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PLAIN LANGUAGE SUMMARY 

Summary 
Imperial Norman Wells Operations owned and operated by Imperial Oil Resources 
N.W.T. Limited (Imperial), is an upstream oil and gas facility located approximately 
700 km northwest of Yellowknife, Northwest Territories (NT), 150 km south of the 
Arctic Circle in the Town of Norman Wells and the Sahtu Settlement Area (SSA). 
Operations include a central processing facility, which receives production from the 
mainland, along the north-eastern shore of the Mackenzie River, natural islands (Goose 
Island, Bear Island, and Frenchy’s Island), and six artificial islands (Figure 1). 

In 2015 Imperial’s application for a 10 year Water Licence was approved by the Sahtu 
Land and Water Board (SLWB) which grants Imperial permission to use water from the 
Mackenzie River. The licence includes rules about how much water can be taken, the 
quality of water returned to the environment, and how Imperial will monitor to check 
for potential impacts on surface water and groundwater. The licence requires Imperial 
to develop and maintain a variety of monitoring plans and other initiatives related to 
managing the Operation including the execution of an Aquatic Effects Monitoring 
Program (AEMP). 

What is an Aquatic Effects Monitoring Program? 
The Norman Wells Operations AEMP was created to satisfy requirements in Imperial’s 
Water Licence. These requirements include monitoring potential effects from Imperial’s 
operation, evaluating immediate or long-term significance of potential aquatic effects 
as required, measuring the effect activities may be having on water, and identifying if 
steps are needed to prevent serious or permanent damage to aquatic life. 

The Program was developed with input gathered from stakeholders through workshops. 
The workshops followed the Guidelines for Designing and Implementing an Aquatic 
Effects Monitoring Program for Development Projects in the Northwest Territories 
(Indian and Northern Affairs Canada, 2009). These guidelines are intended to be applied 
to new projects. As Norman Wells has been in operation for many years, these 
guidelines were adapted to apply to a mature operation while still aiming to meet the 
intent of the guidelines. 
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This plan talks about: 
• Previous work and studies of the aquatic environment of Norman Wells. 
• When, where, and how Imperial will collect samples. 
• How the sampling results will be studied so Imperial can determine if things are 

changing because of something unusual, or just because it normally changes 
with the seasons.  

• Sharing what Imperial finds and how it relates to fish health. 
• How Imperial would do extra work if the water is changing more than normal 

so Imperial can figure out why and determine how to respond. 

What, where, and when will water be measured? 
If impacts are to be observed within the aquatic environment, water quality will provide 
a quicker response to that which is changing. Focusing on water quality within the 
receiving environment allows Imperial the ability to make adjustments to operating 
procedures to further protect the Mackenzie River. 

Traditional Knowledge gathered during Imperial’s water licence renewal along with the 
knowledge shared during the workshops was used to pick the sampling locations, and 
to help Imperial decide what to ask and what to look for. Below is a map of the sample 
locations. Imperial will collect samples between May and November when the 
groundwater and surface water is not frozen. In addition, fish monitoring is proposed as 
outlined in Section 5. 

There are other parameters, along with water quality, that are collected and analyzed 
outside of the operations AEMP. One such program is the Closure and Reclamation 
Plan which is intended to monitor and reclaim any historic impact. The results of this 
work has the opportunity to help inform the operational practices where applicable. 
Similarly, the operational information also helps inform the closure and reclamation 
practices. 
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What will Imperial do if an unnatural change shows up? 
Imperial will apply scientific tools of statistical analysis to detect a change in sampling 
results, and to help sort meaningful trends from noise. If a sample result does not fall 
within the natural range, Imperial will look at historical information to determine if there 
is a change because of our activities. If change is detected in the water, then Imperial 
will look at what could be done focusing on the receptors sensitive to the change it 
found. Additional work could include: 

• Increase sample frequency (confirmatory, short term); 
• Addition of other sampling methods (intermediate term); 
• Sampling of biota; or, 
• More evaluation of previous reports and studies. 
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Does Imperial do all this alone? 
Imperial will share all of the data that is measured, the trends and graphs, whether there 
are any warning signs, and how the warning signs are being dealt with. Imperial will 
share relevant AEMP data directly with the community as part of our ongoing 
community engagement and outreach – for example during community visits every 
two years (if the community requests). This information will also be shared in the 
Annual Water Use Report that Imperial is required to submit to the SLWB each year as 
part of our water licence and will be posted on the SLWB’s Public Registry. Questions 
or concerns on the AEMP can be directed to the SLWB or to Imperial’s Norman Wells 
Community Affairs Advisor. 

  

http://www.mvlwb.ca/Boards/slwb/Registry/2013/S13L1-007%20-%20Imperial%20Oil%20Resources%20Ltd/S13L1-007%20-%20Water%20Licence%20Renewal%20Application%20-%20Aug%2027_13.pdf
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GLOSSARY 

Term Description 
 

Adaptive Management An approach that responds to a change that is determined to be 
an ecological effect as a result of the stressors at the Imperial site 
to develop additional monitoring aspects for the AEMP. 
 

Adaptive Monitoring An approach that responds to a potential effect by triggering 
confirmation steps which may include changing the frequency of 
monitoring and the extent and magnitude of monitoring. 
 

AEMP Aquatic Effects Monitoring Program 
 

Background Chemistry Statistical ranges for the parameters, measured across site-wide 
hydrogeological zones. 
 

Baseline Chemistry Data that serves as a basis for comparison with the subsequently 
acquired data. 
 

CMP This is a community-based approach for monitoring that involves 
communities identifying water-related concerns in the form of 
questions that can be addressed through monitoring. 
 

Control-Impact Control-impact designs compare areas potentially affected with 
those that cannot be because of geographical location or 
sequence in time. 
 

Gradient Gradient designs for monitoring recognize that other physical, 
chemical, or biological variables may be correlated with the 
indicators of interest, and that some of the residual variability in 
the value of the indicator may be removed by incorporating such 
covariates into statistical analyses. 
 



 

Norman Wells Operation Aquatics Effect Monitoring Plan Page 13 of 145 
Imperial Oil Resources N.W.T. Limited October 2019 

Groundwater Water located beneath the surface that exists in the pore spaces 
of soil and rock formations. 
 

GWMP Groundwater Monitoring Program; Imperial monitors select 
groundwater wells across the operating site. The groundwater 
wells included in this program are located in proximity to 
operating facilities and near potential receptors. 
 

Imperial site Norman Wells Operations 
 

Imperial Environmental 
Services (IES) 

A department within Imperial, responsible for abandonment, 
remediation, and reclamation activities. 
 

Low Action Level Conditions that if exceed would trigger the adaptive management 
approach. 
 

Modifying Factors Factors that would make the effect better or worse. 
 

Norman Wells 
Operations 

The department within Imperial that is responsible for the 
operation and decision making associated with all well sites, 
flowlines, the central processing facility and maintenance 
activities. 
 

Pathway How a stressor can reach the environment. 
 

Receptor What could be impacted 
 

Reference Condition 
Approach 

The reference condition approach (RCA) uses a pre-established 
biological and environmental dataset of sites representative of 
unimpaired conditions (reference sites). This dataset is used to 
match a set of environmental variables to biological conditions 
using predictive models. 
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Risk The probability of something having a negative effect 
 

SNP Surface Water Program; Imperial tests the water quality of the 
water entering and the leaving the operations as well areas of the 
site where snow melt and runoff collect (e.g. impound basins, 
ditches, bunkers) 
 

Stressor An activity that can have an effect on the water environment. 
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1 INTRODUCTION 

Norman Wells Operations, owned and operated by Imperial Oil Resources 
N.W.T. Limited (Imperial), is an upstream oil and gas facility located 
approximately 700 km northwest of Yellowknife, Northwest Territories (NT). 
Operations include a central processing facility, which receives production from 
the mainland, along the north-eastern shore of the Mackenzie River, natural 
islands (Goose Island, Bear Island, and Frenchy’s Island), and six artificial 
islands (Figure 1). 

Imperial currently holds a Type A Water Licence, S13L1-007 (renewal of 
Licence S03L1-001), which was approved by the Sahtu Land and Water Board 
(SLWB) on March 5, 2015. The licence is used to regulate the use of water 
resources and the deposits of waste as they pertain to Imperial, and expires 
March 4, 2025. 

