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1 RAMP HISTORY

1.1 INTRODUCTION

This section introduces the evolution of the Regional Aquatics Monitoring
Program (RAMP) from 1997 to 2001. It describes why RAMP was formed and
what it is trying to achieve. It also discusses how the program structure has
changed and how new members have influenced the study area and the study
design.

Environmental Impact Assessments (EIAS) in the Oil Sands Region study the
baseline environmental conditions and predict effects from proposed
developments. The EIA predictions are conservative to ensure that future
impacts will not be greater than predicted. The expectation is that impacts will
be less than predicted. However, the conservative nature of the EIA predictions
needs to be verified as it is recognized that the Oil Sands Region covers alarge,
complex areain which the natural variability and trends are poorly understood.

The natural variability of the aquatic environment is influenced by climate,
landforms and terrain features. Relative to other regions in Alberta, the Qil
Sands Region experiences a short growing season that is susceptible to cycles of
drought and flooding, as well as extreme winter temperatures. The large land
base encompasses many landforms ranging from varying depths of limestone,
sand and oil deposits to the following features:

wetlands;

o lakes, rivers, ephemeral creeks, springs and seeps;
e muskeg aress;

e uplands; and

e glacia, fluvia and aeolian terrains.

Understanding the long-term natural variability in the Oil Sands Region is an
essential first step in determining if changes to the aquatic environment over time
are due to cumulative effects of developments, natural extremes or both.

Considerable growth has occurred in the Oil Sands Region. In addition to the oil
sands projects listed by year in the following sections, the following examples of
other activities have the potentia to affect the aguatic environment in the Qil
Sands Region:
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e municipal infrastructure;

e aggregate operations;

o fishing and recreational activities;
¢ 0il and gas activities; and

o forestry operations.

Of these activities, some involve direct withdrawal of water for industrial or
urban services. Fort McMurray, Fort McKay and Fort Chipewyan operate
intakes from the Athabasca River system for municipal water supplies. Gravel
pits, such as that at Susan Lake, run dewatering activities and subsequently
discharge excess water. Golf courses may obtain permits to withdraw water for
irrigation.  Conventional oil and gas development may aso involve water
withdrawa within the Athabasca River watershed.  Alternately, some
development activities may not require water directly, but may affect the way
that water moves through the watershed. For example, forestry may affect the
speed of runoff into watercourses and may lead to changesin siltation, while road
development can affect drainage patterns. Urban pesticide or herbicide use and
other runoff from urban areas may aso contribute to changes in the aguatic
environment.

RAMP was designed as a long-term monitoring program that incorporated both
traditional and scientific knowledge. Specific programs in RAMP were
established each year by committees and subcommittees after consultation with
industrial, Aboriginal, environmental and regulatory stakeholders and expert
independent consultants. Through the years, the program included the following
environmental monitoring in the Oil Sands Region:

water quality and sediment in rivers (1997 to 2001);
e fishinrivers (1997 to 2001);

e benthic invertebrates in rivers (1997, 1998, 2000 and 2001) and two
lakes (1997 to 2001);

o water quality in wetlands (1998 to 2001) and acid sensitive lakes (1999
to 2001);

e aguatic vegetation (1999 to 2001); and

e hydrology and climate (monitoring began in 1995, but became a
component of RAMP in 2000).

Funding for the program has increased from $178,340 in 1997 to $1,172,861 in
2001 as the program has expanded. Funding was provided by financial

Golder Associates
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contributions from oil sands producers and fluctuated from year to year, in
accordance with changes in the planned monitoring program and budgetary
constraints. Industrial facilities adjacent to heavily monitored waterbodies were
expected to pay more than facilities that had little monitoring nearby. The 20-
year bitumen production rates of oil sands facilities were considered a reasonable
basis to determine funding obligations. The distribution of RAMP' s budget was
prorated against those 20-year production rates.

As RAMP is a multi-stakeholder initiative, non-funding members included
regulators, Aboriginal groups, environmental non-governmental organizations
(ENGOs) and other stakeholders (e.g., local communities). Benefits to non-
funding members include the following:

e recelving information relevant to their concerns or issues related to
aguatic environments;

e increasing confidence in the information that was collected;
e communication of the state of the aquatic environment; and

e ensuring that sharing of information and addressing of issues continue
beyond oil sands devel opments until closure.

As the Oil Sands Region experienced rapid growth from 1997 to 2001, changes
to RAMP were made annually. These changes not only affected RAMP's
objectives, and organizational structure, but the study area and study design as
well. Potential sampling methods, sentinel species and reference lakes and
streams were also evaluated during this period. Some methods were adopted and
then abandoned the following year. The following sections will summarize the
changes to RAMP from 1997 to 2001.

1.2 RAMP IN 1997

Conditions in the Environmental Protection and Enhancement Act (EPEA)
amending approva of Suncor Energy Inc., Oil Sands (Suncor) Lease 86/17 mine,
as well as conditions in their amending approval for the Steepbank Mine, prompted
the creation of RAMP. In the spring of 1997, Suncor and its neighbour, Syncrude
Canada Ltd. (Syncrude), proposed the concept of RAMP to Alberta Environmental
Protection (AEP) asajoint initiative (Golder 19974). With the Muskeg River Mine
Application submitted, Shell Canada Limited (Shell) also joined in the initiative
in 1997. Suncor, Syncrude and Shell proceeded to implement the RAMP
program design as outlined in the proposal, to meet their approval conditions.
The Oil Sands Regional Aquatics Monitoring Program (RAMP) 1997 report
(Golder 1998) provided a detailed assessment of the data.

Golder Associates
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1.2.1 Program Objectives

To follow its mandate to monitor, evaluate, compare, review and communicate
the state of the aguatic environment in the Athabasca Oil Sands Region, RAMP
had developed Program Objectives, which were reviewed and adjusted annually
to consider new developments in the Oil Sands Region. There were three main
objectives of RAMP in 1997:

e to monitor aguatic environments in the Oil Sands Region to allow
assessment of regional trends and cumulative effects;

e to provide baseline data against which impact predictions of recent EIAs
for oil sands developments will be verified; and

e to design and execute a program that addresses the anticipated aquatic
monitoring requirements of oil sands operators environmental
approvals.

1.2.2 Membership and Development

In 1997, existing developments with some type of disturbance included Suncor’s
Lease 86/17 and Steepbank mines, as well as Syncrude's Mildred Lake, North
and Aurora North mines. Shell’s Muskeg River Mine application was in the
regulatory approval process in 1997. Thus, the first members of RAMP were
Suncor, Syncrude and Shell (Table 1.1 and Figure 1.1).

Table 1.1 Oil Sands Developments in 1997

Oil Sands Date of Capacity Development Type of DistEuXrIS;Irr\]ge in
Development Application (bpd)® Area (ha)® Operation 1997

Suncor Energy Inc.

Fixed Plant Expansion/ 1996/1964/ 450,000 S 18,298 processing/

Lease 86/17/Steepbank 1996 open-pit v
Syncrude Canada Ltd.

Mildred Lake Upgrader/ 480,000 S/ processing/

North Mine 1973/1995 160,000 B 21,100 open-pit v

Aurora North 1996 200,000 B 7,700 open-pit v

Aurora South 1996 200,000 B 7,300 open-pit
Shell Canada Limited

Muskeg River Mine 1997 155,000 B 4,343 open-pit

Note: nyd = Not yet developed.
@ Barrels per day (bpd) of B = Bitumen; S = Synthetic Crude or pipelineable crude; bpd values are rounded off.

®) Development areas are those that will result from the existing approved and planned operations. Areas represent the
maximum disturbance footprint for terrestrial resources.
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Figure 1.1 Membership Distribution in 1997
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In addition to effects resulting from dewatering and closed-circuiting of water
systems at oil sands developments, surface diversions affecting water flow in
1997 included the Beaver River diversion at Syncrude Base Mine. Other
developments in 1997 included urban growth in Fort McMurray (i.e., expansion
of residential areas with 300 new home starts, new golf course development at
Quarry Ridge and increasing water withdrawal requirements) and forestry
activities by Alberta-Pacific Forest Industries Ltd. (Al-Pac) in the watershed of
the Pierre River (Al-Pac 1999). Although the regional harvests by Al-Pac
remained relatively consistent between 1997 and 2001, the locations of harvests
relative to the Athabasca River system changed each year.

1.2.3 Organizational Structure

Although three meetings were held to discuss the organization of RAMP in 1997,
no decision was made to establish the structure. 1t was expected that the program
would be frequently adjusted to meet its objectives by considering monitoring
results, technological advances and community concerns, and that the
organizational structure would be adjusted accordingly.

The extent of stakeholder involvement and the method of involving stakeholders
in RAMP was not determined in 1997; however, initial stakeholders were
identified as follows:

e Fort Chipewyan;

Golder Associates
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e Fort McKay;

¢ Regional Municipality of Wood Buffalo (RMWB);
e Oil Sands Environmental Coalition (OSEC);

e Fort McMurray Naturalist Society; and

e Fish and Game A ssociation.

1.24 Study Area

The 1997 RAMP study area was similar to study areas used for the EIAS
submitted at that time (e.g., Suncor’s Project Millennium and Shell’s Muskeg
River Mine); however, RAMP extended the study area farther downstream to
include the Athabasca delta. It encompassed a reach of the Athabasca River,
from upstream of Fort McMurray to the Athabasca River delta, including the
watersheds of the Muskeg, Steepbank, MacKay and Firebag rivers (Figure 1.2).

1.2.5 Study Design

The study design during the first year of RAMP stemmed from the initia
proposal developed by Golder in 1997 (Golder 1997a) as well as from initial
meetings between Suncor, Syncrude, Shell and Golder. The initia design
stressed establishing baseline conditions and tempora trends in the Oil Sands
Region. In addition to traditional, chemistry-based monitoring, sensitive
biological indicators were chosen to alow for early detection of potential effects
related to oil sands developments. To provide supporting data for the biological
surveys, including benthic invertebrates, fish and aquatic plants (in wetlands),
RAMP also monitored water and sediment chemistry.

In addition to monitoring surveys, RAMP reviewed data from previous studiesin
the study area to provide a basis for future comparisons. These studies included
the baseline studies conducted in 1995 and 1996 for the Steepbank and Aurora
mines (Golder 1996a).

The 1997 RAMP study design is summarized below and described in further
detail in the individual component sections.

Golder Associates
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1.2.5.1 Water and Sediment Quality

In 1997, RAMP monitored water quality in the Athabasca, Steepbank and
Muskeg rivers during spring, summer and fall surveys. The goas were as
follows:

o to expand the available baseline data for dissolved metals and trace
organic compounds;

e to determine seasonal variation in water quality; and

e to determine spatial variation in water quality in the oil sands area on a
regiona scale.

During the fall of 1997, RAMP monitored sediment quality in the Athabasca,
Muskeg, Steepbank and MacKay rivers and Poplar and Jackpine creeks for the
following reasons.

e to provide baseline data on natural variability in concentrations of
metals and trace organic compounds in sediments in the oil sands areg;
and

e to compare sediment quality the Athabasca River above and below the
oil sands area.

The rationale for the water and sediment quality program was as follows:

e to provide regulatory requirements;
e to measure suitability of awaterbody to support aquatic life;

e to determine potential chemical inputs from point and non-point
Sources,

e to compare measured chemical concentrations with guidelines and
objectives designed to protect aquatic life; and

e to provide supporting data for biological surveys.
1.2.5.2 Benthic Invertebrate Community

In 1997, RAMP conducted an initial benthic invertebrate survey in the Athabasca
River with a plan to sample every two years. The goas of the benthic
invertebrate program were:

e to select regional monitoring sites in the Athabasca, Steepbank and
Muskeg rivers;
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e to conduct an initial survey of the Athabasca River, comparing benthic
communities above and below the oil sands area; and

e to build on the available baseline information to allow proper design of
subsequent surveys.

The rationale for the benthic invertebrate monitoring program was as follows:

¢ toform an essentia component of the aguatic monitoring program;

e to provide aregulatory requirement for industries that discharge water to
rivers and lakes; and

e to complement fisheries, water and sediment quality surveys by
indicating availability of invertebrate food for fish and environmental
quality of awaterbody.

1.2.5.3 Fish Populations

In 1997, RAMP monitored fish populations in four reaches (or areas) of the
Athabasca River (i.e., Poplar, Steepbank, Muskeg and Tar-Ells areas). The
purpose of this monitoring was as follows:

e (o examine year-to-year variability in fish population indicators
(e.g., length-at-age, size distribution) and species composition;

¢ to document fish habitat associations by species and life stage to allow
consideration of the effects of natural variation in habitat availability,
when examining potential changesin fish populations;

e to identify and evaluate potential reference areas for fish population
monitoring;

e to conduct aradiotelemetry study of two species in the Athabasca River
in order to address data gaps regarding fish spawning and overwintering
areas and residence time in the Oil Sands Region; and

e tobuild on available baseline information to alow appropriate design of
subseguent monitoring.

Monitoring fish populations is an integral part of RAMP because fish are key
components of aguatic food webs and an important recreational and subsistence
resource for the public.

Golder Associates
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1.2.5.4 Wetlands Vegetation

In 1997, RAMP surveyed aquatic vegetation at four wetlands in the study area to
provide a description of wetlands types and vegetation hedth as a baseline for
future monitoring. Those monitored in 1997 included Kearl, Shipyard and
Isadore’ s lakes (location shown on Figure 1.2) and Lease 25 wetlands (reference
area).

Wetlands vegetation was selected as a RAMP component because changes in the
abundance and distribution of aguatic plantsin wetlands may:

e indicate changes in water level, circulation patterns and clarity caused
by oil sands devel opments or water releases; and

o influence the use of wetlands by invertebrates, fish, waterfowl and
wildlife.

1.2.55 1997 Recommendations

As aresult of the 1997 program, the following recommendations were noted for
future monitoring by RAMP:

e to expand the sediment program to sample chemistry and toxicity of
sediments in benthic invertebrate sampling aress;

e to conduct field surveys to determine the feasibility of fisheries
reference sites identified in 1997;

e a need for a more uniform and consistent sampling program within
RAMP; and

e to conduct winter radiotelemetry tracking flights to determine
overwintering of fish in Athabasca River.

1.3 RAMP IN 1998

In 1998, RAMP established an organizational structure, mandate, defined
objectives and Terms of Reference. With this focused direction and the
fundamentals of RAMP in place, the importance of program flexibility was
recognized. The 1998 annual report (Golder 1999) incorporated the new
mandate, objectives and Terms of Reference, and was submitted to the members
of RAMP.

Golder Associates
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1.3.1 Program Objectives

The three 1997 Program Objectives were modified and increased to seven in the
draft Terms of Reference completed in 1998. The objective to design and
execute a program that addressed the anticipated aquatic monitoring
requirements of oil sands operators’ environmental approvals was modified to be
more specific. The 1998 program also included the following additional
objectives:

e to collect baseline and historical datato characterize variability in the oil
sands area;

e to recognize and incorporate traditional knowledge into the monitoring
and assessment activities;

e to communicate monitoring and assessment activities and results to
communities in the RMWB, regulatory agencies and other interested
parties; and

e to review and adjust the program to reflect monitoring results,
technologica advances and community concerns.

1.3.2 Membership and Development

Applications for two in-situ projects and one open-pit mine were submitted in
1998 (i.e.,, EnCana Christina Lake, Petro-Canada MacKay River Project and
Suncor Project Millennium) (Table 1.2). Syncrude submitted its Application for
the Mildred Lake Upgrader Expansion Project. However, Mobil Oil Canada
Properties (Mobil) was the only additional funding member that joined RAMP.
Also in this year, AEP (now Alberta Environment or AENV) assigned Syncrude
similar conditions to Suncor’s Steepbank Mine in their EPEA approva for the
Aurora North Mine. Regulators and traditional landowners who participated in
RAMP as non-funding members are shown in Figure 1.3 and are as follows:

e Environment Canada;
e AENV;

o Fort McKay Industry Relations Corporation (representing Fort McKay
First Nations and Fort McKay Métis Local); and

e Athabasca Chipewyan First Nation.
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Table 1.2 Oil Sands Developments in 1998

Oil Sands Date of Capacity Development Type of DiIsEtXL:ftt)lgr?ce
Development Application (bpd)® Area (ha)® Operation 1098

Suncor Energy Inc.

Fixed Plant Expansion, .

Lease 86/17, Steepbank oo 190 450,000 S 18,298 processing/ | v (except

and Millennium Mines ' pen-p Millennium)
Syncrude Canada Ltd.

Mildred Lake ;
. 1973, 1998, 480,000 S/ processing/
klﬂ?r?erader/Expansmn/North 1995 160,000 B 21,100 open-pit v
Aurora North 1996 200,000 B 7,700 open-pit v
Aurora South 1996 200,000 B 7,300 open-pit v
Shell Canada Limited

Muskeg River Mine 1997 155,000 B 4,343 open-pit
Conoco (formerly Gulf)

Surmont Pilot 1996 2,000 7 in-situ v
Northstar Energy Dover

Old UTF 1987 2,000 B 22 in-situ v
EnCana

Christina Lake 1998 85,000 B 527 in-situ
JACOS

Hangingstone Pilot 1997 10,000 B 420 in-situ v
Petro-Canada Oil and Gas

MacKay River 1998 30,000 B 170 in-situ

Note: nyd = Not yet determined.
@ Barrels per day (bpd) of B = bitumen; S = synthetic crude or pipelineable crude; bpd values are rounded off.

® Development areas are those that will result from the existing approved and planned operations. Areas represent the
maximum disturbance footprint for terrestrial resources.

Figure 1.3 Membership Distribution in 1998
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In addition to oil sands developments, other development in 1998 included urban
growth in Fort McMurray and development of the Aggregates Management Inc.
Susan Lake Gravel Pit. Dewatering and subsequent discharge of water occurred
from this gravel pit.

1.3.3 Organizational Structure

During 1998, the organizational structure of RAMP continued to develop.
RAMP was composed of a Steering Committee with a Chairperson and Program
Manager, a Progran Review Committee, a Science Advisory Committee
(proposed), a Secretariat and Investigators. Finance and Technica
Subcommittees were also formed. A Terms of Reference Subcommittee was
created, but disbanded upon completing its abjectivesin this year.

1.3.3.1 Steering Committee

The 1998 Steering Committee, was the decision-making body for RAMP and
established Committees or Subcommittees, as required. Steering Committee
members included representatives from industry, regulators and stakeholders
who provided resources, such as in-kind contributions, technical advice or
funding. The mandate of the 1998 Steering Committee was as follows:

e to prioritize monitoring (data collection) projects within the program
objectives to optimize the use of available resources and to address
regional aguatic environmental issues;

e to ensure that traditional knowledge is incorporated into monitoring
program planning;

o toreview theresults of projects for relevance to Program Objectives;

e to communicate results and solicit input on regional aquatic issues from
interested parties,

e to review the progress of projects against RAMP objectives, budgets
and schedules; and

¢ to decide on the acceptability of membership.
1.3.3.2 Program Review Committee
The Program Review Committee consisted of Steering Committee
representatives and other parties with industry, traditional, recreational or

regulatory interest in the study area. The objectives of the Program Review
Committee were to evaluate the program for technical merit and for relevance to
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the needs of the members as well as to facilitate communication and linkage with
other regional environmental initiatives.

1.3.3.3 Science Advisory Committee

Academics, regulators and consultants that were well regarded in aguatic
research made up the membership in the Science Advisory Committee. This
Committee evaluated and reviewed project proposals and results for scientific
validity and program relevance against RAMP’ s Program Objectives.

1.3.3.4 Finance Subcommittee

The annual budget and funding formula was developed in 1998 by the Finance
Subcommittee, which consisted of all funding participants and other interested
members of the Steering Committee. The annual budget and funding formula
required approva from the Steering Committee. Prior to the establishment of a
funding formula in 1998, the cost of the RAMP program was divided equally
between Suncor, Syncrude and Shell and took into account their in-kind
contributions.

1.3.3.5 Technical Subcommittee

The 1998 Technical Subcommittee was comprised of RAMP members with
scientific expertise in the monitoring of aguatic environments or traditional
knowledge of the regional aquatic environment. Any other interested stakeholder
or member of the Steering Committee could also participate in the technical
subcommittee. This subcommittee was accountable for the development and
review of the RAMP technical program. This subcommittee's function wasto do
the following:

e to prepare an annual monitoring program for review and approval by the
Steering Committee;

¢ to evauate the program for technical merit and for relevance to the
needs of the members;

e to coordinate the technical review of the RAMP program; and

e to facilitate communication and linkage with other regional
environmental initiatives.

1.3.3.6 Secretariat

It was the Secretariat’ s duty to attend all meetings of the Steering Committee and
to ensure that accurate minutes of those meetings were maintained. RAMP's
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Secretariat was also accountable for keeping records of all RAMP members of
and their addresses and distributing notices of the various meetings among
members.

1.3.3.7 Investigators

Investigators consisted of consultants, Aboriginal community representatives,
AENV and Al-Pac. Investigators were responsible for proposing and conducting
projects within RAMP's Terms of Reference. Consultants such as Golder
Associates Ltd. were primarily responsible for carrying out the field work and
analysis as defined in the annual monitoring program that had been established
by the committees mentioned previously.

1.3.4 Study Area

In 1998, the RAMP study area was the same as the 1997 study area. In addition
to continuing with the monitoring plan initiated in 1997, the 1998 program
evauated potential reference areas, including: the Athabasca River, about
200 km upstream of the oil sands developments (in the vicinity of Duncan
Creek); the lower reaches of the Ells, Tar and MacKay rivers; and the Spruce
Pond wetlands.

1.35 Study Design

The development of a core monitoring program for RAMP was initiated in 1998
by the RAMP Steering Committee. The objectives of the core monitoring
program were as follows:

e to outline the main components of the program for each waterbody to
provide consistency to the monitoring;

¢ to define sampling locations and frequencies; and

¢ to alow for modifications of sampling as issues arise.
The 1998 RAMP study design is outlined in the following sections.

1.3.5.1 Water and Sediment Quality

The water and sediment quality program was expanded in 1998 to sample both
the east and west sides of the Athabasca River sites, including a new site
upstream of the Muskeg River. Water toxicity testing in the tributaries was
initiated to determine if baseline toxicity conditions existed. Monitoring began at
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new water quality sites in the tributaries to the Athabasca River including the
upper Muskeg River, Ells, Tar and MacKay rivers, and Wapasu and Muskeg
creeks. New sediment quality monitoring sites at the mouths of the Ells and Tar
rivers were also initiated.

1.3.5.2 Benthic Invertebrate Community

The benthic invertebrate community in the Athabasca River was not sampled in
1998; however, this year marked the first year of a long-term tributary benthic
invertebrate monitoring program. Three sampling sites were established in the
lower 1 km of the Muskeg and Steepbank rivers. Two reference tributaries (Tar
and Ells rivers) were dropped in 1998 due to low flow discharge levels and
replaced with three sampling sites within the lower 1 km of the MacKay River.

1.3.5.3 Fish Populations and Habitat

In 1998, RAMP continued to build on the available baseline information of
Athabasca River fish populations and fish habitat. In 1998, RAMP conducted the
following additional monitoring:

o potentia reference areas for fish population monitoring were eval uated;
e sentinel species monitoring in the Athabasca River was initiated;

e Athabasca River fish tissue was collected for analyses of polycyclic
aromatic hydrocarbons (PAHSs), mercury and other trace metals;

o theradiotelemetry study initiated in 1997 was completed; and

¢ the occurrence and movement of fish species in and out of the Muskeg
and Steepbank rivers and reference tributaries were documented.

1.3.5.4 Wetlands Vegetation

The 1998 program abandoned the Lease 25 wetlands as a potentia reference
wetlands due to its close proximity to prospective oil sands developments. In
1998, Spruce Pond wetlands was evaluated as a potential reference wetlands for
RAMP. Water quality was added to the wetlands monitoring program in 1998
and included the following:

e summer sampling for RAMP standard parameters and Microtox®
toxicity analysis at Kearl, Shipyard and Isadore’ s lakes; and

o winter dissolved oxygen (DO) profiles at Kearl Lake.
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1.4 RAMP IN 1999

In 1999, RAMP witnessed a large influx of members and further identified and
defined its organizational structure of committee and subcommittees. Also in
1999, the first RAMP Newsletter was issued and two community meetings
(i.e., one in Fort Chipewyan and one in Fort McKay) were held to help RAMP
achieve its objective to communicate information to the communities. The
results of the 1999 monitoring program were included in the annual report
(Golder 20004).

1.4.1 Program Objectives

As in the two previous years, RAMP modified its Program Objectives to further
meet the needs of the members. The refined wording of the Program Objectives
was as follows:

e to monitor aguatic environments in the oil sands area to detect and
assess cumulative effects and regional trends;

e to collect baseline and historical datato characterize variability in the oil
sands area;

o tocollect datato verify predictions contained in EIAS;

o to collect data that satisfies the monitoring required by regulatory
approvals of oil sands developments;

e to recognize and incorporate traditional knowledge into the monitoring
and assessment activities;

e to communicate monitoring activities, results and recommendations to
communities in the RMWB, regulatory agencies, environmental
committees/organizations and other interested parties; and

e to review and adjust the program to reflect monitoring results,
technological advances and community concerns.
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1.4.2 Membership and Development

No new applications for oil sands approvals were submitted to AENV or the
Alberta Energy and Utilities Board (EUB) in 1999; however, Petro-Canada Qil
and Gas (Petro-Canada) joined RAMP as a funding member (Figure 1.4).
Interest in the program from regulators, traditional landowners and potential
developers was growing. This was reflected in the following increase of
memberships in the non-funding category:

e Department of Fisheries and Oceans (DFO);
o Athabasca Tribal Council (observer);

e Fort Chipewyan Metis Local #124;

e Koch CanadaLtd (observer);

e Mikisew Cree First Nation; and

e OSEC.

As effects to aguatic environments in the Oil Sands Region are not limited to ail
sands operations, Al-Pac, the first non-oil sands related industry, joined RAMP
and contributed to the program with in-kind support.

Figure 1.4  Membership Distribution in 1999
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1.4.3
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In addition to oil sands developments, other developments in 1999 included
urban growth in Fort McMurray, with 566 new home starts (RMWB 2000) and
Al-Pac forestry activities in the watersheds of Poplar and Parsons creeks and the
upper Steepbank River (Al-Pac 1999).

Organizational Structure

RAMP' s Terms of Reference Subcommittee met their objective by finalizing the
Terms of Reference and the subcommittee was then disbanded.

Representatives from industry, communities and regulators as well as the RAMP
Secretariat were participants in the Communication Subcommittee, which was
initiated in 1999. The objective of the Communication Subcommittee was to
develop and complete an annual review of the communication plan. A draft plan
to implement communication strategies was developed in this year.

In 1999, RAMP aso launched a Logo Subcommittee for a one-year term.
Membership included representatives from industry, communities and
government.

The Science Advisory Committee was dissolved as the Program Review
Committee and the Technical Subcommittee absorbed its accountabilities.

Study Area

In addition to the 1998 focus, monitoring in 1999 was expanded to include areas
potentially affected by development activities such as the Athabasca River delta,
tributaries to the Muskeg River (i.e., Jackpine, Muskeg and Stanley creeks) and
McLean Creek. RAMP also expanded its study area to include acid sensitive
lakes in areas that could be affected by acidifying air emissions as well as control
|akes outside the depositional area.

Study Design

In 1999, RAMP consisted of the following three main components:

e water and sediment quality in rivers and wetlands;
o fish populationsin rivers; and

o water quality in acid sensitive lakes.
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This year, RAMP aso made significant progress in designing the core
monitoring program. The 1999 RAMP study design is outlined in the following
sections.

1.4.5.1 Water and Sediment Quality

During 1999, RAMP increased the number of sampling sites for water and
sediment quality. It also developed a Quality Assurance/Quality Control
(QA/QC) sampling program for water and sediment in partnership with AENV.
The QA/QC program focused on field programs in the Muskeg River and
Shipyard Lake.

The scope of the water and sediment quality programs was also expanded to
include the following:

e additional seasonal water sampling and toxicity testing in the Muskeg
River and its tributaries;

e monitoring of seasonal water temperatures for Muskeg River, McLean
Creek and the Alsands Drain;

o water and sediment sampling far downstream of oil sands devel opments
and at the mouth of McLean Creek; and

o development of a sediment monitoring plan for the Athabasca, Muskeg
and Steepbank rivers.

1.4.5.2 Water Quality in Acid Sensitive Lakes

In 1999, lakes representative of the wide range of water chemistry in northeastern
Alberta were selected for a long-term acidification monitoring network under
RAMP. This new RAMP component was designed as a partnership between
RAMP, Al-Pac and AENV to monitor lake chemistry as an early warning
indicator of excessive acidic deposition. During the 1999 field program, 32 lakes
were sampled.

1.4.5.3 Benthic Invertebrate Community

RAMP intended to collect benthic invertebrates in McLean Creek; however, low
flows in the fal prevented the sampling program from occurring in 1999.
Instead, the RAMP Technical Subcommittee developed a benthic invertebrate
study design for the Athabasca River and tributaries based on data from RAMP's
1997 and 1998 benthic surveys, previous surveys in the area, a literature review
and consultation with scientific experts.
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1.4.5.4 Fish Populations
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1.5
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On June 16, 1999, the Technica Subcommittee decided to initiate fisheries
monitoring on the Muskeg and Steepbank rivers in addition to continuing studies
of the mainstem Athabasca River. In these areas, monitoring small-bodied
sentinel fish species was recommended by the RAMP Technical Subcommittee
to assess potential effects of stressors (e.g., industrial development) on fish
populations.

In addition to sentinel species monitoring, the yearly evaluation of occurrence
and abundance of dominant fish species in the Athabasca River was continued
during the spring of 1999. The program was reduced in scope due to budget
restraints.

Non-Core Programs

In 1999, RAMP also completed the following non-core programs:

e assessing mussels as a potential monitoring tool; and

e addressing community concerns about external abnormalities
(e.g., tumours) in fish.

RAMP IN 2000

With OPTI Canada Inc.’s (OPTI) participation in RAMP, alarger study areawas
introduced to include the Long Lake Project and associated waterbodies that
could be affected south of Fort McMurray. Asin 1999, the year 2000 also saw a
RAMP newsdletter and an annual report (Golder 2001a,b), which presented the
year's findings. To communicate a concise summary of the key results to the
communities in the Qil Sands Region, a 2000 summary report (Golder 2002a)
was also published for distribution to the communities in the RMWB.

Program Objectives

No changes were made to RAMP' s objectives in 2000.

Membership and Development

In 2000, AENV and EUB received four in-situ development applications seeking
approval (Table 1.3). Subsequently, Fort McMurray and Chipewyan Prairie First
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Nations and the following four new oil sands developers joined RAMP's
membership (Figure 1.5):

e Northstar Energy Dover (Northstar);
¢ RioAlto Exploration Ltd. (Rio Alto);
e OPTI; and

e TrueNorth Energy (TrueNorth).

Table 1.3 Oil Sands Developments in 2000

Oil Sands Date of Capacity Development Type of _EX|st|ng
Development Application (bpd)® A“e(%) Operation Disturbance
(ha) in 2000

Suncor Energy Inc.

Fixed Plant Expansion, Lease .

86/17, Steepbank and 1956, 190 | 450,000 18208 | Processingl | v (except

Millennium Mines : pen-pit Millennium

Firebag Project 2000 140,000 B 1,105 in-situ

Firebag Pilot Project 2000 1,200 B 369 in-situ
Syncrude Canada Ltd.

Mildred Lake .

a;i)r?éader/Expansion, North 19713é35998' 418606?0000055/ 21,100 g;%cne_;ist'”g/ v

Aurora North 1996 200,000 B 7,700 open-pit v

Aurora South 1996 200,000 B 7,300 open-pit
Shell Canada Limited

Muskeg River Mine 1997 155,000 B 4,343 open-pit v
Conoco (formerly Gulf)

Surmont Pilot 1996 2,000 7 in-situ v
Northstar Energy Dover

Old UTF 1987 2,000 B 22 in-situ v
EnCana

Christina Lake 1998 85,000 B 527 in-situ v
JACOS

Hangingstone Pilot 1997 unknown 420 in-situ v
Petro-Canada Oil and Gas

MacKay River 1998 30,000 B 170 in-situ
OPTI

Long Lake Project 2000 ;8888 S 884 in-situ
Rio Alto

Kirby Pilot 2000 1,600 B 3 in-situ v

nyd = Not yet determined.
@ Barrels per day (bpd) of B = Bitumen; S = Synthetic Crude or pipelineable crude; bpd values are rounded off.

®) Development areas are those that will result from the existing approved and planned operations. Areas represent the
maximum disturbance footprint for terrestrial resources.
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Figure 1.5 Membership Distribution in 2000
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In addition to the new oil sands development in 2000, other development
included urban growth in Fort McMurray and forestry by Al-Pac in the
Athabasca River watershed upstream of Fort McMurray, in the watersheds of the
Pierre River and Asphalt Creek, and in the Muskeg River watershed as part of the
Albian Sands Energy Inc. (Albian) Industrial Harvest Plan (Al-Pac 1999).

153 Organizational Structure

By 2000, RAMP had defined its organizational structure. RAMP was made up
of one primary committee, the Steering Committee and a number of
subcommittees. The Steering Committee is the decision-making body for RAMP
and consists of funding and non-funding members. Membership typically
consisted of industry, regulators and community representatives. The Steering
Committee has two officers, a Chairperson and Vice-chairperson. Any member
of the Steering Committee is eligible for these positions. The Chairperson is
elected for a minimum of two years. The Chairperson is a member of all
Committees and Subcommittees. The Chairperson, when present, presides at all
meetings of the Steering Committee. The Vice-chairperson, is elected for a
minimum of two years. The Vice-chairperson, in the absence or disability of the
Chairperson, performs the duties and exercises the powers of the Chairperson.
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The Steering Committee appoints a Secretary who provides a coordination and
logistical function. The Secretary is appointed annually. The duties of the
Secretary are to attend all meetings of the Steering Committee and to ensure that
accurate minutes of these meetings, and other records, are kept.

The Program Manager coordinates and attends the Steering Committee and
Technical Finance subcommittee meetings and provides support to the
Chairpersons of those committees. The Program Manager acts as the Secretariat
to the Technical Subcommittee. The Program Manager is also responsible for
managing the overall RAMP program.

Since 2000, the organizational structure has remained relatively unchanged,
except for the disbanding of the Program Review Committee. The Program
Review Committee was incorporated into the Technica Subcommittee. That
committee divided the RAMP program into speciaties and then required the
specialty areas to involve external experts in review and development of their
area of the overall program. The result of this decision was that the Program
Review Committee was in-effect disbursed among the Technical Subcommittee’'s
Subgroups (i.e, Water, Benthics, Sediments, Acid Sensitive Lakes,
Hydrology/Climate, Vegetation and Fish). Investigators primarily carry out the
field work, analysis and reporting, as defined by the program. Therefore, the
2000 organizational structure included the following:

e Steering Committee (industry, regulators, stakeholders and Secretariat);

o Finance Subcommittee (all funding participants and any interested
Steering Committee Members);

e Technica Subcommittee (representatives from industry, communities,
government and investigators);

e Communications Subcommittee (representatives from industry,
communities and regulators); and

e Investigators (consultants, Aboriginal community representatives,
AENV and Al-Pac).

154 Study Area

In 2000, RAMP adopted a regional study area boundary to correspond with that
of Cumulative Environmental Management Association (CEMA). The new
study area followed the RMWB periphery. The 2000 focus study area expanded
to include rivers and lakes located south of Fort McMurray. This was due to
increasing oil sands activities in the OPTI Long Lake Project local study area
near Anzac, Alberta.
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155 Study Design

This year, the RAMP Technical Subcommittee finalized the core monitoring
program in the form of a living document, the RAMP Program Design and
Rationale, Version | (Golder 2000b).

The 2000 RAMP study design is outlined in the following sections.

1.5.5.1 Climatic and Hydrologic Monitoring

A climatic and hydrologic monitoring program in the Muskeg River basin and
surrounding areas was integrated into RAMP in 2000. The objectives of this
program were as follows:

e to undertake baseline hydrologic monitoring for the TrueNorth Fort
Hills Project;

e to undertake climatic and hydrologic monitoring required by AENV in
the regulatory approvals for the Syncrude Aurora and Shell Muskeg
River Mine projects,

e to undertake climatic and hydrologic monitoring recommended in the
ElAs for the Syncrude Aurora and Shell Muskeg River Mine projects,
and

¢ to expand the climatic and hydrologic database required for operational
and reclamation water management planning and design of the existing
and future oil sands developments in the region by Syncrude, Albian,
Mobil, Suncor, TrueNorth and Petro-Canada.

Climatic and hydrologic monitoring in the Muskeg River basin was the focus of
the 2000 program; however, it also included hydrologic monitoring for Mills,
Fort and Poplar creeks, and McClelland and Isadore’s lakes, all of which are
located outside the Muskeg River basin. The 2000 program design was based on
the following:

e current regulatory monitoring requirements;

e long-term need for expanding the regional climatic and hydrologic
database; and

¢ thorough understanding of the historic database devel oped to date.

Monitoring was conducted at sites such as the Aurora Climate Station,
McClelland Lake outlet, Alsands Drain, Muskeg River Aurora, Muskeg River,
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Poplar, Fort, Jackpine, Mills and Stanley creeks, Albian Pond #3, and Kearl and
Isadore’ s lakes.

1.5.5.2 Water and Sediment Quality

In 2000, RAMP continued to monitor the same set of water quality parameters
analyzed in 1999. Additional water quality monitoring sites added to the 2000
program included the following:

e Poplar, Fort and Unnamed creeks and the MacKay River; and

e three cross-channel sample points in the Athabasca River upstream of
Donad Creek, the Steepbank River, Muskeg River and Fort Creek.

The sediment quality monitoring program was expanded to include the
following:

o Jackpine, Fort and Muskeg creeks;
o five additional sitesin the Muskeg River; and

o the Athabasca River along east and west banks upstream of Donald
Creek, the Steepbank River, Muskeg River and Fort Creek, as well as
cross-channel composite upstream of the Embarras River.

1.5.5.3 Acid Sensitive Lakes

During this second year of acid sensitive lakes monitoring, lakes monitored,
sampling and analytical methods were similar to the program in 1999 with the
following few exceptions:

e the addition of one new lake;

e the replacement of two lakes showing low acid sensitivity with more
sensitive lakes;

e the addition of Gran akalinity to the parameter list to obtain a more
reliable indication of acid neutralizing capacity (ANC); and

o the omission of three lakes due to weather-related and logistical
difficultiesin thefield.

1.5.5.4 Benthic Invertebrate Community

The RAMP benthic invertebrate component in 2000 included sampling of
selected tributaries (MacKay, Muskeg and Steepbank rivers) and Shipyard Lake.
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Also in 2000, the Benthic Invertebrate Technical Subgroup undertook areview of
al existing benthic invertebrate data in the RAMP study area to strengthen the
baseline database for the region.

1.5.5.5 Fish Populations

In 2000, RAMP monitored fish populations in the Oil Sands Region to
investigate the following:

e potentia changes in spawning habitat quality, quantity and utilization in
the Muskeg River system over time;

e additional reference sites for sentinel species (slimy sculpin) monitoring
on the Muskeg and Steepbank rivers; and

e mobility and overwintering habitat for longnose sucker in the Athabasca
River, and northern pike and Arctic grayling in the Muskeg River
system and the Athabasca River.

1.5.5.6 Wetlands Vegetation

Air photo interpretation was conducted this year for RAMP as per the core
monitoring program developed in 1999. In 2000, air photos were only available
for Shipyard Lake. These were mapped and compared to previous years air
photos. Wetlands water quality was monitored in 2000.

1.6 RAMP IN 2001

In 2001, the Fish Tag Return and Fish Abnormalities programs and the River
Response Network were implemented. These programs, along with the
publishing of two newsdletters in 2001, assisted RAMP in achieving its mandate
and objective of communicating and incorporating traditional knowledge.

During this year, RAMP had expanded many of its programs such as climate
monitoring, snow surveys, stream flow monitoring and included an additional 14
waterbodies south of Fort McMurray. A second annual summary (Golder 2002b)
as well as atwo volume report (Golder 2002c,d) provided the results of the 2001
program.

1.6.1 Program Objectives

Revisions to the Program Objectives in 2001 focused on “scientifically
defensible” data collection, incorporating flexibility and technological advances
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into monitoring activities and to work with other relevant, current and historical
research and monitoring programs. This evolution of RAMP has resulted in the
current Program Objectives as follows:

e to monitor aguatic environments in the oil sands area to detect and
assess cumulative effects and regional trends;

e to collect scientificaly defensible baseline and historical data to
characterize variability in the oil sands areg;

e to collect data against which predictions contained in EIAs can be
verified;

e to collect data that may be used to satisfy the monitoring required by
regulatory approvals of developments in the oil sands areg;

e to recognize and incorporate traditional knowledge (including
Traditional Ecological Knowledge and Traditional Land Use studies)
into the monitoring and assessment activities,

e to communicate monitoring and assessment activities, results and
recommendations to communities in the RMWB, regulatory agencies,
environmental committees/organi zations and other interested parties;

e to design and conduct various RAMP activities such that they have the
flexibility to be adjusted, on review, to reflect monitoring results,
technological advances and community concerns; and

e to seek cooperation with other relevant research and monitoring
programs where practical, and generate interpretable results which can
build on their findings and on those of historical programs.

1.6.2 Membership and Development

In 2001, representatives from the EUB and RMWB joined RAMP (Figure 1.6).
By this time, 14 projects had received approval for their project applications.
Petro-Canada had submitted Applications for Approval for their Meadow Creek
project. TrueNorth and Conoco Canada Resources Limited (Conoco) a so sought
approval for their in-situ projects. At thistime, however, Conoco (formerly Gulf
Canada) has not participated in RAMP. The oil sands developments for 2001 are
shown in the next section.
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Figure 1.6 Membership Distribution in 2001
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Development activities in 2001 also included ice bridge and gravel development
along the Athabasca River, as well as changes in urban water use. An ice bridge
was installed near Peden’'s Point, to assist in gravel extraction at the Peden’'s
Point site by TBG Contracting Ltd. (Fort McMurray Today 2001a). Fort
MacKay community amended their waterworks approval to add a MicroFloc
treatment unit to their water treatment process. This was a temporary interim
measure prior to the construction of a new water trestment plant (Fort McMurray
Today 2001b). Water use in Fort McMurray increased to 3,000 ML in the first
six months of 2001, an increase of 4% from 2000 (Fort McMurray Today 2001c).
However, water rationing occurred during the summer of 2001, due to low water
levels. The water intake in Lake Athabasca for Fort Chipewyan was aso
upgraded in the spring of 2001 (Larry Wright, pers. comm. 2002).

1.6.3 Organizational Structure

No changes occurred to the organizational structure in 2001.
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1.6.4 Study Area

RAMP had a Regional Study Area (RSA) and a Focus Study Area in 2001
(Figure 1.2). (Note: climate and hydrologic stations, radiotelemetry extents and
the locations of the acid sensitive lakes are not shown in this figure due to the
small scale of the figure). As in 2000, the RSA covered a large portion of
northeastern Alberta and was consistent with the CEMA Water Working Group
study area (i.e., the RMWB). The focus study area identified for 2001, located
within the regiona study area boundary, included watersheds where oil sands
development was occurring or planned as well as areas downstream of those
developments. The RAMP Terms of Reference in 2001 identified that the focus
study area included in each year’s RAMP monitoring program would be defined
by the Technical Subcommittee as part of setting the annual scope of activities.

1.6.5 Study Design

The 2001 RAMP monitoring program consisted of the following four main
components:

o water and sediment quality in rivers and some wetlands (both assessed
by chemical analyses and toxicity bioassays);

e Dbenthic invertebrate communities in tributaries and wetlands;

o fish populations in rivers, particularly regiona fish resources and
sentinel species; and

e water quality in acid sensitive lakes.
The 2001 RAMP study design is outlined in the following sections.

1.6.5.1 Climatic and Hydrologic Monitoring

RAMP developed a regional climatic and hydrologic database in 2001, and
installed and monitored twelve new water level stations. Also in 2001, there
were additions to the RAMP climate monitoring program. These additions are as
follows:

¢ climate monitoring to Calumet River and lyinimin Creek together with
existing Aurora Climate Station; and

e snow surveys to include the Birch Mountains East Slopes for the CNRL
Horizon Project.
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1.6.5.2 Water and Sediment Quality

Expansions of the 2001 RAMP water and sediment quality monitoring program
areasfollows:

o water and sediment sampling and seasona temperature monitoring to
include the Clearwater River at locations upstream of Fort McMurray
and the Christina River;

e water quality sampling at selected lakes in and around the OPTI Long
Lake project areg;

o water quality sampling to include baseline data collection in the
headwaters of the Firebag River.

e sediment quality sampling to include the Big Point, Goose Island and
Fletcher channelsin the Athabasca delta;

e sediment quality sampling at two locations on the MacKay River; and
o sediment quality sampling at Kearl, Isadore’ s and Shipyard |akes.

1.6.5.3 Acid Sensitive Lakes

In 2001, two new lakes were added to replace lakes that were difficult to access
during the acid sensitive lakes field surveys of 2000. A total of 32 lakes were
monitored in 2001.

1.6.5.4 Fish Populations

The 2001 RAMP fisheries program included fish tissue collection, fish health and
populations, and fish radiotelemetry studies.

Fish tissue was collected and analyzed from the Athabasca and Muskeg rivers.
This is the second time that RAMP has analyzed fish tissue in the Oil Sands
Region initsfive-year history, the first program having occurred in 1998.

In 2001, RAMP monitored health and population parameters of slimy sculpin in
the Muskeg and Steepbank rivers, as well as the reference sites on the Steepbank,
Dunkirk and Horse rivers, chosen in 2000. A two-way fish counting fence was
installed and monitored on the Muskeg River during the spring of 2001 to monitor
the timing and size of the spawning run. The fish counting fence was included as
part of the RAMP core monitoring activities. The fish fence study was relatively
unsuccessful due to high flow conditions. A general fish inventory for the
Muskeg River and Jackpine Creek was conducted in the summer of 2001.
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In June 2001, RAMP completed a one-year radiotelemetry study initiated in 2000
that focused on longnose sucker movementsin the Athabasca River.

1.6.5.5 Benthic Invertebrate Community

The fall 2001 benthic invertebrate program sampled three additional sites: the
Clearwater River; Fort Creek and Kearl Lake. The mainstem of the Athabasca
River was not sampled.

1.6.5.6 Wetlands Vegetation

This year, the four wetlands were sampled for vegetation species composition
and distribution in addition to water quality.

1.6.5.7 Non-Core Programs

Non-core programs conducted in 2001 included the following:

o water sampling at 13 lakes near the proposed OPTI/Nexen Project;
o baseline water quality sampling at Suncor Firebag;

e initiation of the Fish Abnormalities Program;

e initiation of the Fish Tag Return Program; and

e initiation of the River Response Network.

1.7 SUMMARY

This section introduces the evolution of the Regional Aquatics Monitoring
Program (RAMP) from 1997 to 2001. It describes why RAMP was formed and
what it is trying to achieve. It also discusses how the program structure has
changed and how new members have influenced the study area and the study
design.

Considerable growth has occurred in the Oil Sands Region. In addition to the oil
sands projects shown in Table 1.4, the following examples of other activities
have the potential to affect the aguatic environment in the Oil Sands Region:

e municipal infrastructure;

e aggregate operations;

e fishing and recreational activities,

e 0il and gas activities; and

o forestry operations.
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Table 1.4 Status of All Known Oil Sands Developments, 1997 to 2001
Oil Sands Date of Date of First Capacity Development Type of
O : (a) Area . Status
Development Application Disturbance (bpd) (ha)(b) Operation
Suncor Energy Inc.
Fixed Plant Expansion, existing .
Lease 86/17, Steepbank 11%%% i%g‘é disturbance area, 450,000 S 18,298 ;)Orggﬁ_s;i'tng approved
and Millennium Mines ' 1967, 1997, 2002
Firebag Project 2000 2002 140,000 B 1,105 in-situ planned
Firebag Pilot Project 2000 2000 1,200B 369 in-situ approved
Voyageur unknown n/a 550,000 B nyd processing | planned
Syncrude Canada Ltd.
Mildred Lake 1973, existing .
Upgrader/Expansion, 197fé;5998’ disturbance area, 1‘28888 S/ 21,100 ;)orggﬁ-sp?iltng approved
North Mine 1996 ’
Aurora North 1996 1996 200,000 B 7,700 open-pit approved
. EUB
Aurora South 1995 n/a 200,000 B nyd open-pit approved
Albian Sands Energy Inc.
(Operator)
Muskeg River Mine 1997 2000 155,000 B 4,343 open-pit approved
Shell Canada Limited
Jackpine Mine (Phase 1) 2002 n/a 200,000 B 8,474 open-pit planned
Lease 88 & 89 (Phase 2) unknown n/a 100,000 B 7,105 open-pit planned
Conoco (formerly Gulf)
Surmont Pilot 1996 1996 2,000 B 7 in-situ approved
Surmont 2001 n/a 100,000 B 567 in-situ planned
Northstar Energy Dover,
(formerly Northstar Dover)
Old UTF 1987 1987 2,000 B 22 in-situ approved
EnCana
Christina Lake 1998 2000 85,000 B 527 in-situ approved
TrueNorth Energy L.P.
Fort Hills 2001 n/a 190,000 B 12,000 open-pit approved
JACOS
Hangingstone Pilot 1997 1998 10,000 B 420 in-situ approved
Hangingstone unknown n/a 50,000 B nyd in-situ planned
Petro-Canada Oil and Gas
MacKay River 1998 2002 30,000 B 170 in-situ approved
Meadow Creek 2001 n/a 80,000 B 1,181 in-situ planned
Lewis Project unknown n/a 50,000 B nyd in-situ planned
OPTI/Nexen
Long Lake Project 2000 n/a 17400"000000; 884 in-situ planned
ExxonMobil Canada Ltd.
Kearl Mine unknown n/a 165,000 S nvd in-situ planned
Upgrader unknown n/a 185,000 B y processing | planned
Canadian Natural
Resources Limited
Kirby Pilot 2000 2001 1,600 B 3 in-situ approved
Kirby Project 2002 n/a 30,000 B 190 in-situ planned
Horizon In-Situ 2002 n/a 270,000 B 15,000 in-situ planned
Horizon 2002 n/a 240,000 S nyd open pit, planned
upgrader
Deer Creek Energy
Deer Creek Pilot 2000 n/a 30,000 B nyd in-situ planned

(CY
(b)

maximum disturbance footprint for terrestrial resources.

