Namur and Gardiner lakes was similar to stations of the Ells River but
showed a slightly lower and greater dominance of calcium and bicarbonate, respectively, compared to the
stations on the Ells River. There were no water quality guideline exceedances at Namur Lake and very
few at Gardiner Lake in 2014.

Benthic Invertebrate Communities and Sediment Quality Differences in measurement endpoints for
the benthic invertebrate community at the lower test reach of the Ells River were classified as Moderate
because significant decreases in abundance, EPT taxa, richness, and CA Axis 2 scores over time were
indicative of potentially degrading conditions. Abundance in fall 2014 (111 organisms per sample) was
higher than fall 2013 (48 organisms per sample), but still lower than previous years. Most of the major
groups of larger organisms (e.g., clams, snails, mayflies, caddisflies) were sparse in 2014 and EPT taxa
were absent. All of the smaller and previously-abundant organisms remained abundant in 2014 and a
decrease in tubificid worms has been occurring over time. Chironomids were dominated by forms that are
not known to be particularly tolerant of degraded water quality. Similar to 2013, water velocity at the lower
Ells River in 2014 (0.6 m/s) was higher than previously reported (normally in the 0.05 to 0.2 m/s range),
and could be an explanation for the absence of larger forms of benthic invertebrates at the lower test
reach in recent years.

The benthic invertebrate communities of Gardiner and Namur lakes were sampled for the first time in
2014. The benthic invertebrate communities of both lakes were evident of good water quality conditions,
with the presence of EPT taxa and permanent aquatic forms (e.g., bivalves, gastropods). The relative
abundance of worms were high in both lakes in 2014.

Sediment quality in fall 2014 at the lower test station of the Ells River indicated Negligible-Low
differences from regional baseline conditions, and most sediment quality measurement endpoints
were within the range of the regional baseline concentrations, with the exception of total PAHSs.
Concentrations of F2 and F3 hydrocarbons, and chrysene exceeded CCME guidelines and the predicted
PAH toxicity exceeded the potential chronic effect level at the lower test station. Sediment quality
monitoring was not conducted at the upper station of the Ells River given it is erosional habitat. SQI
values were not calculated for Namur and Gardiner lakes because lakes were not included in the regional
baseline calculations. Sampling at Namur and Gardiner lakes was initiated in 2014; therefore, no
historical data were available for comparison. No sediment guidelines or threshold values were exceeded
at either lake in 2014.

Fish Populations Differences in measurement endpoints for the fish assemblage at the lower test reach
of the Ells River were classified as Moderate given that abundance and catch per unit effort (CPUE) have
decreased over time and all measurement endpoints were lower compared to the upper baseline reach. It
is noted; however, that there was a decrease in the assemblage tolerance index (ATI) value, indicating a
greater proportion of sensitive species in the assemblage, and all measurement endpoints were within
regional baseline conditions.
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Clearwater River Watershed

Hydrology Flows of the Clearwater River, downstream of the Christina River confluence, decreased from
November 2013 to January 2014 and then remained relatively constant until early April. Flows then
increased in mid-April in response to spring thaw, and reached the annual peak flow on June 12 shortly
after rainfall accumulations starting in late May. Flows then receded until the minimum open-water daily
flow on September 25. Flows from early July until the end of October were within the historical
interquartile range. There was no effect in the Clearwater River watershed related to oil sands
development in 2014, with the exception of development in the Christina River watershed. Accordingly,
no assessment of current versus baseline hydrologic conditions was warranted.

Water Quality In fall 2014, water quality at all stations of the Clearwater River watershed indicated
Negligible-Low differences from regional baseline conditions. Concentrations of most water quality
measurement endpoints were within the range of previously-measured concentrations and were within
the range of regional baseline conditions. Concentrations that exceeded previously-measured
concentrations most frequently occurred at the baseline station on the High Hills River (tributary to the
Clearwater River), due to the limited historical data available for comparison. All stations showed similar
ionic composition to previous years of sampling, with the ionic composition at the baseline station of the
High Hills River continuing to be more dominated by calcium and bicarbonate ions than the stations of the
Clearwater River mainstem. No trends in measurement endpoints were observed over time, with the
exception of a decreasing trend in potassium at the lower test station of the Clearwater River.
Concentrations of many water quality variables fluctuated across months in 2014 at the upper baseline
station of the Clearwater River, which was sampled on a monthly basis in 2014. Despite these
fluctuations, the ionic composition of the Clearwater River remained fairly consistent across the year, with
only slight differences in May and June. Concentrations of many water quality variables (e.g., metals) in
May, June, and July exceeded guidelines and frequently exceeded fall regional baseline conditions.

Benthic Invertebrate Communities and Sediment Quality Differences in measurement endpoints of
benthic invertebrate communities at the lower test reach of the Clearwater River were classified as
Negligible-Low because the observed differences in equitability and CA axis scores were not related to
oil sands development given similar trends were observed at both the test and baseline reaches.
Equitability was higher at the test reach generally across all years of sampling but the reach had a
relatively diverse community, and contained a number of taxa considered sensitive to degrading habitat
such as the chironomid Lopesocladius and the mayfly Ametropus neavei (Ephemeroptera).

Sediments at the test and baseline stations of the Clearwater River were composed of sand, with
concentrations of hydrocarbon fractions and PAHs below detection limits or in very low concentrations.
Chronic toxicity tests yielded high survival and growth rates for the midge Chironomus and the amphipod
Hyalella at both stations, indicating low toxicity of sediments. The SQI value for both the test and baseline
stations of the Clearwater River in fall 2014 was 100, indicating Negligible-Low differences from regional
baseline conditions.

The benthic invertebrate community at the baseline reach of the High Hills River contained a high
diversity of typical riffle fauna including mayflies, stoneflies, and caddisflies, and chironomids that
reflected good water quality conditions. The relative abundance of naidid worms (50%) was much higher
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in 2013, but similar to 2011 and 2012. The baseline reach of the High Hills River was used as a regional
baseline reach for comparisons to test reaches. Sediment quality monitoring was not conducted on the
High Hills River given it is an erosional river.

Fish Populations (fish inventory) The objective of the fish inventory program on the Clearwater River
was to assess general trends in population variables such as abundance and richness as well as to
determine age, size, and health of individual fish within these populations. Key findings, with respect to
changes observed in 2014 compared to previous years included:

= The total catch in spring and summer of 2014 decreased by 440 and 420 fish from 2013,
respectively. Comparisons were unable to be carried out in fall because the baseline reaches
were not sampled due to low water levels.

= The abundance of goldeye in spring 2014 was the highest recorded since 2009. This increase may
be related to an increase in survival rates among the population given that the dominant
age class was five years in 2011 but now has shifted to an older age class of seven years in
2013 and 2014.

=  The dominant age classes for northern pike have been two and three year-olds since 2012, which has
been a shift towards a younger age class.

= The percentage of external abnormalities increased in 2014 from 2013, with the majority of
abnormalities observed in white sucker and a higher percentage of overall abnormalities observed in
summer. The increase in abnormalities was primarily driven by the increase in parasites on fish, which
could be related to higher water temperatures in the river.

Fish Populations (fish assemblages) The fish assemblage at the baseline reach of the High Hills River
was consistent with other baseline reaches of similar habitat conditions. Fish species captured at this
reach were consistent with fish assemblages commonly observed in fast-flowing riffle habitat (e.g., slimy
sculpin, longnose sucker, longnose dace).

Christina River Watershed

Hydrology For the 2014 WY, the differences in mean open-water discharge, mean winter discharge,
annual maximum daily discharge, and open-water minimum daily discharge between the observed test
and estimated baseline hydrographs for the Christina River were 0.1%, 0.0%, 0.1% and 0.1%,
respectively. These differences were classified as Negligible-Low.

In the 2014 WY, the water level of Christina Lake decreased slightly from November 2013 to early April
2014, and remained below historical median levels throughout this period. By early April, the lake level
was close to the historical minima, but then increased in late April due to the spring thaw. The annual
peak occurred on June 5, shortly after rainfall accumulations. The lake level decreased after this peak,
dropping below historical median levels after mid-July and was close to historical minima from early
August until late September. The annual minimum lake level occurred on September 24, and the lake
level then remained relatively constant until the end of the 2014 WY.

In the 2014 WY, Jackfish River flows declined gradually from November until mid-April, and then
increased due to the spring thaw in late April. Flows increased again in late May, shortly after rainfall
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accumulations. All flows from May 30 to June 12 exceeded historical maxima recorded on these dates.
Flows then decreased rapidly until late July, and stabilized thereafter, remaining within the historical
interquartile range until the end of the year.

Water Quality In fall 2014, water quality at test stations of the lower, middle, and upper Christina River,
Jackfish River, Sawbones Creek, Sunday Creek, and two unnamed creeks (east and south of Christina
Lake), and baseline stations of Birch Creek, upper Christina River, and upper Sunday Creek indicated
Negligible-Low differences from regional baseline conditions. The test station of the lower Gregoire River
indicated Moderate differences from regional baseline water quality conditions, given that concentrations
of several water quality measurement endpoints (e.g., total metals) exceeded relevant guidelines and
regional baseline conditions in 2014. Gregoire River had many guideline exceedances in spring and
summer 2014, whereas there were no guideline exceedances at Gregoire Lake, where the river flows
from. Due to limited historical data at most sampling stations, it was only possible to compare the lower
and middle test stations of the Christina River to historical results. Generally these stations were similar to
previous years, but many ions in fall 2014 had higher concentrations than previously-measured
maximums. Despite higher ion concentrations, the ionic composition at the two test stations remained
similar across sampling years. Where comparisons were possible to recent years, the ionic composition
at all other stations has also remained similar across sampling years.

Concentrations of most water quality measurement endpoints exhibited fluctuations across months at the
lower and middle test stations of the Christina River, where monthly sampling occurred in 2014. Typically,
a higher dominance of calcium and lower dominance of chloride occurred in summer months at the lower
test station, while the middle test station did not show any fluctuation in ionic composition throughout the
year. The highest number of water quality guideline and regional fall baseline concentration exceedances
occurred in May, June, July, and August, which were also the months where maximum vyearly
concentrations of metals were most frequently reached at both stations.

Benthic Invertebrate Communities and Sediment Quality Differences in measurement endpoints for
benthic invertebrate communities at the lower test reach of the Christina River were classified as
Negligible-Low. The decreasing trend in CA Axis 1 scores over time and the significant difference in
2014 CA Axis 1 scores relative to the mean of previous years were not indicative of a negative change at
the lower test reach. All measurement endpoints were within the inner tolerance limits of the normal range
of variation for means from previous years of sampling. Although overall abundance was low, the relative
abundance of worms was high, and the reach contained mayflies and stoneflies, suggesting reasonably
good habitat quality.

Differences in measurement endpoints for benthic invertebrate communities at the middle test reach of
the Christina River were classified as Negligible-Low. The decreasing trend in CA Axis 1 scores over
time reflected a shift in taxa composition at this test reach in 2014, with the absence of several relatively
abundant taxa found in previous years, including Tubificidae, Bivalvia, Ephemeroptera, and Trichoptera.
Other missing taxa in 2014 included Enchytraeidae, Hydracarina, Coleoptera, and Odonata. In 2014,
chironomids were one of the only taxa found at this reach. All measurement endpoints were within the
inner tolerance limits of the normal range of variation for previous years of sampling at this reach.

Differences in measurement endpoints for benthic invertebrate communities at the upper test reach
of the Christina River were classified as Negligible-Low because all measurement endpoints were within
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the inner tolerance limits of the normal range of variation for regional baseline depositional reaches. This
reach was sampled in erosional habitat with a Hess sampler in 2013 and in depositional habitat using an
Ekman grab in 2014, confounding any assessment of changes in composition (or condition). The benthic
fauna at this reach in 2014, were representative of good habitat quality, with the presence of mayflies,
stoneflies, and caddisflies, and only a small relative abundance of worms.

Differences in measurement endpoints at the lower test reach of Sunday Creek were classified as
Moderate. The reach contained a benthic invertebrate community with lower abundance, richness, and
percentage of EPT taxa, and higher CA Axis 2 scores than the upper baseline reach, indicating that the
lower test reach was of lower quality than the upper baseline reach. However, taxa richness and the
percentage of EPT taxa have increased over the past three years of sampling at the lower test reach,
indicating improving conditions. Additionally, all measurement endpoints for the lower test reach have
consistently remained within the inner tolerance limits of the normal range of variation for regional
baseline depositional reaches, indicating generally acceptable conditions at this reach.

Differences in measurement endpoints of benthic invertebrate communities at the test reach of Sawbones
Creek were classified as Negligible-Low. Although there were large variations in abundance, total
numbers were well within the inner tolerance limits of regional baseline conditions for depositional
reaches. None of the other measurement endpoints varied significantly, and all were within the range of
regional baseline conditions for depositional reaches. The benthic invertebrate community of this test
reach was diverse and supported a community with permanent aquatic forms (snails, fingernail clams)
and flying insects.

Differences in measurement endpoints of benthic invertebrate communities at the test reaches of two
unnamed creeks (east and south of Christina Lake) were classified as Negligible-Low because all
measurement endpoints, with the exception of richness and equitability, were within the range of regional
baseline depositional reaches. Richness was higher than the baseline range of variability in 2014 at the
test reach of Unnamed Creek, south of Christina Lake and equitability for the test reach of Unnamed
Creek east of Christina Lake was just below the lower outer limit of the baseline range, neither of which
indicated a negative change. The benthic invertebrate communities of both reaches had low total
abundance of worms, high diversity of chironomids, and the presence of permanent aquatic forms and
flying insects.

Differences in measurement endpoints of benthic invertebrate communities at the test reach of Jackfish
River were classified as Negligible-Low because the community was highly diverse, and the statistically
significant increases in richness and percentage of EPT taxa in 2014 were considered to be positive
changes. All measurement endpoints, with the exception of abundance, were within regional baseline
ranges. Abundance was higher than the inner tolerance limit for the 95™ percentile of regional baseline
reaches.

Gregoire River was sampled for the first time in 2014. Differences in measurement endpoints of benthic
invertebrate communities at the test reach of Gregoire River were classified as Negligible-Low. Although
naidid worms accounted for a large proportion of the benthic fauna (>40%), flying insects were present in
relatively high numbers.
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Differences in measurement endpoints of the benthic invertebrate community at Christina Lake in fall
2014 were classified as Moderate because several measurement endpoints (richness, abundance, EPT
taxa) were lower than the previous two years, indicating a potential negative change. However, the lake
still contained a diverse benthic fauna that included several permanent aquatic forms (e.g., clams, snalils,
amphipods), as well as several large aquatic insects (mayflies, dragonflies and caddisflies). Differences in
measurement endpoints of the benthic invertebrate community at Gregoire Lake in fall 2014 were classified
as Negligible-Low given that amphipods, chironomids, and bivalves were abundant, the abundance of
worms was relatively low, and there were no concerns regarding water quality in the lake in 2014.

In fall 2014, concentrations of sediment quality measurement endpoints were generally similar to previous
years (where applicable) and were typically within regional baseline concentrations at all stations of the
Christina River watershed, except total PAHs (absolute) and PAH hazard index values at the lower test
station and upper baseline station of the Christina River, and the test stations of Sunday Creek and one
unnamed creeks (south of Christina Lake), which were below regional baseline ranges. Sediment quality
at all stations in fall 2014 indicated Negligible-Low differences compared to regional baseline conditions.
Sediment quality measurement endpoints were not compared to regional baseline concentrations for
Christina and Gregoire lakes because lakes were not included in the calculation of baseline
concentrations; however, sediment quality at Christina Lake was similar to conditions observed in 2012
and 2013. Sediment quality monitoring was not conducted on the Gregoire River and Jackfish River given
these rivers are erosional.

Fish Populations (fish assemblages) Information on fish assemblages for the southern oil sands region
is just beginning to be collected; therefore, a comparison with baseline conditions in the northern region
was conducted. Differences in measurement endpoints for the lower and upper test reaches of the
Christina River were classified as Negligible-Low because all measurement endpoints were within the
range of baseline variability. Differences in measurement endpoints for the middle test reach of the
Christina River were also classified as Negligible-Low because only two measurement endpoints
(abundance and catch per unit effort) were below the range of baseline variability. Differences in
measurement endpoints for the test reach of Gregoire River were classified as Negligible-Low because
all measurement endpoints were within the baseline range of variability. Differences in measurement
endpoints for the test reach of Jackfish River were classified as Negligible-Low because although
diversity and richness exceeded the baseline range of variability, this was indicative of a positive
change in the fish assemblage. Only abundance was below the baseline range of variability, indicating
a potential negative change in the fish assemblage. Differences in measurement endpoints for fish
assemblages for the test reach of Sunday Creek were classified as Negligible-Low because all
measurement endpoints were within the range of baseline variability. Differences in measurement
endpoints for fish assemblages at the test reaches of Sawbones Creek, and two unnamed creeks (east
and south of Christina Lake) were classified as High because all endpoints were near or below the
baseline range of variability due to low or no catch of fish at these reaches. It should be noted that an
effort was made to survey other areas of these creeks to find more suitable fish habitat; however, the
creeks were primarily deep-water, depositional, and often flooded muskeg habitat along most of the
length of the watercourse. This type of habitat is generally not suitable for many fish species in the
region that prefer faster water, with harder substrate.
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Hangingstone River Watershed

Hydrology For the 2014 WY, the differences in mean open-water discharge, mean winter discharge,
annual maximum daily discharge, and open-water minimum daily discharge between the observed test
and estimated baseline hydrograph for the Hangingstone River were 0.2%, -0.1%, 0.2%, and 0.2%,
respectively. These differences were classified as Negligible-Low.

Water Quality Differences in water quality in fall 2014 between the lower test station (downstream of the
town of Fort McMurray) and the middle test station (upstream of the town of Fort McMurray) and regional
baseline fall conditions were classified as Moderate. Differences were attributed to higher concentrations
of ions and dissolved metals in the Hangingstone River, relative to regional baseline concentrations. In
addition, concentrations of a few metals and ions exceeded their historical range (2004 to 2008 and 2013)
for the middle test station. Despite having higher concentrations of dissolved ions in 2014, the ionic
composition at the middle test station was similar to previous years and similar to the test station
downstream of Fort McMurray.

Pierre River Area

Water Quality Differences in water quality in fall 2014 between baseline stations on Big Creek,
Eymundson Creek, Pierre River and Red Clay Creek and regional baseline fall conditions were classified
as Negligible-Low. The baseline station at Eymundson Creek differed from the other stations in this area
in its ionic composition, with a higher concentration of sulphate and lower concentration of bicarbonate,
which may suggest greater groundwater influence at this station. Eymundson Creek also had a higher
concentration of total suspended solids than the other stations.

Benthic Invertebrate Communities and Sediment Quality The benthic invertebrate communities at
baseline reaches of Big Creek, Eymundson Creek, and the Pierre River were typical of sand-bottomed
rivers and had a high abundance of chironomids and worms, which are indicative of poor water quality
conditions; but also an increasing proportion of EPT taxa and more sensitive fauna. With the decrease in
the abundance of worms and an increase in EPT taxa, the baseline reach of the Pierre River, in
particular, showed improving conditions from 2013. The benthic invertebrate communities at the baseline
reach of Red Clay Creek had a greater proportion of tolerant worms in 2014 than 2013 but continued to
maintain a good proportion of EPT taxa, indicating good habitat quality. The benthic invertebrate
community reaches in the Pierre River area were used as regional baseline reaches for comparison to
test reaches of the Athabasca oil sands region.

All sediment stations of the Pierre River area had sediment quality index values indicating Negligible-
Low differences from regional baseline conditions. Concentrations of sediment quality measurement
endpoints did not exceed any sediment or soil quality guidelines at the baseline station of Big Creek,
while total arsenic exceeded the guideline at baseline stations of Eymundson Creek and the Pierre River,
and F3 hydrocarbons and predicted PAH toxicity also exceeded guidelines at the baseline station of the
Pierre River. Survival of the midge Chironomus was fairly low at baseline stations of Big Creek and the
Pierre River in 2014 (52% and to 58%, respectively). In general, all sediment quality measurement
endpoints at all locations in fall 2014 were similar to results from fall 2013. Sediment quality monitoring
was not conducted at Red Clay Creek given it is an erosional river.
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Fish Populations (fish assemblages) The fish assemblages at baseline reaches of Big Creek,
Eymundson Creek, Pierre River, and Red Clay Creek were similar to other baseline reaches in the region,
and with each other. Species composition was generally the same across each reach and there was a
decrease in the catch of burbot in 2014 compared to 2013 at all reaches.

Miscellaneous Aquatic Systems

Isadore’s Lake and Mills Creek The 2014 WY mean open-water discharge, mean winter discharge,
annual maximum daily discharge, and open-water minimum daily discharge were all 68.4% lower in the
observed test hydrograph for Mills Creek than in the estimated baseline hydrograph. These differences
were classified as High. These High magnitude of changes were due to land disturbance located
immediately upstream of the hydrology station. Given the limited size of the Mills Creek watershed
downstream of JOSMP Station S6, the magnitude of impact would remain high along the entire length of
Mills Creek; therefore, a longitudinal classification of Mills Creek was not conducted.

In the 2014 WY, the water level of Isadore’s Lake slowly decreased by about 0.1 m from November to
early April, and was within the historical interquartile range for this period. During spring thaw, the lake
level initially rose by approximately 0.15 m, and then decreased sharply in mid-May. A second rise
occurred in late May following rainfall accumulations, and lasted until the first week in June. The lake level
then gradually increased until early September, until the peak annual lake level occurred before gradually
decreasing until the end of October.

Differences in water quality in fall 2014 between Mills Creek and regional baseline fall conditions were
classified as Moderate, due to relatively high concentrations of many ions that exceeded the 95™
percentile of regional baseline concentrations. The ionic composition of water of Isadore’s Lake and Mills
Creek showed many similarities, supporting the idea that historical changes in water quality at Isadore’s
Lake may have occurred as a result of receiving water from Mills Creek.

Differences in measurement endpoints of the benthic invertebrate community at Isadore’s Lake were
classified as Negligible-Low because although there were significant time trends in the percentage of
EPT taxa and CA Axis 1, both were indicative of improving habitat quality. The percentage of EPT taxa
has been higher than usual since 2013. Several of the measurement endpoints exceeded the tolerance
limits of the normal range of variation; however, none of the exceedances were considered an indication
of degrading conditions. Isadore’s Lake, historically, has had low diversity and high abundances of
nematodes making it unique in comparison to the other lakes in the program. In 2014, the relative
abundance of nematodes was lower but the abundance of naidid worms was higher than previously
observed in Isadore’s Lake. The percentage of EPT taxa and taxa richness have increased in recent
years, suggesting that water and sediment quality of Isadore’s Lake was potentially improving over time.

Sediment quality measurement endpoints for Isadore’s Lake were generally within the range of
previously-measured concentrations, with the exception of F2 hydrocarbons, retene, and total arsenic that
exceeded previously-measured maximum concentrations and naphthalene, which was below the
previously-measured minimum concentration. Concentrations of total arsenic, and F1, F2, and F3
hydrocarbons exceeded sediment quality guidelines in fall 2014, with the concentration of F3
hydrocarbons significantly higher than the guideline value. A SQI was not calculated for Isadore’s Lake
because lakes were not included in regional baseline conditions given ecological differences between
lakes and rivers and because there are limited baseline lake data for the oil sands region.

Joint Oil Sands Monitoring Plan (JOSMP) Ixv Final 2014 Program Report



Shipyard Lake Concentrations of most water quality measurement endpoints in fall 2014 at Shipyard
Lake were within previously-measured concentrations. The ionic composition of water at Shipyard Lake
continued to exhibit an increase in concentrations of sodium and chloride relative to historical
concentrations, perhaps due to reduced surface-water inflow and increased groundwater influence in the
lake associated with oil sands development in the upper portion of the watershed (91% of the Shipyard
Lake watershed has been disturbed). The Water Quality Index (WQI) was not calculated for lakes in 2014
due to potential ecological differences in regional water quality characteristics between lakes and rivers
and the lack of baseline data for lakes in the region.

Differences in measurement endpoints of benthic invertebrate communities for Shipyard Lake in 2014
were classified as Negligible-Low. The increasing trend in taxa richness and lower equitability in 2014
were indicative of improving habitat quality. The lake contained a number of fully aquatic forms including
amphipods, clams, and snails, indicating generally good water and sediment quality. In fall 2014, some
sediment quality measurement endpoints exceeded previously-measured maximum concentrations at
Shipyard Lake, including percent sand, total organic carbon, and all hydrocarbons (BTEX and F1 to F4
fractions), while percent clay and silt were below predicted-measured minimum values. Concentrations of
total arsenic, F1, F2, and F3 hydrocarbons, and several PAHs (benz[a]anthracene, benz[a]pyrene,
chrysene, dibenz(a,h)anthracene, and phenanthrene) exceeded sediment or soil quality guidelines in
2014. Shipyard Lake was not compared to regional baseline conditions due to ecological differences
between lakes and rivers.

Poplar Creek and Beaver River The 2014 WY mean winter discharge, annual maximum daily discharge,
and open-water minimum daily discharge were -1.8%, +3.7% and -1.8%, respectively, in the observed
test hydrograph for Poplar Creek than in the estimated baseline hydrograph. These differences were
classified as Negligible-Low. The 2014 WY mean open-water discharge was 22.7% higher in the
observed test hydrograph than in the estimated baseline hydrograph and this difference was classified as
High. Assessed changes to the hydrology of Poplar Creek, were classified as High from the mouth of the
creek until the confluence with the Poplar Creek spillway (approximately 2 km upstream of JOSMP
Station S11), and Negligible-Low upstream of the confluence. The results from the longitudinal
assessment suggested that the extent of High hydrologic change was only limited to the lowest 4 km of
Poplar Creek.

Concentrations of several water quality measurement endpoints, primarily ions, exceeded regional
baseline concentrations at test stations of Poplar Creek and the lower Beaver River, resulting in
Moderate differences from regional baseline conditions. Although concentrations of several
measurement endpoints were high at the upper baseline station of the Beaver River, differences in water
quality in fall 2014 between the baseline station of the Beaver River and regional baseline conditions
were classified as Negligible-Low. Concentrations of most water quality measurement endpoints
exhibited some variability throughout the year at Poplar Creek (sampled monthly in 2014), which was
apparent in the ionic composition of water, which showed seasonal variability. Generally the highest
concentrations of ions and metals occurred in September. Guideline exceedances occurred most
frequently in January, June, August, and November; however, most monthly concentrations of water
quality measurement endpoints were within the range of regional baseline fall conditions.
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Differences in measurement endpoints of benthic invertebrate communities at Poplar Creek were
classified as Negligible-Low because although there were significant and large differences in equitability
and the percentage of EPT taxa at this test reach compared to the baseline reach of the upper Beaver
River (connected hydrologically to lower Poplar Creek), these changes were not indicative of degradation.
In addition, the percentage of EPT taxa was higher in 2014 than 2013 and diversity has been steadily
increasing over the last three years at the test reach of Poplar Creek. The benthic invertebrate community
of lower Poplar Creek was in generally good health and was comprised of what would be expected for a
sand-bottomed river dominated by worms and chironomids. The relative abundance of fingernail clams
was higher in 2014 compared to 2013. Differences in sediment quality observed in fall 2014 at the test
station of Poplar Creek and the baseline station of the Beaver River compared to the regional baseline
conditions were classified as Negligible-Low. Concentrations of total hydrocarbons and PAHs at Poplar
Creek and the Beaver River were within historical ranges, with the exception of F2 hydrocarbons at the
test station of Poplar Creek, which exceeded the previously-measured maximum concentration, and total
parent PAHs and the predicted PAH toxicity at the baseline station of the Beaver River, which were below
previously-measured minimum concentrations. No sediment quality measurement endpoints exceeded
CCME guidelines, with the exception of F2 and F3 hydrocarbons at the test station of Poplar Creek.

Differences in measurement endpoints of the fish assemblage at the test reach of Poplar Creek were
classified as Negligible-Low because the significant increases in richness, diversity, and catch per unit
effort (CPUE) and the significant decrease in the assemblage tolerance index (ATI) were not indicative of
a negative change in the fish assemblage. In addition, all measurement endpoints for this test reach were
within the inner tolerance limits of the baseline range of variability.

McLean Creek Concentrations of water quality measurement endpoints at the test station of lower
McLean Creek were generally within the range of previously-measured concentrations in fall 2014. The
WQI value indicated Moderate differences between this test station and regional baseline concentrations,
mostly attributed to high levels of dissolved ions and total metals. Despite having no significant temporal
trends, total dissolved solids and several ions have shown consistent annual increases since 2009.

Fort Creek The 2014 WY mean open-water discharge, maximum daily discharge, and minimum daily
discharge were all 20.24% lower in the observed test hydrograph for Fort Creek than in the estimated
baseline hydrograph. These differences were classified as High. This High magnitude of change was
due to land disturbances throughout most of the watershed, upstream of JOSMP Station S12 (i.e., 84% of
the watershed has been developed). Given the small size of the Fort Creek watershed, downstream of
JOSMP Station S12, the magnitude of impacts would remain High along the entire length of Fort Creek;
therefore, a longitudinal classification was not conducted for this watershed.

Concentrations of most water quality measurement endpoints for Fort Creek were within the range of
previously-measured concentrations and regional baseline concentrations in fall 2014. Differences in
water quality between the test station of Fort Creek and regional baseline conditions were classified as
Negligible-Low. Many significant temporal trends in water quality measurement endpoints continued to
be observed, including decreasing concentrations of dissolved phosphorus, total arsenic, and total
nitrogen, and increasing concentrations of calcium, magnesium, potassium, total boron, total dissolved
solids, total strontium, and sulphate. The ionic composition of water has showed a continued shift in
anions over time, having a greater influence of sulphate in fall 2014 compared to earlier sampling years.
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Differences in measurement endpoints for benthic invertebrate communities at the test reach of Fort
Creek were classified as Moderate. There were statistically significant and large variations in abundance,
richness, and equitability, indicating potential degradation of habitat conditions. In addition, the
percentage of EPT taxa was below the inner tolerance limits of the normal range of variability for this
reach, but was still higher than values from baseline years (2001 to 2003). Lower richness and higher
equitability during the test years were potentially suggestive of moderate degradation, but the presence of
clams, snails, and particularly stoneflies suggested that habitat quality was not significantly degraded.
The benthic invertebrate community of Fort Creek has typically had low diversity including during the
baseline period, and the community in 2014 was consistent with previous years.

Sediment quality at the test station of Fort Creek in fall 2014 showed Negligible-Low differences from
regional baseline conditions. All sediment quality measurement endpoints were within the range of
previously-measured concentrations, with concentrations of F3 hydrocarbons, dibenz(a,h)anthracene,
and chrysene exceeding sediment quality guidelines in 2014.

Differences in measurement endpoints for the fish assemblage at the test reach of Fort Creek were
classified as Moderate because there were significant decreases in abundance, richness, and catch per
unit effort, implying a negative change to the fish assemblage.

Susan Lake Outlet Peak flow from Susan Lake in the 2014 open-water period occurred on May 30.
Flows decreased after this peak, and fluctuated until the end of the open-water period. Flows remained
above historical median values on most dates, and often above historical maxima, especially during the
month of June, but the historical record was limited.

Acid-Sensitive Lakes

Results of the analysis of the ASL lakes in 2014 compared to the historical data suggested that there
have been no significant changes in the water chemistry of the 45 lakes across years that could be
attributed to acidification. These results were consistent with the revised estimates of potential acid input
(PAI) suggesting that only 14 of the 45 lakes were actually exposed to acidifying deposition.

A summary of the state of the ASL lakes in 2014, with respect to the potential for acidification, was
prepared for each physiographic subregion by examining deviations from the mean concentrations of the
measurement endpoints (in a direction indicative of acidification) for each lake within a subregion. A two
standard deviation criterion was used in each case. In 2014 there were no exceedances of the criterion
for any of the measurement endpoints in any of the subregions. Therefore, all subregions were classified
as having a Negligible-Low indication of incipient acidification.

Joint Oil Sands Monitoring Plan (JOSMP) Ixviii Final 2014 Program Report



Summary assessment of the 2014 monitoring results.

Fish Populations: ) »
Differences Between Test and Baseline Conditions Human Health Risk from Mercury in Acid-Sensitive
Fish Tissue® Lakes: Variation
Watershed/Region Eonthic . _ . ,Af:/(JeTaLgI;%-tLirt?;l
gy | W imae | SOt G Sibsslece Goraa | Avesge o
Communities
_ LKWH @) O
Athabasca River O O - - - WALL ° ° -
Athabasca River Delta - - 0,00 O n/a - -
Muskeg River @) O O O 0,00 - -
Jackpine Creek nm O O O (@) - -
Kearl Lake nm 0,0 O n/a - - -
Steepbank River O @) @) - Q@ - -
Tar River (@) @) (@) O O - -
MacKay River O O 0,0 - ©,/0 - -
Calumet River O O nm nm nm - -
Firebag River O O - - - - -
McClelland Lake nm n/a O n/a - - -
Johnson Lake - n/a n/a n/a - - -
Ells River O O @) O @) - -
Gardiner Lake - - n/a n/a -
Namur Lake - - - - - - -
Clearwater River nm O O O - - -
High Hills River - O n/a - n/a - -
Christina River O O /O O O - - -
Christina Lake nm n/a @) n/a - - -
Gregoire Lake nm n/a O n/a -
Gregoire River nm @) O n/a O
Jackfish River nm O O O O - -
Sawbones Creek nm O O O @) - -
Sunday Creek nm O @) O O - -
Birch Creek nm O n/a O nla - -
southof Chisina Lake) | ™ o O ® ®/® : :
Hangingstone River O @) - - - - -
Fort Creek (@) O @) @) @) - -
Beaver River - @) - - - - -
McLean Creek - @) - - - - -
Mills Creek (@) (@) - - - - -
Isadore's Lake nm n/a O n/a - - -
Poplar Creek (@) O O O - -
Shipyard Lake - n/a O n/a - - -
Big Creek - O n/a O n/a - -
Pierre River - O n/a O n/a - -
Red Clay Creek - O n/a O n/a - -
Eymundson Creek - O n/a O n/a - -
Stony Mountains - - - - - - O
West of Fort McMurray - - - - - - O
Northeast of Fort McMurray - - - - - - O
Birch Mountains - - - - - - O
Canadian Shield - - - - - - O

Legend and Notes

O Negligible-Low change
(@) Moderate change

@ High change

"-" program was not completed in 2014; nm — not measured in 2014.

n/a — classification could not be completed because there were no baseline conditions to compare against or reach was sampled to add to the regional baseline dataset.

' Hydrology: Calculated on differences between observed test and estimated baseline hydrographs: + 5% — Negligible-Low; + 15% — Moderate; > 15% — High.

Note: As not all hydrology measurement endpoints were calculated for each watershed because of differing lengths of the hydrographic record for 2014, hydrology results were for
those measurement endpoints that were calculated.

Note: Mean Open-Water Season Discharge and Annual Maximum Daily Discharge in the Muskeg River were assessed as Moderate; Mean Winter Discharge was assessed as
Negligible-Low, and Minimum Open-Water Season Discharge was assessed as High.

Note: Mean Open-Water Season Discharge, Mean Winter Discharge, and Annual Maximum Daily Discharge in Poplar Creek were assessed as Negligible-Low; Mean Open-Water
Discharge was assessed as High.

2 Water Quality: Classification based on adaptation of CCME water quality index.
Note: Water Quality in the Steepbank River was assessed as Moderate at the lower station, and Negligible-Low at all other stations.

% Benthic Invertebrate Communities: Classification based on statistical differences in measurement endpoints between baseline and test reaches or between baseline and test
periods or trends over time for a reach as well as comparisons to regional baseline conditions.

Note: Benthic invertebrate communities in the Athabasca River Delta were assessed as Negligible-Low at Big Point Channel and the Embarras River, Moderate at Fletcher Channel,
and High at Goose Island Channel.

* Sediment Quality: Classification based on adaptation of CCME sediment quality index.

® Fish Populations (fish assemblages): Classification based on exceedances of measurement from the regional variation in baseline reaches; see Section 3.2.4.4 for a detailed
description of the classification methodology.

Note: Fish assemblages in the Muskeg River were assessed as Moderate at the lower reach, Negligible-Low at the middle reach, and High at the upper reach.

Note: Fish assemblages in the MacKay River were assessed as High at the lower reach and Negligible-Low at the middle reach.