The Norman Wells Operations Aquatics Effects Monitoring Program (AEMP) 
was created to satisfy Imperial’s Water Licence S13L1-007, Part I, Condition 1 
and developed in accordance with Guidelines for Designing and Implementing 
Aquatic Effects Monitoring Program for Development Projects in the Northwest 
Territories (Indian and Northern Affairs Canada, 2009), the Mackenzie Valley 
Land and Water Board’s (MVLWB) guiding document titled Standard Outline 
for Management Plans and MVLWB and the Government of the Northwest 
Territories (GNWT) Guidelines for Aquatic Effects Monitoring Programs 
(MVVWB and GNWT, 2019). The AEMP is to be submitted by March 4th, 
2016, as required under Water Licence S13L1-007. 

Arctic ecosystems experience high variability from year to year, including large 
swings in population sizes. Small changes in population are likely to remain 
undetected, and large changes may be the result of other factors, including 
natural population cycles. This can make separating human induced effects from 
natural factors difficult or impossible (AMAP 2007). Variability is natural, and 
assessment of effects outside of normal change is a complex task that includes 
determining the geographic extent and ecological impacts the Imperial 
operations may have on the receiving environment. Effects assessment relates 
to the human caused changes on the receiving environment to potential changes 
in the biological communities outside of the natural variability from year to year. 
Thus, an effects assessment may include integration of the results from a number 
of disciplines, as required. 
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The basic requirement for an effects assessment is a well-devised, scientifically 
defensible study plan. To develop an appropriate study plan, the objectives of 
the assessment need to be clearly defined, and then the most suitable tests and 
analyses can be selected. The objectives of the study will be defined by the 
nature of the issue identified, usually as a result of monitoring programs. 

The objective of this plan is to: 

1. Provide a description of Imperial activities that may impact water 
quality; 

2. Monitor the quality of the water; 

3. Conduct fish monitoring; 

4. Use the monitoring results to develop a statistical understanding of the 
natural variability in the water quality and fish (seasonality, unique 
geographical features such as seeps, etc.); 

5. Use the monitoring results to look for potential water quality impacts 
from Imperial; 

6. Assist stakeholders in understanding the natural changes in water quality 
and fish; 

7. Assist stakeholders in understanding the potential changes in water 
quality and fish by Imperial; and, 

8. Meet the requirements of the Water Licence S13L1-007. 

This plan includes: 

• An overview of Imperial’s Norman Wells' site. 

• A description of the water environment at Norman Wells. 

• A description of the process taken to design the AEMP 

• A summary of the scope of this AEMP. 

• Details of the AEMP, sampling frequency, and constituents to be 
sampled. 
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• The process for evaluating the data collected. 

• An adaptive monitoring plan if negative trends from Imperial’s 
operations are seen in the water environment outside of the natural 
variability. 

It is important to note that this plan is not intended to monitor and track progress 
of reclamation and remediation sites. A program, referred to as Closure and 
Reclamation, operates separately and is summarized in a separate annual report 
that is submitted to the SLWB. 

  



Figure 1: Imperial's Norman Wells Operations Map
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2 NORMAN WELLS OILFIELD SITE DESCRIPTION 

The following sections describe the operations, site location, and physical site 
characteristics. The physiography, surficial geology, terrain and vegetation 
characteristics have remained relatively unchanged since the 1980 
Environmental Impact Statement (Golder 2007). 

2.1 Site Location and Description of Operations 

Imperial produces oil from wells drilled in the vicinity of the Town of Norman 
Wells. The oil bearing reservoir lies largely under the Mackenzie River at depths 
ranging from 320 meters to 625 meters. Within the operation, there are active 
production and injection wells connected through a flowline network to a 
Central Processing Facility (CPF). 

Producing wells are located on the Mainland, the Natural Islands (Goose, Bear, 
and Frenchy’s), and the Artificial Islands (1-Rayuka, 2-Rampart, 3-Dehcho, 
4-Ekwe, 5-Iteh K’ee and 6-Little Bear). Crude oil production is received at the 
CPF, where it is processed for shipment via the Enbridge pipeline to Alberta.  
No refining is conducted on-site. 

2.2 Topography 

The Imperial site is located predominantly on the north shore of the Mackenzie 
River (Figure 1). Elevations range from approximately 50 to 70 metres above 
sea level (masl). The river flows in a west-northwesterly direction past the Town 
of Norman Wells. The valley within which this major river flows is bounded on 
the south by the Mackenzie Mountains and on the north by the Franklin 
Mountains. 

The topography along the northern riverbank rises steeply from the lower flood 
plain to a relatively flat terrace about 65 masl. The site is dissected by Bosworth 
Creek, a steep-banked drainage feature that is confined to a relatively narrow 
valley. The site itself is situated on an upper terrace of the Mackenzie River, 
approximately 15 m above average water level. The eastern slope of the 
Bosworth Creek valley is quite steep, having an angle of roughly 35°. 
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2.3 Bedrock 

Beneath recent glacial and post-glacial sediments in the Mackenzie Valley are 
the Cretaceous and Devonian-aged Imperial and Canol Formations (Figure 2). 
The Imperial Formation comprises of interbedded sandstones, siltstones, and 
shales and is underlain by the Canol Formations. The fractured shale is highly 
bituminous, and is the interval in which the original oil discovery was made. 
Below the highly bituminous interval, is up to 100 meters of oil saturated reef 
limestone, known as the Kee Scarp Formation. The contact between the 
formations forms a stratigraphic trap reservoir (accumulates oil), the source of 
the oil extracted by Imperial. Local folding and fracturing of the shales, 
siltstones and sandstones overlying the oil saturated Kee Scarp has resulted in 
natural seepages at ground surface. 

 
Figure 2: Detail of the Main Hydrocarbon Reservoir 

2.4 Sediments 

Details of the Mackenzie Valley Quaternary history are described by Mackay 
and Mathews (1973). The last period of glaciation (the Wisconsin) resulted in 
the deposition of a till veneer, as well as some pro glacial lake and spillway 
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deposits in portions of the area. In the vicinity of Norman Wells, remnants of 
glacio-lacustrine sediments are present. These sediments may be quite variable 
in texture, ranging from silt and clay-sized particles, to coarser sand and gravel 
lenses deposited during more active meltwater drainage episodes. 

2.5 Soils 

The dominant soils identified in the area of Norman Wells include Static and 
Turbic Cryosols, which have developed on either alluvial or morainal parent 
materials (Hardy Associates (1978) Ltd. 1980). Localized areas of Organic 
Cryosols have also been noted overlying lacustrine deposits in depressional 
areas or around fens and local wetland areas. 

The thickness of the active layer is highly dependent on the time of year, aspect 
to the sun, proximity to buried infrastructure (e.g. underground flowlines), or 
degree of surface disturbance such as vegetation clearing or presence of open 
excavations. 

2.6 Permafrost 

The presence of discontinuous permafrost in the area influences local 
groundwater flow patterns. Ice lenses and the low conductivity associated with 
frozen soil in the subsurface act as barriers to groundwater movement. Two 
groundwater bearing intervals have been identified in the Norman Wells 
Operational area: a shallow discontinuous interval and a deeper unconfined 
interval. 

The Norman Wells area lies in a zone of discontinuous permafrost, where typical 
maximum permafrost thickness ranges from 50 to 65 m. Permafrost in the 
Norman Wells area is not uncommon and is regularly encountered at the 
Imperial site beneath roads and other locations. Differences in permafrost depth 
and thickness are evident, based on both non-intrusive (geophysical survey) and 
intrusive (borehole) investigations. In some areas, extensive unfrozen zones 
within the permafrost (taliks) have developed, separating the permafrost into ice 
lenses. 

In addition to the information provided above, an environmental description of 
the Imperial site can be found in Section 4 of Imperial’s 2013 Type A Water 
Licence Application located on the SLWB’s Public Registry. This includes 
information on surface and subsurface characteristics, site water management, 
and geotechnical characteristics.  
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2.7 Natural Seepage 

Oil Seeps have been known and used for thousands of years in northern Alaska, 
Canada, and Russia. The concentrations of petroleum hydrocarbons are 
generally low in the Arctic environment, and assessments indicate that the 
majority of them are from natural sources (AMAP 2007). Therefore, the 
presence of petroleum hydrocarbons is not necessarily linked to the presence 
and effect of oil and gas activities. 