©
nyd = not yet determined.
n/a = not applicable

Total hectares for SAGD and mining.
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1.7.1 Membership

In 1997, the three original companies forming RAMP were Shell, Suncor and
Syncrude. After that year, membership in RAMP steadily increased, seeing a
rise in both funding and non-funding members.

In 1998, Mobil joined RAMP as a funding member, while Environment Canada,
Alberta Environment, Fort McKay Industrial Relations Corporation and
Athabasca First Nation all came on board as non-funding members.

1999 saw Petro-Canada and Al-Pac join RAMP as two funding members. This
year also saw alarge influx of non-funding members, including DFO, Athabasca
Tribal Council, Fort Chipewyan Metis Local, Koch, Mikisew Cree First Nation
and OSEC.

Four new oil sands developers joined RAMP in 2000, consisting of Northstar,
CNRL, OPTI and TrueNorth. In 2000, Fort McMurray and Chipewyan first
nations also joined as non-funding members.

In 2001, representatives from the EUB and RMWB joined RAMP, along with
Albian and Devon.

Table 1.5 illustrates the changes to RAMP’' s membership over the five years.
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Table 1.5 Changes in RAMP’s Membership
Member 1997 1998 1999 2000 2001
Suncor Inc., Oil Sands | Suncor Inc., Oil Sands Suncor Energy Inc. Suncor Energy Inc. Suncor Energy Inc.
Syncrude Canada Ltd. | Syncrude Canada Ltd. Syncrude Canada Ltd. Syncrude Canada Ltd. Syncrude Canada Ltd.
Shell Canada Limited Albian Sands (Shell Canada Limited) Albian Sands (Shell Canada Albian Sands (Shell Canada Albian Sands (Shell Canada
Mobil Oil Canada Properties Limited) Limited) Limited)
Mobil Oil Canada Properties ExxonMobil Canada Ltd. ExxonMobil Canada Ltd.
Funding Petro-Canada Oil and Gas Petro-Canada Oil and Gas Petro-Canada Oil and Gas
Northstar Energy Dover Devon Energy Corporation
Canadian Natural Resources Canadian Natural Resources
Limited Limited
OPTI Canada Inc. OPTI Canada Inc.
TrueNorth Energy TrueNorth Energy
Environment Canada Environment Canada Environment Canada Environment Canada
Alberta Environmental Protection Alberta Environmental Protection Alberta Environment Alberta Environment
Fort McKay Industry Relations Fort McKay Industry Relations Fort McKay Industry Relations Fort McKay First Nations #468
Corporation (represents Fort McKay Corporation (represents Fort Corporation (represents Fort and Fort McKay Metis Local
First Nations and Fort McKay Metis McKay First Nations #468 and Fort | McKay First Nations #468 and Fort | #122)
Local) McKay Metis Local #122) McKay Metis Local #122) Athabasca Chipewyan First
Athabasca Chipewyan First Nation Athabasca Chipewyan First Nation | Athabasca Chipewyan First Nation Nation
Athabasca Tribal Council Athabasca Tribal Council Athabasca Tribal Council
(observer) (observer) (observer)
Fort Chipewyan Metis Local #124 Fort Chipewyan Metis Local #124 Fort Chipewyan Metis Local
. Koch Canada Ltd (observer) Mikisew Cree First Nation #124
Non-funding

Mikisew Cree First Nation
Oil Sands Environmental Coalition

Department of Fisheries and
Oceans

Alberta Pacific Forest Industries

Oil Sands Environmental Coalition

Department of Fisheries and
Oceans

Alberta Pacific Forest Industries
Fort McMurray First Nation
Chipeywan Prairie First Nation

Mikisew Cree First Nation

Oil Sands Environmental
Coalition

Fisheries and Oceans Canada
Fort McMurray First Nation
Chipeywan Prairie First Nation

Alberta Energy and Utilities
Board

Regional Municipality of Wood
Buffalo

Alberta Pacific Forest Industries
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1.7.2 Structure

As membership in RAMP increased, the organizationa structure went through a
series of changes. This was due not only to the greater involvement, but also to
the expanding program. Committees and subcommittees were formed and
disbanded, as either their objective was achieved or other groups within RAMP
absorbed their responsibilities. Table 1.6 illustrates the organizational changes
over the past five years. As seen in the table, the Steering Committee, Finance
and Technical subcommittees, the Secretariat and Investigators have been present
since the organizational structure was established in 1998.

Table 1.6 Changes in RAMP’s Organizational Structure

Committee Ople?gZion 1998 1999 2000 2001
Steering Committee X X X X
Finance Subcommittee X X X X
Technical Subcommittee X X X X
Secretariat X X X X
Investigators X X X X
Terms of Reference X
Subcommittee
Communications Subcommittee X X X
Science Advisory Committee X
Program Review Committee X X
Logo Subcommittee X X

1.7.3 Study Area

The RAMP study area slowly increased in size over the five years, corresponding
with development activities in the area and increasing membership in the
program. In 1997, the study area was similar to the study areas used in EIAs for
Suncor’ s Project Millennium and Shell’s Muskeg River Mine, but also expanded
further downstream to include the Athabasca River delta.

Monitoring expanded again in 1999 to include areas potentially affected by
development, including Muskeg River tributaries and McLean Creek. Acid
sensitive lakes were also included this year.

In 2000, RAMP adopted aregional study area boundary similar to that of CEMA.
This new study area followed the periphery of the RMWB. The focus study area
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was also expanded to include the rivers and lakes south of Fort McMurray. The
2001 study areawas similar to that of 2000.

1.74 Study Design

As RAMP grew, the study design also expanded and became more
comprehensive. This was due in part to increasing membership in RAMP, but
also to expanding development in the Oil Sands Region. The increasing number
of proposed, planned and approved projects in the Oil Sands Region, combined
with growing membership, required RAMP to be flexible and adaptive in its
study design. As new issues were raised, new methods were tried or new
projects were introduced, RAMP's study design needed to respond accordingly
in order to continue to ensure comprehensive and relevant data collection.

Although there were yearly changes to the study design, several types of
monitoring programs remained constant during the entire five years. Water and
sediment quality, benthic invertebrate communities and fish populations were
examined every year. However, the locations and types of sampling in these
programs have changed over the years.

In addition to these programs, wetlands vegetation monitoring was included
every year except 1999. Monitoring of acid sensitive lakes was introduced into
the study design in 1999, and was included in 2000 and 2001, as well. Non-core
programs were also incorporated into the study design in 1999, and then again in
2001. In 1999, mussels were assessed as a potential monitoring tool, and
community concerns regarding external abnormalities were addressed. In 2001,
water sampling at 13 lakes near the proposed OPTI/Nexen project occurred, and
baseline water quality sampling at Suncor Firebag was aso conducted. In
addition, the Fish Abnormalities Program, the Fish Tag Return Program and the
River Response Network were initiated that year.

Details on specific locations and types of monitoring during the five years can be
foundin Table 1.7.
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Table 1.7 Changes to Monitoring Locations
Waterbody | 1997 | 1998 | 1999 | 2000 | 2001
Athabasca River Mainstem and Delta
Athabasca River WQ F wQ F/Sen | WQ F/Sen | WQ F wQ F
S B S CH S S CH
Steepbank River WQ F wWQ WQ F/Sen WQ F/Sen WwWQ F/Sen
S S B CH S B B
Delta we M weQ we
S S S
Flour Ba
y S
Big Point Channel we we
S S
Fletcher Channel \éVQ
Goose Island Channel \éVQ
South of Fort McMurray
Clearwater River we B
S CH
Gregoire Lake we F we
Gregoire River we F
W W
Wapasu Creek s Q Q
. . F
Hangingstone River
Horse River F sen
Canoe Lake we F we
W F W
Long Lake Q Q
W F W
Pushup Lake Q Q
Unnamed Lakes 1, 2 WQ F WQ
and 3
Birch Lake F wQ
Sucker Lake F we
W F W
Caribou Horn Lake Q Q
Frog Lake F we
W F W
Kiskatinaw Lake Q Q
F

Poison Lake
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Table 1.7 Changes to Monitoring Locations (continued)
Waterbody 1997 1998 1999 2000 2001
Rat Lake F wQ
North of Fort McMurray
McLean Creek we we we
S S CH S CH
W B W B W B
MacKay River Q Q Q
S S CH S S
Ells River F we we F/Sen
S CH
Firebag River we
CH
Tar River F we sen
S CH
W W
Poplar Creek Q Q
Fort Creek we we
Unnamed Creek wQ
Alsands Drain we we
W
Shelly Creek Q
CH
Dover River F
Dunkirk River F sen
Mills Creek
CH CH
Calumet River
CH
Upland Tar River
CH
Upland Calumet River
CH
Lowland Tar River
CH
Upper Muskeg River
PP g CH CH
Khahago Creek
CH CH
lyinimin Creek
CH
Muskeg River Watershed
W F W B W W F W F
Muskeg River Q Q Q Sen Q /Sen Q /Sen
S S CH S S CH B S CH B
W W F W FIS
Jackpine Creek Q Q Q en
S S CH S CH
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Table 1.7 Changes to Monitoring Locations (continued)
Waterbody 1997 1998 1999 2000 2001
Muskeg Creek we we weQ we
S S CH
Stanley Creek we we we
S CH
Albian Pond #3
CH
Wetlands
Shipyard Lake we we we B we B
\Y \% S
Isadore’s Lake we we we
\% \% CH S CH
Kearl Lake we we we B
\Y \% S CH S CH
Lease 25
\Y
Spruce Pond we
\%
McClelland Lake we we
CH CH
Other
. F
Wabasca River
Acid Sensitive Lakes we we we

@ WQ = water quality; F = includes either fish habitat, fish health or fish populations; F/Sen = includes either fish habitat, fish
health or fish populations and sentinel survey; Sen = sentinel survey; M=mussel survey; B = benthic survey; S = sediment

survey; CH = climate and/or hydrology sampling; V = vegetation survey.
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2 FIVE YEAR REPORT APPROACH

2.1 OVERALL OBJECTIVES

The purpose of the Regional Aquatic Monitoring Program (RAMP) Five Year
Report is to analyze the results of the initial five years of sampling data (from
1997 to 2001) to address the three fundamental program objectives that are most
relevant to aquatic monitoring. The following three objectives are part of the
eight objectives that guide the overall program (Chapter 1, Sections 1.2.1, 1.3.1
and 1.6.1):

o collecting scientifically defensible baseline and historical data to
characterize variability in the oil sands area;

e monitoring aquatic environments in the oil sands area to detect and
assess cumul ative effects and regional trends; and

e collecting data against which predictions contained in Environmental
Impact Assessments (EIAS) can be verified.

The first objective arises from the importance of sound scientific practices, such
as consistency and adequacy of study design, study area, sampling methods and
quality control measures, to produce field and laboratory data of known and
defensible quality. Baseline field and laboratory data are used with historical
data as “building blocks’ in further assessments to help describe aquatic
conditions (including natural variation) in the Oil Sands Region. Baseline data
serve as a reference to compare aquatic conditions before, or upstream of, the
occurrence of potential impacts to the environment. In addition, baseline data
will also be used to meet the needs of the subsequent RAMP objectives.

The second objective states that RAMP data should be evaluated to identify
changes to the aquatic environment in the Oil Sands Region due to cumulative
effects or regional trends. Data collected during the RAMP program are
evaluated using dtatistical or qualitative analysis to assess changes over time
(e.g., before-after comparisons) or space (e.g., upstream-downstream
comparisons). Spatial or temporal trends occur in the environment naturaly;
however, these trends may be influenced by man-made factors. For example, the
sediment quality in a river may be different from one sample site to another
because the geological material in the bedrock beneath the river is variable. The
sediment quality in a river also may be affected by releases or segpage from a
development. Thus, the water quality upstream of the development may be
different from the water quality downstream for either or both of these reasons.
In general, monitoring data can be used to identify a change (e.g., a changein the
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water quantity or quality) or an effect on the benthic invertebrate community or
fish population. Monitoring alone may not be sufficient to determine the cause
of an effect. The timing, location and magnitude of a change may provide useful
information about possible causes; however, a separate study will, in most cases,
be required to verify the source and pathway.

Temporal or time trends may be long-term or immediate, where changes in the
aguatic environment are noticed gradually over a period of time or rapidly. For
example, the structure of a benthic community may change gradually over time
as the river or stream habitat changes (i.e., the habitat shifts from depositiona to
erosional). Benthic communities may aso change rapidly if there is an addition
of chemicals (e.g., nutrients) into the water.

Although the second objective identifies cumulative effects and regional trends
separately, this report has combined these concepts because a regional trend,
particularly atrend at a downstream location, incorporates the cumulative effect.
The data collected at a given location in a given year represent the sum of al the
effects on the agquatic environment (i.e.,, cumulative effects) at each sampling
station. Cumulative effects on the aquatic environment are the result of both
natural and man-made changes.

The third objective specifically addresses the adequacy of the RAMP study area
and study design to confirm EIA predictions. Is RAMP collecting the right data
in the right areas and at the appropriate frequency within the Oil Sands Region?
Initial answers to these questions are provided in this Five Year Report,
recognizing that the adequacy of the data depends on the future uses. Future
modelling requirements may differ from the statistical applications considered in
this report.

Due to the typically conservative (rather than realistic) nature of EIA predictions,
impacts are expected to be less than predicted. Steady state models used in EIAs
often generate point estimates for extreme or worst case conditions
(e.g., maximum seepage concentrations occurring at 7Q10 low flows), which
may never occur. When conservative steady-state predictions are far below
effects thresholds, increased data collection and verification may not be
warranted. Dynamic models, such as those that have recently been employed in
the Muskeg River basin and the Tar — Calumet rivers, lend themselves more
readily to model validation and re-calibration using RAMP data. This type of
modelling could be used in the future to validate cause and effect predictions in
ElAs. The amount and type of data needed would depend on the objective and
type of modelling, as well as the accuracy required. Greater accuracy, and
therefore more data, would be required if predictions are close to effects
thresholds.
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The other remaining five objectives of RAMP described below are not the focus
of the Five Y ear Report:

e designing and executing a program that addresses the anticipated
aguatic monitoring requirements of oil sands operators environmental
approvals.

This is actively accomplished through the Technical Subcommittee.
The program design is developed through a consensus process between
members of technical subgroups representing al RAMP stakeholders.
Most of the key funders look to RAMP for assistance with their
environmental approval requirements. However, success in meeting
this objective would be determined by the regulators and oil sands
operators.

e recognizing and incorporating traditional knowledge into the monitoring
and assessment activities.

Representatives from most of the first nations in the Oil Sands Region
are members of the Steering Committee, Technical Subcommittee and
Subgroups. This objective is addressed through discussions at meetings
and through community participation initiatives by RAMP.

e communicating monitoring and assessment activities and results to
communities in the RMWB, regulatory agencies and other interested
parties.

This objective is accomplished through publications and community
participation by RAMP members. The RAMP Secretary and the
Communications Subgroup of the RAMP Steering Committee take an
active role in planning and organizing events within local communities
such as the Fort Chipewyan Dog Sled races, Fort McMurray
Environmental Days and Fort McKay Open House. Information is also
communicated to the public through media such as the RAMP website,
newsletters, newspaper articles and an Annual Summary Report (2001,
2002) aimed at and written specifically for the communities in the Oil
Sands Region.

e reviewing and adjust the program to reflect monitoring results,
technological advances and community concerns.

RAMP component methods are often modified by the various
subgroups of the Technical Subcommittee, but not by means of a formal
review system. The adjustments made to the program by the subgroups
are reflected in the monitoring results available for analysis in the Five
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2.2

Year Report; therefore, this report provides feedback to the subgroups
of the Technical Subcommittee as they review the program. The
recommendations in this report include recommendations for
adjustments to the program for the subgroups consideration. To meet
Objective 7, the subgroups would also consider technological advances
and community concerns.

o seeking cooperation with other relevant research and monitoring
programs where practical and generating interpretable results which can
build on their findings and on those of historical programs.

This goa was incorporated into the RAMP Objectives in 2001, yet it
has not been formally incorporated within the processes of design and
implementation of RAMP. Sections of the Five Year Report include
relevant historical data and more recent data from other sources
(e.g., EIAS) in the analyses. This report contributes to Objective 8
where possible.

These five additional objectives deal with aspects of RAMP that do not focus on
drawing scientific conclusions and determining variability and trends in agquatic
monitoring data. These five objectives are addressed through processes outside
of the Five Year Report. Therefore, they are not assessed here, athough this
report may contribute to some of the objectives, particularly the latter two
objectives.

The Five Year Report is not a summary of the annual reports over the last five
years. The overall objective of the Five Year Report is to determine if RAMP is
meeting its three fundamental objectives.

SCOPE

The Five Year Report incorporates a greater scope than the annua RAMP
reports. The annual monitoring reports describe the detailed monitoring
activities and results for that particular year. In contrast, the Five Year Report
includes the analysis of data over the last five years, where sufficient data are
available. Components of the RAMP program that did not have sufficient data,
such as the aquatic vegetation and acid sensitive lakes components were not
included in the Five Year Report. Where possible, data were analyzed and
assessed for variation, cumulative effects and regional trends in the Oil Sands
Region. Since regiona trends reflect the cumulative effects of natural and
human influenced changes over space and time, cumulative effects are not
addressed separately from regional trends.
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The objectives and scope of each component are described in the component
chapters. Brief summaries of the scope of each component included in the Five
Y ear Report are provided below:

¢ Climate and Hydrology: The scope of the Climate and Hydrology
component is based on the three broad objectives identified in
Section 2.1 and input from the RAMP Climate and Hydrology Subgroup
of the Technical Subcommittee. This component provides information
on the climatic and hydrologic conditions in the RAMP focus study
area. Long-term regiona climatic and hydrologic data (archived by
Environment Canada and supplemented by RAMP in cases where
Environment Canada data are limited) were collected from the
Athabasca and Muskeg rivers, and from corresponding tributaries.
Precipitation, temperature, water yield, flood discharge and low flow
discharge were described and evaluated to characterize existing
variability and detect and assess regiona trends in the Oil Sands Region.
These analyses require long-term data because smaller data sets are
unlikely to reflect the range and distribution of climatic and hydrologic
conditions necessary to characterize long-term natural variation. Data
from climate stations starting from 1944 and hydrologic stations starting
from 1957 were used in this report.

Short-term climatic and hydrologic data collected by RAMP were used
to characterize the hydrologic conditions of smaller local areas
monitored by RAMP and assess longer term conditions of these areas.
Ten short-term RAMP stations from a three year period had appropriate
data to use in the analyses. These data are also used to assess whether
EIA predictions can be evaluated at this time and whether the data
collected by RAMP will be appropriate to do so in the future.

o Water Quality: The scope of the Water Quality component was to
characterize the water quality in the RAMP focus study area by
examining the three broad objectives of RAMP listed in Section 2.1 and
the additional issues raised by the Water and Sediment Subgroup of the
Technical Subcommittee. The water quality data set included points
from the Athabasca River upstream and downstream of oil sands
developments, tributaries of the Athabasca River, the Athabasca River
Delta, the Muskeg River watershed and four wetlands east of the
AthabascaRiver.

The existing variability in water quality was determined from
examining the water quality parameters that may be correlated to each
other, (i.e., total metal and tota suspended solids concentrations)
whether these correlations are common to all waterbodies sampled by
RAMP was also determined. The influence of water flow and season
(winter vs. fall) on water quality sampling results was also examined.
The investigation into spatial trends in the water quality data set
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included examining general patterns within the lower Athabasca River
watershed as awhole, as well as potentially significant variations along
the length of the Athabasca River and within the Muskeg River
watershed.

Long-term data collected from the Athabasca River (i.e., 1976 to 2001)
and short-term data collected from the Muskeg River (i.e,, 1997 to
2001) were used to complete the temporal trend analyses. Water quality
was compared upstream and downstream of existing oil sands
development along both rivers.

The Five Year Report also addresses whether water quality information
collected by RAMP can be used to verify EIA predictions, whether
causal links can be established between on-site activities and instream
observations, and how the water component of RAMP may be improved.

Sediment Quality: Sediment quality data collected by RAMP up to
and including 2001 were used in the analyses for the Five Y ear Report.
Sediment quality sampling sites were located upstream, downstream or
in the vicinity of oil sands developments within the Athabasca, Muskeg
and Steepbank rivers. Historical sediment quality data were not
available for the analysesin the Five Y ear Report.

The scope of the Sediment Quality Chapter was to characterize the
sediment quality in the RAMP focus study area by examining the three
broad objectives of RAMP listed in Section 2.1 and the additional issues
raised by the Water and Sediment Subgroup of the Technical
Subcommittee. The existing variability in sediment quality was
characterized by examining the correlation of monitored parameters
within the sediment data set (e.g., total recoverable hydrocarbon and
polycyclic aromatic hydrocarbon (PAH) levels, sediment composition
and PAH content). Regional trends in the sediment quality data set
were examined at sampling locations where more than four years of
sediment data were available. Therefore, data from five sampling
locations were included in these analyses (i.e., Muskeg River mouth and
sample sitesin the upper and lower Athabasca River).

The monitoring to verify EIA predictions discussed in Section 5.4
focused on whether the sediment quality information being collected by
RAMP can be used to verify EIA predictions and establish causal links
between on-site activities and instream observations and how the
Sediment Quality component of RAMP may be improved.

Benthic Invertebratess The scope of the Benthic Invertebrates
component is based on the three overal RAMP objectives and input
from the RAMP Benthic Invertebrate Subgroup of the Technica
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Subcommittee. Benthic invertebrate data used in analyses for this report
are from the following lakes and tributaries of the Athabasca and
Muskeg rivers sampled by RAMP, up to and including the 2001
program:

e Kearl Lake;

e Shipyard Lake;

e Clearwater River;

o MacKay River;

o Muskeg River;

o Steepbank River; and
e Fort Creek.

The Five Y ear Report also includes quantitative historical data available
for each of the waterbodies sampled. Inclusion of the historica data
was intended to facilitate examination of potentia long-term trends, that
may have begun before the period monitored by RAMP. Fall data were
used in the anayses of the Five Year Report to simplify the
interpretation of results, since all RAMP benthic sampling to date was
done during the fall low-flow period.

The interpretation of results focused on defining baseline ranges for key
benthic invertebrate community variables (i.e., total abundance, richness
and abundances of dominant invertebrate groups) and characterizing
spatial variation and regional trends in benthic community structure
(i.e., abundances of benthic invertebrates converted to the family level
or the "most common” level of identification) in the rivers and lakes
monitored by RAMP. The analyses of the Five Year Report aso
compare benthic community structure between the two years that used
consistent field methods (i.e., 2000 and 2001). Riverine benthic
community structure was compared between reaches located upstream
and downstream of oil sands developments, where possible.

An examination of RAMP sampling locations (past and future) relative
to waterbodies that have been assessed in EIAs was completed to assess
whether EIA predictions can be evaluated at this time and whether the
benthic invertebrate data collected by RAMP will be appropriate to do
soin the future.

e Fish Populations. The scope of the Fish Populations component is
based on the three overall objectives of RAMP identified in Section 2.1.
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Within these objectives, the general objectives of the fisheries program
are to evauate the health and sustainability of fish resources within the
Qil Sands Region, with monitoring focused on the Athabasca River and
tributaries potentially influenced by current or future oil sands
development. Fish populations are monitored to provide a bioindicator
of ecosystem integrity, with emphasis on regiona fish resources and
sentinel species. In addition, the RAMP Fish Subgroup of the Technical
Subcommittee provided further guidance for the fisheries section of the
Five Year Report (described in Section 7.1.2.). The scope of the Fish
Populations Chapter of the Five Year Report includes individual
components of the fisheries program that were conducted in more than
one year and which provide data suitable for assessing regional
variability and trends (i.e, general inventory, fish tissue, sentinel
species, counting fence). Restricting the scope to the selected
components was done to focus the anaysis on the objectives of
characterizing variability and evauating regional trends. Data
associated with non-selected components were used, where appropriate,
to provide additional information for the components selected for
inclusion in the analysis.

The components of the fisheries program addressed in this report
currently have only two or three years of data collected under RAMP.
Therefore, historical and recent data collected outside of RAMP were
included with RAMP data, where appropriate, to assess the following
specific objectives of the RAMP fisheries program:

e to characterize variability in the fish population data relative to
species composition, relative abundance, population structure,
growth, health, reproduction and suitability for human consumption;

e to evauate whether the present study design is suitable for
characterizing variability;

e to identify any regional trends indicated by the data relative to the
health and sustainability of regional fish resources,

o to evaluate the ability of the present study design to detect regional
trends;

e to evaluate whether the information being collected by RAMP could
be used to verify EIA predictions regarding fish populations; and

e to evauate if and how the RAMP fisheries program may be
improved.

Water chemistry data collected during the first five years of RAMP by the Acid
Sensitive Lakes component were not reanalyzed for trends, because such an
analysis would not generate any more information than already provided in the
2002 annual RAMP report (Golder 2003a). As part of routine reporting, the
entire available data set is analyzed for trends each year to evaluate whether
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emissions in the Oil Sands Region have affected water quality in sensitive lakes
monitored by RAMP. The most recent summary of the available four years of
data has shown that there have been no changes in indicators of acidity in these
lakes (Golder 2003a).

2.3 REPORT STRUCTURE

The structure of the Five Y ear Report is divided by the five major components of
the aquatic ecosystem monitored by RAMP. Therefore, the Five Year Report is
organized in chapters by component to follow a logical sequence from physical
and chemical changes to effects on biota:

o Chapter 3 — Climate and Hydrology
o Chapter 4 — Water Quality

e Chapter 5— Sediment Quality

o Chapter 6 — Benthic Invertebrates

o Chapter 7 — Fish Populations

The three main RAMP objectives, as well as the specific objectives of the
Technical Subcommittee subgroups, are addressed within each chapter. The
methods, results and discussion for each objective are discussed. A summary of
the findings are provided at the end of each chapter. Conclusions and
recommendations are found in Chapter 8. References to the report are provided
in Chapter 9.
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3 CLIMATE AND HYDROLOGY

3.1 INTRODUCTION

3.1.1 Program Overview

The 2001 climate and hydrology component of RAMP evolved on a path
convergent to the chemical and biological components of the program, according
to the following timeline:

1995; Syncrude Canada Ltd. (Syncrude) commissions Agra Earth and
Environmental to collect climate and hydrology data in support of the
Aurora mine Environmental Impact Assessment (EIA). Five hydrology
stations (Alsands Drain, Jackpine Creek, lyinimin Creek, Blackfly
Creek and Muskeg River Aurora) and one climate station are installed in
the Muskeg River basin. A hydrology station is installed on Poplar
Creek to monitor discharges from the Syncrude spillway.

1997. Shell Canada Limited (Shell), in support of the Lease 13 EIA,
joins with Syncrude to form a funding group. Golder Associates Ltd.
(Golder) takes over data collection responsibilities. New stations are
installed on Mills Creek and McClelland Lake.

1998: Suncor Energy Inc., Oil Sands (Suncor) and Mobil Oil
Properties, currently ExxonMobil Canada Ltd. (ExxonMobil) Canada
join the funding group, in support of the Suncor Firebag and Mobil
Kearl projects. New stations are installed on Kearl Lake Outlet and
Wapasu Creek.

1999: Albian Sands Energy Inc. (Albian Sands) is recognized as a
separate entity and is joined in the funding group by Petro-Canada Qil
and Gas (Petro-Canada) and Koch Canada Ltd. (now TrueNorth
Energy). Winter monitoring is initiated at the Environment Canada
Muskeg River station and water level monitoring is initiated on Stanley
Creek and Kearl Lake. A rain gauge is added to the lyinimin Creek
station and the Blackfly Creek station is discontinued.

2000: The integration of the climate and hydrology component into
RAMP is driven by similarities in funding group membership and
geographic scope. New stations are installed on Fort Creek, Albian
Sands Pond #3 Outlet and Isadore’s Lake. Stations at lyinimin Creek,
Kearl Lake Outlet and Wapasu Creek are discontinued.

2001: Canadian Natural Resources Limited (CNRL) joins the funding
group. Stations are installed on the Ells River, Tar River, Calumet
River and three smaller tributaries in support of the CNRL Horizon EIA.
The Calumet River station includes sensors to measure air temperature,
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rainfall and snowfall. In support of the Shell Jackpine EIA, stations on
lyinimin Creek, Kearl Lake Outlet and Wapasu Creek are reactivated
and stations are installed on the upper Muskeg River, Shelley Creek,
Muskeg Creek and Khahago Creek. Syncrude adds the Aurora
Boundary Weir to the program and a station on the Athabasca River,
downstream of development, is supported by all funders.

In addition to the operation of climatic and hydrologic monitoring stations,
additional data collection activities included in this program were snowcourse
surveys undertaken in the Muskeg River basin from 1997 to 2001, in the Fort
Creek basin in 2000 and in the Birch Mountains east slopesin 2001. High water
mark measurements were collected at selected locations on the Muskeg River in
1997, 1999, 2000 and 2001 and on Jackpine Creek in 1997 and 2001.

From 1995 to 1999, program activities and budget alocations were reviewed
annually by the funding group. When the program was integrated with RAMP in
2000, activities became subject to the direction and approval of the RAMP
Climate and Hydrology Subgroup of the Technica Subcommittee and Finance
Subcommittee. The locations of all RAMP climate and hydrology stations active
between 1995 and 2001 are shown in Figure 3.1. Details of periods of operation,
data collected and funding support for each station are provided in Table 3.1.

Data archived by Environment Canada are also purchased and compiled in the
RAMP climate and hydrology database. This includes data from Oil Sands
Region climate stations starting from 1944 and hydrologic stations starting from
1957. Locations of the 18 active and three inactive Environment Canada climate
monitoring stations located in the Oil Sands Region north of Fort McMurray are
shown in Figure 3.2 and station details are provided in Table 3.2. Of the 18
active stations, 16 are located at forestry lookouts and operate during summer
only. Locations of the six active and 17 inactive Environment Canada hydrology
monitoring stations located in the Oil Sands Region north of Fort McMurray are
shown in Figure 3.3 and station details are provided in Table 3.3.
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Table 3.1 Overview of Climatic and Hydrologic Data Collected for RAMP from 1995 to 2001
Station 1995 1996 1997 1998 1999 2000 2001 Installed By® Currently Funded By®

S1 — Alsands Drain Qo Qo Qo Qo Qo Qo Qo SYN SYN, AS
S2 — Jackpine Creek Qo Qo Qo Qo Qo Qo Qo SYN SYN, SHE
S3 — lyinimin Creek Qo Qo Qo Qo Qo, R - Qo, R SYN SYN, SHE, MOB
S4 - Blackfly Creek Qo Qo Qo Qo - - - SYN -
S5A — Muskeg River Aurora Qo Qo Qo Qa Qa Qa Qa SYN SYN, SHE, AS
S6 — Mills Creek - - Qo Qo Qo Qo Qo SHE SYN, AS
S7 — Muskeg River - - - - Q Q Q SYN, SHE, SUN SYN, SHE, AS, SUN
S8 — Stanley Creek - - - - WLo WLo WLo SYN SYN
S9 — Kearl Lake Outlet - - - Qo Qo - Qo SYN SYN, SHE, MOB
S10 — Wapasu Creek - - - Qo Qo - Qo MOB MOB, AS
S11 — Poplar Creek Qo Qo Qo Qo Qo Qo Qo SYN SYN, SUN
S12 — Fort Creek - - - - - Qo Qo TNE TNE
S13 — Albian Pond #3 - - - - - Qo Qo SHE SHE
S14 - Ells River - - - - - - Qo CNR CNRL
S15 - Tar River - - - - - - Qo CNR CNRL
S16 — Calumet River - - - - - - Qo, R, S, T CNR CNRL
S17 — Tar River Upland - - - - - - Qo CNR CNRL
S18 — Calumet River Upland - - - - - - Qo CNR CNRL
S19 — Tar River Lowland - - - - - - Qo CNR CNRL
S20 — Muskeg River Upland - - - - - - Qo SHE SHE, MOB, SYN
S21 — Shelley Creek - - - - - - Qo SHE SHE
S22 — Muskeg Creek - - - - - - Qo SHE SHE, SYN
S23 — Aurora Boundary Weir - - - - - - Qa SYN SYN
S24 — Athabasca River - - - - - - Qa RAMP SYN, SUN, SHE, AS, MOB, CNRL, TNE
S28 — Khahago Creek - - - - - - Qo SHE SYN, SHE
L1 — McClelland Lake - - Qo Qo Qo Qo Qo SYN SYN, TNE
L2 — Kearl Lake - - - - WLa WLa WLa SYN SYN, SHE, MOB
L3 — Isadore’s Lake - - - - - WLa WLa SYN, ASE SYN, AS
Muskeg River High Water - - HWM - HWM HWM HWM - SYN, SHE
Jackpine Creek High Water - - HWM - - - HWM - SYN, SHE
C1 - Aurora Climate Station Ca Ca Ca Ca Ca Ca Ca SYN SYN, SUN, AS, MOB, CNRL, TNE
Muskeg River Snowcourse - - SS SS SS SS SS - SYN, SUN, AS, MOB, CNRL, TNE
Fort Creek Snowcourse - - - - - SS - - TNE
Birch Mountains Snowcourse - - - - - - SS - CNRL

@ Syn- Syncrude; SHE — Shell; SUN — Suncor; AS — Albian Sands; MOB — ExxonMobil; CNRL — Canadian Natural Resources Ltd.; TNE — TrueNorth Energy; RAMP —

Regional Aquatics Monitoring Program Cooperative Station.

® Qo — Open-water discharge; Q, — Ice-covered discharge; Qa — Annual discharge; WL, — Open-water water level; WL, — Annual water level; R — Rain gauge; S — Snow gauge;
T — Temperature gauge; HWM — High water mark gauge; SS — Snowcourse survey; C, — Annual gauging at comprehensive climate station.
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Table 3.2 Details of Environment Canada Climate Monitoring Stations North of Fort McMurray
Station Nortl;mocatiovr\]/est Elez/nzjt)ion Daily Mean Data Hourly Data Active?
Algar Lookout (Station 3060110) 56°07' | 111° 47 780 [:im”g'ratur . Toor gggiiﬁ v
Birch Mountain Lookout (Station 3060700) 57°43' | 111°51 853 [gm‘;a;'rature 1322 - gggﬁiﬁ v
Bitumont Lookout (Station 3060705) 57°22 | 111°32 349 [:im”g'ratur . ooz gggiiﬁ v
Buckton Lookout (Station 3060922) 57°52' | 112° 06’ 793 [girg‘;a;'rature 1322 - gggﬁiﬁ v
Christina Lookout (Station 3061580) 55°35 | 111° 51 823 [:im”g'ratur . ool gggiiﬁ v
Conklin Lookout (Station 3061800) 55037 | 111° 11 671 gﬂ‘;a;'ramre Toeer ggg;ﬁi v
Cowpar Lookout (Station 3061930) 55°50° | 110° 23 563 [:im”g'ratur . Toor gggiiﬁ v
Ells Lookout (Station 3062300) 57011 | 112° 20’ 610 gﬂ‘;a;'rature Tooa ggg;ﬁi v
o intal 19842001 | R e oss - 2001
Fort McMurray Airport (Station 3062693) 56° 39" | 111°13 369 precipitation 1944 — 2001 \cli\/ri)r/]glglrl)aetee?fgesrgtgrgologf3 - 2001 v
temperature 19442001 | \\ind direction 1959 — 2001

Gordon Lake Lookout (Station 3062889) 55° 37’ 110° 30’ 488 :imn:ia”rature iggj : gggig v
Heart Lake Lookout (Station 3063120) 55°00° | 111° 20’ 887 [:mae"rature iggg‘_zzooooll(?; v
Johnson Lake Lookout (Station 3063563) 57° 35’ 110° 20’ 549 :imn:ia”rature 1322 : gggig v
Legend Lookout (Station 3073792) 57°27' | 112°53 911 {:Lq];aae"rature iggg - }gggiii
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Table 3.2 Details of Environment Canada Climate Monitoring Stations North of Fort McMurray (continued)
Location i
Station Elevation Daily Mean Data Hourly Data Active?
North West (m)
rainfall 1973 — 1982,
1993 — 2001 temperature 1994 — 2001
snowfall 1973 — 1982, dew point temperature 1994 — 2001
Mildred Lake (Station 3064531 and o~ o opr 1993 — 2001 wind speed 1994 — 2001 v
Station 3064528) 57705 | 111°36 310 precipitation 1973-1982, | rainfall 1995 — 1996
1993 — 2001 snow by weight 1995 — 1996
temperature 1973 - 1982, snow on ground 1995 — 1996
1993 - 2001
. rainfall 1965 — 2001
o AR’ oEg v
Muskeg Lookout (Station 3064740) 57° 08 110° 54 652 temperature 1965 — 2001@
i i . o Eq rainfall 1960 — 2001®
Richardson Lookout (Station 3065492) 57° 55 110° 58 305 temperature 1964 — 2001@ v
. . rainfall 1952 —2001®
o q1q oEg v
Round Hill Lookout (Station 3065560) 55° 18 111° 59 750 temperature 1951 — 2001@
. . rainfall 1954 — 2001®
. o1 v
Stoney Mountain Lookout (Station 3066160) 56° 23 111° 14 762 temperature 1964 — 2001@
Tar Island (Station 3066364) 56°59' | 111° 28’ 240 rainfall 1970 — 1984@
rainfall 1957 — 1994?3
. . o Co o o0 snowfall 1957 — 1991®
Thickwood Lookout (Station 3066380) 56° 53 111° 39 604 precipitation 1957 — 1991@
temperature 1957 — 1992@
, . rainfall 1957 —2001®
o oy I, v
Winefred Lookout (Station 3067590) 55° 20 110° 12 744 temperature 1965 — 2001®

()

Notes: Seasonal values only.

Locations of these climatic monitoring sites are shown on Figure 3.2.
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Table 3.3 Details of Environment Canada Hydrology Monitoring Stations North

of Fort McMurray

Location Basin Characteristics . .
Station Drainage Area Elevation Period of Active
North West 5 Record Station
(km°) (m)

Athabasca River (Station 07DA001) 56° 46’ 50” 111° 24’ 00" 133,000 240 - 1,490 1957 — 2001 v
; ; ° &' NA” o 2a' NA” 1961 — 1966
Beaver River (Station 07DA005) 57° 06’ 00 111° 38’ 00 454 270-530 1972 — 1975

Steepbank River (Station 07DA006) 57° 00" 14" 111° 24’ 53" 1,320 300 - 580 1972 — 2001 v
Poplar Creek® (Station 07DA007) 56° 54’ 50" 111° 27’ 35" 151 270 - 460 1972 — 1986

Muskeg River (Station 07DA008) 57° 11’ 30" 111° 34’ 05" 1,460 260 — 560 1974 — 2001 v
Jackpine Creek® (Station 07DA009) 57° 15’ 34" 111° 27’ 53" 358 270 - 490 1975 - 1993
Ells River (Station 07DA010) 57° 22’ 30" 112° 33’ 40" 1,380 640 — 730 1975 - 1979
Unnamed Creek (Station 07DA011) 57°39' 41" 111°31'11” 274 270 - 760 1975 - 1993
Asphalt Creek (Station 07DA012) 57°32' 20" 111° 40’ 36" 148 290 - 850 1975 - 1977
Pierre River (Station 07DA013) 57° 27" 55" 111° 39’ 14" 123 270 - 820 1975 - 1977
Calumet River® (Station 07DA014) 57°24' 12" 111° 40’ 57" 183 250 - 610 1975 - 1977
Tar River® (Station 07DA015) 57°21' 14" 111° 45’ 29" 301 270 - 810 1975 - 1977
Joslyn Creek (Station 07DA016) 57° 16’ 27" 111° 44’ 30" 257 270 - 760 1975 — 1993
Ells River® (Station 07DA017) 57° 16’ 04" 111° 42’ 51" 2,450 270-730 1975 - 1986

Beaver River (Station 07DA018) 56° 56’ 29" 111° 33’ 54" 165 320 - 530 1975 - 2001 v
Tar River (Station 07DA019) 57° 29’ 05" 112° 01’ 10" 103 620 — 810 1976 — 1977

MacKay River (Station 07DB001) 57° 12’ 38" 111° 41’ 36" 5,570 240 - 520 1972 — 2001 v
Dover River (Station 07DB002) 57° 10" 12" 111° 47’ 38" 963 290 - 580 1975 - 1977
Dunkirk River (Station 07DB003) 56° 51’ 20" 112° 42’ 40" 1,570 490 - 820 1975 - 1979
Thickwood Creek (Station 07DB004) 56° 53’ 55” 112° 10’ 15" 176 460 — 520 1976 — 1977
MacKay River (Station 07DB005) 56° 45’ 35" 112 ° 36’ 50” 1,010 470 - 520 1983 — 1991

Firebag River (Station 07DC001) 57° 38’ 30" 111° 10’ 30" 5,990 270 - 580 1971 - 2001 v
Lost Creek (Station 07DC002) 57° 17’ 20" 110° 27’ 50" 418 470 — 640 1976 — 1977

@ Currently operated as RAMP hydrologic monitoring stations.

3.1.2 Objectives

Of the overal RAMP aobjectives listed in annual

objectives are applicable to this report:

reports, the following three

o collecting scientificaly defensible baseline and historical data to
characterize variability in the oil sands area;

e monitoring aquatic environments in the oil sands areain order to detect

and assess cumulative effects and regional trends; and

e collecting data against which predictions contained in EIAs can be

verified.
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Based on these objectives and input from the RAMP Climate and Hydrology
Subgroup of the Technical Subcommittee, the following specific objectives are
addressed in this report, grouped by the three major objectives:

o Objective 1:

— to characterize the natural variation in climatic and hydrologic
parameters, including precipitation, temperature, water yield, flood
peak discharges and low flows in the Oil Sands Region and identify
linkages between climatic and hydrologic parameters; and

— to define baseline ranges for climatic and hydrologic parameters for
the area monitored by RAMP.

o Objective 2:

— to investigate trends over time in precipitation, temperature, water
yield, flood peak discharges and low flows, based on available long-
term climatic and hydrologic data; and

— to evaluate whether cumulative effects can be evaluated at this time
and whether the data collected by RAMP will be appropriate to do so
in the future.

o Objective 3:

— to characterize the behaviour of the smaller local areas (streamflow
and precipitation) monitored by RAMP and assess their likely
behavior in the longer term; and

— toevauate whether EIA predictions can be evaluated at thistime and
whether the data collected by RAMP will be appropriate to do so in
the future.

The cumulative hydrological effects of natural variation, oil sands devel opment
and other human activities ocurring in the watershed of each station are reflected
in the results for each station. Cumulative effects are not treated separately in
Section 3.4 of this report since they are inherently included in data used to assess
trends in this Section.

One specific objective applies to all three magjor objectives. This objective is to
evauate the appropriateness of the current study design and recommend
improvements, if applicable.

3.1.3 Scope

The objectives of this report are addressed by analyzing the following two sets of
data:
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o long-term regional climatic and hydrologic data, archived by
Environment Canada and supplemented by RAMP data in cases where
Environment Canada data are limited; and

e short-term climatic and hydrologic data collected by RAMP.

Long-term regional climatic and hydrologic data are used to characterize existing
variability and to detect cumulative effects and regiona trends. These analyses
require long-term data because smaller data sets are unlikely to reflect the range
and distribution of conditions necessary to characterize long-term natural
variation. The natural variability of water-related parameters between extreme
drought and extreme flood conditions can span orders of magnitude. Since the
range of natural variation is large compared to mean values, a long period of
record is necessary to identify cumulative effects or regional trends.

For instance, when undertaking a flood frequency analysis on a body of data, it
has been calculated that 48 years of record would be required to provide a 100-
year flood estimate accurate to within 25% of the expected population value at a
95% confidence limit, and that 115 years of record would be required to raise the
accuracy to within 10% (Linsley et al. 1982). Gauging records for the Athabasca
River mainstem are only available from the late 1950s and records for Athabasca
River tributaries in the Oil Sands Region are only available from the early 1970s.
The record of climatic data from Fort McMurray Airport begins in 1944. The
scope of the analysis to characterize existing variability and to detect cumulative
effects and regional trends will thus be limited to active stations with the longest
available periods of record, as noted in Table 3.4.

Short-term climatic and hydrologic data collected by RAMP are used to
characterize the hydrologic responses of the smaller local areas monitored by
RAMP and assess their likely long-term regimes. They are used to assess
whether EIA predictions can be evaluated at this time and whether the data
collected by RAMP will be appropriate to do so in the future.

Results of the long-term data analysis are used to estimate long-term water yields
for the RAMP stations. The similarities or differences in yields are discussed in
terms of physical watershed parameters. The available short-term data are
presented and compared to the long-term estimates. This alows recent
measurements to be placed in historical context, in the absence of long-term data.
Flood discharges and low flows are not analyzed for the short-term RAMP
stations because comparisons between long- and short-term stations are likely to
be lessvalid, for the following reasons:
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RAMP stations tend to have smaller watershed areas than the long-term,
regional stations. Smaller watersheds tend to have flood responses that
are more sensitive to intense, localized precipitation events and to
variations in catchment physiography, such as slope, surficial geology,
and lake and wetlands storage than flood responses from larger
watersheds;

winter low flows a8 RAMP stations are generally not continuously
monitored. However, late-winter observations indicate that flows often
cease at these stations as a result of small watershed areas and freezing
conditions; and

uncertainties associated with the predicted flood and low flow estimates
are much higher from the short-term data sets and will complicate

comparisons with estimates from the long-term data sets.

A brief, quaitative discussion of flood discharges and low flows at RAMP

stations is presented.

Table 3.4 Long-Term Regional Climatic and Hydrologic Stations Selected for
Analysis
Station Period of Data Available
Record
Environment Canada Station 07DA001 . .
Athabasca River near Fort McMurray 1957 — 2001 | 12-month daily mean and extreme discharges.

. . 12-month daily mean and extreme discharges to mid-
Envwonment_Canada Station 07DA006 1972 —2001 | 1987; 8-month (March to October) mean daily and
Steepbank River near Fort McMurray .

extreme discharges to 2001.

12-month daily mean and extreme discharges to mid-
Environment Canada Station 07DA008 1974 — 2001 1987; 8-month (March to October) mean daily and
Muskeg River near Fort MacKay extreme discharges to 2001; winter discharge data

collected by RAMP since November 1999.

12-month daily mean and extreme discharges to mid-
Environment Canada Station 07DA009 1975-1993 | 1987; 8-month (March to October) mean daily and
Jackpine Creek near Fort MacKay 1995 — 2001 | extreme discharges to 1993; open-water discharge data

collected by RAMP since May 1995.

. . 12-month daily mean and extreme discharges to mid-
Envwonm_ent Canada Station 07DA018 1975-2001 | 1987; 8-month (March to October) mean daily and
Beaver River above Syncrude .

extreme discharges to 2001.

. . 12-month daily mean and extreme discharges to mid-
Envwonme_nt Canada Station 07DB001 1972 - 2001 | 1987; 8-month (March to October) mean daily and
MacKay River near Fort MacKay .

extreme discharges to 2001.

. . 12-month daily mean and extreme discharges to mid-
E_nvnonmgnt Canada Station 07DC001 1971 -2001 | 1987; 8-month (March to October) mean daily and
Firebag River near the Mouth .

extreme discharges to 2001.

. . 12-month collection of temperature, precipitation and
Environment Car_nada Station 3062693 1944 - 2001 | wind data; collection of solar radiation data discontinued
Fort McMurray Airport in 1996
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The gradua expansion of the RAMP climate and hydrology component means
that of the 29 stations for which data for the period 1995 to 2001 are available,
only 14 have three or more years of record. A three-year period of record was
selected as the lower threshold for analysis of short-term data. Of the 14 stations
that met this criterion, those that measure water levels only are not considered,
since these would require development of a detailed water balance model,
including groundwater components, for which many inputs have not been
measured. Those that are operated to supplement long-term stations are aso not
analyzed separately. Thisleaves 10 short-term RAMP stations for which detailed
analyses are undertaken. A summary of short-term RAMP stations that are
examined in this report is shown in Table 3.5.

Table 3.5 Short-Term RAMP Climate and Hydrology Station Selection Rationale
Station Selected Years Rationale for Exclusion
Yes No of Data
S1 - Alsands Drain v 7
S2 — Jackpine Creek v 7 supplements long-term station
S3 — lyinimin Creek v 6
S4 — Blackfly Creek v 4
S5A — Muskeg River Aurora v 7
S6 — Mills Creek v 5
S7 — Muskeg River v 3 supplements long-term station
S8 — Stanley Creek v 3 water level data only
S9 — Kearl Lake Outlet v 3
S10 — Wapasu Creek v 3
S11 - Poplar Creek v 7
S12 - Fort Creek v 2 <3 years period of record
S13 - Albian Sands Pond #3 v 2 <3 years period of record
S14 - Ells River v 1 <3 years period of record
S15 — Tar River v 1 <3 years period of record
S16 — Calumet River v 1 <3 years period of record
S17 — Tar River Upland v 1 <3 years period of record
S18 — Calumet River Upland v 1 <3 years period of record
S19 - Tar River Lowland v 1 <3 years period of record
S20 — Muskeg River Upland v 1 <3 years period of record
S21 — Shelley Creek v 1 <3 years period of record
S22 — Muskeg Creek v 1 <3 years period of record
S23 — Aurora Boundary Weir v 1 <3 years period of record
S24 — Athabasca River v 1 <3 years period of record
S28 — Khahago Creek v 1 <3 years period of record
L1 — McClelland Lake v 5
L2 — Kearl Lake v 3 water level data only
L3 — Isadore’s Lake v 2 water level data only
C1 — Aurora Climate Station v 7

The locations of long-term and short-term climatic and hydrologic monitoring
stations examined in this report are shown on Figure 3.4.
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3.2

3.2.1

3.2.1.1

CHARACTERIZING EXISTING VARIABILITY

Precipitation

Methods

The Environment Canada Climate Station at Fort McMurray Airport
(Station 3062693) provides precipitation data for the period of record 1944 to
2001. The available datainclude total daily rainfall, snowfall and precipitation.