® Fish Populations (human health): Uses Health Canada criteria for risks to human health. LKWH — lake whitefish; WALL — walleye; Subsistence fishers and General consumers as

defined by Health Canada (see Section 3.2.4.2).

Acid-Sensitive Lakes: Classification based the frequency in each subregion with which values of seven measurement endpoints in 2014 were more than twice the standard
deviation from their long-term mean in each lake.
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1.0 INTRODUCTION

In 2012, the governments of Canada and Alberta developed a “Joint Canada-Alberta Implementation Plan
for Oil Sands Monitoring” (Canada and Government of Alberta 2012) specific to the Athabasca oil sands
region of northeastern Alberta. The implementation plan was to build and expand on existing
environmental monitoring programs for the region, including the Regional Aquatics Monitoring Program
(RAMP, www.ramp-alberta.org). RAMP was implemented in 1997 as a multi-stakeholder aquatics
monitoring program that assessed the health of rivers and lakes within the oil sands region, and to assess
potential cumulative effects of oil sands development. The intent of the new joint implementation plan was
to enhance these monitoring activities and work to integrate environmental monitoring across all
environmental components (i.e., air, water, land, and biodiversity), which were historically monitored
independently through separate organizations or programs.

As a result of the implementaton plan, the Joint Oil Sands Monitoring Plan (JOSMP,
www.jointoilsandsmonitoring.ca) was initiated over three years (2012 to 2015) to characterize the state of the
environment in the Athabasca oil sands region, understand the cumulative effects and changes, and develop
recommendations for an integrated environmental monitoring program, with an adaptive management
framework for implementation in the oil sands region. From 2012 to 2014, the RAMP Committees worked
with the governments of Canada and Alberta to align aquatics monitoring activities historically undertaken
by RAMP into the JOSMP, completing this process by April 1, 2014.

Established in 2014, the Alberta Environmental Monitoring, Evaluation, and Reporting Agency (AEMERA,
www.aemera.org) is an arm’s length organization responsible for collecting credible scientific data and
other relevant information on the condition of Alberta’s environment and providing the public with open
and transparent reporting and access to the data and information. AEMERA is responsible for the
coordination and implementation of the JOSMP in the oil sands region, as well as the integration of all
environmental monitoring in the Province of Alberta. The intent of this agency is to provide timely collection
and objective reporting of scientific data and information on air, land, water, and biodiversity, including
information necessary to understand cumulative effects, in order to better inform the understanding of the
public, policy makers, regulators, planners, researchers, communities, and industries (www.aemera.org).

This report presents the 2014 results for aquatics monitoring in the oil sands regions in support of the
JOSMP that were historically conducted under the RAMP. Additional aquatics monitoring under the
JOSMP were conducted by Alberta Environment and Sustainable Resource Development (AESRD) and
Environment Canada; results from these monitoring activities are not provided in this report.

1.1 ATHABASCA OIL SANDS REGION BACKGROUND

With an estimated 293.1 billion m? (1.845 trillion barrels) of total reserves of bitumen (initial volume in
place) (AER 2014), the Alberta oil sands (i.e., Athabasca, Cold Lake, and Peace River deposits) are the
largest of Canada’s known petroleum resources. The Alberta oil sands are a significant component of the
world’s petroleum resources, with its 26.56 billion m® (167.1 billion barrels) of remaining established
bitumen reserves' (AER 2014) being equivalent to 11% of the world’s known reserves of conventional

! Established crude bitumen reserves were defined as mineable reserves that were anticipated to be recovered by surface mining

operations and in situ reserves that were anticipated to be recovered through wellbores using in situ recovery methods (AER
2014). Remaining established bitumen reserves were established bitumen reserves less cumulative bitumen production.
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crude oil® (US Energy Information Administration 2014). Total bitumen deposits in the Athabasca oil
sands region (including Wabasca) are the largest of Alberta’s three oil sands regions, containing 82.7% of
the total provincial reserves, with the total deposits in the Cold Lake and Peace River areas being
significantly smaller (AER 2014).

In 1967, Great Canadian Oil Sands Ltd. (now Suncor Energy Inc.) initiated the first commercially
successful bitumen extraction and upgrading facility in the Athabasca oil sands region. Since that time,
investment and development in the Athabasca oil sands region near Fort McMurray in the Regional
Municipality of Wood Buffalo (RMWB) has increased substantially. Approximately 31.7% of the estimated
established bitumen reserves in the Athabasca oil sands region were under active development as of the
end of 2013, and 4.9% of the estimated established bitumen reserves of the Athabasca oil sands region
had been extracted by the end of 2013 (Table 1.1-1).

Table 1.1-1  Status of bitumen reserves in the Athabasca oil sands region.

Bitumen Reserve and Production Indicators Amount (million barrels)
Initial Volume in Place (total reserves) 1,522,743
Estimated Established Reserves 145,936*
Established Reserves under Active Development as of 31 December 2013 46,280
Mineable 44,544
in situ 1,737
Cumulative Production as of 31 December 2013 7,114
Mineable 5,852
in situ 1,262
Remaining Established Reserves 138,822

Data from AER (2014); all figures are as of December 31, 2013.
* Estimated, established reserves were estimated by applying the ratio of estimated established to the total bitumen reserves for

the entire province to total reserves in the Athabasca oil sands region.

The increasing development of the Athabasca oil sands resource has been accompanied by an increase
in environmental monitoring and research conducted in the Athabasca oil sands region and increasing
interest among stakeholders in ensuring that measures in place to monitor any potential effects on the
environment are effective. Site-specific monitoring is conducted by individual oil sands operators to meet
approval requirements. Oil sands companies also provide support to research to gain a better
understanding of local aquatic resources and their response to regional development. Cumulative long-
term regional monitoring (i.e., for status and trends reporting) and surveillance monitoring (i.e., typically
short-term to address specific questions) of water, biodiversity, and air, in the Athabasca oil sands region
is now directed through AEMERA in collaboration with other organizations, universities, and oil sands
operators. In 2012, AESRD developed the Lower Athabasca Regional Plan (LARP) that identifies
and sets resource and environmental management outcomes for air, land, water and biodiversity, and
will guide future resource decisions while considering social and economic impacts (Government of
Alberta 2012).

2 The world’s known reserves of conventional crude oil were based on 2013 data as 2014 data were not available (US Energy
Information Administration 2014).
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1.1.1  Objectives

There were a number of objectives that were taken into account during the development of the JOSMP by
the governments of Canada and Alberta for monitoring in the oil sands region, including:

= to support sound decision-making by governments as well as stakeholders;
= to ensure transparency through accessible, comparable, and quality-assured data;

= to enhance science-based monitoring for improved characterization of the state of the
environment and collect the information necessary to understand cumulative effects;

= to improve analysis of existing monitoring data to develop a better understanding of historical
baselines and changes; and

= to reflect the trans-boundary nature of the issue and promote collaboration with the governments
of Saskatchewan and the Northwest Territories.

The development of this portion of the aquatics component of the JOSMP was based on the following
historical objectives outlined for the RAMP (RAMP 2014), which maintain relevancy:

=  Monitor aguatic environments in the Athabasca oil sands region to detect and assess cumulative
effects and regional trends;

= Collect baseline data to characterize variability in the Athabasca oil sands region;

= Collect and compare data against which predictions contained in Environmental Impact
Assessments (EIAs) can be assessed,;

=  Collect data that assists with the monitoring required by regulatory approvals of oil sands and
other developments; and

= Continuously review and adjust the program to incorporate monitoring results, technological
advances, and community concerns and new or changed approval conditions.

These objectives have guided the scope and implementation of the monitoring program over time.

1.2 STUDY AREA

The study area that was used for this portion of aquatics monitoring under the JOSMP was defined as the
major watersheds in the Athabasca oil sands region, where oil sands development has been approved or
are active (Figure 1.2-1), while the geographic scope of the entire JOSMP encompasses a larger area,
particularly to the north (Canada and Government of Alberta 2012). The lower Athabasca River is the
dominant waterbody within the study area and hydrologically links the upper (southern) portion of the
study area to the lower (northern) portion. The Athabasca River flows a distance of more than 1,200 km
from its headwaters in the Columbia Ice Fields near Banff, Alberta to the Athabasca River Delta (ARD) on
the western end of Lake Athabasca.

The southern portion of the study area is within the Mid-Boreal Uplands and Wabasca Lowland
Ecoregions, both of which are part of the Boreal Plains Ecozone. This area is dominated by the
Clearwater and Christina rivers, as well as a series of smaller rivers, primarily the Hangingstone,
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Gregoire, and Horse rivers. The area is characterized by a predominantly sub-humid mid-boreal
ecoclimate, closed stands of trembling aspen, balsam poplar with white spruce, black spruce, and balsam
fir occurring in late successional stages, as well as cold and poorly-drained fens and bogs covered
primarily with tamarack and black spruce. The western part of the southern portion of the study area has
little relief and is poorly-drained.

The northern portion of the study area, dominated by the Athabasca River from Fort McMurray to the
ARD, is part of the Slave River Lowlands Ecoregion of the Boreal Plains Ecozone. The mineable portion
of the estimated, established bitumen reserves of the Athabasca oil sands region lies within this portion of
the study area and is characterized by an undulating sandy plain containing mixed boreal forest.
Approximately 50% of this portion of the study area is covered by peatlands and sporadic discontinuous
permafrost. The area is partially bordered to the west by the Birch Mountains and to the east by
intermittent slopes including the Muskeg Mountains, which extend northward from the Clearwater River
Valley. At the ARD, the Athabasca River becomes an interconnected series of braided channels and
wetlands flowing into Lake Mamawi and Lake Athabasca. This area experiences a low subarctic
ecoclimate, with black spruce as the climax tree species, and with characteristically open stands of low,
stunted black spruce with dwarf birch and Labrador tea, and a ground cover of lichen and moss
prevailing. The northern portion of the RMWB is within the Selwyn Lake Upland Ecoregion, part of the
Taiga Shield Ecozone.

As the Athabasca River flows northward, several smaller tributary streams and rivers join and contribute
to the overall flow. Figure 1.2-2 is a hydrologic schematic of the study area showing the size of the larger
tributaries relative to the lower Athabasca River. Although approximate, the diagram shows that: (a) there
is a range of tributary sizes; and (b) the size of the lower Athabasca River is much larger than any
tributary, even the Clearwater River. Some of the larger of these tributaries include, in upstream to
downstream order:

= Clearwater-Christina rivers — the Clearwater originates in Saskatchewan, joins the Athabasca
River at Fort McMurray, and includes the contribution of the Christina River, a large tributary of
the Clearwater River whose watershed includes several in situ oil sands developments including
the Cenovus Christina Lake, West Kirby, and Narrow Lake projects, the ConocoPhillips Surmont,
Devon Jackfish and Pike (in application) projects, Grizzly Algar Lake and May River projects,
Harvest Energy BlackGold Project, MEG Energy Christina Lake and Surmont (in application)
projects, N-Solv Corp. Dover Project, Nexen Long Lake Project, SilverWillow Energy Audet
Project (in application), Statoil Leismer, Hangingstone (in application), and Thornbury (in
application) projects, Surmont Energy Wildwood Project (in application), Suncor Meadow Creek
Project, and a portion of the Canadian Natural Kirby and Grouse (in application) projects;

= Hangingstone River — a river originating in the southwestern portion of the study area, joining the
Clearwater River immediately upstream of Fort McMurray, and whose watershed includes
portions of the JACOS Hangingstone, Nexen Long Lake, and Value Creation Tristar projects;

= Horse River — a river originating in the southwestern portion of the study area, joining the Athabasca
River upstream of Fort McMurray, and whose watershed includes the JACOS and Athabasca Oil
Sands Hangingstone projects and portions of the Connacher Great Divide and Algar projects;
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Location of oil sands developments in watersheds where aquatics monitoring activities occurred in support of the
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Active Projects as of 2014’ |

1 Athabasca Oil Sands - Dover West

Carbonates (Leduc)
2 Athabasca Oil Sands - Hangingstone
3 BP P.L.C. - Terre de Grace

4 Brion Energy - Dover Commercial Project

5 Cenovus - Christina Lake Thermal

6 Cenovus - Narrows Lake

7 Canadian Natural - Horizon

8 Canadian Natural - Kirby Commercial Project
9 Canadian Natural - Kirby Expansion (North)

10 Connacher - Algar and Great Divide

11 Conoco Phillips - Surmont

12 Devon - Jackfish, 2, and 3 SAGD

13 Grizzly Oil Sands - Algar Lake

14 Harvest Energy - BlackGold

15 Husky - Sunrise Thermal

16 Imperial Oil - Kearl

17 JACOS - Hangingstone and Expansion
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Steepbank River — joins the Athabasca River from the east and whose watershed includes the
Suncor Steepbank and Millennium mines, the Suncor North Steepbank Extension, and portions of
the Suncor in situ Firebag and the Husky in situ Sunrise Thermal projects;

Muskeg River — flows from the east and drains several oil sands development areas and whose
watershed includes the Shell Muskeg River Mine and Expansion, Shell Jackpine Mine and Expansion,
Syncrude Aurora North and South mines, and portions of the Suncor in situ Firebag and Fort Hills,
Imperial Oil Kearl, and Husky Sunrise projects, and the Hammerstone Muskeg Valley Quarry;

MacKay River — flows from the west and whose watershed includes the Athabasca Oil Sands
Dover West Project, Brion Energy MacKay Project, Koch Dunkirk Project (in application), MacKay
Operating Corp. MacKay Project, Southern Pacific STP-McKay Project, Marathon Oil Birchwood
Project (in application), Suncor MacKay River and Dover projects, Sunshine Oil Sands Thickwood
Project, and a portion of the Syncrude Mildred Lake Project;

Ells River — flows from the west and whose watershed includes the Athabasca Oil Sands Dover
West Project, Brion Energy Dover Project, Sunshine Oilsands West Ells and Legend Lake (in
application) projects, Oak Point Energy Lewis Project; the Total E&P Joslyn North Mine (inactive);
and portions of the Canadian Natural Horizon Mine and the BP Terre de Grace Project; this river
is also the drinking water source for the community of Fort McKay;

Tar River — flows from the west and whose watershed contains most of the Canadian Natural Horizon
Mine, and portions of the Total E&P Joslyn North Mine (inactive) and the BP Terre de Grace Project;

Calumet River — also flows from the west and whose watershed is partly within the Canadian
Natural Horizon Mine; and

Firebag River — a river flowing from Saskatchewan whose watershed includes the Suncor Fort
Hills, Cenovus Telephone Lake (in application), Imperial Oil Aspen (in application), and Prosper
Petroleum Rigel (in application) projects, most of the Suncor in situ Firebag Project, and portions
of the Husky Sunrise Thermal and Imperial Oil Kearl projects.

Other waterbodies monitored under the JOSMP and within existing or proposed oil sands developments

include:

tributaries within watersheds described above such as Muskeg Creek, Jackpine Creek, Stanley
Creek, and Wapasu Creek in the Muskeg River watershed,;

smaller river tributaries of the Athabasca River (Fort Creek, Mills Creek, Poplar Creek, McLean
Creek, Beaver River, and Fort Creek) that contain parts of a number of oil sands projects,
including the Brion Energy MacKay Project, Grizzly Oil Sands Thickwood Project (in application),
Husky Saleski Project (in application), Shell Pierre River Mine (inactive), JACOS Hangingstone
Project, Saleski Pilot Project, Shell Muskeg River Mine and Expansion, Suncor Base Mine and
Voyageur Upgrader, Suncor Fort Hills Project (Fort Creek), Syncrude Mildred Lake (Beaver River),
Teck Frontier Project (in application), and Value Creation Advanced Tristar Project (in application);

specific lakes and wetlands such as Isadore’s Lake, Shipyard Lake, McClelland Lake, Kearl Lake,
Namur Lake, Gregoire Lake, Gardiner Lake, Christina Lake, and Johnson Lake; and

a set of lakes for the purpose of assessing lake sensitivity to acidifying emissions.
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Finally, there are a number of waterbodies and watercourses that are used as baseline areas for
certain monitoring components.

Figure 1.2-2 Hydrologic schematic of the study area for monitoring activities conducted
by Hatfield under the JOSMP.
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1.3 GENERAL MONITORING AND ANALYTICAL APPROACH
1.3.1  Overall Monitoring Approach

The monitoring approach for this portion of aquatics monitoring under the JOSMP (hereafter also referred
to as the Program) incorporates a combination of both stressor- and effects-based monitoring
approaches. The stressor-based approach is derived primarily from EIAs prepared for each of the olil
sands projects. EIAs are undertaken in part to evaluate the potential impacts that the proposed project,
alone or in combination with other developments, could have on the local and regional environment. To
date, EIAs conducted for projects in the Athabasca oil sands region have used primarily a stressor-based
approach. A potential stressor is any factor (e.g., chemicals, temperature, water flow, nutrients, food
availability, and biological competition) that either currently exists in the environment and will be
influenced by the proposed project or will be potentially introduced into the environment as a result of the
proposed project. Using this approach, the impact of a development is evaluated by predicting the
potential impact of each identified stressor on valued components of the environment (Munkittrick et al.
2000). Using impact predictions from various EIAs, specific potential stressors have been identified that
are monitored to document baseline conditions, establish natural variation in those conditions, as well as
to identify potential changes related to development. Examples include specific water quality variables
and changes in water quantity (RAMP 2009b).

Although the stressor-based impact assessment has been successful, the inherent risk of the approach is
that it assumes that all potential stressors can be identified and evaluated. Accordingly, an effects-based
approach has been advocated for impact assessments and subsequent monitoring efforts (Munkittrick et
al. 2000). This approach focuses on evaluating the performance of biological components of the
environment (e.g., fish and benthic invertebrates) because they integrate the potential effects of complex
and varied stressors over time. This approach is independent of stressor identification, and focuses on
understanding the accumulated environmental state resulting from the summation of all stressors. For
example, the current federal Environmental Effects Monitoring (EEM) program for the pulp and paper and
metal mining industries incorporates an effects-based monitoring approach (Environment Canada 2010).
There is a strong emphasis in the Program on monitoring sensitive biological indicators such as benthic
invertebrates and fish populations that reflect and integrate the overall condition of the aquatic
environment. By combining both monitoring approaches, a more holistic understanding of potential effects
on the aquatic environment related to the development of oil sands projects can be achieved.

1.3.2  Monitoring Components
In 2014, the Program focused on six components of boreal aquatic ecosystems:

= Climate and Hydrology — monitors changes in the quantity of water flowing through rivers and
creeks in the study area, lake levels in selected waterbodies, and local climatic conditions;

= Water Quality in rivers, lakes, and some wetlands — reflects habitat quality and potential
exposure of fish and invertebrates to organic and inorganic chemicals;

= Benthic Invertebrate Communities and Sediment Quality in rivers, lakes, and some
wetlands — benthic invertebrate communities serve as biological indicators and are important
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components of fish habitat, while sediment quality is a link between physical and chemical habitat
conditions to benthic invertebrate communities;

= Fish Populations in rivers and lakes — biological indicators of ecosystem integrity and a highly-
valued resource in the Athabasca oil sands region; and

= Acid-Sensitive Lakes — monitors water quality in regional lakes in order to assess potential
changes in water quality as a result of acidification.

1.3.3 Definition of Terms

The analysis for each component is based on a selection of sampling stations and monitoring years to be
used in the analysis for each watershed/river basin. For the analysis, the sampling stations and
monitoring years are categorized into combinations of spatial and temporal treatments and controls, as
described below:

= Test is the term used in this report to describe aquatic resources and physical locations (i.e.,
stations, reaches) downstream of oil sands developments; data collected from these locations are
designated as test for the purposes of data analysis, assessment, and reporting. The use of this
term does not imply or presume that effects are occurring or have occurred, but simply that data
collected from these locations are being tested against baseline conditions to assess potential
changes; and

= Baseline is the term used in this report to describe aquatic resources and physical locations (i.e.,
stations, reaches, data) that are (in 2014) or were (prior to 2014) upstream of all oil sands
developments; data collected from these locations are designated as baseline for the purposes of
data analysis, assessment, and reporting.

The terms test and baseline depend solely on location of the aquatic resource in relation to the location of
oil sands development to allow for long-term comparison of trends between baseline and test stations.

1.3.4  Monitoring Approaches

Details on the monitoring design and rationale for the 2014 Program are consistent with the historical
RAMP and described in the RAMP Technical Design and Rationale document (RAMP 2009b). A
summary of the monitoring design and rationale for each component is provided below.

1.3.4.1 Climate and Hydrology

The quantity of water in a system affects its capacity to support aquatic and terrestrial biota. Changes in the
amount or timing of water flow may occur due to natural fluctuations related to climate, or due to human
activities such as discharges, withdrawals, or diversions. Accordingly, climate and hydrologic data are
collected to:

= facilitate the interpretation of data collected by the other monitoring components by placing them
in the context of current hydrologic conditions relative to historical mean and extreme conditions;

= document stream-specific baseline hydrologic conditions and regional climate to characterize
natural variability and to allow detection of regional trends; and

= quantify and assess the transport and loadings of oil sands contaminants that enter waterbodies.
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The Climate and Hydrology component focuses on key elements of the hydrologic cycle, including
rainfall, snowfall, streamflow, and lake water levels. Climate, streamflow, and lake levels are monitored to
develop an understanding of the hydrologic system, including natural variability, short and long-term
trends, and potential changes related to development.

Watercourses in the same region may have different hydrologic characteristics related to differences in
topography, vegetation, surficial geology, lake storage, groundwater-surface water interaction, and
geographic influences on precipitation. Accordingly, the scope of the Climate and Hydrology component
has gradually expanded geographically to include watersheds affected, or expected to be affected, by oil
sands development in the area around Fort McMurray. Some watersheds that do not contain any oil
sands development are also monitored to provide baseline data. The monitoring program includes the
Athabasca River, numerous smaller rivers and streams, and some mine water releases. Data from long-
term Environment Canada (i.e., the Water Survey of Canada) and AESRD climatic and hydrologic
monitoring stations in the Athabasca oil sands region are also integrated into the analyses to provide
greater spatial and temporal context.

Some streams are monitored year-round, while others, particularly smaller streams that tend to freeze
completely in winter, are monitored only during the open-water season.

1.3.4.2 Water Quality

Monitoring of water quality is conducted in order to identify anthropogenic and natural factors affecting the
quality of streams and lakes in the Athabasca oil sands region. Monitoring the chemical signatures of
water provides point-in-time measurements; these data help to identify potential chemical exposure
pathways between the physical environment and biotic communities in the aquatic environment.

The objectives of the Water Quality component are to:

= quantify and assess the sources, transport, loadings, fate, and types of oil sands contaminants
that enter waterbodies;

= monitor potential changes in water quality that may identify chemical inputs from point and non-
point sources;

= assess the suitability of waterbodies to support aquatic life; and
=  provide supporting data to facilitate the interpretation of biological surveys.

In order to determine if and how a development may be affecting water quality, test stations downstream
of development are compared to upstream baseline stations (where possible), located beyond the
influence of developments, and against an appropriate range of regional baseline variability. Water quality
is monitored over time to characterize natural temporal variability in baseline conditions and to identify
potential trends in water quality related to development.

A range of characteristics are measured in the Water Quality component, including: conventional
variables, major ions, nutrients, biological oxygen demand, polycyclic aromatic hydrocarbons (PAHS),
other organics, and total and dissolved metals.

Joint Oil Sands Monitoring Plan (JOSMP) 1-11 Final 2014 Program Report



Water quality stations are located throughout the study area, from the upper Christina River to the
Athabasca River downstream of development. Water quality is monitored annually each fall when
water flows are generally low and the resulting assimilative capacity of a receiving waterbody is limited.
New water quality stations are sampled seasonally (i.e., in winter, spring, summer, and fall) for three
years to determine seasonal variation in water quality. Three years of seasonal baseline data are
collected at stations established in new waterbodies and watercourses. In addition, as of 2013, a subset
of water quality stations on key tributaries are monitored on a monthly basis to determine variability
within a year.

1.3.4.3 Benthic Invertebrate Communities and Sediment Quality

Benthic invertebrate communities are a commonly-used indicator of aquatic environmental conditions and
are included as a monitoring component because:

= they integrate biologically relevant variations in water, sediment, and habitat quality;

= they are limited in their mobility and reflect local conditions, they can thus be used to identify point
sources of inputs or disturbance;

= the short life span of benthic invertebrates (typically about one year) allows them to integrate the
physical and chemical aspects of water quality and sediment quality over annual time periods and
provide early warning of possible changes to fish communities (e.g., Kilgour and Barton 1999);
and

= based on known tolerances of benthic taxa, it is possible to re-create the environmental
conditions by determining which animals are present (Rooke and Mackie 1982).

The objectives of the Benthic Invertebrate Communities component are to:

= establish the current status of benthic invertebrate communities and function in the region;

= collect scientifically defensible baseline and historical data to characterize variability in benthic
invertebrate communities in the Athabasca oil sands region; and

= monitor aquatic environments in the Athabasca oil sands region to detect and assess cumulative
effects and regional trends.

The focus of characterizing benthic invertebrate communities is on the basis of total abundance,
taxonomic richness, and equitability in areas downstream of oil sands developments relative to benthic
invertebrate communities upstream of oil sands developments.

This Program’s Benthic Invertebrate Communities component of the JOSMP focuses on tributaries of the
Athabasca River and regional wetlands (shallow lakes). Environment Canada conducted benthic
sampling on the mainstem Athabasca River.

With increasing oil sands development, the component has expanded to include new Athabasca River
tributaries and additional stations on previously-monitored Athabasca River tributaries near active
development sites. A reach consists of relatively homogeneous stretches of river ranging from 2 to 5 km
in length, depending on habitat availability. Within reaches, samples are collected from either erosional or
depositional habitats depending on which one is the dominant habitat type within a tributary. Within lakes,
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sampling effort is distributed over the entire open-water area, but restricted to a narrow range in water
depth to minimize natural variations in communities.

Benthic sampling is conducted in the fall of each year to limit potential seasonal variability in the
composition of benthic communities. Where available, historical data collected in previous years of the
Program are used to place current results in the context of historical trends in benthic invertebrate
communities that may be occurring.

Until 2006, sediment quality was a separate monitoring component under the RAMP. Beginning in 2006,
sediment quality sampling was integrated into the Benthic Invertebrate Communities component to
provide a better link of physical and chemical habitat conditions to a specific biological endpoint.
Beginning in 2006, sediment quality was assessed only in depositional benthic invertebrate community
sampling locations. Despite the change in focus of sediment quality sampling, sediment quality monitoring
objectives remain to:

= monitor potential changes in sediment quality that may identify chemical inputs from point and
non-point sources;

= assess the suitability of waterbodies to support aquatic life; and
=  provide supporting data to facilitate the interpretation of biological surveys.

Taken together, sediment quality and water quality data help identify potential chemical exposure
pathways between the physical environment and biological communities in the aguatic environment.

A range of compounds are measured to characterize sediment quality, including particle size, carbon
content, target and alkylated PAHSs, total hydrocarbons, and metals. Sublethal bioassay tests also are
conducted to assess potential toxicity related to chronic exposure of different aquatic organisms to
sediments from selected stations.

1.3.4.4 Fish Populations

The goal of the Program’s Fish Populations component is to monitor the health status of fish populations
within the Athabasca oil sands region. Monitoring activities focus on the Athabasca River and its main
tributaries potentially influenced by oil sands development. Fish populations are monitored because they
are key components of the aquatic ecosystem and important ecological indicators that integrate natural
and anthropogenic influences. Fish are also an important subsistence and recreational resource. In this
regard, there are expectations from regulators, Aboriginal peoples, and the general public with respect to
comprehensive monitoring of fish populations in the Athabasca oil sands region.

The specific objectives of the Fish Populations component are to:
= establish the current status of fish population health and function in the region;
= collect fish population data to characterize natural or baseline variability;

= monitor fish populations for changes that may be due to stressors or impact pathways (chemical,
physical, biological) resulting from development by assessing attributes such as growth,
reproduction, and survival;
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assess whether the incidence of fish abnormalities is elevated or changing; and

assess the suitability of fisheries resources in high-use areas of the Athabasca oil sands region
for human consumption.

To meet the specific component objectives, there is a range of core monitoring activities that are intended
to assess and document ecological characteristics of fish populations, chemical burdens, and habitat use
in the Athabasca oil sands region. The core elements of the Fish Populations component are:

fish inventories on the larger rivers (i.e., Athabasca and Clearwater rivers) — monitor and assess
temporal and spatial changes in species presence, relative abundance and population variables
in the spring, summer, and fall. In addition to their scientific value, the fish inventories provide
useful information to local stakeholders on species diversity, the relative strength of age classes,
and the incidence of fish abnormalities;

fish tissue sampling for organic and inorganic chemicals — quantify and monitor chemical levels in
relation to the suitability of the fish resource for human consumption and to identify potential risk
related to fish health. Muscle tissues are collected from lake whitefish and walleye from the
Athabasca River and northern pike from the Clearwater River. Tissues are analyzed for metals,
including mercury, and specific organic compounds known to cause tainting of fish flesh. Fish
tissue analyses (mercury only) also are conducted in conjunction with sampling programs
conducted by the AESRD on selected lakes in the region;

sentinel fish species monitoring in the Athabasca River and select tributaries — monitoring
potential effects of stressors on populations of fish species that have limited movement relative to
the location of the potential stressors. The underlying premise of the approach is that the health
of the selected sentinel species reflects the overall condition of the aquatic environment in which
the fish population of that species resides. The approach has also been included as part of the
federal government’'s EEM programs under the pulp and paper (Environment Canada 2010) and
metal mining (Environment Canada 2012) effluent regulations;

fish assemblage monitoring and fish habitat assessments in tributaries — focuses on
characterizing the fish assemblage on the basis of total abundance, taxonomic richness, diversity,
and an assemblage tolerance index, in areas downstream of development relative to fish
assemblages upstream of development. Also assesses habitat conditions and any potential
change(s) over time that would influence the fish assemblage in a river; and

monitoring of spring spawning use of tributary habitat — historically, fish fence monitoring has been
conducted on the Muskeg River and used to obtain information on the biology and use of habitat by
spawning populations of large-bodied fish species that use the Muskeg River and its tributaries.

Specific key indicator fish species (or key indicator resources, KIRs) have been identified for the
Athabasca River and selected tributaries. These species were selected through consultation with
Aboriginal peoples, government and industry representatives, and include goldeye, lake whitefish,
longnose sucker, white sucker, northern pike, trout-perch, and walleye (CEMA 2001; RAMP 2009b).
Although the Fish Populations component evaluates the integrity of the total fish community, particular
emphasis is placed on the selected key fish species based on their ecological importance and value to
local communities.
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1.3.4.5 Acid-Sensitive Lakes

The Regional Sustainable Development Strategy (RSDS) identified the importance of protecting the
quality of water, air, and land within the Athabasca oil sands region (AENV 1999). Acid deposition was
identified in the RSDS as a regional issue. Actions taken to address this issue were designed to support
the goal of conserving acid-sensitive soils, rivers, lakes, wetlands and associated vegetation complexes
as a result of the deposition of acidifying materials. The RSDS called for the collection of information on
this issue through long-term monitoring of regional receptors of acidifying emissions under TEEM for
terrestrial receptors and the Program for aquatic receptors.

The Acid-Sensitive Lakes (ASL) component was initiated in 1999 under the RAMP to conduct annual
monitoring of water chemistry in regional lakes to determine long-term changes in these lakes in
response to acid deposition on these lakes and their catchment basins. The objectives of the ASL
component are to:

= establish a database of water quality to detect and assess cumulative effects and regional trends
that would provide specific measurement endpoints capable of detecting incipient lake
acidification;

= collect scientifically defensible baseline and historical data (both chemical and biological) to
characterize the natural variability of these measurement endpoints in the regional lakes;

= collect data on the regional lakes against which predictions contained in environmental impact
assessments (EIAs) could be verified; and

= quantify and document individual lake sensitivity to acidification.

Lakes are monitored for various chemical and biological variables that are capable of indicating long-term
trends in acidification, including: pH; total and Gran alkalinity (acid-neutralizing capacity); base cations;
sulphate; chloride; nitrates; dissolved organic carbon; dissolved inorganic carbon; and chlorophyll a.

The ASL component contains the following features:

1. The locations of the lakes are selected to represent a gradient in acid deposition from both
current and anticipated developments in the region.

2. For scientific validity, the lake selection includes lakes in the Canadian Shield that are distant
from the sources of acidifying emissions.

3. Certain regional lakes, which have been the subject of long-term monitoring by AESRD, are
included to maintain the continuity of their data and to provide additional information on potential
trends.

4. The lakes selected for monitoring exhibit moderate to high sensitivity to acidification as defined by
a total alkalinity less than 400 peg/L.

5. Sampling occurs in the late summer or early fall season. While fall sampling captures a picture of
lake water chemistry after conditions have stabilized following high spring flows, it does not
necessarily capture any acidification at other times of the year such as spring pulses of acidity
during snowmelt.
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6. In recent surveys, small waterbodies (ponds) have been included in the ASL component because
of their proximity to oil sands projects and the possibility that they might be low in alkalinity and;
therefore, more sensitive to acid deposition.

1.3.5 Overall Analytical Approach for 2014

The overall analytical approach for the 2014 Program report is a weight-of-evidence approach that builds
on analytical approaches used in previous years by the RAMP and described in the RAMP Technical
Design and Rationale (RAMP 2009b) (Figure 1.3-1). Key features of the overall analytical approach are
as follows.

First, the analysis for each monitoring component uses a set of measurement endpoints (Table 1.3-1)
representing the health and integrity of valued environmental resources within the component. These are
the same measurement endpoints that were used in the historical RAMP 2004 to 2013 Technical Reports
(RAMP 2005; RAMP 2006; RAMP 2007; RAMP 2008; RAMP 2009a; RAMP 2010; RAMP 2011; RAMP
2012; RAMP 2013; and RAMP 2014).

Second, the analysis of results for 2014 compared to previous monitoring years is conducted for the
Athabasca River and ARD, as well as at the watershed/river basin level to assess temporal trends.

Third, a set of criteria are used for determining whether or not there has been a change in the values of
the measurement endpoints: (i) at test stations; and (ii) compared to baseline range of natural variability
(Table 1.3-1).

Fourth, the magnitude of these changes in the values of the measurement endpoints is summarized and
locations or watersheds with moderate or high levels of change become candidate sites for additional
studies to identify the causes of the changes being measured.
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Figure 1.3-1 Overall analytical approach for 2014.
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Table 1.3-1 Measurement endpoints and criteria for determination of change used in the 2014 analysis.
Measurement Endpoints Used in — L .
Component 2014 Program Report! Criteria for Determining Change Used in 2014 Program Report
Climate and Mean open-water season discharge Differences between observed test and estimated baseline hydrographs (i.e., the hydrograph that would have been observed
Hydrology had oil sands developments not occurred in the drainage, so that changes in water withdrawals, discharges, and diversions are

Water Quality

Benthic
Invertebrate
Communities

Mean winter discharge
Annual maximum daily discharge
Open-water season minimum daily discharge

pH

Total suspended solids

Dissolved phosphorus

Total nitrogen and nitrate-nitrite
Various ions (sodium, chloride, sulphate)
Total alkalinity, Total dissolved solids
Dissolved organic carbon

Total and dissolved aluminum

Total arsenic, Total boron

Total molybdenum, Total strontium
Ultra-trace mercury, Naphthenic acids
Various PAH end-points, including:
Total PAHs

Total Low-Molecular Weight PAHs
Total High-Molecular Weight PAHs
Naphthelene, Retene

Total dibenzothiophenes

Overall ionic composition

Abundance
Richness (number of taxa)
Equitability (measure of diversity)

Abundance of EPT (mayflies, stoneflies,
caddisflies)

Axes of Correspondence Analysis ordination

accounted for) as follows: Negligible-Low: + 5% ; Moderate: + 15%;High: > 15%.

Comparison to range of regional baseline conditions.
Comparison to CCME and other water quality guidelines.

Calculation of water quality index based on CCME water quality index found at
http://www.ccme.ca/ourwork/water.html?category id=102 , with water quality index scores classified as follows:

80 to 100: Negligible-Low difference from regional baseline conditions
60 to 80: Moderate difference from regional baseline conditions
Less than 60: High difference from regional baseline conditions

Exceedance of regional range of baseline variability for the selected measurement endpoints based on the mean and standard
deviation, with regional range defined as X + 2SD, and statistically significant differences between measurement endpoints in
test reaches/lakes as compared to baseline reaches/lakes or across years;

1. Negligible-Low: no strong statistically significant difference in any measurement endpoint between test and baseline
reaches/lakes, with difference implying a negative change.