The presence of natural seeps in the Sahtu Settlement Area, especially around 
the Town of Norman Wells, is known to predate Imperial’s operation. 
Traditional knowledge indicates seeps are regularly seen around Norman Wells 
particularly in the vicinity of the docks and above the town water supply, and 
that oil is seen when sediments are stirred up by barges (AMEC 2013). Many 
natural oil and gas seeps have been documented in the lower Mackenzie River 
Valley (see Section 9 Maps & Figures of Imperial’s 2013 Type A Water Licence 
Application S13L1-007 to the SLWB).  

Information regarding the natural seeps has been included to ensure natural 
seeps were not confused with operations activities. The historically documented 
seeps are presented in Figure 3 below. A larger reproduction of this Figure is 
available in Section 9 of Imperial’s 2013 Type A Water Licence Application 
located on the SLWB’s Public Registry. 

Natural oil and gas seepage continues to occur along the shoreline and below the 
riverbed in several locations. The surficial on-shore seeps are most visible at 
these specific locations: 

• Along the Mackenzie shoreline upstream and downstream of the former 
Refinery area; 

• Within the Bosworth Creek Delta area;  
• Along the Mackenzie shoreline below the F-28X well; and,  
• At Seepage Lake (between the Former Refinery area and Bosworth 

Creek) 

The presence of seeps may lead to a natural source of hydrocarbons in the 
groundwater and surface water at the Imperial site. 

  



Figure 3: Location of Observed Seeps in Norman Wells Area
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2.8 Mackenzie River 

The Mackenzie River drainage basin is the largest river basin in Canada and the 
tenth largest river basin in the world. The Mackenzie River system flows  
roughly 4,200 km from the headwaters of the Athabasca River in the Columbia 
ice-field in Jasper National Park, Alberta, and the snowfields of the upper Peace 
River headlands in northeastern British Columbia to its final destination at the 
Beaufort Sea of the NWT (MRBB 2004).  

The Mackenzie River empties a volume of almost 10,000 cubic metres per 
second into the Beaufort Sea of the Arctic Ocean at the Mackenzie River delta, 
accounting for 60% of the freshwater that flows into the Arctic Ocean from 
Canada and about 9% of the freshwater discharged to all the oceans by all 
Canadian watersheds (MRBB 2004).  

The water levels in the Mackenzie River are quite variable throughout the year. 
Typical levels are approximately 41 masl during the winter, with short-term 
peaks of up to 51 masl (Komex 1980). Breakup of the Mackenzie River ice at 
Norman Wells usually occurs over a two-week period in May, and freeze-up 
typically occurs during a three-week period in October – November. The ice 
thickness of the Mackenzie River usually ranges from 1 to 1.5 m. 

Hydrological data (1962 to 2014) from the gauging station at Norman Wells 
(Water Survey of Canada Station 10KA001) demonstrates the large variability 
in Mackenzie River flows that occur over a year (Figure 4). Seasonal flows  
range from a monthly average of around 3,200 m3/s in March to 17,400 m3/s in 
June. The variability of flows that can be encountered during a month can be 
extreme, especially during the spring melt. For instance, flows recorded during 
the month of July have ranged from 8,540 m3/s to 24,700 m3/s (Figure 4). The 
lowest recorded daily flow between 1962 and 2014 was 1,680 m3/s on 
November 21-22, 1990. The largest recorded daily flow for the same time period 
was 33,300 m3/s on July 4, 1988. 
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Figure 4: Mackenzie River at Norman Wells Hydrological Data 
(1962 to 2014) 

The section of the Mackenzie River near Norman Wells is braided with many 
permanent islands, exposed sand and silt bars, and side channels. The primary 
fish habitat type is a deep run with some shallow flats along the shore margins 
(Mackenzie Gas Project Volume 3 Section 7, 2004). Channel bed material was 
dominated by sand with some gravel and cobble. Water depth and some woody 
debris are the main instream cover. Fish documented near Norman Wells during 
previous programs include at least 16 species (Mackenzie Gas Project Volume 3 
Section 7, 2004). They have included 10 large bodied and 6 small bodied.  
The dominant large body species was the longnose sucker, but Arctic grayling, 
northern pike, walleye, goldeye, burbot, inconnu, mountain whitefish, broad 
whitefish, and Arctic lamprey were observed as well.  

The run habitat along the right downstream bank near the Town of Norman 
Wells is suitable for rearing, and adult feeding and holding by species such as 
northern pike, longnose sucker, whitefish species and burbot (Mackenzie Gas 
Project Volume 3 Section 7, 2004). Spawning is unlikely; however, gravel and 
higher velocity waters along existing dock structures might provide small 
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potential spawning areas for species such as longnose sucker and whitefish 
species. Protected depositional areas, backwater, and near shore shallow flat 
habitats might be used in the open water season for rearing by longnose sucker, 
northern pike, inconnu, Arctic grayling walleye, and small bodied fish species. 

2.9 Bosworth Creek 

Bosworth Creek drains a small watershed near the town of Norman Wells, in the 
Sahtu Settlement Area of the Northwest Territories. Bosworth Creek is a small 
watershed, approximately 125 km2, which originates at the outlet of Jackfish 
(Hodgson) Lake and travels northwest approximately 8 km and then southwest 
towards the Town of Norman Wells to eventually drain into the Mackenzie River 
(Collins et al., 2011). The underlying geology is characterized by postglacial 
lacustrine plain deposits over bedrock that includes shale and limestone, and silt 
and clay ground moraine deposits. Bosworth Creek is an important part of the 
local landscape and is used frequently by local residents for recreation. 

Hydrological data (1980 – 1994, 2008 – 2014) from the gauging station on 
Bosworth Creek (Water Survey of Canada Station 10KA007) shows the 
variability in flows that occur over a year (Figure 5). Seasonal flows range from 
a monthly average of around 0.15 m3/s in March to 3.01 m3/s in May. The 
variability of flows in Bosworth Creek can also be extreme as flows recorded 
during the month of May have ranged from 1.59 m3/s to 6.11 m3/s (Figure 5). 
The lowest recorded daily flow from the Water Survey of Canada data was 
0.03 m3/s on May 1, 2008. The largest recorded daily flow for the same time 
period was 19.7 m3/s on May 6, 1991. 

Seasonal habitat surveys were completed for Bosworth Creek as part of the 
Mackenzie Gas Project in 2002. Wetted channel widths along the stream varied 
from 3.5 to 16 m. Fish habitat was primarily riffles, with the remainder 
composed of shallow run and some moderate-depth run habitat. Coarse gravel 
and cobble substrate predominated in most habitat types. Unstable or slumping 
banks were common, with both banks showing signs of erosion at high flow. 
The amount of instream cover was moderate, provided primarily by overhanging 
vegetation. Riparian vegetation was predominantly shrubs, with coniferous 
forest habitat farther back from the banks (Mackenzie Gas Project Volume 3 
Section 7, 2004). Fish species previously found in Bosworth Creek include 
Arctic grayling, burbot, longnose sucker, white sucker, lake chub, emerald 
shiner, longnose dace, slimy sculpin, and ninespine stickleback. Arctic grayling 
was the most frequently captured species with emerald shiner the second most 
abundant (Mackenzie Gas Project Volume 3 Section 7, 2004). 
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The shallow depth of the riffles and runs, and the lack of deep pools, would limit, 
but not preclude, adult feeding and holding use by most species. Clean gravel 
areas at the tails of riffles could provide habitat for spawning and egg incubating 
for Arctic grayling and suckers. Habitat conditions would likely not be suitable 
for juvenile burbot rearing or adult feeding and holding, because of the 
shallowness, high gradient, and fast flow. The shallow depth of the riffle and  
run habitats would preclude overwintering or spawning use by fall or winter 
spawning species (Mackenzie Gas Project Volume 3 Section 7, 2004). 

 

 

Figure 5: Bosworth Creek Hydrological Data (1980-1994, 2008-2014) 
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2.10 Traditional Knowledge 

As part of the water licence renewal application, Imperial updated the 
Environmental Map of the area with information from the residents of Norman 
Wells and Fort Good Hope about their traditional knowledge and traditional use 
of the Mackenzie River. 

The Mackenzie River forms a significant resource to the residents of Norman 
Wells and Fort Good Hope and their way of life. It provides access to food and 
water supply, it is used for transportation, and it is important during harvesting 
seasons. Local elders who regularly use the Mackenzie River were asked to 
share their knowledge on the river and the surrounding area, and this information 
was used to update a river map that was created in 1993. 