Rainfall data were analyzed by determining the total rainfall measured in each
calendar year, from 1944 to 2001. A frequency analysis was undertaken to
determine the mean annual, as well as 100-year wet and dry rainfall depths.

Snowfall data were analyzed by determining the water equivalent depth of
“snowfall-to-runoff”, for each year from 1945 to 2001. This was defined as the
annual snowfall measured from October to May in each year, with the value
assigned to the year in which snowmelt occurred. This period was selected to
characterize the amount of snowfall that would contribute to spring runoff in that
calendar year. The annua snowfall to May 1944 was not cal culated because late-
1943 data were unavailable. Snowfall data for the calendar years 1992 and 1993
are not reported by Environment Canada, so values were derived by subtracting
the reported rainfall depths from the reported total precipitation depths. A
frequency analysis was undertaken to determine the mean annual, as well as 10-
year and 100-year wet and dry snowfall-to-runoff depths.

Precipitation-to-runoff values were determined by adding the annual rainfall and
snowfall-to-runoff for each calendar year, from 1945 to 2001. A frequency
analysis was undertaken to determine mean annual, as well as 10-year and 100-
year wet and dry, precipitation-to-runoff depths.

The wet-year frequency analyses of annual rainfall, snowfall-to-runoff and
precipitation-to-runoff were performed using the Log Pearson Il distribution,
which provided the best fit to the measured data. The dry-year frequency
analyses of annua rainfall, snowfall-to-runoff and precipitation-to-runoff were
performed using a Type |11 Extremal distribution, which provided the best fit to
the measured data.
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3.2.1.2

Table 3.6

Results and Discussion

Annual precipitation data from the Environment Canada Climate Station at Fort
McMurray Airport (Station 3062693), including rainfall, snowfall-to-runoff and
precipitation-to-runoff, are provided in Table 3.6. Statistics of these data are

provided in Table 3.7.

Graphs of annual rainfall, snowfall-to-runoff and

preci pitation-to-runoff depths, including the results of the frequency analysis, are
provided in Figures 3.5, 3.6 and 3.7, respectively.

Annual Precipitation Data for Fort McMurray Airport

Snowfall-to- Rainfall Precipitation-to-
Year Runoff (mm Runoff
(mm water) water) (mm water)

1944 - 361 -
1945 68 170 238
1946 92 271 363
1947 68 275 343
1948 63 205 267
1949 46 329 375
1950 143 210 353
1951 238 188 425
1952 139 273 412
1953 76 262 339
1954 137 346 483
1955 172 299 471
1956 168 410 578
1957 82 334 416
1958 187 257 444
1959 162 349 511
1960 177 407 584
1961 171 219 391
1962 213 279 491
1963 149 235 385
1964 126 281 407
1965 160 254 414
1966 136 359 494
1967 219 224 443
1968 109 337 446
1969 183 346 529
1970 209 449 657
1971 150 227 377
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Table 3.6

Annual Precipitation Data for Fort McMurray Airport (continued)

Snowfall-to- Rainfall Precipitation-to-
Year Runoff (mm Runoff
(mm water) water) (mm water)
1972 298 287 585
1973 280 533 813
1974 222 329 552
1975 131 506 637
1976 134 428 562
1977 151 285 436
1978 123 363 485
1979 173 350 522
1980 118 385 503
1981 112 267 378
1982 201 253 454
1983 174 298 471
1984 101 455 555
1985 186 285 471
1986 162 268 430
1987 177 280 457
1988 184 261 444
1989 194 387 580
1990 179 304 483
1991 150 477 627
1992 140 300 440
1993 93 224 317
1994 198 235 433
1995 107 402 509
1996 176 474 650
1997 94 378 472
1998 71 185 256
1999 98 234 332
2000 68 385 454
2001 85 254 339

Source: Environment Canada Climate Station 3062693.
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Table 3.7

Figure 3.5

Total Annual Rainfall Depth (mm)

700

600

Statistics of Annual Precipitation Data for Fort McMurray Airport

Annual Snowfall- . .A'?”“.a'
Parameter to-RUNOff Annual Rainfall Precipitation-to-
Runoff
length of record 57 years 58 years 57 years
high of record 298 mm (1972) 533 mm (1973) 813 mm (1973)
100-year wet 284 mm 574 mm 741 mm
10-year wet 220 mm 427 mm 601 mm
mean 148 mm 314 mm 461 mm
10-year dry 80 mm 211 mm 323 mm
100-year dry 46 mm 167 mm 233 mm
low of record 46 mm (1949) 170 mm (1945) 238 mm (1945)
standard deviation 54 mm 85 mm 107 mm
coefficient of variation 0.366 0.270 0.232

Source: Environment Canada Climate Station 3062693.

Annual Rainfall Data for Fort McMurray Airport

100-Year Wet
=

10-Year Wet

Long-Teypn Mean
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Annual Snowfall-to-Runoff Data for Fort McMurray Airport

Figure 3.6
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Annual Precipitation-to-Runoff Data for Fort McMurray Airport

Figure 3.7

900

2
58 %
R %5,
£ g >
=] <
S 0 G
o F 6,
- . s
= B %,
5 o2
@
58 B
£EE %
o ()
8o o 2
=3 %,
<
£% oz
g5 %
mo
,w.%a.
>
%%QV
@q\,
[
NQ,N'
<
WQV.
RS
NQ,N'
&
«Q.N.
2
NQV
Q,.OQ.N.
AOQV
,w..oav.
pb,oav.
Aoq«,
%,
Aw.Q.N.
&
,ww,\z
i=4
] &
~ 2 RS
2 g £ %
~ 3 5 KOS
IS & =
@ © 6
2 % 2 o
E g 3 -8 <
s
i S,
=} =} Q =} =} =} =} =} o ‘6
=3 <] =3 =3 =] =3 =1 S
D ~ @ I} < @ « =

(wuw) jyouny-o3-uoredioaid [enuuy [ejol

Year

Golder Associates



RAMP Five Year Report 3-20 May 2003
Climate and Hydrology

The variability of the observed snowfall-to-runoff, rainfall and precipitation-to
runoff at Fort McMurray Airport can be examined by calculating the coefficient
of variation (standard deviation divided by the mean) of these data sets. A
coefficient of variation of approximately 0.3 is normal for a data set consisting of
natural annual hydrologic data. The calculated values of 0.37, 0.27 and 0.23 for
the snowfall-to-runoff, rainfall and precipitation-to-runoff data, respectively,
show that the observed variabilities are close to what might be expected. The
data aso show that snowfall is more variable than rainfal, and that total
precipitation is less variable than rainfall. This indicates that the processes
involved in generation of snow and factors governing the amount of snowfall are
probably more variable than those for rainfall. Annual rainfall is not dependent
on the antecedent snowfall-to-runoff, which is confirmed by the weak correlation
(0.135) between the two data sets.

3.2.2  Temperature

3.2.2.1 Methods

The Environment Canada Climate Station a Fort McMurray Airport
(Station 3062693) provides daily mean temperature data for the period of record
from 1944 to 2001.

Temperature data were analyzed by calculating the mean annual temperature
measured in each calendar year, from 1944 to 2001. A frequency analysis was
undertaken to determine the mean annual, as well as 10-year and 100-year warm
and cold, annual mean temperatures.

Winter and summer temperatures were also examined. The period from
December to February was selected to represent winter temperatures, since thisis
the three-month period with the lowest mean temperature. The period from June
to August was selected to represent summer temperatures, since this is the three-
month period with the highest mean temperature. A frequency anaysis was
undertaken to determine the mean, as well as 10-year and 100-year warm and
cold winter and summer temperatures.

The warm-year analysis for the mean annual, mean winter and mean summer
temperatures was performed using the Log Pearson Il distribution, which
provided the best fit to the measured data. The cold-year analysis for mean
annual, mean winter and mean summer temperatures was performed using a Type
[l Extremal distribution, which provided the best fit to the measured data.
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3.2.2.2 Results and Discussion

Annual temperature data from the Environment Canada Climate Station at Fort
McMurray Airport (Station 3062693), including mean annua temperatures, are
provided in Table 3.8. Statistics of these data are provided in Table 3.9. Graphs
of the annual mean temperature, winter mean temperature and summer mean
temperature, including the results of the frequency analysis, are provided in
Figures 3.8, 3.9 and 3.10, respectively.

Table 3.8 Annual Temperature Data for Fort McMurray Airport

Winter (Dec-Feb) Annual Summer (Jun-Aug)

Year Mean Temperature Mean Temperature Mean Temperature

(oc)(a) (°C) (°C)
1944 - 1.8 14.3
1945 -14.9 -1.2 14.1
1946 -19.4 -0.9 14.3
1947 -21.8 -1.5 14.1
1948 -16.8 -0.8 15.2
1949 -21.1 -0.5 14.6
1950 -24.7 -2.6 14.1
1951 -18.9 -2.7 13.6
1952 -21.6 0.7 14.2
1953 -15.6 11 15.1
1954 -17.0 0.1 14.9
1955 -15.1 -1.6 15.7
1956 -20.6 -0.2 15.6
1957 -18.5 -0.3 14.3
1958 -15.8 0.6 14.5
1959 -19.2 -0.5 13.4
1960 -14.1 0.0 15.0
1961 -15.0 -0.5 16.8
1962 -21.8 -0.6 14.7
1963 -18.8 0.3 16.3
1964 -13.9 -0.2 15.9
1965 -23.7 -1.3 15.4
1966 -19.7 -1.6 14.8
1967 -18.1 -0.6 15.1
1968 -16.8 -0.1 13.7
1969 -22.6 -0.5 14.7
1970 -15.4 -0.5 16.2
1971 -20.5 0.0 16.3
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Table 3.8

Annual Temperature Data for Fort McMurray Airport (continued)

Winter (Dec-Feb) Annual Summer (Jun-Aug)

Year Mean Temperature Mean Temperature Mean Temperature

(oc)(a) (°C) (°C)
1972 -23.2 -1.9 15.4
1973 -17.7 0.6 155
1974 -19.8 -0.1 14.6
1975 -15.0 -0.1 15.1
1976 -16.1 15 15.7
1977 -13.3 13 13.6
1978 -19.1 0.0 145
1979 -21.3 -0.2 15.7
1980 -14.1 13 15.4
1981 -14.5 3.0 16.9
1982 -22.1 -1.7 14.8
1983 -15.5 0.7 16.3
1984 -15.2 0.9 16.6
1985 -18.7 0.0 145
1986 -13.1 18 15.3
1987 -8.4 3.2 15.2
1988 -15.1 13 16.1
1989 -15.1 -0.1 16.8
1990 -18.1 -0.1 16.4
1991 -16.8 13 17.0
1992 -12.6 13 145
1993 -16.9 1.6 14.3
1994 -19.1 0.7 16.3
1995 -14.1 0.7 14.9
1996 -18.6 -1.5 15.8
1997 -17.7 1.2 16.3
1998 -12.2 21 16.8
1999 -15.4 2.2 15.6
2000 -13.9 0.4 14.8
2001 -15.1 21 16.2

Source: Environment Canada Climate Station 3062693.

@ Winter data include January-February of noted year and December of previous year.
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Table 3.9

Figure 3.

Annual Mean Temperature (°C)

Statistics of Annual Temperature Data for Fort McMurray Airport

Parameter Mean Winter (Dec-Feb)| Mean Annual |Mean Summer (Jun-Aug)
Temperature Temperature Temperature
length of record 57 years 58 years 58 years
high of record -8.4°C (1987) 3.2°C (1987) 17.0°C (1991)
100-year warm -9.9°C 3.2°C 17.6°C
10-year warm -13.1°C 1.8°C 16.5°C
mean -17.4°C 0.2°C 15.2°C
10-year cold -22.7°C -1.5°C 14.0°C
100-year cold -26.1°C -2.8°C 13.4°C
low of record -24.7°C (1950) -2.7°C (1951) 13.4°C (1959)
standard deviation 3.3°C 1.3°C 0.9°C

Source: Environment Canada Climate Station 3062693.

8 Annual Mean Temperature Data for Fort McMurray Airport
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Winter Mean Temperature Data for Fort McMurray Airport

Figure 3.9
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Figure 3.10 Summer Mean Temperature Data for Fort McMurray Airport
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The variability of the observed annual mean, winter mean and summer mean
temperatures at Fort McMurray Airport can best be examined by calculating the
standard deviation of these data sets. The calculated values of 1.3°C, 3.3°C and
0.9°C for the annual mean, winter mean and summer mean data show that winter
mean temperatures are more variable than annual mean temperatures, and that
summer mean temperatures are less variable than annual mean temperatures. The
observed data show that mean annual temperatures at Fort McMurray Airport are
more likely to be influenced by the more variable winter temperatures than by
less variable summer temperatures. The weak correlation (0.256) between the
two data sets indicates that a cold winter is unlikely to cause a cold summer, or
vice versa.

There appear to be cycles of warm and cold years and mean annual temperatures
appear to be lower during the first half of the period of record than during the
second half, with an abrupt change occurring after 1971. These observations are
examined in more detail in Section 3.3.2, where data are analyzed for seria
dependence and trend.

3.2.3 Water Yield

3.2.3.1 Methods

Annual water yield is defined as the mean depth equivalent of total runoff from a
watershed over the course of the year. It is calculated by dividing the cumulative
discharge volume measured over the year by the area of the watershed. Water
yields are a function of climatic conditions and watershed characteristics. Very
often, watershed characteristics and climatic regime are related to the climatic
processes that formed the terrain. Steep, impermeable terrain is often associated
with high elevations and high precipitation. For a given watershed, greater
annual precipitation generally produces higher water yields, while greater
evaporation generally produces lower water yields. Physical characteristics of
the watershed that affect water yields include slope, surficial geology, and lake
and wetlands storage. Steep, fast-draining watersheds tend to have higher water
yields than flatter watersheds, which drain less rapidly and allow more water to
be lost to deep percolation and evaporation. Surficial geology affects runoff
guantities in a number of ways. Steep terrain tends to be associated with less
erodible, and therefore less permeable, soil and also with higher elevations and
therefore greater precipitation. The permeability of surficial material affects the
rate of deep percolation, and the porosity of surficial materia affects storage in
the surficial aquifer. Drawdown of the surficial aquifer during a dry year may
reduce water yields in the next year, as precipitation contributes to aguifer
recharge instead of runoff. Surficial geology also correlates closely to vegetation
type, which affects water losses to evapotranspiration. Lake and wetlands
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storage can have large effects on water yields, especialy where open-water areas
comprise a significant portion of the watershed. Evaporative losses from open
water, including lakes, wetlands and beaver ponds, can significantly reduce water
yields.

Water yields were analyzed by examining annual stream discharge data from the
seven long-term hydrologic monitoring stations noted in Table 3.4:

o Station 07DA001 — Athabasca River below Fort McMurray;
e Station 07DA006 — Steepbank River near Fort McMurray;

e Station 07DA008 — Muskeg River near Fort MacKay;

e Station 07DA009 — Jackpine Creek near Fort MacK ay;

e Station 07DA018 — Beaver River above Syncrude;

e Station 07DB001 — MacKay River near Fort MacKay; and
e Station 07DCO01 — Firebag River near the Mouth.

Until mid-1987, most of the stations being examined have a continuous record of
data, except for occasional gaps of varying duration. Calculation of annual water
yields generally requires a complete January-to-December data set. Data gaps
were filled based on best estimates of stream discharges during periods where
records were unavailable. Data gaps were first examined by considering the
duration and expected stream behaviour during the gap. Data gaps during the
November to mid-March period, when base flows dominate and discharges are
unaffected by snowmelt or rainfal, were filled by interpolating between
measurements at the start and finish of the gap. Thisis justified by the existence
of relatively steady flows during the winter season. Also, since discharges are at
their lowest in the annua cycle, water yield calculations are less sensitive to
possible inaccuracies than they would be to those applied to higher discharges.
Data gaps during periods that could be affected by snowmelt or rainfall were also
filled by interpolating between measurements at the start and finish of the gap.
However, these gaps were filled by estimating variable discharges, based on data
from adjacent stations, stations upstream or downstream on the same stream
and/or local precipitation data.

After mid-1987, the flow record provided at Environment Canada hydrologic
monitoring stations is limited to the period from March to October, except for the
station on the Athabasca River. These long-duration data gaps over the winter
months were filled based on the assumption that the missing data consisted of
baseflows only, and that the shape of the recession curve was similar to that
observed at the station for years where data were available. For stations with
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small watershed areas, such as the Beaver River and Jackpine Creek, flows
frequently cease during midwinter. For the Muskeg River, winter data have been
collected since late 1999 as part of RAMP.

Annual discharge volumes were divided by the tributary watershed area at the
monitoring station to calculate a runoff depth for each year of available data
Frequency anayses of maximum and minimum events were undertaken to
determine the mean annual water yield from the tributary watershed, as well as
the 10-year and 100-year wet and dry water yields. The Consolidated Frequency
Analysis (CFA) program, developed by Environment Canada, was used for the
maximum event (high flow) frequency analysis. The frequency analysis program
(FRQ), developed by G.W. Kite, was used for the minimum event (low flow)
frequency analysis. Both programs allow the available data set to be analyzed
using a variety of frequency distributions. The analysis involved selecting an
appropriate distribution, based on the goodness-of-fit of the data.

The annual precipitation available for runoff, as measured at Fort McMurray and
presented in Section 3.2.1, is also plotted on each water yield graph to compare
the response of the watershed to precipitation. However, values measured at Fort
McMurray may not be representative of precipitation on the local watershed,
particularly for large watersheds such as the Athabasca River, or for localized
storm events.

3.2.3.2 Results and Discussion

For watersheds of similar size, subject to similar precipitation inputs, annual
water yields are larger for those that are steeper and have high drainage densities
and alow proportion of open water. Conversely, watersheds that are flatter, with
low drainage densities and a high proportion of open water, tend to have lower
water yields. Water yields are reduced by losses to groundwater and may be
increased by inflows of groundwater from adjacent watersheds or by significant
releases from groundwater storage during baseflow. This behaviour should be
considered when examining flood discharges for the long-term hydrologic
monitoring stations in the Oil Sands Region.

Figures showing calculated annual water yields, derived water yield statistics and
measured annual precipitation at Fort McMurray Airport for each station are
provided in Figures 3.11 to 3.17. A summary of the water yield analysis for the
Qil Sands Region long-term hydrologic monitoring stations is provided in
Table 3.10.
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Table 3.10 Statistics of Water Yields for Long-Term Hydrologic Monitoring Stations in the Oil Sands Region
Statistic Athabasca River Stesi?/ké?nk Muskeg River Jackpine Creek Beaver River MacKay River Firebag River
07DA001 07DA006 07DA008 07DA009 07DA018 07DB001 07DCO001
drainage area 133,000 km? 1,320 km? 1,460 km? 358 km? 165 km? 5,570 km? 5,990 km?
prod o rcor s | mres | mvws | esssoes | s | s | e
mean annual discharge 638 m°/s 4.99 m*/s 4.06 m¥/s 1.07 m¥s 0.539 m%s 14.9 m%/s 25.0m%/s
frequency distribution (wet) 3-Parameter Generalized Generalized Generalized Generalized Generalized Generalized
Lognormal Extreme Value Extreme Value Extreme Value Extreme Value Extreme Value Extreme Value
highest observed 240 mm (1997) 252 mm (1975) | 172 mm (1997) 187 mm (1997) 214 mm (1996) | 199 mm (1997) | 188 mm (1997)
100-year wet return period 244 mm 269 mm 193 mm 223 mm 305 mm 263 mm 215 mm
10-year wet return period 193 mm 190 mm 143 mm 169 mm 179 mm 150 mm 177 mm
long-term average 151 mm 119 mm 89 mm 94 mm 103 mm 84 mm 132 mm
10-year dry return period 112 mm 56 mm 37 mm 27 mm 35 mm 28 mm 90 mm
100-year dry return period 94 mm 27 mm 7 mm 0 mm 7 mm 4 mm 63 mm
lowest observed 101 mm (2001) 33 mm (1999) 16 mm (1999) 3 mm (1999) 13 mm (1999) 6 mm (1999) 79 mm (1981)
frequency distribution (dry) Type 3 Extremal Type 3 Extremal | Type 3 Extremal | Type 3 Extremal | Type 3 Extremal | Type 3 Extremal | Type 3 Extremal
standard deviation of water yield 30.5 mm 51.9 mm 40.5 mm 50.7 mm 56.9 mm 49.4 mm 32.5 mm
coefficient of variation c, 0.209 0.435 0.462 0.564 0.552 0.588 0.247
precinfiation correlation 0.414 0.741 0.527 0.460 0.565 0.586 0.569
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Figure 3.11 Annual Water Yields for Athabasca River Below Fort McMurray
(Environment Canada Station 07DA001)
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Figure 3.12 Annual Water Yields for Steepbank River Near Fort McMurray
(Environment Canada Station 07DAO00G6)
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Figure 3.13 Annual Water Yields for Muskeg River Near Fort MacKay
(Environment Canada Station 07DA008)
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Figure 3.14 Annual Water Yields for Jackpine Creek Near Fort MacKay
(Environment Canada Station 07DA0Q9)
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Figure 3.15 Annual Water Yields for Beaver River Above Syncrude (Environment
Canada Station 07DA018)
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Figure 3.16 Annual Water Yields for MacKay River Near Fort MacKay
(Environment Canada Station 07DB001)
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Figure 3.17 Annual Water Yields for Firebag River Near the Mouth (Environment
Canada Station 07DCO001)
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Hydrologic Monitoring Station 07DAOOL is located on the Athabasca River,
below Fort McMurray and the confluence with the Clearwater River. It drainsan
area of 133,000 km? that extends from the Rocky Mountains in Jasper National
Park to areas of northeast Saskatchewan. This watershed area includes regions
with differing climatic and hydrologic characteristics and thus the Athabasca
River is the river in the Oil Sands Region that is least affected by loca
conditions. However, a correlation coefficient of +0.41 indicates that annual
precipitation at Fort McMurray is correlated to annual water yield at this station,
as can be observed on Figure 3.11. This correlation is weaker than that for any
of the other stations examined in this report, as would be expected, but may mean
that conditions at Fort McMurray may be indicative of conditions across northern
Alberta. That the long-term water yield of the Athabasca River at this station
(151 mm) isthe largest of any of the stations examined in this report is likely due
to wetter conditions in the upper watershed. The calculated coefficient of
variation (ratio of standard deviation to mean of the data set) of 0.209 is
indicative of relatively low variability in water yield. The overall response of the
watershed is probably dampened by the varying climate across the watershed
area and the asynchronous responses of the individual sub-basins.
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Hydrologic Monitoring Station 07DAQ006 is located on the Steepbank River,
upstream of its confluence with the Athabasca River. It drains an area of
1,320 km? that includes much of the plateau and south slopes of Muskeg
Mountain. This watershed comprises approximately 45% upland areas (slopes
greater than 0.5%) and 55% lowland areas (slopes less than 0.5%). This station
has a much smaller watershed area than the Athabasca River, which it is tributary
to, and is thus more likely to be affected by local precipitation conditions. The
correlation coefficient between annual precipitation at Fort McMurray Airport
and water yield at this station is +0.74, which is significantly larger than that for
the Athabasca River. The long-term water yield for the Steepbank River is 119
mm, which is less than that for the Athabasca River. The calculated coefficient
of variation of 0.44 indicates that annual water yields are more variable than
those of the Athabasca River, which would be expected for a smaller watershed.

Hydrologic Monitoring Station 07DA0O08 is located on the Muskeg River,
upstream of its confluence with the Athabasca River. It drains an area of
1,460 km? that includes the south slopes of the Fort Hills, and the north and west
slopes of Muskeg Mountain, including the Jackpine Creek watershed. This
watershed comprises approximately 55% upland areas, 44% lowland areas and
less than 1% lake area. This station has a tributary area similar to that of the
Steepbank River watershed, which borders it to the south, and might be expected
to have similar hydrologic characteristics. The correlation coefficient between
annual precipitation at Fort McMurray Airport and water yield at this station is
+0.53, which is somewhat less than that for the Steepbank River. Differencesin
water yield might be explained by differences in watershed evapotranspiration,
storage capacity and losses to groundwater. The long-term water yield for the
Muskeg River is 89 mm, which is less than that for the Stegpbank River. The
calculated coefficient of variation of 0.46 indicates that annual water yield
variability issimilar to that at the Steepbank River station.

Hydrologic Monitoring Station 07DAO0Q9 is located on Jackpine Creek, formerly
known as Hartley Creek. It drains an area of 358 km? that includes the west
slopes of Muskeg Mountain and contributes approximately 25% of the watershed
area of the Muskeg River. This watershed comprises approximately 62% upland
areas and 38% lowland areas. This station has a much smaller watershed area
than the Steepbank or Muskeg rivers. The long-term water yield for Jackpine
Creek is 94 mm, which is similar to that of the Muskeg River. The dlightly
higher water yield may be due to a higher mean elevation and higher proportion
of upland area than for the Muskeg River. The correlation coefficient between
annual precipitation at Fort McMurray Airport and water yield at this station is
+0.46, and the calculated coefficient of variation of 0.56 indicates that water
yields are more variable than those of the Steepbank and Muskeg rivers. This
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would be expected for a smaller watershed, where the water yield is more likely
to be affected by local variationsin precipitation.

Hydrologic Monitoring Station 07DA018 is located on the Beaver River, above
the disturbed Syncrude base mine. It has a watershed area of 165 km? that drains
the northeast slopes of the Thickwood Hills. This watershed comprises 100%
upland area. This station has the smallest watershed area of the Oil Sands Region
long-term hydrologic monitoring stations. The long-term water yield for
Jackpine Creek is 103 mm, which is somewhat greater than that of the Muskeg
River and Jackpine Creek watersheds, but still lower than that of the Steepbank
River watershed. The correlation coefficient between annual precipitation at Fort
McMurray Airport and water yield at this station is +0.57. The calculated
coefficient of variation of 0.55 indicates that water yields have a similar
variability to those of Jackpine Creek, the next smallest watershed examined in
this report.

Hydrologic Monitoring Station 07DBO001 is located on the MacKay River,
upstream of its confluence with the Athabasca River. It drains an area of
5,570 km? that includes the north slopes of the Thickwood Hills and some of the
plateau and south slopes of the Birch Mountains. The watershed area at this
station is approximately four times as large as that at the Muskeg River and
Steepbank River stations. The long-term water yield for the MacKay River is
84 mm, which is similar to that of the Muskeg River. Extreme wet-year water
yields on the MacKay River are similar to those of the Steepbank River, but
extreme dry-year water yields are smaller. The correlation coefficient between
annual precipitation at Fort McMurray Airport and water yield at this station is
+0.59, which is similar to that for the adjacent Beaver River watershed. The
calculated coefficient of variation of 0.59 is the highest observed for the stations
examined in this report, and indicates that water yields have a similar variability
to those of Jackpine Creek and the Beaver River.

Hydrologic Monitoring Station 07DC001 is located on the Firebag River,
upstream of its confluence with the Athabasca River. It drains an area of
5,990 km? that extends into Saskatchewan and includes the north-east slopes of
Muskeg Mountain and the Marguerite River watershed. The watershed area at
this station is approximately the same as that of the MacKay River. However,
the mean annual water yield of the Firebag River is significantly higher than that
of the MacKay River (132 mm verses 84 mm). Thisislikely dueto agreater rate
and volume of groundwater storage and release in the Firebag River watershed.
The correlation coefficient between annual precipitation at Fort McMurray
Airport and water yield at this station is +0.57, which is similar to that for the
MacKay and Beaver river watersheds. The calculated coefficient of variation of
0.25 is, with the exception of the Athabasca River, the lowest observed for the
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stations examined in this report. This indicates a significantly lower water yield
variability than for the Muskeg, Steepbank, Beaver and MacKay rivers and
Jackpine Creek, which can again be attributed to the significant storage in this
watershed.

3.2.4 Flood Discharge

3.2.4.1 Methods

Annual flood peak discharges may be characterized by the maximum daily mean
discharge or by the maximum instantaneous discharge measured at a point. The
set of maximum daily mean discharges is generally more complete than that of
maximum instantaneous discharges, and hence is used in the following analysis.
The use of maximum daily means requires careful interpretation of unit flood
flows from large and small watersheds. Maximum instantaneous flows from
smaller basins can be significantly larger than maximum daily flows and the
differences would, in general, be larger for smaller watersheds than for larger
watersheds. However, the long-term stations examined in this report tend to have
a relatively large amount of watershed storage and measured maximum
instantaneous discharges are typically not much larger than maximum daily
discharges.

The annual maximum daily mean discharge is defined as the largest daily mean
discharge measured at a hydrologic monitoring station over the course of a
calendar year. It is calculated by averaging readings taken at a constant interval
over aday (midnight to midnight).

Flood discharges are a function of climatic conditions and watershed
characteristics. For a given watershed, larger precipitation events (storms or
spring snowpack available for melt) generally produce higher flood discharges.
Flood events are relatively short in duration and are therefore not significantly
affected by evaporation. However, for snowmelt events, higher temperatures or
rain-on-snow generally produce higher flood discharges. Physical characteristics
of the watershed that affect flood discharges include slope, surficial geology, and
lake and wetlands storage. Steep, fast-draining watersheds tend to have higher
flood discharges than flatter watersheds, which drain less rapidly. Surficial
geology affects flood discharges in a number of ways. The permeability of
surficial material affects the rate of deep percolation, and the porosity of surficia
material affects storage in the surficial aquifer. Drawdown of the surficial
aquifer during a dry year may reduce flood discharges for a given precipitation
event, as precipitation contributes to aquifer recharge instead of to runoff.
Surficial geology aso correlates closely to vegetation type, which can affect the
initial abstraction of water from a precipitation event and affect runoff
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characteristics. Lakes, wetlands and beaver activity can have large effects on
flood discharges, as floods are attenuated by storage in these waterbodies. For
watersheds with large drainage areas or significant storage, maximum daily mean
discharges are often only slightly lower than maximum instantaneous discharges.

Annual flood discharges were analyzed by examining annua stream discharge
data from the seven long-term hydrologic monitoring stations noted in Table 3.4:

o Station 07DA001 — Athabasca River below Fort McMurray;
e Station 07DA006 — Steepbank River near Fort McMurray;

e Station 07DA008 — Muskeg River near Fort MacKay;

e Station 07DA009 — Jackpine Creek near Fort MacK ay;

e Station 07DA018 — Beaver River above Syncrude;

e Station 07DB001 — MacKay River near Fort MacKay; and
e Station 07DCO01 — Firebag River near the Mouth.

Since complete open-water season flow records are available for these stations,
there were no data gaps to be filled. Reported maximum daily mean discharges
were compiled for each station’s period of record. A frequency anaysis of
maximum events was undertaken to determine the 2-year, 10-year and 100-year
flood discharges at each station. The CFA program, developed by Environment
Canada, was used for the maximum event frequency analysis. This program
allowed the available data set to be analyzed using a variety of frequency
distributions, and the analysis involved selecting an appropriate distribution,
based on the goodness-of-fit of the data. Separate analyses of floods due to
snowmelt and rainfall events were not undertaken.

3.2.4.2 Results and Discussion

For watersheds of similar size, subject to similar precipitation inputs, flood
response is quicker and flood magnitude is larger for those that are steeper and
have high drainage densities and low storage capacities. Conversely, watersheds
that are flatter, with low drainage densities and high storage capacities, tend to
have dlower flood responses and lower peaks. As for water yields, it is again a
combination of climate and watershed characteristics that governs flood
magnitudes. For watersheds with similar topography, subject to similar
precipitation inputs, the flood magnitude is larger for larger watersheds.
However, smaller watersheds have a quicker flood response and a higher unit
flood magnitude (discharge divided by watershed area). A watershed with a fast
response to precipitation will generally have a peak flow data set with a higher
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skewness than that with a slow response. This behaviour should be considered
when examining flood discharges for the long-term hydrologic monitoring
stations in the Oil Sands Region.

Figures showing measured annual flood discharges and derived flood statistics
for each station are provided in Figures 3.18 to 3.24. A summary of the flood
discharge anaysis for Oil Sands Region long-term hydrologic monitoring
stationsis provided in Table 3.11.

The Athabasca River at Hydrologic Monitoring Station 07DAOOL has a mean
annual discharge of 638 m%s and the observed maximum daily mean discharge
of 4,700 m®/s occurred in 1971. The mean annual unit discharge at this station is
larger than for any of the other long-term regional stations, likely due to wetter
areas in the upper watershed. However, the 100-year flood unit discharge at this
station is lower than for any of the other long-term regional stations. This is
attributed to the large drainage area of the Athabasca River relative to those of
theregional stations. In the absence of other factors, the unit flood discharge of a
given return period is expected to decrease with increasing watershed area. The
caculated coefficient of variation for the flood data is 0.34, which is the lowest
for any of the stations examined in this report. The calculated coefficient of
skewnessis 0.73, which is similar to that for the Muskeg and Steepbank rivers.
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Table 3.11  Statistics of Flood Discharges for Long-Term Hydrologic Monitoring Stations in the Oil Sands Region
Statistic Athabasca River Stesiﬁ)/k;?nk Muskeg River Jackpine Creek Beaver River MacKay River Firebag River
07DA001 07DA008 07DA009 07DA018 07DB001 07DC001
07DA006
shown on figure 3.17 3.18 3.19 3.20 3.21 3.22 3.23
drainage area (km?) 133,000 1,320 1,460 358 165 5,570 5,990
26 Years
. 44 Years 28 Years 28 Years ; 26 Years 30 Years 27 Years
period of record 1958-2001 1974-2001 1974-2001 1975_2903611995_ 1976-2001 1973-2001 1975-2001
mean annual discharge (m3/s) 638 4,99 4.06 1.07 0.539 14.9 25.0
frequency distribution GEV Log Pearson I Log Pearson lli Log Pearson lli Log Pearson I Log Pearson I Log Pearson lli
highest observed® (m®/s) 4,700 (1971) 81.0 (1985) 66.1 (1985) 17.3 (1997) 33.0 (1988) 339 (1985) 236 (1985)
100-year return period® (m%/s) 5,600 92.6 714 25.9 36.3 480 263
10-year return period® (m?s) 3,780 64.5 46.8 17.0 20.7 258 162
2-year return period® (m%/s) 2,420 32.3 24.1 7.52 7.14 112 93.9
lowest observed® (m?/s) 1,280 (1993) 5.62 (1999) 3.84 (1999) 0.178 (1999) 0.579 (1999) 6.28 (1999) 43.5 (1999)
mean anpual unit discharge 0.0048 0.0038 0.0028 0.0030 0.0033 0.0027 0.0042
(m*/s/km®)
highest observed® (m%/s/km?) 0.0353 0.0614 0.0453 0.0483 0.2000 0.0609 0.0394
_ in @
100-year return period 0.0421 0.0705 0.0489 0.0723 0.2200 0.0862 0.0439
(m*/s/km®)
_ ind@
L0-year return period 0.0284 0.0492 0.0321 0.0475 0.1255 0.0463 0.0270
(m*/s/km®)
_ ine] @
2-year refurn period 0.0182 0.0242 0.0165 0.0210 0.0433 0.0201 0.0157
(m*/s/km?)
lowest observed® (m*/s/km?) 0.0096 0.0043 0.0026 0.0005 0.0035 0.0011 0.0073
standard deviation of flood 871 217 155 530 8.45 49.4 45.9
discharge (m®/s) ' ' ' : ' '
coefficient of variation (C,) 0.337 0.611 0.586 0.600 0.889 0.707 0.442
coefficient of skewness (Cy) 0.726 0.754 0.784 0.187 1.169 0.946 1.272

@ Based on data set of annual maximum daily mean discharges.
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Figure 3.18 Annual Maximum Daily Mean Discharges for Athabasca River below

Fort McMurray (Environment Canada Station 07DA001)
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Figure 3.19 Annual Maximum Daily Mean Discharges for Steepbank River near
Fort McMurray (Environment Canada Station 07DA006)
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Figure 3.20 Annual Maximum Daily Mean Discharges for Muskeg River near Fort
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Figure 3.21 Annual Maximum Daily Mean Discharges for Jackpine Creek near

Maximum Daily Mean Discharge (m 75)

35

30

25

20

15

10

Fort MacKay (Environment Canada Station 07DA009)

O Annual Maximum Daily Mean Discharge
weeneeen2-Year Return Period Maximum Daily Mean Discharge

— - — -10-Year Return Period Maximum Daily Mean Discharge

== = 100-Year Return Period Maximum Daily Mean Discharge

1990 1995 2000

Year

Golder Associates



RAMP Five Year Report
Climate and Hydrology

3-41

May 2003

Figure 3.22

Syncrude (Environment Canada Station 07DA018)
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Figure 3.23 Annual Maximum Daily Mean Discharges for MacKay River near Fort
MacKay (Environment Canada Station 07DB001)
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Figure 3.24 Annual Maximum Daily Mean Discharges for Firebag River near the
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The Steepbank River at Hydrologic Monitoring Station 07DA006 has a mean
annual discharge of 4.99 m*/s and the observed maximum daily mean discharge
of 81.0 m*s occurred in 1985. The 100-year flood unit discharge at this station
is amost twice that for the Athabasca River, but is similar to that of the MacKay
River and dlightly larger than those for the Muskeg River and Jackpine Creek.
The caculated coefficient of variation for the flood data is 0.61, which indicates
a higher range of variability than for the Athabasca River, but is similar to those
for the MacKay River, Muskeg River and Jackpine Creek. The calculated
coefficient of skewness is 0.75, which is similar to that for the Muskeg and
Athabascarivers.

The Muskeg River at Hydrologic Monitoring Station 07DA008 has a mean
annual discharge of 4.06 m*/s and the observed maximum daily mean discharge
of 66.1 m*s occurred in 1985. The flood unit discharges at this station are lower
than those for the Steepbank River, MacKay River and Jackpine Creek, likely
because of greater storage in a broad, muskeg floodplain. The flood unit
discharges are in fact similar to those for the Firebag River, which has a larger
watershed and a large storage capacity. The calculated coefficient of variation
for the flood data is 0.59, which indicates a higher range of variability than for
the Athabasca River, but is smilar to the coefficients of variation for the
Steepbank River, MacKay River and Jackpine Creek. The calculated coefficient
of skewness is 0.78, which is similar to that for the Steepbank and Athabasca
rivers.
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Jackpine Creek at Hydrologic Monitoring Station 07DA009 has a mean annual
discharge of 1.07 m*s and the observed maximum daily mean discharge of
17.3 m*s occurred in 1997. The flood unit discharges at this station are similar
to those for the Steepbank River watershed, which borders the Jackpine Creek
watershed to the south. The calculated coefficient of variation for the flood data
is 0.60, which indicates a higher range of variability than for the Athabasca
River, but is similar to those for the Stegpbank, Muskeg and MacKay rivers. The
calculated coefficient of skewness is 0.19, which is the lowest observed at the
long-term regional stations.

The Beaver River at Hydrologic Monitoring Station 07DA018 has a mean annual
discharge of 0.539 m*s and the observed maximum daily mean discharge of
33.0m*/s occurred in 1988. The flood unit discharges at this station are the
highest observed at long-term regiona stations and are indicative of a small,
steep watershed. The calculated coefficient of variation for the flood datais 0.89,
which is again the highest observed at long-term regiona stations. The
calculated coefficient of skewnessis 1.17. Among long-term regional stations, it
is second only to the Firebag River. This suggests that the watershed
occasionally generates extremely high floods, probably due to a rapid response to
precipitation. This can be attributed to its high basin slope, since the watershed
consists of 100% upland terrain. The highest flood recorded on the Beaver River
is amost twice that on Jackpine Creek, which has a drainage area less than half
that of the Beaver River.

The MacKay River at Hydrologic Monitoring Station 07DB001 has a mean
annual discharge of 14.9 m*/s and the observed maximum daily mean discharge
of 339 m¥s occurred in 1985. The flood unit discharges at this station are similar
to those observed on the Steepbank River and Jackpine Creek and slightly larger
than those observed on the Muskeg River. The calculated coefficient of variation
for the flood data is 0.71, which is dightly larger than the coefficients of
variation observed on the Steepbank River, Muskeg River and Jackpine Creek.
The calculated coefficient of skewness is 0.95, which indicates a dightly more
rapid response to precipitation than for the Muskeg or Steepbank rivers.

The Firebag River at Hydrologic Monitoring Station 07DCO001 has a mean
annual discharge of 25.0 m*/s and the observed maximum daily mean discharge
of 236 m%/s occurred in 1985. The flood unit discharges at this station are similar
to those observed on the Athabasca River, despite the Firebag River watershed
having less than one-twentieth the area of the Athabasca River watershed. This
is likely attributable to high storage capacity and flow attenuation within the
Firebag River watershed. The calculated coefficient of variation for the flood
data is 0.44, which is dightly larger than that of the Athabasca River data, but
lower than those observed on the Steepbank River, Muskeg River and Jackpine
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Creek. The caculated coefficient of skewness is 1.27, which indicates a
relatively rapid response to precipitation. However, the high storage capacity of
the Firebag River watershed probably attenuates the flood response, as illustrated
by the fact that the Firebag and MacKay rivers have similar watershed areas and
experienced their flood of record in the same year, yet the flood on the MacKay
River was amost 50% larger.

3.25 Low Flow Discharge

3.2.5.1 Methods

Annual low flows may be characterized by the minimum daily mean discharge or
by the minimum instantaneous discharge measured at a point. Thereis generally
little difference between the two for low flows, because of the steady nature of
low flows. The annual minimum daily mean discharge is defined as the lowest
daily mean discharge measured at a hydrologic monitoring station over the
course of a calendar year. It is calculated by averaging readings taken at a
constant interval over a calendar day. Low flow discharges are a function of
climatic conditions and watershed characteristics. For a given watershed, drier
years generally produce lower low-flow discharges, and the water available for
sustaining low flows can be reduced by greater evaporation. Air temperatures
can also affect low flows, as small tributaries in the Oil Sands Region may freeze
to the bottom during the winter months and contribute no flow. Physica
characteristics of the watershed that affect low flows include slope, surficial
geology, and lake and wetlands storage. Steep, fast-draining watersheds tend to
have lower low flow discharges than flatter watersheds, which drain less rapidly.
Surficial geology affects runoff quantities in a number of ways. The baseflow of
a stream tends to comprise only seepages of groundwater and has little or no
surface water runoff or interflow component. Thus, the permeability of surficial
material affects the rate of release of water to the stream, and the porosity of
surficial material affects the amount of storage in the surficia aquifer.
Drawdown of the surficial aquifer during a dry year may reduce low flow
discharges. Conversely, the presence of lakes, wetlands and beaver ponds can
have large effects on low flows, as storage in these waterbodies is gradualy
released over the winter months.

Annual low flow discharges were analyzed by examining annua stream
discharge data from the seven long-term hydrologic monitoring stations noted in
Table 3.4

e Station 07DA001 — Athabasca River below Fort McMurray;
o Station 07DA006 — Steepbank River near Fort McMurray;
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e Station 07DA008 — Muskeg River near Fort MacKay;

o Station 07DA009 — Jackpine Creek near Fort MacK ay;

e Station 07DA018 — Beaver River above Syncrude;

e Station 07DB001 — MacKay River near Fort MacKay; and
e Station 07DCO01 — Firebag River near the Mouth.

Commencing in the fall of 1987, only March to October flow records are
available for these stations, with the exception of the Athabasca River below Fort
McMurray. An examination of the available complete annual flow records
indicates that the annual low flow typically occurs prior to spring breakup in
March or April. Nevertheless, in cases where low flows are reported based on
March to October data, the low flows recorded during this period are taken to
represent the annual minimum daily mean discharge. In general, low flowsin the
region occur in the winter, but the records do include some summer low flow
data. Reported minimum daily mean discharges were compiled for each station’s
period of record. A frequency analysis of minimum events was undertaken to
determine the 2-year, 10-year and 100-year low flow discharges at each station.
The FRQ Frequency Analysis program, developed by G.W. Kite, was used for
the minimum event frequency analysis. This program alowed the available data
set to be analyzed using a number of frequency distributions, and the analysis
involved selecting an appropriate distribution, based on the goodness-of-fit of the
data.

3.2.5.2 Results and Discussion

Winter flows for al streams in the Oil Sands Region consist primarily of
groundwater-fed baseflow. Due to the large watershed area of the Athabasca
River below Fort McMurray, it sustains relatively large flows throughout the
winter months. Other streams, with smaller watershed areas and lower storage
capacities, have much smaller winter baseflows, even when compared on a unit
area basis. Very small watersheds with low storage capacities may freeze to the
stream bottom during the winter months.

Figures showing measured annual low flow discharges and derived low flow
statistics for each station are provided in Figures 3.25 to 3.31. A summary of the
low flow analysis for Oil Sands Region long-term hydrologic monitoring stations
isprovided in Table 3.12.
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Table 3.12  Statistics of Low Flows for Long-Term Hydrologic Monitoring Stations in the Oil Sands Region
Statistic Athabasca River Steepbank River Muskeg River Jackpine Creek Beaver River MacKay River Firebag River
07DA001 07DA006 07DA008 07DA009 07DA018 07DB001 07DCO001

shown on figure 3.24 3.25 3.26 3.27 3.28 3.29 3.30
drainage area (kmz) 133,000 1,320 1,460 358 165 5,570 5,990

eriod of record 44 Years 28 Years 28 Years 26 Years 26 Years 29 Years 27 Years
P 1958-2001 1974-2001 1974-2001 1975-93; 1995-2001 1976-2001 1973-2001 1975-2001
mean annual discharge 638 4.99 4.06 1.07 0.539 14.9 25.0
(m?/s)
frequency distribution Type 3 Extremal Type 3 Extremal Type 3 Extremal Type 3 Extremal Type 3 Extremal Type 3 Extremal Type 3 Extremal
highest observed (m3/s) 211 (1997) 0.498 (1974) 0.480 (1996) 0.041 (1992) 0.054 (1988) 0.845 (1988) 11.8 (1987)
2-year return period (m*/s) 132 0.280 0.231 0.004 0.024 0.290 7.79
10-year return period (m%/s) 95.1 0.120 0.094 0.000 0.000 0.120 5.58
100-year return period (m%s) 73.8 0.000 0.016 0.000 0.000 0.060 3.97
lowest observed (m%s) 75 (2001) 0.022 (1981) 0.040 (1984) 0.000 (freq) 0.000 (freq) 0.023 (1973) 4.24 (1981)
mean anpual unit discharge 0.0048 0.0038 0.0028 0.0030 0.0033 0.0027 0.0042
(m>/s/km?)
highest observed (m3/s/km2) 0.00159 0.00038 0.00033 0.00011 0.00033 0.00015 0.00200
2-year return period 0.00099 0.00021 0.00016 0.00001 0.00015 0.00005 0.00130
(m*/s/km®)
10-year return period 0.00072 0.00009 0.00006 0.00000 0.00000 0.00002 0.00093
(m*/s/km®)
100-year return period 0.00055 0.00000 0.00001 0.00000 0.00000 0.00001 0.00066
(m°/s/lkm?)
lowest observed (m3/s/km2) 0.00056 0.00002 0.00003 0.00000 0.00000 0.00000 0.00071
standard deviation of low 305 0.120 0.114 0.013 0.019 0.181 1.68
flow (m’/s)
coefficient of variation (C,) 0.228 0.436 0.481 1.458 0.805 0.567 0.216
coefficient of skewness (Cs) 0.407 -0.3090 0.3000 3.298 0.0571 0.943 -0.0656

@ Based on data set of annual minimum daily mean discharges.
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Figure 3.25 Annual Minimum Daily Mean Discharges for Athabasca River below

Fort McMurray (Environment Canada Station 07DA001)
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Figure 3.26 Annual Minimum Daily Mean Discharges for Steepbank River near

Fort McMurray (Environment Canada Station 07DA006)
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Figure 3.27 Annual Minimum Daily Mean Discharges for Muskeg River near Fort
MacKay (Environment Canada Station 07DA008)
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Figure 3.28 Annual Minimum Daily Mean Discharges for Jackpine Creek near Fort
MacKay (Environment Canada Station 07DA009)
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Figure 3.29 Annual Minimum Daily Mean Discharges for Beaver River above
Syncrude (Environment Canada Station 07DA018)
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Figure 3.30 Annual Minimum Daily Mean Discharges for MacKay River near Fort
MacKay (Environment Canada Station 07DB001)
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Figure 3.31 Annual Minimum Daily Mean Discharges for Firebag River near the

Mouth (Environment Canada Station 07DC001)
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The Athabasca River at Hydrologic Monitoring Station 07DAO001 has a mean
annual discharge of 638 m*s and the observed minimum daily mean discharge of
75 m¥/s occurred in 2001. The mean annual unit discharge at this station is larger
than for any of the other long-term regional stations, likely due to wetter areasin
the upper watershed. The low flow unit discharges are aso higher than for any
of the other long-term regional stations except the Firebag River. This is
attributed to the large drainage area of the Athabasca River relative to those of
the regional stations. The calculated coefficient of variation for the low flow data
is 0.23, which is approximately the same as for the Firebag River and
substantialy lower than that for any of the other stations examined in this report.

The Stegpbank River at Hydrologic Monitoring Station 07DAO06 has a mean
annual discharge of 4.99 m*/s and the observed minimum daily mean discharge
of 0.022 m*/s occurred in 1981. The low flow unit discharges at this station are
much smaller than those for the Athabasca River, which is attributed to the fact
that the watershed area of the Steepbank River is approximately 1% of that of the
Athabasca River below Fort McMurray. Small tributaries in the upper watershed
likely freeze to the stream bottom during the winter, so the baseflow is typicaly
much less than 1% of the Athabasca River baseflow. Reported low flows
typically occur in March (late winter), though the record for this and other
stations includes some annual low flows observed in the summer. Low flow unit
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discharges are similar to those for the Muskeg River, indicating similar
groundwater supply characteristics, and dightly larger than those for the MacKay
River. The caculated coefficient of variation for the low flow data is 0.44,
which indicates a higher degree of variability than for the Athabasca River, but is
similar to that for the Muskeg River. The variability of the baseflows that
contribute to low flows on a smaller stream such as the Steepbank River islikely
afunction of both antecedent precipitation and winter temperatures.