2. Moderate: strong statistically significant difference in any one measurement endpoint between test and baseline
reaches/lakes, with low “noise” in the statistical test.

3. High: statistically significant difference in any measurement endpoint between test and baseline reaches/lakes and either:
(i) at least three measurement endpoints outside baseline range of natural variation or (ii) at least one measurement endpoint
outside baseline range of natural variation for three consecutive years.

1 The measurement endpoints do not include a complete list of variables that were analyzed for water and sediment quality. A complete list can be found in Table 3.1-4 and Table 3.1-9.
CCME is the Canadian Council of Ministers of the Environment. USEPA is the United States Environmental Protection Agency.
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Table 1.3-1

(Cont’d.)

Measurement Endpoints Used in

Component 2014 Program Report! Criteria for Determining Change Used in 2014 Program Report
SEdir_nent Particle size distribution (clay, silt, and sand) Comparison to CCME Interim Sediment Quality Guidelines (ISQG) and other guidelines.
Quality Total organic carbon Calculation of sediment quality index based on CCME water quality index found at
Total hydrocarbons (CCME and Alberta Tier 1) http://www.ccme.ca/ourwork/water.html?category id=103, with sediment quality index scores classified as follows:
Various PAH end-points, including: 80 to 100: Negligible-Low difference from regional baseline conditions
Total PAHs 60 to 80: Moderate difference from regional baseline conditions
Total Low-Molecular Weight PAHs Less than 60: High difference from regional baseline conditions
Total High-Molecular Weight PAHs
Naphthelene, Retene
Total dibenzothiophenes
Predicted PAH toxicity
Metals, Chronic toxicity
Fish Relative abundance (catch per unit effort) The fish inventory activity is generally considered to be a stakeholder-driven activity that is best suited for assessing general
Populations: trends in abundance and population parameters for large-bodied species. It is not specifically designed for assessing

Fish Inventory

Fish
Populations:
Fish
Assemblage
Monitoring

Fish
Populations:
Fish Tissue

Age-frequency/Size-at-Age
Percent composition
Condition factor

Abundance

Richness (number of taxa)
Simpson'’s Diversity
Assemblage Tolerance Index

Mercury concentration in fish muscle tissue

environmental effects of oil sands development.

Exceedance of regional range of baseline variability for the selected measurement endpoints based on the mean and standard

deviation, with regional range defined as X +2SD , and statistically significant differences between measurement endpoints in

test reaches/lakes as compared to baseline reaches or across years;

1. Negligible-Low: no strong statistically significant difference in any measurement endpoint between test and baseline reaches,
with difference implying a negative change.

2. Moderate: strong statistically significant difference in any one measurement endpoint between test and baseline reaches, , with
low “noise” in the statistical test.

3. High: statistically significant difference in any measurement endpoint between test and baseline reaches and either: (i) at least
three measurement endpoints outside baseline range of natural variation or (ii) at least one measurement endpoint outside
baseline range of natural variation for three consecutive years.

Statistical comparisons were only completed for reaches with three or more years of data. For all other reaches, assessments
were conducted solely based on comparisons to the baseline range of variability.

Risk to Human Health

1. Negligible-Low: Fish tissue concentrations for mercury below Health Canada criteria for recreational and subsistence fishers
and the general consumer.

2. High (subsistence): Fish tissue concentrations for mercury above Health Canada criteria for subsistence fishers, but below
criteria for recreational fishers and general consumers.

3. High (general consumer): Fish tissue concentrations for mercury above Health Canada criteria for general consumers, and
recreational and subsistence fishers.

1 The measurement endpoints do not include a complete list of variables that were analyzed for water and sediment quality. A complete list can be found in Table 3.1-4 and Table 3.1-9.
CCME is the Canadian Council of Ministers of the Environment. USEPA is the United States Environmental Protection Agency.
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Table 1.3-1  (Cont’d.)

Measurement Endpoints Used in

Component 2014 Program Reportl Criteria for Determining Change Used in 2014 Program Report
Fish Age Comparison to Environment Canada’s Environmental Effects Monitoring (EEM) criteria (Environment Canada 2010) where an effect is
Populations: determined by a difference of + 10% in condition, + 25% in age, growth, relative gonad weight, and relative liver weight of fish at the
Growth t ] . . - ) .
Sentinel est site relative to fish condition at the baseline site.
i Relative Gonad Weight
5939'65{ - 9 1. Negligible-Low: no exceedance greater than + 10% in condition, + 25% in age, growth, gonad weight, or liver weight of fish at
Monitoring Condition Factor test site compared to fish at baseline site.
Relative Liver Weight 2. Moderate: exceedance greater than + 10% in condition, + 25% in age, growth, gonad weight, or liver weight of fish at test site
compared to fish at baseline site, but not in two consecutive years of sampling including the current year.
3. High: exceedance greater than + 10% in condition + 25% in age, growth, gonad weight, or liver weight of fish at test site
compared to fish at baseline site, and exceedance observed in two consecutive years of sampling including the current year.
Acid-Sensitive Critical Load of acidity Exceedance of Critical Load of acidity of a particular lake by the measured or modeled value of the Potential Acid Input (PAI) to
Lakes H that lake. A statistically significant change in any of the measurement endpoints beyond natural variability, resulting in a reduction
p of lake pH, Gran alkalinity, Critical Load or base cation concentrations, or an increase in nitrates or aluminum concentrations.
Gran alkalinity For each lake, mean and standard deviation calculated for each of seven measurement endpoints over all the monitoring years.
Base cation concentrations Iglilﬂggzer of lakes in 2014 within each subregion with endpoint values greater than two standard deviations from the mean is

Nitrate plus nitrite concentrations

1. Negligible-Low: subregion has <2% of endpoint-lake combinations exceeding + 2SD criterion.
Dissolved Organic Carbon gia 9 ’ P 9

Aluminum 2. Moderate: subregion has 2% to 10 % of endpoint-lake combinations exceeding * 2SD criterion.

3. High: subregion has > 10% of endpoint-lake combinations exceeding + 2SD criterion.

1 The measurement endpoints do not include a complete list of variables that were analyzed for water and sediment quality. A complete list can be found in Table 3.1-4 and Table 3.1-9.
CCME is the Canadian Council of Ministers of the Environment. USEPA is the United States Environmental Protection Agency.
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1.4

ORGANIZATION OF THIS REPORT

Together with this Introduction, the 2014 Program Report contains nine sections within which the results
of the 2014 monitoring program developed by the JOSMP Water Component Advisory Committee and
implemented by the Hatfield Team are presented.

Section 2: Activities in the Study Area in 2014 — This section contains:

a list of oil sands projects that were either active (operating or under construction), had received
approval, or were in the application stage as of 2014;

a list of oil sands project water withdrawal and discharge locations; and

a summary of land change occurring up to 2014 as a result of oil sands development.

This provides a synthesis of information related to development activities that may be influencing aquatic
environmental resources within the Athabasca oil sands region.

Section 3: 2014 Monitoring Activities — This section of the report contains concise descriptions of the
monitoring program that was conducted in 2014 for each component, and includes:

an overview of the 2014 Program,;

a description of any other information that was obtained (i.e., information from regulatory
agencies, stakeholders, and oil sands operators, knowledge obtained from local communities,
and other sources);

an overview of field methods;
a description of changes in monitoring network from the 2013 field program;

a description of the challenges and issues encountered during 2014 and the means by which
these challenges and issues were addressed; and

a summary of the component data that are now available.

Each component section of Section 3 then presents a description of the detailed approach used for
analyzing the data, including:

a description and explanation of the measurement endpoints that were selected;

a description of the statistical, graphical, or other analyses that were performed on the monitoring
data to assess whether or not changes in the selected measurements endpoints have occurred
over time and space; and

a description and explanation of the criteria that were used in assessing whether or not changes
in the selected measurement endpoints have occurred.

Section 4: Climatic and Hydrologic Characterization of the Athabasca oil sands region in 2014 —
This section of the report describes the 2014 water year (WY) (November 1, 2013 to October 31, 2014)
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and how the 2014 WY compares with previous years with respect to climatic and hydrologic conditions.
This information helps set the context for the results, analyses, and assessments presented in Section 5.

Section 5: Assessment of 2014 Results — This is the main results section of the report consisting of
three major parts:

= Section 5.1 is the report of 2014 findings for the mainstem Athabasca River and the Athabasca
River Delta;

= Sections 5.2 to 5.13 are watershed-level reports of the 2014 findings for hydrology, water quality,
benthic invertebrate communities and sediment quality, and fish populations; and

= Section 5.14 is the report of 2014 findings for the Acid-Sensitive lakes component.

Each of these sections presents the results following the analytical approaches contained in each of the
component sections of Section 3, as described above. Each section begins with a summary assessment of
the overall status of aquatic environmental resources and possible relation to oil sands projects.

Section 6: Synthesis of 2014 Results — This section of the report contains a summary of the findings,
conclusions, and recommendations from 2014. The recommendations include proposed changes to the
monitoring network for consideration in future years based on the results from the 2014 Program.

The main report concludes with Section 7: References and Section 8: Glossary and List of
Acronyms. In addition, the report is supported by a series of technical appendices that present the
detailed analytical results and supporting material for each component.

All data are publicly available on the historical RAMP website (www.ramp-alberta.org) and can be
accessed directly or through the AEMERA website (www.aemera.org). The database was updated on a
quarterly basis with 2014 provisional data, with finalized data posted following the release of this report in
spring 2015.
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2.0 SUMMARY OF OIL SANDS PROJECT ACTIVITIES IN
2014

This section provides information on oil sands developments in watersheds of the Athabasca oil sands
region that was needed to support the assessment of the 2014 monitoring results. In particular, this
information is important for confirming the classification of sampling stations as baseline or test as
development continues to expand over time resulting in changes to these classifications. Three sets of
information are considered: development status of oil sands projects (mining and in situ); summary of
water withdrawals and discharges from surface water sources; and land change analysis for 2014.

2.1 DEVELOPMENT STATUS OF OIL SANDS PROJECTS

The development status of all oil sands projects in the Athabasca oil sands region, as of the end of 2014,
is presented in Table 2.2-1. Areas downstream of oil sands developments that have started land
disturbance activities are designated as test. Data obtained from sampling stations in these test areas are
also designated as test for the purposes of analysis, assessment, and reporting (Section 1.4.4).
Conversely, areas upstream of oil sands developments or downstream of oil sands developments that
have no specified year of first disturbance are designated as baseline. Data obtained from sampling
stations in these baseline areas are also designated as baseline for the purposes of analysis, assessment,
and reporting. Additional information provided in Table 2.2-1 is used to interpret the 2014 monitoring
results for all monitoring components.

2.2 WATER USE RELATED TO OIL SANDS PROJECTS IN 2014

Oil sands developments obtain water for their operations largely from nearby surface water or
groundwater sources. To accurately assess the hydrologic conditions of each watershed for the Climate
and Hydrology component, water withdrawal and discharge data were collected from oil sands projects
that were active (i.e., operational or under construction) and incorporated into the hydrologic water
balance model outlined in Section 3.2.1.4. The hydrologic water balance model incorporates only water
that was withdrawn from one surface waterbody and discharged directly to another surface waterbody.
Further information was received from industry but not included in the water balance calculations,
including: (i) data classified as muskeg dewatering, groundwater extraction, or other processes not
affecting natural surface watercourses and waterbodies; (ii) operator withdrawal and discharge data
located downstream of the corresponding observed test monitoring station; and (iii) withdrawal and
discharges occurring on days when observed test monitoring did not occur (e.g., during winter months for
open-water monitoring stations, or when data collection was prevented due to unforeseen circumstances.
Table 2.2-2 provides a summary of water use for each active oil sands project within the 2014 Water Year
(i.e., November 1, 2013 to October 31, 2014) for consistency with analyses conducted for the Climate and
Hydrology Component. The source of water withdrawals and location of discharge points for each active
mining or in situ project are provided in Figure 2.2-1.
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Table 2.2-1 Status and activities of mining and in situ developments in the Athabasca oil sands region, as of 2014.

Location Type of ) Year of Year of First
Operator Development (Township-Range-Meridian) OpyeF;ation Capacity* Application Disturbance 2014 Status
Athabasca Qil Corp. Birch Phase 1 100-15-W4M in situ 12,000 - - Announced
Dover West Carbonates Phase 1 Demonstration 95-18-W4M in situ 6,000 - 2016 Approved
Dover West Carbonates Phase 2 Demonstration in situ 6,000 - - Application
Dover West Sands & Clastics Phase 1 in situ 12,000 - 2016 Application
Dover West Sands & Clastics Phase 2 in situ 35,000 - 2019 Announced
Dover West Sands & Clastics Phase 3 92-18-W4M in situ 35,000 - 2020 Announced
Dover West Sands & Clastics Phase 4 in situ 35,000 - 2022 Announced
Dover West Sands & Clastics Phase 5 in situ 35,000 - 2024 Announced
Hangingstone HS-1 in situ 12,000 - 2015 Construction
Hangingstone HS-2A Debottleneck (1 and 2) in situ 8,000 - 2017 Application
Hangingstone HS-2B Expansion 86,87,88-10,11,12,13-WaM in situ 32,000 - 2019 Application
Hangingstone HS-3 in situ 30,000 - 2021 Application
BlackPearl Resources  Blackrod Pilot in situ 800 - 2011 Operational
Inc. Blackrod Phase 1 in situ 20,000 - 2015 Application
Blackrod Phase 2 02-36-076-18-WaM in situ 30,000 - 2018 Application
Blackrod Phase 3 in situ 30,000 - 2021 Application
BP p.l.c Terre de Grace Pilot 95,96,97-13,14-W4M in situ 10,000 - - Approved
Brion Energy Corp. MacKay River Phase 1 in situ 35,000 2010 2015 Construction
MacKay R!ver Phase 2 92, 93-12-W4M !n s!tu 40,000 2010 2018 Approved
MacKay River Phase 3 in situ 40,000 2010 2020 Approved
MacKay River Phase 4 in situ 35,000 2010 2022 Approved
Dover Experimental Pilot in situ 2,000 - 2017 Approved
Dover North Phase 1 in situ 50,000 2010 2016 Approved
Dover North Phase 2 in situ 50,000 2010 2018 Approved
Dover North Phase 3 87,88,89,90,91-12-WaM in situ 50,000 2010 2021 Approved
Dover North Phase 4 in situ 50,000 2010 2023 Approved
Dover South Phase 5 in situ 50,000 2010 2025 Approved
Canadian Natural Horizon Phase 1 mine 135,000 2002 2008 Operational
Resources Ltd. Horizon Phase 2A 96-11/12-W4M, 96-13-W4M, mine 12,000 - 2014 Operational
Horizon Phase 2B 97-11-W4M, mine 45,000 — 2016 Construction
Horizon Phase 3 97-12-W4M, 97-13-W4M mine 80,000 - 2017 Construction
Horizon Tranche 2 mine 5,000 - 2014 Operational
Birch Mountain Phase 1 97-19-WaM in situ 60,000 - 2019 Announced
Birch Mountain Phase 2 in situ 60,000 - 2023 Announced
Gregoire Lake Phase 1 86-8-WAM in situ 60,000 - — Announced
Gregoire Lake Phase 2 in situ 60,000 - — Announced
Grouse Commercial 74-12-W4M in situ 40,000 - 2020 Application
Kirby North Phase 1 in situ 40,000 - 2017 Approved
Kirby North Phase 2 73,74,75-7,8,9-W4M in situ 60,000 - 2022 Approved
Kirby South Phase 1 in situ 40,000 — 2013 Operational

Notes:
websites.

SAGD is steam-assisted gravity drainage.

1

Unless otherwise stated, units are in bpd.

Information in this table obtained from GOA (2013a, b), OSDG (2013), AER (2014), Energy Resources Conservation Board (ERCB) project approvals, project EIA documents, and company
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Table 2.2-1  (Cont’d.)

Location Type of . Year of Year of First

Operator Development (Township-Range-Meridian) Opyepration Capacity® Application Disturbance 2014 Status
Hoole Phase 1 in situ 10,000 - 2017 Approved

Cavalier Energy Inc Hoole Phase 2 12-81-24-W4M in situ 35,000 - - Announced
Hoole Phase 3 in situ 35,000 — — Announced
East McMurray Phase 1 89-8-W4M in situ 30,000 - — Announced

Cenovus Energy Steepbank Phase 1 92-5-W4M in situ 30,000 - - Announced
Telephone Lake Boreal!s Phase A 94,95-3-W4M fn s!tu 45,000 - - Applfcat!on
Telephone Lake Borealis Phase B in situ 45,000 - - Application
Christina Lake Phase 1A in situ 10,000 - 2002 Operational
Christina Lake Phase 1B in situ 8,800 - 2008 Operational
Christina Lake Phase C in situ 40,000 — 2011 Operational
Christina Lake Phase D in situ 40,000 - 2012 Operational
Christina Lake Phase E 75,76-5,6-W4M in situ 40,000 2009 2013 Operational
Christina Lake Optimization (phases C,D,E) in situ 22,000 - 2015 Approved
Christina Lake Phase F in situ 50,000 - 2016 Construction
Christina Lake Phase G in situ 50,000 2009 2017 Approved
Christina Lake Phase H in situ 50,000 - 2019 Application
Foster Creek Phase A in situ 24,000 - 2001 Operational
Foster Creek Phase B Debottleneck in situ 6,000 - 2003 Operational
Foster Creek Phase C Stage 1 in situ 10,000 - 2005 Operational
Foster Creek Phase C Stage 2 in situ 20,000 - 2007 Operational
Foster Creek Phase D in situ 30,000 — 2009 Operational
Foster Creek Phase E 70-4-W4M in situ 30,000 - 2009 Operational
Foster Creek Phase F in situ 45,000 - 2014 Operational
Foster Creek Phase G in situ 40,000 - 2015 Construction
Foster Creek Phase H in situ 40,000 - 2016 Construction
Foster Creek Phase J in situ 50,000 - 2019 Application
Foster Creek Future Optimization in situ 15,000 - — Announced
Narrows Lake Phase A 76.77-6,7-W4M !n s?tu 45,000 2010 2017 Construction
Narrows Lake Phase B and C in situ 85,000 2010 - Approved
Pelican Lake Pilot in situ 600 - 2011 Operational
Pelican Upper Grand Rapids Phase A in situ 10,000 - 2017 Approved
Pelican Upper Grand Rapids Phase B in situ 32,000 - - Approved
Pelican Upper Grand Rapids Phase C 83-21-W4aM in situ 29,000 - - Approved
Pelican Upper Grand Rapids Phase D in situ 29,000 - - Approved
Pelican Upper Grand Rapids Phase E in situ 32,000 - - Approved
Pelican Upper Grand Rapids Phase F in situ 29,000 - - Approved
Pelican Upper Grand Rapids Phase E in situ 19,000 - - Approved
West Kirby Phase 1 75-8-W4M in situ 30,000 - — Announced
Winefred Lake Phase 1 76-4-W4M in situ 30,000 - — Announced

Notes: Information in this table obtained from GOA (2013a, b), OSDG (2013), AER (2014), Energy Resources Conservation Board (ERCB) project approvals, project EIA documents, and company
websites.

SAGD is steam-assisted gravity drainage.
1 Unless otherwise stated, units are in bpd.

Joint Oil Sands Monitoring Plan (JOSMP) 2-3 Final 2014 Program Report



Table 2.2-1

(Cont’d.)

Location Type of . Year of Year of First
Operator Development (Township-Range-Meridian) Op)cleeation Capacity* Application Disturbance 2014 Status
Connacher Oil and Gas Great Divide Pod One in situ 10,000 - 2007 Operational
Great D!v!de Algar . 82,83-11,12-W4M !n s!tu 10,000 - 2010 Operational
Great Divide Expansion 1A in situ 12,000 - - Approved
Great Divide Expansion 1B in situ 12,000 - - Approved
ConocoPhillips Surmont Phase 1 in situ 30,000 2001 2007 Operational
Surmont Phase 2 in situ 118,000 - 2015 Construction
Surmont Phase 3 — Tranche 1 in situ 45,000 - 2020 Application
Surmont Phase 3 — Tranche 2 81,82,83-5,6,7-WaM in situ 45,000 - 2021 Application
Surmont Phase 3 — Trance 3 in situ 45,000 - 2023 Application
Pilot in situ 1,200 - 1997 Operational
Devon Energy Jackfish Phase 1 in situ 35,000 2003 2007 Operational
Jackfish Phase 2 75,76-6,7-W4M in situ 35,000 2006 2011 Operational
Jackfish Phase 3 in situ 35,000 2010 2014 Operational
Jackfish East Expansion 76-5-W4M in situ 20,000 - 2018 Announced
Pike 1A in situ 35,000 - 2016 Application
Pike 1B 73,74,75-4,5,6,7,8-W4M in situ 35,000 - 2017 Application
Pike 1C in situ 35,000 - 2018 Application
E-T Energy Ltd. Poplar Creek Experimental Pilot in situ 1,000 - 2012 Suspended
Poplar Creek Phase 1 90-9-W4M in situ 10,000 - - On Hold
Poplar Creek Phase 2 in situ 40,000 - - On Hold
Grizzly Oil Sands ULC  Algar Lake Phase 1 85-12-W4aM in situ 6,000 - 2014 Operational
Algar Lake Phase 2 in situ 6,000 - - Approved
May River Phase 1 in situ 6,000 - 2016 Application
May River Phase 2 12-77-9-wam in situ 6,000 - - Application
Thickwood Phase 1 in situ 6,000 - 2017 Application
Thickwoood Phase 2 90-15-W4Mm in situ 6,000 - - Application
Harvest Operations BlackGold Phase 1 76-7-WAM in situ 10,000 - 2015 Operational
Corp. BlackGold Phase 2 in situ 20,000 - - Approved
Husky Energy Saleski Carbonate Pilot 16-31-87-19-W4 in situ 3,000 - 2017 Application
Sunrise Phase 1 in situ 60,000 - 2014 Construction
Sunrise Phase 2A 94-97-6,7-W4M in situ 70,000 - 2018 Approved
Sunrise Phase 2B in situ 70,000 - 2020 Approved
Imperial Oil Resources Kearl Lake Phase 1 mine 110,000 2005 2013 Operational
Kearl Lake Phase 2 mine 110,000 - 2015 Construction
Kearl Lake Phase 3 95.96,97-6,7,8-WaM mine 80,000 - 2020 Approved
Kearl Lake Phase 4 Debottleneck mine 45,000 - - Approved
Aspen Phase 1 in situ 45,000 - 2020 Application
Aspen Phase 2 93-7-W4M in situ 45,000 - - Application
Aspen Phase 3 in situ 45,000 — — Application

Notes:

1

Information in this table obtained from GOA (2013a, b), OSDG (2013), AER (2014), Energy Resources Conservation Board (ERCB) project approvals, project EIA documents, and company

websites.

SAGD is steam-assisted gravity drainage.
Unless otherwise stated, units are in bpd.
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Table 2.2-1

(Cont’d.)

Location Type of . Year of Year of First
Operator Development (Township-Range-Meridian) Op)cleeation Capacity® Application Disturbance 2014 Status
lvanhoe Energy Inc Tamarack Phase 1 in situ 20,000 - - Application
Tamarack Phase 2 22-90-9-Wam in situ 20,000 - - Application
JACOS Hangingstone Pilot in situ 11,000 - 1999 Operational
Hangingstone Expansion 84-10,11,12-WaM in situ 20,000 - 2016 Construction
Koch Exploration Dunkirk Phase 1 10-91-18-W4M in situ 30,000 - 2018 Announced
Canada Corp. Dunkirk Phase 2 fn s!tu 30,000 — — Announced
Muskwa Pilot 14-84-23-W4M in situ 10,000 - 2015 Approved
Germain Phase 1 CDP in situ 5,000 - 2013 Operational
Germain Phase 2 in situ 30,000 - 2018 Application
Germain Phase 3 30-85-22-WaM in situ 60,000 - - Application
Germain Phase 4 in situ 60,000 - - Application
Saleski Experimental Pilot in situ 1,800 - 2011 Operational
Laricina Energy Ltd. Saleski Phase 1 in situ 10,700 - 2017 Approved
Saleski Phase 2 in situ 30,000 - — Announced
Saleski Phase 3 84-19-W4M in situ 60,000 - - Announced
Saleski Phase 4 in situ 60,000 - - Announced
Saleski Phase 5 in situ 60,000 — — Announced
Saleski Phase 6 in situ 60,000 — — Announced
Marathon Qil Corp. Birchwood Demonstration 20-91-15-W4M in situ 12,000 - 2017 Application
MEG Energy Christina Lake Phase 1 Pilot in situ 3,000 2004 2008 Operational
Christina Lake Phase 2A in situ 22,000 2005 2009 Operational
Chr!st!na Lake Phase 2B 76.78-4,6-WAM f” s!tu 35,000 2007 2013 Operational
Christina Lake Phase 3A in situ 50,000 2008 2016 Approved
Christina Lake Phase 3B in situ 50,000 2009 2018 Approved
Christina Lake Phase 3C in situ 50,000 2011 2020 Approved
Surmont Phase 1-3 81,82-5-W4M in situ 123,000 2012 — Application
Nexen Long Lake Phase 1 85-6-W4M in situ 72,000 2000 2008 Operational
Long Lake South (Kinosis) Phase 1A 84-7-WaM in situ 40,000 2006 - Construction
Long Lake South (Kinosis) Phase 1B in situ 40,000 2006 - Approved
Oak Point Energy Ltd.  Lewis Pilot 93, 94-7-W4M in situ 1,720 - - Approved
Osum Oil Sands Corp. Sepiko Kesik Phase 1 21-85-18-WAM in situ 30,000 - 2018 Application
Sepiko Kesik Phase 2 in situ 30,000 - 2020 Application
Prosper Petroleum Ltd. Rigel Phase 1 20-96-17-W4M in situ 10,000 - 2017 Application
PTT Exploration and Mariana — Hangingstone Phase 1 83-10-W4M in situ 20,000 - - Application
Production Mariana — South Leismer Phase 1 77-10-W4M in situ 20,000 - - Application
Mar?ana — Thornbury Phase 1 80-12-W4M !n s?tu 40,000 - - Appl?cat?on
Mariana — Thornbury Expansion in situ 20,000 - - Application
Renergy Petroleum Muskwa Experimental Pilot 13-4-85-25-W4M in situ - - 2015 Application

(Canada) Co. Ltd.

Notes: Information in this table obtained from GOA (2013a, b), OSDG (2013), AER (2014), Energy Resources Conservation Board (ERCB) project approvals, project EIA documents, and company

websites.

SAGD is steam-assisted gravity drainage.

1

Unless otherwise stated, units are in bpd.
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Table 2.2-1  (Cont’'d.)

Location Type of S Year of Year of First
Operator Development (Township-Range-Meridian) Operation Capacity Application Disturbance 2014 Status
Shell Canada Energy Muskeg River Mine Commercial 95-10-W4M mine 155,000 1997 2002 Operational
Muskeg River Mine Expansion & Debottlenecking 95-8,9-W4M, 94-10-W4M mine 115,000 2005 - Approved
Jackpine Mine Phase 1A mine 100,000 2002 2010 Operational
Jackpine Mine Phase 1B 95-8-W4, 95-9-w4 mine 100,000 - - Approved
Jackpine Mine Expansion 96,97-8,9-W4M mine 100,000 2007 2017 Approved
Pierre River Mine Phase 1 mine 100,000 2007 — On Hold
Pierre River Mine Phase 2 97,98,99-10,11-WaM mine 100,000 - - On Hold
2|cl)\$rw|||ow Energy  audet pilot 98-3-W4M in situ 12,000 - 2018 Application
Southern Pacific STP-McKay Phase 1 in situ 12,000 - 2012 Operational
Resource Corp. STP-McKay Phase 1 Expansion 91-14 15-W4M in situ 6,000 - 2016 Application
STP-McKay Phase 2A ' in situ 12,000 - 2018 Application
STP-McKay Phase 2B in situ 6,000 - 2018 Application
Statoil Canada Ltd. Corner Phase 1 80-8-W4M in situ 40,000 - - Approved
Corner Expansion in situ 40,000 - - Application
Leismer Demonstration in situ 10,000 - 2010 Operational
Leismer Commercial in situ 10,000 - - Approved
79-10-W4M
Leismer Expansion 9-10 in situ 20,000 - - Approved
Leismer Northwest in situ 20,000 - - Application
Suncor Energy Millennium Mine 92 93-9-WAM mine 294,000 1998 1967 Operational
Steepbank Debottleneck Phase 3 mine 4,000 - 2007 Operational
North Steepbank Mine Extension 92,93-9-W4M mine 180,000 2006 2012 Operational
Millennium Debottlenecking 91,92-9-W4M mine 23,000 — 2008 Operational
Voyageur South Mine 91,92-10-W4M mine 250,000 - 2020 Application
Dover Demonstration Plant 93-12-W4M in situ 500 - 2013 Construction
Firebag Stage 1 in situ 35,000 2000 2004 Operational
Firebag Stage 2 in situ 35,000 - 2006 Operational
Firebad Congeneration and Expansion in situ 25,000 - 2007 Operational
Firebag Stage 3 in situ 42,500 - 2011 Operational
Firebag Stage 4 93,94,95,96-4,5,6,7-WaM in situ 42,500 - 2012 Operational
Firebag Stage 5 in situ 62,500 - - Approved
Firebag Stage 6 in situ 62,500 - - Approved
Firebag Stages 3 to 6 Debottlenecking in situ 23,000 - - Application
Fort Hills Phase 1 mine 160,000 2001 2017 Construction
Fort Hills Debottleneck 96-11-W4M, 97,98-10-WaM mine 20,000 - - Approved
Lewis Phase 1 91-7-WAM in situ 40,000 - 2026 Announced
Lewis Phase 2 in situ 40,000 - 2026 Announced

Notes: Information in this table obtained from GOA (2013a, b), OSDG (2013), AER (2014), Energy Resources Conservation Board (ERCB) project approvals, project EIA documents, and company
websites.

SAGD is steam-assisted gravity drainage.

1 Unless otherwise stated, units are in bpd.
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Table 2.2-1  (Cont’d.)

Location Type of . Year of Year of First
Operator Development (Township-Range-Meridian) Op)cleeation Capacity® Application Disturbance 2014 Status
Suncor Energy MacKay River Phase 1 in situ 33,000 1998 2002 Operational
(Cont'd.) MacKay River Debottleneck 92, 93-12-W4M in situ 5,000 - 2014 Operational
MacKay River Expansion (MR2) in situ 20,000 2005 2017 Approved
Meadow Creek Phase 1 in situ 20,000 2001 2020 Approved
Meadow Creek Phase 2 84,85-8,9,10-W4M in situ 20,000 - 2022 Approved
Meadow Creek Phase 3 in situ 30,000 - - Approved
Sunshine Oilsands Ltd. Legend Lake Phase Al in situ 10,000 - 2016 Application
Legend Lake Phase A2 96-18-WAM !n s?tu 30,000 - - Announced
Legend Lake Phase B1 in situ 30,000 - - Announced
Legend Lake Phase B2 in situ 30,000 — — Announced
Thickwood Phase A1 in situ 10,000 - 2015 Approved
Thickwood Phase A2 90-18-W4M in situ 30,000 - 2017 Announced
Thickwood Phase B in situ 30,000 - 2021 Announced
West Ells Phase Al in situ 5,000 — 2015 Construction
West Ells PhaseA2 in situ 5,000 - - Approved
West Ells Phase A3 94.95 96-17 18-WAM in situ 30,000 - - Announced
West Ells Phase B ,95,96-17,18- in situ 20,000 - - Announced
West Ells Phase C1 in situ 30,000 - — Announced
West Ells Phase C2 in situ 30,000 — — Announced
Surmont Energy Inc. Wildwood Phase 1 20-82-8-W4M in situ 12,000 - 2015 Application
Syncrude Canada 2’2'&";‘&;;%?;? Aurora North Base Mine Stage 1 6-93-10-W4M; 96-9,10,11-W4M mine 290,700 1973 1978 Operational
Mildred Lake and Aurora North Stage 3 Expansion 6-93-10-W4M; 96-9,10,11-W4M mine 116,300 2001 2006 Operational
Centrifuge Tailings Management 6-15-93-11-W4M mine NA - 2015 Construction
Aurora South Train 1 mine 100,000 - - Approved
Aurora South Train 2 94, 95-7,8-WaM mine 100,000 - - Approved
Mildred Lake Mine Extension 6-15-93-11-W4M mine TBD - 2023 Announced
Teck Resources Ltd. Frontier Phase 1 mine 74,600 2011 2021 Application
Frontier Phase 2 mine 84,000 2011 2024 Application
Frontier Phase 3 99-11, 100,101-9,10,11-W4M mine 79,300 2011 2027 Application
Frontier Phase 4 Equinox mine 39,400 2011 2030 Application
Total E&P Joslyn Joslyn North Mine Project Phase 1 94,95,96-11-W4M, 94-12-W4M mine 100,000 2006 — On Hold
Value Creation Inc. Advanced TriStar ATS-1 in situ 15,000 - 2016 Application
Advanced TriStar ATS-2 25-89-8-W4M in situ 30,000 - 2018 Application
Advanced TriStar ATS-3 in situ 30,000 - 2020 Application
TriStar Pilot 29-87-8-W4M in situ 1,000 — — Approved

Notes: Information in this table obtained from GOA (2013a, b), OSDG (2013), AER (2014), Energy Resources Conservation Board (ERCB) project approvals, project EIA documents, and company
websites.

SAGD is steam-assisted gravity drainage.

1 Unless otherwise stated, units are in bpd.
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Table 2.2-2

Summary of water withdrawals and discharges for active (operating or

under construction) oil sands projects, used in the water balance analysis

for the 2014 Water Year.

Water Withdrawal from a Surface

Water Release to a Surface

Waterbody Waterbody
Operator Project
Volume Location Volume Location
(Million m®) (Million m®)
. . MacKay River
Brion Energy Corp. MacKay River 0.072 watershed -
. Christina River
Canadian Natural Resources ~ Kirby 0.021 watershed )
Ltd.
Horizon 20.39 Athabasca River -
Imperial Oil Resources Kearl 0.003 Wapasu Creek -
6.06 Athabasca River -
. Christina River
MEG Energy Corp. Christina Lake 0.128 watershed -
Christina River
0.127 watershed )
Nexen Long Lake ) -
0.009 Hangingstone River )
watershed
Shell Canada Energy Jackpine & MRM 16.33 Athabasca River 0.385 J%Cr'gglr(‘e
Statoil Canada Ltd. Leismer 0.022 Christina River -
watershed
0.004 Wapasu Creek -
0.015 Steepbank River )
Suncor Energy Inc. Firebag ’ watershed
Firebag River
0.013 watershed )
North Steepbank 19.56 Athabasca River 1.49 Atha_basca
Extension River
0.007 MacKay River )
watershed
MacKay River
0.008 Upper Beaver 3
watershed
Stanley
6.42 Creek
38.35 Athabasca River
Mildred Lake/Aurora Poplar
Syncrude Canada Ltd. North 7.94 Creek
6.56 Upper Beaver 0.290 Atha_basca
watershed River

Note: Reported withdrawal and release volumes were reported to Hatfield for inclusion of this report and may not include all

reported volumes in the Athabasca oil sands region.

Note: Values represent the final values reported in the Chapter 5 water balance analyses, and satisfy the following criteria:
(1) were classified to be withdrawn or released to the environment; (2) were mapped within the analysis watershed; and
(3) occurred concurrently with periods of recorded hydrograph data within the analysis watershed.

Note: For clarity, values shown were rounded to three decimal places for sums <1 million m®, and two decimal places otherwise.
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6,400,000

Figure 2.2-1 Locations of surface water withdrawals and discharges for active oil sands projects used in the water balance

calculations, 2014 Water Year.