Valuable information was shared about the physical features, biological, and 
cultural resources along the Mackenzie River. These included: 

• Changes in islands, vegetation, and access points; 
• Timing of break-up and freeze-up; 
• Location of natural seeps, and hydrocarbons;  
• Location of fish and fish types; 
• Location of moose and other large animals; 
• Types of migratory birds, and their gathering and nesting areas; 
• Seasonal uses of the river and shoreline; and, 
• Locations or cabins, burial, cultural, and spiritual sites. 

Figure 6 shows the portion of the Environmental Map for the area surrounding 
the Norman Wells Operation. This map is an important tool and was used to  
help select monitoring locations for the AEMP. 
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Figure 6: Environmental Map for the area surrounding the Norman Wells Operation
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3 AQUATIC EFFECTS MONITORING PROGRAM 

In the late 1990’s to early 2000’s, the need for guidance on the development of 
Aquatic Effects Management Programs (AEMPs) was identified by numerous 
participants involved in the water licencing process in the Northwest Territories 
(Indian and Northern Affairs Canada, 2009). In response to this interest, 
Guidelines for Designing and Implementing Aquatic Effects Monitoring 
Programs Development Projects in the Northwest Territories were developed by 
Indian and Northern Affairs Canada (2009). These guidelines provide a step- 
by-step process when creating programs to monitor the health of the water 
environment (aquatic ecosystem) near large-scale development projects, from 
both a Traditional Knowledge and western science perspective. In 2019, the 
Land and Water Boards of the Mackenzie Valley (the Boards) and the GNWT 
collaborated in the development and release of the Guidelines for Aquatic 
Effects Monitoring Programs (MVVWB and GNWT 2019). 

In the Northwest Territories, an Aquatic Effects Monitoring Program (AEMP) 
must be designed and implemented as a requirement of the water licensing 
process for major development projects that could have adverse effects on the 
aquatic ecosystem. Such AEMPs must be designed and implemented in a 
manner that will provide the data and information needed to: 

• Determine if aquatic ecosystems and their uses are being adequately 
protected in areas affected by developmental activities; 

• Determine the short-term and long-term effects on aquatic ecosystems 
that occur in conjunction with the construction and/or operation of a 
project; 

• Evaluate the accuracy of the predictions that are made in environmental 
assessments regarding the impacts of a project on aquatic ecosystems, as 
applicable; 

• Assess the efficacy of impact mitigation measures that are used to 
minimize the effects of the project on aquatic ecosystems; and, 

• Identify the need for additional impact mitigation measures to reduce or 
eliminate project-related effects on aquatic ecosystems. 

Although the Norman Wells site has been around since the 1920’s and is not a 
new major development, Imperial is required to develop an AEMP to satisfy 
Water Licence S13L1-007, Part I, Condition 1. A Working Group (WG) was 
established by the Sahtu Land and Water Board (SLWB) to support the 
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development of a new Aquatic Effects Monitoring Program for Imperial’s 
Norman Wells Operations. The terms of reference are provided in Appendix A. 

The goals of the working group include outlining goals, standards, timelines, 
consultation requirements, methodologies, and Quality Assurance/Quality 
Control (QA/QC). A list of organizations that participated in the working group 
is provided in Table 1. 

The working group was established to provide Imperial with suggestions and 
advice on items for consideration in the development of the AEMP. The  
working group is the method in which the AEMP process provides an 
opportunity to address issues, concerns, and needs held by communities and land 
claim organizations.  

Table 1: AEMP Working Group Participating Organizations 
Aboriginal Affairs and 
Northern Development 

Canada 

Fisheries and Oceans 
Canada 

Sahtu Land Water Board 

Charter Community of 
Deline 

Government of the 
Northwest Territories 

(GNWT) 

Sahtu Renewable 
Resource Board 

Deline Land Corporation GNWT – Environmental 
and Natural Resources 

Sahtu Secretariat 
Incorporated 

Deline Land Resources 
Council 

Imperial Yamoga Land Corp 

Deline Renewable 
Resource Council 

Norman Wells Renewable 
Resources Council 

Yamoga Renewable 
Resources Council 

Environment Canada Norman Wells Land Corp  

 

3.1 Overview 

Imperial is looking to build upon the work done for previous AEMP’s through 
questions on specific concerns about potential impacts related to Imperial’s site 
operations, instead of repeating monitoring activities from previous AEMP’s. 
The new AEMP needs to have a scope that is appropriate with the risks from the 
operations at Norman Wells. 
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The goal of the AEMP is to monitor potential effects from Imperial’s operation, 
and evaluate immediate or long-term significance of potential aquatic effects as 
required. As per discussion in Workshop #1, Imperial agreed to follow, where 
practical, the “Guidelines for Designing and Implementing Aquatic Effects 
Monitoring Programs for Development Projects in the Northwest Territories” 
(Indian and Northern Affairs Canada, 2009). It was identified that the guidelines 
were originally developed with the intent to establish AEMPs for new major 
developments, or projects. Imperial’s operation is not new; however, the 
guidelines can still be applied following a fit-for-purpose approach based on the 
risks from the Imperial site activities. 

The purpose of an AEMP is to measure the effect activities may be having on 
water, and identify if steps are needed to prevent serious or permanent damage 
to aquatic life. The Indian and Northern Affairs Canada (INAC) guidelines 
recommend an 8 step process. These are shown below along with where the 
Working Group Workshops were 
incorporated into the development 
process.  

 

 

Workshop #1- Nov 20, 2014 
1. Identify Issues and Concerns 

Workshop #2 – Sept 21, 2015 
2. Problem Formulation 
3. Develop Data Quality  

Objectives 
Workshop #3 – Jan 26, 2016 

4. Detailed AEMP Study Design 
5. Verification of Sampling Design 

Submission and Approval from SLWB  
6. Implementation 
7. Evaluation, Analysis 
8. Apply AEMP Results 

 

This process was followed in the development of the Imperial AEMP. The 
sections below will detail how Steps 1 through 4 were conducted over three 
workshops.  
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3.2 AEMP Development Process 

The follow sections present steps 1 through 4, and will describe how Imperial 
and the WG identified issues and concerns, developed a problem statement and 
quality objective, and created a study design. Verification of sampling design 
(Step #5) will occur through approval of the monitoring program by the SLWB. 
Implementation of the program (Step #6) will begin with the monitoring of the 
first available complete open water season. Evaluation, analysis, and the 
application of AEMP results (Steps #7 & #8) will occur throughout the execution 
of program, as required. 

3.2.1 Identify Issues and Concerns  

As per the INAC Guidelines, the first step in the development of AEMP is to 
identify the issues and concerns associated with a development. Typically, this 
step would occur before development took place, and would include descriptions 
of the type of proposed development, proposed changes to the landscape, and 
the subsequent proposed environmental management programs. However, as  
the Imperial Site has been in operation since the1920s, the issues and concerns 
were based on the existing operations and historical activities rather than on how 
a proposed development would change the aquatic environment.  

Workshop #1, which took place on November 20, 2014, was intended to be an 
opportunity to address the identification of issues and concerns associated with 
the continued operation of the Imperial site. Imperial shared information on the 
existing water use and monitoring programs. The water monitoring described 
was the Imperial Surveillance Network Program (SNP), which includes the 
monitoring of cooling water, surface runoff and groundwater. This discussion 
also included a review of natural oil seeps and the GNWT Community Based 
Water Quality Monitoring Program. 

In addition to the current operating practices, Imperial shared how past 
community input and traditional knowledge has been heard and has added to the 
understanding of the aquatic environment in the Norman Wells area. Workshop 
#1 built on these previous discussions, and was a platform to raise issues and 
concerns of the members of the working group. 
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Some of the concerns that were discussed during Workshop #1 include the 
following: 

• Sahtu people are seeing differences in the fish caught in the Mackenzie 
River.  

• The whole aquatic ecosystem needs to be included as indicators, not just 
fish. 

• The concern that the flow of the river and the location of sand bars has 
changed since the building of the artificial islands. 

• The artificial islands impact spring breakup and flow of the Mackenzie 
River. 

• Oil is seen in Bosworth Creek and Arctic grayling caught there have 
worms.  

• Animals that were common earlier are not seen as much anymore, 
beavers being an example.  

• There are continued concerns with the loche liver in the area around 
Norman Wells. 

• A concern was expressed with water usage and what effect this has on 
the flow of the river. 

• A concern was raised regarding the acceptability of the existing CCME 
Aquatic Life Guidelines in the area. 