The Muskeg River at Hydrologic Monitoring Station 07DA008 has a mean
annual discharge of 4.06 m*/s. The observed minimum daily mean discharge is
0.040 m¥s and occurred in 1984. The low flow unit discharges at this station are
similar to those for the Steepbank River and dlightly larger than those for the
MacKay River. The calculated coefficient of variation for the low flow data is
0.48, which is again similar to that for the Steepbank River, indicating similar
groundwater supply characteristics.

Jackpine Creek at Hydrologic Monitoring Station 07DA009 has a mean annual
discharge of 1.07 m*s. The observed minimum daily mean discharge is zero,
which has occurred frequently. The Jackpine Creek watershed borders the
Steepbank River watershed and comprises approximately 25% of the Muskeg
River watershed. Low flow unit discharges at this station are significantly lower
than for the Muskeg and Steepbank rivers. This is attributed to the frequent
freezing of Jackpine Creek to the stream bottom during the winter. During warm
winters, this may be limited to the upper watershed and flow may be sustained at
the station. Variability in the baseflows contributing to low flows on a small
stream such as this is likely aso a function of antecedent precipitation. The
caculated coefficient of variation for the low flow datais 1.46, which indicates a
higher degree of variability than for the Steepbank and Muskeg rivers.

The Beaver River at Hydrologic Monitoring Station 07DA018 has a mean annual
discharge of 0.539 m%¥s. The observed minimum daily mean discharge is zero,
which has occurred frequently. Low flow unit discharges at this station are
similar to those for Jackpine Creek, though the two-year low flow unit discharge
is significantly higher. This may be due to low flows being sustained by the
freer-draining, steep topography of the watershed during wetter than average
years. The Beaver River above Syncrude is the smallest watershed near Fort
McMurray for which long-term monitoring is available. The calculated
coefficient of variation for the low flow datais 0.81, which is significantly higher
than for al of the other long-term regional stations except for Jackpine Creek.
Variahility of the baseflows that contribute to low flows on a small stream such
as this is likely a function of both antecedent precipitation, winter temperatures
and the occurrence of summer droughts.
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The MacKay River at Hydrologic Monitoring Station 07DB001 has a mean
annual discharge of 14.9 m*/s and the observed minimum daily mean discharge
of 0.023 m*/s occurred in 1973. The low flow unit discharges at this station are
somewhat |ess than those observed on the Muskeg and Steepbank rivers, but flow
is generally sustained over the winter months, in contrast to smaller watersheds
such as the Beaver River and Jackpine Creek. The calculated coefficient of
variation for the low flow data is 0.57, which is dightly larger than those
observed on the Steepbank and Muskeg rivers. The lower, more variable
baseflows of the MacKay River, despite its larger watershed area, are likely due
to differencesin surficial geology that cause a reduced supply of groundwater.

The Firebag River at Hydrologic Monitoring Station 07DC001 has a mean
annual discharge of 25.0 m*/s and the observed minimum daily mean discharge
of 4.24 m¥s occurred in 1985. The low flow unit discharges at this station are
similar to those observed on the Athabasca River, although the Firebag River
watershed has less than one-twentieth the area of the Athabasca River watershed.
This is likely attributable to high groundwater storage capacity, and winter
release, within the Firebag River watershed. The caculated coefficient of
variation for the low flow data is 0.22, which is similar to that of the Athabasca
River data and significantly lower than those observed on the Stegpbank and
Muskeg rivers.

3.2.6 Conclusions and Recommendations

3.2.6.1 Long-Term Climatic Data

The available long-term climatic data for the Oil Sands Region north of Fort
McMurray consists of climatic data from the Environment Canada Climate
Station at Fort McMurray Airport. This station was established at the start of
1944 and provides a period of record extending to the end of 2001. The
precipitation and temperature records for this station are of particular interest in
examining the variability of hydrologic conditionsin the region.

The mean annual rainfall measured at Fort McMurray Airport is 314 mm.
Annual values have varied from alow of 170 mm in 1945 to a high of 533 mmin
1973 (54% to 170% of the mean). The mean annual snowfall-to-runoff, that is,
the amount measured from October to May of each year, is 148 mm. Annual
values have varied from 46 mm in 1949 to a high of 298 mm in 1972 (31% to
201% of the mean). The mean annual precipitation-to-runoff measured at Fort
McMurray Airport is 461 mm. Annual vaues have varied from alow of 238 mm
in 1945 to a high of 813 mm in 1973 (52% to 176% of the mean). The analysis
of precipitation data, presented in Section 3.2.1, shows that the annual
precipitation, including rainfall and snowfall components, exhibits a degree of
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variability that is typical of natural hydrologic systems. The calculated
coefficients of variability of 0.37, 0.27 and 0.23 for the snowfall-to-runoff,
rainfall and precipitation-to-runoff data, respectively, show that snowfal is more
variable than rainfall, and that total precipitation is less variable than rainfall.
The calculated values also indicate that annual rainfall is not dependent on the
antecedent snowfall-to-runoff, which is confirmed by the weak correlation
(0.135) between the two data sets.

There were four consecutive years of below-average precipitation between 1998
and 2001. This span includes four of the first five years during which RAMP
operated, and is the longest span of below-average precipitation since a nine-year
period from 1945 to 1953. The recent 1998-t0-2001 dry period may be
contrasted with the five consecutive years of above-average precipitation that
was observed from 1972 to 1976, a period where much historical aquatic
environment data was collected in the Muskeg River basin.

The variability of temperature data from Fort McMurray Airport was examined
in Section 3.2.2. The mean temperature at Fort McMurray Airport over the
period 1944 to 2001 was 0.1°C, and annual mean temperatures have varied from
-2.7 10 3.2°C. The mean summer (June to August) temperature measured at Fort
McMurray Airport was 15.2°C, and annual mean summer temperatures have
varied from 134 to 17.0°C. The mean winter (December to February)
temperature measured at Fort McMurray Airport was -17.4°C, and annual mean
winter temperatures have varied from -24.7 to -8.4°C. The data sets for annual
mean, winter mean and summer mean temperatures exhibited standard deviations
of 1.3°C, 3.3°C and 0.9°C, respectively. This shows that winter mean
temperatures are more variable than annual mean temperatures, and that summer
mean temperatures are less variable than annual mean temperatures. The
observed data show that mean annual temperatures at Fort McMurray Airport are
more likely to be influenced by the more variable winter temperatures than by
less variable summer temperatures. The weak correlation (0.256) between the
two data sets indicates that a cold winter is unlikely to be followed by a cold
summer, or vice versa.

The climatic station at Fort McMurray Airport is the best station available for
characterizing long-term natural variability in the Oil Sands Region, based on
proximity and length of record. It is recommended that this station continue to
be operated by Environment Canada and that RAMP continue to incorporate
relevant climate datainto its database on an annual basis.

Other climate stations operated in the Oil Sands Region north of Fort McMurray
include the Environment Canada Climate Station at Mildred Lake (Station
3064528 and 3064531) and the RAMP Aurora Climate Station (Station C1). The
Mildred Lake Climate Station has a period of record of 19 years (1973 to 1982
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and 1993 to 2001) and the Aurora Climate Station has a period of record of seven
years (1995 to 2001). Both of these stations have been used for recent
calibrations of watershed hydrologic models and their continued operation is
recommended to provide local climate information within the current oil sands
developments. When long-term data from these stations are available, they will
alow more subtle differences in climate between stations north of Fort
McMurray and the station at Fort McMurray to be quantified, including effects of
local elevation and topography.

Other RAMP sites incorporate rainfall and snowfall gauges and these are
discussed further in Section 3.4.

3.2.6.2 Long-Term Hydrologic Data

The available long-term hydrologic data for the Oil Sands Region north of Fort
McMurray consists of data from seven Environment Canada Hydrologic Stations,
including those on the Athabasca River, Steepbank River, Muskeg River,
Jackpine Creek, Beaver River, MacKay River and Firebag River. A summary of
statistics for water yields, flood discharges and low flow discharges for these
stationsis provided in Table 3.13.

The Athabasca River station differs from others in the region, in that its large
(133,000 km?) watershed area extends to the Rocky Mountains in the west and
across the Saskatchewan border in the east, encompassing areas with varying
hydrologic conditions. The large watershed accounts for the relatively low
coefficients of variation of water yield, flood discharge and low flow data, and
for the relatively low correlation (+0.41) between annual precipitation at Fort
McMurray Airport and annual water yield. This station has the highest mean
annual water yield of any of the local long-term monitored watersheds, likely due
to higher precipitation in its headwater areas. It aso has among the lowest flood
unit discharges and highest low flow unit discharges, again due to its relatively
large watershed area.

The size of the Steepbank River station watershed area (1,320 km?) is
approximately 1% of that of the Athabasca River at Fort McMurray. The smaller
watershed accounts for coefficients of variation of water yield, flood discharge
and low flow data that are approximately twice that of the Athabasca River. The
proximity of the entire Steepbank River watershed to Fort McMurray accounts
for the high correlation (+0.74) between annual precipitation at Fort McMurray
Airport and annual water yield. This station has a slightly lower mean annual
water yield than the Athabasca River, likely due to lower mean annua
precipitation. Its flood unit discharges are substantially larger and low flow unit
discharges substantially lower than those of the Athabasca River, again due to its
much smaller watershed area.
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Table 3.13  Statistics of Discharges for Long-Term Hydrologic Monitoring Stations in the Oil Sands Region
Parameter Statistic Athabasca River Steepbank River Muskeg River Jackpine Creek Beaver River MacKay River Firebag River

07DA001 07DA006 07DA008 07DA009 07DA018 07DB001 07DC001

drainage area 133,000 km? 1,320 km? 1,460 km? 358 km? 165 km? 5,570 km? 5,990 km?

26 Years

. 44 Years 28 Years 28 Years ; 26 Years 29 Years 27 Years
period of record 1958-2001 1974-2001 1974-2001 1975-2903611995- 1976-2001 1973-2001 1975-2001
643 m’/s 4.99 m¥s 4.06 m¥s 1.07 ms 0.539 m¥s 14.9 m/s 25.0 m/s

mean annual discharge

(0.0048 m®¥/s/km?)

(0.0038 m*/s/km?)

(0.0028 m*/s/km?)

(0.0030 m*/s/km?)

(0.0033 m¥s/km?)

(0.0027 m¥s/km?)

(0.0042 m®/s/km?)

;“;i‘lx'?]“e“a"n hiahest observed | 4700msin 1971 | 81.0 m%s in 1985 66.1m¥sin1985 | 17.3m%sin 1997 33.0 m%s in 1988 339 m%s in 1985 236 m%/s in 1985
aly 9 (0.0353 m¥s/km?) (0.0614 m¥/s/km?) (0.0453 m¥s/km?) | (0.0483 m%s/km?) (0.2000 m%s/km?) (0.0609 m%s/km?) (0.0394 m%s/km?)
discharge
100-year return 5,600 m%/s 92.6 m*/s 71.4m%s 25.9m’s 36.3m%s 480 m¥s 263 m¥s
period (0.0421 m¥s/km?) (0.0705 m¥/s/km?) (0.0489 m¥/s/km?) (0.0723 m¥/s/km?) (0.2200 m¥s/km?) (0.0862 m¥s/km?) (0.0439 m¥/s/km?)
10-year return 3,780 m¥/s 64.5 m/s 46.8 m¥s 17.0m%s 20.7 m¥s 258 m%/s 162 m%s
period (0.0284 m¥s/km?) (0.0492 m®/s/km?) (0.0321 m¥s/km?) (0.0475 m¥/s/km?) (0.1255 m¥s/km?) (0.0463 m¥/s/km?) (0.0270 m¥/s/km?)
2-year return 2,420 m’Is 32.3m’s 24.1m’s 7.52m’s 7.14m’s 112 m¥s 93.9 m’/s
period (0.0182 m¥s/km?) (0.0242 m®¥/s/km?) (0.0165 m¥s/km?) | (0.0210 m%s/km?) (0.0433 m¥s/km?) (0.0201 m¥s/km?) (0.0157 m¥s/km?)
lowest observed 1,280 m%/s in 1993 5.62 m*/s in 1999 3.84m%sin 1999 | 0.178 m¥sin 1999 | 0.579 m%s in 1999 6.28 m*/s in 1999 43.5 m¥s in 1999
(0.0096 m¥/s/km?) (0.0043 m¥/s/km?) (0.0026 m®%/s/km?) (0.0005 m*/s/km?) (0.0035 m¥s/km?) (0.0011 m¥s/km?) (0.0073 m¥/s/km?)
standard 871 m¥s 21.7m%s 155 m%/s 5.30 m%s 8.45 m’s 49.4m’s 459 m’ls
deviation (0.0066 m¥s/km?) (0.0164 m¥s/km?) (0.0106 m®¥/s/km?) (0.0148 m¥/s/km?) (0.0512 m¥s/km?) (0.0089 m¥s/km?) (0.0077 m¥s/km?)
coefficient of 0.337 0.611 0.586 0.600 0.889 0.707 0.442
variation, C,
coefficient of 0.726 0.754 0.784 0.187 1.169 0.946 1.272
skewness, Cs
Svr;rt‘:f‘;iel g highest observed 240 mm in 1997 252 mm in 1975 172 mm in 1997 187 mm in 1997 214 mm in 1996 199 mm in 1997 188 mm in 1997
100-year wet 244 mm 269 mm 193 mm 223 mm 305 mm 263 mm 215 mm
return period
ég;iy(fda' wetreturn 193 mm 190 mm 143 mm 169 mm 179 mm 150 mm 177 mm
long term average 151 mm 119 mm 89 mm 94 mm 103 mm 84 mm 132 mm
ég;iyoedar dry return 112 mm 56 mm 37 mm 27 mm 35 mm 28 mm 90 mm
100-year dry 94 mm 27 mm 7 mm 0 mm 7 mm 4 mm 63 mm

return period
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Table 3.13  Statistics of Discharges for Long-Term Hydrologic Monitoring Stations in the Oil Sands Region
(continued)
Parameter Statistic Athabasca River Steepbank River Muskeg River Jackpine Creek Beaver River MacKay River Firebag River
07DA001 07DA006 07DA008 07DA009 07DA018 07DB001 07DCO001

lowest observed 101 mm in 2001 33 mm in 1999 16 mm in 1999 3 mm in 1999 13 mm in 1999 6 mm in 1999 79 mm in 1981
Sta'?d"’.“d 30.5 mm 51.9 mm 40.5 mm 50.7 mm 56.9 mm 49.4 mm 32.5mm
deviation
coefficient of 0.209 0.435 0.462 0.564 0.552 0.588 0.247
variation, C,
correfation with 0.414 0.741 0.527 0.460 0.565 0.586 0.569

precipitation

L“;ﬂ'mn‘:;n hiohest observed | 211 m7sin1997 | 0.498msin 1974 | 0.480 m*/sin 1996 | 0.041m%sin1992 | 0.054m%sin1983 | 0.845m%sin1988 | 11.8mYsin 1987
disc‘;]arge 9 (0.00159 m¥/s/km?® | (0.00038 m®s/km?) | (0.00033 m¥s/km?®) | (0.00011 m%s/km?) | (0.00033 m*s/km? | (0.00015 m%s/km?) | (0.00200 m*/s/km?)
2-year return 132 m%s 0.280 m*/s 0.231m%s 0.004 m*/s 0.024 m*/s 0.290 m¥/s 7.79 m/s
period (0.00099 m*/s/km?) | (0.00021 m%s/km?® | (0.00016 m*/sfkm? | (0.00001 m*s/km?) | (0.00015 m%s/km?® | (0.00005 m*s/km?) | (0.00130 m%s/km?)
10-year return 95.1 m’/s 0.120 m*/s 0.094 m*/s 0.000 m%s 0.000 m%s 0.120 m*/s 5.58 m’/s
period (0.00072 m*/s/km® | (0.00009 m*s/km?) | (0.00006 m¥s/km®) | (0.00000 m%s/km? | (0.00000 m*s/km? | (0.00002 m%s/km?) | (0.00093 m*/s/km?)
100-year return 73.8m’/s 0.000 m¥/s 0.016 m*/s 0.000 m*/s 0.000 m*/s 0.060 m/s 3.97ms
period (0.00055 m*s/km?) | (0.00000 m%s/km?) | (0.00001 m*/s/km?) | (0.00000 m*s/km?) | (0.00000 m%*s/km?) | (0.00001 m*s/km?) | (0.00066 m%s/km?)
3 3
owest observed 75 msin1988 | 0022 mYsin1981 | 0.040 mYs in 1984 (f’r'ggge”;ﬂ’; (f’r'ggge”;ﬂ’; 0023 m¥/sin1973 |  4.24 ms in 1981
(0.00056 m*/s/km?) | (0.00002 m*s/km?) | (0.00003 m%s/km?) (0.00000 mP/shkm?) | (0.00000 mP/s/km?) (0.00000 m¥s/km? | (0.00071 m%s/km?)
standard 30.5m¥s 0.120 m¥s 0.114 m¥s 0.013 m¥s 0.019 m¥s 0.181 m¥s 1.68 m¥/s
deviation (0.00022 m¥s/km?) | (0.00009 m%s/km?® | (0.00008 m*/sfkm?) | (0.00004 m*s/km?) | (0.00012 m%s/km?) | (0.00003 m*/s/km?) | (0.00028 m%s/km?)

coefficient of
variation, (C,)

0.228

0.436

0.481

1.458

0.805

0.567

0.216

coefficient of
skewness, (Cs)

0.407

-0.3090

0.3000

3.298

0.0571

0.943

-0.0656
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The Muskeg River station watershed area (1,460 km?) is similar to that of the
Steepbank River, and the measured data from this station exhibit similar
coefficients of variation of water yield, flood discharge and low flow. The
Muskeg River watershed is located immediately north of the Steepbank River
watershed, further from Fort McMurray. This, along with greater muskeg and
wetlands storage, may account for the slightly lower correlation (+0.53) between
annual precipitation at Fort McMurray Airport and annual water yield. This
station has a dlightly lower mean annual water yield than the Steepbank River,
likely due to differences in watershed evapotranspiration, storage capacity and
losses to groundwater. Its extreme flood unit discharges are slightly smaller than
those of the Steepbank River, likely due to differences in watershed storage
capacity. Its low flow unit discharges are similar to those of the Steepbank
River, indicating similar groundwater flow characteristics.

Jackpine Creek is a tributary of the Muskeg River and comprises approximately
25% (358 km?) of its watershed area. The smaller watershed size accounts for
the coefficients of variation of water yield, flood discharge and low flow that are
greater than those of the Muskeg River, and a correlation between annual
precipitation at Fort McMurray Airport and annual water yield (+0.46) that is
slightly lower than that of the Muskeg River. Jackpine Creek has a mean annual
water yield similar to the Muskeg River. Its smaller watershed area again
accounts for wet- and dry-year water yields that are more extreme, flood unit
discharges that are greater, and low flow unit discharges that are smaller than
those of the Muskeg River.

The Beaver River station watershed area (165 km?) is the smallest of the long-
term regiona hydrologic stations. The small watershed accounts for relatively
large coefficients of variation of water yield, flood discharge and low flow data.
The proximity of the Beaver River watershed to Fort McMurray is tempered by
the small watershed size to produce a slightly lower correlation (+0.57) between
annual precipitation at Fort McMurray Airport and annual water yield than for
the Steepbank River watershed. The small, upland watershed of the Beaver
River accounts for wet- and dry-year water yields that are more extreme, flood
unit discharges that are greater, and low flow unit discharges that are smaller than
those of the Steepbank and Muskeg rivers. Its higher proportion of upland areas
means that its flood unit discharges are larger than those of Jackpine Creek.

The MacKay River station watershed area (5,570 km?) is approximately four
times the size of those of the Steepbank and Muskeg rivers. All other factors
being equal, this would normally result in lower coefficients of variation of water
yield, flood discharge and low flow, but instead the opposite is true. Differences
in watershed topography and surficial geology mean that, despite having a larger
watershed area, unit flood discharges are similar to those of the Stegpbank River
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and greater than those of the Muskeg River. Water yields are similar to those of
the Muskeg River watershed, and low flow discharges are lower than those
observed on the Steepbank and Muskeg rivers. The higher flood discharges and
lower low flows are indicative of a faster-draining watershed, with less
percolation to groundwater and less release of groundwater during baseflow. The
MacKay River has a correlation (+0.59) between annual precipitation at Fort
McMurray Airport and annual water yield similar to that of the adjacent Beaver
River watershed.

The Firebag River station watershed area (5,990 km?) is approximately the same
as that of the MacKay River. All other factors being equal, this would normally
result in similar coefficients of variation of water yield, flood discharge and low
flow, but the Firebag River exhibits values of these coefficients that are similar to
those of the much larger Athabasca River. Unit flood discharges, annual water
yield and unit low flow discharges are also similar to those of the Athabasca
River, though the Firebag River has a better correlation (+0.57) between annual
precipitation at Fort McMurray Airport and annual water yield. The behaviour of
the Firebag River is attributed to unusually large storage capacity in the surficial
aquifer, which attenuates precipitation inputs to the watershed and sustains
relatively large baseflows over the winter months.

During the dry hydrologic conditions observed in the region during the period
1998 to 2001, annual precipitation for all four years was below average. The
second- and fifth-driest years on record occurred in 1998 and 1999, respectively.
This dry period includes four of the first five years of RAMP. In 1999, these
consecutive dry years produced the lowest-recorded water yields and flood
discharges on the Stegpbank, Muskeg, Beaver and MacKay rivers and Jackpine
Creek. However, precipitation records indicate that a more extreme, longer-
duration dry period occurred from 1945 to 1953. Hydrologic records are not
available for that period.

Annual precipitation amounts for the years 1972 to 1976 were all above average,
with 1973 the wettest recorded since 1945. Since no annual hydrologic
monitoring data are available for the Muskeg River basin before 1974, it is not
possible to calculate water yields, flood discharges and low flows for this wet
year. The wet period of 1972 to 1976 coincided with the collection of much
baseline water quality and fisheries data in the Muskeg River basin, and
hydrologic conditions during that period should not be taken as representative of
the average.

The highest observed flood was recorded in 1997 on Jackpine Creek and the
highest observed water yields were recorded in 1997 on the Muskeg River,
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Mackay River, Firebag River and Jackpine Creek and in 1996 on the Beaver
River.

The seven long-term hydrologic stations located north of Fort McMurray are the
best stations available for characterizing long-term natural variability in the Qil
Sands Region, based on proximity and length of record. It is recommended that
Environment Canada continue to operate these stations and that RAMP continue
to incorporate relevant hydrologic data into its database on an annual basis.

The Environment Canada hydrologic station on Jackpine Creek was discontinued
in 1993 and is currently operated by RAMP since its reactivation in 1995.
Environment Canada ceased winter operation of all regiona hydrologic
monitoring stations, with the exception of the Athabasca River, in 1987. In 1999,
RAMP initiated winter monitoring at the Muskeg River station, and in 2002,
RAMP initiated winter monitoring at the Mackay River and Firebag River
stations. It is recommended that this supplementary monitoring continue and
consideration should be given to reactivating winter monitoring on the Steepbank
River. Jackpine Creek and the Beaver River frequently freeze to the bottom and
cease to flow over the winter; therefore, they do not lend themselves to
continuous year-round flow monitoring. However, consideration should be given
to visiting these stations periodically over the winter months, and undertaking
manual stream discharge measurements, if possible. Conditions have been drier
than average for most of the duration of the RAMP program, and a return to
wetter conditions may result in sustained flows over the winter.

Discontinued Environment Canada hydrologic stations in the Oil Sands Region
north of Fort McMurray and west of the Athabasca River include stations on the
Dover River (07DB002), Ells River (07DA017), Joslyn Creek (07DAQ16), Tar
River (07DA015), Calumet River (07DA014), Pierre River (07DA013), Asphalt
Creek (07DA012) and Unnamed Creek (07DA011). These stations were
operated from 1975 to 1977, with the exceptions of the Ells River (1975 to 1986)
and Joslyn Creek (1975 to 1993) stations. Monitoring on the Ells, Tar and
Calumet rivers was reinitiated by RAMP in 2001 in support of the CNRL
Horizon EIA, and it is recommended that these stations continue to be operated
to collect baseline data and to measure effects after the start of project
construction. It is recommended that consideration be given to reactivation of
the remaining stations (Dover River, Joslyn Creek, Pierre River, Asphalt Creek
and Unnamed Creek) to allow collection of long-term data in advance of project
developments in the area. Reingtalling stations at, or near, their previous
locations has the advantage of allowing the previously acquired data to be
integrated into the data set without major adjustment.
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3.3

3.3.1

3.3.11

Methods

Other RAMP hydrologic monitoring stations, as listed in Table 3.1, are intended
to measure discharges from areas affected by mining activities. They provide
short-term baseline data, but as project devel opments begin to affect runoff, they
will cease to be useful for defining natural variability.

DETECTING AND ASSESSING REGIONAL TRENDS

Temporal Trends

Precipitation

Annual precipitation available for runoff was analyzed using long-term data from
Fort McMurray Airport (Environment Canada Climate Station 3062693), as
examined in Section 3.2.1. Statistical tests for tempora trend and seria
dependence were performed on the data set, using the Environment Canada CFA
program:

e Spearman Test for Trend: This test determines whether successive
measurements in the data set were made during a period of gradualy
changing conditions. The test determines whether a significant temporal
trend exists in the data set by correlating the rank of an event to the
chronological order of the event. The results of the Spearman Test for
Trend was examined at 5% (significant) and 1% (highly significant)
levels of significance.

e Spearman Test for Independence: Two events are defined as
independent if the occurrence or non-occurrence of one event does not
affect the probability of occurrence or non-occurrence of an event. This
is a rank order test that identifies serial dependence for entries in the
data set; that is, whether a high precipitation year is likely to follow a
high precipitation year, or a low precipitation year is likely to follow a
low precipitation year. The results of the test at 5% (significant) and 1%
(highly significant) levels of significance were examined.

Results and Discussion

The Spearman Test for Trend indicated that the precipitation data do not display
significant trend. That is, the region has not become wetter or drier over the
period of record.

The Spearman Test for Independence indicated that the precipitation data display
some degree of serial dependence. This means that high precipitation in any

Golder Associates



RAMP Five Year Report 3-61 May 2003
Climate and Hydrology

3.3.1.2

Methods

given year is likely to have been preceded by high precipitation in the previous
year, and low precipitation in any given year is likely to have been preceded by
low precipitation in the previous year. The dependence may be a result of
climatic changes on alarger spatial and temporal scale; however, no analysis was
carried out for this report to identify the possible causes of such a dependence.

Winter snowfal at 36 long-term climate stations in Alberta, including Fort
McMurray Airport, has been shown to be higher during the La Nina phase of the
Southern Oscillation (Keller 1999). This oscillation has a frequency of three to
eight years. However, the difference observed at Fort McMurray Airport was not
significant at the 90% confidence interval. For 28 of the 36 stations analyzed,
the difference was shown to be significant at the 95% confidence interval.

Temperature

Mean annual temperatures were analyzed using long-term data from Fort
McMurray Airport (Environment Canada Climate Station 3062693), as presented
in Section 3.2.2. The available data were analyzed using two of the statistical
tests described in Section 3.3.1.1.

Results and Discussion

The Spearman Test for Trend indicated that the mean annual temperature data
display a highly significant trend. That is, the region has become (based solely
on the temperature data at Fort McMurray airport) significantly warmer over the
period of record.

A Mann-Whitney split sample test for homogeneity was undertaken to determine
whether any abrupt change occurred during the sampling period. This test
showed that there was a significant difference, at the 1% level, between the data
for the period 1944 to 1971 and the data for the period 1972 to 2001. The
observed, abrupt change after 1971 could be due to general climatic change or
due to a change in instrument location, type of instrument, land cover or other
factors, but no attempt is made in this report to determine the cause of the
change.

The Spearman Test for Independence indicated that the annual mean temperature
data display some degree of serial dependence. As for precipitation, cold years
are likely to have been preceded by cold years and warm years by warm years.
As stated for serial dependence in annua precipitation, the dependence may be a
result of climatic changes on a larger spatial and temporal scale; however, no
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analysis was carried out to identify the possible causes of such a dependence for
this report.

Winter (December to February) temperature data from fifteen long-term climate
stations in Alberta, including Fort McMurray Airport, have been shown to be
dependent on extreme phases of the Southern Oscillation, known as El Nino and
La Nina events (Keller 1999). This oscillation has a frequency of three to eight
years. Recorded winter temperatures average approximately four degrees
warmer during El Nino years than during La Ninayears.

3.3.1.3 Water Yield

Methods

Annual water yields were analyzed by analyzing long-term data from the seven
long-term hydrol ogic monitoring stations examined in Section 3.2.3:

e Station 07DA001 — Athabasca River below Fort McMurray;
o Station 07DA006 — Steepbank River near Fort McMurray;

e Station 07DA008 — Muskeg River near Fort MacKay;

o Station 07DA009 — Jackpine Creek near Fort MacK ay;

e Station 07DA018 — Beaver River above Syncrude;

e Station 07DB001 — MacKay River near Fort MacKay; and
e Station 07DCO01 — Firebag River near the Mouth.

The available data were analyzed using the two statistical tests described in
Section 3.3.1.1.

Results and Discussion

Results of the tests for trend and serial dependence are summarized in Table 3.14.

Given that water yield is highly dependent on precipitation, and that the
precipitation data at Fort McMurray Airport display highly significant serial
dependence, it is expected that local hydrologic monitoring stations would
display some serial dependence. This is the case for long-term stations on the
Muskeg, Beaver and MacKay rivers and Jackpine Creek. Data from the
Athabasca River display less significant serial dependence, while data from the
Steepbank and Firebag rivers do not display significant serial dependence. For
the Athabasca River, the mix of climate regimes and physiographic
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characteristics over its large watershed may mask any serial dependence. For the
Steepbank and Firebag rivers, serial dependence may be masked by other non-
climatic factors.

Table 3.14 Results of Statistical Tests on Water Yield Data for Long-Term
Hydrologic Monitoring Stations in the Oil Sands Region

Station Trend Independence
Athabasca River no trend data display significant serial dependence at 5% level;
Station 07DA001 no serial dependence at 1% level

Steepbank River

Station 07DA006 no trend no serial dependence

Muskeg River no trend data display significant serial dependence at 5% level;
Station 07DA008 no serial dependence at 1% level

Jackpine Creek

. L . 0
Station 07DA009 no trend data display significant serial dependence at 1% level
Beaver River . . . 0
Station 07DA018 no trend data display significant serial dependence at 1% level
MacKay River no trend data display significant serial dependence at 1% level
Station 07DB001

Firebag River no trend no serial dependence

Station 07DC001

None of the water yield data for long-term hydrologic monitoring stations
displays a significant trend. This is expected, since no trend is exhibited by the
precipitation data.

Annual runoff volumes for six long-term hydrologic monitoring stations in
Alberta, including the Athabasca River at Athabasca (watershed area
74,600 km?), have been shown to be higher during the La Nina phase of the
Southern Oscillation (Keller 1999). This oscillation has a frequency of three to
eight years. This difference was shown to be significant at the 90% confidence
interval.

3.3.1.4 Flood Discharges

Methods

The maximum daily mean discharge data from the seven long-term hydrologic
stations examined in the previous section were analyzed using the two statistical
tests described in Section 3.3.1.1.
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Results and Discussion

Results of the tests for trend and serial dependence are summarized in Table 3.15.

Table 3.15 Results of Statistical Tests on Maximum Mean Daily Discharge Data
for Long-Term Hydrologic Monitoring Stations in the Oil Sands
Region

Station Trend Independence

Athabasca River

Station 07DA00L no trend no serial dependence

Steepbank River

Station 07DA00G no trend no serial dependence

Muskeg River

Station 07DA00S no trend no serial dependence

Jackpine Creek

Station 07DA009 no trend no serial dependence

Beaver River

Station 07DAO1LS8 no trend no serial dependence

MacKay River no trend data display significant serial dependence at
Station 07DB001 5% level; no serial dependence at 1% level

Firebag River
Station 07DC001

no trend no serial dependence

Floods are generally caused by rapid snowmelt or large rainfal events, which
have not been analyzed for these stations. Large snowmelt or rainfall events may
influence water yields, but there is no direct correlation between annual water
yields and flood-causing events. The only station for which any serid
dependence is identified is the MacKay River, and that is only at a 5% level of
significance.

None of the flood discharge data for long-term hydrologic monitoring stations
displays a significant trend.

3.3.1.5 Low Flows

Methods

The minimum daily mean discharge data from the seven long-term hydrologic
stations examined in the previous section were analyzed using the two statistical
tests described in Section 3.3.1.1.
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Results and Discussion

Table 3.16

Results of the tests for trend and serial dependence are summarized in Table 3.16.

Results of Statistical Tests on Minimum Mean Daily Discharge Data
for Long-Term Hydrologic Monitoring Stations in the Oil Sands

Region
Station Trend Independence

Athabasca River no trend data display significant serial dependence at
Station 07DA001 5% level; no serial dependence at 1% level
Steepbank River no trend data display significant serial dependence at
Station 07DA006 1% level

Muskeg River no trend data display significant serial dependence at
Station 07DA008 5% level; no serial dependence at 1% level
Jackpine Creek no trend data display significant serial dependence at
Station 07DA009 5% level; no serial dependence at 1% level
Beaver River data display highly data display significant serial dependence at
Station 07DA018 | significant trend at 1% level | 1% level

g;%ﬁ%?gggm no trend no serial dependence

Firebag River ial

Station 07DCO01 no trend no serial dependence

Low flows in the region are typically winter baseflows, though some observed
annual low flows occurred during the summer or fall of dry years. Low flows
primarily comprise groundwater seepage into the stream. Thus, they are a
function of antecedent precipitation, surficia aquifer storage and permeability,
and watershed size. For small watersheds, the stream may freeze to the bottom
and cease to flow during an extended cold period. Low flows are dependent to
some degree on precipitation. The precipitation data at Fort McMurray Airport
display highly significant serial dependence. It follows that low flows at the
local hydrologic monitoring stations display some serial dependence. Long-term
stations on the Steepbank and Beaver rivers display serial dependence at a 1%
level of significance, and long-term stations on the Muskeg and Athabasca rivers
and Jackpine Creek display serial dependence at a 5% level of significance. Data
from the Mackay and Firebag rivers do not display significant serial dependence,
and non-climatic factors may mask any serial dependence.

Low flow data from the Beaver River display a significant upwards trend with
time, which in this case is highly significant. This could be due to the observed
warming change reducing the extent of the watershed that freezes to the bottom
in the winter, when low flows are likeliest to occur, since this is the smallest of
the long-term monitored watersheds. None of the water yield data for other long-
term hydrologic monitoring stations displays a significant trend. This is what
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would be expected based on the absence of trend exhibited by the precipitation
data.

3.3.2 Spatial Trends

3.3.2.1 Precipitation

Precipitation in the Oil Sands Region varies with elevation, latitude and
topography. Analyses of data from the Fort McMurray Airport, Mildred Lake
and Aurora climatic monitoring stations, as well as regional forestry lookouts,
shows (Golder 2002€) that, in general:

e mean seasonal rainfall increases with € evation;

e the magnitude of extreme rainfall events (storms) increases with
elevation; and

e the Birch Mountains produce a mild rain shadow effect on stations
located to the east and in the Athabasca River valley.

The activities of local industry are not expected to have a significant effect on
regional precipitation.

3.3.2.2 Temperature

The daily air temperature variations between the Fort McMurray Airport,
Mildred Lake and Aurora climatic monitoring stations indicate that air
temperature has little spatial variation in the region (Golder 2002€). However,
data from seasonal stations located at forestry lookouts in the region indicate that
air temperature decreases with increasing elevation at a lapse rate of
approximately 0.5°C per 100 metres. The activities of local industry are not
expected to have a significant effect on regional temperatures.

3.3.2.3 Water Yield

Annual water yield is a function of climatic conditions, including annual
precipitation and evaporation, and watershed characteristics, including terrain
type, surficial geology, and lake and wetlands storage. The greatest effects on
water yield within the Oil Sands Region are due to the terrain types within the
tributary watershed, since climatic conditions are relatively homogeneous within
the region and the effects of surficial geology are more subtle than those of
terrain types. Upland terrain produces the highest water yield, since it is faster
draining and less water is lost to evapotranspiration or deep percolation.
Lowland terrain yields less water, since more water is lost to evapotranspiration
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and deep percolation. Lakes and wetlands, where free water is exposed to the
atmosphere, reduce water yields by allowing water to evaporate.

All of these factors must be taken into account in order to determine
representative mean annual water yields. Therefore, spatial trends are dependent
on the stream location and watershed characteristics. Mean annual water yields
for long-term regional monitoring stations and selected short-term RAMP
stations are presented in this report. Water yields for other nodes within the
region have been calculated by hydrologic modelling undertaken during recent
ElIAs (CNRL 2002; Shell 2002).

3.3.2.4 Flood Discharges

Flood discharges are a function of climatic conditions, including rainfall or
snowmelt intensity and duration, and watershed characteristics, including
drainage area, terrain type, surficial geology, and lake and wetlands storage. The
greatest effects on flood discharges within the Oil Sands Region are due to the
terrain types within the tributary watershed, since climatic conditions are
relatively homogeneous within the region and the effects of surficial geology are
more subtle than those of terrain types. Upland terrain produces the highest
flood discharges, since it is faster draining than lowland terrain. The short
duration of flood discharges means that |osses to deep percolation or evaporation
are relatively small. Lakes and wetlands, where water is stored, attenuate floods
and reduce flood peak discharges. In genera, larger watersheds will exhibit
larger flood discharges.

To determine representative flood discharges, all of these factors must be taken
into account. Therefore, spatial trends are dependent on the stream location and
watershed characteristics. Flood discharges for long-term regional monitoring
stations and selected short-term RAMP stations are presented in this report.
Flood discharges for other nodes within the region have been calculated by
hydrologic modelling undertaken during recent EIAs (CNRL 2002; Shell 2002).

3.3.25 Low Flows

Low flows are a function of climatic conditions, including precipitation,
evaporation and temperature, and watershed characteristics, including drainage
area, terrain type, surficial geology, and lake and wetlands storage. The greatest
effects on low flows are due to watershed size, temperature and storage in lakes,
wetland and surficial aquifers. Streams with small watershed areas often freeze
to the bottom during cold temperatures. Larger watersheds, and those with large
surficial aguifer storage capacity, tend to sustain flows over the winter months.
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To determine representative low flow discharges, al of these factors must be
taken into account. Therefore, spatia trends are dependent on the stream
location and watershed characteristics. Low flow discharges for long-term
regiona monitoring stations and selected short-term RAMP stations are
presented in this report. Low flow discharges for other nodes within the region
have been calculated by hydrologic modelling undertaken during recent EIAS
(CNRL 2002; Shell 2002).

3.3.3 Ability to Detect Change

The long-term climatic and hydrologic stations in the Oil Sands Region are well-
suited for detecting regional trends in water yield. Annual precipitation has the
greatest influence on the annual water yield of a watershed in any given year.
The long-term precipitation data from Fort McMurray Airport (Environment
Canada Climate Station 3062693) provide an adequate record to characterize
regional precipitation. The long-term data from seven regional hydrologic
stations provide an adequate record to characterize water yields at those
locations. These data have been used to calibrate a regiona hydrologic model
that provides predicted baseline characteristics for selected short-term monitoring
stations, as discussed in Section 3.4, and at other selected nodes in the region.
This model was used as the basis for hydrologic impact analysis in several recent
ElAs (CNRL 2002; Shell 2002). Ongoing data collection at existing long-term
and short-term stations will better define natural variability and variation due to
local geographic and geologic conditions.

It would not be possible to identify changes in water yields, flood discharges, or
low flows due to development simply on the basis of a short period of measured
discharges and the results of a frequency analysis for a given stream. However,
if required, stream discharge and precipitation data for a stream and watershed
area could be used as part of a water balance model, to estimate changes to
stream discharge attributable to developments within the watershed. The model
would necessarily incorporate physical data for the natural areas within the
watershed, as well as for disturbed areas, including changes to terrain types,
drainage patterns, closed-circuited areas and artificial discharges. The accuracy
of any water balance model would be enhanced by incorporating detailed, local
precipitation data. For large watershed areas, a network of precipitation gauges
would more accurately record the temporal and spatial variation of specific
rainfall events that might need to be modelled.

3.34 Conclusions and Recommendations

As shown in Section 3.2, climatic and hydrologic data from the Qil Sands Region
north of Fort McMurray exhibit some degree of natural variability. Therefore, in
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order to identify temporal trends in climate and hydrology, reasonably long-term
data sets are required. These are provided by one long-term climate station,
located at Fort McMurray Airport, and seven long-term hydrologic stations,
located on the Athabasca, Steepbank, Muskeg, Beaver, Mackay and Firebag
rivers and Jackpine Creek.

Annual precipitation data from Fort McMurray Airport display a high degree of
serial dependence. The precipitation data did not display any significant trend.

Mean annual temperature data from Fort McMurray Airport also display a high
degree of serial dependence. This may be related to the EI Nino/La Nina phases
of the Southern Oscillation. Mean annual temperature data were also shown to
exhibit a warming trend over the monitoring period of 1944 to 2001, though an
abrupt change appears to have occurred after 1971 and this could be related to a
change in instrument type or surroundings.

Water yield data for the Beaver River, Mackay River and Jackpine Creek
displayed a high degree of serial dependence at a 1% level of significance, while
water yield data for the Athabasca and Muskeg rivers displayed seria
dependence at a 5% level of significance. This is attributable to the dependence
of water yield on precipitation, which was also found to be serially dependent.
However, the Steepbank and Firebag rivers did not exhibit serial dependence.
Annual water yields did not display any significant temporal trend, as would be
expected since annual precipitation did not.

Maximum daily mean discharge data for al long-term regional stations were
without trend. Only maximum mean daily discharge data for the MacKay River
displayed serial dependence at a 5% level of significance.

Low flow data for the Beaver and Steepbank rivers displayed a high degree of
serial dependence at a 1% level of significance, while low flow data for the
Athabasca and Muskeg rivers and Jackpine Creek displayed serial dependence at
a 5% level of significance. Thisis attributable to the dependence of water yield
to precipitation, which was also found to be seridly dependent. However, the
MacKay and Firebag rivers did not exhibit serial dependence. Low flow data did
not display any significant temporal trend, except for the Beaver River, where an
upward trend in low flows may be affected by the observed warming trend.

Spatial trends in precipitation and temperature are subtle and due to geographic
factors. They should not be affected by the activities of local industry.
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Spatial trends in annual water yields, flood discharges and low flows are
dependent on climatic conditions and physical characteristics of the tributary
watershed. The hydrologic characteristics at any location on a stream are a
function of precipitation, evaporation and temperature regimes, as well as
watershed area, terrain, surficial geology, and lake and wetlands storage. The
hydrologic characteristics for long-term regional monitoring stations and selected
short-term RAMP stations are presented in this report, and hydrologic
characteristics of other nodes within the region have been calculated by
hydrologic modelling undertaken during recent EIAs (CNRL 2002; Shell 2002).

Data from the long-term climatic and hydrologic stations in the Oil Sands Region
have been used to calibrate a regiona hydrologic model that provides predicted
baseline characteristics for selected nodes in the region. Ongoing data collection
at existing long-term and short-term stations will better define natural variability
and variation due to local geographic and geologic conditions. If required, to
assess the hydrologic changes at a particular location, measured stream discharge
and precipitation data could be used in a calibrated water balance model to
estimate changes to stream discharge attributable to developments within the
watershed. Accurate model results would be highly dependent on accurately
guantifying the temporal and areal variation of precipitation in the modelled
watershed.

3.4 MONITORING TO VERIFY EIA PREDICTIONS

Whether RAMP Climatic and Hydrologic Monitoring stations can be used to
verify EIA predictions was addressed by examining the following questions:

= Are RAMP Climatic and Hydrologic Monitoring Stations located at
appropriate sites?

= Are monitoring periods sufficient (e.g., are the data adequate to construct
an annual water balance and describe annual precipitation and runoff
hydrographs)?

* |IsRAMP collecting or otherwise obtaining data required to differentiate
natural variability from changes due to human activities?

34.1 Monitoring Locations

Most of the RAMP Climatic and Hydrologic Monitoring stations listed in
Table 3.4 were installed to monitor the effects of mine developments or to
indirectly help assess these effects. In many cases, a short period of baseline
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monitoring preceded the collection of data from disturbed areas. For some
stations, this period of predisturbance monitoring is currently ongoing.
Rationales for monitoring of climatic and hydrologic parameters at specific
locations are provided in the annual RAMP Program Design and Rationale
Document (Golder 2002f). Details of the rationales for monitoring the RAMP
stations examined in this report follow.

RAMP Station C1 is located on Shell Lease 13, near the Canterra Road crossing
of Jackpine Creek. Parameters monitored at this site include rainfall, snowfal,
temperature, relative humidity, global solar radiation, wind speed and direction.
The Aurora Climate Station is the only year-round, comprehensive climate
station that operates in the region, except for the Environment Canada Climate
Stations at Mildred Lake and Fort McMurray Airport. The station was
established by Syncrude in May 1995 and was incorporated into RAMP in 2000.
The Aurora Climate Station is well-situated to measure precipitation inputs in the
Muskeg River watershed and adjacent areas. All parameters are monitored year-
round and can be used to construct an annual water balance.

RAMP Hydrologic Monitoring Station S1 is located at the outlet of the Albian
Sands Muskeg River Mine Pond #2, just upstream of the Muskeg River. This
station measures surface runoff and surficial aquifer releases from the Muskeg
River Mine and has a watershed area of 15.6 km?, all of which is lowland terrain.
Flow past this station a'so comes from the Syncrude Aurora North mine, via the
Aurora Boundary Weir (RAMP Station S23). The station was established by
Syncrude in August 1995 during the baseline study for the Aurora Project and
was incorporated into RAMP in 2000. RAMP Hydrologic Monitoring Station S1
iswell-situated to measure surface water discharges from the Muskeg River Mine
into the Muskeg River. The exposed weir structure makes it difficult to measure
flows during cold weather, when ice formation can affect the accuracy of
measurements.  If the weir is intended to be operational during freezing
temperatures, it is recommended that installation of an insulated structure around
the weir be considered.

RAMP Hydrologic Monitoring Station S2 is located on Jackpine Creek, upstream
of its confluence with the Muskeg River. Station S2 is located just upstream of
the inactive Environment Canada Hydrologic Monitoring Station 07DA009 and
was established by Syncrude in May 1995 to continue flow measurements at the
site. This station was discussed in detail in Section 3.2 and monitoring results are
not addressed in this section. This station is well-situated to measure hydrologic
effects on the Jackpine Creek watershed. It is currently operated only during the
open water season. However, consideration should be given to periodic, manual
measurements of flow during ice-covered conditions, if the effects of planned
developments on low flows are to be assessed.
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RAMP Hydrologic Monitoring Station S3 is located in an upland area of
lyinimin Creek, upstream of Kearl Lake. This station measures open-water
surface water runoff from an upland west slope area of Muskeg Mountain and
has a watershed area of 32.3 km?, all of which is upland terrain. The station was
established by Syncrude in August 1995 during the baseline study for the Aurora
Project and was incorporated into RAMP in 2001. Station S3 is located within
Oil Sands Lease 31 and is well situated to measure the future effects of
developments at the proposed Aurora South Mine. Data from this station would
aso contribute to a water balance model that could quantify effects of
developments on Kearl Lake, if required, and could potentially be used to assess
groundwater-surface water interaction effects of the Suncor Firebag Project.
Flows are generally very low during winter months, and the current open-water
monitoring at this station should be adequate to describe the annua runoff
hydrograph.

RAMP Hydrologic Monitoring Station S4 is located in an upland area of
Blackfly Creek, upstream of its confluence with Khahago Creek. This station
measures open-water surface water runoff from an upland west slope area of
Muskeg Mountain and has a watershed area of 31.1 km?, al of which is upland
terrain. The station was established by Syncrude in May 1995 during the
baseline study for the Aurora Project and was discontinued at the end of 1998.
Station $4 is located within Oil Sands Lease 31 and is well situated to measure
the future effects of developments at the proposed Aurora South Mine. The 2001
RAMP report (Golder 2002d) recommended that this station be reactivated three
to five years before development commences at Aurora South. Data from this
station could potentialy be used to assess groundwater-surface water interaction
effects of the Suncor Firebag Project. Flows are generaly very low during
winter months, and open-water monitoring at this station should be adequate to
describe the annual runoff hydrograph, should this station be reactivated.

RAMP Hydrologic Monitoring Station S5A is located on the Muskeg River,
below Stanley Creek. This station measures surface water runoff from the south
slopes of the Fort Hills and north and west slopes of Muskeg Mountain and has a
current watershed area of 552 km?, of which 53% is upland terrain. Station S5
was established by Syncrude at a site upstream of Stanley Creek in August 1995
during the baseline study for the Aurora Project and was relocated to its present
location at Station S5A in March 1998. Prior to its relocation, the station had a
watershed area of 390 km? of which 55% was upland terrain. It monitors
potential effects of the Albian Sands Muskeg River Mine and the Syncrude
Aurora North Mine. This station would, in the future, be used to measure the
effects of other projects including the Suncor Firebag Project, the Syncrude
Aurora South Project, the ExxonMobil Kearl Project and developments by Shell
on Oil Sands Leases 88 and 89. RAMP Hydrologic Monitoring Station SbA is

Golder Associates



RAMP Five Year Report 3-73 May 2003
Climate and Hydrology

well-situated to measure surface water discharges on the Muskeg River, upstream
of the Albian Sands Muskeg River Mine. However, the planned diversion of
water from the Syncrude Aurora North Project into Stanley Creek means that it
will measure flows affected by that project. It is recommended that the station
previously operated upstream on the Muskeg River (RAMP Station Sb) be
reactivated to measure flows upstream of the Syncrude Aurora North Project.
Continued operation of Station SbA is recommended, because it has a reliable,
well-established stage-discharge rating curve, is currently unaffected by beaver
activity, and will provide redundancy should there be operational problems with
Station S5. The year-round monitoring at Station S5A is adequate to describe the
annual runoff hydrograph, and should be specified for Station S5 as well.

RAMP Hydrologic Monitoring Station S6 is located on Mills Creek above
Isadore’s Lake. This station measures surface water runoff from the Mills Creek
fen, located on Oil Sands Leases 12, 13 and 34, and has a watershed area of
23.8km? al of which is lowland terrain. Station S6 was established by
Syncrude and Shell in April 1997. Future development of the Syncrude Aurora
North Mine and the Albian Sands Muskeg River Mine could have significant
effects on Mills Creek. Data from this station would also contribute to a water
balance model that could quantify the effects of developments on Isadore’s Lake,
if required. RAMP Hydrologic Monitoring Station S6 is well-situated to
measure surface water discharges from the Mills Creek fen. This station is
currently operated only during the open-water season and discharges are low in
winter. However, since the creek is fed from the fen, significant flow persists
throughout the winter, and consideration should be given to operating this station
year-round.