6,400,000

6,300,000

6,200,000

6,300,000

6,200,000

400‘000 500,000
| |
L Richardson
Nor(hwes(Terrltrles { lé?:;p } Lake Twp 108
i
§ S46 Twp 107
3
Rge 22 Rge 21 Rge 20 Rge 19 "|[/Rge 18 Rge 17 | Rge 16° | Rge 15 ' |IRge 14 Rge 13 Rge 12 | Rge 11 Rge 10 R% Rge 8 Rge 7 Rge 6 Rge 5 Rge 4 Rge 3 Rge 2 Rge 1
( Twp 105
Fort §
?\/IcKay -
F.rt Twp 104
o
McMurray g
I } Twp 103
K +
\\ $.
I\\_ §‘1
3 Map Extent ( . ;\r-)' M\\ Twp 102
P it i (‘/J ’_)"'J *‘*‘n“
)/ t\ r"f M a7
lay Cree-l:\[)bm-t I
\Fm .\b.._)d/_ ¢ - \J Twp 100
)"”\‘ Big | (el > Jo7Dco01]
Creek | . - < 5. q:* 7]
! o a5
\d e
f Eymunas:)\\ Y‘:@ | Twp 99
Vel Cree e
Gardiper - 4
K} ks aﬂg Dierre Rile 4 s Twp 8
= ; S25(McClellin L
" VA N ke / e
'$River S16AH stz /% \E\ (rebag Rifer ikt
A
g FRiver &Fé’," 9 e r
River S15A I H Sopis
[ [s14al ey 7" Rl
‘i Twp 95
S06 Muskeg P
2o (\M 4 I River
\ - S
,‘:‘// 07DB001(-rart/t )|07DA008 @ Tup 94
= ]
e’ a-'MCKay / ran £
a %, Sl
lJ ) § e Twp 93
b %, il e PN h
£ @ 3 07DA006 “Steepbank o B
o River| p 92
C 13 “MC‘Q ® ipyar L.(‘%
T R 2 o
g e \ : ; : = S| Twp 91
2 [ River ../ Upper g % R P,
‘ =)=ieh) (8 : Beaver ((S11 & o
iver A Origirtal cLeal 5
..l' I * LH"L L?Tr o Mﬂgf,}\ : Twp 90
7 {m g_ ek - "'“"T
L — Ao . -
2 / \_‘ B (-n% e "dgﬁ -
) ‘N_._ForuMcMm'Et_y, o
iy = ,JI’ 07CD001 o Clearwater
”/\—..r - River 3
) wp 88
i % T i
-1“1' = et ey ey g -l L \ f\'\r#""" \
5 ‘QHa ingstone S47A| e
r\”" l- Rjver: I
s e el 2
TH
River i
| b i >
.. 1 Chlistina || /Twp gl
River~ *
“Top PO S
< ?—:’:"/ "/
J } \ /_[ Twp 83
4 ]
\'J il
5 >
P f " Twp 81
il i - N Twp. 80
1 et T i L
J N | A OPESS
7 I~ A
{ ‘ J T Twp 79
“'H-._\_\ 1 o
| T :

\ '..i . J o SRS K NGRS rup 78
VA it - s \} r‘
| Y ! -'l’. ot | N
L ! - [ _\

v 4 g b )f‘ Twp 77
!-.‘.,/ i ] i B, ._._
% N \“\ L\“r“’\ 4 \JHJ < =] — # wa/
i et | e
'\Vr‘ z % ~7, o ¥ = u;.i
" } \\ﬁ /4““*_:_\ —3{+ /\ I \} RS R ey inefred| wp7s
a €T it oy \1 = - LJ\\__'__\ 7 { bv&i A P, I F\Lake
Hoad, e Muskes i ! s \E f Y e Fn g N g & p 74
B Ll ' g r g A S
N O T ! il { o
B e ety agon o DE " R <o
ies Created fromAI! i i = }\ (p\* 4 N \
orreleted-Atofnic Watershed and!B: ture Datasets. : -
nds, Project Bo ies Igerivaezef oen?::‘:ertseersgy_ T / : { - = ?.“ e N_(""WITW &
_r)ds/fsfeAgreemenl-. o A \‘ \\ A )‘ | d_’ﬁ_,%, u \k ‘|I F\ T n Y ,,,,..3 ; b
5 pal o ons are relative to Wam. [l 1 N - rIF:;?\’M‘_IJT; 7 ¢ I\ }u \ g Twp 72
] ; At i, -
Legend 05 1o 20 }N\
m
Lake/Pond First Nations Reserve Hydrometric Station for
: : P Water Balance Analysis Scale: 1:1,100,000
Rlver/Stream @eglgnBal f';’lll’lnlélpa“;y Of ° Wat Wthd L ti Projection: NAD 1983 UTM Zone 12N
g Watershed Boundary 00 ulralo boundary ater Wi rawal Location
Projects with Formal ® \Water Discharge Location

/~\/ Major Road
~~.” Secondary Road
/¥ Railway

O Applications as of 2014
[ | Active Projects as of 2014
| Inactive Projects as of 2014

CONSULTANTS

{_:_: Hatfield

K:\Data\Project JOSMP6784\_MXD\TechRpt\JOSMP6784_C_DischargeWithdrawal_20150331_ss.mxd



2.3 LAND CHANGE AS OF 2014 RELATED TO OIL SANDS
ACTIVITIES

Land change due to development activities occurring in 2014 was estimated with satellite imagery in
conjunction with more detailed maps provided by a number of oil sand companies. Seventy-four
RapidEye 5-m resolution images (33 north of Fort McMurray and 41 south of Fort McMurray) were
acquired on July 13, 14, 15, and 21, and August 17, 2014. The imagery acquired on August 17, 2014 were
used to replace the July 2014 cloud-covered areas (less than 5%) to improve visual quality for
interpretation and image classification purpose. A land change classification protocol was developed and
applied to the imagery to identify and delineate two types of land change in 2014 from the projects listed
in Table 2.2-1. Developed areas where there was no natural exchange of water with the rest of the
watershed (e.g., tailings ponds) were designated as hydrologically closed-circuited. Developed areas
where there was natural exchange of water with the rest of the watershed (e.g., cleared land) were
designated as not hydrologically closed-circuited.

Based on the resolution of the satellite imagery, a development of 0.5 ha would be the smallest entity
delineated. Details of the land change estimation procedure are provided in Appendix A. Drafts of the
land change maps were provided to companies where the classification required further verification, and
recommendations for revision of the maps were used to produce the final set of 2014 land change maps.

Land change area as of 2014 is presented in Figure 2.3-1 and Figure 2.3-2 for north and south of Fort
McMurray, respectively. Table 2.3-1 provides a tabular summary of the total area and percent land
change in each of the major watersheds of the Athabasca oil sands region, by land change type. Land
change as of 2014 was estimated to be approximately 123,990 ha, which was an increase from 118,750 ha
in 2013. The total area of land change represented approximately 3.5% of the total area, compared to 3.3%
in 2013. The percentage of the area of watersheds with land change as of 2014 varied from less than 1%
for many watersheds (MacKay, Horse, Pierre River, and Upper Beaver watersheds), to 1% to 5% for the
Steepbank, Calumet, Firebag, Ells, Christina, and Hangingstone watersheds, to more than 10% for the
Muskeg River, Fort Creek, Mills Creek, Tar River, Shipyard Lake, Poplar Creek, and McLean Creek
watersheds, as well as for the smaller Athabasca River tributaries between Fort McMurray and the
confluence of the Firebag River.

Land change area within the city of Fort McMurray in 2014 was estimated at approximately 7,442 ha.
Almost half of this land change was in watersheds of smaller tributaries of the Athabasca River, with the
other land change occurring in the Clearwater, Hangingstone, and Horse watersheds. The land change
area within the city of Fort McMurray increased from approximately 5,100 ha in 2013.
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Figure 2.3-1

Land change classes derived from 5-m RapidEye (July and August 2014) multispectral satellite imagery, north of
Fort McMurray.
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Figure 2.3-2 Land change classes derived from 5-m RapidEye (July and August 2014) multispectral satellite imagery, south of
Fort McMurray.

450,000 500,000

6,250,000

6,200,000

o
S
<
=}
0
~
©

Northwest Territories

3 Map Extent

2 < 7
_Saskatchewan

Legend

> Lake/Pond

~— River/Stream

$> Watershed Boundary
/\/ Major Road

/.~ Secondary Road
/Y Railway

"] First Nations Reserve

Regional Municipality of
Wood Buffalo Boundary

Land Change Area as of 2014°
25 Not Hydrologically Closed-Circuited

% Hydrologically Closed-Circuited

0 25 5
T kT A
Data Sources:

a) Lake/Pond, River/Stream, Major Road, Secondary Scale: 1:450,000
Road, Railway, First Nation Reserve, and Hillshade from
1:250,000 National Topographic Data Base (NTDB). Projection: NAD 1983 UTM Zone 12N
East Athabasca Road, in the Muskeg River Watershed,
Derived by RAMP, 2011.
b) Inset Map Lake and River at 1:2,000,000 from the Atlas
of Canada.
c) Watershed Boundaries Created from Alberta Hydrologically
Corrected Atomic Watershed and Base Feature Datasets.
d) Land Change Areas Delineated from 5-m RapidEye
(July and August 2014) Multispectral Imagery.

Township and Range designations are relative to W4M.

CONSULTANTS

{_:_'; Hatfield

K:\Data\Project\ JOSMP6784\_MXD\TechRpt\JOSMP6784_B2_LCSouthVector_20150330_ss.mxd

6,250,000

6,200,000

6,150,000




Table 2.3-1 Total area and percentage of land change in watersheds of the Athabasca
oil sands region related to oil sands development in 2014.

Watershed Area with Land Change (ha)
Total

Watershed I_\lot-_CIosed Closed-Circuited
Watershed Area Circuited (ha) (ha) Watershed Total
(ha) ?rr]z? Percent ?;:? Percent (ha and %)

Calumet River 17,523 129 0.74 70 0.40 199 1.14
Christina River 1,312,160 12,356 0.94 1,400 0.11 13,756 1.05
Ells River 270,945 3,615 1.33 355 0.13 3,970 1.47
Firebag River 568,190 4,795 0.84 2,343 0.41 7,138 1.26
Hangingstone River 106,572 1,196 1.12 32 0.03 1,228 1.15
Fort Creek 6,640 3,548 53.43 2,001 30.14 5,549 83.57
Horse River 215,740 1,734 0.80 97 0.04 1,831 0.85
MacKay River 556,871 3,978 0.71 734 0.13 4,712 0.85
McLean Creek 4,643 347 7.47 1,071 23.07 1,418 30.54
Mills Creek 1,424 244 17.13 664 46.63 908 63.76
Muskeg River 143,304 8,575 5.98 14,758 10.30 23,333 16.28
Original Poplar1 28,388 1,586 5.59 3,802 13.39 5,388 18.98
Pierre River 13,824 18 0.13 0 0.00 18 0.13
Shipyard Lake 5,113 15 0.29 4,629 90.53 4,644 90.83
Steepbank River 136,395 4,913 3.60 538 0.39 5,451 4.00
Tar River 33,264 1,330 4.00 9,842 29.59 11,172 33.59
Upper Beaver River 18,796 39 0.21 82 0.44 121 0.64
¥:|23: ﬁgzzbasca River 135,132 5,834 432 27319  20.22 33,153  24.53
Total 3,574,924 55,224 1.54 68,766 1.92 123,990 3.47
Lac La Biche® 864,496 588 0.07 0 0 588 0.07

! Original Poplar refers to the Poplar Creek watershed prior to the Beaver Creek diversion, while "Upper Beaver" refers to that

part of the Beaver Creek drainage that now drains into Poplar Creek as a result of the Beaver Creek diversion. Drainage
boundaries were estimated from maps provided in Syncrude Canada Ltd. (1977).

Refers to Athabasca River tributaries from upstream of Fort McMurray to the mouth of the Firebag River excluding the
watersheds explicitly listed in this table.

The Lac La Biche watershed was added in 2011 given some of the Canadian Natural Kirby project is located within this
watershed. This watershed; however, is not part of the Athabasca oil sands region currently monitored under the JOSMP.
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3.0 2014 MONITORING ACTIVITIES

This section contains a description of monitoring conducted as part of the JOSMP in 2014 and previously
conducted under RAMP following the same methodology. The description for each component includes
the following:

= Summary of 2014 monitoring activities and field methods;

= Description of any other information obtained (i.e., information from regulatory agencies, owners
and operators of oil sands projects, knowledge obtained from local communities, and other
sources);

= Description of changes in the monitoring network from the 2013 RAMP program;

= Description of the challenges and issues encountered during 2014 and the means by which these
challenges and issues were addressed;

=  Summary of the component data that are now available; and
= A description of the approach used for analyzing the data.

Monitoring activities for all components in 2014 were implemented according to the monitoring protocols,
field methods, and Standard Operating Procedures (SOPs) as outlined in the RAMP Technical Design
and Rationale (RAMP 2009b). Any changes in monitoring protocols, field methods, and SOPs from those
contained in RAMP (2009b) are noted below.

Quality Assurance and Quality Control (QA/QC) procedures were employed throughout and for all
aspects of the monitoring conducted in 2014. Appendix B contains a detailed description of the QA/QC
procedures used for monitoring in 2014.

All 2014 monitoring data collected have been added to the database, which is currently located on the
RAMP website (www.ramp-alberta.org) and through the AEMERA website (www.aermera.orq).

3.1 FIELD DATA COLLECTION
3.1.1 Climate and Hydrology Component

The 2014 Climate and Hydrology monitoring network, including the seven hydrometric stations operated
by WSC, consisted of:

= 22 baseline streamflow stations;

= 16 streamflow stations with less than 5% of the watershed affected by land change due to oil
sands development;

= 19 streamflow stations with more than 5% of the watershed affected by land change due to oil
sands development;

= 12 stations collecting climate data; and

= an area-wide snowcourse survey program.

Joint Oil Sands Monitoring Plan (JOSMP) 3-1 Final 2014 Program Report
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3.1.1.1 Overview of 2014 Climate and Hydrology Monitoring Activities

Climate monitoring (Table 3.1-1, Figure 3.1-1) in 2014 consisted of:

=  monitoring air temperature, relative humidity, total precipitation, wind speed and direction, solar
radiation, and snow depth at the Aurora, Horizon, Steepbank, Pierre, and Surmont climate
stations;

= monitoring barometric pressure at five stations;

= monitoring total precipitation, air temperature, and relative humidity at the Kearl Lake and
McClelland Lake stations;

= measuring rainfall, from May 1 to October 31, at five hydrometric monitoring stations; and

= conducting snowcourse surveys during the months of February, March, and April covering four
distinct bio-geographic land cover types in four representative regions of the study area.

Hydrology monitoring (Table 3.1-1, Figure 3.1-2) in 2014 consisted of:
= 17 open-water streamflow stations;
= four year-round lake/wetland water level monitoring stations;
=  monitoring water temperature at 50 streamflow stations; and

= measuring total suspended solids (TSS) throughout the open-water season at all streamflow
stations during each visit.

Appendix C provides specific station information for all climate and hydrology stations in the 2014
program.

3.1.1.2 Field Methods

Field methods described in this section include procedures for streamflow measurements, water level
surveys, climate station visits, and snowcourse surveys. More detail and specific procedures for each
component can be found in the RAMP Design and Rationale document (RAMP 2009b).

General

Field crews conducted ten visits in 2014 for the Climate and Hydrology component:
=  Five field visits during the open-water season at the year-round and open-water stations;
=  Five field visits during the winter season to all year-round stations; and
= Three field visits (in three of the five winter visits) for the regional snowcourse survey.

Field visits included manual measurements of streamflow and water level, data retrieval, and station
maintenance. Stage-discharge relationships were developed and refined using the manual streamflow
and water level data collected during the field visits.
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Table 3.1-1 Climate and hydrometric stations operating in support of the 2014 JOSMP.
. UM Coordmates Operating Variables Measured and
Station (Easting, Season Telemetry Type*
Northing) y iyp
air temperature, total precipitation, humidity,
C1 Aurora Climate Station 475229, 6344053 all year solar radiation, snow on the ground, wind speed
and direction (C)
air temperature, total precipitation, humidity,
C2 Horizon Climate Station 443364, 6360510 all year solar radiation, snow on the ground, barometric
pressure, wind speed and direction (C)
air temperature, total precipitation, humidity,
C3 Steepbank Climate Station 473950, 6320500 all year solar radiation, snow on the ground, barometric
pressure, wind speed and direction (C)
air temperature, total precipitation, humidity,
C4 Pierre Climate Station 460898, 6378737 allyear  solar radiation, snow on the ground, barometric
pressure, wind speed and direction (C)
air temperature, total precipitation, humidity,
C5 Surmont Climate Station 502542, 6230964 all year solar radiation, snow on the ground, barometric
pressure, wind speed and direction (C)
L1 McClelland Lak 483398, 6372186 all year water level, total precipitation, humidity, air
temperature, water temperature (C)
L2 Kearl Lake 484815, 6351080 all year water level, total precipitation, humidity, air
temperature, water temperature (C)
L3 Isadore’s Lake 463297, 6342981 allyear  water level, water temperature (C)
L4 Namur Lake 402886, 6370260 allyear  water level, discharge, water temperature (G)
S2 Jackpine Creek at Canterra Road 474971, 6344091 allyear  water level, discharge, water temperature (C)
S3 lyinimin Creek above Kearl Lake 489423, 6345196 open-water water level, discharge, rainfall, water
temperature (C)
S5 Muskeg River above Stanley Creek 479761, 6356759 allyear  water level, discharge, water temperature (C)
S5A Muskeg River above Muskeg Creek 476042, 6351803 all year water level, discharge, barometric pressure,
water temperature (C)
S6 Mills Creek at Highway 63 463755, 6344927 allyear  water level, discharge, water temperature (C)
07DA008/S7 Muskeg River near Fort McKay 465552, 6338804 allyear'  discharge
S9 Kearl Lake Outlet 483983, 6347020 allyear  water level, discharge, water temperature (C)
S10A Wapasu Creek near the mouth 488573, 6358554 allyear  water level, discharge, water temperature (C)
S11 Poplar Creek at Highway 63 (formerly 471972, 6307825 all year water level, discharge, water temperature (C)
07DAO007)
S12 Fort Creek at Highway 63 462620, 6363554 open-water water level, discharge, water temperature (C)
grliggeE”S River at the Canadian Natural 455738, 6344944 allyear  water level, discharge, water temperature (C)
S15A Tar River near the mouth 458458, 6353439 open-water water level, discharge, water temperature (C)
S16A Calumet River near the mouth 458096, 6362020 open-water water level, discharge, water temperature (C)
S19 Tar River Lowland Tributary near the 457326, 6352850 open-water water level, discharge, water temperature, rainfall
mouth ©
S20A Muskeg River Upland 492230, 6354940 open-water water level, discharge, water temperature (C)
S22 Muskeg Creek near the mouth 480969, 6349071 allyear  water level, discharge, water temperature (C)
S24 Athabasca River below Eymundson Creek 466305, 6372764 allyear  water level, discharge, water temperature (C)
S25 Susan Lake Outlet 464513, 6368477 open-water water level, discharge, water temperature (R-C)
07DB001/S26 MacKay River near Fort McKay 458019, 6341008 allyear' discharge

! Stations were monitored year-round by WSC in 2014.

2 station was installed in May 2014

% Telemetry equipment was removed in October 2014
4 (C), (R-C), (G) telemetry using cellular, radio-cellular relay, and GOES satellite telemetry equipment, respectively.

Joint Oil Sands Monitoring Plan (JOSMP)

3-3

Final 2014 Program Report



Table 3.1-1 (Cont’'d.)

UTM Coordinates

) X Operating Variables Measured and

Station (Easting, 4
Northing) Season Telemetry Type

07DC001/S27 Firebag River near the mouth 487914, 6389855 all year' discharge
07CE002/S29 Christina River near Chard 508211, 6187940 all year' discharge
S31 Hangingstone Creek at North Star Road 469812, 6236089 all year water level, discharge, water temperature (C)
S32 Surmont Creek at Highway 881 490250, 6254524 all year water level, discharge, water temperature (C)
S33 Muskeg River at the .
Aurora North/Muskeg River Mine Boundary 474878, 6350204 all year water level, discharge, water temperature (C)
S34 Tar River above Horizon Lake 440745, 6361662 all year water level, discharge, water temperature (C)
gﬁlﬁe:\/lcCIelland Lake Outlet above Firebag 490635, 6384056 all year water level, discharge, water temperature (G)
(?(?r?toEuarSt Jackpine Creek near the 1,300 m 487850, 6325416 open-water water level, discharge, water temperature
07DA006/S38 Steepbank River near Fort 475296, 6317398 allyear' discharge
McMurray
07DA018/S39 Beaver River above Syncrude 465560, 6311437 all year' discharge
S40 MacKay River at Petro-Canada Bridge 444949, 6314178 all year water level, discharge, water temperature, rainfall (C)
07DC005/S42 Clearwater River above 504427, 6279666  all year' discharge
Christina River
S43 Firebag River upstream of Suncor Firebag 531704, 6354796 all year water level, discharge, water temperature, rainfall (G)
$44 Pierre River near Fort McKay (formerly 460769, 6369299 open-water water level, discharge, water temperature (C)
07DA013)
S45 Ells River above Joslyn Creek Diversion 440325, 6342418 all year water level, discharge, water temperature (C)
S46 Athabasca River near Embarras Airport 470241, 6463209 allyear water level, discharge, water temperature (G)*
S47A Christina River near the mouth 505048, 6272065 all year water level, discharge, water temperature (G)
S48 Big Creek 470817, 6389113 open-water water level, discharge, water temperature (R-C)
S49 Eymundson Creek near the mouth 465473, 6372694 open-water water level, discharge, water temperature (C)
S50A Red Clay Creek 474954, 6396094 open-water water level, discharge, water temperature (R-C)
S51 High Hills River near the mouth 532571, 6290998 all year water level, discharge, water temperature (G)
g?ggooalze)r River near the mouth (formerly 451453, 6337017 all year water level, discharge, water temperature (R-C)
S54 Dunkirk River near Fort McKay (formerly 395815, 6302067 all year water level, discharge, water temperature (G)
07DB003)
S55 Gregoire River near the mouth 510185, 6259986 allyear water level, discharge, water temperature (R-C)
S56 Jackfish River below Christina Lake .
(formerly 07CEQ05) 493753, 6169685 all year water level, discharge, water temperature (C)
S57 Sunday Creek above Christina Lake 506227, 6158403 all year water level, discharge, water temperature (C)
S58 Sawbones Creek above Christina Lake 511444, 6167182 open-water water level, discharge, water temperature (C)
S60 Unnamed Creek South of Christina Lake 511145, 6159877 open-water water level, discharge, water temperature (C)
S61 Christina River above Statoil Leismer 466037, 6193791 all year water level, discharge, water temperature (C)
S62 Birch Creek at Hwy 881 492232, 6163213 all year water level, discharge, water temperature (C)
S63 Sunday Creek at Hwy 881 494283, 6157255 all year water level, discharge, water temperature (C)
S64 Unnamed Creek East of Christina Lake 517384, 6163640 open-water water level, discharge, water temperature (C)
S65 North Green Stockings Creek at East 489845, 6333039 open-water water level, discharge, water temperature (C)
Athabasca Hwy
S66 Steepbank River below the North 491438, 6302625 all year® water level, discharge, water temperature (G)

Steepbank River

! stations were monitored year-round by WSC in 2014.

2 station was installed in May 2014

% Telemetry equipment was removed in October 2014
4 (C), (R-C), (G) telemetry using cellular, radio-cellular relay, and GOES satellite telemetry equipment, respectively.
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Figure 3.1-1 Locations of climate stations and snowcourse survey stations monitored in support of the 2014 JOSMP.
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Figure 3.1-2

Locations of hydrometric stations operated in support of the 2014 JOSMP.
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Streamflow Measurement

Streamflow measurement procedures and standards used for the Climate and Hydrology Component
were consistent with Water Survey of Canada (WSC 2001), United States Geological Survey
(USGS 1982), and BC Ministry of Environment (BC MOE 2009) recommendations and protocols, and are
presented in the RAMP Design and Rationale Document (RAMP 2009b). QA/QC procedures are
provided in Appendix B of this report.

Standards for velocity-area streamflow measurements are summarized as follows:
= Number of verticals — minimum of 20, or at a spacing of 0.05 m in small streams;
=  Where depth is 0.75 m or less, one observation is made at 60% of the depth below the surface;
= Where depth is greater than 0.75 m, velocity is observed once at 20% and once at 80% of the depth;

= Number of velocity readings for a measurement under ice — the same procedures were used for
under ice velocity observations as for open-water velocity observations, with the exception that
velocity was observed at 50% of the under-ice depth (effective depth) for depths less than 0.75 m;

= Under ice velocity observations conducted at 50% of the effective depth were subject to a velocity
correction of 0.88 due to the addition of the ice as a confining layer, panels measured with two
velocity measurements were not subject to any velocity correction; and

= Velocity averaging — at least 40-second averages for the Sontek FlowTracker ADV (Acoustic
Doppler Velocimeter), OTT ADC (Acoustic Digital Current meter), and electromagnetic meters
(Hach HF950 and Marsh McBirney Flo-Mate 2000).

Standards for Acoustic Doppler Current Profiler (ADCP) streamflow measurements were consistent with
standards and procedures set by the Water Survey of Canada (WSC 2014) and were as follows:

= ADCP was moved across the measurement cross section at a steady pace, where the float
velocity must not exceed the velocity of the water in the channel;

=  Streamflow was calculated from at least four “good” passes of the cross section. A “good” pass
was based on the following criteria: (i) each pass was within 5% of the mean measured
discharge; (ii) at least 50% of the total calculated discharge in a pass was measured; (iii) the flow
angle was minimal; (iv) the pitch and roll of the measurement platform was less than 5%; and
(v) a minimum of ten ensembles were measured at the start and end positions; and

= Under-ice ADCP discharge measurements were conducted using at least 20 stationary
measurements from holes augered into the river ice. Ice thickness and transducer depth were
entered into the ADCP software for each measurement location.

Water Level Surveys

Field crews conducted water level surveys at both streamflow and lake/wetland stations to reference the
continuous water level record to the surface water level. Procedures for conducting the water level survey
were derived from standards in BC MOE (2009):

= Level readings using an automatic level were made to the nearest 0.001 m;
=  Surveys were made using at least two independent benchmarks; and

= Each survey was conducted using two set-ups with a closing error of less than 0.004 m.
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Climate Station Visits

Field crews visited climate stations to conduct data logger downloads, preliminary quality assurance to
check station function, data reliability, and maintenance needs. Precipitation gauges were inspected to
ensure sufficient levels of anti-freeze and hydraulic fluid were present.

Snowcourse Surveys

Snowcourse survey procedures were developed from principles outlined in the British Columbia Ministry
of Environment Procedure Manual (Volume 6, Section 9, Subsection 01, Page 5 of 72) (BC MOE 1982)
and included the following:

= 40 snow depths were measured in each study plot (jack pine coniferous forest, mixed deciduous
forest, open area, flat low-lying open area);

= Snow depth and the mass of a vertical profile of the snowpack were measured four times in each
plot to calculate snow density;

= Forty snow water equivalent (SWE) values were calculated in each plot by multiplying individual
snow depth values by mean snow density. A mean SWE value was calculated for each plot; and

=  Station photos were taken to provide a visual record of ground snow conditions (e.g., patchiness)
and any intercepted snow in treed stands.

3.1.1.3 Changes in Monitoring Network from 2013

Monitoring at the following stations was conducted by Water Survey of Canada (WSC) in 2014:
S7/07DA008 Muskeg River near Fort McKay, S26/07DB001 MacKay River near Fort McKay,
S27/07DCO001 Firebag River near the mouth, S29/07CEQ002 Christina River near Chard, S38/07DA006
Steepbank River near Fort McMurray, S39/07DA018 Beaver River above Syncrude, and S42/07CD005
Clearwater River above Christina River. Data were provided by WSC to Hatfield for inclusion in the
program report.

Monitoring of these stations during the winter was previously conducted by RAMP until the end of 2013.

New Monitoring Stations

In order to characterize upstream hydrologic conditions of the Steepbank River, Station S66 Steepbank
River below the North Steepbank River, was installed at a location 6 km downstream of the confluence
with the North Steepbank River. This station became operational in May 2014 for year-round monitoring
of discharge, water level, and water temperature.

Modified Stations

The following modifications and field equipment upgrades were made in 2014 to support station function
and reliability of data collection:

=  Station S31 was relocated 30 m upstream of the North Star Road Bridge to avoid conflict with
construction of a new power line;

= Fence panels were installed to create protective barriers against wildlife, around the monitoring
equipment at stations S36 McLelland Lake Outlet above Firebag River; S51 High Hills River near
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the mouth; S61 Christina River above Statoil Leismer; and telemetry relay stations at S48 Big
Creek and S50A Red Clay Creek;

Climate sensors were exchanged for calibration at the C1 Aurora and C3 Steepbank climate
stations;

HMP-model temperature/relative humidity sensors were replaced for calibration based on a two-
year exchange cycle, at stations L1 McClelland Lake, and L2 Kearl Lake; and

Twenty stations had pressure transducers replaced for scheduled calibration based on a two-year
exchange cycle for all stations with year-round deployed sensors. These stations included L3
Isodore’s Lake; L4 Namur Lake; S5A Muskeg River above Muskeg Creek; S6 Mills Creek at
Highway 63; S9 Kearl Lake Outlet; S11 Poplar Creek at Highway 63; S22 Muskeg Creek near the
mouth; S31 Hangingstone Creek at North Star Road; S32 Surmont Creek at Highway 881; S33
Muskeg River at the Aurora North/Shell MRM Boundary; S34 Tar River above Horizon Lake; S36
McClelland Lake Outlet above Firebag River; S47A Christina River near the mouth; S51 High
Hills River near the mouth; S53 Dover River near the mouth; S54 Dunkirk River near Fort McKay;
S55 Gregoire River near the mouth; S57 Sunday Creek above Christina Lake; S62 Birch Creek at
Highway 881; and S63 Sunday Creek at Highway 881.

3.1.1.4 Challenges Encountered and Solutions Applied

Wildlife and Environmental Challenges

The following wildlife and environmental challenges were addressed in 2014:

Wildlife activity at Station S3 lyinimin Creek above Kearl Lake, caused damage to the tipping
bucket rain gauge and disconnected the power supply to the station on August 4, 2014. The
station was reinstated without the tipping bucket during the next field visit on August 9. Another
wildlife incident in late August disconnected telemetry cables, but resulted in no interruption to
data collection. The tipping bucket rain gauge was reinstalled and telemetry repairs were
completed during the next field visit on September 24, 2014.

Wildlife activity caused the solar panel cables to be disconnected at Station S10A Wapasu Creek
near the mouth, on August 10, 2014. Repairs were conducted during the next field visit on
September 12, 2014, and there was no disruption to data collection.

Low water level caused the pressure transducer at Station S11 Poplar Creek at Highway 63, to
be out of the water from July 12 to July 18, 2014. As a result, the water level could not be
measured during this period. The pressure transducer was moved to a deeper location during the
next field visit on August 8, 2014 to avoid future data loss from low water levels.

Bank erosion during the spring freshet caused the monitoring equipment at Station S16A Calumet
River near the mouth, to fall into the river on May 31, 2014. Data collection was interrupted from
May 31 to June 20, 2014 when the equipment was replaced and the station was reinstated.

The pressure transducer at Station S24 Athabasca River below Eymundson Creek, was severed
by ice movement during river break-up on April 23, 2014. Station monitoring was interrupted from
April 23 to May 20, 2014 when the station was reinstated.
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The tipping bucket at Station S43 Firebag River upstream of Suncor Firebag, was damaged by
wildlife following the September 12, 2014 field visit. Accordingly, data collected during this time
was not considered reliable and was discarded for the period of September 12 to October 15,
2014. The instrument was repaired during the field visit on October 15, 2014.

The pressure transducer at Station S46 Athabasca River near Embarras Airport was severed on
April 27, 2014 by ice movement during river break-up. Station monitoring was interrupted from
April 27 to May 16 when the station was reinstated.

Ice movement during river break-up at Station S47A Christina River near the mouth, caused the
pressure transducer to be disconnected from the data logger on April 28, 2014. Data were not
collected until a new pressure transducer was installed on May 21, 2014, during the next field
visit.

Data Logger Malfunctions and Attrition

The following data logger malfunctions and equipment challenges were addressed in 2014:

Weak batteries, poor light conditions, and faulty power supplies caused intermittent data
collection for portions of 2014 at stations L4 Namur Lake, S2 Jackpine Creek at Canterra Road,
S36 McClelland Lake Outlet above Firebag River, S49 Eymundson Creek near the mouth, S58
Sawbones Creek above Christina Lake, S62 Birch Creek at Hwy 881, and S64 Unnamed Creek
East of Christina Lake. Batteries were replaced or more batteries were added to stations where
weak batteries or poor lighting conditions occurred, respectively. Components of faulty power
supplies were replaced as necessary to reinstate station function; and

A faulty data logger at Station S62 Birch Creek at Highway 881 caused monitoring to be
intermittent from July 14, 2014 to October 10, 2014. The data logger was replaced during the
October 10 field visit and full station function was restored.

3.1.1.5 Other Information Obtained

Streamflow data from WSC were obtained and incorporated into the database for stations where data
was used in the analysis and reporting of the 2014 program report. These data were received as
provisional and flagged as such in the database.

Climate data from the Environment Canada stations at Fort McMurray and Mildred Lake, and the AESRD
station at Christina Lake near Winfred Lake, were used in the preparation of the 2014 program report.