62 issues and concerns were identified from the Community Based Water 
Quality Monitoring Program and Workshop #1. A comprehensive list was 
created by amalgamating the issues raised at the workshop, and those previously 
raised during the Water Licence Application Process. This list is located in 
Appendix B.  

3.2.2 Problem Formulation and Develop Data Quality Objectives  

The intent of the 2016 AEMP was to build on the previous work from the 2002 – 
2006 AEMP, and the problem statement was required to reflect that. Previous 
studies completed included the sampling of receptors, without analysis of 
potential sources and pathways which could cause an effect on the aquatic 
environment. For the 2016 AEMP, the approach was to develop an AEMP 
question that hadn’t been answered previously, by focusing on the sources and 
pathways. 

After Workshop #1, Imperial took the list of issues and concerns and grouped 
them together in order to adequately evaluate the areas. The 62 issues and 
concerns were grouped into nine categories: Aquatics, Communication, 
Geomorphology/River Change, Human Health, Regional, Vegetation, Water 
Quality, Water Quantity, and Wildlife. 
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These categories were presented at Workshop #2, which took place from 
September 21 to 22, 2015. The focus of the second workshop was on problem 
formulation and the development of data quality objectives. It started with a 
review of the issues and concerns identified from the Community Based Water 
Quality Monitoring Program and Workshop #1, as well as the proposed 
grouping of the items. 

Oil and gas operations comprise of many activities on the land and in and near 
water, which in turn are connected to the environment in many ways. Through 
the categorization of the issues, Imperial also identified stressors which could be 
associated with the concern or issue. Stressors are activities that can have a 
negative effect on the water environment. The AEMP will address stressors that 
may result from Imperial’s site, and how they relate to the issues and concerns 
identified.  

The stressors were presented and discussed as part of Workshop #2. Below are 
the stressors which were agreed to through that discussion, along with a brief 
description. 

• Artificial Islands Maintenance: Imperial’s main operational areas 
include six artificial islands (1 (Rayuka), 2 (Rampart), 3 (Dehcho), 
4 (Ekwe), 5 (Iteh K’ee), and 6 (Little Bear)). Annually these islands are 
inspected to ensure structural integrity. Depending on the inspection 
results, maintenance may be required to repair armoring and berms. 

• Barge/Boat Activity: In order to access cross river island facilities, 
Imperial maintains marine operations during open water season (June – 
October). The marine operations include a crew (passenger) boat for 
transporting workers, a barge for moving vehicles and equipment, as 
well as several emergency response boats on standby in the unlikely 
event of an emergency. 

• Bunker Wells: Bunker wells are production and water injection wells 
that are below ground in engineered structures. This means that all of  
the well components and piping are below ground and contained within 
the structure (“bunker”). Bunkers are equipped with lids that are bolted 
down before break up, and emergency shutdown systems that are 
activated automatically. 

• Cooling Water Return: Fresh water from the Mackenzie River is used in 
the CPF for once through cooling (cooling equipment) and freshwater 
injection. Water used for cooling is carried through tubes or pipes which 
prevent it from contacting other substances within the CPF. Similar to 
municipal drinking water systems, water is treated with chlorine to 
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prevent bacteria growth. As water enters the CPF it is tested at a location 
known as the “inlet”. After the water is tested and has completed its loop 
through the process it will end up in the settling pond. The settling pond 

allows for natural settling of any sand/silt in the water before being 
returned to the Mackenzie River. Water is tested again at a location 
known as the “outlet” before discharge to the river to ensure it is clean 
and safe. 

• Fuel Storage: A number of fuel storage locations (gasoline and diesel) 
exist across the site for the purpose of operation activities. Typical uses 
of fuel are marine activities, emergency generators, and equipment. 
Designated fuel storage locations are documented, under controlled 
access, and located in bermed areas. More information on fuel storage 
can be found in the Fuel Management Plan, a subset to the Spill 
Contingency and Response Plan filed with the SLWB. 

• Flowline Maintenance: Networks of flowlines are used at the Norman 
Wells site to connect the field operations (production areas) with the 
CPF. Depending on risk and age of the flowline, etc., maintenance 
schedules are put in place and may include maintenance pigging, 
chemical inhibition, and biocide applications. All of these maintenance 
type activities (e.g. chemical inhibition) are internal flowline 
applications. Inline inspection and defect assessments may also be 
completed to assess flowline condition, remaining life, and operating 
risk. In addition, flowlines that are buried under the Mackenzie River  
are subject to an annual bathymetric survey in which the depth of cover 
over the buried flowline is verified. On occasion Imperial has  
undertaken work to increase depth of cover on specific flowlines to 
ensure protection. A Flowline Integrity Management Plan is filed with 
the SLWB and provides more detail on the various flowline programs 
used on site. 

• Spills: While Imperial has procedures and processes to prevent spills, 
spills do occur from time to time but are reported and cleaned up. 

• Surface Water Release: During the spring/summer field season snow 
melt and rain water collect in ditches and impound basins. Often these 
collection areas are overcome by water and need to be managed to 
prevent overflow situations. As a result, Imperial undertakes surface 
water management activities. Activities include the collection of 
representative samples for field testing and/or laboratory analysis and 
controlled water releases to surrounding environments. Tested water  
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that meets the requirements in the water licence is released back into the 
environment. Data associated with surface water management activities 
is reported in the Monthly Water Use Report to the SWLB. 

• Waste Storage: Hazardous, non-hazardous, and industrial waste is 
generated and managed on site. Depending on the waste stream it may 
be treated on site or transported to facilities outside of the Northwest 
Territories for disposal. Domestic garbage is managed by services 
provided by the Town of Norman Wells, and is disposed of at the local 
landfill. 

• Water Use: Water is withdrawn from the Mackenzie River for once  
through cooling, for injection, and for some maintenance and operations 
uses. All water withdrawn is measured and reported in the Monthly 
Water Use Report to the SLWB. 

• Historical Activities: Imperial has been operating in Norman Wells  
since the 1920’s. Historical activities include but are not limited to, 
refinery operation, waste disposal, fire training grounds, etc. Imperial  
has a separate program that monitors and mitigates historical impacts.  
For more information on historical activities refer to the Annual Closure 
and Reclamation Report (formerly A&R Report) submitted to the SLWB 
and posted on the public registry. In addition, Imperial maintains a  
record of historical burial sites to ensure preservation of these sites for 
years to come. This information is captured on the Environmental Map 
(Figure 6) which is filed with the SLWB in the Spill Contingency and 
Response Plan. 

The development of data quality objectives are intended to determine what types 
of information are needed to answer our study question. The Stressor-Pathway-
Receptor approach for the AEMP was discussed as part of Workshop #2. A 
stressor is considered an activity that can have an effect on the water 
environment. Pathways are how a stressor can reach the environment.  
Receptors are what could be impacted. Using a Stressor-Pathway-Receptor 
approach also requires the consideration of modifying factors and risk. 
Modifying Factors are those factors that would make the effect better or worse. 
Risk is the probability and consequence of something having a negative effect. 
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Figure 7: Workshop #2 Breakout Group 

Workshop participants broke into three groups and completed Stressor-
Pathway-Receptor diagrams for the areas of Aquatics, Geomorphology/River 
Change, Human Health, Vegetation, Water Quality, Water Quantity, and 
Wildlife. They identified which of the stressors from the aforementioned list 
could have a potential effect on each area, potential pathways, and possible 
receptors. This engagement style supported broader participation by workshop 
stakeholders and provided a goal oriented discussion. The information from  
each group was consolidated onto single Stressor-Pathway-Receptor diagrams 
for each area, and are provided in Appendix C. An example is shown in  
Figure 8. While each group commented that each stressor could potentially 
impact the areas, there were some that were a greater focus. Table 2 shows those 
areas of concerns identified, with the key Imperial site stressors. 
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Figure 8: Aquatics Stressor – Pathway – Receptor Diagram 

Table 2: Key Stressors for the Areas of Concern 

Potential Stressors 

Areas of Concern 
Aquatics Geomorphology / 

River Change 
Human 
Health 

Vegetation Water 
Quality 

Water 
Quantity 

Wildlif
e 

Artificial Islands 
Maintenance        
Barge/Boat Activity        
Bunker Wells        
Cooling Water Return        
Fuel Storage        
Flowline Maintenance        
Historical Activities        
Spills        
Surface Water Release        
Waste Storage        
Water Use        
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Table 2 showed where there were relationships between stressors and potential 
receptors. The potential pathways for these relationships were the Mackenzie 
River, Bosworth Creek, groundwater and surface water. 