RAMP Hydrologic Monitoring Station S7 is located on the Muskeg River,
upstream of the mouth. Station S7 is located just upstream of Environment
Canada Hydrologic Monitoring Station 07DA008 and was established by
Syncrude in November 1999 to provide winter flow measurements at the site.
This station was discussed in detail in Section 3.2 and is not addressed in this
section. Albian Sands also reports monthly mean flows in the Muskeg River
downstream of the Muskeg River Mine (Lease 13 West) to Alberta Environment.
This station is well-situated to measure hydrologic effects on the upstream
Muskeg River watershed, including those from the Albian Sands Muskeg River
Mine and Syncrude Aurora North Project. The year-round monitoring at Station
S7 is adequate to describe the annual runoff hydrograph.

RAMP Hydrologic Monitoring Station S9 is located approximately one kilometre
downstream of the outlet of Kearl Lake. The station was established by
Syncrude and Shell in April 1998 and was incorporated into RAMP in 2001.
This station measures the open-water discharge from Kearl Lake and has a
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watershed area of 91.3 km?, of which 71% is upland terrain and 6% is lake area.
Albian Sands reports lake levels and outflows from Kearl Lake to Alberta
Environment. This station would, in the future, be used to measure the effects of
other projects including the Suncor Firebag Project, the Syncrude Aurora South
Project and the ExxonMobil Kearl Project. This station is well-situated to
measure hydrologic effects on the Kearl Lake watershed. It is currently operated
only during the open water season. However, consideration should be given to
periodic, manual measurements of flow during ice-covered conditions, if the
effects of planned developments on low flows are to be assessed.

RAMP Hydrologic Monitoring Station S10 is located on Wapasu Creek,
upstream of its confluence with the Muskeg River. This station measures surface
water runoff from the north slope of Muskeg Mountain and has a watershed area
of 87.6 km? of which 74% is upland terrain. The station was established by
Mobil in 1998 and was incorporated into RAMP in 2001. This station would, in
the future, be used to measure the effects of projects including the Suncor
Firebag Project, the Syncrude Aurora South Project and the ExxonMobil Kearl
Project. This station is well-situated to measure hydrologic effects on the
Wapasu Creek watershed. It is currently operated only during the open water
season.  However, consideration should be given to periodic, manual
measurements of flow during ice-covered conditions, if the effects of planned
developments on low flows are to be assessed.

RAMP Hydrologic Monitoring Station S11 is located approximately on Poplar
Creek, upstream of its confluence with the Athabasca River and downstream of
the Syncrude Base Mine. This station measures surface water runoff from
disturbed and diverted areas of the Syncrude Base Mine and has a drainage area
of 422 km?. Environment Canada Hydrometric Station 07DA007 was located at
this site from 1972 to 1986 and had an undisturbed drainage area of 151 k.
The station was established by Syncrude in May 1995 and was incorporated into
RAMPin 2000. This station iswell-situated to measure hydrologic effects on the
Poplar Creek watershed. It is currently operated only during the open water
season.  However, consideration should be given to periodic, manual
measurements of flow during ice-covered conditions, if the effects of planned
developments on low flows are to be assessed.

RAMP Hydrologic Monitoring Station L1 is located at the outlet of McClelland
Lake. This station has a watershed area of 204 km?, of which 35% is upland
terrain, 15% is lake area and 13% comprises McClelland Fen. The station was
established by Syncrude in June 1997. This station is well-situated to measure
hydrologic effects on the McClelland Lake watershed. In autumn of 2002, the
station was upgraded to year-round monitoring and it is recommended that this
continue.
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In addition to the RAMP Climatic and Hydrologic Monitoring Stations noted
here, additional long-term regional data are available from the Environment
Canada stations discussed in Sections 3.2 and 3.3. These data are purchased by
RAMP on an annual basis and compiled in the RAMP climate and hydrology
database. These data will be required in any anaysis that attempts to
differentiate natural variability from the effects of on-site activities, and
continued collection of these data are recommended.

3.4.2 Precipitation

3.4.2.1 Methods

Since 1995, rainfall has been measured at RAMP Station C1 by a tipping-bucket
rain gauge that records rainfall by registering atip for each 0.2 mm depth of rain.
From 1995 to present, the station has measured the depth of snow on ground
using an ultrasonic sensor. However, this method provides no direct measure of
the actual snow water equivalent depth of snowfall. In 2000, the station was
retrofitted with a tipping-bucket snow gauge that records snowfall by melting it
in an antifreeze reservoir, and registering atip for each 0.254 mm depth of snow.

Rainfall data were compiled by calculating the total rainfall measured in each
calendar year, from 1996 to 2001. Where data gaps existed, they were filled with
data from the Fort McMurray Airport (Environment Canada Climate Station
3062693). The annual rainfall depths were plotted and compared to measured
data from Fort McMurray Airport, aswell as the results of the frequency analysis
from Fort McMurray Airport, as presented in Section 3.2.1.

Snowfall data were analyzed by determining the total annual snowfall measured
up to the end of May in each year, from 1996 to 2001. This period was selected
to characterize the amount of snowfall that would contribute to spring runoff in
that calendar year. Where data gaps existed, they were filled with data from the
Fort McMurray Airport (Environment Canada Climate Station 3062693). The
annual snowfall depths were plotted and compared to measured data from Fort
McMurray Airport, as well as the results of the frequency analysis from Fort
McMurray Airport, as presented in Section 3.2.1.

Total precipitation data were analyzed by adding the total annual rainfall for each
calendar year to the total snowfall depth that would contribute to spring runoff in
that calendar year, from 1996 to 2001. The annua precipitation depths were
plotted and compared to measured data from Fort McMurray Airport, as well as
the results of the frequency analysis from Fort McMurray Airport, as presented in
Section 3.2.1.
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3.4.2.2

Table 3.17

Results and Discussion

Annual precipitation data from the Aurora Climate Station (RAMP Station C1),
including rainfall, snowfall-to-runoff and precipitation-to-runoff, are provided in
Table 3.17. Statistics of precipitation data from the Climate Station at Fort
McMurray Airport (Environment Canada Station 3062693) are also provided in
Table 3.17. Graphs of annual rainfall, snowfall-to-runoff and precipitation-to-
runoff depths, including the results of the frequency analysis, are provided in
Figures 3.32, 3.33 and 3.34, respectively.

Annual Precipitation Data for Aurora Climate Station
vear Snowfall-to-Runoff Rainfall Precipitation-to-Runoff
(mm water) (mm water) (mm water)
Data from Aurora Climate Station
1996 176 474 650
1997 94 378 472
1998 71 185 256
1999 98 234 332
2000 68 385 454
2001 85 254 339
Statistics from Fort McMurray Airport
length of record 57 years 58 years 57 years
high of record 298 (1972) 533 (1973) 813 (1973)
100-year wet 284 574 741
10-year wet 220 427 601
mean 148 314 461
10-year dry 80 211 323
100-year dry 46 167 233
low of record 46 (1949) 170 (1945) 238 (1945)
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Figure 3.32 Annual Rainfall Data for Aurora Climate Station (RAMP Station C1)
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Figure 3.33 Annual Snowfall-to-Runoff Data for Aurora Climate Station (RAMP
Station C1)
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Figure 3.34 Annual Precipitation-to-Runoff Data for Aurora Climate Station
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The data measured between 1996 and 2001 show a good agreement between the
annual rainfall, snowfal and precipitation measured at the Aurora Climate
Station and those measured at Fort McMurray Airport. Measured rainfall was
virtually identical for 1996 and 1997, and slightly higher at the Aurora Climate
Station in 1998, 1999, 2000 and 2001. Measured snowfall at the Aurora Climate
Station was higher than that at Fort McMurray Airport in 1998 and 2000, and
lower in 1996, 1997, 1999 and 2001. Measured total precipitation at the Aurora
Climate Station was lower than that at Fort McMurray Airport in 1996 and 1997
and higher in 1998, 1999, 2000 and 2001. Differences in measured precipitation
may be due to differing exposure to local precipitation events or be attributable to
physical differences, such as elevation or topography, that can affect
precipitation. Overall, there is a good agreement between precipitation measured
at the two stations, indicating that the Aurora Climate Station should provide
reliable data that is more representative of local conditions within the Muskeg
River watershed. However, without a long-term record of data from the Aurora
Climate Station with which to undertake a frequency analysis, it is not possible to
perform a more detailed comparison.
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3.4.3 Temperature

3.4.3.1 Methods

The Aurora Climate Station (RAMP Station C1) provides mean daily
temperature data for the period of record 1995 to 2001. Since May 1995, hourly
mean, minimum and maximum temperatures have been measured using a solid-
state thermistor installed in a vented radiation shield.

Temperature data were analyzed by calculating the mean annual temperature
measured in each calendar year, from 1996 to 2001. Where data gaps existed,
they were filled with data from the Fort McMurray Airport (Environment Canada
Climate Station 3062693). The mean annua temperatures were plotted and
compared to measured data from Fort McMurray Airport, as well as to the results
of the frequency analysis from Fort McMurray Airport, as presented in Section
3.2.2.

Winter and summer temperatures were also examined. The period from
December to February was selected to represent winter temperatures, since thisis
the three-month period with the lowest mean temperature. The period from June
to August was selected to represent summer temperatures, since this is the three-
month period with the highest mean temperature. Since the Aurora Climate
Station was installed in May 1995, summer data were also available for 1995.
The mean annual temperatures were plotted and compared to measured data from
Fort McMurray Airport, as well as to the results of the frequency analysis from
Fort McMurray Airport, as presented in Section 3.2.2.

3.4.3.2 Results and Discussion

Temperature data from the Aurora Climate Station (RAMP Station C1),
including mean annual, mean winter (December to February) and mean summer
(June to August) temperatures, are provided in Table 3.18. Statistics of
temperature data from the Climate Station at Fort McMurray Airport
(Environment Canada Station 3062693) are also provided in Table 3.18. Graphs
of mean annual, mean winter and mean summer temperatures, including the
results of the frequency analysis, are provided in Figures 3.35, 3.36 and 3.37,
respectively.
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Table 3.18 Annual Temperature Data for Aurora Climate Station

Year

Mean Winter (Dec-Feb)
Temperature (°C)®

Mean Annual
Temperature (°C)

Mean Summer (Jun-Aug)
Temperature (°C)

Data from Aurora Climate Station

1995 not available not available 14.6

1996 -20.9 -1.9 15.7

1997 -13.9 11 16.5

1998 -15.6 2.0 17.1

1999 -14.4 2.0 15.7

2000 -17.7 0.0 14.7

2001 -14.5 1.6 16.2
Statistics from Fort McMurray Airport

length of record 57 years 58 years 58 years
high of record -8.4 (1987) 3.2 (1987) 17.0 (1991)
100-year warm -9.9 3.2 17.6
10-year warm -13.1 1.8 16.5

mean -17.4 0.2 15.2
10-year cold -22.7 -1.5 14.0
100-year cold -26.1 -2.8 134

low of record -24.7 (1950) -2.7 (1951) 13.4 (1959)

@ Winter data include January-February of noted year and December of previous year.

Figure 3.35 Annual Mean Temperature Data at Aurora Climate Station (RAMP
Station C1)
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Figure 3.36 Winter Mean Temperature Data at Aurora Climate Station (RAMP
Station C1)
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Figure 3.37 Summer Mean Temperature Data at Aurora Climate Station (RAMP
Station C1)
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The data measured between 1995 and 2001 show a very good agreement between
the mean annual, mean winter and mean summer temperatures measured at the
Aurora Climate Station and those measured at Fort McMurray Airport.
Measured mean annual temperatures are within 0.5°C of those at Fort McMurray
Airport, as are measured mean summer temperatures. However, as for Fort
McMurray Airport, there is greater variability and a greater difference in mean
winter temperatures, with a difference in mean winter temperatures between the
Aurora Climate Station and Fort McMurray Airport of up to 4°C measured in
2000.

Differences in recorded temperature may be due to differing exposure to solar
radiation, cloud cover or local precipitation events or be attributable to physical
differences, such as elevation or topography, that can affect temperature.
Overdl, there is avery good agreement between temperature recorded at the two
stations. However, without a long-term record of data from the Aurora Climate
Station with which to undertake a frequency analysis, it is not possible to
perform a more detailed comparison.

3.4.4 Water Yield

3.4.4.1 Methods

Annual water yield is defined as the mean depth equivalent of total runoff from a
watershed over the course of the year. It is calculated by dividing the cumulative
discharge volume measured over the year by the area of the watershed. Water
yields are a function of climatic conditions and watershed characteristics as
discussed in Section 3.2.3.1.

Water yields were analyzed by examining annual stream discharge data from the
nine short-term RAMP hydrologic monitoring stations noted in Table 3.5:

Station S1 — Alsands Drain;

e Station S3—lyinimin Creek;

o Station 4 — Blackfly Creek;

o Station S5A —Muskeg River Aurorg;
e Station S6 — Mills Creek;

e Station SO — Kearl Lake Outlet;

o Station S10 — Wapasu Creek;

e Station S11 — Poplar Creek; and
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e Station L1 —McClelland Lake Outlet.

Most of the noted RAMP stations are on small watersheds, with channels that
either freeze to the bottom or sustain flows too small to be accurately monitored
under ice-covered conditions. The only exception to this is Station S5A on the
Muskeg River, for which year-round monitoring is available since 1999.

Data gaps for the RAMP stations were filled using the approach discussed in
Section 3.2.2. Because calculation of annual water yields requires a complete
January to December data set, consideration was given to filling in data gaps
based on best estimates of stream discharges during periods where records were
unavailable. Data gaps were first examined by considering the duration and
expected stream behaviour during the gap. From mid-November to late March,
baseflow discharges are generally unaffected by snowmelt or rainfal and
frequently fal to zero as streams freeze to the bottom. For cases where
observations suggested that flows were sustained over the winter, gaps were
filled by assuming a linear recession to baseflow in mid-November and
interpolating between measurements at the start and finish of the gap. For cases
where observations suggested that discharges ceased over the winter period, gaps
were filled by assuming a linear recession to zero flow in mid-November and
interpolating between zero flow at the end of March and the first measurement of
the year. These assumptions are coarse, but are justified by the existence of very
low flows during the winter season, meaning that water yield calculations are less
sensitive to possible inaccuracies than they would be to those applied to higher
discharges.

Data gaps during periods that could be affected by snowmelt or rainfall were
filled by estimating variable discharges, based on available data from adjacent
stations, stations upstream or downstream on the same stream, and/or loca
precipitation data.

As for the long-term hydrologic stations discussed in Section 3.2.2, cumulative
annual discharge volumes were divided by the tributary watershed area at the
monitoring station to calculate a runoff depth for each year of available data
However, since no long-term data were available for any of these stations, it was
not possible to undertake frequency analyses of maximum and minimum events.
Where hydrologic model results were available, modelled low flows were used to
undertake a frequency analysis of minimum events to determine the likely mean
annual water yield from the tributary watershed, as well as the 10-year and 100-
year wet and dry water yields.

The annual precipitation available for runoff, as measured at Fort McMurray and
presented in Section 3.2.1, is also plotted on each water yield graph. This should
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provide some idea of the response of the watershed to precipitation. However, it
must be noted that values measured at Fort McMurray may not be representative
of precipitation on the local watershed, especially for localized storm events.

3.4.4.2 Results and Discussion

For watersheds of similar size, subject to similar precipitation inputs, annual
water yields are larger for those that are steeper and have high drainage densities
and a low proportion of open water. Conversely, watersheds that are flatter, with
low drainage densities and a high proportion of open water, tend to have lower
water yields. Water yields are reduced by losses to groundwater and may be
increased by inflows of groundwater from adjacent watersheds or by significant
releases from groundwater storage during baseflow. This behaviour applies to
water yields from natural watersheds. For monitoring stations that are intended
to measure impacts of human activity in the Oil Sands Region, other factors may
affect water yields. Closed-circuiting of mine, plant and tailings areas may
render some portion of the watershed area non-contributing, thus reducing water
yields if they are calculated based on the natural watershed area. Diversions into
and out of the watershed may similarly increase or decrease calculated water
yields. Discharges from muskeg drainage and overburden dewatering can show
up as elevated water yields, as water is released from storage in the surficial
aquifer. Changes to terrain types, such as the establishment of an overburden
stockpile in a lowland area or reclamation of a dam embankment, can produce
changes in water yield due to differences in slope, drainage density, surficial
geology or storage from the natural terrain.

Figures showing calculated annual water yields and derived water yield statistics
for the natural watershed for each station are provided in Figures 3.38 to 3.46.
The measured annual precipitation at Fort McMurray Airport is also shown on
each figure. A summary of the water yield analysis for RAMP short-term
hydrologic monitoring stationsis provided in Table 3.19.

Flows at RAMP Station S1 are generally zero during midwinter. Water yields
are not calculated for 1995, since the station was not installed until late summer,
and for 1997, since the station was washed out in August of that year by a
floodwave caused by the sequential break of beaver dams. The water yield
measured in 1996 at Station S1 is close to the mean annua water yield, though
this occurred in a wetter-than-average year. From 1998 to 2001, water yields
were significantly higher than the calculated 100-year wet values, with the water
yield in 1998 being 10 times the calculated mean year value. These high water
yields are explained by the fact that the Alsands Drain receives muskeg drainage
and overburden dewatering discharges from the Syncrude Aurora North Mine
and from the Albian Sands Muskeg River Mine. At the end of 2002, the Alsands
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Drain watershed will no longer receive any flow from the Aurora North Mine,
and al flows will consist of surface runoff, muskeg drainage and overburden
dewatering water from the Muskeg River Mine.

Flows a8 RAMP Station S3 are not monitored from November until spring
snowmelt and are generally zero during midwinter. Water yields are not
calculated for 2000, when the station was not operated. The watershed tributary
to Station S3 is at present largely undisturbed, so the observed water yields may
be taken as natural. Measured water yields vary from alow of 20 mm in 1999, to
a high of 266 mm in 1997. The observed water yields correlate well to the
measured precipitation, as discussed in Section 3.2.1.

Flows at RAMP Station $4 are generaly zero during midwinter and are not
monitored from November until spring snowmelt. Water yields are not
calculated for 1999 to 2001, when the station was not operated. The watershed
tributary to Station $4 is at present largely undisturbed, so the observed water
yields may be taken as natural. Measured water yields vary from alow of 98 mm
in 1999, to a high of 279 mm in 1997. The observed water yields correlate well
to the measured precipitation, discussed in Section 3.2.1. They also compare
well to those from lyinimin Creek, which is nearby and has similar
characteristics. Differences in water yields between the two stations may be
attributable in part to local variations in precipitation.

The watershed tributary to RAMP Station S5A is at present largely undisturbed,
except for asmall area of closed-circuiting in the Stanley Creek watershed, so the
observed water yields may be taken as natural. Water yields are not calculated for
1995, since the station was not installed until late summer. Measured water
yields vary from alow of 17 mm in 1999, to a high of 164 mm in 1997. The
observed water yields correlate well to the measured precipitation, discussed in
Section 3.2.1. Water yields at this station are lower than those observed on
lyinimin Creek and Blackfly Creek. This can be attributed to the higher
proportion of lowland terrain in the Muskeg River watershed. Water yields from
lowland areas tends to be lower than from steeper, better-drained upland areas.
Starting in 2003, the Syncrude Aurora North Mine will discharge water from
muskeg drainage and overburden dewatering to Stanley Creek, raising flows and
water yields in the Muskeg River below Stanley Creek.

Golder Associates



RAMP Five Year Report
Climate and Hydrology

3-86

May 2003

Table 3.19 Statistics of Water Yields for Short-Term RAMP Hydrologic Monitoring Stations
Precipitation Alsands o ) )
Statistic at Fort Drain lyinimin Creek Blackfly Creek Muskeg River Mills Creek Kearl Lake Wapasu Creek Poplar Creek McClelland Lake
McMurray s1 S3 S4 Aurora S5A S6 Outlet S9 S10 S11 Outlet L1
Airport

drainage area (km?) n/a 15.6 32.3 31.1 552 23.8 91.3 87.6 422 204
?;tsb'sr)al mean annual discharge® nia 0.025 0.125 0.120 175 0.038 0.261 0.286 n/a 0310
period of record 1995-2001 199563'398_ 1995-1999, 2001 1995-1998 1996-2001 1997-2001 1998-1999, 2001 1999, 2001 1995-1996, 1998-2001 1998-2001
measured 1995 (mm) 509 n/a 67 114 n/a n/a n/a n/a 82 n/a
measured 1996 (mm) 650 44.0 244 249 164 n/a n/a n/a 229 n/a
measured 1997 (mm) 472 n/a 266 279 140 107 n/a n/a n/a n/a
measured 1998 (mm) 256 522 66 98 24 111 0.5 n/a 29 1.8
measured 1999 (mm) 332 169 20 n/a 17 28 0.1 18 9 0.1
measured 2000 (mm) 454 122 n/a n/a 76 25 n/a n/a 33 0.4
measured 2001 (mm) 339 92.6 56 n/a 50 28 8 73 46 1.4
highest observed (mm) 813 (1973) 522 (1998) 266 (1997) 279 (1997) 164 (1996) 111 (1998) 8 (2001) 73 (2001) 229 (1996) 1.8 (1998)
100-year wet return period® (mm) 741 148® 283® 283" 244® 148® 240@ 249@ n/a n/a
10-year wet return period® (mm) 601 102® 209® 209® 174® 102® 164@ 180@ n/a n/a
long term average® (mm) 461 51® 122® 122® 100® 51® 90@ 103@ n/a 48©
10-year dry return period® (mm) 323 11® 47® 47® 40® 11® 16@ 37@ n/a n/a
100-year dry return period® (mm) 233 3® 220 220 20® 3® 0.4@ 17@ n/a n/a
lowest observed (mm) 238 (1945) 44 (1996) 20 (1999) 98 (1998) 17 (1999) 25 (2000) 0.1 (1999) 18 (1999) 9 (1999) 0.1 (1999)

@ Model results for the adjacent Alsands Drain watershed from the Shell Jackpine EIA (Shell 2002).
®) Model results from the Shell Jackpine EIA (Shell 2002).

© Model results from the TrueNorth Fort Hills Oil Sands Project EIA (TrueNorth 2001).

n/a = Not available.
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The watershed tributary to Station S6 is at present affected only by access roads
to the Syncrude Aurora North Mine and the Albian Sands Muskeg River Mine,
as well as by the Susan Lake Gravel Pit, so the observed water yields may be
taken as close to natural. There is no defined channel on Mills Creek until a
point several hundred metres upstream of Station S6, where water is released
from the fen. Measured water yields vary from a low of 17 mm in 1999, to a
high of 164 mm in 1997. The observed water yields do not correlate well to the
measured precipitation, discussed in Section 3.2.1. This may be due to the low
ground slopes in the watershed and the high degree of storage available in the
muskeg and sand surficial aquifer of the Mills Creek fen. Future mining activity
a the Aurora North and Muskeg River Mines will close-circuit areas of the Mills
Creek watershed and it is expected that flows will be greatly reduced from
natural rates.

Water yields for RAMP Station S9 are not calculated for 2000, when the station
was not operated. The watershed tributary to this station is at present largely
unaffected by industry, so the observed water yields may be taken as natural.
Measured water yields vary from alow of 0.1 mm in 1999, to a high of 8 mm in
2001. The observed water yields correlate well to the measured precipitation,
discussed in Section 3.2.1. All three years of monitoring at the Kearl Lake Outlet
coincided with years of very low precipitation. The Kearl Lake watershed
contains a relatively large proportion of upland terrain, but the lake surface
allows direct evaporation of substantial quantities of water in the summer
months.

Water yields for RAMP Station S10 are not calculated for 1998, when only
periodic manual measurements were undertaken, and for 2000, when the station
was not operated. The watershed tributary to Station S10 is at present largely
unaffected by industry, so the observed water yields may be taken as natural.
Measured water yields vary from alow of 18 mmin 1999, to a high of 73 mm in
2001. The observed water yields correlate well to the measured precipitation,
discussed in Section 3.2.1.

Water yields are not calculated for RAMP Station S11 for 1997, when no data
were recorded until July. The watershed tributary to Station S11 is substantially
affected by development and has been for the duration of RAMP monitoring. No
hydrologic model results are available for this station. Measured water yields
vary from alow of 9 mm in 1999, to a high of 229 mm in 1997. The observed
water yields correlate well to the measured precipitation, discussed in Section
3.2.1

Water yields are not calculated for RAMP Station L1 for 1997, since the station
was not installed until late June. The watershed tributary to this station is at
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present largely undisturbed, so the observed water yields may be taken as natural.
Measured water yields vary from alow of 0.4 mm in 2000, to a high of 1.8 mm
in 1998. The observed water yields correlate well to the measured precipitation,
discussed in Section 3.2.1. The four complete years of monitoring at the
McClelland Lake Outlet coincided with years of below average precipitation.
The McClelland Lake watershed contains a very large proportion of lake surface
area, which allows direct evaporation of substantial quantities of water in the
summer months. Historical airphotos indicate that McClelland Lake dried up to
approximately 1/3 of its current surface area in the early 1950's and it is likely
that lake discharges ceased for several years at that time.

Figure 3.38 Annual Water Yields for Alsands Drain at the Muskeg River Mine
(RAMP Station S1)
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Figure 3.39 Annual Water Yields for lyinimin Creek above Kearl Lake (RAMP
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Figure 3.40 Annual Water Yields for Blackfly Creek above Khahago Creek (RAMP
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Figure 3.41
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Figure 3.43 Annual Water Yields for Kearl Lake Outlet (RAMP Station S9)
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Figure 3.44 Annual Water Yields for Wapasu Creek above Muskeg River (RAMP
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Figure 3.45 Annual Water Yields for Poplar Creek near the Mouth (RAMP Station
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Figure 3.46 Annual Water Yields for McClelland Lake Outlet (RAMP Station L1)
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3.4.5 Flood Discharge

3.45.1 Methods

Annual flood peak discharges may be characterized by the maximum daily mean
discharge or by the maximum instantaneous discharge measured at a point. Since
a more complete set of maximum daily mean discharges is available for the
RAMP data set, these are analyzed in this report. The annual maximum daily
mean discharge is defined as the largest daily mean discharge measured at a
hydrologic monitoring station over the course of a calendar year. It is calculated
by averaging readings taken at a constant interval over a day (midnight to
midnight). As for water yields, flood discharges are a function of climatic
conditions and watershed characteristics as discussed in Section 3.2.4.1.

Annual flood discharges were analyzed by examining annual stream discharge
data from the nine short-term RAMP hydrologic monitoring stations noted in
Table 3.5:

e Station S1 — Alsands Drain;

e Station S3 - lyinimin Creek;

o Station 4 — Blackfly Creek;

e Station S5A — Muskeg River Aurorg;
e Station S6 — Mills Creek;

e Station S9 —Kearl Lake Outlet;

o Station S10 — Wapasu Creek;

e Station S11 — Poplar Creek; and

e Station L1 —McClelland Lake Outlet.

No filling of data gaps for flood discharges was undertaken for these stations. |If
a data gap existed during flood conditions in the region, data from that year was
not included in the analysis. Reported maximum mean daily discharges were
compiled for each station’s period of record. However, since no long-term data
were available for any of these stations, it was not possible to undertake
frequency analyses of maximum events. Where hydrologic model results were
available, modelled annual maximum mean daily discharges were used to
undertake a frequency analysis of maximum events to determine the maximum
mean daily discharges 2-year, 10-year and 100-year return periods.
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3.4.5.2 Results and Discussion

For watersheds of similar size, subject to similar precipitation inputs, flood
response is quicker and flood magnitude is larger for those that are steeper and
have high drainage densities and low storage capacities. Conversely, watersheds
that are flatter, with low drainage densities and high storage capacities, tend to
have dower flood responses and lower peaks. For watersheds with similar
topography, subject to similar precipitation inputs, the flood magnitude is larger
for larger watersheds. However, smaler watersheds have a quicker flood
response and a higher unit flood magnitude (discharge divided by watershed
area). This behaviour applies to water yields from natural watersheds. For
monitoring stations that are intended to measure impacts of human activity in the
Qil Sands Region, other factors may affect flood discharges. Closed-circuiting of
mine, plant and tailings areas may render some portion of the watershed area
non-contributing, thus reducing flood discharges. Diversions into and out of the
watershed may similarly increase or decrease flood magnitude and duration.
Discharges from muskeg drainage and overburden dewatering can elevate base
flows, as water is released from storage in the surficial aquifer, and thereby
increase flood peaks. However, storage and attenuation of flood waters in water
management infrastructure, such as deep ditches and polishing ponds, may
reduce flood peaks. Changes to terrain types, such as the establishment of an
overburden stockpile in alowland area or reclamation of a dam embankment, can
produce changes in flood characteristics due to differences in dope, drainage
density, surficial geology or storage from the natural terrain.

Figures showing measured annual maximum daily mean discharges and derived
flood statistics for the natural watershed for each station are provided in
Figures 3.47 to 3.55. A summary of the flood discharge analysis for RAMP
short-term hydrologic monitoring stationsis provided in Table 3.20.

The maximum daily mean discharge for RAMP Station Sl is not available for
1995, when the station did not operate for the entire open-water season, or for
1997, when a floodwave passing through the channel caused the station to wash
out. Thisflood occurred when a beaver dam upstream was breached and initiated
a sequential failure of other dams downstream, releasing a substantial quantity of
water from storage. As noted in Section 3.4.2.2, for the monitoring period, the
Alsands Drain received surface runoff, muskeg drainage and overburden
dewatering discharges from the Syncrude Aurora North Mine and from the
Albian Sands Muskeg River Mine. However, mine drainage and dewatering
flows are often pumped and tend to be relatively steady, with drainage from
precipitation events attenuated by storage in ditches, sumps and ponds.
Therefore, though annual water yields at this station were observed to be very
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high, maximum annual discharges are not as extreme, compared to the values for
the natural watershed.

The maximum daily mean discharge for RAMP Station S3 is not available for
2000, when the station was not operated. The watershed tributary to this station
is at present largely undisturbed, so the observed flood peak discharges may be
taken as natural. The magnitudes of the observed flood peaks compare well to
the measured flood peaks on the Muskeg and Steepbank rivers and Jackpine
Creek, as presented in Section 3.2.4.

The maximum mean daily discharge RAMP Station $4 is not available for 1999
to 2001, when the station was not operated. The watershed tributary to this
station is at present largely undisturbed, so the observed flood peak discharges
may be taken as natural. The magnitudes of the observed flood peaks compare
well to the measured flood peaks on the Muskeg and Steepbank rivers and
Jackpine Creek, as presented in Section 3.2.4, and to flood peaks measured at
lyinimin Creek, which is nearby and has similar characteristics.
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Table 3.20  Statistics of Flood Discharges for Short-Term RAMP Hydrologic Monitoring Stations
Statistic Alsands Drain lyinimin Creek Blackfly Creek Muskeg River Mills Creek Kearl Lake Wapasu Creek Poplar Creek McClelland Lake
S1 S3 S4 Aurora S5A S6 Outlet S9 S10 S11 Outlet L1

watershed area (km?) 15.6 32.3 311 552 23.8 91.3 87.6 422 204
ggggig‘?ggﬁ?g)“a' 0.025 0.125 0.120 175 0.038 0.261 0.286 nia 0.310
period of record 1992663':?98_ 1995-1999, 2001 1995-1998 1996-2001 1997-2001 1998-1999, 2001 1999, 2001 1995-2001 1998-2001
measured 1995 (m%/s) n/a 0.329 0.931 n/a n/a n/a n/a 7.50 n/a
measured 1996 (m®/s) 0.157 2.407 1.750 8.80 n/a n/a n/a 221 n/a
measured 1997 (m%/s) n/a 2.301 1.087 7.19 0.21 n/a n/a 6.38 n/a
measured 1998 (m%/s) 0.721 0.774 0.630 2.30 0.28 0.007 n/a 2.18 0.093
measured 1999 (m%/s) 0.479 0.187 n/a 1.33 0.07 0.003 0.464 1.13 0.003
measured 2000 (m®/s) 0.228 n/a n/a 15.0 0.06 n/a n/a 4.03 0.010
measured 2001 (m%/s) 0.233 0.547 n/a 4.64 0.08 0.297 1.59 6.93 0.095
highest observed (m°/s) 0.721 (1998) 2.41 (1996) 1.75 (1996) 15.0 (2000) 0.028 (1998) 0.297 (2001) 1.59 (2001) 22.1 (1996) 0.095 (2001)
100-year return period (m*/s) 1.70® 11.3® 11.0® 49.6® 2.50@ 5.10® 19.6® n/a 4119
10-year return period (m%/s) 0.72® 4.34® 4.20" 24.0® 1.20@ 2.45® 8.86" n/a 2.80¢
2-year return period (m*/s) 0.26® 1.40® 1.38® 10.4® 0.50@ 1.07® 3.36" n/a 0.94©
lowest observed (m®/s) 0.157 (1996) 0.187 (1999) 0.63 (1998) 1.33 (1999) 0.06 (2000) 0.003 (1999) 0.464 (1999) 1.13 (1999) 0.003 (1999)

@ Model results from the Shell Jackpine EIA (Shell 2002).
® Model results from the Shell Muskeg River Mine EIA (Shell 1997).

(©

Model results from the TrueNorth Fort Hills Oil Sands Project EIA (TrueNorth 2001).

n/a = Not available.
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Figure 3.47 Annual Maximum Daily Mean Discharges for Alsands Drain at the
Muskeg River Mine (RAMP Station S1)
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Figure 3.48 Annual Maximum Daily Mean Discharges for lyinimin Creek above
Kearl Lake (RAMP Station S3)

12
O Annual Maximum Daily Mean Discharge
10 == = 100-Year Return Period Maximum Daily Mean Discharge
== = 10-Year Return Period Maximum Daily Mean Discharge
"""""" 2-Year Return Period Maximum Daily Mean Discharge
2
E 8
[
=
©
=
[=3
2
o
]
S 6
=
>
©
a
£
5 b m e m o m o  m m e m e m e m o m e n e e m o = e = e e m o m —
E 4
3
=
© o
2
o
0 ? Q ?
1995 1996 1997 1998 1999 2000 2001
Year

Golder Associates



RAMP Five Year Report 3-98 May 2003
Climate and Hydrology

Figure 3.49 Annual Maximum Daily Mean Discharges for Blackfly Creek above
Khahago Creek (RAMP Station S4)
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Figure 3.50 Annual Maximum Daily Mean Discharges for Muskeg River below
Stanley Creek (RAMP Station S5A)
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Figure 3.51 Annual Maximum Daily Mean Discharges for Mills Creek above
Isadore’s Lake (RAMP Station S6)
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Figure 3.52 Annual Maximum Daily Mean Discharges for Kearl Lake Outlet
(RAMP Station S9)
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Figure 3.53 Annual Maximum Daily Mean Discharges for Wapasu Creek above
Muskeg River (RAMP Station S10)
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Figure 3.54 Annual Maximum Daily Mean Discharges for Poplar Creek near the
Mouth (RAMP Station S11)
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Figure 3.55 Annual Maximum Daily Mean Discharges for McClelland Lake Outlet
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The maximum mean daily discharge for RAMP Station S5A is not available for
1995, since the station was not installed until late summer. Measurements from
1995 and 1996 were obtained at RAMP Station S5, above Stanley Creek. The
watershed tributary to this station is at present largely undisturbed, so the
observed flood peak discharges may be taken as natural. The magnitudes of the
observed flood peaks compare well to the measured flood peaks on the
Steepbank River and Jackpine Creek, as presented in Section 3.2.4, and to flood
peaks measured on lyinimin and Blackfly creeks, which are nearby. The larger
watershed area of the Muskeg River accounts for the larger flood peak
discharges. Starting in 2003, the Syncrude Aurora North Mine will discharge
water from muskeg drainage and overburden dewatering to Stanley Creek,
raising discharges in the Muskeg River below Stanley Creek. However, this
activity is unlikely to significantly affect flood peak discharges on the Muskeg
River.

The watershed tributary to RAMP Station S6 is at present affected only by access
roads to the Syncrude Aurora North Mine and the Albian Sands Muskeg River
Mine, as well as by the Susan Lake Gravel Pit, so the observed flood peak
discharges may be taken as close to natural. There is no defined channel on Mills
Creek until apoint several hundred metres upstream of Station S6, where water is
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released from the fen. The observed flood discharges do not correlate well to the
measured precipitation, discussed in Section 3.2.1. This may be due to the low
ground slopes in the watershed and the high degree of storage available in the
muskeg and sand surficial aguifer of the Mills Creek fen. Future mining activity
at the Aurora North and Muskeg River Mines will close-circuit areas of the Mills
Creek watershed and it is expected that flood discharges will be greatly reduced
from natural rates.

The maximum daily mean discharge for RAMP Station S9 is not available for
2000, when the station was not operated. The watershed tributary to this station
is a present largely undisturbed, so the observed flood peak discharges may be
taken as natural. The magnitudes of the observed flood peaks compare well to
the measured flood peaks on other local streams and to the measured
precipitation, discussed in Section 3.2.1. All three years of monitoring at the
Kearl Lake Outlet coincided with years of very low precipitation. The Kearl
Lake watershed contains a relatively large proportion of upland terrain, but the
lake surface allows direct evaporation of substantial quantities of water in the
summer months.

The maximum daily mean discharge for RAMP Station S10 is not available for
1998, when only periodic manual measurements are available, and 2000, when
the station was not operated. The watershed tributary to this station is at present
largely undisturbed, so the observed flood peak discharges may be taken as
natural. The magnitudes of the observed flood peaks compare well to the
measured flood peaks on the Muskeg and Steepbank rivers and Jackpine Creek,
as presented in Section 3.2.4, and to flood peaks measured at lyinimin Creek,
which is nearby and has similar characteristics.

The watershed tributary to RAMP Station S11 is substantially affected (i.e., the
majority of the watershed tributary is affected) and has been for the duration of
RAMP monitoring. No hydrologic modelling results are available for this
station. The peak flood on Poplar Creek frequently occurs during the annual
release of water from Ruth Lake via the Poplar Creek spillway. The magnitudes
of the measured flood peaks compare well to the measured precipitation,
discussed in Section 3.2.1.

The maximum mean daily discharge for RAMP Station L1 is not available for
1997, since the station was not installed until late June. The watershed tributary
to this station is at present largely unaffected by industry, so the observed flood
peak discharges may be taken as natural. The four complete years of monitoring
a the McClelland Lake Outlet coincided with years of below average
precipitation. The McClelland Lake watershed contains a very large proportion
of lake surface area, which allows direct evaporation of substantial quantities of
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water in the summer months. The magnitudes of the observed flood peaks
compare well to the measured flood peaks on the Muskeg and Steepbank rivers
and Jackpine Creek, as presented in Section 3.2.4, though the flood peak in 2000
is lower than might be predicted by regional stream discharges. This may be due
to the two antecedent dry years reducing lake levels to below the lake spill level,
meaning that the initial 2000 runoff needed to fill lake dead storage before
discharging through the outlet channel.

3.4.6 Low Flow Discharge

3.4.6.1 Methods

Annual low flows may be characterized by the minimum mean daily discharge or
by the minimum instantaneous discharge measured at a point. More so than for
maximum flows, there is generdly little difference between the two, because of
the steady nature of low flows. The annual minimum mean daily discharge is
defined as the lowest mean daily discharge measured at a hydrologic monitoring
station over the course of a calendar year. It is calculated by averaging readings
taken at a constant interval over a caendar day. Low flow discharges are a
function of climatic conditions and watershed characteristics as discussed in
Section 3.2.5.1.

Annua low flow discharges were analyzed by examining annua stream
discharge data from the nine short-term RAMP hydrologic monitoring stations
shown in Figure 3.4 and noted in Table 3.5:

e Station S1 — Alsands Drain;

e Station S3—lyinimin Creek;

o Station 4 — Blackfly Creek;

o Station S5A —Muskeg River Aurora;
e Station S6 — Mills Creek;

e Station SO — Kearl Lake Outlet;

o Station S10 — Wapasu Creek;

e Station S11 — Poplar Creek; and

e Station L1 —McClelland Lake Outlet.

Of the noted stations, only Mills Creek and Muskeg River Aurora have been
observed to regularly sustain flows over the winter months during the period over
which they have been monitored by RAMP.
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Reported minimum mean daily discharges were compiled for each station’s
period of record. However, since no long-term data were available for any of these
gations, it was not possible to undertake frequency analyses of minimum events.
Where hydrologic modelling results were available, modelled annual minimum
mean daily discharges were used to undertake a frequency anaysis of minimum
events to determine the minimum mean daily discharges 2-year, 10-year and 100-
year return periods.

3.4.6.2 Results and Discussion

Winter flows for all streams in the Oil Sands Region consist primarily of
groundwater-fed baseflow. Loca streams with relatively small watershed areas
and low storage capacities have much smaller winter baseflows. This is true
even when compared on a unit area basis, since upper tributaries and in many
cases, the mainstem of the stream, may freeze to the stream bottom during the
winter months. This behaviour applies to water yields from natural watersheds.
For monitoring stations that are intended to measure impacts of human activity in
the Oil Sands Region, other factors may affect low flows. Closed-circuiting of
mine, plant and tailings areas may render some portion of the watershed area
non-contributing, thus reducing the magnitude of low flows and increasing their
duration. Diversions into and out of the watershed may similarly increase or
decrease low flows. Discharges from muskeg drainage and overburden
dewatering can increase low flows and even sustain them over the winter months,
as water is released from storage in the surficial aquifer. Changes to terrain
types, such as the establishment of an overburden stockpile in a lowland area or
reclamation of a dam embankment, can produce changes in low flow
characteristics due to differences in slope, drainage density, surficial geology or
storage from the natural terrain.

A summary of the low flow analysis for the Oil Sands Region long-term
hydrologic monitoring stations is provided in Table 3.21. No figures of annual
low flow discharges are provided, since most modelled discharges are zero and
many measured low flows do not consider the late winter period, in which flow
may have ceased.

At RAMP Station S1 (locations of stations are shown in Figure 3.4), no flows
were measured in late winter of 1995 to 1999, when sustained frozen conditions
would have been most likely to cause flows to fall to zero. Zero flow conditions
were observed in the summer of 1997. The Alsands Drain has a very small
(15.6 km?) watershed area and frozen conditions in the winter result in a no-flow
condition. Since 1999, flow to the outlet has been controlled by pumped
discharges from Pond #2 at the Albian Sands Muskeg River Mine, so it would be
possible for the drain to flow at any time of the year if there was free water
available in Pond #2.
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Table 3.21  Statistics of Low Flows for Short-Term RAMP Hydrologic Monitoring Stations
Statistic Alsands Drain lyinimin Creek Blackfly Creek Muskeg River Mills Creek Kearl Lake Wapasu Creek Poplar Creek McClelland Lake
S1 S3 S4 Aurora S5A S6 Outlet S9 S10 S11 Qutlet L1
drainage area (km?) 15.6 32.3 311 552 23.8 91.3 87.6 422 204
?;tsb'sr)al mean annual discharge” 0.025 0.125 0.120 1.75 0.038 0.261 0.286 nla 0.310
period of record 1995-2001 1995-1999, 2001 1995-1998 1995-2001 1997-2001 1998-1999, 2001 1998-1999, 2001 1995-2001 1997-2001
measured 1995 (m%/s) 0.020® 0.071® 0.007® 0.105@® n/a n/a n/a 0.423® n/a
measured 1996 (m%/s) 0.015® 0.145® 0.102® 1.747@® n/a n/a nla 1.709® n/a
measured 1997 (m%/s) 0.000® 0.002® 0.000® 0.560@ ® 0.034® n/a n/a 0.074® 0.166"
measured 1998 (m%/s) 0.276® 0.001® 0.000® 0.095@® 0.053® 0.000® 0.000® 0.009® 0.000®
measured 1999 (m%/s) 0.007® 0.007® station inactive 0.009 0.011® 0.000® 0.000® 0.001® 0.000®
measured 2000 (m®/s) 0.000 station inactive station inactive 0.019 0.008® station inactive station inactive 0.037® 0.000®
measured 2001 (m%/s) 0.000 0.072® station inactive 0.084 0.015® 0.000® 0.047® 0.004® 0.009®
2-year return period® (m*/s) 0.000 0.000 0.000 0.012 n/a 0.000 0.000 n/a nla
10-year return period® (m?/s) 0.000 0.000 0.000 0.003 n/a 0.000 0.000 n/a n/a
100-year return period(C) (m¥s) 0.000 0.000 0.000 0.001 n/a 0.000 0.000 n/a n/a

@ Station located at S5, upstream of Stanley Creek (drainage area 390 km?).

(b)

Late winter flows are not recorded and may have been zero.

© Basedona frequency analysis of hydrologic model results.

n/a = not available.

Golder Associates




RAMP Five Year Report 3-106 May 2003
Climate and Hydrology

At RAMP Station S3, flows are not monitored in late winter, when sustained
frozen conditions would be most likely to cause flows to fall to zero. Very low
flows were observed in 1997, 1998 and 1999. lyinimin Creek above Kearl Lake
has a very small (32.3 km?) watershed area and frozen conditions in the winter
generaly result in ano-flow condition.

At RAMP Station 4, flows are not monitored in late winter, when sustained
frozen conditions would be most likely to cause flows to fal to zero. Very low
flows were observed in 1997 and zero flows were observed in the summers of
1998 and 1999. Blackfly Creek above Khahago Creek has a very small
(31.1 km?) watershed area and frozen conditions in the winter generally result in
ano-flow condition.

At RAMP Station S5A, flows were not monitored in late winter until early 2000.
The Muskeg River below Stanley Creek has a watershed area of 552 km? and is
able to sustain flows through frozen conditions in the winter due to the release of
water from storage in the lowland muskeg and sandy surficial aquifer.

At RAMP Station S6, flows are not monitored in late winter, when sustained
frozen conditions would be most likely to cause flowsto fall to zero. Mills Creek
above Isadore’s Lake has a watershed area of only 23.8 km?, but appears to be
able to sustain flows through frozen conditions in the winter due to the release of
water from storage in the muskeg and sandy surficial aquifer of the Mills Creek
fen.

At RAMP Station S9, flows are not monitored in late winter, when sustained
frozen conditions would be most likely to cause flows to fall to zero. Zero flows
were observed in the summers of 1998, 1999 and 2001, which were all low-
precipitation years. Kearl Lake Outlet has a watershed area of 91 km?, including
5.6 km?® of lake area, but tributaries to the lake are small enough to freeze up
during winter conditions and lake storage does not appear to sustain outflows
during most years.

At RAMP Station S10, flows are not monitored in late winter, when sustained
frozen conditions would be most likely to cause flows to fall to zero. Zero flows
were observed in the summer of 1998 and spring of 1999. Wapasu Creek above
Muskeg River has asmall (87.6 km?) watershed area and frozen conditionsin the
winter generally result in a no-flow condition.

The watershed tributary to RAMP Station S11 is substantialy disturbed by the
existing Syncrude base mine. This development includes a large spillway that
discharges water from Ruth Lake, generally during late summer or fall. Water
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from the Beaver River, upstream of the mine, is currently diverted into Ruth
Lake. Flows are not monitored in late winter at this station, when sustained
frozen conditions would be most likely to cause flows to fall to zero. Poplar
Creek near the mouth has a small (151 km?) natural watershed area, into which
controlled flows are diverted, and frozen conditions in the winter generally result
in ano-flow condition.

At RAMP Station L1, flows are not monitored in late winter, when sustained
frozen conditions would be most likely to cause flows to fall to zero. Zero flows
were observed in the summers of 1998, 1999 and 2000, which were all low-
precipitation years. McClelland Lake Outlet has a watershed area of 203 km?,
including 30 km? of lake area and 27 km? of fen area. Its relatively high ratio of
lake and fen area to total watershed area means that evaporative losses from the
watershed are high. The lake has no significant tributaries and there is no well-
defined channel at the lake outlet. Rather, the lake discharges through a shallow,
slow-flowing wetlands area that is prone to freezing during the winter months.
L ake storage does not appear to sustain outflows during most years.

3.4.7 Conclusions and Recommendations

3.4.7.1 Monitoring to Verify EIA Predictions

As discussed in Section 3.4.1, al of the RAMP Climatic and Hydrologic
Monitoring Stations examined in this report are located in appropriate locations.
Many stations are operated year-round, and thus there is no question that their
monitoring period is adequate to construct an annual water balance and describe
annual precipitation or runoff hydrographs. However, it is recommended that for
stations that sustain flows during ice-covered conditions, additional monitoring
be implemented to adequately quantify these flows. This includes continuous
monitoring at RAMP Hydrologic Monitoring Stations S1 and S6, and the
periodic manua discharge measurements at RAMP Hydrologic Monitoring
Stations S2, S9, S10 and S11.

Long-term regional climatic and hydrologic data from Environment Canada
stations, as discussed in Sections 3.2 and 3.3, should continue to be purchased by
RAMP on an annual basis and compiled in the RAMP climate and hydrology
database. These data will be required in any anaysis that attempts to
differentiate natural variability from changes due to human activities.

3.4.7.2 Short-Term Climatic Data

The available short-term climatic data for the Oil Sands Region north of Fort
McMurray consists of climatic data from the Aurora Climate Station, located on
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Oil Sands Lease 13 near the intersection of Canterra Road and Jackpine Creek.
This station was established in May 1995 and provides a period of record
extending to the end of 2001. The precipitation and temperature records for this
station are of particular interest in examining local aguatic conditions.

The analysis of precipitation data, presented in Section 3.4.1, shows that
measured annual precipitation, including rainfall and snowfall components,
compares well to that measured at Fort McMurray Airport (Environment Canada
Climate Station 3062693). The data from the Aurora Climate Station confirm
that 1998, 1999 and 2001 were al significantly drier than the regional (Fort
McMurray Airport) average. Measurements of chemica and biologica
parameters must be considered in the context of this dry period.