3.1.1.6 Summary of Component Data Now Available

Table 3.1-2 summarizes the available climate and hydrology data collected to date. Additional climate
data can be obtained from the following sources: Wood Buffalo Environmental Association (WBEA),
Environment Canada (EC), and the Alberta Government using the following links:

http://www.wbea.org/

http://www.climate.weatheroffice.gc.ca/Welcome _e.html

http://www.agriculture.alberta.ca/acis/alberta-weather-data-viewer.jsp
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Table 3.1-2

see symbol key at bottom

Summary of data available for the Climate and Hydrology component in support of the JOSMP, 1997 to 2014. (Page 1 of 2)

Location 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2014

W S S S S F S S FIW S S F S S FI[W S S F|[W S S Ffw s s F|W S S F|W S S Ffw s S F|W S S F|W S S FIW S S F|[W S S F|IW S S F|W S S F|wW S s F Status
Athabasca River Mainstem
Athabasca River below Eymundson Creek (S24) 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2(2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2t 2t 2t 2t|2t 2t 2t 2t|[2t 2t 2t 2t n/a
Athabasca River near Embarras Airport (S46) 2 2|2t 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t n/a
Athabasca River East Tributaries
Fort Creek at Highway 63 (S12) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2t 2t 2t 2t 2t 2t 2t 2t 2t| >5% Land Change
Isadore's Lake (L3) 1 1 1 1 11 12 2 1 12y1 2 1 112 1 1 2f2 2 12 11 121 1 11 1 1 11 1 1 11 1 1 1|1 1 1 11 1 1 1|1t 1t It It| 1t 1t 1t I1t| It It 1t 1t| >5% Land Change
Mills Creek at Highway 63 (S6) 2 2 2 2 2 2 2 2 2d 2d 2d 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2(2 2 2 2|2 2 2 2|2t 2t 2t 2t(2t 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t| >5% Land Change
Susan Lake Outlet (S25) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2t 2t 2t 2t 2t 2t 2t 2t 2t Baseline
Muskeg River Basin
Aurora Climate Station (C1) g9 g g 9 g g 9 g9 9(9 9 9 g 9 9 9(9 9 9 9|19 9 9 9|9 g gl9 g 9 9 9 919 9 9 9/9 9 9 9(9 9 9 99 9 9 919 9 9 9(9 9 9 9|9 9 9 9|9 g 9 g9 n/a
Kearl Lake (L2) 1 1 111 1 1 1 1 1 12 1 1 11 1 1 1|1 1 1 1f1 1 1 1|1 1 1 1|1 1 1 1th{lth 1th 1th 1th|1th 1th 1th 1th|1th 1th 1th 1th[1th 1th 1th 1th|1th 1th 1th 1th|1th 1th 1th 1th[1th 1th 1th 1th| >5% Land Change
Alsands Drain (S1) 2 2 2 2 2 2 2 2|2 2 2 2 2 2 2|2 2 2 2
Jackpine Creek at Canterra Road (S2) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2t|2t 2t 2t 2t|2t 2t 2t 2t{2t 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t| >5% Land Change
lyinimin Creek above Kearl Lake (S3) 2 2 2a 2a 2a 2a 2a 2a 2a 2a 2a 2a 2a 2a 2a 2 2 2 2 2 2a 2a 2 2a 2a 2a 2 2a 2 2a 2a 2a 2 2 2 2a 2a 2a 2a 2a 2a 2ta 2ta 2ta 2ta 2ta 2ta 2ta 2ta 2ta| >5% Land Change
Blackfly Creek near the Mouth (S4) 2 2 2 2 2
Muskeg River above Stanley Creek (S5) 2 2 2|2 2 2 2|12 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2t 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t| >5% Land Change
Muskeg River above Muskeg Creek (S5A) 2 2 2 2 2 2 2 2|2 2 2 2 2 2|2d 2d 2d 2d|2d 2d 2d 2d|2d 2d 2d 2td|[2td 2td 2td 2td|2td 2td 2td 2td|2td 2td 2td 2td|2td 2td 2td 2td|2td 2td 2td 2td|2td 2td 2td 2td|2td 2td 2td 2td|2td 2td 2td 2td|2td 2td 2td 2td|[2td 2td 2td 2td| >5% Land Change
Muskeg River near Fort McKay (07DA008/S7) 2 4 4 4 412 4 4 4|12 4 4 4|2 4 4 4|2 4 4 4|2 4 4 4|2 4 4 4|2 4 4 4|2 4 4 4|2 4 4 412 4 4 4|2t 4 4 4|2t 4 4 4|4 4 4 4| >5%Lland Change
Stanley Creek near the mouth (S8) 1 1 1 1 1 1 1 1 1 1 1 1 1
Kearl Lake Outlet (S9) 2 2 2 2e 2e 2e 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2t 2t 2t|2 2t 2t 2t|2 2t 2t 2t| >5% LandChange
Wapasu Creek at Canterra Road (S10/S10A) 2 2 2 2 2 2 2 2 2 2 2 2 22 2 2 2|12 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2t 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t| >5% Land Change
Albian Pond 3 Outlet (S13) 2 2 2 2 2 2 2 2 2
Muskeg River Upland (S20) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2t 2t 2t 2t 2t 2t 2t 2t 2t| >5% Land Change
Shelley Creek near the mouth (S21) 1 1 1 1 1 1 1 1 1
Muskeg Creek near the Mouth (S22) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t| >5% Land Change
Aurora Boundary Weir (S23) 2 2 2|2 2 2 2
Khahago Creek below Black Fly Creek (S28) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2|2 2 2 2
Muskeg River at the Aurora/Albian Boundary (S33) 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2|2t 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t| >5% Land Change
East Jackpine Creek near the 1300 m Contour (S37) 2 2 2 2 2 2 2 2 2 2 2 2 2 2t 2t 2t 2t 2t 2t 2t 2t 2t Baseline
E\lsoerg; Green Stockings Creek at East Athabasca Highway ot 2t 2t ot 2t 2t Baseline
Muskeg River High Water Gauging 3 3 3 3 3
Jackpine Creek High Water Gauging 3 3 3
Steepbank River Basin
Steepbank Climate Station (C3) b b b b gd|gd gd gd gd|gd gd gd gd|gd gd gd gd|{gd gd gd gd n/a
Steepbank River near Fort McMurray (07DA006/S38) 2 4 4 412 4 4 4|2 4 4 412 4 4 4|4 4 4 414 4 4 4| <5%Lland Change
Steepbank River below North Steepbank River (S66) 2t 2t 2t| <5% Land Change
Firebag River Basin
McClelland Lake (L1) 2 2 2 2 2 2 2 2 2 2 2 2 2 2a 2a 2a 2a 2a 2a 2|2 2a 2a 2a 2 2|1 1b 1b 1bfl|1h 1h 1h 1h|1h 1h 1h 1h|1h 1h 1th 1th| 1h 1h 1th 1th|1th 1th 1th 1th|1th 1th 1th 1th|1th 1th 1th 1th|1th 1th 1th 1th| <5% Land Change
Firebag River near the Mouth (07DC001/S27) 2 4 4 4|2 4 4 4|2 4 4 42 2 4 4 4|12 4 4 4|2 4 2 4 4 4|2 4 4 4|2 4 4 4|2 4 4 4|4 4 4 4|4 4 4 4| <5%Land Change
McClelland Lake Outlet at McClelland Lake (S35) 2 2 2 2 2
McClelland Lake Outlet above Firebag River (S36) 2 2 2 2 2 2 2 2 2 2 2 2 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t| >5% Land Change
Firebag River upstream of Suncro Firebag (S43) 2 2 2 2ta 2ta 2ta| 2t 2ta 2ta 2ta| 2t 2ta 2ta 2ta| 2t 2ta 2ta 2ta| 2t 2ta 2ta 2ta Baseline
Athabasca River West Tributaries
Pierre Climate Station (C4) gd gd|{gd gd gd gd|gd gd gd gd|{gd gd gd gd n/a
Pierre River near Fort McKay (S44) 2 2 2 2 2 2 2 2 2 2t 2t 2t 2t 2t 2t 2t 2t 2t Baseline
Big Creek (S48) 2 2 2 2t 2t 2t 2t 2t 2t 2t 2t 2t Baseline
Eymundson Creek near the mouth (S49) 2 2 2 2t 2t 2t 2t 2t 2t 2t 2t 2t Baseline
Red Clay Creek (S50/S50A) 2 2 2 2t 2t 2t 2t 2t 2t 2t 2t 2t Baseline

Note: Monitoring for the Climate and Hydrology Component was conducted under RAMP until 2013 and is now part of the JOSMP.

Legend

a = rainfall

b = rainfall and snowfall, or total precipitation
€ = snowcourse survey

d = barometric pressure

e = air temperature

f = relative humidity

1 = water levels

2 = water levels and discharge
3 = high water gauging

4 = hydrometric data collected by Environment Canada
t = water temperature

g = air temperature, relative humidity, rainfall and snowfall or total precipitation, wind speed and direction, solar radiation and snow on the ground

h = air temperature, total precipitation and relative humidity

-

Test (downstream of focal projects)
Baseline (upstream of focal projects)



Table 3.1-2 (Cont'd.) (Page 2 of 2)

see symbol key at bottom

Location 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2014

W S S FIW S S F|IW S S F|wW S S F S S W S S FIW S S FIW S S F|wW S S F|W S S F|W S S F S S FI[W S S F|[W S S Ffw s S F|[W S S F|IW S S F|W S S F Status
Ells River Basin
Namur Lake near the Outlet (L4/S52) 2t 2t 2t|2t 2t 2t 2|2t 2t 2t 2t Baseline
Ells River above Joslyn Creek (S14) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Ells River at Canadian Natural Bridge (S14A) 212 2 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t 2t 2t 2t 2 2t 2t 2t(2 2t 2t 2t|{2t 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t| 2t 2t 2t 2t| <5% Land Change
Ells River above Joslyn Creek Diversion (S45) 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t(2t 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t Baseline
Mackay River Basin
MacKay River near Fort McKay (07DB001/S26) 4 4 2 4 4 4|2 4 4 4|12 4 4 4|2 4 4 4|2 4 4 4|2 4 4 4 4 4 412 4 4 4|12 4 4 4|2 4 4 4|12 4 4 4|4 4 4 4|4 4 4 4| <5%Lland Change
MacKay River at Petro-Canada Bridge (S40) 2t 2t 2t 2t 2t 2t 2t| 2t 2ta 2ta 2tal2ta 2ta 2ta 2ta|2ta 2ta 2ta 2ta|2ta 2ta 2ta 2ta| 2t 2ta 2ta 2ta Baseline
Dover River near the mouth (S53) 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t Baseline
Dunkirk River near Fort McKay (S54) 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t Baseline
Tar River Basin
Horizon Climate Station (C2) g|gd gd gd gd|{gd gd gd gd|gd gd gd gd|{gd gd gd gd|gd gd gd gd|gd gd gd gd n/a
Tar River near the mouth (S15/S15A) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t| >5% Land Change
Tar River Upland Tributary (S17) 2 2 2 2 2 2 2 2 1 1 1
Tar River Lowland Tributary near the mouth (S19) 2 2 2a 2a 2a 2a 2a 2a 2a 2a 2a 2a 2a 2a|l b 2b 2b 2b| b 2b 2b 2b 2b 2b 2b| b 2b 2b 2 2a 2a 2a 2a 2a 2a 2ta 2ta 2ta 2ta 2ta 2ta 2ta 2ta 2ta| >5% Land Change
Tar River above Horizon Lake (S34) 2 2 2 2 2 2|2 2 2 2 2t 2t 2t| 2 2t 2t 2t 2 2t 2t 2t{2t 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t 2t 2t 2t 2t Baseline
Calumet River Basin
Calumet River near the mouth (S16/S16A) 2 2 2g 2g 2g| be 2the2tbe2tbg e 2be 2be2thd be be e 2 2 2 2 2 2 2t 2t 2t 2t 2t 2t 2t 2t 2t| <5% Land Change
Upland Calumet River (S18) 2 2
Calumet River Upland Tributary (S18A) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Poplar River Basin
Poplar Creek at Highway 63 (S11) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2|2 2 2 2|2 2 2 2|2 2 2 2 2t 2t 2t|2 2t 2t 2t(2 2t 2t 2t|{2 2t 2t 2t 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t| >5% Land Change
Beaver River above Syncrude (07DA018/S39) 4 4 412 4 4 4|2 4 4 412 4 4 4 4 4 4|14 4 4 4|4 4 4 4 Baseline
Clearwater River Tributaries
Surmont Climate Station (C5) gd|{gd gd gd gd|gd gd gd gd|gd gd gd gd n/a
Christina River near Chard (S29) 2 4a 4a 4a| 2 4a 4a 4a|2 4a 4a 4a|l2 4 4 4|2 4 4 412 4 4 4 4 4 412 4 4 4|2 4 4 412 4 4 4|2 4 4 4|14 4 4 4|14 4 4 4| <5%Land Change
Hangingstone River at Highway 63 (S30) 2 2 2
Hangingstone Creek at North Star Road (S31) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2a 2a 2a 2a 2a 2a 2ta 2ta 2ta| 2t 2ta 2ta 2tal 2t 2ta 2ta 2ta Baseline
Surmont Creek at Highway 881 (S32) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t Baseline
Clearwater River above Christina River (07DC005/S42) 2 4 4 412 4 4 412 4 4 4|2 4 4 414 4 4 414 4 4 4 Baseline
Christina River near the mouth (S47/S47A) 2t 2t)2t 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t| <5% Land Change
High Hills River near the mouth (S51) 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t Baseline
Gregoire River near the mouth (S55) 2t 2t 2t|2t 2t 2t 2t 2t 2t 2t 2t| <5% Land Change
Jackfish River below Christina Lake (S56) 2t 2t 2t|2t 2t 2t 2t 2t 2t 2t 2t| <5% Land Change
Sunday Creek above Christina Lake (S57) 2t 2t 2t|2t 2t 2t 2t|2t 2t 2t 2t| <5% Land Change
Sawbones Creek above Christina Lake (S58) 2t 2t 2t|2t 2t 2t 2t 2t 2t 2t| <5% Land Change
Unnamed Creek South of Christina Lake (S60) 2t 2t 2t 2t 2t 2t| >5% Land Change
Christina River above Statoil Leismer (S61) 2t 2t 2t|2t 2t 2t 2t Baseline
Birch Creek at Hwy 881 (S62) 2t 2t 2t|2t 2t 2t 2t Baseline
Sunday Creek at HWY 881 (S63) 2t 2t 2t|2t 2t 2t 2t Baseline
Unamed Creek East of Christina Lake (S64) 2t 2t 2t 2t 2t 2t| <5% Land Change
Snow Course Surveys
Muskeg River Basin Snowcourse Survey c c c c c
Fort Creek Basin Snowcourse Survey c
Canadian Natural Area Snowcourse Survey c c c
Wide-Area Snowcourse Survey c c c c c c c c c c n/a

Note: Monitoring for the Climate and Hydrology Component was conducted under RAMP until 2013 and is now part of the JOSMP.

Legend

a = rainfall

b = rainfall and snowfall, or total precipitation
€ = snowcourse survey

d = barometric pressure

e = air temperature

f = relative humidity

1 = water levels
2 = water levels and discharge
3 = high water gauging

4 = hydrometric data collected by Water Survey of Canada
t = water temperature

g = air temperature, relative humidity, rainfall and snowfall or total precipitation, wind speed and direction, solar radiation and snow on the ground

h = air temperature, total precipitation and relative humidity

-

Test (downstream of oil sands developments)
Baseline (upstream of oil sands developments)



3.1.2 Water Quality Component
3.1.2.1 Overview of 2014 Monitoring Activities

Monitoring activities for the Water Quality component were conducted in twelve sampling campaigns in
2014: monthly sampling (five locations in January and February, and seven locations in April, June,
August, October, November, December), and larger, seasonal campaigns in winter (March 5 to 11);
spring (May 6, 8, 9, 13, 14, 20, and 26); summer (July 9 to 11, 19); and fall (September 2 to 14).

Water quality sampling focused on the lower Athabasca River and its major tributaries as well as
regionally important lakes and wetlands. Water quality was sampled at 62 stations in 2014.

Figure 3.1-3 provides the locations of water quality sampling in 2014. Table 3.1-3 summarizes the
location of the 2014 water quality sampling stations, seasonal distribution of the sampling effort, and
water quality variables measured at each station. Sampling intensity was greatest during the fall
campaign, with samples collected from all 2014 monitoring stations in that season. For newly-established
stations, standard protocols include seasonal sampling for three years and then sampling once in fall in
subsequent years (Table 3.1-3). In addition, since 2013, a subset of stations have been sampled monthly.
In 2014, monthly water quality sampling was continued at five locations to assess seasonal changes in
water quality in greater detail. Two additional monthly water quality sampling stations were added to the
sampling program starting in April, based on direction through the JOSMP.

3.1.2.2 Summary of Field Methods and Sample Analysis

Station locations were identified using GPS coordinates, Alberta Forestry, Lands, and Wildlife Resource
Access Maps, and where applicable, written descriptions from past RAMP reports. Stations were
accessed by boat, helicopter, or four-wheel drive vehicle.

At all water quality stations, in situ measurements of dissolved oxygen (DO, mg/L), temperature (°C), pH,
and conductivity (uS/cm) were collected using a YSI Model 85 multi-probe water meter or a handheld
thermometer (temperature), a handheld pH/conductivity meter (pH and conductivity), and a LaMotte
portable Winkler titration kit (dissolved oxygen).

Field sampling involved the collection of single grab samples of water from smaller creeks or rivers, bank-
adjacent grab samples in large rivers, and collection of single grab samples in lakes and wetlands.

Grab samples were collected by submerging each sample bottle to a depth of approximately 30 cm,
uncapping and filling the bottle, and recapping at depth. The only exceptions to this were samples
collected for total hydrocarbons and BTEX analyses, which were taken from the surface of the water to
ensure capture of any floating hydrocarbons, and to ensure that the pre-charged preservative stayed in
the sample. The ultra-trace mercury bottle was triple-rinsed prior to the final sample collection, following
guidance from the analytical laboratory.

Samples taken at the mouth of tributaries were collected approximately 100 m upstream of the
confluence where possible to avoid influences of mainstem water on sampled water quality at each
station. Similarly, stations located on river mainstems near tributaries were sampled approximately 100 m
upstream of the tributary confluence.

Sampling methods were modified in winter in response to environmental conditions, and to account for
and preclude any sampling error or contamination associated with the requisite use of secondary sample
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transfer vessels and ice augers (all waterbodies sampled during other seasons were free of ice). Water
was collected through holes drilled into the river/lake ice using a gas-powered auger. For grab samples,
one hole was drilled at the estimated stream thalweg. Samples were collected from as far as possible
below the surface of the water using a dipped bottle. This method was used rather than use of a
peristaltic pump (as in previous recent years) because air temperatures were too low to allow free flow of
water through the pump tubing to sampling bottles (i.e., water froze in the tubing). Following collection,
samples were then preserved as required.

All water samples were collected, preserved, and shipped according to protocols specified by consulting
laboratories. The number and assortment of sampling bottles provided for some conventional variables
(i.e., nutrients, BOD, dissolved organic carbon [DOC], and major ions) was modified by ALS Environmental
in 2014; as part of this change, samples collected for analysis of DOC were no longer filtered in the field
through a disposable, 0.45-um filter, as done in previous years. Instead, these samples were provided to
the ALS laboratory in Fort McMurray on the same day of sampling, and filtered at the laboratory.

All water quality samples taken in all sampling seasons in 2014 were analyzed for standard variables that
have been historically sampled by RAMP (Table 3.1-4, Table 3.1-5). All analyses were conducted by ALS
Environmental Ltd. (Fort McMurray and Edmonton, Alberta), with the exception of total and dissolved
metals (including ultra-trace mercury) and acid-extractable organics (naphthenic acids), which were
analyzed by Alberta Innovates Technology Futures (AITF) in Vegreville, Alberta, and PAHs, which were
analyzed by AXYS Analytical Services Ltd. in Sidney, BC. Samples collected from regional lakes were also
analyzed for chlorophyll a by ALS.

Details of analytical chemistry methods and associated detection limits for the Water Quality component
are provided in Table 3.1-4 and Table 3.1-5. Although detection limits could vary between individual
analyses based on sample-specific laboratory QA data (e.g., spike recoveries, method blank results,
etc.), standard method detection limits typically were applied to all non-detectable data, with the notable
exception of ultra-trace PAHs, where blank-corrected detection limits were applied.

Blank Correction of Detection Limits for Ultra-trace PAHs

Ultra-trace analysis of PAHs in water was introduced in 2011, with analysis conducted by AXYS Analytical
Ltd. (AXYS) using low-resolution mass spectrometry (LRMS). Results for 43 parent and alkylated PAH
homologues were reported, with analytical reporting (detection) limits of approximately 0.1 ng/L.

Analytical results from AXYS presented reporting limits (RL, equal to sample-specific detection limits) for
each PAH compound (ranging from 0.05 to 0.24 ng/L); these were calculated for each sample tested
based on various internal QA performance assessments undertaken with each analysis. Given that the
RLs were variable among tests and measurements in trip blanks exceeded RLs in some cases (typically
in different analytical batches), data were subsequently blank-corrected to calculate project-wide,
consistent detection limits (DLs) for each PAH compound. This allowed for consistent comparisons of all
PAH data collected in 2014. This blank-correction procedure followed methods developed in conjunction
with AXYS for the RAMP 2011 data (RAMP 2012) so that all results measured for a given PAH
compound had the same detection limit applied for data from all stations and seasons. Project-wide,
blank-corrected DLs for each PAH species (or, in the case of alkylated forms, groups of compounds) were
generated by calculating DLs for each PAH equal to 2x the standard deviation of concentrations of that
compound measured in all project trip blanks.
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Figure 3.1-3

Locations of water quality stations monitored in support of the 2014 JOSMP.
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Table 3.1-3  Sampling summary for the Water Quality component in support of the 2014 JOSMP.

UTM Coordinates (NAD83, Zone 12)

Analytical Package by Season

Station Identifier and Location - - - - Sample Type
Easting Northing Winter Spring Summer Fall
Athabasca River
ATR-DD-E Athabasca River downstream of all development (east bank) 463808 6367911 1 1 1 1 East bank grab
ATR-DD-W Athabasca River downstream of all development (west bank) 462818 6367661 1 1 1 1 West bank grab
ATR-DD-C Athabasca River downstream of all development (centre channel) 463300 6367880 1 1 1 1 Mid-channel grab
Tributaries to the Athabasca River (Southern)
Clearwater River and Tributaries
CLR-1 Clearwater River upstream of Fort McMurray 479500 6284210 - - - 1 Mid-channel grab
CLR-2* Clearwater River upstream of Christina River 499210 6279831 1 1 1 1 Mid-channel grab
HAR-1 Hangingstone River (upstream of Fort McMurray) 478539 6276489 - - - 1 Mid-channel grab
HAR-1A Hangingstone River (lower) 478093 6284967 - - - 1 Mid-channel grab
Christina River and Tributaries
CHR-1* Christina River upstream of Fort McMurray 495968 6280327 1 1 1 1 Mid-channel grab
CHR-2* Christina River upstream of Janvier 511754 6192348 - 1 1 1 Mid-channel grab
CHR-3 Christina River upstream of Jackfish River 486512 6174647 1 1 1 1 Mid-channel grab
CHR-4 Christina River upstream of development 466231 6193833 1 1 1 1 Mid-channel grab
GRR-1 Gregoire River (lower) 510152 6259979 1 1 1 1 Mid-channel grab
JAR-1 Jackfish River 493812 6169530 1 1 1 1 Mid-channel grab
SuUC-1 Sunday Creek downstream 506690 6159784 1 1 1 1 Mid-channel grab
Suc-2 Sunday Creek upstream 494290 6157246 1 1 1 1 Mid-channel grab
SAC-1 Sawbones Creek 511458 6167194 1 1 1 1 Mid-channel grab
UNC-2 Unnamed Creek east of Christina Lake 517814 6163718 1 1 1 1 Mid-channel grab
UNC-3 Unnamed Creek south of Christina Lake 511159 6159892 1 1 1 1 Mid-channel grab
BRC-1 Birch Creek 492165 6163211 1 1 1 1 Mid-channel grab
High Hills River
HHR-1 High Hills River (mouth) 529929 6289270 1 1 1 1 Mid-channel grab
Tributaries to the Athabasca River (Eastern)
FOC-1 Fort Creek 461524 6363111 - - - 1 Mid-channel grab
MCC-1 McLean Creek (mouth) 474637 6306051 - - - 1 Mid-channel grab
Steepbank River
NSR-1 North Steepbank River 497388 6324553 - - - 1 Mid-channel grab
STR-1 Steepbank River (mouth) 471387 6320175 1 - - 1 Mid-channel grab
STR-2* Steepbank River upstream of Suncor Millennium 485838 6309341 - 1 1 1 Mid-channel grab
STR-3 Steepbank River upstream of North Steepbank River 499874 6297592 - - - 1 Mid-channel grab
Muskeg River and Muskeg River Tributaries
MUR-1* Muskeg River (mouth) 463519 6332463 1 1 1 1 Mid-channel grab
MUR-6A Muskeg River upstream of Wapasu Creek 492237 6354936 - - - 1 Mid-channel grab
JAC-1 Jackpine Creek (mouth) 471866 6346436 - - - 1 Mid-channel grab
JAC-2 Jackpine Creek (upstream) 480033 6324995 - - - 1 Mid-channel grab
MUC-1 Muskeg Creek (mouth) 481030 6349015 - - - 1 Mid-channel grab
IYC-1 lyinimin Creek 489748 6344886 - - - 1 Mid-channel grab
STC-1 Stanley Creek (mouth) 477300 6356710 - - - 1 Mid-channel grab
WAC-1 Wapasu Creek at Canterra Road crossing 490287 6355908 - - - 1 Mid-channel grab
Legend

1 = standard water quality parameters (conventionals, major ions, nutrients, total & dissolved metals, recoverable hydrocarbons and naphthenic acids) + PAHs

2 = standard water quality + chlorophyll-a + PAHs
* = monthly sampling
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Table 3.1-3 (Cont'd.)

. . ) UTM Coordinates (NAD83, Zone 12) Analytical Package by Season
Station Identifier and Location - - - - Sample Type
Easting Northing Winter Spring Summer Fall
Firebag River
FIR-1 Firebag River (mouth) 479369 6400440 - - - 1 Mid-channel grab
FIR-2 Firebag River upstream of Suncor Firebag 530900 6355270 - - - 1 Mid-channel grab
Tributaries to the Athabasca River (Western)
BER-1 Beaver River (mouth) 463620 6330924 - - - 1 Mid-channel grab
POC-1* Poplar Creek (mouth) 473045 6308835 1 1 1 1 Mid-channel grab
BER-2 Beaver River (upper) 465473 6311287 - - - 1 Mid-channel grab
CAR-1 Calumet River (mouth) 460808 6363189 - - - 1 Mid-channel grab
CAR-2 Calumet River (upper river) 454027 6366799 - - - 1 Mid-channel grab
ELR-1 Ells River (mouth) 459254 6351516 - - - 1 Mid-channel grab
ELR-3 Ells River (upstream) 440398 6342423 1 1 1 1 Mid-channel grab
TAR-1 Tar River (mouth) 458846 6353513 - - - 1 Mid-channel grab
TAR-2 Tar River upstream of Canadian Natural Horizon 440347 6361661 - - - 1 Mid-channel grab
PIR-1 Pierre River (mouth) 462262 6367486 - - - 1 Mid-channel grab
EYC-1 Eymundson Creek (mouth) 465876 6372331 - - - 1 Mid-channel grab
BIC-1 Big Creek (mouth) 471619 6387768 - - - 1 Mid-channel grab
RCC-1 Red Clay Creek (mouth) 475771 6395073 - - - 1 Mid-channel grab
MacKay River
MAR-1 MacKay River (mouth) 461100 6336452 - - - 1 Mid-channel grab
MAR-2* MacKay River upstream of Suncor MacKay 444868 6314100 1 1 1 1 Mid-channel grab
MAR-2A MacKay River upstream of Suncor Dover 449746 6320067 - - - 1 Mid-channel grab
Lakes and Wetlands
ISL-1 Isadore’s Lake 463304 6343405 - - - 2 Mid-lake grab
KEL-1 Kearl Lake 484933 6348857 - - - 2 Mid-lake grab
MCL-1 McClelland Lake 478648 6372008 - - - 2 Mid-lake grab
SHL-1 Shipyard Lake 473405 6313057 - - - 2 Mid-lake grab
JOL-1 Johnson Lake 538072 6391747 2 2 2 2 Mid-lake grab
CHL-1 Christina Lake 497045 6164621 2 2 2 2 Mid-lake grab
NAL-1 Namur Lake 402184 6369225 2 2 2 2 Mid-lake grab
GAL-1 Gardiner Lake 410783 6377852 2 2 2 2 Mid-lake grab
GRL-1 Gregoire Lake 494459 6254984 2 2 2 2 Mid-lake grab
Tributaries to Lakes
MIC-1 Mills Creek, tributary to Isadore's Lake 463758 6344925 - - - 1 Mid-channel grab
QA/QC!
Trip and field blank:
) 1 1 1 1 spI’i)t,adL?pliie?teb e
Legend

1 = standard water quality variables (conventionals, major ions, nutrients, total & dissolved metals, recoverable hydrocarbons and naphthenic acids) + PAHs
2 = standard water quality + chlorophyll-a + PAHs
* = monthly sampling
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Table 3.1-4

Standard water quality variables measured in support of the 2014 JOSMP.

Group Analyte Units Detection Limit Analytical Method VMV Code Lab
Conductivity puS/icm 0.2 APHA 4500-H, 2510, 2320 2041 ALS
Dissolved Organic Carbon mg/L 1 APHA 5310 C-Instrumental 6101 ALS
Hardness (as CaCO3) mg/L - APHA 1030E 10602 ALS
pH pH 0.1 APHA 4500-H, 2510, 2320 10301 ALS
Conventional  Total alkalinity mg/L 2 APHA 4500-H, 2510, 2320 10165 ALS
Variables Total Dissolved Solids ma/L 12 APHA 2540 C 99558  ALS
Total Dissolved Solids (Calculated) mg/L - APHA 1030E 203 ALS
Total Organic Carbon mg/L 1 APHA 5310 C-Instrumental 6001 ALS
Total Suspended Solids mg/L 3 APHA 2540 D 102455 ALS
True Colour TCU 2 APHA 2120 2021 ALS
Benzene mg/L 0.0005 EPA 5021/8015&8260 GC-MS & FID 108880 ALS
CCME Fraction 1 (BTEX) mg/L 0.1 EPA 5021/8015&8260 GC-MS & FID 107875 ALS
CCME Fraction 1 (C6-C10) mg/L 0.1 EPA 5021/8015&8260 GC-MS & FID 107874 ALS
CCME Fraction 2 (C10-C16) mg/L 0.25 EPA 3510/CCME PHC CWS-GC-FID 107876 ALS
CCME Fraction 3 (C16-C34) mg/L 0.25 EPA 3510/CCME PHC CWS-GC-FID 107878 ALS
CCME Fraction 4 (C34-C50) mg/L 0.25 EPA 3510/CCME PHC CWS-GC-FID 107880 ALS
Ethylbenzene mg/L 0.0005 EPA 5021/8015&8260 GC-MS & FID 108916 ALS
General m+p-Xylene mg/L 0.0005 EPA 5021/8015&8260 GC-MS & FID 108937  ALS
Organics Naphthenic acids mg/L 0.02 GC/MS-ion-trapping, 2011 standard 108338 AITF
Oilsands extractable mg/L 0.1 GC/MS-ion-trapping, 2011 standard 108477 AITF
0-Xylene mg/L 0.0005 EPA 5021/8015&8260 GC-MS & FID 108936 ALS
Toluene mg/L 0.0005 EPA 5021/8015&8260 GC-MS & FID 108925 ALS
Total phenolics mg/L 0.001 AB ENV.06537-COLORIMETRIC 6537 ALS
Total recoverable hydrocarbons mg/L 1 APHA 5520 F ALS
Xylenes mg/L 0.00071 EPA 5021/8015&8260 GC-MS & FID 109160 ALS
Bicarbonate (HCO3) mg/L 5 APHA 4500-H, 2510, 2320 6201 ALS
Calcium (Ca) mg/L 0.5 APHA 3030 B&E/EPA SW-846 6020A 104568 ALS
Carbonate (CO3) mg/L 5 APHA 4500-H, 2510, 2320 6301 ALS
Chloride (CI) mg/L 0.5 APHA 4110 B-ION CHROMATOGRAPHY 99494 ALS
Hydroxide (OH) mg/L 5 APHA 4500-H, 2510, 2320 8501 ALS
Major ions lon Balance % - APHA 1030E 118 ALS
Magnesium (Mg) mg/L 0.1 APHA 3030 B&E/EPA SW-846 6020A 104587 ALS
Potassium (K) mg/L 0.5 APHA 3030 B&E/EPA SW-846 6020A 104599 ALS
Sodium (Na) mg/L 1 APHA 3030 B&E/EPA SW-846 6020A 104609 ALS
Sulphate (SO4) mg/L 0.5 APHA 4110 B-ION CHROMATOGRAPHY 98228 ALS
Sulphide mg/L 0.0015 APHA 4500 -S E-Auto-Colorimetry - ALS
Ammonia-N mg/L 0.05 APHA 4500 NH3-NITROGEN (AMMONIA) - ALS
Biochemical Oxygen Demand mg/L 2 APHA 5210 B-5 day Incub.-O2 electrode 8202 ALS
Nitrate mg/L 0.05 APHA 4110 B-ION CHROMATOGRAPHY 102961 ALS
) Nitrate+Nitrite mg/L 0.054 CALCULATION 103392 ALS
2‘#5”52;; Nitrite mg/L 0.02 APHA 4110 B-ION CHROMATOGRAPHY 102962  ALS
Phosphorus, dissolved mg/L 0.001 APHA 4500-P PHOSPHORUS 15113 ALS
Phosphorus, total mg/L 0.001 APHA 4500-P PHOSPHORUS 15406 ALS
Total Kjeldahl Nitrogen mg/L 0.2 APHA 4500-NORG (TKN) 7021 ALS
Total nitrogen mg/L - (Calculated) - -
Aluminum mg/L 0.0002 ICP/MS by DRC-II 103999 AITF
Antimony mg/L 0.000001 ICP/MS by DRC-II 80043 AITF
Arsenic mg/L 0.000004 ICP/MS by DRC-II 80020 AITF
Barium mg/L 0.000004 ICP/MS by DRC-II 80022 AITF
Beryllium mg/L 0.000008 ICP/MS by DRC-II 80023 AITF
Total Metals .
Bismuth mg/L 0.000001 ICP/MS by DRC-II 80024 AITF
Boron mg/L 0.0001 ICP/MS by DRC-II 80021 AITF
Cadmium mg/L 0.000002 ICP/MS by DRC-II 80026 AITF
Calcium mg/L 0.01 ICP/MS by DRC-II 80025 AITF
Chlorine mg/L 0.04 ICP/MS by DRC-II 80027 AITF
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Table 3.1-4 (Cont’'d.)

Group Analyte Units  Detection Limit Analytical Method VMV Code Lab
Chromium mg/L 0.00003 ICP/MS by DRC-II 80029 AITF
Cobalt mg/L 0.000002 ICP/MS by DRC-II 80028 AITF
Copper mg/L 0.00005 ICP/MS by DRC-II 80030 AITF
Iron mg/L 0.0007 ICP/MS by DRC-II 80031 AITF
Lead mg/L 0.000003 ICP/MS by DRC-II 80041 AITF
Lithium mg/L 0.00005 ICP/MS by DRC-II 80034 AITF
Manganese mg/L 0.000005 ICP/MS by DRC-II 80036 AITF
Mercury mg/L 0.000008 ICP/MS by DRC-II 80032 AITF
Mercury (Hg), ultra-trace ng/L 0.08 ICP/MS by DRC-II 74475 AITF
Molybdenum mg/L 0.000002 ICP/MS by DRC-II 80037 AITF

Total Metals  Nickel mg/L 0.000008 ICP/MS by DRC-II 80039  AITF

(Contd.) Selenium mg/L 0.00006 ICP/MS by DRC-II 80044  AITF
Silver mg/L 0.000002 ICP/MS by DRC-II 103998 AITF
Strontium mg/L 0.000001 ICP/MS by DRC-II 80047 AITF
Sulphur mg/L 0.2 ICP/MS by DRC-II 80042 AITF
Thallium mg/L 0.0000009 ICP/MS by DRC-II 80053 AITF
Thorium mg/L 0.0000009 ICP/MS by DRC-II 80048 AITF
Tin mg/L 0.000003 ICP/MS by DRC-II 80046 AITF
Titanium mg/L 0.00005 ICP/MS by DRC-II 80049 AITF
Uranium mg/L 0.000003 ICP/MS by DRC-II 80054 AITF
Vanadium mg/L 0.00001 ICP/MS by DRC-II 80055 AITF
Zinc mg/L 0.0001 ICP/MS by DRC-II 80056 AITF
Aluminum mg/L 0.00013 ICP/MS by DRC-II 103927  AITF
Antimony mg/L 0.000008 ICP/MS by DRC-II 103951 AITF
Arsenic mg/L 0.000003 ICP/MS by DRC-II 103928 AITF
Barium mg/L 0.00005 ICP/MS by DRC-II 103930 AITF
Beryllium mg/L 0.000009 ICP/MS by DRC-II 103931 AITF
Bismuth mg/L 0.000003 ICP/MS by DRC-II 103932  AITF
Boron mg/L 0.00013 ICP/MS by DRC-II 103929 AITF
Cadmium mg/L 0.000002 ICP/MS by DRC-II 103934 AITF
Calcium mg/L 0.03 ICP/MS by DRC-II 103933 AITF
Chlorine mg/L 0.03 ICP/MS by DRC-II 103935 AITF
Chromium mg/L 0.0001 ICP/MS by DRC-II 103937  AITF
Cobalt mg/L 0.000002 ICP/MS by DRC-II 103936 AITF
Copper mg/L 0.00008 ICP/MS by DRC-II 103938 AITF
Iron mg/L 0.0006 ICP/MS by DRC-II 103939 AITF
Lead mg/L 0.000004 ICP/MS by DRC-II 103949 AITF

pissalved  Lithium mg/L 0.00002 ICP/MS by DRC-II 103942 AITF
Manganese mg/L 0.00001 ICP/MS by DRC-II 103944 AITF
Mercury mg/L 0.000009 ICP/MS by DRC-II 103940 AITF
Molybdenum mg/L 0.000002 ICP/MS by DRC-II 103945 AITF
Nickel mg/L 0.000006 ICP/MS by DRC-II 103947 AITF
Selenium mg/L 0.00004 ICP/MS by DRC-II 103952  AITF
Silver mg/L 0.000001 ICP/MS by DRC-II 103926 AITF
Strontium mg/L 0.00007 ICP/MS by DRC-II 103955 AITF
Sulphur mg/L 0.2 ICP/MS by DRC-II 103950 AITF
Thallium mg/L 0.0000004 ICP/MS by DRC-II 103958 AITF
Thorium mg/L 0.0000008 ICP/MS by DRC-II 103956  AITF
Tin mg/L 0.000003 ICP/MS by DRC-II 103954 AITF
Titanium mg/L 0.00008 ICP/MS by DRC-II 103957 AITF
Uranium mg/L 0.000002 ICP/MS by DRC-II 103959 AITF
Vanadium mg/L 0.00002 ICP/MS by DRC-II 103960 AITF
Zinc mg/L 0.00009 ICP/MS by DRC-II 103961 AITF
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Table 3.1-5 PAH variables measured in water collected in support of the 2014 JOSMP.