After the development of this table as a group, Imperial presented previous 
studies and information that has been collected over time. Monitoring of 
potential aquatic effects is not new for Norman Wells. Imperial completed 
environmental impact statements in the early 1980’s to support the last major 
oilfield expansion at Norman Wells. Through the decades since then 
considerable work has been completed to assess aquatic effects components.  
The last AEMP for the Imperial site occurred from 2002 to 2006. As part of this 
program a literature review was conducted, and approximately 60 reports and 
scientific documents were reviewed and summarized in the Aquatic Effects 
Monitoring Interpretive Report 2002-2006 (Golder, 2007). Additional studies 
were also summarized as part of the Imperial Water Licence (S03L1-001) 
renewal application in 2013. 

Appendix D provides additional detail; however, the previous studies provided 
the following conclusions:  

• No studies have shown that the Imperial site has a long-term impact to 
fish. 

o There was no evidence that petroleum related activities at 
Norman Wells caused abnormalities in downstream burbot  
livers (e.g., Hrudey and Associates 1988, Lockhart et al. 1989, 
Golder 2007). 

o A comparison of the fish placed in the effluent water versus 
those placed in the river water showed that the effluent water  
was not harmful to fish. A study of rainbow trout livers also 
showed no effect (Golder 2007). 

o Overall, no significant differences were observed between the 
benthic invertebrate stations on the lower Bosworth Creek and 
the upper reference stations. Benthic invertebrate index results 
indicated that macro invertebrate communities in the upper and 
lower Bosworth Creek stations were experiencing similar high 
quality habitat conditions (WorleyParsons 2012). 
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• Local changes in the geomorphology of the Mackenzie River were 
predicted to occur, but no significant effect is expected in relation to the 
natural variability downstream of the islands. 

o It was determined that the construction of six artificial islands in 
the Mackenzie River at Norman Wells could cause changes in 
channel pattern and dimensions through changes in flow patterns, 
sediment deposition, or ice-jam related scour. The cross-section 
in 1979 appeared to be oversized in terms of regime relations and 
stream bed materials were likely resistant to scouring, so only 
minor modifications of cross-sections or bed levels were 
expected in a short reach at Norman Wells (Esso Resources 
Canada Limited, 1980). 

• No abnormal water quality results have been seen in the Mackenzie 
River or Bosworth Creek near the Imperial site. 

o Analysis of water samples collected upstream and downstream 
of the Imperial Refinery location showed low concentrations of 
alkanes and polynuclear aromatic hydrocarbons (PAHs), despite 
the presence of natural hydrocarbon seepage at Norman Wells. 
The results suggested that the Imperial site is not adding more 
PAHs to the River than what is naturally occurring (Golder 
2007). 

o The majority of water quality parameters, including major ions, 
nutrients, hydrocarbons and physical parameters were generally 
within acceptable water quality guidelines for both drinking 
water and protection of aquatic life (Collins et al., 2011). 

o The water quality of Bosworth Creek was characterized as 
slightly alkaline with low concentrations of total dissolved  
solids (TDS), total suspended solids (TSS), hardness, nutrients, 
major ions, and metals. In general, no data trends were evident 
between upstream reference stations and downstream test 
stations from 2009 to 2011 (WorleyParsons 2012). 

o Results show that temperature data was consistent at all 
Mackenzie River sites, and turbidity profiles for the Mackenzie 
River sites showed similar event driven markers with the timing 
of events varying slightly (GNWT Environment & Natural 
Resources, 2014). 



 

Norman Wells Operation Aquatics Effect Monitoring Plan Page 42 of 145 
Imperial Oil Resources N.W.T. Limited October 2019 

o Majority of dissolved hydrocarbons were below background of 
15 ng/L which is below the concentrations that can affect  
wildlife health (GNWT Environment & Natural Resources, 
2014). 

o Metal concentrations were well below the USEPA National 
Recommended Water Quality Guidelines (CCC) at most sites. 
Concentrations for total arsenic were within the range of long-
term data collected throughout the NWT. The vast majority of 
the arsenic in the Mackenzie River where guidelines were 
exceeded was attached to dirt and less available to plants, bugs 
and fish. Samples from Norman Wells to Fort Good Hope 
showed there was variability in the data without a consistent 
increase (GNWT Environment & Natural Resources, 2014). 

• In 2014, the total volume of water diverted for the year, by the Imperial 
site, was 0.5% of the lowest recorded daily flow of the Mackenzie River 
at Norman Wells. 

o Volume of water required for waterflood purposes decreased 
from 9,200 m3/day to about 2,900 m3/day following the oil  
field expansion in the 1980’s. It was determined that there was 
no significant impact expected on the flow of the Mackenzie 
River as the amount of water required was significantly less  
than the lowest recorded discharge of 182,304,000 m3/day (Esso 
Resources Canada Limited, 1980). 

The previous studies, combined with existing Operational Management 
Programs (Surface Water-SNP, GW-SNP), monitor and address most of the 
stressors, pathways and receptors listed in Table 2. Aquatics and Water Quality 
had relationships with all of the stressors, which suggested they would be the 
best areas of focus for the AEMP. In addition, a gap identified following the 
2002 – 2006 AEMP was that the program was insufficient to determine if current 
oilfield operations were impacting water quality in the Mackenzie River 
(Hutchinson 2012). Water Quality measurements are used to evaluate the 
pathways connecting stressors to receptors, and therefore water quality was 
determined to be an appropriate method to evaluate the pathway between 
stressors and potential aquatic receptors. 

Following the work on stressors, pathways, and receptors, two important 
statements were shared by workshop participants. A member from Deline  
shared that we need to “Ask the Water”. Another participant added that “We 
need to understand where you would see it first”. These two statements, along 
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with the results from Stressor-Pathway-Receptor diagrams led to the 
development of the problem statement. 

Therefore, the problem formulated was determined to be: 

Are the routine activities at the Imperial site at Norman Wells putting 
substances into the receiving environment that could cause acute or chronic 
effects to the aquatic environment? 

The monitoring program has been developed with this problem statement in 
mind. This question is important as it focuses on what is currently happening at 
the Norman Wells Operation and has to potential to influence current operating 
procedures. As mentioned above, this monitoring plan builds upon past 
monitoring programs. Previous monitoring plans have focused on historic 
impacts and concluded that those plans were not sufficient to determine if the 
current oilfield operations were causing impacts. 

Activities completed by Working Group Members in Workshop 2 identified the 
greatest focus areas, and where there were relationships between stressors and 
potential receptors. The potential pathways identified were the Mackenzie River, 
Bosworth Creek, groundwater and surface water. Evidence of stressors in the 
water (i.e., anthropogenic changes on concentrations of metals, hydrocarbons, 
or nutrients), or changes in other indicators related to water quality could prompt 
further action to investigate potential effects on aquatic receptors. 

Slimy Sculpin have been considered as an appropriate next step to monitoring 
in the event that the stressor and pathways described above are showing 
indications of concentrations of analytes above the CCME Guidelines for the 
Protection of Aquatic Life. Fish monitoring is described in Section5. 

3.2.3 Detailed AEMP Study Design and Verification of Sampling 
Design 

Between Workshop #2 and Workshop #3 Imperial developed a plan to evaluate 
the Water Quality and the pathway between the stressors and the potential 
aquatic receptors. A sampling design was created, including timing, location, 
and analysis. The final workshop, Workshop #3, occurred on January 27, 2016. 
The proposed AEMP study and sampling design was shared with Stakeholders. 
The sampling locations were selected based on: 

• Traditional Knowledge shown in Figure 6, 

• Locations associated to the stressors identified in Workshop #2, and  
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• Locations representative of historical activities. 

Traditional Knowledge from Imperial’s water licence renewal along with the 
knowledge shared during the workshops was used to guide the selection of 
sampling locations, and to decide what to look for. Based on the feedback from 
stakeholders in Workshop #3, the final sampling strategy is described in 
Section 4. 

Positive feedback was provided by one stakeholder on how Imperial was able to 
capture all the discussions from Workshop #2 and effectively incorporate it into 
our proposed AEMP approach at Workshop #3. However, we continued to hear 
the concern related to the quality of fish in the Mackenzie River along with 
requests to undertake fish studies, either in small bodied fish as indicators or 
large bodied fish to address the taste concern. However, no studies have shown 
that the Imperial site has a long-term impact to fish or benthic invertebrates. 