The analysis of temperature data, presented in Section 3.4.2, shows that annual
mean, winter mean and summer mean temperatures measured at the Aurora
Climate Station compare well to those recorded at Fort McMurray Airport.
Comparing temperatures from the Aurora Climate Station to long-term statistics
from Fort McMurray Airport shows that 1996 was approximately a 10-year cold
year, while 1998, 1999 and 2001 were approximately 10-year warm years and
1997 and 2000 were also warmer than average. Measurements from the Aurora
Climate Station also confirm that winter temperatures are more variable than
summer ones, as is the case for Fort McMurray Airport. Differences between
mean winter temperatures measured at the Aurora Climate Station and Fort
McMurray Airport are larger than those for mean summer or mean annua
temperatures.

The Aurora Climate Station is the best station available for measuring local
temperature and precipitation in the Muskeg River basin, based on proximity and
length of record. It is recommended that this station continue to be operated by
RAMP as long as mining and reclamation activities occur in the region. The
station currently has seven years of record and continued operation will allow
future analysis of long-term data to quantify subtle differences in climate from
Fort McMurray, including effects of local elevation and topography.

Tipping bucket rainfall gauges are currently installed at hydrologic monitoring
stations at lyinimin Creek (RAMP Station S3), Calumet River (RAMP Station
S16), Tar River Lowland (RAMP Station S19) and McClelland Lake (RAMP
Station S1), and a tipping bucket snowfall gauge is currently installed at the
hydrologic monitoring station at the Calumet River (RAMP Station S16). It is
recommended that operation of these gauges continue, to supplement data from
the Aurora Climate Station and provide more information on the areal extent and
variation of precipitation events.
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The current monitoring is adequate to characterize climatic conditions in the Oil
Sands Region. However, in addition to the current monitoring, it is
recommended that consideration be given to installing tipping bucket rain gauges
at other hydrologic stations where measurements would not be affected by the
tree canopy. These installations would be able to make use of the existing data
logger a the station. The low capital cost, and negligible operation and
maintenance costs, for these gauges means that valuabl e data could be gathered at
minimal cost.

Furthermore, it is recommended that two small watersheds be fitted with a dense
network of rainfall and snowfall gauges. One natural watershed and one
reclaimed watershed should be examined to measure the temporal and areal
variation of precipitation inputs. The density of gauges would depend on the
size, shape and topography of the selected watersheds. In conjunction with the
operation of rain and snow gauges, regular snowcourse surveys should be
undertaken along a defined traverse within each watershed, to allow calibration
of undercatch factors for the snowfall gauges and more accurate measurement of
the snowpack contributing to spring runoff. These precipitation measurements
would be more detailed than any previously undertaken within RAMP, and
would be used in conjunction with stream gauging data to allow more detailed
analysis of watershed response to rainfall and snowfall. The results of the
analysis would be used to develop future reclamation drainage designs.
Monitoring to support an updated hydrologic analysis of reclaimed areas was
recommended in Section 5.3.1.1.6 of the AuroraMine EIA (BOVAR 1996).

3.4.7.3 Short-Term Hydrologic Data

The available short-term hydrologic data for the Oil Sands Region north of Fort
McMurray consists of data from nine RAMP Hydrologic Stations, including
those on the Alsands Drain, lyinimin Creek, Blackfly Creek, Muskeg River
Aurora, Mills Creek, Kearl Lake Outlet, Wapasu Creek, Poplar Creek and
McClelland Lake Outlet. A summary of dtatistics for water yields, flood
discharges and low flow discharges for these stations is provided in Table 3.22.
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Table 3.22  Statistics of Discharges for Short-Term RAMP Hydrologic Monitoring Stations
Parameter Statistic Alsands Drain lyinimin Creek Blackfly Creek Muskeg River Mills Creek Kearl Lake Wapasu Creek Poplar Creek McClelland Lake
S1 S3 S4 Aurora S5A S6 Outlet S9 S10 S11 Outlet L1
drainage area 15.6 km? 32.3 km? 31.1 km? 552 km? 23.8 km? 91.3 km? 87.6 km® 422 km? 204 km?
natural mean annual discharge® 0.025 m%/s 0.125 m%/s 0.120 m%s 1.75m’ls 0.038 m%/s 0.261 m%s 0.286 m*/s n/a 0.310 m%s
maximum 1996, 1998-
mean daily period of record 2(’)01 1995-1999, 2001 1995-1998 1996-2001 1997-2001 1998-1999, 2001 1999, 2001 1995-2001 1998-2001
discharge
3
highest observed O'leggg‘) Is 2.41m%s (1996) | 1.75 m%s (1996) | 15.0 m%s (2000) | 0.028 m%s (1998) | 0.297 m%s (2001) 1.59 m¥s (2001) | 22.1 m*s (1996) | 0.095 m*s (2001)
100-year return period® 1.70 m¥/s 11.3 m%/s 11.0 m¥/s 49.6 m°/s 2.50 m¥/s 5.10 m%/s 19.6 m*/s n/a 411 m°ls
10-year return period® 0.72 m%/s 4.34 m¥/s 4.20 m%/s 24.0 m/s 1.20 m¥/s 2.45 m¥/s 8.86 m°/s nl/a 2.80 m%s
2-year return period® 0.26 m*s 1.40 m¥s 1.38 m%s 10.4 m*/s 0.50 m%s 1.07 m*/s 3.36 m’/s n/a 0.94 m¥/s
3
lowest observed O'%fgg’g) fs 0.187 m%/s (1999) | 0.63 m%/s (1998) | 1.33m%s (1999) | 0.06 m¥s (2000) | 0.003 m*s (1999) | 0.464 m%s (1999) | 1.13 m%s (1999) | 0.003 m*/s (1999)
annual ) 1996, 1998- 1995-1996,
water yield period of record 2001 1995-1999, 2001 1995-1998 1996-2001 1997-2001 1998-1999, 2001 1999, 2001 1998-2001 1998-2001
highest observed 522 mm (1998) 266 mm (1997) 279 mm (1997) 164 mm (1996) 111 mm (1998) 8 mm (2001) 73 mm (2001) 229 mm (1996) 1.8 mm (1998)
;gggd?gf wet retim 148 mm 283 mm 283 mm 244 mm 148 mm 240 mm 249 mm nla n/a
Fl)g;?’:d?;wet retum 102 mm 209 mm 209 mm 174 mm 102 mm 164 mm 180 mm nia nia
long term average® 51 mm 122 mm 122mm 100 mm 51 mm 90 mm 103 mm n/a 48 mm
;l)(e);iy:da}ar dry return 11 mm 47 mm 47 mm 40 mm 11 mm 16 mm 37 mm n/a n/a
;gg;}{ﬁgr dry return 3 mm 22 mm 22 mm 20 mm 3 mm 0.4 mm 17 mm n/a n/a
lowest observed 44 mm (1996) 20 mm (1999) 98 mm (1998) 17 mm (1999) 25 mm (2000) 0.1 mm (1999) 18 mm (1999) 9 mm (1999) 0.1 mm (1999)
minimum
mean daily period of record 1995-2001 1995-1999, 2001 1995-1998 1995-2001 1997-2001 1998-1999, 2001 1998-1999, 2001 1995-2001 1997-2001
discharge
2-year return period® 0.000 m%/s 0.000 m*/s 0.000 m%/s 0.012 m%s n/a 0.000 m%s 0.000 m*/s n/a n/a
10-year return period® 0.000 m%/s 0.000 m*/s 0.000 m*/s 0.003 m%/s n/a 0.000 m%s 0.000 m*/s n/a n/a
100-year return period® 0.000 m%s 0.000 m%s 0.000 m%s 0.001 m%s nia 0.000 m*/s 0.000 m%/s nia nia
0.000 m%s 3 0.000 m%s 0.009 m%s 3 0.000 m%/s 0.000 m*/s 0.001 m%/s 0.000 m%/s
lowest observed (frequent) 0.001 m/s (1998) (frequent) (1999) 0.008 m'/s (2000) (frequent) (frequent) (1999) (frequent)

@ For stations marked n/a, late winter flows are not recorded and may have been zero.

® Basedona frequency analysis of hydrologic model results.
n/a = Not available.
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The Alsands Drain (RAMP Station S1) has been monitored since 1995, but water
yield and flood discharge data are unavailable for 1995 and 1997. This station
currently drains a very small (15.6 km?) watershed area that is substantially
affected by development and receives surface runoff, muskeg drainage and
overburden dewatering discharges from the Syncrude Aurora North Mine and
from the Albian Sands Muskeg River Mine. Mine drainage and dewatering
flows are often pumped and tend to be relatively steady, with drainage from
precipitation events attenuated by storage in ditches, sumps and ponds. This
means that, though annual water yields at this station were observed to be very
high (up to 10 times the predicted mean annual value), annual flood discharges
were not as extreme, compared to the values for the natural watershed. The small
watershed area and frozen conditions generally result in a zero flow condition by
late winter. Since 1999, flow to the outlet has been controlled by pumped
discharges from Pond #2 at the Albian Sands Muskeg River Mine. Data are
unavailable for 1997 because a flood washed out the station when a beaver dam
upstream was breached and initiated a sequential failure of other dams
downstream, releasing a substantial quantity of water from storage.

lyinimin Creek (RAMP Station S3) was monitored for the period 1995 to 1999
and 2001, and Blackfly Creek was monitored for the period 1995 to 1998. These
stations are similar in size and topography, are located close to each other, and
their watersheds are currently largely unaffected by industry. Both watersheds
are exclusively upland terrain. lyinimin Creek has a watershed area of 32.3 km?
and Blackfly Creek has a watershed area of 31.1 km?. Measured water yields,
flood discharges and low flows compare well between the two watersheds,
indicating that 1996 and 1997 were wetter than average years and 1995, 1998,
1999 and 2001 were drier than average. The wettest year on record was 1997,
when the water yield approached the 100-year wet value for both stations, and
the flood of record for both stations was recorded in 1996. The driest year on
record was 1999, when the water yield fell below the 100-year dry value for
lyinimin Creek. Blackfly Creek was not monitored in 1999. The smal
watershed area, upland terrain and frozen conditions generally result in a zero
flow condition at these stations by late winter.

The Muskeg River below Stanley Creek (RAMP Station S5A) was monitored for
the period 1995 to 1997 (above Stanley Creek at Station S5) and from 1998 to
2001. The watershed contributing to this station is roughly half upland and half
lowland terrain and is currently largely unaffected by industry. The Muskeg
River below Stanley Creek has a watershed area of 552 km?. The watershed area
of Station S5, located above Stanley Creek, was 390 km?. Measured water
yields, flood discharges and low flows correlate well to precipitation measured at
Fort McMurray Airport. Wetter than average years occurred in 1996 and 1997,
and 1998 to 2001 were drier than average. The wettest year on record was 1996,

Golder Associates



RAMP Five Year Report 3-112 May 2003
Climate and Hydrology

when the water yield approached the 10-year wet value. The flood of record
occurred in 2000. The driest year on record was 1999, when the water yield fell
below the 100-year dry value. The larger watershed area and lowland terrain
with wetlands storage means that the Muskeg River at this station generaly
sustains flows through the winter.

Mills Creek above Isadore’'s Lake (RAMP Station S6) was monitored for the
period 1997 to 2001. The watershed contributing to this station is exclusively
upland terrain and is currently affected only by access roads to the Aurora North
Mine and the Muskeg River Mine, as well as by the Susan Lake Gravel Pit.
Mills Creek above Isadore’s Lake has a watershed area of 23.8 km®. Measured
water yields, flood discharges and low flows do not correlate well to precipitation
measured at Fort McMurray Airport or values measured on other local streams.
However, this may be due to the temporary discharge of water from muskeg
drainage and overburden dewatering into drainage ditches in the Mills Creek fen
watershed during the initial development of the Aurora North Mine, as
acknowledged in EPEA Approval 18942-00-00. Wetter than average years
occurred in 1997 and 1998, and 1999 to 2001 were drier than average. The
wettest year on record was 1998, when the water yield exceeded the 10-year wet
value, despite the fact that 1998 was a dry year in the region. The flood of record
occurred in 1998. The driest year on record was 2000, but the water yield that
year was higher than the 10-year dry value. The Mills Creek fen upstream of this
station likely attenuates runoff; the fen stores precipitation and gradually releases
it. Though no discharge measurements are undertaken at this station over the
winter months, Mills Creek has been observed to sustain flows through the
winter.

The Kearl Lake Outlet (RAMP Station S9) was monitored for the period 1998 to
1999 and 2001. The watershed area contributing to this station is 91.3 km? and
comprises 71% upland and 23% lowland terrain, with 6% lake area. The
watershed area is currently largely unaffected by industry. All three years of
monitoring at the Kearl Lake Outlet coincided with years of very low
precipitation, and despite the predominantly upland nature of the watershed, the
lake at its the downstream end is subject to large evaporative losses in the
summer and also attenuates flood discharges. Measured water yields, flood
discharges and low flows correlate well to precipitation measured at Fort
McMurray Airport. The wettest year on record was 2001, when the water yield
was gtill less than the 10-year dry value. The flood of record also occurred in
2001, when it was only 30% of the two-year flood. The driest year on record
was 1999, when the water yield fell below the 100-year dry value. Lake storage
does not generally appear to sustain outlet flows through the winter.
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Wapasu Creek above Muskeg River (RAMP Station S10) was monitored for the
period 1998 to 1999 and 2001, though only periodic manual discharge
measurements are available for 1998. The watershed contributing to this station
is roughly three-quarters upland and one-quarter lowland terrain and is currently
largely unaffected by industry. Wapasu Creek above the Muskeg River has a
watershed area of 87.6 km’. Measured water yields and flood discharges
correlate well to precipitation measured at Fort McMurray Airport. The wettest
year of the two measured was 2001, when the water yield was still below the
mean annual value and the maximum mean daily discharge was smaller than the
two-year flood. The driest year of the two was 1999, when the water yield was
approximately equal to the 100-year dry value. The relatively small watershed
area and proportion of upland terrain means that Wapasu Creek at this station
generaly freezes to the bottom and does not sustain flows through the winter.

Poplar Creek near the Mouth (RAMP Station S11) was monitored for the period
1995 to 2001, though no measurements were undertaken during the first half of
1997. The natural Poplar Creek watershed, monitored by Environment Canada at
this site, had a watershed area of 151 km? but the current watershed is
substantialy affected by the Syncrude Base Mine development, and has a
tributary area of 422 km?. Discharges to Poplar Creek from Ruth Lake, which
receives water diverted from the Beaver River watershed, are controlled at the
Syncrude Poplar Creek spillway. Measured water yields and flood discharges
correlate well to precipitation measured at Fort McMurray Airport. The wettest
year on record was 1996, when the flood of record was also recorded. The driest
year on record was 1999. Flows on Poplar Creek do not generally appear to be
sustained over the winter.

The McClelland Lake Outlet (RAMP Station L1) was monitored for the period
1997 to 2001. Since the station was not established until June 1997, no
measurements of water yield or flood discharge are available for that year. The
watershed contributing to this station is 204 km? and comprises 35% upland and
37% lowland terrain, with 15% lake area and 13% fen area. The watershed area
is currently largely unaffected by industry. The four complete years of
monitoring at the Kearl Lake Outlet coincided with years of low precipitation.
The lake and fen are subject to large evaporative losses in the summer and serve
to attenuate flood discharges. The wettest year on record was 1998, when the
water yield was only 1.8 mm. The flood of record occurred in 2001, when it was
only 10% of the predicted two-year flood. The driest year on record was 1999,
when the water yield was only 0.1 mm. Lake storage did not appear to sustain
outlet flows through winter during the monitoring period.

Of particular note are the dry hydrologic conditions observed in the region during
the period 1998 to 2001. Water yields, floods and low flows are dependent on
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precipitation. Annual precipitation measured at Fort McMurray Airport for the
four years from 1998 to 2001 were al below average, with 1998 and 1999 the
second- and fifth-driest years recorded since 1945. In 1999, these consecutive
dry years produced the lowest-recorded water yields and flood discharges on the
Steepbank, Muskeg, Beaver and MacKay rivers and Jackpine Creek. Lows of
record for water yield and flood discharge were also recorded in 1999 for the
local, natural watersheds of Iyinimin Creek, Muskeg River below Stanley Creek,
Kearl Lake Outlet, Wapasu Creek and McClelland Lake Outlet, as well as for the
disturbed watershed of Poplar Creek. However, it must be noted that
precipitation records indicate that a more extreme, longer-duration dry period
occurred from 1945 to 1953. Hydrologic records are not available for that
period, but it is likely that water yields, floods and low flows were even lower at
that time. In particular, airphoto evidence indicates that water levels at
McClelland Lake fell below the spill elevation in the early 1950s.

Likewise, though 1996 and 1997 were wet years in the region, the period from
1972 to 1976 was wetter. No stream discharge data are available for the RAMP
hydrologic monitoring stations for those years, which may have produced even
higher values than those recorded in 1996 and 1997.

The short-term hydrologic stations operated by RAMP were generdly installed
to provide baseline data for EIAs and/or to meet regulatory reporting
requirements during mine operations. It is recommended that stations installed to
provide baseline data be operated for as long as possible to provide data for
characterizing the natural behaviour of the monitored stream.  When
developments are initiated, the stations should be used to collect data to quantify
the impact of developments on the stream. |If further assessment of water
guantity impacts at the station and on downstream waterbodies is required in the
future, stream discharge data could be combined with precipitation data,
hydrologic models and knowledge of mine layout and activities to construct a
water balance. Station deactivation should only be considered if the upstream
watershed is closed-circuited or diverted to the extent that discharges at the
station become negligible.

Most of the RAMP stations on smaller watersheds are not operated during the
winter months, since they typically freeze to the bottom and cease to flow over
the winter, and do not lend themselves to continuous year-round flow
monitoring. However, the most recent monitoring was undertaken during
relatively dry conditions when compared with the available record of
precipitation, and it is possible that wetter conditions in the future may result in
higher winter flows. Consideration should be given to visiting all RAMP stations
periodically over the winter months, and undertaking manual stream discharge
measurements if possible.
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Furthermore, it is recommended that year-round hydrologic monitoring be
undertaken at the two small watersheds where intensive rainfall and snowfall
monitoring was recommended in Section 3.4.6.1. One natural watershed and one
reclaimed watershed should be examined to measure the temporal variation of
stream discharge. These measurements would be used in conjunction with
detailed precipitation data to allow more detailed analysis of watershed response
to rainfall and snowfall. The results of the analysis would be used to develop
future reclamation drainage designs. Monitoring to support an updated
hydrologic analysis of reclaimed areas was recommended in Section 5.3.1.1.6 of
the AuroraMine EIA (BOVAR 1996).

In addition to the stream discharge and lake water level monitoring currently
being performed by RAMP, it is recommended that additional data collection and
analysis be undertaken to characterize the geomorphology of natural streams in
the Oil Sands Region. An understanding of the physical nature of these streams
is essential to developing sustainable stream diversions and reclamation drainage
channels that replicate the features of natural channels with similar hydrologic
characteristics. It is recommended that the hydraulics of low flow periods be
investigated for sites where reliable stage-discharge rating curves are available.
Channel roughnesses should be examined for multiple natural streams to help
characterize low flow hydraulics and assist in natural channel replication designs.

Limited collection of geomorphologic data for streams in the Oil Sands Region
has been undertaken during EIAs for recent oil sands projects (Shell 1997, 2002;
CNRL 2002). However, these data have generally been limited to sites within
the project Local Study Area (LSA) and the samples sizes are relatively small. It
is recommended that efforts be made to collect additional geomorphology data
on representative streams in the region, even if located outside of the LSA. Itis
recommended that all available data be compiled in a common database and that
physical data should be linked to hydrologic data, whether from monitoring
stations measurements or model results.

Data from long-term regional and short-term RAMP hydrologic monitoring
stations were used in 2002 to recalibrate a regiona hydrologic model
(Golder 2002€). Thiswas used as the basis for the hydrologic impact assessment
in the CNRL Horizon and Shell Jackpine EIAs. It is recommended that as more
data become available, this model be updated as required to provide a basis for
future EIAs, operational water management plans and reclamation drainage
designs. This recalibration would, in particular, use larger data sets from short-
term RAMP stations to verify the applicability of the moded to areas where
currently no data or limited data sets are available. The recalibration would be
particularly valuable if it is undertaken after the occurrence of wet conditions,
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since most RAMP hydrologic data has been collected under conditions that are
drier than average and not representative of average or wet conditions.

3.5 SUMMARY

3.5.1 Characterizing Existing Variability

Data from the Environment Canada Climate Station at Fort McMurray Airport
were used to examine the natural variability of precipitation and temperature in
the Oil Sands Region. The precipitation data show that the annual precipitation,
including rainfall and snowfall components, exhibits a degree of variability that
is typical of natura hydrologic systems. The caculated coefficients of
variability of 0.37, 0.27 and 0.23 for the snowfall-to-runoff, rainfall and
precipitation-to-runoff data, respectively, show that snowfall is more variable
than rainfall, and that total precipitation is less variable than rainfall.

The first five years during which RAMP operated included four consecutive
years of below-average precipitation between 1998 and 2001, which was the
longest span of below-average precipitation since a nine-year period from 1945
to 1953. These periods are in contrast to the five consecutive years of above-
average precipitation that was observed from 1972 to 1976.

The temperature data sets for annual mean, winter mean and summer mean
temperatures exhibited standard deviations of 1.3, 3.3 and 0.9°C, respectively.
This shows that winter mean temperatures are more variable than annual mean
temperatures, and that summer mean temperatures are less variable than annual
mean temperatures. The observed data show that mean annual temperatures at
Fort McMurray Airport are more likely to be influenced by the more variable
winter temperatures than by less variable summer temperatures.

The climatic station at Fort McMurray Airport is the best station available for
characterizing long-term natural variability in the Oil Sands Region, based on
proximity and length of record. It is recommended that this station continue to
be operated by Environment Canada and that RAMP continue to incorporate
relevant climate data into its database on an annual basis. The Mildred Lake
Climate Station has a period of record of 19 years and the Aurora Climate Station
has a period of record of seven years. Continued operation of these stations is
recommended to provide local climate information within the current oil sands
developments.

Data from seven long-term Environment Canada Hydrologic Monitoring Stations
were used to examine the natural variability of water yields, floods and low flows
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in the Oil Sands Region. The monitored streams included the Athabasca River,
Steepbank River, Muskeg River, Jackpine Creek, Beaver River, MacKay River
and Firebag River.

Annual water yields at the six smaller streams were highly correlated to the
measured annual precipitation at Fort McMurray Airport, while those for the
Athabasca River were the lowest of the monitored streams, due to its large
watershed that encompasses areas with varying hydrologic conditions. The
Athabasca River also has the highest mean annual water yield of any of the local
long-term monitored watersheds, likely due to higher precipitation in its
headwater areas. Relatively large water yields were also observed for the Firebag
River, where large surficial aquifer storage attenuates precipitation inputs to the
watershed and sustains unusually large baseflows over the winter months. The
natural variability of water yield was generaly related to watershed size and
storage capacity. Water yield data from the Athabasca and Firebag rivers had
similar coefficients of variation, while other local stations showed coefficients of
variation two to three times as large. For these five stations, coefficients of
variation were larger for stations with smaller watersheds and lower baseflows.

Flood discharges for the seven streams were examined. Flood unit discharges
tend to be larger for streams with well-drained or small watersheds and those
with limited storage capacity. In contrast to their high water yields, the
Athabasca River (large watershed) and Firebag River (large storage capacity) had
relatively low flood unit discharges, as did the Muskeg River (large storage
capacity). The MacKay and Steepbank rivers and Jackpine Creek had flood unit
discharges approximately twice as large, while the small, steep watershed of the
Beaver River resulted in the highest flood unit discharges. The natural variability
was related to the magnitude of the flood unit discharges, with lower unit
discharges displaying lower variability and higher unit discharges displaying
higher variability.

Low flow discharges for the seven streams were examined. Low flow unit
discharges tend to be smaller for streams with well-drained or small watersheds
and those with limited storage capacity. In contrast to their relatively low flood
unit discharges, the Athabasca River (large watershed) and Firebag River (large
storage capacity) had relatively high low flow unit discharges. The Steepbank,
Muskeg and MacKay rivers had significantly smaller low flow unit discharges,
while the small watersheds of the Beaver River and Jackpine Creek produced the
lowest low flow unit discharges. The natural variability was related to the
magnitude of the low flow unit discharges, with higher unit discharges generaly
displaying lower variability and lower unit discharges displaying higher
variability.
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The second- and fifth-lowest precipitation years on record at Fort McMurray
Airport occurred in 1998 and 1999, respectively. In 1999, these consecutive dry
years produced the lowest-recorded water yields and flood discharges on the
Steepbank, Muskeg, Beaver and MacKay rivers and Jackpine Creek. However,
precipitation records indicate that a more extreme, longer-duration dry period
occurred from 1945 to 1953. Hydrologic records are not available for that
period.

Annual precipitation for the years 1972 to 1976 were all above average, with
1973 the wettest recorded since 1945. Since no annual hydrologic monitoring
data are available for the Muskeg River basin before 1974, it is not possible to
calculate water yields, flood discharges and low flows for this wet year. The
highest observed flood was recorded in 1997 on Jackpine Creek and the highest
observed water yields were recorded in 1997 on the Muskeg, Mackay and
Firebag rivers and Jackpine Creek and in 1996 on the Beaver River.

The seven long-term hydrologic stations located north of Fort McMurray are the
best stations available for characterizing long-term natural variability in the Qil
Sands Region, based on proximity and length of record. Continued monitoring of
active stations by Environment Canada is recommended.

Supplementary monitoring at Environment Canada hydrologic stations is
undertaken by RAMP at the Jackpine Creek station, which was discontinued in
1993. Winter measurements at the Environment Canada Muskeg River station
have been undertaken by RAMP since 1999, winter monitoring at the Mackay
and Firebag river stations commenced in 2002. This supplementary monitoring
should continue and consideration should be given to reactivating continuous
winter monitoring on the Steepbank River and undertaking periodic manual
measurements on Jackpine Creek and the Beaver River, which frequently freeze
to the bottom and cease to flow over the winter.

Severa other discontinued Environment Canada hydrologic stations are present
in the Oil Sands Region north of Fort McMurray and west of the Athabasca
River. Monitoring on the Ells, Tar and Calumet rivers was reinitiated by RAMP
in 2001 in support of the CNRL Horizon EIA, these stations should continue to
be operated to collect baseline data and to measure effects after the start of
project construction. Consideration should be given to reactivation of the
remaining stations (Dover River, Joslyn Creek, Pierre River, Asphalt Creek and
Unnamed Creek) to allow collection of long-term data in advance of project
developmentsin the area.

Golder Associates



RAMP Five Year Report 3-119 May 2003
Climate and Hydrology

3.5.2 Detecting and Assessing Regional Trends

Long-term climatic and hydrologic data from the Oil Sands Region north of Fort
McMurray were used to identify temporal trendsin climate and hydrology. The
available data sets were subjected to statistical tests for trend, independence and
randomness.

Annual precipitation data from Fort McMurray Airport did not display any
significant trend. However, they did display some degree of serial dependence,
which may be related to the El Nino/La Nina phases of the Southern Oscillation.

Mean annual temperature data exhibited a warming trend over the monitoring
period of 1944 to 2001. The data also displayed some degree of seria
dependence, which again may be related to the Southern Oscillation.

Water yield data did not display any significant temporal trend for any of the
streams examined, as would be expected since water yield is highly correlated to
annual precipitation. Data from the Beaver River, Mackay River and Jackpine
Creek displayed a high degree of serial dependence at a 1% level of significance,
while water yield data for the Athabasca and Muskeg rivers displayed seria
dependence at a 5% level of significance. This is attributable to the dependence
of water yield on precipitation, which was also found to be serially dependent.
However, the Steepbank and Firebag rivers did not exhibit serial dependence,
likely due to masking by non-climatic factors.

Flood data for all long-term regiona stations were without trend. Only
maximum mean daily discharge data for the MacKay River displayed seria
dependence at a 5% level of significance.

Low flow data did not display any significant tempora trend, except for the
Beaver River, where an upward trend in low flows may be affected by the
observed warming trend. The datafor the Beaver and Stegpbank rivers displayed
a high degree of serial dependence at a 1% level of significance, while low flow
data for the Athabasca and Muskeg rivers and Jackpine Creek displayed serial
dependence at a 5% level of significance. This is attributable to the dependence
of water yield on precipitation, which was also found to be serially dependent.
However, the MacKay and Firebag rivers did not exhibit serial dependence,
likely due to masking by non-climatic factors.

Spatia trends in precipitation and temperature are subtle and are influenced by
geographic factors. They should not be affected by the activities of local
industry.
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Spatial trends in annual water yields, flood discharges and low flows are
dependent on climatic conditions and physical characteristics of the tributary
watershed. The hydrologic characteristics at any location on a stream are a
function of precipitation, evaporation and temperature regimes, as well as
watershed area, terrain, surficial geology, and lake and wetlands storage. The
hydrologic characteristics for long-term regional monitoring stations and selected
short-term RAMP stations are presented in this report, and hydrologic
characteristics of other nodes within the region have been calculated by
hydrologic modelling undertaken during recent EIAs (CNRL 2002; Shell 2002).

Data from the long-term climatic and hydrologic stations in the Oil Sands Region
have been used to calibrate a regiona hydrologic model that provides predicted
baseline characteristics for selected nodes in the region. Ongoing data collection
at existing long-term and short-term stations will better define natural variability
and variation due to local geographic and geologic conditions. If required to
assess the hydrologic changes at a particular location, measured stream discharge
and precipitation data could be used in a calibrated water balance model to
estimate changes to stream discharge attributable to developments within the
watershed. Accurate model results would be highly dependent on accurately
guantifying the temporal and areal variation of precipitation in the modelled
watershed.

3.5.3 Monitoring to Verify EIA Predictions

All of the RAMP Climatic and Hydrologic Monitoring Stations examined in this
report are located in appropriate locations. The existing year-round monitoring
a many stations should continue.  Additional continuous monitoring is
recommended at RAMP Hydrologic Monitoring Stations S1 and S6, and periodic
manual discharge measurements are recommended at RAMP Hydrologic
Monitoring Stations S2, S9, S10 and S11.

Continued purchase and compilation of long-term regiona climatic and
hydrologic data from Environment Canada stations, as discussed in Sections 3.2
and 3.3, is recommended. These data will be required in any analysis that
attempts to differentiate natural variability from the effects of on-site activities.

Data from the Aurora Climate Station were used to examine precipitation and
temperature in the Muskeg River basin. The measured annual precipitation,
including rainfall and snowfal components, at the Aurora Climate Station
compares well to that measured at Fort McMurray Airport. The measured
temperature data show that annual mean, winter mean and summer mean
temperatures measured at the Aurora Climate Station compare well to those
recorded at Fort McMurray Airport. The Aurora Climate Station is the best

Golder Associates



RAMP Five Year Report 3-121 May 2003
Climate and Hydrology

station available for measuring local temperature and precipitation in the Muskeg
River basin. Continued operation of this station by RAMP is recommended for
the duration of mining and reclamation activities in the region. Operation of
tipping bucket rainfall gauges at RAMP hydrologic monitoring stations, where
possible, is recommended to supplement data from the Aurora Climate Station
and provide more information on the areal extent and variation of precipitation
events.

Furthermore, it is recommended that intensive precipitation monitoring be
undertaken on small natural and reclaimed watersheds to measure the temporal
and areal variation of precipitation inputs. This monitoring would include a
network of rainfall and snowfall gauges as well as regular snowcourse surveys
aong a defined traverse within each watershed.  These precipitation
measurements would be more detailed than any previously undertaken within
RAMP, and would be used, in conjunction with stream gauging data from the
watershed outlet, to allow more detailed analysis of watershed response to
rainfall and snowfall, in support of future reclamation drainage designs.

Data from nine RAMP Hydrologic Stations, including those on the Alsands
Drain, lyinimin Creek, Blackfly Creek, Muskeg River Aurora, Mills Creek, Kearl
Lake Outlet, Wapasu Creek, Poplar Creek and McClelland Lake Outlet were
used to assess whether the existing monitoring program will be effective in
verifying EIA predictions. Measurements at these short-term stations are
generally consistent with the record provided by long-term Environment Canada
stations. Where measurements do not reflect natural conditions, the differences
can be explained by mining activities, including closed-circuiting of mine areas
and discharges from muskeg drainage and overburden dewatering.

Though this report makes no attempt to assess artificial changes to stream
discharges or lake levels based on measured data, it appears that it would be
possible to undertake this type of assessment, based on measured climatic and
hydrologic data. The short-term hydrologic stations operated by RAMP were
generally installed to provide baseline data for EIAs and/or to meet regulatory
reporting requirements during mine operations. These stations should continue
to gather baseline data for as long as possible to provide data for characterizing
the natural behaviour. When developments are initiated, the stations should be
used to collect data to quantify the impact of developments on the stream. |If
required, stream discharge data would be combined with precipitation data,
hydrologic models and knowledge of mine layout and activities to construct a
water balance used to assess water quantity impacts at the station and on
downstream waterbodies. Station deactivation should only be considered if the
upstream watershed is closed-circuited or diverted to the extent that discharges at
the station become negligible. More detailed winter flow measurements,
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including periodic manual stream discharge measurements where continuous
monitoring is not possible, should also be undertaken.

Additional data collection and analysis to characterize the geomorphology of
natural streams in the Oil Sands Region is also recommended to develop an
understanding of the physical nature of these streams. This is essentia to
developing sustainable stream diversions and reclamation drainage channels that
replicate the features of natural channels with similar hydrologic characteristics.
Further studies should specifically address the low flow hydraulics of streams
and the collection of a greater body of geomorphology datafor regional streams.

Data from long-term regional and short-term RAMP hydrologic monitoring
stations were used in 2002 to recalibrate a regional hydrologic model that was the
basis for the hydrologic impact assessments in the CNRL Horizon and Shell
Jackpine ElIAs. Update and recalibration of this model is recommended at such
time asjustified by alarger data set. Thiswould provide a basis for future EIAS,
operational water management plans and reclamation drainage designs. The
recalibration would, in particular, use larger data sets from RAMP stations and
ideally be undertaken after a broader range of data have been collected, since
most RAMP hydrologic data have been collected under dry conditions and are
not representative of average or wet conditions.
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4 WATER QUALITY
4.1 INTRODUCTION

4.1.1 Program Overview

Since its inception in 1997, the water quality monitoring program has increased
in scope with the addition of new partiesto RAMP and the expansion of oil sands
development in the lower Athabasca River watershed. [Initialy, in 1997,
sampling was restricted to three-season sampling at four locations. In 2001,
water quality samples were collected from over 32 sites during various times of
theyear (Table 4.1). The water quality program will likely continue to expand in
response to further development proposed within the Oil Sands Region, including
the Shell Canada Limited Jackpine Mine — Phase 1 and the Canadian Natura
Resources Ltd. Horizon Project. Locations of existing sampling sites included in
the RAMP water quality monitoring program are shown in Figure 4.1.

The rationale upon which the program is based has also evolved over time in
response to expanded development and annua findings'. As a result of both
expansion in the program and alteration of the program’s underlying rationale,
few locations have been sampled continuously over the five year history of
RAMP, as illustrated in Table4.1. However, consistent sampling techniques
have been used throughout the program’ s history, and water samples collected by
RAMP have typically been analyzed for all of the parameters listed in Table 4.2,
with the possible exception of some of the non-core work completed to date.
Occasiona polycyclic aromatic hydrocarbon (PAH) and toxicity testing have
also been included in the water quality monitoring program, as outlined in
Table4.1. Individual compounds included in the PAH analysis are listed in
Table 4.3. Toxicity testing has involved definitive testing with agae
(Selenastrum capricornutum), the water flea (Ceriodaphnia dubia) and fathead
minnows (Pimephales promelas).

! A summary of the current program rationale is presented in Golder (2002f).
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Table 4.1 RAMP Water Quality Monitoring Program, 1997 to 2001
1997 1998 1999 2000 2001
Location
W | S S F|W]|S S F S S F|W]|S S F|W]|S S F
Athabasca River
upstream of Fort McMurray - grab® Q|1 S| 8L || 8|8 | G| | ||| ||| || D
upstream of Donald Creek - cross channel ) )
- middle °
- west bank e O
- east bank e | O
upstream of the Steepbank River - middle )
- west bank °
- east bank °
upstream of the Muskeg River - middle °
- west bank® °
- east bank® °
upstream of Fort Creek - cross channel L] L]
- middle °
- west bank® ° o
- east bank® o o
upstream of the Embarras River - cross channel L] O
at Old Fort - grab® G| B | B | B | T | B ||
Athabasca River Delta
Big Point Channel® ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ° ‘ ‘ ° ‘ ‘ ‘ )
Athabasca River Tributaries (South of Fort McMurray)
Clearwater River - upstream of Fort McMurray Q| » . .
- upstream of the Christina River O | » . .

Golder Associates




RAMP Five Year Report 4-3 May 2003
Water Quality

Table 4.1 RAMP Water Quality Monitoring Program, 1997 to 2001 (continued)

1997 1998 1999 2000 2001
Location

W | S S F|W]|S S F|W|S S F|W]|S S F|W]|S S
Athabasca River Tributaries (North of Fort McMurray)
McLean Creek - mouth <« | O IR | IR |
Poplar Creek - mouth ) )
Steepbank River - mouth O| e | e | @ o | o | o | o ) )
MacKay River - mouth L] L] ]
Ells River - mouth ] S | 5| 5| %o
Tar River - mouth °
Fort Creek - mouth O Om |
Muskeg River
Mouth® o 0| § |Qe|ne|e| § |Qw Q|0 ° °
Environment Canada gauge station Q|1 Q| K|S | K| Q| K|S | MM |m |2 |m|(m|m| =
upstream of Canterra Road Crossing® ° ¥ | m | m | m |38 |% |8 |8 |[®|R|%|®B
upstream of Jackpine Creek®"? QI Q| Q|| Q |Q|Qw|oO| & | # | 8| 8| 2| 8| 8|8
upstream of Muskeg Creek®" Q|1 Q| L | S |QX|m|misom| 8 | 8 | 8 | 8 | 8 | 38 | 38 | B
upstream of Wapasu Creek A DA | | Hm IR | IR |
Muskeg River Tributaries
Alsands Drain - mouth®” o | Q| Q| Q|| Q |Qe|QelsOl & | 8 | % Q% |8
Jackpine Creek - mouth® Q|1 Q1 Q||| Q| |
Shelley Creek - mouth gs gse
Muskeg Creek - mouth Io K gce )
Stanley Creek - mouth s gce
Wapasu Creek - Canterra Road Crossing X 9 | A sce
Wetlands
[ T [ [T Jelel T T T T [T Te[ T Tele
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Table 4.1 RAMP Water Quality Monitoring Program, 1997 to 2001 (continued)
) 1997 1998 1999 2000 2001
Location
W | S S F|lW|S S S S S F S S F
Isadore's Lake o C I
Shipyard Lake o |0 o |0 o | 0
McClelland Lake ° { I )
Additional Sampling (Non-Core Programs)
unnamed Creek - north of Ft. Creek - mouth o0
OPTI lakes < <
Legend: ® = standard water quality parameters
¥ = standard water quality + chronic toxicity testing
O = standard water quality + polycyclic aromatic hydrocarbons (PAHs)
£ = standard water quality + chronic toxicity testing + PAHs
X = standard water quality for OPTI lakes
< =thermograph
O =thermograph + standard water quality
+  =thermograph + standard water quality + PAHs
B =thermograph + standard water quality + chronic toxicity testing
¥  =thermograph + standard water quality + chronic toxicity testing + PAHs
g5 = AENV routine parameters (conventional parameters, major ions, nutrients and total metals)
& = AENV routine parameters + PAHs
Z2 = AENV routine parameters + DataSonde
h = AENV routine parameters + PAHs + DataSonde
= Field Parameters + Dissolved Metals
Footnotes: @ Two samples collected in winter, but PAHs and several other parameters only measured once

(b)
©
(d)
(e)
®

(9)

Samples were collected downstream of the named tributary in 1997 +/or 1998

Monthly sampling for nutrients and conventional parameters; quarterly sampling for total and dissolved metals
In 1999, one composite samples was prepared with water from Big Point, Goose Island and Fletcher channels
AENYV collected nine samples throughout the year, although only three were analyzed for PAHs

After 1999, all sampling, with the exception of the thermographs, was conducted by individual industries
In 1999, this sampling site was located upstream of Shelley Creek
Note: The heading symbols W,S,S,F = winter, spring, summer, fall symbols
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Table 4.2

Standard RAMP Water Quality Parameter List

Group Name

Individual Parameters

conventional parameters

colour

dissolved organic carbon

pH

specific conductance

total alkalinity

total dissolved solids

total hardness

total organic carbon

total suspended solids

major ions

bicarbonate

calcium

carbonate

chloride

magnesium

potassium

sodium

sulphate

sulphide

nutrients

nitrate + nitrite

nitrogen - ammonia

nitrogen - kjeldahl

phosphorus - dissolved

phosphorus - total

chlorophyll a

biological oxygen demand

biological oxygen demand

(total and dissolved)

organics naphthenic acids

total phenolics

total recoverable hydrocarbons
metals aluminum (Al)

antimony (Sb)

arsenic (As)

barium (Ba)

beryllium (Be)

boron (B)

cadmium (Cd)

chromium (Cr)

cobalt (Co)

copper (Cu)

iron (Fe)

lead (Pb)

lithium (Li)

manganese (Mn)

mercury (Hg)

molybdenum (Mo)

nickel (Ni)

selenium (Se)

silver (Ag)

strontium (Sr)

thallium (T1)

titanium (Ti)

uranium (U)

vanadium (V)

zinc (Zn)
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Table 4.3 Compounds Included in RAMP’s Polycyclic Aromatic Hydrocarbon
(PAH) and Alkylated PAH Target List

Group Name Individual Parameters
target PAHs acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene/chrysene
benzo(a)pyrene

benzo(b&k)fluoranthene

benzo(g,h,i)perylene

biphenyl

dibenzo(a,h)anthracene

dibenzothiophene

fluoranthene

fluorene

indeno(c,d-123)pyrene

naphthalene

phenanthrene

pyrene

alkylated PAHs C1 substituted acenaphthene

C1 substituted benzo(a)anthracene/chrysene

C2 substituted benzo(a)anthracene/chrysene

C1 substituted biphenyl

C2 substituted biphenyl

C1 substituted benzo(b or k)fluoranthene/methyl
benzo(a)pyrene

C2 substituted benzo(b or k)fluoranthene/benzo(a)pyrene

C1 substituted dibenzothiophene

C2 substituted dibenzothiophene

C3 substituted dibenzothiophene

C4 substituted dibenzothiophene

C1 substituted fluoranthene/pyrene

C1 substituted fluorene

C2 substituted fluorene

C1 substituted naphthalenes

C2 substituted naphthalenes

C3 substituted naphthalenes

C4 substituted naphthalenes

C1 substituted phenanthrene/anthracene

C2 substituted phenanthrene/anthracene

C3 substituted phenanthrene/anthracene

C4 substituted phenanthrene/anthracene

1-methyl-7-isopropyl-phenanthrene (retene)
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The design of the annual monitoring is determined by committee using a
consensus process; thus, committee changes result in design changes as a new
consensus is achieved. The structure of subcommittees, committee membership,
program funding and RAMP objectives have varied since the program’'s
inception. Therefore, the Five Year Report provides an opportunity to assess
whether the results of the first five years of RAMP monitoring meet the current
RAMP objectives.

The RAMP water quality monitoring program currently consists of four
components:

o the core RAMP water quality monitoring program that is consistently
implemented year after year;

e non-core RAMP water quality monitoring, which tends to include either
short term investigations, samples collected to supplement data
collected as part of the core program or industry commitments (e.g., the
OPTI lakes sampling program);

e monitoring completed by individual company(ies) in accordance with
approva conditions; and

e monitoring conducted by Alberta Environment (AENV) at selected
locations within the lower Athabasca River watershed.

4.1.2 Objectives

RAMP was designed around eight overall objectives, as outlined in Chapter 1,
Sections 1.2.1 and 1.3.1. Three of these eight objectives are relevant for defining
the scope of the water quality component of the Five Y ear Report:

e collecting scientificaly defensible baseline and historical data to
characterize variability in the oil sands area;

e monitoring aquatic environments in the oil sands area to detect and
assess cumulative effects and regional trends; and

e collecting data against which predictions contained in environmental
impact assessments (EIAS) can be verified.

In addition to the above, the RAMP Water and Sediment Subgroup of the
Technical Subcommittee identified the following issues for consideration in the
water quality section of the Five Y ear Report:

o influence of instream flow conditions on water quality sampling results
and subsequent interpretation of apparent trends;
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e comparison of fall and winter water quality with reference to the merits
of switching from fall to winter water sampling;

e presence of spatial trends within the lower Athabasca River watershed;
e correlation between monitored parameters, including, for example:
— total metal and total suspended solids (TSS) concentrations; and

— total phosphorus and TSS concentrations; and

use of three years of data to describe baseline variability in a previously
unsampled waterbody.

To address both the broad objectives of RAMP and the specific issues raised by
the Water and Sediment Technical Subgroup of the Technical Subcommittee, the
specific objectives of the water quality component were established to determine
the following:

1. which water quality parameters may be correlated to each other, and if
these correlations are common to all waterbodies sampled by RAMP,

2. which water quality parameters may be influenced by water flow;

3. if there are significant seasonal variations between fall and winter water
quality in the lower Athabasca River watershed that may favour winter
water sampling over fall water sampling;

4. if there are temporal or spatial trends in the existing water quality data
Set;

5. given existing levels of variability and sampling frequency, how
effective is the current water quality monitoring program at detecting
change, and if three years of data are sufficient to assess baseline
variability;

6. if the information being collected by RAMP can be used to verify EIA
predictions; and

7. if and how the water component of RAMP program may be improved.

The first six specific water quality objectives relate back to the three broad
program objectives as outlined in Table 4.4. The seventh objective
(i.e., developing recommendations for program improvement) applies to al three
broad program objectives.

Golder Associates
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Table 4.4 Relationship of the Specific Water Quality Study Objectives to
RAMP’s Overall Objectives
Overall Program Objectives Relevant Component-Specific Objectives
characterize existing variability examine potential parameter correlations
examine the potential influence of instream flow on
receiving water quality
identify significant variation(s) between winter and fall
water quality
detect and assess cumulative effects and identify temporal and/or spatial trends in the existing
regional trends water quality data set
examine the power of the existing sampling program to
detect change
collect data that can be used to verify EIA determine if the information collected by RAMP can be
predictions used to verify EIA predictions

4.1.3 Scope

The following section outlines the work undertaken to address each of the
specific objectives listed in Section 4.1.2, as well as providing a brief description
of the data used in this study and which parameters were considered. For each
objective, the scope represents a balance between budget limitations, time
constraints and scientific possibility.

4.1.3.1 Characterizing Existing Variability

Parameter Correlations

As outlined in Table 4.4, existing variability in the RAMP study area was
examined, in part, by looking at general correlations among parameters included
in the standard RAMP parameter list (Table 4.2), with noted exceptions’.
Specific attention was focused on resolving the degree to which total metal and
total phosphorus levels are influenced by TSS concentrations through the use of
Pearson correlations and linear regression analysis. In addition, Principa
Component Analysis (PCA) was used to reduce the standard parameter list to a
small number of key variables to be carried forward into subsequent analyses
described below.

2

Parameters where more than 70% of the available data were non-detectable results were excluded from this study.

These parameters comprised carbonate, sulphide, naphthenic acids, total phenolics, total recoverable hydrocarbons,
total and dissolved beryllium, cadmium, mercury, selenium, silver and thallium, and dissolved antimony.
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The input data set was limited to those waterbodies sampled as part of the core
RAMP water quality program (see Table 4.1). It included comparable, discrete
data (i.e., grab or composite samples) collected by AENV (2001), Albian (2000,
2002), Syncrude (2002), Komex (1997a), RL&L (1982, 1989), Shell (1975),
TrueNorth (2001) and Golder (1996a, 1997b, 2002g), in addition to those
collected by RAMP between 1997 and 2001. Continuous monitoring
information was excluded from this study, as it has been discussed in previous
reports (i.e., Golder 2002c; AENV 2002a).

The examination of parameter correlations using PCA was completed using the
entire data set, as well as two subsets focusing on the Athabasca River and
tributaries to the Athabasca River. A separate wetlands PCA was not included in
this study, as there is not yet enough data available from Shipyard, Isadore’s,
Kearl and McClelland lakes to satisfy the input requirements of this statistical
procedure. With respect to the investigation into the influence of TSS on total
metal and total phosphorus levels, data from the Athabasca River, tributaries to
the Athabasca River and the four wetlands sampled by RAMP were examined

separately.

Influence of Instream Flow

The potential influence of instream flow on water quality was examined first by
using flow and corresponding water quality data from the Athabasca River in a
regression analysis. This analysis was then repeated using similar information
from tributaries of the Athabasca River sampled by RAMP to determine if
common relationships were present in the two data sets. Wetlands were excluded
from this analysis, since these waterbodies are lentic (i.e., non-flowing) systems.

Parameters considered in this investigation included key Principal Components
(PCs) derived from the relevant PCAs described above, as well as the following
substances:

e dissolved organic carbon (DOC) e total Kjeldahl nitrogen (TKN)

e pH ¢ total phosphorus
o total akalinity o total aluminum
o total dissolved solids (TDS) ¢ total boron

o TSS e total chromium
¢ sulphate
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DOC, total phosphorus and TKN were selected to provide a general indication of
nutrient status. Total akalinity and pH were selected as key variables for
monitoring potential acidification. TDS, sulphate, total aluminum, total boron
and total chromium were chosen, because recent EIAs (e.g., Shell 1997; Golder
and Cantox 2002) indicate that concentrations of these substances may increase
as aresult of development. Finally, TSS was included, due to its likely influence
on total metal levels.

Winter Versus Fall Water Quality

A statistical comparison of fall and winter water flow and water quality was
completed using data collected from the long-term monitoring stations positioned
in the Athabasca River upstream of Fort McMurray and near Old Fort, as well as
monitoring sites situated in the lower Muskeg River between Jackpine Creek and
the river mouth. Parameters considered in the analysis were the same as those
discussed with reference to the influence of instream flow.