. Average Cc?rllienokt;ed Analytical
Group Analyte Units Rep.oryng Detection Method Lab
Limit Limit

Biphenyl ng/L 0.094 1.631 LR GC/MS AXYS
C1-Biphenyls ng/L 0.084 9.498 LR GC/MS AXYS
C2-Biphenyls ng/L 0.131 45.410 LR GC/MS AXYS
Naphthalene ng/L 0.159 34.517 LR GC/MS AXYS
C1-Naphthalenes ng/L 0.135 16.678 LR GC/MS AXYS
C2-Naphthalenes ng/L 0.215 4.813 LR GC/MS AXYS
C3-Naphthalenes ng/L 0.141 2.860 LR GC/MS AXYS
C4-Naphthalenes ng/L 0.185 4611 LR GC/MS AXYS
Acenaphthylene ng/L 0.091 272 LR GC/MS AXYS
Acenaphthene ng/L 0.116 AT7 LR GC/MS AXYS
C1-Acenaphthenes ng/L 0.114 479 LR GC/MS AXYS
Fluorene ng/L 0.069 497 LR GC/MS AXYS
C1-Fluorenes ng/L 0.138 5.475 LR GC/MS AXYS
C2-Fluorenes ng/L 0.120 2.744 LR GC/MS AXYS
C3-Fluorenes ng/L 0.200 8.118 LR GC/MS AXYS
Phenanthrene ng/L 0.081 1.566 LR GC/MS AXYS
Anthracene ng/L 0.083 0.154 LR GC/MS AXYS
C1-Phenanthrenes/Anthracenes ng/L 0.111 0.887 LR GC/MS AXYS
C2-Phenanthrenes/Anthracenes ng/L 0.079 2.248 LR GC/MS AXYS
C3-Phenanthrenes/Anthracenes ng/L 0.122 1.844 LR GC/MS AXYS
C4-Phenanthrenes/Anthracenes ng/L 0.237 3.717 LR GC/MS AXYS
PAHs Retene ng/L 0.241 0.591 LR GC/MS AXYS
Dibenzothiophene ng/L 0.090 0.439 LR GC/MS AXYS
C1-Dibenzothiophenes ng/L 0.120 0.251 LR GC/MS AXYS
C2-Dibenzothiophenes ng/L 0.124 1.346 LR GC/MS AXYS
C3-Dibenzothiophenes ng/L 0.159 1.546 LR GC/MS AXYS
C4-Dibenzothiophenes ng/L 0.144 2.547 LR GC/MS AXYS
Fluoranthene ng/L 0.053 0.649 LR GC/MS AXYS
Pyrene ng/L 0.052 0.486 LR GC/MS AXYS
C1-Fluoranthenes/Pyrenes ng/L 0.202 1.253 LR GC/MS AXYS
C2-Fluoranthenes/Pyrenes ng/L 0.174 1.539 LR GC/MS AXYS
C3-Fluoranthenes/Pyrenes ng/L 0.166 0.894 LR GC/MS AXYS
Benz[a]anthracene ng/L 0.070 0.176 LR GC/MS AXYS
Chrysene ng/L 0.070 0.299 LR GC/MS AXYS
C1-Benzo[a]anthracenes/Chrysenes ng/L 0.081 0.371 LR GC/MS AXYS
C2-Benzo[a]anthracenes/Chrysenes ng/L 0.108 0.398 LR GC/MS AXYS
Benzo[b,j,k]fluoranthene ng/L 0.099 0.230 LR GC/MS AXYS
Benzo[a]pyrene ng/L 0.149 0.217 LR GC/MS AXYS
C1-Benzofluoranthenes/Benzopyrenes ng/L 0.177 0.819 LR GC/MS AXYS
C2-Benzofluoranthenes/Benzopyrenes ng/L 0.185 0.995 LR GC/MS AXYS
Indeno[1,2,3-c,d]-pyrene ng/L 0.122 0.227 LR GC/MS AXYS
Dibenz[a,h]anthracene ng/L 0.129 0.703 LR GC/MS AXYS
Benzo[g,h,i]perylene ng/L 0.107 0.153 LR GC/MS AXYS
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Where a mean RL was greater than the blank-corrected DL, the RL was adopted as the project-wide DL. In
most cases, the blank-corrected DL was higher than the mean RL, resulting in the adoption of the
blank-corrected DL as the project-wide DL. This resulted in an increase in detection limits for most PAH
compounds, typically of less than one order of magnitude. However, for some PAHSs, the DL increased by
over an order of magnitude. Both PAH-specific RLs and associated, blank-corrected DLs are provided in
Table 3.1-5.

A result of applying these blank-corrected detection/reporting limits was an increase in the number of
non-detectable concentrations. However, this was necessary to reduce the likelihood of false positives in
the dataset. Conversely, concentrations of total PAHs were increased by use of this blank-correction
method for DLs, given that total PAHs were reported as the sum of all PAH compounds calculated using
1x the project-wide DL, to be conservative (i.e., estimate on the high side) and to be consistent with other
summation variables presented in this report (e.g., total PAHs in sediments).

3.1.2.3 Changes in Monitoring Network from 2013

The 2014 monitoring network for the Water Quality component was the same as the 2013 monitoring
network with the following exceptions:

= Four seasonal test stations were removed from the sampling program including; Athabasca River
east and west bank upstream of the Steepbank River (ATR-SR-E and ATR-SR-W) and Athabasca
River east and west bank upstream of the Muskeg River (ATR-MR-E and ATR-MR-W);

= Athabasca River east and west bank upstream of the Donald Creek (ATR-DC-E and ATR-DC-W)
was only sampled in March 2014 and then removed from the program;

= Athabasca River downstream of development center channel (ATR-DD-C) was added to the
seasonal sampling program starting in the spring sampling event;

= Two stations were added to the monthly sampling program starting in April 2014, including the
Steepbank River upstream of Suncor Millennium (STR-2) and the Christina River upstream of
Janvier (CHR-2); and

= Four new stations were established, including the Gregoire River (GRR-1, test), Namur Lake
(NAL-1, baseline), Gardiner Lake (GAL-1, baseline), and Gregoire Lake (GRL-1, test) and
sampled seasonally starting in the spring.

3.1.2.4 Changes in Analytical Chemistry Methods from 2013

No changes were made in analytical chemistry methods from 2013 to 2014.

3.1.2.5 Challenges Encountered and Solutions Applied

All planned sampling was undertaken without major issue or incident.

3.1.2.6 Other Information Obtained

All sampling in 2014 was conducted by the Hatfield implementation team, with the exception of three
stations on the mainstem Athabasca River (ATR-UFM, ATR-OF, and ATR-FR) that were sampled by
AESRD, with the data for ATR-UFM and ATR-OF provided for inclusion in the analyses contained in this
report (Table 3.1-3). The analytical package used by AESRD for PAHs, CCME hydrocarbons, and BTEX
differed from this program’s analytical procedures, with higher detection limits in the AESRD data.

3.1.2.7 Summary of Component Data Now Available

Water quality data collected to date are summarized in Table 3.1-6. Table 3.1-6 does not include all data
collected by AESRD, only the data provided for this report.
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Table 3.1-6 Summary of data available for the Water Quality component of the JOSMP, 1997 to 2014. (Page 1 of 2)
See symbol key below.
. 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Waterbody and Location Station
W S S F|lw S S Flw S S FIW S S F|W S S F|IW S S FIW S S F|W S S FIW S S F|W S S FfwWw S S F|IW S S FIwW S S F|IW S S F|wW S S F|IW S S F|W S S F|W S S F
Athabasca River
Upstream of Fort McMurray (grab) # ATR-UFM 13 11 13 11|13 11 13 11|13 11 13 11|13 11 13 11 (13 11 13 11|13 11 13 11|13 11 13 11|13 11 13 11|13 11 13 11|13 11 13 11|13 11 13 11|11 13 11 13|11 13 11 13|11 13 11 13|11 13 11 13|11 13 11 13|11 13 11 13[11 13 11 13
Upstream Donald Creek (cross channel) ATR-DC-CC 1 1 1 3 3 1 111 1 1
(west bank) ® ATR-DC-W 1 1 3 1 1 1 1 1 111 111 111 1 1 11 3 3 3|3 3 3 3|3 3 3 3|3
(east bank) b ATR-DC-E 1 1 3 1 1 1 1 1 1(1 111 1{14 1 1 1f1 3 3 33 3 3 33 3 3 3|3
(middle) ATR-DC-M 1
Upstream of the Steepbank River (middle) ATR-SR-M 1
(west bank) ATR-SR-W 1 1 1 1 1 1 1 1 1 1 1 & & &
(east bank) ATR-SR-E 1 1 1 1 1 1 1 1 1 1 1 3 3 3
Upstream of the Muskeg River (middle) ATR-MR-M 1
(west bank) be ATR-MR-W 1 1 1 1 1 1 1 1 1 1 1 1 3 3 3
(east bank) °© ATR-MR-E 1 1 1 1 1 1 1 1 1 1 1 1 & & &
Upstream Fort Creek (cross channel) ATR-FC-CC-D 1 1 1
(west bank) "¢ ATR-FC-W 1 3 1 1
(east bank) °° ATR-FC-E 1 1 3 1 1
(middle) ATR-FC-M 1
Downstream of all development (cross channel) ATR-DD-CC 1 1 1 3 (11 1 1 3 (11 1 1 3 (11 1 1 1
(centre channel) ATR-DD-C 3 3 3
(east bank) ATR-DD-E 111+ 11t 1 1 11 1 1 11t 1 1 171 1 1 11 1 1 171 3 3 3(3 3 3 3|3 3 3 33 3 3 3
(west bank) ATR-DD-W 111 1111 1 111 1 11 1 1 11 1 1 1f(1 1 1 1f1 3 3 3(3 3 3 3[3 3 3 3|3 3 3 3
Upstream of mouth of Firebag River ATR-FR-CC 1 1 1 1 1 1 1 1 1 3 3
Upstream of the Embarras River (cross channel) ATR-ER 1 1 & 1
Embarras River EMR-1 1
At Old Fort (grab) © ATR-OF 11 11 11 11|11 11 11 1112 12 12 12|12 12 12 12|12 12 12 12|12 12 12 12[12 12 12 12|12 12 12 12|12 12 12 12|12 12 12 12|12 12 12 12|12 12 12 12|12 12 12 12|12 12 12 12|12 12 12 12
Athabasca River Delta
Big Point Channel ® ARD-1 1 1 1 1 1
Athabasca River tributaries (Eastern)
McLean Creek (mouth) MCC-1 6 7 6 6 9 6 6 9 6 6 7 6 6 7 6 6 9 7 7 9 6 6 9 9 1 1 1 & & & &
(100 m upstream) MCC-2 6 6
Steepbank River (mouth) STR-1 3 1 1 1 1 1 111 1 1(1 1 1 1 1 1 1(1 1(1 11 1 (1 3|3 3|3 3|3 &
(upstream of Project Millennium) STR-2 1 1 1 1 1 1 1 1 1 1 3 3 3 3 3 3
(upstream of Nt. Steepbank) STR-3 1T 1 1 111 1 1 1 11 111 1 1 1 1 1 1 3 3 & &
North Steepbank River (upstream of Suncor Lewis) NSR-1 1T 1 111 1 1 1f(1 1 1 111 1 1 1 1 1 1 1 1 3 3 3 3
Fort Creek (mouth) FOC-1 7 7 6 6 7 6 6 7 6 6 7 6 6 7 7 6 6 7 6 6 7 1 & & & &
Muskeg River
Mouth " MUR-1 1 1(13 13,1 13,1 11,1] 13 13,6 13,6 11,7 1 1 1 1 1 1 1 1 1 1 1 & 3/3 3 3 3|3 3 3 3
Upstream of Wapasu Creek MUR-6 1,2 7 7 7 6 6 9 6 6 7 6 6 7 6 6 7 6 6 7 6 6 7 6 6 7 7 6 6 7 1 1 3 3
(1000 m upstream of MUR-6) MUR-6A 3 3
Muskeg River Tributaries
Alsands Drain (mouth) " ALD-1 13 13 13 11|13 136136 11,7( 4 10 10 10 4 10 10 10| 4 10 10 10 4 10 10 10| 4 10 10 10
Jackpine Creek (mouth) ¢ JAC-1 13 13 13 11|13 13 13 111 1 1 1 1 1 1 1 1 1 1 1 1 2 3 3 3 3
(upper) JAC-2 1 1 2 3 3 3 3
Shelley Creek (mouth) SHC-1 11 11,1 1 1 1 3
Muskeg Creek (mouth) MUC-1 11,2 11,1 1 1 1 111 1 1 1 1 1 111 1 1 1 3 3 3 &
Stanley Creek (mouth) STC-1 11 11,1 111 1 1 11 1 1 1|11 1 1 111 1 1 1 1 1 1 1 1 3 3 3 3
lyinimin Creek (mouth) IYC-1 1 1 1 1 3 3 3 3
Wapasu Creek (Canterra Road Crossing) WAC-1 11,2] 1 11,1 1 1 1 1 1 1 1 3 3 3 3
Note: Monitoring for the Water Quality Component was conducted under RAMP until 2013 and is now part of the JOSMP.
Legend Footnotes

1 = standard water quality variables (conventionals, major ions, nutrients, total & dissolved metals,

recoverable hydrocarbons and naphthenic acids)

2 = standard w.q. + chronic toxicity testing (Pseudokirchneriella subcapitata,

Ceriodaphnia dubia, Pimephales promelusfathead minnow)

3 = standard water quality + PAHs

4 = standard water quality + chronic tox testing + PAHs
5 = standard water quality for OPTI lakes

6 = thermograph

7 = thermograph + standard water quality

8 = thermograph + standard water quality + PAHs

9 = thermograph + standard water quality + chronic tox. testing
10 = thermograph + standard water quality + chronic tox testing + PAHs

11 = AESRD routine variables (conventional variables, major ions, nutrients and total metals)

12 = AESRD routine variables + RAMP standard variables

13 = AESRD routine variables + PAHs

14 = AESRD routine variables + Datasonde

15 = AESRD routine variables + PAHs + Datasonde
16 = standard water quality + chlorophyll-a

17 = standard water quality + chlorophyll-a + PAHs

2 Two samples collected in winter, but PAHs and several other parameters only measured once

b Sample sites were previously labeled ATR-1, 2, and 3 (moving upstream from the Delta)

¢ Samples were collected downstream of tributary in 1998

4 Monthly sampling for nutrients and conventional variables; quarterly sampling for total and dissolved metals
¢ In 1999, one composite samples was prepared with water from Big Point, Goose Island, Embarras River,
and an unnamed side channel

All testing, with the exception of thermographs, is conducted by individual industry

AESRD collects/collected nine samples throughout the year, although only three are/were analyzed for PAHs
In 1999, MUR-4 was located upstream of Shelley Creek

' Monthly sampling initiated in 2013.

Test (downstream of oil sands developments)
Baseline (upstream of oil sands developments)

Baseline, but excluded from Regional Baseline calculations because of minor development near the headwaters of the river.

Sampling was scheduled but didn't occur (station was frozen to depth, dry or couldn’t be sampled due to another circumstance)

= allowance made for potential TIE



Table 3.1-6 (Cont'd.) (Page 2 of 2)

See symbol key below

. 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Waterbody and Location Station
W S S F|w S S Flw S S FIwW s S F|W S S F|IW S S FIWS S F|W S S FfwWw S S F|IW S S FIW S S F|IW S S F|W S S F|W S S F|W S S F|W S S F|W S S F[(wW S s
Athabasca River tributaries (Western)
Poplar Creek (mouth)' POC-1 1 1 1 1 1 1 1 1 1 1 1 & 3/3 3 3 3|3 3 3 3
Beaver River (mouth) BER-1 1 1 1 1 1 1 1 111 1 1 1 3 3 3 3
(upper) BER-2 1T 1 1|1 1 1 11 1 1 1 3 3 3 3
MacKay River (mouth) MAR-1 1 1 111 1 1T 1 1 1 1 1 1 111 1 1 111 1 1 1 1 3 3 3 3
(mid-river, upstream of Suncor Dover) MAR-2A 1T 1 1 11 1 1 1|1 3 3 3|3 3 3 3 3 &
(upstream of Suncor MacKay)i MAR-2 1 111 1 1 1 1 1 1 111 1 1 11 1 1 1 1 3 3!3 3 3 3|3 3 3 3
Dunkirk River (Fish program support) DUR-1 1
Ells River (mouth) ELR-1 1 1 1 1 11 11|11 1T 1 211 1 1 2(1 1 1 2|11 1 1 2 1 1 1 1 1 3 3 3 3
(upstream of Total Joslyn Mine) ELR-2 1 11 11|14 1T 1 1 211 1 1 111 1 1 111 1 1 1 1 1 1 3
(upstream of the Fort MacKay water intake) ELR-2A 111 38 3 3(3 3
(upper) ELR-3 3 3 3 3|3 3 3 3
Tar River (mouth) TAR-1 1 1 1 1T 1 211 1 1 21 1 1 111 1 1 1 1 1 1 1 1 1 1 3 3 3 3
(upstream of Canadian Natural Horizon) TAR-2 1T 1 1 111 1 1 11 1 1 21 1 1 2 1 1 1 1 1 3 3 3 3
Calumet River (mouth) CAR-1 11 211 1 1 2f(1 1 1 211 1 1 2 1 1 1 1 1 3 3 3 3
Calumet River (upstrream of Canadian Natural Horizon) CAR-2 1T 1 1 211 1 1 21 1 1 2 1 1 1 3 3 3 3
Firebag River (mouth) FIR-1 1T 1 1 111 1 1 11 1 1 1)1 1 1 1 1 1 1 1 1 3 3 3 3
(upstream of Suncor Firebag) FIR-2 T 1 1 111 1 1 111 1 1 111 1 1 1 1 1 1 1 1 3 3 3 3
Pierre River (mouth) PIR-1 1 3 3 313 3 3 33 3 3 3[3 3
Eymundson Creek (mouth) EYC-1 1 3 3 3|3 3 3 33 3 3 3|3 3
Big Creek (mouth) BIC-1 1 3 3 313 3 3 33 3 3 3(3 3
Red Clay Creek (mouth) RCC-1 1 3 3 3|3 3 3 33 3 3 3|3 3
Athabasca River tributaries (Southern)
Clearwater River (upstream of Fort McMurray) CLR-1 3 8 8 8|1 7 7 8|1 7 7 8|1 7 7 7|1 7 7 7|1 7 7 7 7 7 7 1 1 1 3 3 (3 3 3
(upstream of Christina River)i CLR-2 3 8 8 8|1 7 7 8|1 7 7 8|1 7 7 7|1 7 7 7 6 6 7 6 7 1 1 1 3 3 3 3 3 3 3
Christina River (upstream of Fort McMurray)' CHR-1 11 1 3|11 1 1 31 1 1 31 1 1 1 111 1 1 1 1 3 3([3 3 3 g 9
(upstream of Janvier) CHR-2 1 1 1 3|11 1 1 31 1 1 3|1 1 1 1 111 1 1 1 1 3 3 3 3 3 3
(mid) CHR-2A 1 1
(upstream of Jackfish River) CHR-3 3 3 3 3|3 3 3 3
(upstream of development) CHR-4 3 3 3 3|3 3 3 3
Jackfish River (outlet of Christina Lake) JAR-1 3 3 3|3 3 3 3|3 3 3 3
Sunday Creek (inlet to Chistina Lake) SuUC-1 5 9 |9 & |9 B F @
Sunday Creek (upstream) sSuc-2 3 3 3 3|3 3 3 3
Sawbones Creek (inlet to Chistina Lake) SAC-1 5§ 9 |9 & F |9 B/ F &
Unnamed Creek (east of Christina Lake) UNC-2 3 3 3 3|3 3 3 3
Unnamed Creek (south of Christina Lake) UNC-3 3 3 3 3|3 3 3 3
Birch Creek BRC-1 3 3 3 3|3 3 3 3
Gregoire River GRR-1 3 3 3
Hangingstone River (upstream of Fort McMurray) HAR-1 11 1 111 1 1 111 1 1 1 1 1 1 1 3 3
Hangingstone River (mouth) HAR-1A 3 3
Horse River (Fish program support) HOR-1 1
High Hills River (mouth) HHR-1 1898 3 3|3 83 3 3|3 3 383 3|3 38 3
Lake Tributaries
Mills Creek MIC-1 1 3 3 3
Wetlands (Lakes)
Kearl Lake KEL-1 16+3 16+3 16+3] 16 16 111 1 16 16 16 16 16 16 16 16 16 16 17 17 17
Isadore's Lake ISL-1 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 17 17 17
Shipyard Lake SHL-1 16 1 16 1 16 1 16 16 16 16 11 16 16 16 16 16 16 16 16 16 16 16 16 17 17 17
McClelland Lake MCL-1 16 1 16 1 1 16 16 16 1 16 17 17 17
Johnson Lake JOL-1 16 17 17 7|17 17 17 17|17 17 17 17|17 17 17
Christina Lake CHL-1 17 17 1717 17 17 17|17 17 17
Namur Lake NAL-1 17 17 17
Gregoire Lake GRL-1 17 17 17
Gardiner Lake GAL-1 17 17 17
Additional Sampling (Non-Core Programs)
Unnammed Creek north of Ft. Creek (mouth) UNC-1 1
Nexen Lakes - 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Potential TIE - v v v
QA/QC
Field and trip blanks, one split and duplicate | - | | 111 o ] ] ] a1 a1 a1
Note: Monitoring for the Water Quality Component was conducted under RAMP until 2013 and is now part of the JOSMP.
Legend

Footnotes
1 = standard water quality variables (conventionals, major ions, nutrients, total & dissolved metals, 2 Two samples collected in winter, but PAHs and several other parameters only measured once
recoverable hydrocarbons and naphthenic acids) Sample sites were previously labeled ATR-1, 2, and 3 (moving upstream from the Delta)
2 = standard w.q. + chronic toxicity testing (Pseudokirchneriella subcapitata, ¢ Samples were collected downstream of tributary in 1998
Ceriodaphnia dubia, Pimephales promelusfathead minnow) Monthly sampling for nutrients and conventional parameters; quarterly sampling for total and dissolved metals
3 = standard water quality + PAHs ¢ In 1999, one composite samples was prepared with water from Big Point, Goose Island, Embarras River,
4 = standard water quality + chronic tox testing + PAHs and an unnamed side channel
5 = standard water quality for OPTI lakes Al testing, with the exception of thermographs, is conducted by individual industry
6 = thermograph AESRD collects/collected nine samples throughout the year, although only three are/were analyzed for PAHs
7 = thermograph + standard water quality In 1999, MUR-4 was located upstream of Shelley Creek
8 = thermograph + standard water quality + PAHs Monthly sampling initiated in 2013.
9 = thermograph + standard water quality + chronic tox. testing
10 = thermograph + standard water quality + chronic tox testing + PAHs
11 = AESRD routine variables (conventional variables, major ions, nutrients and total metals)
12 = AESRD routine variables + RAMP standard variables
13 = AESRD routine variables + PAHs
14 = AESRD routine variables + Datasonde
15 = AESRD routine variables + PAHs + Datasonde
16 = standard water quality + chlorophyll-a
17 = standard water quality + chlorophyll-a + PAHs

b

Test (downstream of oil sands developments)

Baseline (upstream of oil sands developments)

Baseline, but excluded from Regional Baseline calculations because of minor development near the headwaters of the river.
Sampling was scheduled but didn’t occur (station was frozen to depth, dry or couldn’t be sampled due to another circumstance)

+ = allowance made for potential TIE



3.1.3 Benthic Invertebrate Communities and Sediment Quality

3.1.3.1 Overview of 2014 Monitoring Activities for the Benthic Invertebrate
Communities Component

Benthic invertebrate communities were sampled from August 19 to 21 and September 2 to 19, 2014.
A total of 470 samples were collected from 36 river reaches, four delta channels, and nine lakes
(Table 3.1-7, Figure 3.1-4). As in previous years, sampled habitats were classified as either depositional
(dominated by fine sediment deposits and low to negligible flow) or erosional (dominated by rocky
substrates and frequent riffle areas). These habitat classes have not changed from year to year within a
reach. Sampling methods were specific to the habitat class, as described below.

Field Methods

Benthic invertebrates communities were sampled according to standard methods used in previous years
by RAMP (Golder 2003, RAMP 2009b), which were developed from Alberta Environment (1990);
Environment Canada (1993); Klemm et al. (1990); and Rosenberg and Resh (1993). A Hess cylinder
(0.093-m2 opening and 210-um mesh) was used for collection of benthic invertebrates in erosional areas.
An Ekman grab (0.023 m?, 6" x 6”) was used for benthic invertebrate collections in depositional habitats.
Ekman grab samples were collected by hand in water <1 m deep, and by rope and messenger when water
was deeper.

Ten replicate samples were collected from within pre-established river reaches that were typically 1 to 2 km
long. Five replicate samples were collected from Athabasca River Delta (ARD) channels. Samples were
selected from within each reach, based on habitat availability and approximately equal spacing. The same
sampling locations were re-visited from year to year, when conditions permitted. Water level variations from
year to year frequently required that sampling be undertaken at different locations than those sampled the
previous year.

Ten replicate samples were randomly collected from the littoral area of lakes. The depth sampled in lakes
was similar from year to year, and generally between 1 and 2 m.

Samples collected with Ekman grabs (i.e., depositional habitat) were sieved in the field using a 250-um
screen, preserved in 10% buffered formalin, and bottled for transport. Samples collected with Hess cylinders
were also preserved in 10% buffered formalin, and bottled for transport.

As in previous years, a series of measurements were recorded as supporting information:

=  Wetted and bankfull channel widths — visual estimate (for rivers/streams only);

= Field water quality measurements — dissolved oxygen, conductivity, temperature, and pH. The
instrument (hand-held Hanna meter) used to measure conductivity and pH was calibrated
according to manufacturer’'s instructions; dissolved oxygen was measured by field titrations
(portable Winkler titration kit);

=  Water velocity — determined by measuring the time for a semi-submerged object to travel a
known distance (2 m);
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=  Water depth at the benthos sampling location — measured with a graduated device (pole or Hess
cylinder);

= Amount of benthic algae at erosional stations (for chlorophyll a measurement) — obtained by
scraping of a 1 cm x 1 cm square from three randomly-selected cobbles and combining these into
one composite sample per station;

=  Substrate particle size distribution (erosional stations only) — visual estimates of areal coverage
by particles in standard size categories using the modified Wentworth classification system
(Cummins 1962) and expressed as percentages;

= An additional Ekman grab sample collected at depositional stations for analysis of total organic
carbon (TOC, as a dry weight percentage) and particle size (% sand, silt and clay, as dry weight);

=  Geographical position — using a hand-held Magellan Global Positioning System (GPS) unit; and

= General station appearance.

Laboratory Methods

ALS Laboratories (Edmonton, Alberta) conducted the chlorophyll a analyses for erosional stations and
analysis of TOC and particle size distribution for depositional stations.

Dr. Jack Zloty in Summerland, BC performed sorting and taxonomic identifications, as in previous years.
Samples were sieved in the laboratory using a 250-um mesh sieve to remove the preservative and any
remaining fine sediments. The material retained by the sieve was elutriated using a flotation technique to
separate organic material from sand and gravel, and invertebrates from organic material. Samples
containing bitumen were treated with paint thinner to remove hydrocarbons prior to sorting. Inorganic
material was scanned under a magnifying lens and any remaining invertebrates were removed before
discarding. The remaining organic material was separated into coarse and fine size fractions using a
1-mm sieve. The fine size fraction of large samples was sub-sampled using a modification of the method
described by Wrona et al. (1982) in which fine materials were scanned for invertebrates with the aid of a
dissecting microscope at a magnification of 10X to 20X. All sorted material was preserved for random checks
of removal efficiency. QA/QC procedures related to sample processing for benthic invertebrate
communities are discussed in Appendix B.

Organisms were identified to lowest practical taxonomic levels using up-to-date taxonomic literature, and
as per the guidelines in Appendix D.
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Table 3.1-7 Summary of sampling locations for the Benthic Invertebrate Communities
component of the 2014 JOSMP.

UTM Coordinates (NAD 83, Zone 12)
Reach or

Waterbody and Location Habitat" Station Downstream Limit of Reach  Upstream Limit of Reach
Easting Northing Easting Northing

Athabasca River Delta

Goose Island Channel depositional GIC-1 509483 6494586 509589 6494201

Big Point Channel depositional BPC-1 512095 6494150 512088 6494156

Fletcher Channel depositional FLC-1 496561 6491825 496342 6491460

Embarrass River depositional EMR-2 494745 6492140 494521 6491833

Steepbank River

Lower Reach erosional STR-E1 471387 6320175 472501 6320064

Upper Reach erosional STR-E2 499874 6297592 500790 6297515

Muskeg River

Lower Reach erosional MUR-E1 463864 6332369 465091 6332576

Middle Reach depositional MUR-D2 466236 6339505 466596 6340498

Upper Reach depositional MUR-D3 480075 6357942 482142 6359778

Jackpine Creek

Lower Reach depositional JAC-D1 471866 6346436 473074 6346331

Upper Reach depositional JAC-D2 480033 6324995 480771 6324641

Beaver River

Upper Reach depositional BER-D2 465475 6311286 465426 6311013

Poplar Creek

Lower Reach depositional POC-D1 473045 6308835 472533 6308616

Pierre River

Lower Reach depositional PIR-D1 462262 6367486 461920 6367989

Red Clay Creek

Lower Reach erosional RCC-E1 475771 6395073 475469 6395369

Big Creek

Lower Reach depositional BIC-D1 471619 6387768 470920 6387768

Birch Creek

Lower Reach depositional BRC-D1 492165 6163211 491342 6163019

Eymundson Creek

Lower Reach depositional EYC-D1 465876 6372229 465483 6372705

Clearwater River

Lower Reach depositional CLR-D1 479500 6284210 481475 6283377

Upper Reach depositional CLR-D2 499210 6279831 501146 6279686

MacKay River

Lower Reach erosional MAR-E1 461554 6336030 460683 6336707

Middle Reach erosional MAR-E2 449746 6320067 448860 6319343

Upper Reach erosional MAR-E3 444831 6314083 443549 6314148

! Sediment quality sampling was conducted at depositional reaches and in lakes.

2 UTM coordinates of first replicate station.
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Table 3.1-7 (Cont’'d.)

UTM Coordinates (NAD 83, Zone 12)

Waterbody and Location Habitat" Rsete;ir;r?r Downstream Limit of Reach Upstream Limit of Reach
Easting Northing Easting Northing

Christina River

Lower Reach depositional CHR-D1 495944 6280314 497674 6278555

Middle Reach depositional CHR-D2 512342 6193401 511907 6192464

Middle Reach depositional CHR-D3 486502 6174644 486003 6175252

Upper Reach depositional CHR-D4 466227 6193840 465868 6193734

Tar River

Lower Reach depositional TAR-D1 458846 6353513 458578 6353569

Upper Reach erosional TAR-E2 440347 6361661 439871 6362082

Ells River

Lower Reach depositional ELR-D1 459254 6351516 458602 6351524

Upper Reach erosional ELR-E3 440398 6342423 439342 6342675

Unnamed Creek (east of Christina Lake)

Middle Reach depositional UNC-D2 517466 6163740 517883 6163729

Unnamed Creek (south of Christina Lake)

Upper Reach depositional UNC-D3 511159 6159892 510933 6159494

High Hills River

Lower Reach erosional HHR-E1 529929 6289270 530134 6289826

Gregoire River

Lower Reach erosional GRR-E1 510152 6259979 509568 6258954

Fort Creek

Lower Reach depositional FOC-D1 461524 6363111 461729 6363063

Jackfish River

Lower Reach erosional JAR-E1 493813 6169530 494181 6168851

Sawbones Creek

Lower Reach depositional SAC-D1 511458 6167194 511492 6167892

Sunday Creek

Lower Reach depositional SUC-D1 506690 6159784 506272 6159698

Upper Reach depositional SUC-D2 494290 6157246 494012 6156737

Lakes®

Kearl Lake lake KEL-1 484933 6348857 485348 6349700

McClelland Lake lake MCL-1 478620 6372105 478676 6371950

Shipyard Lake lake SHL-1 473404 6313057 473611 6313130

Christina Lake lake CHL-1 497045 6164620 497805 6163426

Johnson Lake lake JOL-1 538059 6391708 537415 6391502

Isadore’s Lake lake ISL-1 463304 6343405 463712 6343491

Gardiner Lake lake GAL-1 410780 6377851 410547 6376984

Gregoire Lake lake GRL-1 494459 6254984 493670 6256972

Namur Lake lake NAL-1 402184 6369225 402347 6370436

' Sediment quality sampling was conducted at depositional reaches and in lakes.

2 UTM coordinates of first replicate station.
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Figure 3.1-4

Locations of benthic invertebrate community reaches and sediment quality stations monitored in support of the

2014 JOSMP.
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Changes in Monitoring Network from 2013

The 2014 monitoring network for the Benthic Invertebrate Communities component was the same as the
2013 monitoring network, with the exception of the following additions and changes:

= A new test reach on the Gregoire River (GRR-E1) was added;

= The lower Christina River (test reach CHR-D1 and test reach CHR-D2) was sampled in 2014,
following the rotating panel design of the program;

= The middle Christina River (test reach CHR-D3) was changed from an erosional reach (sampled
in 2013) to a depositional reach in 2014 for consistency with other reaches on the Christina River;

= The Clearwater River (test reach CLR-D1 and baseline reach CLR-D2) was sampled in 2014,
following the rotating panel design of the program;

= The Firebag River (test reach FIR-D1 and baseline reach FIR-E2) was not sampled in 2014,
following the rotating panel design of the program; and

=  Three lakes, Gregoire Lake (test lake GRL-1), Gardiner Lake (baseline lake GAL-1), and Namur
Lake (baseline lake NAL-1) were added to program.

Challenges Encountered and Solutions Applied

All planned sampling was undertaken without major issue or incident.

Other Information Obtained

No other information was obtained for this report.

Summary of Component Data Now Available

As of 2014, 3,989 benthic invertebrate community samples have been collected for this program as part
of RAMP until 2013 and now in support of the JOSMP. The distribution of stations and reaches, and the
time-series of data available for individual locations are presented in Table 3.1-8.

3.1.3.2 Overview of 2014 Monitoring Activities for the Sediment Quality
Component

Sediment samples were collected from August 19 to 21 and September 2 to 19, 2014 at the most
downstream replicate sampling location in each depositional reach sampled for benthic invertebrate
communities (total of 28 depositional reaches), and nine regionally important lakes (Table 3.1-9,
Figure 3.1-4).

Summary of Field Methods and Sample Shipping and Analysis

Sediment sampling locations were identified using historical GPS coordinates and, when available,
station descriptions recorded for benthic invertebrate community sampling locations. Stations were
accessed by helicopter, boat, or all-terrain vehicle.

At each station, sediment grabs were collected with a 6” x 6” Ekman dredge (0.023 m?). Grab samples were
transferred to a stainless-steel pan; once sufficient sediment had been collected for analysis, all samples
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were homogenized in the pan into a single composite sample with a stainless steel spoon. To minimize
potential for sample contamination, pans, spoons, and the dredge were cleaned with Liquinox metal-free
soap, rinsed with hexane and acetone, and triple-rinsed with ambient water at each station prior to
sampling.

Homogenized samples were transferred into labeled, sterilized glass jars for chemical analyses, sealable
plastic bags for metals, and to a sealable plastic bucket for chronic toxicity testing. All samples were
stored on ice or refrigerated prior to and during shipment to analytical laboratories. Sediment samples
were also collected from each benthic replicate location and placed in sealable plastic bags for particle
size and TOC analyses.

All chemical and physical (e.g., particle size, TOC) analyses were conducted by ALS (Edmonton,
Alberta), with the exception of PAHs, which were analyzed by AXYS Analytical Services Ltd. (Sidney,
British Columbia). Evaluation of sediment toxicity was undertaken by HydroQual Laboratories Ltd.
(Calgary, Alberta). Metals were analyzed using ICP/MS. PAHs were analyzed using a high-resolution
GC/MS method.

Sediments were analyzed for the standard sediment quality variables previously used by RAMP
(Table 3.1-10), with tests of sediment toxicity to aquatic organisms. Sediment toxicity tests followed
published Environment Canada protocols (Environment Canada 2010).