Verification of the sampling design will be accomplished through submission to 
the SLWB. The document will be submitted to the SLWB and circulated for 
comments via the SLWB’s Online Review System. Once the comment period is 
over and the SLWB approval is received the AEMP will implemented. 

3.3 Community Engagement 

As part of the development and implementation of the AEMP there are three 
main components of community engagement – incorporation and use of 
traditional knowledge, program development and ongoing engagement. 

3.3.1 Traditional Knowledge 

The Guidelines outline the importance and role of traditional knowledge in 
designing an AEMP. For example, understanding of baseline conditions and 
identification of stressors. As mentioned in Section 2.10, Imperial worked with 
Sahtu communities to understand and document traditional knowledge as part 
of the Water Licence renewal process. Two workshops were held in April 2013 
in Fort Good Hope and Norman Wells, and a Mackenzie River Valley Workshop 
was undertaken in July 2013 to better understand the features of the river in 
particular for the purposes of guiding our Emergency Response planning. Both 
workshops contributed to Imperial’s update of our Environmental Map which 
was also shared with the AEMP Working Group at Workshops #1 and #2. 
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The information gathered through this engagement and the information 
documented in the Map has also helped in the design of the AEMP including, 
for example, identification of landscape features, fishing locations or boating 
routes. This Map together with previous and current studies has also provided 
guidance in the selection of sampling locations and identification of potential 
stressors to the aquatic environment. 

Imperial respects the connection the Sahtu people have to the Mackenzie River 
and the significance of the river and the land to the people of the region. Imperial 
will continue to work with the community to incorporate traditional knowledge 
where applicable. 

“We use the (Mackenzie) river every day. We drink the water, animals and  
fish drink the water. We use all the creeks flowing into the river. We hunt  
rabbits year round. We pick berries.” 

(Dale Kochon, Norman Wells, 26 April 2013) 

3.3.2 Program Development 

As described by the Guidelines, community consultation and engagement plays 
an important role in the design of an effective AEMP. Establishment of a 
Working Group to facilitate the direct participation of community members and 
interested parties is a key component of this and was included as an engagement 
method in Imperial’s Community Engagement Plan for Sahtu Settlement Area 
Communities (approved by SLWB July 2015). 

Working with the SLWB, Imperial established a Working Group and held three 
Workshops over the course of the program development period 
(November 2014, September 2015, and January 2016). The Working Group 
provided a forum for exchange of ideas, information and consistent input that 
greatly influenced the design of the AEMP. 

During the Workshops, Working Group participants’ actively shared technical 
knowledge, traditional knowledge, stories and experience with the Mackenzie 
River and the aquatic environment. For example, in Workshop #1 community 
members brought forward issues and concerns based on their experience and 
that of oral history spanning multiple generations about the aquatic environment. 
Regulators and other participants shared examples of studies done in the region 
and elsewhere as well as methods for assessment or testing. Imperial 
incorporates this input into the problem formulation that was presented in 
Workshop #2, and received additional input and feedback. In Workshop #3 
participants were able to review the proposed program design and contribute 
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input based on local knowledge and experience that helped further refine 
proposed sampling locations and parameters. 

The direct participation of community members in program development helped 
guide Imperial and enabled incorporation of local knowledge and values into the 
design of the AEMP. Participants shared the value placed on the aquatic 
environment and the importance it plays in the lives of the Sahtu people. 
Imperial thanks all the Working Group members for their contributions which 
helped guide our approach. 

“Ask the Water.” 

(Walter, Deline Land Corporation, Working Group Session 2 September 2015) 

3.3.3 Ongoing Engagement 

Imperial Norman Wells Operation Community Engagement Plan includes 
examples of ongoing engagement activities that will apply to the AEMP. As 
committed to in our Community Engagement Plan, Imperial will continue to 
engage with Sahtu communities to ensure that community stakeholders are 
informed and have the opportunity to provide feedback. Community 
engagement will continue for the life of the water licence and the Norman Wells 
operation to ensure that community concerns are recognized and, if practicable, 
addressed. 

In addition to the engagement triggers and methods outlined for the AEMP 
design itself (e.g. Working Group) Imperial has a variety of ongoing engagement 
strategies and tools - some examples of these and how they may be applied to 
the AEMP in particular include:  

“Working with stakeholders in Sahtu communities to incorporate their 
traditional knowledge and feedback as applicable.” 

In addition to the workshops, and incorporation of traditional knowledge into 
the AEMP design, Imperial has and will continue to bring the Environmental 
Map to community meetings and engagement sessions to ensure community 
members have the opportunity to add and update traditional knowledge and 
information on an ongoing basis. This information will be applied and 
incorporated to Imperial programs and activities – including the AEMP – as 
appropriate and practicable.  
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“Host a community visit every two years (if desired by the community) all five 
Sahtu communities.”  

Imperial will use community visits to share information from the AEMP directly 
with communities. Information on all aspects of our environmental program – 
including the AEMP and other water monitoring and testing – is a key 
component of any and all ongoing communication, engagement and updates 
with the communities and will continue throughout the life of the water licence. 
Imperial’s Norman Wells Operations Community Affairs and Socioeconomic 
Advisors are also in place to manage and respond to any ad hoc queries or 
concerns.  
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4 WATER QUALITY PROGRAM 

Following the completion of the 2002 – 2006 AEMP, a recommendation was 
put forth for Imperial to complete additional surface water quality sampling.  
The concern shared was that the water quality monitoring program described in 
the 2007 AEMP Report (Golder, 2007) was not sufficient to determine if 
Imperial’s current operations are affecting the water quality of the Mackenzie 
River (Hutchinson Environmental Sciences Ltd., 2012). Specifically, it was 
stated that during the reporting period of 2002 to 2006 water quality was 
sampled in the river on only two occasions, and at four locations that were not 
in close proximity to Imperial’s facilities or naturally occurring oil seeps along 
the river bank. A water quality program to address this recommendation 
supports the discussions from Workshop #2 that we need to ask the water, and 
understand if there was a change where would you see it first. 

A Water Quality program of an AEMP is a crucial step in understanding 
stressors that could lead to potential aquatic effects by the Imperial site activities 
at Norman Wells. A stressor based focus will allow for the assessment of what 
potential aquatic effects need to be evaluated, if any. 

4.1 Approach 

The objective is to develop an aquatic monitoring program with a scope that is 
appropriate for the risks from day-to-day operations at Norman Wells. As  
shared by working group members in the second workshop; “We need to ask the 
water”, and “We need to understand where you would see it first”. 

The question the AEMP will target to answer is: 

Are the routine activities at the Imperial site at Norman Wells putting 
substances into the receiving environment that could cause acute or chronic 
effects to the aquatic environment? 

This question will be addressed through a water quality monitoring program that 
focuses on sources and pathways. Evidence of stressors in the water (i.e., 
anthropogenic changes on concentrations of metals, hydrocarbons, or nutrients), 
or changes in other indicators related to water quality could prompt further 
action to investigate potential effects on receptors. The objectives of the water 
quality component of the AEMP will be to characterize water chemistry in the 
Mackenzie River and Bosworth Creek. Imperial will evaluate areas near  
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potential stressors, and upstream and downstream from current and historical 
operations, to assess the natural variability in the receiving environment and any 
potential changes from the Imperial site. 

The health of an aquatic ecosystem may be defined by its resilience or capacity 
to withstand disturbance such that the components of the ecosystem (physical, 
chemical, and biological) and the interactions among them are maintained. One 
element of this resilience is assimilative capacity, or the amount of material input 
that can be accommodated without adverse effects to aquatic life or consumers 
of the water. Defining normal for the Norman Wells area in Bosworth Creek  
and the Mackenzie River, and then observing water quality to remain within 
normal conditions, would suggest that effects on aquatic biota are unlikely. 
Conversely, deviations in water quality could reflect reduced assimilative 
capacity or lower resilience, which could then manifest in measurable aquatic 
effects. 

Previous studies documented no effects on fish or benthic invertebrates from the 
Imperial site. Until the water quality program shows that Imperial’s operations 
are causing an effect outside the natural variability, no specific fish or benthic 
invertebrate studies are proposed as part of the AEMP. Further development  
and refinement of the AEMP, if required, would be in response to patterns of 
concern in the water quality. If a change caused by routine Imperial site 
activities, is identified to be significant and there are receptors sensitive to the 
change, additional programs would be executed under the AEMP to determine 
the level of effect to the aquatic environment, and mitigation measures 
implemented if required. Thus, a staged monitoring program will be able to 
address potential concerns on aquatic receptors if an effect from Imperial site 
operations on water quality is found. 