The purpose of this comparison was to determine if statistically significant
seasonal variations could be detected between fall and winter. The discussion
presented herein is limited to a description of seasonal variations observed at the
above-named locations, a review of the rationale used originally to select the
current fall sampling schedule and recommendations on how the RAMP Water
and Sediment Subgroup of the Technical Subcommittee may proceed towards
resolving the issue of awinter versus fall sampling schedule.

4.1.3.2 Detecting and Assessing Regional Trends

Temporal Trends

The investigation into temporal trends in the water quality data set was limited to
an examination of long-term (i.e., 1976 to 2001) and short-term (i.e., 1997 to
2001) temporal variability observed at several |ocations within the Athabasca and
Muskeg rivers, respectively. The two long-term Athabasca River sites are
Situated upstream of Fort McMurray and near Old Fort. The two short-term
Muskeg River sites are located upstream of Muskeg Creek and in the lower
section of the Muskeg River between of Jackpine Creek and the river mouth.

The short-term locations within the Muskeg River were selected because they are
upstream and downstream, respectively, of current oil sands development in this
basin. Similarly, the two long-term locations situated in the Athabasca River are
positioned upstream and downstream of current oil sands development in that
basin. Parameters considered in both the long-term and short-term temporal
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analyses were the same as those discussed with reference to the investigation into
the influence of instream flow.

Spatial Trends

The investigation into spatial trends in the water quality data set included a
discussion of general patterns within the lower Athabasca River watershed as a
whole, as well as an examination of potentially significant variations along the
length of the Athabasca River and within the Muskeg River watershed. Specific
attention was focused on comparing water quality observed upstream and
downstream of existing oil sands development along the Muskeg and Athabasca
rivers. Parameters considered in this analysis were the same as those discussed
with reference to the investigation into the influence of instream flow.

Ability to Detect Change

The ability of the current RAMP sampling program to detect significant temporal
variations in water quality at a given location was evaluated based on the
minimum data requirements of the chosen statistical test procedure. The ability
of the current sampling program to detect significant spatial variations was
examined using power analysis. The focus of the power analysis was to resolve
the power associated with the statistical tests used to examine potentially
significant differences in water quality in the Athabasca River upstream and
downstream of development.

The Muskeg River was not included in the power analysis, because, as outlined
in Section 4.3.2.2, significant variations that may be caused by oil sands
development in the basin were identified by the interaction term included in the
ANOVA. Based on Zar (1984), power analysis on an interaction term is limited
to looking at the power of a performed test. One cannot calculate minimum
detectable differences or other useful statistics from this type of retrospective
analysis, asoutlined by Steidl et al. (1997).

4.1.3.3 Monitoring to Verify EIA Predictions

Whether the information collected by RAMP can be used to verify EIA
predictions was addressed through an examination of the following questions:

o Are RAMP water quality sites situated in appropriate locations (e.g., at
or near EIA water quality assessment nodes or other relevant areas)?

o Are water samples collected by RAMP being analyzed for al of the
water quality assessment parameters discussed in recent EIAS?
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e Is RAMP callecting or otherwise obtaining the type of water quality
information required to differentiate natural variability from change
associated with human activities?

4.2 CHARACTERIZING EXISTING VARIABILITY

42.1 Parameter Correlations

Correlations among parameters included in the standard RAMP water quality
parameter list (Table 4.1) were examined to determine the following:

e which substances are typically found together and/or follow consistent
patterns with respect to other similar substances (e.g., do water quality
samples with high colour levels typically contain high concentrations of
dissolved iron);

e how TSS concentrations influence total metal and total phosphorus
levels; and

o whether a small number of key parameters could be identified to reduce
statistical testing requirements and to simplify subsequent analyses.

42.1.1 Methods

Data Origin and Initial Processing

Water quality data collected by RAMP between 1997 and 2001 were combined
with comparable information collected by AENV (2001), Albian (2000, 2002),
Syncrude (2002), Komex (1997a), RL&L (1982, 1989), Shell (1975), TrueNorth
(2001) and Golder (1996a, 1997b, 2002g) to form one large water quality data
set. Split and duplicate samples were reduced to single samples to guarantee data
independence. This process was completed through either random selection or,
in cases of unequal analysis, by choosing the sample that had been submitted for
the more complete analysis.

Across the entire data set, values recorded as zeros were eliminated. Parameters
where more than 70% of the available results were non-detectable were also
eliminated, including carbonate, sulphide, naphthenic acids, total phenalics, total
recoverable hydrocarbons, total and dissolved beryllium, cadmium, mercury,
selenium, silver and thallium, and dissolved antimony. Remaining non-
detectable results were replaced with half of the corresponding method detection
limit.
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To avoid duplication of effort, parameters providing similar levels of information
were reduced to single variables. Bicarbonate was dropped, as it is represented
as part of total alkalinity. Lab pH was used in place of field measured pH.
Specific conductance, field and lab measured, were eliminated, as they are
similar to TDS. Hardness was excluded, since it is an indirect measure of
calcium and magnesium levels. All remaining data, with the exception of pH,
were logye-transformed.

Principal Components Analysis

Principal Components Analysis (PCA) is a statistical procedure that can be used
to transform a data set containing multiple parameters that may be inter-
correlated into one with completely independent variables, called Principal
Components (PCs) (Tabachnick and Fidell 1996; Walder and Mayhood 1985;
SPSS 2000). Each sample included in the input data set is positioned in multi-
dimensional space according to its “coordinates’, or the values associated with
that sample for each of the parameters considered in the PCA. In combination,
all of the samples form a cloud. The first PC runs along the main axis of the
cloud. The second PC is positioned perpendicular to the first and runs along the
next main axis of the cloud. Subsequent PCs are added in a similar fashion, with
each one running perpendicular to the rest and stretching along the largest part of
the yet unexamined portions of the data cloud.

A simplified version of a PCA would be to consider, for example, a three-
dimensional scatter plot of iron, lead and aluminum. Each sample is positioned
on the scatter plot according to the iron, lead and auminum concentrations
measured in that sample. After dozens of samples have been positioned on the
plot, a three-dimensional cloud develops. For the purposes of this example, the
cloud is assumed to be longer than it is wide, and wider than it is tall. Under
these conditions, the first PC would run along the length of the cloud, with the
second PC positioned along its width and third PC describing the height of the
cloud.

Although the total number of PCs that can be developed in a PCA will equal the
total number of variables included in the input data set, the first few PCs will
generally account for a large proportion of the total variance contained in the
original data set. These first few PCs can then be used in subsequent analyses
with minimal loss of information. Interpretation of the results of these
subsequent analyses is done with reference to which of the origina parameters
are correlated to, and thus represented by, each PC. Parameters highly correlated
to the same PC are also often highly correlated to one another (Walder and
Mayhood 1985). Further detail concerning PCA can be found in Tabachnick and
Fidell (1996).
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In this study, three PCAs were performed. One PCA included the entire water
quality data set, the second PCA was restricted to samples collected from the
Athabasca River, and the final PCA was performed using samples collected from
tributaries to the Athabasca River and the Muskeg River watershed. Three PCAs
were used to determine if the parameter correlations observed in the overall data
set were common to both the Athabasca River and its tributaries. A fourth PCA
considering only the four wetlands sampled by RAMP (i.e., Shipyard, Kearl,
Isadore’ s and McClelland lakes) was not completed, because enough data are not
available from these four waterbodies to satisfy the input requirements of this
statistical procedure. The distribution of samples included in each of the three
PCAsisoutlined in Table 4.5.

As outlined in Walder and Mayhood (1985), PCA requires a complete two-
dimensional input table, wherein every sample included in the analysis has data
for al of the corresponding parameters included in the PCA. This prerequisite
resulted in a compromise between maximizing the number of parameters and the
number of samples included in each PCA. As a general guideline, PCA input
tables were set-up to maintain an approximate sample to parameter ratio of 3:1.
The resulting list of parameters included in each of the three PCAsis provided in
Table 4.6.

All three PCAs were performed without rotation in SYSTAT 10 (SPSS 2000),
using pairwise correlations. Given the available sample sizes, correlation
coefficients of > 0.35 were used to identify a significant correlation between a
water quality parameter and a PC. This threshold was selected based on the
results of the explicit Pearson correlations completed as part of this study
(i.e., 0.35 was generally the level at which the corresponding Bonferroni adjusted
probabilities were less than 0.05 when samples sizes were between 70 and 140).
In cases where correlation coefficients were greater than 0.35 on several PCs, the
PC containing the highest coefficient was considered the most representative of
that parameter.
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Table 4.5

Distribution of Water Quality Samples Included in Each of the Three
Water Quality Principal Component Analyses

Waterbody

Location®

Sample Size®

Overall PCA

Athabasca
River PCA

Tributary
PCA

Athabasca River

u/s of Fort McMurray

—©

31

u/s of Donald Creek

u/s of the Steepbank River

u/s of the Muskeg River

u/s of Fort Creek

u/s of Embarras

Delta

Athabasca River
tributaries

Clearwater River

McLean Creek

Poplar Creek

Steepbank River

MacKay River

Fort Creek

Ells River

Tar River

Wl W oO|WwWlO| N~ N|wWw|O|O©|0lu| N

g|lo| o Ww|lo| N A~ ©

Muskeg River
watershed

Muskeg River

N
[&)]

[e2]
[e2)

Alsands Drain

©

Jackpine Creek

=
)]

Shelley Creek

©

Muskeg Creek

=
[N

Stanley Creek

Wapasu Creek

wetlands

Shipyard Lake

McClelland Lake

Isadore's Lake

Kearl Lake

gl | O| W[k NN -

Total

148

90

162

(@
(b)
(©

u/s = upstream.

PCA = Principal Components Analysis; - = not included.

None of the samples taken upstream of Fort McMurray have been analyzed for all of the

parameters included in the Overall PCA. As a result, this sample site was excluded from the

Overall PCA.
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Table 4.6

Parameters Included in Each Water Quality Principal Component

Analysis (PCA)

Overall PCA| Athabasca Tributary
Parameter © River PCA PCA
conventional colour X X X
parameters dissolved organic carbon X X X
pH X X X
total alkalinity X X X
total dissolved solids X X X
total suspended solids X X X
major ions calcium X X
chloride X X X
magnesium X X X
potassium X X X
sodium X X X
sulphate X X X
nutrients ammonia X X
dissolved phosphorus X X
nitrate + nitrite X
total Kjeldahl nitrogen X X
total phosphorus X X X
total metals aluminum (Al) X X
antimony (Sb) X X
arsenic (As) X X X
barium (Ba) X X X
boron (B) X X
chromium (Cr) X X X
cobalt (Co) X X X
copper (Cu) X X X
iron (Fe) X X X
lead (Pb) X X
lithium (Li) X
manganese (Mn) X X X
molybdenum (Mo) X X X
nickel (Ni) X X X
strontium (Sr) X X
titanium (Ti) X
uranium (U) X X
vanadium (V) X X X
zinc (Zn) X X X
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Table 4.6 Parameters Included in Each Water Quality Principal Component
Analysis (PCA) (continued)
Overall PCA| Athabasca Tributary

Parameter © River PCA PCA
dissolved metals aluminum (Al) X

arsenic (As) X

barium (Ba) X

boron (B) X

chromium (Cr) X

cobalt (Co) X

copper (Cu) X

iron (Fe) X

lead (Pb) X

manganese (Mn) X

molybdenum (Mo) X

nickel (Ni) X

titanium (Ti) X

uranium (U) X

vanadium (V) X

zinc (Zn) X
Total 52 27 29

@ pca requires a complete two-dimensional input table. Selected parameters were, therefore,
excluded from each PCA in order to construct complete input tables with approximate sample to
parameter ratios of 3:1.

Explicit TSS Relationships

To directly examine how total metal concentrations may be influenced by TSS
levels, pairwise Pearson correlations with Bonferroni adjustments were used to
determine which total metals were significantly correlated to TSS concentrations.
Data from the Athabasca River, Athabasca River tributaries including the
Muskeg River watershed and the four wetlands sampled by RAMP were
analyzed separately. Where significant correlations between TSS levels and total
metal concentrations were observed, linear regression analysis was performed to
characterize the relationship. Discussion of the resulting linear regression
relationships focused on those parameters where the proportion of observed
variation explained by TSS was equal to or greater than 50% (i.e., R? of the linear
regression model was> 0.50).

Potential relationships between total phosphorus (TP) concentrations and TSS
levels were examined in a similar fashion using linear regression analysis with
the three separate data sets discussed above (i.e., the Athabasca River, the four
wetlands and tributaries to the Athabasca River including the Muskeg River
watershed). For both the metals and TP, outliers identified during the regression
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analyses were removed iteratively until either no outliers remained or until 10%
of the data had been excluded. All statistical tests were completed using
SYSTAT 10 (SPSS 2000).

4.2.1.2 Results and Discussion

Principal Components Analysis

Lower Athabasca River Watershed

The first three PCs produced from the overall water quality PCA accounted for
approximately 42.1% of the total variance contained within the two dimensional
input table, with Overall PC1, 2 and 3 accounting for 20, 12 and 10.1% of the
total variance, respectively (Table 4.7). As all but four of the input parameters
(i.e, total and dissolved boron, dissolved chromium and nitrate+nitrite) were
correlated with one or more of the first three PCs, only these three PCs are
described herein.

Patterns observed in the Overall PCA followed expected trends. Total metals,
TSS and dissolved metals were al generaly positively correlated with Overall
PCL1 (i.e, correlation coefficients > 0.35 - Table 4.7). These results reflect the
fact that total metal concentrations include both the dissolved metal fraction and
the fraction associated with suspended materials. These results aso indicate that
samples that contained high levels of one metal often contained high levels of
other metals as well. Possible exceptions to this overall pattern included, anong
others, total and dissolved boron, iron, manganese and barium.

Total and dissolved boron did not exhibit a strong correlation to Overall PC1 or
to either of the other PCs (Table 4.7). This observation suggests that boron was
largely present in the dissolved phase within the RAMP study area. A review of
the data presented in recent RAMP reports (e.g., Golder 2002¢) substantiates this
conclusion, with dissolved to total ratios for boron often approaching 1. The
absence of significant correlations between total and dissolved boron and the
three PCs also suggests that boron levels may be controlled by environmental
factors different from those controlling the concentrations of other metals.

In contrast, manganese and iron were positively correlated, along with colour and
DOC, to Overall PC3, reflective of the fact that iron, manganese and DOC tend
to impart colour to water. The strong positive correlations of total iron to Overall
PC2 and Overall PC3 also indicate that, when looking across all of the
waterbodies sampled by RAMP, total iron levels in the study area tended to be
more strongly influenced by groundwater inflow than by TSS inputs.
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Although dissolved manganese was correlated to PC3, it exhibited a sightly
stronger correlation to Overall PC2. Major ions and TDS were also positively
correlated to PC2, as were total and dissolved barium, total strontium, lithium
and dissolved titanium (Table 4.7). The association of total barium, strontium
and lithium with PC2 indicates that these metals were typically present in the
dissolved form, with minor suspended fractions. A pattern reflected in recent
RAMP reports (e.g., Golder 2002c).

Table 4.7 Correlation of Individual Water Quality Parameters to Each of the
Three Key Principal Components Derived from the Overall Principal
Components Analysis

Parameter Overall PC1® | Overall PC2® | Overall PC3®
total molybdenum (Mo) 0.79 0.08 -0.24
total aluminum (Al) 0.74 0.06 0.13
dissolved molybdenum (Mo) 0.72 0.10 -0.32
total vanadium (V) 0.71 0.12 0.04
total cobalt (Co) 0.69 0.09 0.25
total nickel (Ni) 0.69 0.03 0.04
total copper (Cu) 0.67 0.00 -0.04
dissolved nickel (Ni) 0.67 0.29 0.13
total lead (Pb) 0.66 -0.07 0.08
dissolved uranium (U) 0.61 0.44 -0.48
total chromium (Cr) 0.60 0.09 0.04
total arsenic (As) 0.59 0.01 0.21
dissolved copper (Cu) 0.59 0.07 -0.12
total titanium (Ti) 0.58 0.25 0.09
total suspended solids 0.58 0.01 0.30
total uranium (U) 0.56 0.23 -0.39
dissolved aluminum (Al) 0.55 -0.04 0.19
dissolved lead (Pb) 0.55 -0.06 0.16
total zinc (Zn) 0.54 -0.03 0.16
dissolved cobalt (Co) 0.48 0.40 0.27
dissolved vanadium (V) 0.42 0.13 -0.06
total antimony (Sb) 0.40 -0.30 0.00
dissolved arsenic (As) 0.38 0.08 0.08
dissolved zinc (Zn) 0.35 -0.08 -0.05
total dissolved solids -0.38 0.82 -0.17
total alkalinity -0.53 0.74 -0.02
calcium -0.41 0.70 -0.12
magnesium -0.48 0.68 -0.17
sodium 0.02 0.59 -0.19

Golder Associates



RAMP Five Year Report 4-22
Water Quality

May 2003

Table 4.7 Correlation of Individual Water Quality Parameters to Each of the
Three Key Principal Components Derived from the Overall Principal

Components Analysis (continued)

Parameter overall PC1® | Overall PC2® | Overall PC3®

total lithium (Li) -0.11 0.59 0.10
dissolved barium (Ba) 0.03 0.57 -0.20
dissolved manganese (Mn) -0.35 0.52 0.43
total strontium (Sr) 0.24 0.50 -0.08
total barium (Ba) 0.01 0.50 -0.20
chloride 0.15 0.45 -0.30
potassium -0.04 0.44 -0.11
ammonia -0.26 0.38 0.36
dissolved titanium (Ti) 0.15 0.36 -0.07
colour -0.04 -0.05 0.75
total manganese (Mn) -0.01 0.45 0.67
total iron (Fe) 0.25 0.36 0.67
dissolved organic carbon -0.31 0.12 0.65
dissolved iron (Fe) -0.04 0.11 0.63
total Kjeldahl nitrogen -0.17 0.24 0.58
sulphate 0.32 0.38 -0.54
total phosphorus 0.46 0.12 0.53
dissolved phosphorus 0.16 -0.13 0.49
pH -0.02 0.02 -0.43
total boron (B) 0.08 0.26 0.17
dissolved boron (B) -0.11 0.27 0.16
nitrate + nitrite -0.07 0.30 0.06
dissolved chromium (Cr) 0.26 0.23 -0.05
Eigenvalue 10. 4 6.2 53

percent of variance explained 20.0 12.0 10.1

@ pc= principal component; correlation coefficients > | 0.35 | are bolded, and shading is used to
identify PC that best represents the parameter in question. Samples included in this analysis are

summarized in Table 4.5.

Athabasca River

All 27 parameters included in Athabasca River PCA were correlated to one or
more of the first three PCs produced as part of the analysis (i.e., correlation
coefficient > 0.35 - Table 4.8). As such, only these first three PCs are discussed
herein. They accounted for 56% of the total variance contained within the two
dimensional input table, with Athabasca PC1, 2 and 3 accounting for 33.3, 15.7

and 7% of the total variance, respectively.
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Table 4.8

As expected, patterns observed in the Overall PCA were repeated to some degree
within the Athabasca River PCA. Tota metals were generally positively
correlated to one another and to Athabasca PC1, with the possible exception of
total molybdenum and total barium (Table 4.8). TSS was also positively
correlated with Athabasca PC1. TDS and major ions were positively correlated
to one another, expressed through joint negative correlations on Athabasca PC1
and joint positive correlations on Athabasca PC2.

Correlation of Individual Water Quality Parameters to Each of the
Three Key Principal Components Derived from the Athabasca River
Principal Components Analysis

Parameter Athabe}as)ca Athabe}as)ca Athabe}as)ca
PC1 PC2 PC3
total suspended solids 0.86 -0.12 0.04
total arsenic (As) 0.84 0.21 0.05
total phosphorus 0.79 0.15 -0.13
total iron (Fe) 0.78 0.42 -0.04
total manganese (Mn) 0.75 0.32 0.02
sodium -0.70 0.52 -0.05
colour 0.67 0.23 -0.32
magnesium -0.66 0.57 0.06
total dissolved solids -0.66 0.59 0.03
total cobalt (Co) 0.64 0.33 0.34
sulphate -0.64 0.44 0.19
chloride -0.61 0.34 -0.06
total copper (Cu) 0.60 0.29 0.16
total vanadium (V) 0.58 0.38 0.57
dissolved organic carbon 0.53 0.42 -0.45
total zinc (Zn) 0.51 0.21 -0.15
total chromium (Cr) 0.50 0.32 0.42
total Kjeldahl nitrogen 0.49 0.32 -0.35
total alkalinity -0.58 0.65 0.04
calcium -0.57 0.64 0.13
total molybdenum (Mo) 0.24 0.45 -0.05
total barium (Ba) -0.05 0.41 -0.11
potassium -0.14 0.41 -0.23
ammonia -0.24 0.36 -0.12
dissolved phosphorus 0.20 0.40 -0.50
total nickel (Ni) 0.42 0.37 0.43
pH -0.13 -0.09 0.44
Eigenvalue 9.0 4.2 2.0
Percent of variance explained 33.3 15.7 7.0

@ pc= principal component; correlation coefficients > | 0.35 | are bolded, and shading is used to
identify PC that best represents the parameter in question. Samples included in this analysis are
summarized in Table 4.5.

Within the Athabasca River, total iron, total manganese and colour were all
correlated with the same PC as TSS (i.e., Athabasca PC1 - Table 4.8). In the
Overal PCA, these three parameters were not correlated with the same PC as
TSS (Table 4.7). This contrast suggests that total iron and total manganese
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concentrations in the Athabasca River may be more strongly influenced by TSS
levels than observed in other waterbodies in the RAMP study area. This contrast
is also reflective of the fact that the brown, opague colour of the Athabasca River
results from suspended particles, whereas the deep, translucent, tea stained colour
common to Athabasca River tributaries, the Muskeg River and other waterbodies
within the RAMP study area results from DOC, dissolved iron and other
dissolved ions (as discussed in Golder 2002g and AENV 20023).

Athabasca River Tributaries

As previously discussed, the Tributary PCA was based on 162 samples from
tributaries to the Athabasca River including streams and creeks within the
Muskeg River watershed. Of the 29 parameters included in this PCA, all but
one, total arsenic, were correlated with one of the first three PCs (i.e., correlation
coefficient > 0.35 - Table 4.9). As such, only the first three Tributary PCs are
discussed herein. Together, these three PCs accounted for 46.4% of the total
variance contained within the input table, with Tributary PC1, 2 and 3 accounting
for 20.7, 15.7 and 10.0 % of the total variance, respectively.

Patterns present in the Tributary PCA that were also observed in the Overall PCA
included the following (Table 4.9):

e Tota metal concentrations, with the possible exception of iron,
manganese, strontium, boron and arsenic, were highly correlated with
Tributary PC1, suggesting that samples containing high levels of one
metal generally contained high levels of other metals.

e Magjor ions, total strontium, total boron and TDS were al correlated
with Tributary PC2. The positive correlation of total strontium and total
boron to TDS and other dissolved constituents indicates that, as
previously discussed, these metals were typically present in the
dissolved form, with minor suspended fractions.

e Asin the Overall PCA, total iron and manganese were most strongly
correlated to PC3, along with colour and DOC. An observation that
further supports the statement that the deep, tea stained colour common
to Athabasca River tributaries results from DOC, dissolved iron and
other dissolved ions.

Golder Associates



RAMP Five Year Report

Water Quality

4-25

May 2003

Table 4.9

Correlation of Individual Water Quality Parameters to Each of the
Three Key Principal Components Derived from the Athabasca River
Tributary Principal Components Analysis

Parameter Tributary PC1® | Tributary PC2® | Tributary PC3®

total molybdenum (Mo) 0.78 0.16 0.35
total cobalt (Co) 0.78 0.23 -0.15
total nickel (Ni) 0.74 0.12 0.05
total lead (Pb) 0.69 0.03 -0.03
total vanadium (V) 0.64 0.29 -0.05
total chromium (Cr) 0.62 0.24 -0.05
total zinc (Zn) 0.59 0.03 0.02
total copper (Cu) 0.58 0.05 0.18
total antimony (Sb) 0.55 -0.25 0.10
total aluminum (Al) 0.48 0.16 0.00
total barium (Ba) -0.45 0.29 0.08
total dissolved solids -0.46 0.82 0.11
magnesium -0.53 0.71 -0.02
sodium 0.12 0.67 0.27
total alkalinity -0.56 0.65 -0.07
chloride 0.09 0.60 0.26
potassium -0.08 0.55 0.06
total strontium (Sr) 0.07 0.51 0.02
sulphate 0.03 0.49 0.45
total boron (B) 0.33 0.38 0.06
total iron (Fe) 0.13 0.39 -0.76
total manganese (Mn) -0.11 0.54 -0.62
colour 0.18 -0.23 -0.55
total phosphorus 0.36 0.29 -0.51
total uranium (U) 0.43 0.30 0.49
pH -0.20 0.05 0.48
total suspended solids 0.25 0.27 -0.46
dissolved organic carbon -0.03 0.14 -0.36
total arsenic (As) 0.34 0.03 -0.09
Eigenvalue 6.0 4.5 2.9

percent of variance explained 20.7 15.7 10.0

@ pc= principal component; correlation coefficients > | 0.35 | are bolded, and shading is used to
identify PC that best represents the parameter in question. Samples included in this analysis are

summarized in Table 4.5.

In the Tributary PCA, TSS was most strongly correlated with Tributary PC3,
whereas the majority of total metals included in the PCA were most strongly
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correlated to Tributary PC1. This pattern is in contrast to that observed in the
Athabasca PCA, where TSS and the mgjority of total metals included in the
analysis were al strongly correlated to the same PC (see Table 4.8). This
difference between the two PCAs suggests that TSS levels exhibited a stronger
influence on total metal concentrations in the Athabasca River than in the
Athabasca River tributaries. This issue is explored further below as part of the
discussion of explicit TSS-total metal relationships in the Athabasca River
tributaries.

Explicit TSS Relationships

As previoudly stated in Section 4.2.1.1, PCA requires a complete two-
dimensional input table, wherein every sample included in the analysis has data
for al of the corresponding parameters included in the PCA input. Using explicit
Pearson correlations and subsequent linear regression analyses alleviates this
input restriction and alows for the inclusion of a greater number of samples in
the analysis of potential TSS-total metal or TSS-TP relationships within the
Athabasca River, wetlands or Athabasca River tributaries including the Muskeg
River watershed.

In the Athabasca River, 12 of the 19 total metals included in the analysis
exhibited statistically significant correlations with TSS (Table 4.10), as did TP
(Table 4.11). All of the significant correlations were positive, indicating that
total metal levels were high in samples containing high TSS concentrations. The
proportion of the variation explained by the regression models (represented
by R?) was equal to or greater than 0.50 for total aluminum, arsenic, iron,
manganese and TP (Table 4.11). For other parameters, the proportion of
variation explained by TSS varied between 0.06 and 0.22.

Graphical illustrations of the types of relationships observed are presented in
Figures 4.2 to 4.5 using total aluminum, iron, phosphorus and chromium,
respectively. Total aluminum, phosphorus and iron had relatively high R? values
(i.e., R? > 0.63) and little scatter around the respective regression lines. Total
chromium had arelatively low R? value (i.e., 0.11), and considerable scatter was
observed about the regression line. These results are indicative of TSS levels
having limited influence on total chromium concentrations in the Athabasca
River, while strongly influencing concentrations of total aluminum, iron,
phosphorus and other metals with R? values greater than 0.50 (i.e., total arsenic
and total manganese). The non-linearity observed in Figures 4.3 and 4.4, which
contain plots of TP and total iron concentrations against TSS levels, also suggests
that aternative transformation techniques or the use of non-linear regressions
would likely yield higher R? values for these two parameters.
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Table 4.10 Correlation Between Total Metal Concentrations and Total
Suspended Solids Levels

. Ath abésca River® At.?ﬁgﬁfgraiezl(ger Wetlands

Correlation Sample Correlation Sample Correlation Sample

Coefficient size Coefficient size Coefficient size
total aluminum (Al) 0.81*** 133 0.42%** 303 0.23 37
total antimony (Sb) -0.17 61 0.12 211 -0.28 28
total arsenic (As) 0.72%** 261 0.32%** 364 -0.22 36
total barium (Ba) -0.01 213 -0.02 277 0.12 31
total boron (B) 0.17 78 0.12 292 -0.12 37
total chromium (Cr) 0.33*** 270 0.05 343 0.15 38
total cobalt (Co) 0.48*** 231 0.16 280 0.23 32
total copper (Cu) 0.43%** 281 0.21* 328 0.12 36
total iron (Fe) 0.76*** 168 0.39%** 331 0.31 38
total lead (Pb) 0.32* 138 0.07 308 -0.04 38
total lithium (Li) 0.32 72 0.10 234 -0.16 31
total manganese (Mn) 0.71%** 278 0.38*** 342 0.31 38
total molybdenum (Mo) 0.14 231 -0.03 288 0.19 31
total nickel (Ni) 0.27*** 236 0.10 346 0.32 38
total strontium (Sr) 0.09 72 0.11 243 0.12 31
total thallium (TI) 0.39%** 101 0.20* 284 0.38 31
total uranium (U) 0.07 66 -0.24* 204 0.28 29
total vanadium (V) 0.33*** 608 0.25%** 789 0.03 37
total zinc (Zn) 0.40*** 264 0.11 322 0.09 38

@ Significant correlation coefficients are bolded; * = p < 0.05, *** = p < 0.001.

Table 4.11 Linear Regression Models Developed to Describe Significant Total
Suspended Solids (TSS) - Total Metal and TSS - TP Correlations in
the Athabasca River

Parameter® Slope Constant R*® Sample size
total aluminum (Al) 0.70 -1.37 0.69 132
total arsenic (As) 0.36 -3.53 0.58 258
total chromium (Cr) 0.17 -2.81 0.11 270
total cobalt (Co) 0.26 -3.45 0.22 230
total copper (Cu) 0.23 -2.94 0.19 281
total iron (Fe) 0.49 -0.60 0.69 164
total lead (Pb) 0.21 -3.18 0.10 138
total manganese (Mn) 0.38 -1.89 0.50 277
total nickel (Ni) 0.16 -2.64 0.06 235
total phosphorus © 0.41 -1.78 0.63 810
total thallium (TI) 0.26 -2.32 0.15 101
total vanadium (V) 0.20 -3.13 0.11 608
total zinc (Zn) 0.25 -2.37 0.16 264

@ Regression model has the form log;o(parameter concentration) = constant + slope * log:o(TSS
level).

R? values > 0.5 are bolded

Regression model was significant with p < 0.001.

(b)
©
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Figure 4.2 Relationship Between Total Suspended Solids Levels and Total
Aluminum Concentrations in the Athabasca River
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Note: Solid square points are outliers that were excluded from the analysis.

Figure 4.3 Relationship Between Total Suspended Solids Levels and Total Iron
Concentrations in the Athabasca River
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Note: Solid square points are outliers that were excluded from the analysis.
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Figure 4.4 Relationship Between Total Suspended Solids Levels and Total
Phosphorus Concentrations in the Athabasca River
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Note: Solid square points are outliers that were excluded from the analysis.

Figure 4.5 Relationship Between Total Suspended Solids Levels and Total
Chromium Concentrations in the Athabasca River
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In the Athabasca River tributaries, nine of the 20 parameters included in the
analysis demonstrated significant correlations with TSS: eight metals and TP
(Tables 4.10 and 4.12). W.ith the exception of total uranium, al significant
correlations were positive, athough they were not as strong as those observed in
the Athabasca River. Uranium was initially negatively correlated to TSS.
However, following the removal of outliers, this relationship was no longer
significant. For the remaining total metals found to be significantly correlated to
TSS, the proportion of variance explained by the regression models was less that
0.50 in all cases (Table 4.12). An example of the degree of scatter observed
around the tributary regression linesis presented in Figures 4.6 and 4.7.

The principal water source for many of the Athabasca River tributaries is
groundwater flow that passes through shalow aquifers or muskeg soils
(Swartz 1980). These waterstypically contain only dissolved metals, because the
media through which they flow naturally filter out the suspended fraction.
Consequently, TSS concentrationsin the Athabasca River tributaries are typicaly
lower than those observed in the Athabasca River (e.g., Figure 4.2 versus
Figure4.5). In the tributaries, a larger proportion of the total metal and/or TP
content in the water column would, therefore, exist in the dissolved phase.
Hence, the absence of strong linear relationships between TSS levels and
corresponding total metal or TP concentrations in the Athabasca River
tributaries, in comparison to those observed in the Athabasca River.

Table 4.12 Linear Regression Models Developed to Describe Significant Total
Suspended Solids (TSS) - Total Metal and TSS - TP Correlations in
the Athabasca River Tributaries

Parameter @ Slope Constant R? Sample Size
total aluminum (Al) 0.42 -1.54 0.19 302
total arsenic (As) 0.24 -3.55 0.13 359
total copper (Cu) 0.16 -3.18 0.05 327
total iron (Fe) 0.31 -0.18 0.21 327
total manganese (Mn) 0.35 -1.39 0.15 341
total phosphorus ® 0.29 -1.57 0.25 852
total thallium (TI) 0.19 -2.53 0.05 283
total uranium (U) -0.02 -4.01 0.00 188
total vanadium (V) 0.16 -3.31 0.07 788

@ Regression model has the form log;o(parameter concentration) = constant + slope * 10g:o(TSS
level).

® Regression model was significant with p < 0.001.
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Figure 4.6 Relationship Between Total Suspended Solids Levels and Total
Aluminum Concentrations in the Athabasca River Tributaries
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Figure 4.7 Relationship Between Total Suspended Solids Levels and Total
Phosphorus Concentrations in the Athabasca River Tributaries

10

0.1

0.01

Total Phosphorus (mg/L)

0.001 ; ; ; ;
0.1 1 10 100 1000 10000
Total Suspended Solids (mg/L)

Note: Solid square points are outliers that were excluded from the analysis.
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With respect to the four wetlands sampled by RAMP (i.e., Shipyard, Isadore’s,
Kearl and McClelland lakes), no significant correlations between total metal
concentrations and TSS levels were observed (Table 4.10). TP concentrationsin
the four wetlands were also not significantly related to TSS levels (R = 0.08, p >
0.05). Because each wetland effectively acts as a settling basin, the lack of
significant TSS - total metal or TSS - TP relationships was expected.

4.2.1.3 Conclusions and Recommendations

Analysis of available data from the lower Athabasca River watershed revealed
that water quality characteristics in the area follow expected patterns. These
patterns included the following:

e Tota metals, TSS and dissolved metals were al generally positively
correlated with the same Overdl PC, reflective of the fact that total
metal concentrations include both the dissolved metal fraction and that
associated with suspended materials.

e Total metal concentrations tended to follow consistent, positively
correlated trends, whereby samples containing high levels of one metal
(e.g., total auminum) also generally contained high levels of other total
metals (e.g., cobalt, nickel and vanadium).

e Manganese and iron were positively correlated, along with colour and
DOC, to Overdl PC3, reflective of the fact that iron, manganese and
DOC tend to impart colour to water.

e High TDS and total akalinity measurements were recorded for samples
containing high levels of calcium, magnesium, chloride and other mgjor
ions.

e Barium, strontium, lithium and boron were typicaly present in the
dissolved form, with minor suspended fractions.

Within the Athabasca River, similar correlations among parameters were
observed. Conclusions specific to Athabasca River water quality that extend
beyond those discussed above include the following:

e The brown, opague colour of the Athabasca River results from
suspended particles, as reflected by the common correlation of total
metals, including iron and manganese, TSS and colour to the same
principal component.

e Although 12 of the 19 total metals included in this study exhibited
statistically significant correlations with TSS, only total auminum,
arsenic, iron and manganese concentrations appear to be strongly
influenced by TSSlevels(i.e., R > 0.50).
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e TP concentrations also tend to be strongly influenced by TSS levels in
the Athabasca River.

Other conclusions that can be drawn from the results discussed in Section 4.2.1.2
include the following:

e The deep, translucent, tea-stained colour common to Athabasca River
tributaries, the Muskeg River and other waterbodies within the RAMP
study area results from DOC, dissolved iron and other dissolved ions
(Golder 2002g; AENV 2002a). Hence, the common correlation of these
parameters to the same principal component.

e Tota metal and TP concentrations in the Athabasca River tributaries are
generally less influenced by TSS levels than those in the Athabasca
River, with only nine of the 20 parameters examined in this study
demonstrating significant TSS correlations and corresponding
regression equations explaining less than 50% of the observed variation.

e Tota meta and TP concentrations in Shipyard, Isadore’s, McClelland
and Kearl lakes are largely independent of TSS levels.

422 Influence of Instream Flow

Parameter concentrations may vary in relation to flow as a result of increased
dilution during heavy storm events or the increased contribution of saline
groundwater during periods of low overland flow. Characterization of the
relationship between parameter concentrations and flow in the lower Athabasca
River watershed can help in the analysis and interpretation of potential variations
in parameter concentrations observed over time and/or among locations.

4221 Methods

The potential influence of instream flow on water quality was examined first by
using flow and corresponding water quality data from the Athabasca River in a
linear regression analysis. This analysis was then repeated using similar
information from tributaries of the Athabasca River sampled by RAMP to
determine if common relationships were present in the two data sets. Wetlands
were excluded from this analysis, since these waterbodies are lentic (i.e., non-
flowing) systems. Similar to Section 4.2.1, discussion of the resulting linear
regression relationships focused on those parameters where the proportion of
observed variation explained by instream flow was equal to or greater than 50%
(i.e., R? of the linear regression model was > 0.50).
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42.2.2

Parameters considered in this investigation included the first two PCs from the
Athabasca River and Athabasca River tributary PCAS®, as well as the following
individual substances®:

e DOC e TKN

e pH ¢ total phosphorus
o total akalinity o total aluminum
e TDS o total boron

e TSS e total chromium
e sulphate

Both average daily and 14-day average flows were used to determine which is a
better predictor of instream concentrations. Flow information originated from
Golder (2002d) and AENV (2002b). The corresponding water quality data were
taken from the water quality data set described in Section 4.2.1.1 - Data Origin
and Initial Processing. The 14-day average flow values were derived using data
collected from the day each water quality sample was collected along with the
data collected over the preceding 13 days.

Data originating from the Muskeg River downstream of the Alsands Drain after
1997 were excluded from the analysis, because of the potentia influence of
dewatering operations from Aurora North and the Muskeg River Oil Sands Plant
(MROSP) on instream flows. In the analysis of both the Athabasca River and the
Athabasca River tributaries, identified outliers were removed iteratively until
either no outliers remained or 10% of the data had been excluded. All statistical
tests were completed using SY STAT 10 (SPSS 2000).

Results and Discussion

In the Athabasca River, linear regression models were statistically significant for
11 of the 13 tested parameters (Table 4.13). Flow accounted for over 50% of the
observed variation in parameter concentrations for seven of the 11 significant
relationships, including those developed for Athabasca PC1, total akalinity,
TDS, TSS, sulphate, TP and total aluminum. Results derived using average daily
and 14-day average flows were similar, with average daily flows tending to
produce marginally higher R? values.

3

4

The third PCs from the Athabasca River and Athabasca River tributary PCAs were not included, because
approximately one third of the parameters correlated with those PCs were already included as individual, indicator

parameters.

Individual, indicator parameters were selected based on the rationale presented in Section 4.1.3.1.
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Table 4.13 Linear Regression Models Developed to Describe Flow Relationships
in the Athabasca River
@ Average Daily Flow 14-Day Averaged Flow
Parameter

Slope® |constant| R*® | n@ | slope® |constant| R*® | n®©@

Athabasca PC1 2.07* -5.47 0.80 58 2.01* -5.35 0.81 58
Athabasca PC2 -0.61* 1.85 0.11 58 -0.61* 1.84 0.12 58
pH -0.06 7.94 0.01 364 -0.06 7.94 0.01 364
dissolved organic carbon 0.14* 0.56 0.10 | 321 0.14* 0.56 0.10 | 321
sulphate -0.40* 2.43 0.77 358 -0.41* 2.46 0.79 359
total alkalinity -0.25* 2.72 0.78 | 369 -0.25* 2.73 0.78 | 369
total dissolved solids -0.31* 3.06 0.73 371 -0.31* 3.07 0.73 371
total suspended solids 1.78* -3.34 0.70 | 380 1.72* -3.20 0.65 | 381
total Kjeldahl nitrogen 0.29* -1.01 0.16 321 0.26* -0.96 0.14 321
total phosphorus 0.79* -3.32 0.53 | 368 0.74* -3.19 0.44 | 369
total aluminum 1.65* -4.94 0.67 80 1.55* -4.73 0.62 81
total boron -0.07 -1.42 0.01 33 -0.06 -1.44 0.01 33
total chromium 0.40* -3.68 0.12 138 0.37* -3.61 0.11 138

@ Regression model has the form log;o(parameter concentration) = constant + slope * log;o(flow).

® «=p<0.05.

© R?values > 0.5 are bolded.

(d)

n = sample size.

Athabasca PC1, which represents total metals, TSS and DOC, exhibited a
positive relationship with flow (Figure 4.8), as did DOC, TSS, TKN, total
chromium and total aluminum concentrations when examined individually
(Table 4.13). Athabasca PC2, which is generally representative of major ions,
was negatively related to flow, as were total akalinity, TDS and sulphate
concentrations. The inverse relationship observed between flow and TDS
concentrations is illustrated in Figure 4.9. The occurrence of increasing major
ion concentrations during periods of low flow likely is attributable to increased
groundwater inflow into the Athabasca River, relative to surface water inputs. In
contrast, the increasing metal and TSS concentrations observed with increasing
instream flows likely reflects the increased input of suspended materials during
spring runoff and other heavy surface flow events.
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Figure 4.8 Relationship Between Instream Water Flow and Athabasca PC1l in the
Athabasca River
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Figure 4.9 Relationship Between Instream Water Flow and Total Dissolved
Solids Concentrations in the Athabasca River
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Note: Solid square points are outliers that were excluded from the analysis.
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In the Athabasca River tributaries, linear regression models were statistically
significant for 12 of the 13 tested parameters (Table 4.14). However, the amount
of variation explained by the resulting regression equations was greater than 50%
for only two parameters. Tributary PC1 and total alkalinity. Similar to the
Athabasca River,

o average daily flow was generally a dightly better predictor of
concentration than the 14-day averaged flow;

e TSS, TP, tota aluminum and total chromium concentrations exhibited a
positive relationship with flow, as did Tributary PC1; and

o Tributary PC2, sulphate, total akalinity and TDS concentrations were
negatively related to flow.

DOC, pH and TKN concentrations were also significantly, inversely related to
flow.

Table 4.14 Linear Regression Models Developed to Describe Flow Relationships
in the Athabasca River Tributaries

Average Daily Flow 14-Day Averaged Flow
Parameter®

Slope® |constant| R*® | n@ | slope® |constant| R*® | n®©@
Tributary PC1 0.67* -0.23 0.58 53 0.66* -0.23 0.57 54
Tributary PC2 -0.40* -0.35 0.19 54 -0.39* -0.39 0.18 55
pH -0.11* 7.80 0.14 | 527 -0.10* 7.80 0.12 | 532
dissolved organic carbon -0.06* 1.30 0.10 | 475 -0.06* 1.30 0.10 | 480
sulphate -0.09* 1.02 0.05 | 530 -0.09* 1.02 0.04 | 536
total alkalinity -0.18* 2.17 0.67 | 531 -0.18* 2.17 0.67 | 536
total dissolved solids -0.15* 2.36 0.47 | 528 -0.15* 2.36 0.45 | 532
total suspended solids 0.16* 0.84 0.08 | 541 0.14* 0.84 0.06 | 546
total Kjeldahl nitrogen -0.07* 0.00 0.10 | 449 -0.07* 0.00 0.10 | 453
total phosphorus 0.05* -1.35 0.04 | 520 0.05* -1.34 0.03 | 525
total aluminum 0.24* -1.08 0.17 82 0.23* -1.08 0.16 83
total boron -0.06 -1.27 0.05 77 -0.05 -1.28 0.04 78
total chromium 0.19* -3.04 0.13 | 114 0.19* -3.04 0.14 | 116

@ Regression model has the form log;o(parameter concentration) = constant + slope * log;o(flow).

®) +=p<0.05.
©

©)

R?values > 0.5 are bolded.
n = sample size.

Golder Associates



RAMP Five Year Report 4-38 May 2003
Water Quality

As shown in Figures 4.10 and 4.11, considerable scatter was observed among the
tributary data. Hence, the low R? values associated with most of the significant
regression equations. Tributaries of the Athabasca River included both small
creeks (e.g., Fort Creek) and large rivers (e.g., the Clearwater River), with flow
rates ranging from 0.05 to > 100 m¥s (Figure 4.10). As such, high flows
recorded in a small creek may have been equivalent to low flows in one of the
larger rivers, and the observed scatter may, therefore, be reflective of the
individual characteristics of different stream size classes. In future, it may be
desirable to develop flow relationships for specific size classes, with tributaries
grouped according to flow regime.

Figure 4.10 Relationship Between Instream Water Flow and Tributary PC1 in the
Athabasca River Tributaries
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Note: Solid square points are outliers that were excluded from the analysis.
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Figure 4.11 Relationship Between Instream Water Flow and Total Aluminum
Concentrations in the Athabasca River Tributaries
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4.2.2.3 Conclusions and Recommendations

Conclusions that can be drawn from the results discussed in Section 4.2.2.2
include the following:

DOC, TSS, TKN and total metal concentrations in the Athabasca River
tend to increase as flow increases.

In contrast, major ion concentrations in the Athabasca River tend to
increase during periods of low flow, as the contribution of groundwater
inflow increases relative to surface water inputs.

Water quality in the Athabasca River tributaries follows similar trends;
dissolved ion concentrations tend to peak during periods of low flow,
and TP, TSS and total metal concentrations generally increase as flow
increases.

In both the Athabasca River and the Athabasca River tributaries,
average daily flow tends to be a dightly better predictor of instream
concentrations than 14-day averaged flow.

Based on the amount of scatter observed within the tributary data set, it is
recommended that future work concerning flow relationships in Athabasca River
tributaries focus on rivers and creeks of similar size that experience similar flow

regimes.
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4.2.3 Winter Versus Fall Water Quality

As outlined in the RAMP Program Design and Rationale Document
(Golder 2002f), the RAMP water quality monitoring program relies on fall
sampling to monitor water quality conditions in receiving streams after an initial
three-year, seasonal baseline sampling regime. Instream flows, however, are
typically lowest in winter. The RAMP Water and Sediment Subgroup of the
Technical Subcommittee has discussed switching from fall to winter sampling to
capture this low flow period. An action item resulting from these discussions
included a comparison of fall and winter water quality at several locations within
the lower Athabasca River watershed to determine if seasonal variations in water
flow and water quality could be observed.

4231 Methods

Variations between fall and winter water quality were evaluated using average
daily flow and water quality data available for the following three locations:

e Athabasca River upstream of Fort McMurray (WDS stations
07CC0010/20/30);

o Athabasca River near Qld Fort (WDS stations
07DD0010/40/60/80/0250 and RAMP site ATR-ER); and

o Muskeg River between Jackpine Creek and the river mouth (includes
RAMP site MUR-2 and WDS station 07DA0610).

Relevant flow information originated from Golder (2002d) and AENV (2002b).
Relevant water quality data were taken from the water quality data set described
in Section 4.2.1.1 - Data Origin and Initial Processing. In addition to average
daily flow, the parameters were the same 13 water quality parameters discussed
in Section 4.2.2.

Fall was defined as running from September 1 to October 31. Winter started
November 1 and continued to March 31. The assumed start date for each year
was set to April 1.

Comparisons between fall and winter water quality were completed using a one-
way analysis of variance (ANOV A) model to test for significant seasonal effects.
The one-way ANOVA was structured as a randomized block design, with year
acting as a blocking variable. The construction of the resulting model was as
follows: model = constant + year + season. The F-ratio for each term was
caculated using the remainder or error mean sum of squares (MS) as the
denominator.
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Year was included as a blocking variable in the ANOVA to account for the
potential effects of varying year-to-year flow conditions and other environmental
variables on water quality. The effects of these environmental variables,
including flow, were assumed to consistent across both seasons. Hence, the
exclusion of the interaction term from the two-way ANOVA, and the need to
shift year starting dates from January 1% to April 1%. The design of the ANOVA
described above follows from randomized block design discussed in Zar (1984)
and similar block models discussed in Neter et a. (1990) and Sokal and Rohlf
(1995).

Discussions of significant and non-significant effects were limited to those
associated with season. Significance related to year was not included, since
temporal trends were examined separately using different statistical procedures
and are discussed in Section 4.3.1. All of the statistical analysis described above
was completed using SYSTAT 10 (SPSS 2000), and identified outliers were
removed iteratively until either no outliers remained or until 10% of the data had
been excluded.

4.2.3.2 Results and Discussion

At both locations in the Athabasca River, average daily flows were significantly
lower in winter than in fall (Tables 4.15 and 4.16). Conseguently, concentrations
of those parameters that have been shown to be influenced by flow (see
Section 4.2.2) generally behaved as expected. Athabasca PC1, TSS and TP
levels, for example, were significantly higher in fall, whereas TDS, tota
alkalinity and sulphate concentrations were significantly higher in winter.
Although concentrations of other parameters often followed similar expected
trends, significant differences between the seasons were not detected at one or
both locations. This may be areflection of limited statistical power (due to small
sample size or large within-season variability) or the result of local influences
that were not captured in the general flow relationships derived over a broader
scale.
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Table 4.15 Comparison of Fall and Winter Water Quality Observed in the
Athabasca River Upstream of Fort McMurray

Parameter Vean® Fgl\l/(h) ® Viean® ngile(g) | F Statistic®
average daily flow 478 8 34 119 7 57 A04***
athabasca PC1 -0.37 284 5 -1.10 30 10 15.2*
athabasca PC2 -0.13 597 5 0.53 103 10 0.62
pH 7.9 3 28 7.9 4 46 0.50
dissolved organic carbon 8.0 20 21 8.1 12 53 0.22
sulphate 22.9 11 28 41.9 6 46 194***
total alkalinity 111 4 28 166 3 46 182+
total dissolved solids 157 4 29 248 3 53 166***
total suspended solids 19.6 47 30 2.5 162 56 33.8***
total Kjeldahl nitrogen 0.5 94 24 0.4 62 42 0.18
total phosphorus 0.033 23 30 0.023 20 49 4.39*
total aluminum 0.263 87 6 0.025 30 12 10.7*
total boron 0.032 6 3 0.029 18 5 0.04
total chromium 0.0014 20 11 0.0016 14 23 0.17

(CY
(b)
©

Units are mg/L, except for flow (m?/s), pH (unitless), Athabasca PC1 (unitless) and Athabasca PC2 (unitless).
CV = coefficient of variation, expressed as a percentage.

n = sample size.