A full list of analytical methods and detection limits for sediment quality variables measured in 2014 are
provided in Table 3.1-10.

Changes in Monitoring Network from 2013

Given the three-year sampling rotation for some stations, test station FIR-D1 (lower reach on the Firebag
River) was sampled in 2013, but not in 2014. Test station CHR-D1 (lower reach on the Christina River), test
station CHR-D2 (middle reach on the Christina River), test station CAR-D1 (lower reach on the Calumet
River), and baseline reach CAR-D2 (upper reach on the Calumet River) were sampled in 2014, but not in
2013. Four new stations were added to the sediment sampling network in 2014: test station CHR-D3 (middle
reach on the Christina River); test station GRL-1 (Gregoire Lake); baseline station GAL-1 (Gardiner Lake); and
baseline station NAL-1 (Namur Lake).

Challenges Encountered and Solutions Applied

Due to control-culture test failures at the consulting laboratory, chironomid toxicity results for the four
delta stations (test stations BPC-1, GIC-1, FLC-1, EMR-2) were not considered valid and could not be
used for analysis.

Other Information Obtained

No additional sediment quality information for 2014 was obtained.

Summary of Component Data Now Available

Table 3.1-11 summarizes historical sediment quality sampling undertaken since 1997.

Joint Oil Sands Monitoring Plan (JOSMP) 3-38 Final 2014 Program Report



Table 3.1-8 Summary of data available for the Benthic Invertebrate Communities component in support of the JOSMP, 1997 to 2014. (Page 1 of 2)

see symbol key at bottom

WATERBODY AND LOCATION vPE|l HABITAT STATION 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
WSS FIWSSFIWSSFIWSSFIWSSFIWSSFIWSSFIWSSFIWSSFIWSSFIWSSFIWSSFIWSSFIWSSFIWSSFIWSSFIWSSF|IWSSF

Athabasca River Delta

Athabasca River Delta 1 depositional | ATR,FLC,GIC,BPC 1 1 1 1 1 1 1 1 1 1 1 1

Embarras River 1 depositional EMR-1 1 1 1

Embarras River 1 depositional EMR-2 1 1

Calumet River

Lower Reach 1,2' | depositional CAR-D1 2 1 1 1 1 1 1

Upper Reach 1 depositional CAR-D2 1 1 1 1 1 1

Christina River

Lower Reach 1 depositional CHR-D1 1 1 1 1 1 1 1 1 1

Middle Reach 1 erosional CHR-E2A 1

Upper Reach 1 depositional CHR-D2 1 1 1 1 1 1 1 1

Upstream of Jackfish River 1 depositional CHR-D3 1* 1

Upstream of Development 1 depositional CHR-D4 1 1

Clearwater River

Downstream of Christina River 1 depositional CLR-D1 1 1 1 1 1 1 1

Upstream of Christina River 1 depositional CLR-D2 1 1 1 1 1 1 1

Ells River

Lower Reach 1 | depositional ELR-D1 1 1 1 1 1 1 1 1 1 1

Middle Reach 1 erosional ELR-E2 1 1 1 1 1

Historical Upper Reach 1 erosional ELR-E2A 1 1 1

Upper Reach 1 erosional ELR-E3 1 1

Firebag River

Lower Reach 1 | depositional FIR-D1 1 1 1 1 1 1 1

Upper Reach 1 erosional FIR-E2 1 1 1 1 1 1 1

Fort Creek

Lower Reach 1 | depositional | FOC-D1 | | 2 | | 1 | 1 | 1 | | 1 1 | 1 | 1 | 1 | 1 1 | 1 | 1

Gregoire River

Gregoire River 1 | erosional | GRR-E1 | | | | | | | | | | | | | | | | 1

Hangingstone River

Lower Reach 1 | erosional | HAR-E1 | | | | | | | 1 | 1 | 1 | 1 | 1 | | | | |

High Hills River

Lower Reach 1 | erosional | HHR-E1 | | | | | | | | | | | | | 1] 1] 1] 1

Jackpine Creek

Lower Reach 1 | depositional JAC-D1 1 1 1 1 1 1 1 1 1 1 1 1

Upper Reach 1 | depositional JAC-D2 1 1 1 1 1 1 1 1 1 1 1

MacKay River

Lower Reach 1 erosional MAR-E1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1

Middle Reach 1 erosional MAR-E2 1 1 1 1 1 1 1 1 1 1 1 1 1

Upper Reach 1 erosional MAR-E3 1 | 1 1

Muskeg River

Lower Reach 1 erosional MUR-E1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Middle Reach 1 depositional MUR-D2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Upper Reach 1 depositional MUR-D3 1 1 1 1 1 1 1 1 1

Big Creek

Lower Reach 1 | depositional | BIC-D1 | | | | | | | | | | | | | | | 1 | 1

Eymundson Creek

Lower Reach 1 | depositional | EYC-D1 | | | | | | | | | | | | | | | 1 | 1

Pierre River

Lower Reach 1 | depositional | PIR-D1 | | | | | | | | | | | | | | | 1 | 1

Red Clay Creek

Lower Reach 1 | erosional | RCC-E1 | | | | | | | | | | | | | | 1 | 1

Steepbank River

Lower Reach 1 erosional STR-E1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Upper Reach 1 erosional STR-E2 | | | 1 1 1 1 1 1 1 1 1 1 1 ‘ 1

Note: Monitoring for the Benthic Inverebrate Communities Component was conducted under RAMP until 2013 and is now part of the JOSMP.

Type Legend:
1 = RAMP station

2 = Sampled outside of RAMP (data available to RAMP)

,1 = RAMP standard sediment quality variables (carbon, particle size, total hydrocarbons, metals, PAHSs, alkylated PAHs)
,2 = RAMP standard sediment quality + sediment toxicity Chironomus tentans, Hyalella azteca)

Test (downstream of oil sands developments)
Baseline (upstream of oil sands developments)
Baseline, but excluded from Regional Baseline calculations because of minor development near the headwaters of the river.

! sampled outside of RAMP in 2001, became RAMP station in 2002
" sampled in erosional habitat in 2013.



Table 3.1-8 (Cont'd.) (Page 2 of 2)

see symbol key at bottom

WATERBODY AND LOCATION vPE|l HABITAT STATION 1997 1998 1999 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
WS S FI[ws S FIWS S FI WS S FIwWS S FIWS S Fws S FIwWS S FIWS S FIWS S FIWSSFIwWwsS S FIwWS S FIwWS S Fws S FIWS S F|IWS S FIws S F
Tar River
Lower Reach 1' | depositional TAR-D1 2 1 1 1 1 1 1 1 1 1 1
Historical Upper Reach 1 erosional TAR-E1 1 1 1
Upper Reach 1 erosional TAR-E2 1 1 1 1 1 1
Beaver River
Lower Reach | 1 | depositional | BER-D2 | | | 1 | 1 | 1 | 1 | 1 1 | 1
Poplar Creek
Lower Reach | 1 | depositional | POC-D1 | | | 1 | 1 | 1 | 1 | 1 | 1 | 1
Jackfish River
Lower Reach | 1 | erosional | JAR-E1 | | | | | | | 1 | 1 | 1
Sawbones Creek
Lower Reach | 1 | depositional | SAC-D1 | | | | | | | 1| 1 | 1
Sunday Creek
Lower Reach | 1 | depositional ‘ SUC-D1 | | | | | | | 1 1 1
Upper Reach 1 depositional SuUC-D2 1 1
Birch Creek
Lower Reach | 1 | depositional | BRC-D1 | | | | | | | | 1 | 1
Unnamed Creek south of Christina Lake
Lower Reach | 1 | depositional | UNC-D3 | | | | | | | | 1 | 1
Unnamed Creek east of Christina Lake
Lower Reach | 1 | depositional | UNC-D2 | | | | | | | | 1 | 1
Wetlands and Lakes
Christina Lake 1 lake CHL-1 1 1 1
Gardiner Lake 1 lake GAL-1 1
Gregoire Lake 1 lake GRL-1 1
Isadore's Lake 1 lake ISL-1 1 1 1 1 1 1 1 1 1
Johnson Lake 1 lake JOL-1 1 1 1 1
Kearl Lake 1 lake KEL-1 1 1 1 1 1 1 1 1 1 1 1 1 1
McClelland Lake 1 lake MCL-1 1 1 1 1 1 1 1 1 1 1
Namur Lake 1 lake NAL-1 1
Shipyard Lake 1 lake SHL-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Historical Data
Historical Data Review | | | | 1111 | | 1111 | | | | | |
5-Year Summary Report
Summary Report [ | | | [1 1 | | | | | |
Locations No Longer in Sample Design
Athabasca River
Near Fort Creek (east bank) 1 depositional ATR-B-Al to A3 1
(west bank) 1 depositional ATR-B-A4 to A6 1
Near Donald Creek (east bank) 1 depositional ATR-B-B1 to B3 1
(west bank) 1 depositional ATR-B-B4 to B6 1
Suncor near-field monitoring 2 depositional - 2
MacKay River
200 m upstream of mouth 1 erosional MAR-1 1
500 m upstream of mouth 1 erosional MAR-2 1
1.2 km upstream of mouth 1 erosional MAR-3 1
Muskeg River
50 m upstream of mouth 1 erosional MUR-1 1
200 m upstream of mouth 1 erosional MUR-2 1
450 m upstream of mouth 1 erosional MUR-3 1
Steepbank River
50 m upstream of mouth 1 erosional STR-1 1
150 m upstream of mouth 1 erosional STR-2 1
300 m upstream of mouth 1 erosional STR-3 1

Note: Monitoring for the Benthic Inverebrate Communities Component was conducted under RAMP until 2013 and is now part of the JOSMP.

Type Legend:
1 = RAMP station

2 = Sampled outside of RAMP (data available to RAMP)

,1 = RAMP standard sediment quality variables (carbon, particle size, total hydrocarbons, metals, PAHSs, alkylated PAHs)
,2 = RAMP standard sediment quality + sediment toxicity Chironomus tentans, Hyalella azteca)

! sampled outside of RAMP in 2001, became RAMP station in 2002
" sampled in erosional habitat in 2013.

Test (downstream of oil sands developments)
Baseline (upstream of oil sands developments)
Baseline, but excluded from Regional Baseline calculations because of minor development near the headwaters of the river.



Table 3.1-9 Sampling summary for the Sediment Quality component of the 2014
JOSMP (September survey).

UTM Coordinates

Station Identifier and Location (NAD83, Zonel2) Analytical
Package
Easting Northing
Athabasca Delta
FLC-1 Fletcher Channel 496561 6491825 2
GIC-1 Goose Island Channel 509483 6494586 2
BPC-1 Big Point Channel 512095 6494150 2
Embarras River
EMR-2 Embarras River 494745 6492140 2
Tributaries to the Athabasca River (Eastern)
FOC-D1 Fort Creek 461524 6363111 2
Tributaries to the Athabasca River (Western)
BER-D2 Beaver River (upper reach) 465475 6311286 2
ELR-D1 Ells River (lower reach) 459254 6351516 2
TAR-D1 Tar River (lower reach) 458846 6353513 2
POC-D1 Poplar Creek (lower reach) 473045 6308835 2
PIR-D1 Pierre River 462262 6367486
EYC-D1 Eymundson Creek 465876 6372229
BIC-D1 Big Creek 471619 6387768
Tributaries to the Athabasca River (Southern)
CLR-D1 Clearwater River (upstream of Fort McMurray) 479500 6284210 2
CLR-D2 Clearwater River (upstream of Christina River) 499210 6279831 2
CHR-D1 Christina River (upstream of Fort McMurray) 495944 6280314 2
CHR-D2 Christina River (upstream of Janvier) 512342 6193401 2
CHR-D3 Christina River (upstream of Jackfish River) 486502 6174644 2
CHR-D4 Christina River (above Statoil Leismer) 466227 6193840 2
SUC-D1 Sunday Creek (lower reach) 506690 6159784 2
SUC-D2 Sunday Creek (upper reach) 494290 6157246 2
SAC-D1 Sawbones Creek (lower reach) 511458 6167194 2
BRC-D1 Birch Creek 492165 6163211 2
UNC-D2 Unnamed Creek (east of Christina Lake) 517466 6163740 2
UNC-D3 Unnamed Creek (south of Christina Lake) 511159 6159892 2
Muskeg River
MUR-D2 Muskeg River (middle reach) 466236 6339505 2
MUR-D3 Muskeg River (upper reach) 480075 6357942 2
JAC-D1 Jackpine Creek (lower reach) 471866 6346436 2
JAC-D2 Jackpine Creek (upper reach) 480033 6324995 2
Regional Lakes
KEL-1 Kearl Lake 484933 6348857 2
MCL-1 McClelland Lake 478620 6372105 2
SHL-1 Shipyard Lake 473404 6313057 2
ISL-1 Isadore’s Lake 463304 6343405 2
JOL-1 Johnson Lake 538059 6391708 2
CHL-1 Christina Lake 497045 6164620 2
GAL-1 Gardiner Lake 410780 6377851 2
GRL-1 Gregoire Lake 494459 6254984 2
NAL-1 Namur Lake 402184 6369225 2
QA/QC
- Two sets of split and duplicate samples 1
- Two rinsate blanks metals, PAHs

Legend to Analytical Packages:

1. Standard variables (carbon, particle size, total hydrocarbons, metals, PAHSs, alkylated PAHs)

2. Standard variables + toxicity (Chironomus tentans, Hyalella azteca)
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Table 3.1-10 Standard sediment quality variables measured in support of the 2014 JOSMP.

Group Analyte Units Detection Limit Analytical Method (VMV code) Lab
2-Bromobenzotrifluoride % 1 CCME CWS-PHC Dec-2000 - Pub# 1310 ALS
Benzene mg/kg 0.005* CCME CWS-PHC Dec-2000 - Pub# 1310 ALS
CCME Fraction 1 (BTEX) mg/kg 10* CCME CWS-PHC Dec-2000 - Pub# 1310 ALS
CCME Fraction 1 (C6-C10) mg/kg 10* CCME CWS-PHC Dec-2000 - Pub# 1310 ALS
CCME Fraction 2 (C10-C16) mag/kg 20* CCME CWS-PHC Dec-2000 - Pub# 1310 ALS
Hydrocarbons CCME Fraction 3 (C16-C34) mg/kg 20* CCME CWS-PHC Dec-2000 - Pub# 1310 ALS
and Organic CCME Fraction 4 (C34-C50) mg/kg 20* CCME CWS-PHC Dec-2000 - Pub# 1310 ALS
Compounds Ethylbenzene mg/kg 0.015 CCME CWS-PHC Dec-2000 - Pub# 1310 ALS
m+p-Xylene mg/kg 0.05 CCME CWS-PHC Dec-2000 - Pub# 1310 ALS
0-Xylene mg/kg 0.05 CCME CWS-PHC Dec-2000 - Pub# 1310 ALS
Toluene mg/kg 0.05 CCME CWS-PHC Dec-2000 - Pub# 1310 ALS
Total Hydrocarbons (C6-C50) mg/kg 20* CCME CWS-PHC Dec-2000 - Pub# 1310 ALS
Xylenes mg/kg 0.1 CCME CWS-PHC Dec-2000 - Pub# 1310 ALS
% Clay % 0.1 Burt (2009) P46-53 ALS
% Moisture % 0.1 Oven dry 105C-Gravimetric (VMV 10042) ALS
% Sand % 0.1 Burt (2009) P46-53 ALS
% Silt % 0.1 Burt (2009) P46-53 ALS
Physical CaCOj; Equivalent % 0.8 Loeppert and Suarez (1996) P455-456 ALS
Properties Inorganic Carbon % 0.1 Loeppert and Suarez (1996) P455-456 (VMV 50303) ALS
Texture - Burt (2009) P46-53 ALS
Total Carbon by Combustion % 0.1 Loeppert and Suarez (1996) P. 973-974 (VMV 6075) ALS
Total organic carbon % 0.1 Loeppert and Suarez (1996) P455-456 (VMV 6078) ALS
Aluminum (Al) mg/kg 50 EPA 200.2/6020A ALS
Antimony (Sb) mg/kg 0.1 EPA 200.2/6020A ALS
Arsenic (As) mg/kg 0.1 EPA 200.2/6020A ALS
Barium (Ba) mg/kg 0.5 EPA 200.2/6020A ALS
Beryllium (Be) mg/kg 0.2 EPA 200.2/6020A ALS
Bismuth (Bi) ma/kg 0.2 EPA 200.2/6020A ALS
Cadmium (Cd) mag/kg 0.1 EPA 200.2/6020A ALS
Total Metals Calcium (Ca) mg/kg 100 EPA 200.2/6020A ALS
Chromium (Cr) mg/kg 0.5 EPA 200.2/6020A ALS
Cobalt (Co) mg/kg 0.1 EPA 200.2/6020A ALS
Copper (Cu) mg/kg 0.5 EPA 200.2/6020A ALS
Iron (Fe) mg/kg 50 EPA 200.2/6020A ALS
Lead (Pb) ma/kg 0.5 EPA 200.2/6020A ALS
Lithium (Li) mg/kg 0.5 EPA 200.2/6020A ALS
Magnesium (Mg) mg/kg 20 EPA 200.2/6020A ALS

1 PAH toxicity in sediments was estimated using an equilibrium-partitioning method described by Neff et al (2005).

Detection limit varied with moisture content in sediment.
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Table 3.1-10 (Cont’'d.)

Group Analyte Units Detection Limit Analytical Method (VMV code) Lab
Manganese (Mn) mg/kg 1 EPA 200.2/6020A ALS
Mercury (Hg) mg/kg 0.05 EPA 200.2/245.1 ALS
Molybdenum (Mo) mg/kg 0.1 EPA 200.2/6020A ALS
Nickel (Ni) mg/kg 0.5 EPA 200.2/6020A ALS
Phosphorus (P) mg/kg 50 EPA 200.2/6020A ALS
Potassium (K) mg/kg 50 EPA 200.2/6020A ALS
Selenium (Se) mg/kg 0.2 EPA 200.2/6020A ALS
Total Metals Silver (Ag) mg/kg 0.2 EPA 200.2/6020A ALS
(Contd.) Sodium (Na) mg/kg 100 EPA 200.2/6020A ALS
Strontium (Sr) mg/kg 1 EPA 200.2/6020A ALS
Thallium (TI) mg/kg 0.05 EPA 200.2/6020A ALS
Tin (Sn) mg/kg 2 EPA 200.2/6020A ALS
Titanium (Ti) ma/kg 1 EPA 200.2/6020A ALS
Uranium (U) mg/kg 0.05 EPA 200.2/6020A ALS
Vanadium (V) mg/kg 0.2 EPA 200.2/6020A ALS
Zinc (Zn) mg/kg 5 EPA 200.2/6020A ALS
Acenaphthene mg/kg Varies® MLAO21, based on USEPA methods 1625 and 82701 AXYS
Acenaphthylene mg/kg Varies* MLAO021, based on USEPA methods 1625 and 82701 AXYS
Anthracene mg/kg Varies® MLAO21, based on USEPA methods 1625 and 82701 AXYS
Benz[a]anthracene mg/kg Varies* MLAO021, based on USEPA methods 1625 and 82701 AXYS
Benzo[a]pyrene mg/kg Varies® MLAO021, based on USEPA methods 1625 and 82701 AXYS
Benzo[b,j,k]fluoranthene mg/kg Varies® MLAO21, based on USEPA methods 1625 and 82701 AXYS
Benzo[g,h,i]perylene mg/kg Varies® MLAO021, based on USEPA methods 1625 and 82701 AXYS
Biphenyl mg/kg Varies* MLAO21, based on USEPA methods 1625 and 82701 AXYS
C1-Benzo[a]anthracenes/Chrysenes mg/kg Varies* MLAO021, based on USEPA methods 1625 and 82701 AXYS
C1-Benzofluoranthenes/Pyrenes mg/kg Varies® MLAO21, based on USEPA methods 1625 and 82701 AXYS
PAHS C1-Dibenzothiophenes mg/kg Varies* MLAO021, based on USEPA methods 1625 and 82701 AXYS
C1-Fluoranthenes/Pyrenes mg/kg Varies® MLAO021, based on USEPA methods 1625 and 82701 AXYS
C1-Fluorenes mg/kg Varies* MLAO21, based on USEPA methods 1625 and 82701 AXYS
C1-Naphthalenes mg/kg Varies® MLAO021, based on USEPA methods 1625 and 82701 AXYS
C1-Phenanthrenes/Anthracenes mg/kg Varies* MLAO021, based on USEPA methods 1625 and 82701 AXYS
C2-Benzo[a]anthracenes/Chrysenes mg/kg Varies* MLAO021, based on USEPA methods 1625 and 82701 AXYS
C2-Benzofluoranthenes/Pyrenes mg/kg Varies® MLAO21, based on USEPA methods 1625 and 82701 AXYS
C2-Dibenzothiophenes mg/kg Varies* MLAO021, based on USEPA methods 1625 and 82701 AXYS
C2-Fluoranthenes/Pyrenes mg/kg Varies® MLAO21, based on USEPA methods 1625 and 82701 AXYS
C2-Fluorenes mg/kg Varies* MLAO021, based on USEPA methods 1625 and 82701 AXYS
C2-Naphthalenes mg/kg Varies® MLAO021, based on USEPA methods 1625 and 82701 AXYS
C2-Phenanthrenes/Anthracenes mg/kg Varies* MLAO21, based on USEPA methods 1625 and 82701 AXYS

! PAH toxicity in sediments was estimated using an equilibrium-partitioning method described by Neff et al (2005).

Detection limit varied with moisture content in sediment.
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Table 3.1-10 (Cont’'d.)

Group Analyte Units Detection Limit Analytical Method (VMV code) Lab
C3-Dibenzothiophenes mg/kg Varies® MLAO021, based on USEPA methods 1625 and 82701 AXYS
C3-Fluoranthenes/Pyrenes mg/kg Varies® MLAO21, based on USEPA methods 1625 and 82701 AXYS
C3-Fluorenes mg/kg Varies® MLAO21, based on USEPA methods 1625 and 82701 AXYS
C3-Naphthalenes mg/kg Varies* MLAO021, based on USEPA methods 1625 and 82701 AXYS
C3-Phenanthrenes/Anthracenes mg/kg Varies® MLAO021, based on USEPA methods 1625 and 82701 AXYS
C4-Dibenzothiophenes mg/kg Varies® MLAO21, based on USEPA methods 1625 and 82701 AXYS
C4-Naphthalenes mg/kg Varies® MLAO021, based on USEPA methods 1625 and 82701 AXYS
C4-Phenanthrenes/Anthracenes mg/kg Varies* MLAO021, based on USEPA methods 1625 and 82701 AXYS
Chrysene mg/kg Varies® MLAO021, based on USEPA methods 1625 and 82701 AXYS
Dibenz[a,h]anthracene mg/kg Varies* MLAO021, based on USEPA methods 1625 and 82701 AXYS

'(3(?0|-r|1?’d.) Dibenzothiophene mg/kg Varies* MLAO021, based on USEPA methods 1625 and 82701 AXYS
Dimethyl-Biphenyl mg/kg Varies® MLAO021, based on USEPA methods 1625 and 82701 AXYS
Fluoranthene mg/kg Varies® MLAO21, based on USEPA methods 1625 and 82701 AXYS
Fluorene mg/kg Varies® MLAO21, based on USEPA methods 1625 and 82701 AXYS
Indeno[1,2,3-c,d]-pyrene mg/kg Varies* MLAO021, based on USEPA methods 1625 and 82701 AXYS
Methyl Acenaphthene mg/kg Varies® MLAO021, based on USEPA methods 1625 and 82701 AXYS
Methyl-Biphenyl mg/kg Varies® MLAO021, based on USEPA methods 1625 and 82701 AXYS
Naphthalene mg/kg Varies® MLAO21, based on USEPA methods 1625 and 82701 AXYS
Phenanthrene mg/kg Varies* MLAO021, based on USEPA methods 1625 and 82701 AXYS
Pyrene mg/kg Varies® MLAO021, based on USEPA methods 1625 and 82701 AXYS
Retene mg/kg Varies® MLAO21, based on USEPA methods 1625 and 82701 AXYS

Biological test method: test for survival and growth in sediment using the larvae of
Chironomus dilutus - 10d growth mg/organism - freshwater midges (Chironomus Dilutus or Chironomus riparius, 1997. HydroQual
Environment Canada EPS 1/RM/32.
. . Biological test method: test for survival and growth in sediment using the larvae of
onhggz?rg}us dilutus - 10d growth - % % - gfreshwater midges ((_Zhironomus DiIutugs or Chironomus ripariugs, 1997. HydroQual
Environment Canada EPS 1/RM/32.
Biological test method: test for survival and growth in sediment using the larvae of
Chironomus dilutus - 10d survival # surviving - freshwater midges (Chironomus Dilutus or Chironomus riparius, 1997. HydroQual
Environment Canada EPS 1/RM/32.
. ) ) ) Sl o Biological test method: test for survival and growth in sediment using the larvae of
Toxicity gfhggg?rg]us dilutus - 10d survival - % % - freshwater midges (Chironomus Dilutus or Chironomus riparius, 1997. HydroQual
Environment Canada EPS 1/RM/32.
el azeca - 1dgoutn  mglogansm - Plo0c e el et for sl ond w1 sedirt usig e ST rogua
el azeca - Mdsuvil  dsuvwing - CW0Callestmeboo et for sunivel and grouth i sedimentusing e eSS ygro0ua
Hyallela azteca - 14d growth - % of % ) Biological te;t method: test for survival and growth in sediment using the freshwater HydroQual
Control amphipod Hyalella azteca, 1997. Environment Canada EPS 1/RM/33.
Hyallela azteca - 14d survival - % of % Biological test method: test for survival and growth in sediment using the freshwater H
o - ydroQual

Control

amphipod Hyalella azteca, 1997. Environment Canada EPS 1/RM/33.

PAH toxicity in sediments was estimated using an equilibrium-partitioning method described by Neff et al (2005).
Detection limit varies with moisture content in sediment.
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Table 3.1-11

See symbol key below.

Summary of data available for the Sediment Quality component in support of the JOSMP, 1997 to 2014.

Waterbody and Location Station 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006* 2007 2008 2009 2010 2011 2012 2013 2014
WS S FIWS S FIWS S FIWS S FIWS S FI WS S FIWS S FI WS S F|IWS S FIWS S FIWS S FIWS S FIWS S FIWS S FIWSSFIWS S FIWS S FIWS S F
Athabasca River
Upstream of Fort McMurray (cross channel) ATR-UFM 1 2 1
Upstream of Donald Creek (west bank)?® ATR-DC-W 2 2 1 2 1 2 1
(east bank)® ATR-DC-E 2 2 1 2 1 2 1
Upstream of Steepbank River (west bank) ATR-SR-W 1 2 1 2 1
(east bank) ATR-SR-E 1 2 1 2 1
Upstream of the Muskeg River (west bank)® ATR-MR-W 2 1 2 1 2 1
(east bank)® b ATR-MR-E 2 1 2 1 2 1
Upstream of Fort Creek (west bank)?® ATR-FC-W 2 2 1 2 1 2
(east bank)?® ATR-FC-E 2 2 1 2 1 2
Testing inter-site variability (3 composite samples) - 1 1
Downstream of all development (west bank) ATR-DD-W 1 2 1
(east bank) ATR-DD-E 1 2 1
Upstream of mouth of Firebag River (west bank) ATR-FR-W 1 2 1
(east bank) ATR-FR-E 1 2 1
Upstream of the Embarras River ATR-ER 3 1 1 2 1 1 1 2 2 2 2 2 2
Athabasca Delta / Lake Athabasca
Delta composite® ARD-1 2
Big Point Channel BPC-1 2 2 2 2 2 1 1 2 2 2 2 2 2 2
Goose Island Channel GIC-1 2 2 2 1 1 2 2 2 2 2 2 2
Fletcher Channel FLC-1 2 2 2 1 1 2 2 2 2 2 2 2
Flour Bay FLB-1 2
Extensive Survey (6 sites) d 1
Embarras River
Embarras River EMR-1 1 2
Embarras River EMR-2 1 2 2 2 2
Athabasca River Tributaries (South of Fort McMurray)
Clearwater River (upstream of Fort McMurray) CLR-1/CLR-D1 1 2 2 2 2 2
(upstream of Christina River) CLR-2/CLR-D2 1 2 2 2 2 2
Christina River (upstream of Fort McMurray) CHR-1 1 2 2
(upstream of Janvier) CHR-2 1 2 2
(benthic reach at mouth) CHR-D1 2 1 2 2 2
(benthic reach at upper Christina River) CHR-D2 2 2 2 2
(upstream of Jackfish River) CHR-D3 2
(upstream of development) CHR-D4 2 2
Hangingstone River (upstream of Ft. McMurray) HAR-1 2 2
Sunday Creek SUC-D1 2 2 2
Sunday Creek (upstream) SUC-D2 2 2
Unnamed Creek 2 (east of Christina Lake) UNC-D2 2 2
Unnamed Creek 3 (south of Christina Lake) UNC-D3 2 2
Birch Creek BRC-D1 2 2
Sawbones Creek SAC-D1 2 2 2
Athabasca River Tributaries (North of Fort McMurray)
McLean Creek (mouth) MCC-1 2 2 1 2 2
Beaver River BER-D2 2 2 2 2 2 2 2
Poplar Creek (mouth) POC-1/POC-D1 1 2 2 2 2 2 2 2 2 2
Steepbank River (mouth) STR-1 1 1 2 2
(upstream of Suncor Project Millennium) STR-2 2 2
(upstream of North Steepbank) STR-3 2
North Steepbank River (upstream of Suncor Lewis) NSR-1 2 2 1 1
MacKay River (mouth) MAR-1 1 1 2 2 2
(upstream of Suncor MacKay) MAR-2 1 2

Note: Monitoring for the Sediment Quality Component was conducted under RAMP until 2013 and is now part of the JOSMP.
Footnotes

Legend
1 = standard sediment quality parameters (carbon content, particl

le size,

recoverable hydrocarbons, TEH and TVH, total metals, PAHs and alkylated PAHs)

2 = standard sediment quality + toxicity testing
\ = allowance made for potential TIE

* Sediment program integrated with Benthic Invertebrate Community component in 2006.

a

Sample stations were previously labeled ATR-1, 2 and 3
(moving upstream from the ARD Delta)

Samples were collected downstream of tributary in 1998

In 1999, one composite sample was collected from Big Point
Goose Island, Embarras and an unnamed side channel
Stations are BEC, BPC-1, CRC-1, EMR-2, JFC-1

=

Test (downstream of focal projects)
Baseline (upstream of focal projects)

In previous RAMP reports, this station was called MUR-D2 (upstream of Stanley Creek) from 2003-2005
In previous RAMP reports, this station was called MUR-2 from 2000-2005



Table 3.1-11  (Cont'd.)

See symbol key below.

Waterbody and Location Station 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006* 2007 2008 2009 2010 2011 2012 2013 2014
WS S FIWS S FIWS S FIWS S FIWS S FI WS S FIWS S FI WS S F|IWS S FIWS S FIWS S FIWS S FIWS S FIWS S FIWSSFIWS S FIWS S FIWS S F
Athabasca River Tributaries (North of Fort McMurray) (cont'd)
Ells River (mouth) ELR-1 1 2 2 2 1
(benthic reach at mouth) ELR-D1 2 2 2 2 2 2 2
(upstream of Total Joslyn Mine) ELR-2 2 1
Tar River (mouth) TAR-1 1 2 2 1 1
(benthic reach at mouth) TAR-D1 2 2 2 2 2 2 2
(upstream of Canadian Natural Horizon) TAR-2 1 1
Calumet River (mouth) CAR-1 2 2 2
(benthic reach at mouth) CAR-D1 2 2
(upstream of Canadian Natural) CAR-2 2
(benthic reach at upper Calumet) CAR-D2 2 2 2
Fort Creek (mouth) FOC-1 1 2
(benthic reach at mouth) FOC-D1 2 2 2 2 2 2 2 2
Big Creek BIC-D1 2 2
Pierre River PIR-D1 2 2
Eymundson Creek (mouth) EYC-1 2 2
Firebag River (mouth) FIR-1 2 2 1
(benthic reach at mouth) FIR-D1 2 1 2 2
(upstream of Suncor Firebag) FIR-2 2 1
Muskeg River
Mouth MUR-1 1 1 2 1 1 2 2 2 2
1 km upstream of mouth MUR-1b 1 1
Upstream of Jackpine Creek MUR-4 1 1 1
Upstream of Muskeg Creek MUR-5 1 1
Upstream of Wapasu Creek MUR-6 1 1
(benthic reach - downstream of Jackpine Creek) © MUR-D2 1 2 2 2 2 2 2 1 1 1 1 2 2
(benthic reach - upstream of Stanley Creek) MUR-D3 2 2 2 2 2 2 1 1 1 1 2 2
Muskeg River Tributaries
Jackpine Creek (mouth) JAC-1 1 2
(benthic reach at mouth) JAC-D1 2 1 2 2 2 2 2 2 2
(benthic reach at upper Jackpine Creek) JAC-D2 2 1 2 2 2 2 2 2 2
Stanley Creek (mouth) STC-1 1
Wetlands
Kearl Lake (composite) KEL-1 1 1 2 2 2 1 1 1 2 2 2
Isadore's Lake (composite) ISL-1 1 2 2 2 1 1 1 2 2 2
Shipyard Lake (composite) SHL-1 1 2 1 2 2 2 2 1 1 1 2 2 2
McClelland Lake (composite) MCL-1 1 1 2 2 2 1 1 1 2 2 2
Johnson Lake (composite) JOL-1 1 2 2 2
Christina Lake (composite) CHL-1 2 2 2
Gregoire Lake (composite) GRL-1 2
Gardiner Lake (composite) GAL-1 2
Namur Lake (composite) NAL-1 2

Additional Sampling (Non-Core Programs)
Potential TIE |

QAIQC

One split and one duplicate sample |

1]

1]

1]

1]

1]

1]

1]

Note: Monitoring for the Sediment Quality Component was conducted under RAMP until 2013 and is now part of the JOSMP.

Legend

1 = standard sediment quality parameters (carbon content, particle size,
recoverable hydrocarbons, TEH and TVH, total metals, PAHs and alkylated PAHs)

2 = standard sediment quality + toxicity testing
v = allowance made for potential TIE

* Sediment program integrated with Benthic Invertebrate Community component in 2006.

Footnotes

@ Sample stations were previously labeled ATR-1, 2 and 3
(moving upstream from the ARD Delta)

Samples were collected downstream of tributary in 1998

¢ In 1999, one composite sample was collected from Big Point
Goose Island, Embarras and an unnamed side channel

4 Stations are BEC, BPC-1, CRC-1, EMR-2, JFC-1

¢ In previous RAMP reports, this station was called MUR-D2 (upstream of Stanley Creek) from 2003-2005

' In previous RAMP reports, this station was called MUR-2 from 2000-2005

=

Test (downstream of oil sands developments)
Baseline (upstream of oil sands developments)



3.1.4  Fish Populations Component
3.1.4.1 Overview of 2014 Monitoring Activities

The following monitoring activities were conducted in 2014 for the Fish Populations component:
= Spring, summer, and fall fish inventories on the Athabasca and Clearwater rivers;

= Fish assemblage monitoring (FAM) on tributaries to the Athabasca and Clearwater rivers, and
channels of the Athabasca River Delta;

= Tissue analyses of lake whitefish and walleye from the Athabasca River.

Sampling locations are presented in Figure 3.1-5. Common and scientific names for each fish species
noted in this report are listed in Appendix E.

3.1.4.2 Summary of Field Methods
Athabasca River and Clearwater River Fish Inventories
The objectives of the 2014 Athabasca River and Clearwater River inventories were to:

= document information about fish populations (both resident and seasonal); and

= respond to concerns and needs of the various stakeholders and local communities using the fish
resources.

In 2014, spring, summer, and fall inventories of the fish community focusing on the following key indicator
fish species (analogous to Key Indicator Resources, KIRs) were conducted on the Athabasca and
Clearwater rivers:

=  Goldeye (Hiodon alosoides);

= Longnose sucker (Catostomus catostomus);

= Northern pike (Esox lucius);

= Lake whitefish (Coregonus clupeaformis) (Athabasca River only);
= Walleye (Sander vitreus);

=  White sucker (Catostomus commersoni); and

=  Trout-perch (Percopis omiscomaycus) (Athabasca River only).