@ +=p<0.05**=p<0.001.

Table 4.16 Comparison of Fall and Winter Water Quality Observed in the
Athabasca River near Old Fort

Parameter Vean® Fgl\l/(h) ® Viean® ngile(:;) | F Statistic®”
average daily flow 581 6 41 176 6 78 575%**
Athabasca PC1 -0.04 1825 3 -0.94 16 7 289*
Athabasca PC2 -0.1 460 4 1.03 29 7 7.59
pH 7.8 3 41 7.6 4 74 5.53*
dissolved organic carbon 8.2 23 38 7.8 12 65 4.04*
sulphate 20.6 10 41 324 5 74 203***
total alkalinity 104 3 41 142 2 74 319%**
total dissolved solids 171 3 40 255 2 73 252%**
total suspended solids 23.3 32 43 4.2 84 75 56.6***
total Kjeldahl nitrogen 0.5 86 37 0.5 56 64 0.16
total phosphorus 0.043 16 40 0.031 8 75 23.0%**
total aluminum 0.296 124 10 0.043 32 11 3.93
total boron 0.025 29 6 - - 0 -
total chromium 0.0015 16 15 0.0015 14 20 0.01

(CY
(b)
©

Units are mg/L, except for flow (m?/s), pH (unitless), Athabasca PC1 (unitless) and Athabasca PC2 (unitless).
CV = coefficient of variation, expressed as a percentage.

n = sample size.

@ %= p<0.05; *** = p<0.00L.

In the Muskeg River, average daily flows were significantly lower in winter
compared to fall (Table 4.17). Major ions, as represented by Tributary PC2, total
alkalinity and TDS were significantly higher in winter, as would be expected
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based on the influence flow exhibits on these parameters (see Section 4.2.2).
Sulphate and total boron concentrations were aso higher in winter than in fall,
although seasonal differences were not significant. Concentrations of the
remaining parameters did not behave as would be expected based on their
relationship to flow. DOC and pH levels were significantly lower in winter,
whereas TSS and TP concentrations were significantly lower in the fall. These
non-flow conforming results are likely a reflection of local influences that were
not adequately captured in the genera flow relationships developed using data
from al of the Athabasca River tributaries.

Table 4.17 Comparison of Fall and Winter Water Quality Observed in the Lower
Muskeg River Between Jackpine Creek and the River Mouth

Fall Winter @
Parameter Vean® | cv® NG Vean® | ov® 0o F Statistic
average daily flow 2.56 162 28 0.58 164 33 83.3%**
Tributary PC1 -1.4 39 5 -0.45 87 4 3.69
Tributary PC2 0.24 92 5 0.86 21 4 13.8*
pH 7.8 3 25 7.6 5 32 5.53*
dissolved organic carbon 22 9 19 19 8 36 8.93*
sulphate 6.2 86 25 6.8 56 32 3.81
total alkalinity 173 7 26 252 4 30 62.1%**
total dissolved solids 223 9 26 312 4 31 32.9%x
total suspended solids 2.6 59 22 4.6 53 41 16.2%**
total Kjeldahl nitrogen 0.8 224 18 1.3 114 25 27.1%**
total phosphorus 0.025 13 22 0.038 12 27 15.5%**
total aluminum 0.033 22 9 0.066 31 6 0.23
total boron 0.036 16 10 0.05 7 7 1.54
total chromium 0.0006 19 10 0.0015 20 8 2.85

Units are mg/L, except for flow (m?/s), pH (unitless), Tributary PC1 (unitless) and Tributary PC2 (unitless).
CV = coefficient of variation, expressed as a percentage.

n = sample size.

@ %= p<0.05; ** =p < 0.001.

Clearly, significant seasonal variations exist between fall and winter water flows
and water quality. The magnitude of change ranges, on average, from < 3 to
> 900 %.

In the past, routine water quality monitoring completed by RAMP has been
conducted in the fall for the following reasons:

Golder Associates



RAMP Five Year Report 4-44 May 2003

Water Quality

e RAMP benthic and sediment sampling both occur in the fall.
Coordination of the three sampling programs is both cost-efficient and
allows for a complete water, sediment and benthic data set from the
same season.

o Mine water releases, including muskeg and overburden dewatering and
end pit lake outflows, are projected to be highest during the open water
season, which includes the fall.

o Winter water quality sampling can be more problematic than fall
sampling, because of increased health and safety issues related to
exposure, travel (e.g., ice roads) and working over ice, as well as
increased risk of sample spoilage as a result of freezing during both
sample collection and transport.

As detailed in recent EIAs (Shell 1997; TrueNorth 2001; Golder and
Cantox 2002), future mine water releases will include seepage from external
facilities and in-pit deposits. These waters are expected to flow year-round, and
they will day-light, at least in part, in smaller tributaries which may or may not
be receiving overland discharge, suggesting that additional winter monitoring by
RAMP may be prudent.

4.2.3.3 Conclusions and Recommendations

Statistically significant seasonal variation between fall and winter water quality
in the lower Athabasca River watershed was observed. Water flows in winter
have historically been significantly lower than those recorded in fall, and
potential process-affected mine waters will likely day-light year-round in the
smaller streams and rivers sometime in the future. Asaresult, it is recommended
that the RAMP Water and Sediment Subgroup of the Technical Subcommittee
consider additional winter sampling in areas experiencing a high level of
development. Adding winter sampling to the existing fall sampling will preserve
the advantages of the fall sampling identified in Section 4.2.3.3. Additional
winter sampling should be considered under the following conditions:

o relevant EIAs have shown that they are or will be receiving seepage
input; and

e existing operators are not already collecting sufficient winter data as
part of their approval requirements.

An instream loading analysis is aso recommended. This modelling would be
waterbody specific. It would include an examination of parameter loading rates
under winter and fall conditions, with the goal of establishing the season in which
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the largest changes in instream loading rates and, consequently, instream
concentrations are expected to occur.

4.3 DETECTING AND ASSESSING REGIONAL TRENDS

4.3.1 Temporal Trends

As outlined in Section 4.1.3.2, the investigation into temporal trends in the water
quality data set included an examination of long-term (i.e., 1976 to 2001) and
short-term (i.e., 1997 to 2001) temporal variability observed at severa locations
within the Athabasca and Muskeg rivers, respectively. The two long-term,
Athabasca River sites are situated upstream of Fort McMurray and near Old Fort.
The two short-term, Muskeg River sites are located upstream of Muskeg Creek
and in the lower section of the Muskeg River between Jackpine Creek and the
river mouth.

The short-term locations within the Muskeg River were selected, because they
are upstream and downstream, respectively, of current oil sands development in
this watershed. Similarly, the two long-term locations situated in the Athabasca
River are positioned upstream and downstream of current oil sands development
in that basin.

43.1.1 Methods

The non-parametric Seasonal-Kendall test for trend was used in combination
with Sen’s slope estimation procedure (Gilbert 1987) to determine both the
magnitude and potential significance of apparent temporal trends observed in the
data collected from the four locations listed above. When significant temporal
trends were observed, concentrations were adjusted to account for variations in
flow over time following the methods outlined by IDT (1998). The analysis was
then repeated to determine if changes in water flow were primarily responsible
for the observed temporal trend. Both the flow adjustments and the Seasonal-
Kendall analyses were completed using WQStat Plus (IDT 1998).

Relevant water quality data were taken from the water quality data set described
in Section 4.2.1.1 - Data Origin and Initial Processing and modified as necessary
to meet the input requirements of WQStat Plus. These modifications included
back-transforming the data from log units to the origina measured values and,
for the purposes of flow adjustment, limiting the data set to one reading per
calendar day per location. In the few instances where more than one sample had
been collected on a given day for a given location, data were reduced either
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through random selection or, in cases of unequal analysis, by choosing the
sample that had been submitted for the more complete analysis.

Flow adjustments were made using relevant average daily data from Golder
(2002d) and AENV (2002b). Where necessary, available flow information for
the Muskeg River was supplemented with modelled flow data developed using
the HSPF model described in Shell (2002). Parameters considered in both the
long-term and short-term temporal analyses were the same as those discussed in
Sections 4.2.2 and 4.2.3. Unfortunately, insufficient samples were available to
examine all parameters at al locations, resulting in, among others, the omission
of total boron, Athabasca PC1 and Athabasca PC2 from the analysis of temporal
variations near Old Fort.

4.3.1.2 Results and Discussion

Athabasca River

Significant temporal variations were observed in the Athabasca River upstream
of Fort McMurray (Table 4.18). Totad adkalinity, TDS and sulphate
concentrations have increased over time, whereas DOC, TSS, TKN and total
chromium concentrations have decreased over time. Concentrations of four of
the seven parameters continued to follow significant temporal trends after
adjusting for variations in flow, including those observed for sulphate, DOC,
TKN and total chromium (Table 4.19). Flow adjusted, sulphate and TKN trends
areillustrated in Figures 4.12 and 4.13, respectively.

Near Old Fort, the concentrations of three parameters, sulphate, pH and TKN,
were found to be significantly increasing or decreasing over time (Table 4.18).
After adjusting for variations in flow, only the trends observed in pH and TKN
levels were significant, with concentrations of both parameters decreasing over
time (Table 4.19). These trends are illustrated in Figures 4.14 and 4.15,
respectively.

The rate at which TKN levels declined near Old Fort was dightly less than that
observed upstream of Fort McMurray (i.e., -0.014 versus -0.017 mg/L per year -
Table 4.19). The rate of decline in pH levels near Old Fort was estimated to be
-0.008 pH units/year. Asillustrated in Figure 4.14, this represents a slow rate of
decline, whereby the difference between pH levels measured in 1977 and 2001
would, on average, differ by < 0.2 pH units.
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Table 4.18 Summary of Temporal Trends Observed in the Athabasca River
Upstream of Fort McMurray and near Old Fort Prior to Flow
Adjustment (1976 to 2001)

Upstream of Fort McMurray® Near Old Fort®
Parameter — -
Sen’s slope® | n© | z statistic® | Sen’s slope® | n® | Z Statistic®

Athabasca PC1 -0.052 31 1.76 - - -
Athabasca PC2 -0.051 31 -1.52 - - -
pH 0 139 0.11 -0.008 182 -2.20*
dissolved organic carbon -0.100 132 -3.05* -0.006 163 -0.31
sulphate 0.452 139 6.15* 0.134 184 2.09*
total alkalinity 0.629 143 3.74* 0.052 184 0.43
total dissolved solids 1.80 151 4.20* 0.579 182 1.67
total suspended solids -0.241 155 -3.50* -0.012 184 -0.36
total Kjeldahl nitrogen -0.018 120 -5.12* -0.013 162 -4.34*
total phosphorus -0.356 145 -1.21 0 181 0.08
total aluminum 0 35 0.10 -35.4 36 0.57
total boron - - - - - -
total chromium -0.254 62 -5.09* -0.020 54 0.93

@

® Units are mg/L per year for DOC, sulphate, total alkalinity, TDS, TSS and TKN;
pg/L per year for TP, total aluminum, boron and chromium; and
units per year for pH, Athabasca PC1 and Athabasca PC2.

© = ;
n = sample size.

- = less than four samples were available for one or more of the four seasons included in the analysis.

@ % =p<0.05.
Table 4.19 Summary of Temporal Trends Observed in the Athabasca River

Upstream of Fort McMurray and near Old Fort After Adjusting for

Variations in Water Flow (1976 to 2001)

Upstream of Fort McMurray Near Old Fort
Parameter Sen's slope® | n® | zstatistic’” | Sen's slope® | n® | z Statistic®”

pH 0 139 0.11 -0.008 182 2.13*
dissolved organic carbon -0.092 132 -2.87* -0.006 163 0.20
sulphate 0.305 139 4.13* 0.065 184 1.74
total alkalinity -0.049 143 -0.31 -0.004 184 0.04
total dissolved solids 0.557 151 1.75 0.299 182 121
total suspended solids -2.45 155 -1.45 0.158 184 0.78
total Kjeldahl nitrogen -0.017 120 -4.36* -0.014 162 4.47*
total chromium -0.239 62 -4.95*% -0.100 54 0.71

@ Ynits are mg/L per year for DOC, sulphate, total alkalinity, TDS, TSS and TKN;
ng/L per year for total chromium; and
units per year for pH.

®) n= sample size.

© +=p<0.05.
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Figure 4.12 Temporal Variations in Sulphate Concentrations Observed in the

Athabasca River Upstream of Fort McMurray
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Note: Concentrations have been adjusted to account for variations in flow following the methods outlined in IDT (1998).

Figure 4.13 Temporal Variations in Total Kjeldahl Nitrogen (TKN) Concentrations

Observed in the Athabasca River Upstream of Fort McMurray
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Note: Concentrations have been adjusted to account for variations in flow following the methods outlined in IDT (1998).
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Figure 4.14 Temporal Variations in pH Levels Observed in the Athabasca River

near Old Fort
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Note: Concentrations have been adjusted to account for variations in flow following the methods outlined in IDT (1998).

Figure 4.15 Temporal Variations in Total Kjeldahl Nitrogen (TKN) Concentrations
Observed in the Athabasca River near Old Fort

3
*

2.5 -
g
o
E 2 .
= *
3 .
(]
T 157 o e
! ¢ o >
c
o oo * . ¢
o 17°¢ . . . .
= *
= K o« ¢ * " Wt 2 ¥ 3

¢ * L/ ¢ *
0.5 & * ¢ ® ‘ 0 <
: e - ' £ AARRA , PO Py
* . PRt 4 : v ¢ - 2 * 2 *
o ¢ S
0 ; ; ; ; ; — * ; — ; *
1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001

Note: Concentrations have been adjusted to account for variations in flow following the methods outlined in IDT (1998).
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Muskeg River

The concentrations of three parameters varied significantly over time in the
Muskeg River (Table 4.20). Upstream of Muskeg Creek, TP and total chromium
concentrations appear to have significantly increased between 1997 and 2001. In
the lower section of the Muskeg River, TP and DOC concentrations were also
found to have significantly increased since 1997. However, after variations in
water flow were taken into account, the only significant temporal trend observed
was increasing total chromium levels upstream of Muskeg Creek (Table 4.21).

AENV (2002a) indicated that pH levelsin the lower portion of the Muskeg River
have significantly decreased since 1997. This was demonstrated using both
discrete data and continuous monitoring information. The discrete data,
comparable to those used herein, were analyzed using a linear regression,
whereas the continuous monitoring information was analyzed using a Seasonal-
Kendall procedure.

Although not statistically significant, a negative trend in pH levels was observed
herein, with an estimated rate of decline of -0.068 pH unitslyear (Table 4.20). As
discussed in Gilbert (1987), regression analysis may yield erroneous results when
applied to data that exhibit distinct seasonal variations, as is the case with pH
levels in the Muskeg River (see Table 4.17). The variation in statistical
significance observed between the present study and AENV (2002a) may,
therefore, result from the use of different statistical test procedures.

The significant result obtained by AENV (2002a) when using the continuous pH
monitoring information likely reflects increased statistical power related to a
larger sample size. However, the relevance of this finding requires further study
for the following reasons:

e A similar, albeit non-significant, decreasing trend in pH can aso be
observed in the Muskeg River upstream of Muskeg Creek (Table 4.20).

e The Seasonal-Kendall analysis reported by AENV (2002a) did not
include an assessment of the potential influence of flow on the observed
pH trend.

e Continuous monitoring data are, by their nature, serially correlated and
not truly independent of one another. As outlined in Gilbert (1987),
serial correlations within a data set can affect the validity of a Seasonal-
Kendall analysis.
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Table 4.20 Summary of Temporal Trends Observed in the Muskeg River
Upstream and Downsteam of Development Prior to Flow Adjustment
(1997 to 2001)

Parameter Upstream of Muskeg Creek® Bem’)ﬁ?;l g?fhksmﬁsif;‘;ﬁ/ne(:ébe
Sen’s slope®| n® |z statistic® | Sen’s slope® | n® | z Statistic®
Tributary PC1 - - - 0.336 17 1.63
Tributary PC2 - - - -0.047 17 -0.33
pH -0.037 22 -0.46 -0.068 35 -1.46
dissolved organic carbon 0.403 29 0.66 2.83 41 3.63*
sulphate -0.217 26 -1.48 -0.631 35 0.34
total alkalinity 6.15 18 0.97 5.59 35 0.73
total dissolved solids -5.58 26 -0.29 -38.0 32 -1.29
total suspended solids -0.532 36 -1.89 -0.698 48 -1.76
total Kjeldahl nitrogen - - - 0.105 18 1.78
total phosphorus 21.4 24 3.17* 145 29 2.42*
total aluminum -3.15 26 -0.42 -17.0 30 -1.13
total boron - - - 0 30 0.36
total chromium 0.102 25 1.96* 0.102 30 1.28

@ . = less than four samples were available for one or more of the four seasons included in the analysis.

® Units are mg/L per year for DOC, sulphate, total alkalinity, TDS, TSS and TKN;
pg/L per year for TP, total aluminum, boron and chromium; and
units per year for pH, Tributary PC1 and Tributary PC2.

© n= sample size.

@ +=p<0.05.

Table 4.21 Summary of Temporal Trends Observed in the Muskeg River
Upstream and Downsteam of Development After Adjusting for
Variations in Water Flow (1997 to 2001)

Parameter Upstream of Muskeg Creek Bet'://lv(;sljzph\];ctl;peirll/?u(;rkeeegklgggrthe

Sen’s slope® n® | z statistic® | Sen’s slope® | n® | Z statistic®
dissolved organic carbon -0.069 27 -0.63 1.21 38 1.57
total phosphorus 18.9 19 1.38 9.86 26 1.93
total chromium 0.336 19 2.46* 0.172 27 1.90

@ Units are mg/L per year for DOC, and pg/L per year for TP and total chromium.
® = sample size; sample sizes listed herein may be smaller than those listed in Table 4.20, because of a lack of flow

information and/or the need to reduce the data set to include only one sample per calendar day per season.
© +=p<0.05.
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4.3.1.3 Conclusions and Recommendations

Based on the long-term temporal analysis completed using data collected from
the Athabasca River upstream of Fort McMurray and near Old Fort, cumulative
development located downstream of Fort McMurray has not resulted in the
degradation of water quality within this stretch of the river since its initiation in
the mid to late 1970s. Similarly, with the possible exception of pH, development
within the Muskeg River watershed has not resulted in significant tempora
variations in water quality in the lower sections of the Muskeg River since the
initiation of RAMP in 1997.

For the reasons outlined in Section 4.3.1.2, it is recommended that the continuous
pH monitoring data described in AENV (2002a) be further analyzed to determine
if the significant decline in pH levels reported in AENV (2002a) is the result of
flow variation, natural variability or human development.

4.3.2 Spatial Trends

As described in Section 4.1.3.2, the investigation into spatial trends in the water
quality data set included a discussion of genera patterns within the lower
Athabasca River watershed as a whole, as well as an examination of potentially
significant variations along the length of the Athabasca River and within the
Muskeg River watershed. Specific attention was focused on comparing water
quality observed upstream and downstream of existing oil sands development
aong the Muskeg and Athabascarivers.

4.3.2.1 Methods

General Patterns in the Oil Sands Region

General spatial patterns were examined using ordination plots derived from two
of three PCAs described in Section 4.2.1 (i.e., the overall and Athabasca River
tributary PCAs). The resolution used in this analysis was limited to four
categories that included the Athabasca River mainstem, Athabasca River
tributaries, Muskeg River watershed and the four wetlands sampled by RAMP
(i.e., Shipyard, Isadore's, Kearl and McClelland lakes).

Trends in the Athabasca River

Ordination plots derived from the Athabasca River PCA were used to examine
gpatial variations along the length of the river. Specific comparisons of water
guality upstream and downstream of oil sands development in the lower
Athabasca River were completed using data collected upstream of Fort
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McMurray and near Old Fort in a one-way, randomized block design ANOVA.
The ANOVA included location as fixed factor, with season and year as blocking
variables. The construction of the resulting model was as follows: model =
constant + location + year + season. The F-ratio for each term was calculated
using the remainder or error M S as the denominator.

As in previous analyses (see Section 4.2.3.1), year was included as a blocking
variable in the ANOVA to account for the potential effects of varying year-to-
year flow conditions and other environmental variables on water quality. Season
was similarly included to account for seasonal variations known to occur in
Athabasca River water quality (see Section 4.2.3.2). Seasonal and year-to-year
effects were assumed to be consistent across both locations. Hence, the
exclusion of interaction terms from the threeeway ANOVA. The design of the
ANOVA described above is similar to block models discussed in Neter et al.
(1990) and Sokal and Rohlf (1995).

Consistent with previous RAMP reports and recent ElIAs (Shell 1997,
TrueNorth 2001; Shell 2002), fall was defined as running from September 1 to
October 31. Winter started November 1 and continued to March 31. Summer
encompassed the period from June 1 to August 31, and spring was defined as
running from April 1 to May 31. For the purposes of this analysis, the assumed
start date for each year was set to April 1. This shift in yearly start date was done
so that al of the data collected within a given year had experienced the same
annual hydrologic cycle.

Although year and season were included in the ANOVA, discussions of
significant and non-significant effects were limited to those associated with
location. Significance related to year was not included, since temporal trends
were examined separately using different statistical procedures and are discussed
in Section 4.3.1. Similarly, the presence of significant seasonal effects has
aready been discussed in Section 4.2.3. All of the statistical analysis described
above was completed using SYSTAT 10 (SPSS 2000), and identified outliers
were removed iteratively until either no outliers remained or 10% of the data had
been excluded. Parameters considered in the upstream-downstream anaysis
included the same 13 water quality parameters discussed in Section 4.3.1.

Trends in the Muskeg River

Spatia trends in the Muskeg River were examined by comparing instream water
guality observed upstream and downstream of oil sands development in the basin
using data collected upstream of Muskeg Creek, and between Jackpine Creek and
the river mouth. Since data are available prior to the initiation of development in
1998, an extension of the Athabasca ANOVA was used to complete these
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comparisons. In this case, the construction of the ANOVA was as follows:
model = constant + season + location + timing + timing*location + year (timing),
wherein

o |ocation was afixed with-year factor;
e timing (i.e. before or after spring 1998) was a fixed between-year factor;
e year and season were random factors; and

o theF-ratio for each term was calculated using the remainder or error MS
as the denominator.

This design is similar to the split-plot ANOV As described by Hicks (1973), with
year being equivalent to the plots. As before, season and year were included as
blocking variables to account for seasonal and year-to-year effects, which were
assumed to be consistent across both locations. Hence, the exclusion of any
interaction terms involving season and/or year from the ANOVA.

Start and end dates for each season were the same as those used in the Athabasca
River analysis, and the assumed start date for each year was again set to April 1.
Eleven of the 13 parameters discussed in Section 4.3.1 were considered. The two
excluded parameters, PC1 and PC2, were dropped, because insufficient pre-1998
data were available.

Discussions of significant and non-significant effects were limited to those
associated with location, timing and the interaction term timing*location.
Significance related to year was not included, since temporal trends were
examined separately using different statistical procedures and are discussed in
Section 4.3.1. Similarly, the presence of significant seasonal effects has already
been discussed in Section 4.2.3. When significant interaction between timing
and location was observed, post-hoc Tukey tests were used to identify the
significantly different pairs.

All of the statistical analysis described above was completed using SYSTAT 10
(SPSS 2000), and identified outliers were removed iteratively until no outliers
remained, 10% of the data set had been excluded or further remova would
require reduction of the ANOVA (i.e., insufficient data would be available to
complete the required calculations).
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4.3.2.2 Results and Discussion

General Patterns in the Oil Sands Region

Asillustrated in Figures 4.16 and 4.17, water quality in the Athabasca River was
generally different from that observed in the Athabasca River tributaries,
including the Muskeg River watershed, and the four wetlands (i.e., Shipyard,
Kearl, Isadore’ s and McClelland lakes). Metal levels and TSS concentrations, as
represented by Overall PC1, tended to be higher in the Athabasca River than in
the other waterbodies sampled by RAMP (Figure 4.16). Less variability in TDS
and major ion levels, as represented by Overal PC2, was observed in the
Athabasca River. Samples taken from this river also exhibited a positive, linear
correlation between Overall PC1 and Overal PC3 (Figure 4.17). This correlation
is indicative of the fact that, as previously discussed, the colour of the river
(Overall PC3) is a function of its suspended sediment content (which is
represented by Overall PC1). Similar correlations were not apparent in the other
sampled waterbodies.

In comparison to the other Athabasca River tributaries sampled by RAMP, total
metal concentrations, as represented by Tributary PC1 tended to be lower in the
Muskeg River (Figure 4.18). However, concentrations of major ions, TSS, pH,
TP and other parameters represented by Tributary PC2 and Tributary PC3 were
generally comparable between the Muskeg River and other Athabasca River
tributaries (Figures 4.18 and 4.19).

With respect to the four wetlands, the water quality characteristics of McClelland
and Kearl lakes, in terms of metals, TSS and major ion levels, tended to be
unigue in comparison to each other and to the other two lakes (i.e., Isadore’s and
Shipyard lakes - Figure 4.20). In contrast, concentrations of total and dissolved
metal, TSS, mgjor ions and other parameters represented by Overall PC1 and
Overall PC2 were similar in Isadore’'s and Shipyard lakes. Greater overlap
among the four wetlands occurred with respect to colour levels and the
concentration of other parameters associated with Overall PC3 (Figure 4.21).
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Figure 4.16 Plot of Overall PC1 Against Overall PC2 Including Water Quality
Samples Collected Over the Entire RAMP Study Area
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Figure 4.17 Plot of Overall PC1 Against Overall PC3 Including Water Quality
Samples Collected Over the Entire RAMP Study Area
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Figure 4.18 Plot of Tributary PC1 Against Tributary PC2 Including Water Quality

Samples Collected from Athabasca River Tributaries, including the
Muskeg River
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Figure 4.19 Plot of Tributary PC1 Against Tributary PC3 Including Water Quality

Samples Collected from Athabasca River Tributaries, including the
Muskeg River

‘ @ Athabasca River Tributaries O Muskeg River ‘
* *
O
Ho O m| ng L4 .
| *
O H L, ® o
* * *
] O o D“ * “‘ IS
o g o m] o BeOE O oo o * .
o | | - =3 E'I | (] | | * | | ]
ajwl:‘ th B T =17 T T ‘ T
% O o oo B o g Ju 1 4 .
£ O g
=} O m| | i * 'S Y
2 u| O oo - = = = e
|_
O
O

Tributary PC1

Golder Associates



RAMP Five Year Report
Water Quality

4-58

May 2003

Figure 4.20 Plot of Overall PC1 Against Overall PC2 Including Water Quality
Samples Collected from Shipyard, Isadore’s, Kearl and McClelland
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Figure 4.21 Plot of Overall PC1 Against Overall PC3 Including Water Quality
Samples Collected from Shipyard, Isadore’s, Kearl and McClelland
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Trends in the Athabasca River

Based on the ordination plots produced from the Athabasca River PCA
(Figures4.22 and 4.23), no distinct spatial patterns in water quality were
observed aong the length of the Athabasca River. Nor were satisticaly
significant differences identified in the upstream-downstream comparisons with
reference to Athabasca PC1 and Athabasca PC2 (Table 4.22). However,
significant differences were observed when comparing pH, sulphate, total
alkainity, TSS, and TP concentrations measured in samples collected upstream
of Fort McMurray with those taken near Old Fort®.

Total akalinity, sulphate and pH levels were higher upstream of Fort McMurray
than near Old Fort, whereas TSS and TP concentrations were higher near Old
Fort (Table 4.22). With respect to pH, the difference between the two locations
was, on average, only 0.2 pH units. The differences observed between average
concentrations of the other four parameters were also small in magnitude,
ranging from 0.003 mg/L for TP to 8 mg/L for total akalinity. These minor
changes in water quality within the Athabasca River downstream of Fort
McMurray likely have little or no ecological significance.

Table 4.22 Comparison of Instream Water Quality Observed in the Athabasca
River Upstream of Fort McMurray and Near Old Fort (1976 to 2001)

Parameter Jg:r:'(’sam of FSU(QACMUH?ZC) Mean(:;lear %3(50” o F Statistic®
Athabasca PC1 -0.074 1397 31 -0.070 1286 19 0.78
Athabasca PC2 0.254 236 31 0.552 134 18 2.31
pH 7.9 3 140 7.7 4 191 45,3%**
dissolved organic carbon 8.3 19 129 8.6 18 171 2.43
sulphate 25.8 13 140 23.2 12 191 62.0%**
total alkalinity 120 6 143 112 5 191 70.2%%*
total dissolved solids 178 6 149 189 6 187 0.75
total suspended solids 19.7 72 154 20.4 60 194 4.68*
total Kjeldahl nitrogen 0.54 103 120 0.52 78 166 2.43
total phosphorus 0.052 36 143 0.055 29 190 8.87*
total aluminum 0.245 145 35 0.240 122 39 0.10
total boron 0.029 12 13 0.022 27 13 0.26
total chromium 0.0023 18 62 0.0024 19 64 0.88

(C)]
(b)
(©

Units are mg/L, except for flow (m?/s), pH (unitless), Athabasca PC1 (unitless) and Athabasca PC2 (unitless).
CV = coefficient of variation, expressed as a percentage.

n = sample size.

@ E statistic corresponding to the location term in the ANOVA; * =p < 0.05; **=p <0.01; ***=p<0.001.

® Although total alkalinity, TSS, sulphate and TP were correlated with either Athabasca PC1 or Athabasca PC2, sample

numbers were larger in the individual parameter comparisons than in the comparisons involving either of the Athabasca
PCs (see Table 4.22), allowing for increased statistical power. Hence, the variation in significance between the two
sets of tests.
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Figure 4.22 Plot of Athabasca PC1 Against Athabasca PC2 with Samples
Grouped by Reach
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Figure 4.23 Plot of Athabasca PC1 Against Athabasca PC3 with Samples
Grouped by Reach
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Trends in the Muskeg River

The concentrations of four of the 11 parameters included in the Muskeg River
spatia trend analysis were found to vary significantly by location (Table 4.23).
Sulphate, total aluminum and total boron levels were consistently higher in the
lower section of the river in comparison to upstream of Muskeg Creek, both
before and after the initiation of il sands development in the basin (discharge of
dewatering waters from Aurora North began in April 1998). In contrast, total
phosphorus concentrations have been consistently higher upstream of Muskeg
Creek than in the lower section of theriver.

At baoth locations, TP concentrations recorded since April 1, 1998, were significantly
higher than those observed prior to that date (Table 4.23). Tota akdinity, TDS and
sulphate levels measured at both locations after April 1, 1998, were also significantly
higher than those recorded in previous years. Total chromium concentrations have
followed the opposite trend; samples collected prior to April 1, 1998, contained
higher total chromium concentrations than those collected since, although this
may be areflection of increased analytical accuracy.

Three significant interactions between location and timing were produced in the
analysis, relating to total boron, total chromium and sulphate concentrations
(Table 4.23). Post-hoc Tukey testing revedled that sulphate concentrations
downstream of development have significantly increased since April 1, 1998
(Table 4.24). The other two significant interaction effects were related to site-
specific variations prior to April 1, 1998.

Four tributaries drain to the Muskeg River between the upstream and
downstream locations used in the spatial assessment. They include Muskeg
Creek, Shelley Creek, Jackpine Creek and the Alsands Drain (Figure 4.1). No
development has yet occurred in the Jackpine, Shelley or Muskeg Creek
watersheds. The Alsands Drain has, however, been receiving muskeg drainage
and overburden dewatering water from Aurora North and the MROSP since mid-
1998 and early-1999, respectively. These waters currently flow through Pond 2,
which islocated within the MROSP, prior to discharge to the Alsands Drain.

Sulphate concentrations in the Alsands Drain were far higher than those in the
other three tributaries (Figure 4.24). They aso appear to have increased since the
initiation of development within the basin (Figure 4.25), whereas average
sulphate concentrations in Jackpine, Shelley and Muskeg creeks were lower than
the average sulphate concentration observed in the lower section of the Muskeg
River after April 1, 1998 (see Figure 4.24 and Table 4.23). Therefore, it is
unlikely that discharges from Jackpine, Shelley or Muskeg creeks were
responsible for the significant increase in sulphate concentrations detected in the
lower reach of the Muskeg River after the initiation of development in the basin.
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Table 4.23 Comparison of Water Quality Observed in the Muskeg River Upstream of Muskeg Creek and Between
Jackpine Creek and the River Mouth
Upstream of Muskeg Creek Between Jackpine Creek and the River Mouth F Statistics®
Parameter Before April 1, 1998 After April 1, 1998 Before April 1, 1998 After April 1, 1998
Mean®@ | cv® | n®© | Mean® | cV® | n©@ | Mean® | cv® | n© | Mean® | cVv® | n© | Location | Timing | Interaction

pH 75 6 9 7.7 3| 18 7.7 4 75 7.9 4 32 | 1.96 3.09 0.59
g;s‘ri‘(’)'xed organic | ;g4 9| 9 | 169 6 | 25 | 218 9 | 60 | 18.2 9 | 39| 010 0.13 1.04
sulphate 116 | 611 | 20 1.76 188 | 22 4.25 50 77 | 131 55 32 | 357 6.63* 6.51*
total alkalinity 173 7 | 20 |[229 5 | 14 |169 74 (197 31 | 1.30 6.55* 0.23
total dissolved solids|183 7 20 (254 5 22 |206 77 (278 30 0.15 10.7** 1.29
tscgﬁ‘c'jssusf’e”ded 366 | 95 | 20 | 385 67 | 32 | 3.66 78 79 | 248 | 106 | 44 | 1.19 1.04 0.10
total Kjeldahl 099 |3670 | 16 | 085 | 144 | 12 | 109 |448 | 66 | 075 | 97 | 16 | 051 151 1.66
nitrogen

total phosphorus 0.044 | 18 | 20 0.072 35 | 20 0.033 14 70 | 0.044 | 32 26 | 6.26* 26.6%** 3.19
total aluminum 0022 | 24 | 20 0.026 27 | 22 0.034 | 52 0.054 | 34 28 | 4.11* 0.82 0.51
total boron 0029 | 16 | 17 0.036 7| 14 0.050 7 0.044 9 27 | 18.3%+ 0.21 6.11*
total chromium 0.0011 21 | 19 0.0008| 15 | 22 0.0021 | 29 5 | 0.0007| 16 28 | 237 12,4 4.27*

(@)
(b)

(©) — ;
n = sample size.

Units are mg/L, except for pH (unitless).

@ %=p<0.05: *=P<0.01; **=p<0.001.

CV = coefficient of variation, expressed as a percentage.
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Table 4.24 Results of the Post-hoc Tukey Tests Used to Identify Significantly
Different Water Quality Results in the Muskeg River
Upstream of Muskeg Creek Betwefr?e\]gci:\lfgrir:v?o(&;ﬁek and
Parameter Variable
Before April 1,| After April 1, |Before April 1,| After April 1,
1998 1998 1998 1998
Sulphate Mean concentration® | 1.16 (611) 1.76 (188) 4.25 (50) 13.1 (55)
Tukey test results® 12 1 2 3
Total boron Mean concentration® | 0.029 (16) 0.036 (7) 0.05 (7) 0.044 (9)
Tukey test results® 1 12 2 2
Total chromium Mean concentration® | 0.0011 (21) | 0.0008 (15) | 0.0021 (29) | 0.0007 (16)
Tukey test results® 1 1 2 1

@ Ynits are mg/L.

®) Numbers are used to identify significantly different concentrations, whereby locations with different
numbers were found to be significantly different from one another (p < 0.05).

Figure 4.24 Comparison of Sulphate Concentrations in the Alsands Drain and
Jackpine, Muskeg and Shelley Creeks, 1974 - 2001

75th Percentile

25th Percentile

= Minimum

¢ Mean

= Median

= Maximum

1000

100 ~

Sulphate (mg/L)
=

T
]

Dos s

0.1

Alsands Drain
(34)

Note: Sample size shown in Parenthesis.

Jackpine Creek

(90)

Shelley Creek

an

Golder Associates

Muskeg Creek

(43)



RAMP Five Year Report 4-64 May 2003
Water Quality

Figure 4.25 Sulphate Concentrations Observed in the Alsands Drain Between
1997 and 2001
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Ouitflows from two polishing ponds are also situated between the upstream and
downstream assessment points. These two ponds, Pond 3 and Pond 5, have been
receiving muskeg drainage and overburden dewatering waters from the MROSP
since the beginning of 2000. However, the ionic content of the waters
discharging through Ponds 3 and 5 was different than that of the waters passing
through the Alsands Drain since April 1, 1998 (Figure 4.26). Specificaly,
sulphate concentrations were much higher in the Alsands Drain than in either
Pond 3 or Pond 5 (i.e, average of 289 mg/L in the Alsands Drain versus
64.2 mg/L across Ponds 3 and 5). Flow rates through Ponds 3 and 5 were also
lower than those through Pond 2 and, subsequently, the Alsands Drain
(C. Theriault, Albian Sands Energy Inc., pers. com. 2003).

Together, these findings suggest that the increased sulphate levels observed
downstream of development in the Muskeg River after April 1, 1998, resulted
from the discharge of high sulphate waters through the Alsands Drain. Based on
the variations observed between the sulphate content of waters passing through
the Alsands Drain and those flowing through Ponds 3 and 5, it would appear that
one or both of the following hypotheses may explain the observed variation:
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e The areas being dewatered and drained to the Alsands Drain are unique
in relation to their water quality characteristics, hence, the observed
differencesin water quality between Pond 2 and Ponds 3 and 5.

e Other types of waters have been released to the Alsands Drain.

RAMP is an aguatic effects monitoring program; the core program is not
specifically designed to determine the cause of changes in water quality. Thus,
the above are hypotheses requiring further study, possibly as part of the non-core
program.

4.3.2.3 Conclusions and Recommendations

Based on the ordination plots derived from the three PCAs discussed in
Section 4.2.1, it appears that:

e metals and TSS concentrations in the Athabasca River are typically
higher than those observed in its tributaries;

e magjor ion levels tend to vary to a smaller extent in the Athabasca River
mainstem, in comparison to sampled tributaries located downstream of
Fort McMurray;

e total metal concentrations in the Muskeg River are generaly lower than
those in the other tributaries sasmpled by RAMP; and

o McClelland and Kearl lakes are unique with reference to each other and
to Shipyard and Isadore’ s lakes in terms of their metals, TSS and magjor
ion content, whereas the latter two lakes tend to contain similar metal,
TSS and major ion levels.

More detailed examination of the Athabasca River revealed that water quality
within the river does not appear to have been affected by cumulative
development situated downstream of Fort McMurray since 1976. With the
exception of sulphate, development also does not appear to have affected water
quality in the Muskeg River. Sulphate levels have significantly increased
downstream of current oil sands facilities since the initiation of development.

For the reasons outlined in Section 4.3.2.2, the increased sulphate levels observed
downstream of development in the Muskeg River after April 1, 1998, result from
the discharge of high sulphate waters through the Alsands Drain. Based on the
variations observed between the sulphate content of waters passing through the
Alsands Drain and those flowing through Ponds 3 and 5, it would appear that one
or both of the following hypotheses may explain the observed variation:

Golder Associates
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e The areas being dewatered and drained to the Alsands Drain are unique
in relation to their water quality characteristics, hence, the observed
differencesin water quality between Pond 2 and Ponds 3 and 5.

e Other types of waters have been released to the Alsands Drain.

It is recommended that the source of the sulphate entering the Alsands Drain be
identified to determine (1) if it is associated with the area being dewatered or if
other types of water were discharged to the Alsands Drain, and (2) if the release
of high sulphate waters is expected to continue. It is also recommended that a
review of available toxicological information for sulphate be undertaken to
determine if an ecological threshold can be established for the Muskeg River
beyond which detrimental ecological effects may be expected to occur.

4.3.3 Ability to Detect Change

The ability of the current RAMP sampling program to detect significant temporal
variations in water quality at a given location was evaluated based on the
minimum data requirements of the chosen statistical test procedure. The ability
of the current sampling program to detect significant spatial variations was
examined using power analysis. The focus of the power analysis was to resolve
the power associated with the statistical tests used to examine potentially
significant differences in water quality in the Athabasca River upstream and
downstream of devel opment.

The Muskeg River was not included the power analysis, because, as outlined in
Section 4.3.2.2, significant variations that may be caused by oil sands
development in the basin were identified by the interaction term included in the
ANOVA. Based on Zar (1984), power analysis on an interaction term is limited
to looking at the power of a performed test. One cannot calculate minimum
detectable differences or other useful statistics from this type of retrospective
analysis, asoutlined by Steidl et al. (1997).

4.3.3.1 Temporal Trends

The Seasonal Kendall test for trend is a nonparametric test that relies on relative
magnitudes of the data rather than absolute values. Significance of a trend is
determined by looking at how often and how consistently data collected through
time are higher or lower than previously collected data, while accounting for
seasonal effects (Gilbert 1987). A minimum of four data points per season are
required for thistest. Test resolution also improves with increased sampling.
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43.3.2
Methods

As the program is currently designed, RAMP collects three years of seasonal
water quality data (one sample per season) to define baseline conditions prior to
development (Golder 2002f). It is recommended that the RAMP Water and
Sediment Subgroup of the Technical Subcommittee consider expanding this
period of baseline characterization from three to more than five years. This
expansion would allow the subcommittee to determine statistically if temporal
trends detected after the initiation of development were already occurring under
baseline conditions. More than five years of baseline data would also allow for
“before and after” comparisons to test for potentially significant step changes,
with more reasonable estimates of baseline variance than can be provided with
only three baseline samples.

This recommendation should not affect the amount of baseline data required to
complete the water quality component of an EIA. As has been demonstrated in
Suncor (1998), TrueNorth (2001) and Golder and Cantox (2002), available
bascline data can be effectively supplemented by using information from
comparable waterbodies and/or probabilistic distributions developed from
existing data to predict impactsin an EIA.

Spatial Trends

Power analyses were used to examine the resolution of the current RAMP water
quality sampling program. Specific attention was focused on the one-way
ANOVA used to assess spatial variations in the Athabasca River in terms of the
effect size, or relative difference, required for samples to be deemed significantly
different. The effect size associated with each ANOV A was estimated using the
following equation from Zar (1984):

& = (2¢k*s* ¢?/n)>°

where: & =effect size
& = variance associated with the error term in the relevant ANOVA
k =number of levelsfor the factor in question
¢ =non-centrality parameter

n =samples per location

The vaue of the non-centrality parameter is dependant on three other parameters:
the degrees of freedom (DF) associated with the factor in question, the DF
associated with the error term and the assumed power of thetest. In this case, the
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factor in question was location, and there were two locations or “levels’ of
interest (i.e., upstream of Fort McMurray and near Old Fort). Therefore, “k” was
assigned a value of 2, and the DF associated with location was 1 (i.e., k-1).
Other assumptions or values used in the analysis are summarized below:

o effect sizes were estimated using a power of 80%;

o the DF associated with error term were estimated by subtracting the DF
associated with the location, season and year terms from the total DF
available for each ANOVA;

o the non-centrality parameter for each of the three levels of power was
derived by using Figure B.1 from Zar (1984); and

o thevariable n (samples per location) varied by parameter and was based
on the number of samples available upstream of Fort McMurray, with
the exception of Athabasca PC1 and Athabasca PC2; for these two
parameters, n was based on the number of samples available near Old
Fort, because fewer data were available at this location.

Power analysis is based on the underlying assumption of equa replication
(i.e., same number of samples for each location) (Zar 1984). In this case, sample
numbers varied by location, with more data typically available to describe
instream conditions near Old Fort than in the Athabasca River upstream of Fort
McMurray. As such, the effect sizes discussed herein are approximate and may
not describe the exact resolution of each ANOVA used to detect significant
spatial variations along the length of the Athabasca River.

Parameters considered in this analysis included those discussed in Section 4.3.2.2
where no significant differences in instream concentrations were observed
between the two locations. These parameters included Athabasca PCL,
Athabasca PC2, DOC, TDS, TKN, total aluminum, total boron and total
chromium. The remaining five parameters (i.e., sulphate, pH, total akalinity,
TSS and TP) were not examined, because significant differences were detected in
the original analysis. By definition, the variation in concentrations observed
between the two locations was, therefore, greater than the minimal detectable
difference afforded by the relevant ANOVA.

Results and Discussion

The resolution of the ANOVASs used to test for possible significant variations in
the Athabasca River was estimated to range from + 815% for Athabasca PC1 to
approximately + 6% for TDS (Table 4.25). These values suggest that TDS
concentrations, for example, near Old Fort would have to be, on average, at least
6% higher or lower than those upstream of Fort McMurray for the difference to
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Table 4.25

be dtatistically significant. The variation in resolution among the different
parameters resulted from differences in data availability and levels of within-site
variability. Resolution was lowest for those parameters (e.g., Athabasca PC1,
Athabasca PC2 and total boron) with the fewest samples and/or greatest level of
within-site variability.

The average observed difference in TDS concentrations between the two
locations was 6%, which is equivalent to the estimated effect size, or minimum
detectable difference, required for a significant test result (Table 4.25).
However, as indicated in Table 4.22, this observed 6% difference was not found
to be statistically significant. This paradoxical finding results from the fact that
there was unequal replication between the two sites, whereas power anaysis is
based on the underlying assumption of equal replication. As such, the minimum
detectable differences put forth in Table 4.25 likely under-estimate the actual
differences required to conclude that concentrations near Old Fort are statistically
different from those observed upstream of Fort McMurray.

Resolution of the ANOVAs Used to Detect Significant Spatial
Variations in Water Quality in the Athabasca River

Observed Average Estimated Effect Size (%)
Concentration @ Ditt at a Power of 80%©
ifference
Parameter Upstream of | \ o4 (©%)®
Fort Increase Decrease
Fort
McMurray

Athabasca PC1 -0.074 -0.07 -5 814 -814
Athabasca PC2 0.254 0.552 117 215 -215
Dissolved organic carbon| 8.3 8.6 4 12 -11
Total dissolved solids® | 178 189 6 6 -5
Total Kjeldahl nitrogen 0.54 0.52 -4 17 -15
Total aluminum 0.245 0.240 -2 139 -58
Total boron 0.029 0.022 -24 228 -70
Total chromium 0.0023 0.0024 4 59 -37

@ Units are mg/L, except for Athabasca PC1 (unitless) and Athabasca PC2 (unitless).

® calculated as (concentration near Old Fort - concentration upstream of Fort McMurray)/
concentration upstream of Fort McMurray * 100.

©

Effect size is expressed as a percentage of the average concentration observed upstream of Fort

McMurray (i.e., minimum detectable difference/average concentration observed upstream of Fort
McMurray * 100). Since statistical analysis was done using log-transformed abundance data,
effect sizes differ depending on direction when back-transformed. Athabasca PC1 and Athabasca
PC2 were not back-transformed for analysis, which is why % increases and % decreases are equal
for these two parameters.
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4.3.3.3 Conclusions and Recommendations

The Seasona-Kendall test for trend requires at least four samples per season to detect
a significant upward or downward trend. As previoudly stated, RAMP currently
collects three years of seasonal water quality data (one sample per season) to
define baseline conditions prior to development (Golder 2002f). It is
recommended that the RAMP Water and Sediment Subgroup of the Technical
Subcommittee consider expanding this period of baseline characterization from
threeto five years. This expansion would allow the subcommittee to determine if
temporal trends detected after the initiation of development were aready
occurring under baseline conditions. Five years of baseline data would also
allow for “before and after” comparisons to test for potentially significant step
changes, with more reasonable estimates of baseline variance than can be
provided with only three baseline samples.

With respect to identifying spatial trends, the relative difference required for
water quality near Old Fort to be deemed significantly different from that
observed upstream of Fort McMurray was estimated to range from + 815% for
Athabasca PC1 to approximately + 6% for TDS. However, because, of unequal
replication, the minimum detectable differences discussed herein likely under-
estimate the actual differences required to conclude that concentrations near Old
Fort are statistically different from those observed upstream of Fort McMurray.

4.4 MONITORING TO VERIFY EIA PREDICTIONS

Whether the information collected by RAMP can be used to verify EIA
predictions was addressed through an examination of the following questions:

o Are RAMP water quality sites situated in appropriate locations (e.g., at
or near EIA water quality assessment nodes or other relevant areas)?

o Are water samples collected by RAMP being analyzed for al of the
water quality assessment parameters discussed in recent EIAS?

¢ Is RAMP callecting or otherwise obtaining the type of water quality
information required to differentiate natural variability from changes
associated with human activities?

4.4.1 Sampling Locations

As outlined in, for example, Shell (1997), TrueNorth (2001) and Golder and
Cantox (2002), EIA water quality assessment nodes are situated downstream of
existing, approved and planned developments within the relevant watershed(s).
In tributaries to the Athabasca River, this results in assessment nodes typically
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being placed at river or creek mouths. Within the Athabasca River, assessment
nodes are placed downstream of the incoming tributary(ies) scheduled for
development. Water quality samples collected by RAMP have generally been
taken at the mouth of potentially affect tributaries, consistent with assessment
node locations. However, within the Athabasca River, RAMP water quality
sampling sites are currently positioned upstream, not downstream, of selected
tributaries.

The decison to situate water quality sampling sites upstream of selected
tributaries within the Athabasca River was based on a desire to be consistent with
the sampling design outlined by AENV in the MROSP's EPEA approval
(i.e., Approval # 20809-00-01). This design specifies that samples from the
receiving stream are to be collected upstream of relevant discharge outfalls.
Locating water quality sampling sites upstream, rather than downstream, of the
pertinent tributaries does not, however, preclude verification of EIA predictions.
Each site can be used to monitor potential effects from upstream operations.
Further, the inclusion of the upstream of the Embarras River site near Old Fort
permits the potential verification of cumulative development within the basin.
Therefore, the answer to the first question is yes, RAMP water quality sample
sites are situated in appropriate locations.

4.4.2 Analytical Parameter List

The standard RAMP water quality parameter list contains all of the substances
included in relevant sections of recent ElIAs (e.g., Golder and Cantox 2002), with
the exception of acrylamide and polyacrylamide. Fish health and tainting indices
and measures of acute and chronic aguatic toxicity have also been included in the