Spring, summer, and fall sampling was conducted between May 11 and June 12, 2014, July 19 and July
24, 2014, and September 10 and September 16, 2014, respectively. Approximately five days of sampling
on the Athabasca River and two days of sampling on the Clearwater River were conducted in each of the
three seasons.

Sampling on the Athabasca River was implemented within six areas historically established for the RAMP
fish inventory program and continued under the JOSMP (Table 3.1-12, Figure 3.1-5):
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= Upstream of Fort McMurray (Reach -3);
= Poplar Area (Reaches 0 and 1);

=  Steepbank Area (Reaches 4, 5, and 6);
= Muskeg Area (Reaches 10 and 11);

= Tar-Ells Area (Reaches 16 and 17); and
=  Fort-Calumet Area (Reach 19).

With the exception of the area upstream of Fort McMurray, all of the areas have been sampled annually
since 1997, and a number of which have been sampled annually since 1987 by Syncrude Canada Ltd.
The reach upstream of Fort McMurray, was established in 2011 to provide baseline data for the fish
inventory program (Table 3.1-12, Figure 3.1-5).

Spring, summer, and fall sampling in the Clearwater River was conducted at three reaches (CR1, CR2,
and CR3) (Table 3.1-12, Figure 3.1-5).

Sampling was conducted on both rivers in areas conducive to electrofishing, primarily in shallow-river
margins deep enough to be accessible by boat.

Fish were sampled using a Smith-Root model SR-18 electrofishing boat equipped with a 2.5 GPP
electrofishing unit, configured with two anode boom arrays and multiple dropper cables. Stunned fish
were captured with dip nets and held in an on-board flow-through live well. Fish observed but not
captured were enumerated by species, when possible.

Captured fish were measured for fork length (1 mm) and weight (1 g), and sex and state of maturity
were recorded when discernible by external examination. An external assessment was conducted to
evaluate the general health (e.g., presence of disease, incidence of parasites, physical abnormalities, etc.)
of each fish. The examination was conducted using an inventory-specific coding system (Appendix E) that
focused on the following structures: body (form and surface); lips and jaws; snout; barbels; anus; opercles;
isthmus; fins; gills; pseudobranchs; thymus; eyes; and urogenital area.

The total number of abnormalities was calculated by season for all species and compared against
previous sampling years. An external pathology assessment was completed by calculating the
percentage of pathological abnormalities, including body deformities, growths, tumors, and parasites from
the total number of fish captured for all species by year and for all species combined.
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Figure 3.1-5

Locations of fish monitoring activities conducted in support of the 2014 JOSMP.
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Table 3.1-12 Locations of fish inventory areas on the Athabasca and Clearwater rivers
surveyed in support of the 2014 JOSMP.

UTM Coordinates (NAD 83, Zone 12)

Subreach
Area Reach Number Number Upstream Downstream
Limit of Reach Limit of Reach
Athabasca River
Upstream of Fort McMurray -03B* 482473 E /6283525 N 473942 E / 6285983 N
00B 474646 E / 6305438 N 473932 E /6308141 N
Poplar Area
01A 473480 E /6307893 N 473103 E /6310531 N
04A 472890 E /6316361 N 471314 E /6318285 N
04B 471314 E /6318285 N 469636 E / 6320525 N
Steepbank Area 05A 469636 E / 6320525 N 468911 E /6323011 N
05B 473156 E / 6316650 N 471877 E/ 6318562 N
06A 471877 E /6318562 N 470153 E/ 6320420 N
10B 464172 E / 6330904 N 462582 E / 6334464 N
Muskeg Area
11A 462220 E/ 6333918 N 462025 E /6337965 N
16A 459425 E / 6350065 N 458958 E / 6353380 N
Tar-Ells Area
17A 458958 E / 6353380 N 459360 E / 6356213 N
19A 461057 E /6362604 N 460943 E / 6365216 N
Fort-Calumet Area
19B 461181 E / 6360892 N 461417 E/ 6363621 N
Clearwater River
Upstream of the High Hills CR1A* 531982 E / 6288505 N 529592 E / 6289549 N
River and Christina River CR1'
confluences CR1B 529592 E / 6289549 N 527714 E / 6291560 N
CR2A 514112 E /6283950 N 512193 E /6282517 N
Upstream of the Christina 1
. CR2 CR2B* 512193 E/ 6282517 N 510345 E /6281510 N
River confluence
CR2C* 510345 E /6281510 N 509500 E / 6280700 N
Downstream of the CR3A* 496071 E / 6280509 N 493022 E / 6280960 N
e . CR3
Christina River confluence CR3B* 493022 E / 6280960 N 489943 E / 6281368 N

! Reaches -03B, CR1, and CR2 are designated as baseline. All other reaches are designated as test.

* Reaches were sampled in spring and fall 2014, based on a rotating panel design for the baseline reaches. The test reaches
are sampled every season and year and all reaches are sampled in summer.
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Fish Tag Return Assessment

Tagging of sportfish species has been a part of the Fish Populations component since 1999. The fish tags
are uniquely identified by a colour and ID number (for tracking fish in the event of recapture), as well as a
contact phone number that anglers can use to report catch information to the Fort McMurray Fish and
Wildlife office of Alberta Environment and Sustainable Resource Development (AESRD). Tag number,
tag colour, species, basic morphology (fish length and weight), maturity, sex (if possible), external health
condition, date, and location were recorded at the time of tagging.

Athabasca River Fish Tissue

Walleye and lake whitefish were the target species for the 2014 fish tissue study on the Athabasca River.
Tissue samples were acquired from fish captured in the Muskeg and Steepbank areas of the Athabasca
River in September 2014 (Figure 3.1-5). Muscle tissue was collected non-lethally for mercury analysis,
and lethal dissections were performed for internal health assessments and the collection of tissue for
analyses of tainting compounds (organics) and metals.

Individual walleye and lake whitefish selected for tissue sampling were kept live in cold water. Following
non-lethal mercury tissue sampling, all walleye and lake whitefish not designated for lethal dissections
were released immediately into the calm margins of the river to limit additional handling and confinement
stress. Individuals selected for lethal dissections were transported back to an indoor facility to minimize
contamination from precipitation, wind and debris. Tissue samples were collected for the two types of
analyses, using the methods described below.

Non-Lethal Tissue Analysis for Mercury A target of 25 individuals of each species was set for non-
lethal mercury tissue analysis, with specific targets of five fish (irrespective of sex) in each of five size
classes of 100 mm increments in fork length from 200 mm to 700 mm for walleye and of 50 mm
increments in fork length from 200 mm to 450 mm for lake whitefish. These size classes were selected in
order to:

= ensure adequate representation of typical size ranges for lake whitefish and walleye observed in
the fall during past inventories on the river (RAMP 2004; 2006; 2008; 2009a; 2012);

= ensure an even distribution of tissue samples across a wide range of fish sizes and ages; and

= ensure consistency with those size classes targeted in the fall during past tissue programs on the
river (RAMP 2004; 2006; 2008; 2009a; 2012), and to allow comparisons with historical data.

The distribution of fish captured from the Athabasca River for tissue analysis for mercury is provided in
Table 3.1-13. Following the collection of fish measurements for the fish inventory survey, muscle tissue
was then sampled non-lethally from each walleye and lake whitefish for mercury analysis using a clean,
unused 4 mm dermal biopsy punch (Acuderm Inc.). Prior to sampling, a few scales were removed from
the fish and the dermal punch was then positioned on the surface of the skin over the dorsal musculature.
The punch was then pushed into the dorsal musculature, using pressure and a twisting motion moderate
enough to penetrate the muscle, but not to penetrate through to the fish cavity. Upon extraction, the punch
was rotated in a twisting motion using slight angular pressure in order to assist in obtaining the muscle plug
sample. The tissue plug was then blown through the hollow punch into a sterile, pre-labelled, pre-weighed
(= 0.001 g) 4 mL externally-threaded cryovial. The wet weight of the plug was then recorded (+ 0.001 g) for
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the calculation of total mercury concentration, and was placed immediately on dry ice in a cooler. After
extraction of the punch, the void left in the fish was filled with a waterproof “bandage” sealant
(Nexaband S/C, Topical Tissue Adhesive, Formulated Cyanoacrylate) following methods described by
Baker et al. (2004), in order to decrease the chance of infection.

All sampling equipment was rinsed using metals-free soap and distilled water, hexane, then acetone, and
re-rinsed with deionized water after each fish to avoid cross contamination. Tissue samples were
transported in a cooler on dry ice and held in the Hatfield freezer (Fort McMurray) before being shipped
on dry ice to Flett Research (Winnipeg) for mercury analysis.

Table 3.1-13 Number of fish by species captured in each size class from the Athabasca
River for fish tissue analyses of mercury measured in support of the 2014

JOSMP.
Species Size Class (mm)
201-300 301-400 401-500 501-600 601-700
Walleye 3 5 7 1 1
200-250 251-300 301-350 351-400 401-450 451-500
Lake whitefish 0 0 0 4 16 7

Lethal Dissections and Tissue Analysis for Tainting Compounds and Metals A target of five fish for
each of the two species (target male fork length: 450-500 mm for walleye and 400—-450 mm for lake
whitefish; target female fork length: 500-550 mm for walleye and 400—-450 mm for lake whitefish) was set
for dissection and comprehensive tissue sampling for tainting compounds (organics) and metals analysis.
These sex/length combinations were set as targets in an attempt to minimize potential variability
associated with size and age, and to allow for direct comparisons with data from previous tissue surveys
conducted by RAMP (RAMP 2004; 2006; 2008; 2009a; 2012).

The distribution of fish captured for tissue analysis for tainting compounds is provided in Table 3.1-14.

Table 3.1-14 Sex/length combinations of walleye and lake whitefish captured from the
Athabasca River for fish tissue analyses of metals and organics in support
of the 2014 JOSMP.

Species Sex Size Class Number Captured
Walleye Male 450-500 mm (target) 5

Female 500-550 mm (target) 0
Lake whitefish Male 400-450 mm 6

Female 400-450 mm 5
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Each sacrificed fish was dissected and an internal assessment was conducted to evaluate general health
(e.g., presence of disease, incidence of parasites, physical and other abnormalities) based on the
following structures and characteristics: liver; kidney; spleen; hindgut; gall bladder; fat content; and the
presence of parasites.

For each fish, the sex, stage of maturity, liver weight (x 0.01 g), and gonad weight (+ 0.01 g) were
recorded. Ageing structures (otoliths and two leading rays from the right pelvic fin) were then collected,
dried, and stored in labeled coin envelopes to be sent to North/South Consultants Inc. (Winnipeg) for
analysis.

Tissues were then removed from the musculature above the lateral line and posterior to the dorsal fin on
the left side of each fish for analysis of tainting compounds, and from the right side of each fish for
assessing metals (RAMP 2009b). Minimum muscle tissue requirements per fish were 20 g (50 to 100 g
preferred) for tainting compounds analyses and 2 g (5 g preferred) for metals analyses. Skin and bone
were removed from the muscle tissue. Samples collected for organics analysis were individually wrapped
in solvent-rinsed aluminum foil, and samples collected for metals analysis were individually placed in
clean, sealable plastic bags. All samples were labeled and kept frozen until they were shipped on ice to
ALS Laboratory Group Edmonton for chemical analysis.

Organics and metals analyses were performed on the composite samples of female and male target-
sized fish in order to facilitate comparison of results with data from previous surveys. The composites
were prepared at ALS by combining an equal weight of muscle tissue from each fish. Two sets of each
composite were prepared for the following analyses:

= Metals — aluminum, antimony, arsenic, barium, beryllium, boron, cadmium, chromium, cobalt,
copper, iron, lead, lithium, manganese, molybdenum, nickel, selenium, silver, strontium, thallium,
tin, titanium, vanadium, and zinc; and

= Tainting Compounds (PAHS) — thiophene, toluene, M+P-xylenes, 1,3,5-trimethylbenzene, and
naphthalene.

Methods and detection limits used for all chemical analyses, including tainting compounds, metals, and
mercury are presented in Table 3.1-15. All remaining tissue samples were archived at the testing
laboratory for additional analyses, if required.
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Table 3.1-15 Methods of analyses and detection limits for mercury, metals, and tainting
compounds analyzed in fish collected from the Athabasca River in support
of the 2014 JOSMP.

Variable

Detection Limit

(mg/kg, wet weight)

Method of Analysis

Metals

Tainting Compounds (PAHSs)

Aluminum (Al)
Antimony (Sb)
Arsenic (As)
Barium (Ba)
Beryllium (Be)
Bismuth (Bi)
Cadmium (Cd)
Calcium (Ca)
Chromium (Cr)
Cobalt (Co)
Copper (Cu)

Iron (Fe)

Lead (Pb)
Lithium (Li)
Magnesium (Mg)
Manganese (Mn)

Mercury (Hg)

Molybdenum (Mo)
Nickel (Ni)
Phosphorus (P)
Potassium (K)
Selenium (Se)
Silver (Ag)
Sodium (Na)
Strontium (Sr)
Thallium (TI)
Tin (Sn)
Titanium (Ti)
Uranium (U)
Vanadium (V)
Zinc (Zn)

1,3,5-Trimethylbenzene
m+p-Xylene
Naphthalene®
Thiophene

Toluene

2
0.01
0.01
0.02

0.1
0.06
0.006

2
0.05
0.02
0.04

1
0.02

0.1

1

0.01

0.006" and 0.0022

0.01
0.02
5
5
0.06
0.05
20
0.01
0.01
0.05
0.1
0.002
0.1
0.1

0.01
0.01
0.05
0.01
0.01

EPA 200.3/200.7-ICPOES
EPA 200.3/200.8-ICPMS
EPA 200.3/200.8-ICPMS
EPA 200.3/200.8-ICPMS
EPA 200.3/200.8-ICPMS
EPA 200.3/200.8-ICPMS
EPA 200.3/200.8-ICPMS
EPA 200.3/200.7-ICPOES
EPA 200.3/200.7-ICPOES
EPA 200.3/200.8-ICPMS
EPA 200.3/200.8-ICPMS
EPA 200.3/200.7-ICPOES
EPA 200.3/200.8-ICPMS
EPA 200.3/200.8-ICPMS
EPA 200.3/200.8-ICPMS
EPA 200.3/200.8-ICPMS

Cold Vapor Atomic Fluorescence Spectraphotometry (CVAFS)' and

EPA 200.3/EPA 245.1
EPA 200.3/200.8-ICPMS
EPA 200.3/200.8-ICPMS
EPA 200.3/200.7-ICPOES
EPA 200.3/200.7-ICPOES
EPA 200.3/200.8-ICPMS
EPA 200.3/200.8-ICPMS
EPA 200.3/200.7-ICPOES
EPA 200.3/200.8-ICPMS
EPA 200.3/200.8-ICPMS
EPA 200.3/200.8-ICPMS

EPA 200.3/200.7-ICP-OES
EPA 200.3/200.8-ICPMS
EPA 200.3/200.8-ICPMS
EPA 200.3/200.7-ICPOES

EPA 5000/8260-Headspace GC/MS
EPA 5000/8260-Headspace GC/MS
EPA 3540/8270-GC/MS
EPA 5000/8260-Headspace GC/MS
EPA 5000/8260-Headspace GC/MS

2 Analyzed by Flett Research and ALS, respectively (all other variables analyzed by ALS only).

3

Naphthalene was analyzed for three target compounds, 1-Methylnaphthalene, 2,6-Dimethylnaphthalene,
2,3,5-Trimethylnaphthalene, all with the same detection limit and all using the same analytical method.
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Fish Assemblage Monitoring Program

Fish assemblage monitoring (FAM) in tributaries to the Athabasca and Clearwater rivers was incorporated
into RAMP in 2011; 2014 was the fourth year of monitoring on tributaries and the second year of
monitoring in the ARD. The objective of this monitoring component was to evaluate fish assemblages in
reaches where water quality, and benthic invertebrate communities and sediment quality were also
assessed. Accordingly, fish assemblage monitoring was conducted at all benthic invertebrate sampling
reaches on tributaries surveyed in fall 2014 (Table 3.1-16). The FAM program was conducted from
August 19 to 21, 2014 in channels of the ARD and from September 3 to 17, 2014 in tributary reaches to
assess changes in the fish assemblage of rivers that may potentially be influenced by oil sands
development.

The methods used to develop the FAM program for RAMP and now under the JOSMP, were adopted
from the United States Environmental Protection Agency (EPA) Environmental Monitoring and
Assessment Program (EMAP) for stream monitoring programs throughout the United States (Peck et al.
2006). The procedures described were modified to include appropriate indicators related to the study area
and outline protocols to collect measurements describing physical habitat, the fish assemblage, water and
sediment chemistry, and benthic invertebrate communities.

Fish Sampling Each reach was approximately 20 times the wetted width, which was divided into five
sub-reaches to assess variability within a reach (based on precision analysis conducted in RAMP [2011]).
Tributary reaches were sampled using a backpack or portable boat electrofisher, dependent on channel
depth; the reaches of the ARD were sampled using a boat electrofisher given the depth of the channels.
Sampling was focused on the shoreline area of the river and the width of the electrofishing pass was
approximately 2 to 3 m, or from the river bank to a point mid-river based on what the electrofisher operator
could reach.

Fish collected from each sub-reach were kept in a holding bucket of river water until the completion of all
fishing. For each sub-reach, captured fish were measured for length (z 1 mm) and weight (+ 0.01 g) and
an external assessment was conducted to evaluate the general health.
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Table 3.1-16

Locations of reaches surveyed for the fish assemblage monitoring
program, August and September, in support of the 2014 JOSMP.

) Reach UTM Coordinates (NAD 83, Zone 12)
Watercourse Reach Habitat Type . .
Designation  pownstream Boundary ~ Upstream Boundary
EMR-F2 depositional test 494794 E 6492144 N 491047 E 6490830 N
) BPC-F1 depositional test 511785 E 6497992 N 511828 E 6493157 N
Athabasca River Delta N
FLC-F1 depositional test 497332 E 6494106 N 496227 E 6490049 N
GIC-F1 depositional test 508803 E 6488786 N 509729 E 6494113 N
Beaver River BER-F2 depositional baseline 465483 E 6311289 N 465457 E 6311138 N
Big Creek BIC-F1 depositional baseline 471527 E 6387792 N 471315 E 6387804 N
Birch Creek BRC-F1 depositional baseline 492005 E 6163125 N 491879 E 6163008 N
CHR-F1 erosional test 497715 E 6278551 N 498097 E 6278180 N
CHR-F2 depositional test 511819 E 6192380 N 511134 E 6192481 N
Christina River
CHR-F3 erosional test 486219 E 6175064 N 485726 E 6175279 N
CHR-F4 depositional baseline 466224 E 6193839 N 466024 E 6193825 N
Ells Ri ELR-F1 depositional test 459063 E 6351670 N 459063 E 6352009 N
s River
ELR-F3 erosional baseline 440394 E 6342411 N 440033 E 6342601 N
Eymundson Creek EYC-F1 depositional baseline 465862 E 6372334 N 465820 E 6372577 N
Fort Creek FOC-F1 depositional test 461545 E 6363107 N 461724 E 6363065 N
Gregoire River GRR-1 erosional test 510192 E 6259875 N 510054 E 6259943 N
High Hills River HHR-F1 erosional baseline 529943 E 6289291 N 529988 E 6289542 N
Jackfish River JAR-F1 erosional test 493796 E 6169761 N 493825 E 6169513 N
) JAC-F1 depositional test 472805 E 6346510 N 472964 E 6346496 N
Jackpine Creek
JAC-F2 depositional baseline 480284 E 6324869 N 480431 E 6324796 N
. MAR-F1 erosional test 461153 E 6336395 N 460437 E 6336773 N
MacKay River .
MAR-F2 erosional test 449741 E 6320228 N 449568 E 6319954 N
MAR-F3 erosional baseline 445206 E 6314610 N 444952 E 6314293 N
MUR-F1 erosional test 463542 E 6332450 N 463897 E 6332099 N
Muskeg River MUR-F2 depositional test 466519 E 6339971 N 466663 E 6340158 N
MUR-F3 depositional test 479753 E 6356804 N 479824 E 6356936 N
Pierre River PIR-F1 depositional baseline 462202 E 6367488 N 462260 E 6367729 N
Poplar Creek POC-F1 depositional test 472102 E 6307923 N 471844 E 6307777 N
Red Clay Creek RCC-F1 erosional baseline 475809 E 6395071 N 475578 E 6395145 N
Sawbones Creek SAC-F1 depositional test 511495 E 6167203 N 511548 E 6167430 N
) STR-F1 erosional test 471194 E 6320052 N 471614 E 6320363 N
Steepbank River
STR-F2 erosional baseline 500448 E 6297485 N 500598 E 6297453 N
SUC-F1 erosional test 506314 E 6158409 N 506376 E 6158269 N
Sunday Creek . )
SUC-F2 depositional baseline 494288 E 6157256 N 494104 E 6157189 N
Tar Ri TAR-F1 depositional test 458582 E 6353573 N 458345 E 6353410 N
ar River
TAR-F2 erosional baseline 440735 E 6361657 N 440525 E 6361638 N
Unnamed Creek (eastof  \cpy  gepositional test 517580 E 6163722 N 517762 E 6163681 N
Christina Lake)
unnamed Creek (south  \c.p3 depositional test 511132 E 6159871 N 511062 E 6159654 N
of Christina Lake)
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Fish Habitat Assessments Habitat assessments were completed at two transects at the downstream
and upstream ends of each reach. Habitat assessment methods involved recording a range of variables
relating to channel morphology, substrate, water quality, and stream cover similar to that outlined in
RAMP (2009b) and Peck et al. (2006). The following information was collected at each transect:

= Habitat type (Table 3.1-17);

= Wetted width (m);

= Maximum depth (m);

= Velocity and depth (m/sec) (at 25%, 50%, and 75% of the wetted width);

= Qverhead and instream cover (%) (Table 3.1-18);

=  Substrate (dominant and subdominant particle size) (Table 3.1-19);

= Bank slope (degrees);

=  Bank height (m); and

= Large and small woody debris (count of debris in length/size classes).

In situ water quality variables including temperature (°C), DO (mg/L), pH, and conductivity (uS/cm) were
measured using a Hanna hand-held probe (temperature, conductivity, pH) and a LaMotte Winkler titration
kit (DO) at the downstream end of each reach.

Table 3.1-17 Habitat type and code used for the fish assemblage monitoring program of
the 2014 JOSMP (adapted from Peck et al. 2006).

Habitat Type (code)

Description

Plunge pool (PP)
Trench pool (PT)

Lateral Scour Pool (PL)

Backwater Pool (PB)

Impoundment Pool (PD)
Pool (P)

Run (Ru)

Riffle (RI)

Dry Channel (DR)

Pool at base of plunging cascade or falls

Pool-like trench in the centre of the stream

Pool scoured along a bank

Pool separated from main flow off the side of the channel (large enough to offer refuge to small
fishes). Includes sloughs (backwater with vegetation), and alcoves (a deeper area off a wide and
shallow main channel).

Pool formed by impoundment above dam or constriction

Pool (unspecified type)

Water moving slowly, with a smooth, unbroken surface. Low turbulence.

Water moving, with small ripples, waves and eddies-waves not broken, surface tension not
broken.

No water in the channel or flow is submerged under the substrate.
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Table 3.1-18 Percent cover rating for instream and overhead cover at each transect used
for the fish assemblage monitoring program of the 2014 JOSMP (adapted
from Peck et al. 2006).

Code Percent Cover
0 absent, zero cover
1 sparse, <10%
2 moderate, 10-40%
3 heavy, 40-75%
4 very heavy, >75%

Table 3.1-19 Substrate size class codes used for the fish assemblage monitoring
program of the 2014 JOSMP (adapted from Peck et al. 2006).

Code Description

RS bedrock (smooth) - larger than a car

RR bedrock (rough) - larger than a car

RC asphalt/concrete

XB large boulder (1000-4000 mm) - metre stick to a car
SB small boulder (250-1000 mm) - basketball to a metre stick
CB cobble (64-250 mm) - tennis ball to basketball

GC coarse gravel (16-64 mm) - marble to tennis ball
GF fine gravel (2-16 mm) - ladybug to marble

SA sand (0.06 to 2 mm) - gritty, up to ladybug size

FN silt/clay - not gritty

HP hardpan - firm consolidated fine substrate

3.1.4.3 Changes in Monitoring Network from 2013

The 2014 monitoring activities for the Fish Populations component differed from those carried out in 2013
in the following ways:

= Fish assemblage reaches were added to the program based on the benthic sampling design; the
program was expanded to include a new test reach on the Gregoire River, a tributary to the
Christina River;
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Given the three-year sampling rotation, fish assemblage monitoring was not conducted on the
Calumet River (test reach CAR-F1 and baseline reach CAR-F2) or the Firebag River (test
reaches FIR-F1 and FIR-F2) in 2014;

Given the three-year sampling rotation of the fish tissue sampling program, fish tissue sampling
was conducted on the Athabasca River (last conducted in 2011) but not the Clearwater River (last
conducted in 2012);

The regional lakes fish tissue program, in collaboration with AESRD, was not conducted in fall
2014; and

Given the three-year sampling rotation, lethal sentinel species monitoring program was not
conducted for trout-perch on the Athabasca River, nor slimy sculpin on select tributaries, in 2014.

3.1.4.4 Challenges Encountered and Solutions Applied

The following challenges were encountered during the Fish Populations component activities in 2014

Athabasca Inventory — due to restrictions stated in the Fish Research License related to
electrofishing during fish spawning periods, fish sampling ceased at baseline reach -03B,
upstream of Fort McMurray, in May following the capture of spawning walleye. In addition, the fall
program was conducted earlier than previous years to avoid capturing spawning lake whitefish.
As a result, fewer lake whitefish were captured than in previous years;

Clearwater Inventory — due to low the water level in fall, it was not possible to complete fish
sampling at baseline reaches CR-1 and CR-2;

Athabasca Fish Tissue — Fishing effort was maximized in an effort to capture the required number
of fish for fish tissue analysis; however, smaller size classes of lake whitefish and larger size
classes of walleye were not obtained in 2014; and

Regional lakes — due to logistical difficulties in collecting and storing tissue samples at remote
lakes, personnel from AESRD were not able to retain fish samples from the FWIN program for the
analysis of mercury.

3.1.45 Other Information Obtained

Additional fish tissue and ageing samples for walleye and lake whitefish from the Athabasca River were
collected by personnel from Environment Canada under the JOSMP and provided to Hatfield.

3.1.4.6 Summary of Component Data Now Available

Fish Populations component data collected to date are summarized in Table 3.1-20.
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Table 3.1-20 Summary of data available for the Fish Populations component in support of the JOSMP, 1997 to 2014.

WATERBODY AND LOCATION

Site ID

Up. of Fort McMurray -3

Poplar Area 0/1

Steepbank Area 4955

Muskeg Area 10/11

Tar-Ells Area 16/17

Fort-Calumet Area 19@

Canadian Natural/TrueNorth Area (Fort/Asphall

Reference Area - about 200 km upstream ® 5/6

Reference Area - upstream of Fort McMurray©

Radi y study region®

Reference site upstream of Ft. McMurray STP ATR-1

R site by STP and Suncor ATR-2

Do of Suncor's Di: ATR-3

Below Muskeg River ATR-4

Downstream of Development (near Firebag River) ATR-5

Fletcher, Big Point, Goose Island channels FLC/BPC/GIC -
Embarras River EMR-F2

Fort Creek (mouth) FOC-F1 1859 1

Poplar Creek (mouth) POC-F1

Beaver River (upper) BER-F2 10 10 10 10
Pierre River (mouth) PIR-F1 1859 1 10 10
Eymundson Creek (mouth) EYC-F1 10 10
Red Clay Creek (mouth) RCC-F1 10 10
Big Creek (mouth) 10 10
High Hills River (mouth) HH-R/HHR-F1 10 3,10 10 10
Clearwater River Reach CR-1 1 1 1 1 16 1 1 1 1 1 16 1 1 1 1
Clearwater River Reach CR-2 1,6 1,6 il il
Clearwater River Reach CR-3 1 10 1| 1

Christina River (mouth) CHR-F1

Christina River (upstream of Janvier) ™ CHR-F2

Christina River (upstream of Jackfish River) CHR-F3

Christina River (upstream of development) CHR-F4 10 10
Jackfish River JAR-F1

Unnamed Creek (east of Christina Lake) UNC-F2

Unnamed Creek (south of Christina Lake) UNC-F3

Sunday Creek (lower reach) SUC-F1

Sunday Creek (upper reach) SUC-F2 10 10
Birch Creek BRC-F1

Sawbones Creek

Upper Ells River

Upper Ells River®) ELR-F2A 13

Middle Ells River ELR-F2

Lower Ells River®

Lower reach (mouth)

Mid-River (upstream of Suncor MacKay) MAR-F2

Upper MacKay River reach MAR-F3 10 10
Horse and Dunkirk rivers HR-R/DR-R 3 3 3

Upper Tar River TAR-F2 1,3 10 10
Lower Calumet River CAR-F1

Upper Calumet River CAR-F2 10

Lower Firebag River FIR-F1

Upper Firebag River FIR-F2 10

Mouth (within 1 km of confluence with Athabasca River) MR-E/MUR-F1 R

Lower 35 km below Jackpine Creek confluence MUR-F2 a4 -

Upper Muskeg River (near Wapasu Creek Confluence) MUR-F3 I T I Y A Y

Jackpine Creek (upper portion of the creek) JAC-F2 10 10 10 10
Jackpine Creek ible areas of lower creek) JAC-F1 8 -

Muskeg Creek (Canterra road crossing)®

Wapasu Creek (mouth or Canterra road) ©

Mine baseline fisheries reach (1995)® AF014
Lower Steepbank River (current test site) STR-F1/SR-E -
Lower k River (original test site) SR-MN
Baseline site in vicinity of Bitumin Heights (origi ine site) SR-R 13 3
Upper Steepbank River (current baseline site) (moved in 2009) SR-RISTR-F2 3

10

3,10

10

10

Christina Lake CHL-F1

Various lakes in water/air emissions pathway

Note: itoring for the Fish i Ci was under RAMP until 2013 and is now part of the JOSMP.
Legend

w=winter; s=spring and summer; fall=fall
1 = fish inventory
2 = radiotelemetry; 1997-1998 walleye, lake whitefish (Athabasca River)
2000-2001: longnose sucker, northern pike, Arctic grayling (Athabasca River and Muskeg River)
3 = sentinel fish monitoring; 1998-1999: longnose sucker (Athabasca River)

2002-2013: trout-perch (Atha. River); slimy sculpin (Muskeg, Steepbank, Dunkirk, Horse, High Hills)

4 = fish fence: aluminum counting fence (large bodied fish); small-mesh fyke nets (small bodied fish)
5 = fish habitat association
6 = fish tissue: walleye and lake whitefish (Athabasca River); northern pike (Muskeg River),
northern pike (Clearwater River), northern pike, walleye, and lake whitefish (lakes)
7 = winter fish habitat sampling
8 = spawning survey
9 = benthic drift survey
10 = fish assemblage monitoring (FAM) program

Footnotes
@ Reaches include east and west banks

®) Reference area upstream of Fort McMurray; includes a 22 km section extending 1 km upstream of the Duncan Creek

Confluence downstream to Iron Point

© Reference area upstream of Fort Itwas i i as a potential refe
but found to be i due to habitat di and concerns about longnose sucker mobility.
@ Radiotelemetry region includes the area 60 km upstream of Fort to 250 km

area for longnose sucker sentinel species

© small-bodied fish inventory done by fish fence (fyke net) to record fish

Needed to be done prior to Kearl Project.
O ocated from 3 to 11 km upstream of the confluence with the Athabasca River.

© In 2004 the Elis River was evaluated as a potential reference site for sentinel species (slimy sculpin) monitoring on the Muskeg
and Steepbank Rivers. Several sites were sampled but no slimy sculpin were captured. Hence, the site was determined not to be

suitable as a reference site for this species.

™ Reconaissance inventory carried out in the Christina River upstream and downstream of the Hwy 881 bridge crossing.
©1n 2004 a fish fence reconnaissance was carried out on the Ells and MacKay rivers.

Test (downstream of oil sands developments)
Baseline (upstream of oil sands developments)



3.1.5 Acid-Sensitive Lakes Component

3.1.5.1 Overview of 2014 Monitoring Activities

The 2014 Acid-Sensitive Lakes (ASL) component consisted of water quality sampling at 45 lakes and
ponds within and beyond the study area. The location of each lake is presented in Figure 3.1-6. The 45
lakes are located in five physiographic regions:

=  Stony Mountains;

=  Birch Mountains;

=  West of Fort McMurray;

= Northeast of Fort McMurray; and
= Canadian Shield.

The date of sampling and the UTM coordinates for each lake are presented in Table 3.1-21. Each lake is
identified by an AESRD number as well as a unique identification number ascribed to each lake by the
NO,SO, Management Working Group (NSMWG) lake sensitivity mapping program (WRS 2004). The
original AESRD name of each lake is also included in Table 3.1-21.

The sampling design for the ASL component reflects the natural geographic distribution of lakes within
the study region. The 45 lakes represented a majority of the major lakes within the monitoring region that
are unaffected by oil sands development (except through deposition). There are very few lakes close to
the major oil sands developments (e.g., Syncrude and Suncor) that are not clearly influenced by the
developments themselves. The closest lakes are those lakes in the Muskeg River uplands and the area
northwest of Fort McMurray, which are well represented in the set of ASL component lakes. The set of
lakes included a large number of small ponds that are less than 0.5 km? in area; however, beaver ponds
were not considered to be permanent lakes. Low alkalinity lakes are represented in the upland areas
(Birch Mountains, Stony Mountains). Five lakes in the Canadian Shield are remote from emission sources
of NO,SO, and were selected as baseline lakes.

Timing of Sampling

Sampling was conducted in late summer from August 17 to 21, 2014, when chemical conditions were
considered to have stabilized and thermal stratification (if it occurred) would have broken down. A late
summer or fall sampling program is consistent with most of the major lake surveys that have been
conducted in Alberta (e.g., Saffron and Trew 1996). In order to address the possibility of a spring pulse in
acidity that could be missed in this sampling regime, a seasonal sampling program was conducted for five
years by AESRD (as recommended in CEMA 2004b) on ten representative lakes scattered around the oil
sands region. The results were summarized in the 2008 RAMP technical report (RAMP 2009a). The
CEMA/AESRD study showed that much of the water in these shallow lakes (median depth 1.8 m) freezes
during the winter resulting in dramatic changes in lake chemistry. Large decreases in pH and increases in
Gran alkalinity were observed during the winter accompanied by low oxygen levels and high levels of
sulphide (strong sulphide odour). In spring, the lakes recovered from the low pH and high alkalinity as the
water melts and oxygen was re-introduced. Detecting a decrease in pH or decrease in Gran alkalinity in
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the spring during this recovery period was not possible in the CEMA/AESRD study. Further study of the
spring acid pulse phenomenon was initiated by RAMP in 2012 and the results were reported in the 2012
Technical Report (RAMP 2013).

Summary of Field Methods

AESRD provided the sampling equipment and logistical support for the lake sampling. A float plane was
used to access the majority of study lakes while a helicopter with floats was used to reach the smaller
lakes. AESRD water quality sampling protocols were used as the basis for the field methods (AENV
2006a). Water samples were collected (approximately 10 L of water in total) from the euphotic zone
(defined as twice the Secchi disk depth) at a single deep-water site in each major basin of a lake using
weighted Tygon tubing. When the euphotic zone extended to the lake bottom, sampling was restricted to
depths greater than 1 m above the lake bottom. In shallow lakes (<3 m deep), composite samples were
created from five to ten 1-L grab samples collected at 0.5 m depth along a transect dictated by wind
direction (upwind to downwind shore). Samples taken from a given lake were then combined to form a
single composite sample.

Vertical profiles (1-m intervals) of dissolved oxygen (mg/L), temperature (°C), conductivity (uS/cm), and
pH were measured at the deepest location using a field-calibrated Hydrolab Minisonde 5 water quality
meter. Secchi depth was also recorded. Samples for chemical analysis were stored on ice and shipped
to the Limnology Laboratory, University of Alberta, Edmonton, within 48 hours of collection, and
analyzed for the water quality variables listed in Table 3.1-22. The analytical methods for each water
quality variable are described in the database available on the RAMP website (www.ramp-alberta.orq).

Subsamples of 150 mL were taken from the composite samples for phytoplankton taxonomy and
preserved using Lugol’s solution. One or two replicate zooplankton samples were also collected fro