Mechanisms exist within the AEMP Design Process as well as the Norman 
Wells Water Licence for a feedback look which can assess changes in 
circumstances as well as gaps within the program. As part of this iterative 
process, Imperial may change the question based on data received and the 
lifecycle stage of the operation in order to look at historic impacts. 

4.2 Existing Water Quality Programs 

4.2.1 Surveillance Network Program 

Existing Operational Management Programs monitor and address most of the 
stressors, pathways and receptors discussed in Section 3. Imperial maintains  
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Surveillance Network Programs (SNP) as part of its operations. The SNPs are 
operated under the terms and conditions of the Water Licence S13L1-007 and 
are described briefly below. Sampling locations for the SNP are shown in  
Figure 9. This information along with data from previous studies will be used to 
understand the natural variability in the water quality, and any potential water 
quality impacts from the Imperial site. 

4.2.1.1 SNP – Surface Water 

As part of the SNP – Surface Water Program; Imperial tests the water quality of 
the water entering and the leaving the operations as well areas of the site where 
snow melt and runoff collect (e.g. impound basins, ditches, bunkers). These 
programs involve field analysis and collecting representative samples for 
laboratory analysis. Refer to the Monthly Water Use Reports and/or the Annual 
Water Use Report submitted to the SLWB for more information. 

4.2.1.2 SNP – Groundwater 

As part of the SNP – Groundwater Program Imperial monitors select 
groundwater wells across the operating site. The groundwater wells included in 
this program are located in proximity to operating facilities and near potential 
receptors. The wells form a network that will act as an early warning system or 
detection system; of changes to groundwater quality should it occur.  

4.2.2 GNWT Community Based Water Quality Monitoring Program 

This is a community-based approach for monitoring that involves communities 
identifying water-related concerns in the form of questions that can be addressed 
through monitoring. General concerns focus around: potability and composition 
of the water and changes over time; effects of climate change; effects of 
upstream and industrial development, municipal dumps and legacy sites on 
water quality; cumulative impacts of stressors on water quality; source of 
contaminants; and, the health of fish and wildlife. 

To address water-related concerns of NWT communities, a community-based 
water quality monitoring program organized by the GNWT in the Mackenzie 
River uses four types of water quality monitoring equipment to gather 
information: diffusion gradient in thin-films passive samplers (DGTs), 
polyethylene membrane devices (PMDs) (also passive samplers), YSI EXO2 
water quality equipment (Sonde) and surface grab water samples. 
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The information from the program is used to answers community water-related 
questions, and help communities and governments make decisions about water 
management through use as baseline data on water quality, assess temporal and 
spatial trends, compare parameters collected in fish, wildlife and other parts of 
the ecosystem and assess cumulative effects. Data from the Community Based 
Program collected within the study area will be incorporated where into the 
AEMP where possible and when publicly available. 

4.3 Program Development 

Monitoring in a watercourse needs to: 

• Have samples both upstream and downstream from potential points of 
inputs or stressors; 

• Capture the longitudinal nature of the watercourse so that potential effects 
attributable simply to position along the channel are quantified; and, 

• Include a temporal component to characterize natural seasonal patterns so 
that this element of variability can be accounted for in analyses. 

A large part of determining whether there have been changes in water quality 
and, in turn, potential effects in aquatic receptors, depends on proper sampling 
design and data analysis. The conceptual basis for water quality monitoring is 
simple: compare water not influenced by operations with water that potentially 
may be affected. There may be other influences on water quality (seasonality, 
unique geographical features such as seeps, etc.) and these need to be accounted 
for in the program design. The development of the water quality program will 
consider such factors, how they influence the structure of sampling, and how 
sampling can be ensured to detect patterns or changes in water quality should 
they occur. The program presented here will not look to identify all potential 
changes in water quality, but it will attempt to highlight issues relevant to 
detecting change that may be influenced by Imperial’s routine operations at 
Norman Wells.  

Guidance relevant to monitoring in industrial situations is provided in the Metal 
Mining and Effluent Regulations (MMER; Environment Canada 2012) under 
the Fisheries Act which identifies several principal approaches: control-impact 
designs, gradient designs, and the reference condition approach. Aspects of these 
designs will be used in the development of the water quality component of  
the AEMP for the Imperial site. Note that the scientific and statistical principles 
underlying these monitoring designs applied to surface water quality may also 
be part of subsequent targeted studies to evaluate further possible effects  
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detected during monitoring. The basics of these elements of study design are 
discussed in Appendix E, but this is not an exhaustive list of the statistical tools 
available for analysis. 

4.4 Program Design 

Analysis of existing water quality programs along with locations of Imperial site 
stressors identified in Workshop #2 were used to select where sampling should 
continue, be enhanced, or scaled back to achieve the goal of being able to detect 
and quantify changes and trends in water quality. The watercourses of 
immediate interest for surface water quality near Norman Wells operations are 
Bosworth Creek and the Mackenzie River. Conditions at upstream reference 
stations and sampling stations downstream from potential influence of the 
Imperial Site will be compared with sampling stations to capture potential 
effects of Imperial site stressors. These stressors include: 

• Artificial Islands Maintenance 
• Barge/Boat Activity 
• Bunker Wells 
• Cooling Water Return 
• Fuel Storage 
• Flowline Maintenance 
• Historical Activities 
• Spills 
• Surface Water Release 
• Waste Storage 
• Water Use 

Upstream locations will document background conditions where there are no 
effects from operations, locations distributed downstream will be placed to 
document potential historical effects and those of current operations. Where 
there are localized features, such as seeps, sampling points may be interspersed 
immediately upstream and downstream to document the incremental 
contribution. Where possible, locations upstream, downstream, and adjacent to 
Imperial site were selected to align with the Community Based Water Quality 
Monitoring Program underway along the Mackenzie River by the GNWT. 

Sampling will occur three times annually in open water conditions through the 
rivers flow regime which includes high, moderate, and lower flows. This will 
provide a simple estimate of seasonal trends; examination of flow-corrected 
results may suggest how much more frequent sampling should be to characterize 
trends fully (both seasonal patterns and possible underlying change). A change 
in sampling frequency may occur depending on the change in water quality  
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detected by the program, and through examination of variability in other 
available data (SNP, CBMP) and its effect on statistical power.  

The distribution of sampling locations in the Mackenzie River and Bosworth 
Creek will align with previous monitoring programs (historical and existing) 
where possible to allow for inclusion of historical data. Results will be evaluated 
for their capacity to detect change, and recommendations made for 
modifications to ensure adequate statistical power. 

4.5 Sample Locations 

Locations were selected to represent areas to evaluate if Imperial site stressors 
are having an effect on the water quality in the receiving environment. Sampling 
locations include upstream and downstream from any outflows, major seeps, 
representative of the artificial islands, and at the Bosworth Creek and Mackenzie 
River confluence. Samples will be collected at the closest point where a stressor 
could enter the receiving waterbody (Mackenzie River or Bosworth Creek). 
Where possible, sampling will occur at the same time as the SNP to allow for 
data comparison and evaluation of potential effects from Imperial site stressors. 
The general location of the AEMP sampling locations are provided in Table 3, 
and are also shown on Figure 9. 

Under-ice sampling was considered as part of the formulation of this monitoring 
plan. There are specific challenges in conducting under-ice sampling in a river 
environment. Ice thickness can be variable and the shifting of ice can occur 
which in turn causes the surface of the river to form ice heaves causing further 
difficulties in maneuvering on the river. These challenges are different from lake 
environments which are generally uniform in their ice formation. Further to this 
point, it is believed that within this particular AEMP design, an under-ice 
sampling campaign would not yield unique data that could not be measured 
during the open water season. With all this in mind, it was determined that the 
safety risk associated with under-ice sampling on the Mackenzie River 
outweighs the minimal benefit of sampling. 



 

Norman Wells Operation Aquatics Effect Monitoring Plan Page 54 of 145 
Imperial Oil Resources N.W.T. Limited October 2019 

Table 3: AEMP Sampling Locations 
Name Description Potential Stressors Latitude Longitude 

Upstream of 
Imperial site 

Upstream of Imperial site None 65.23335 -126.73602 

Historical – 
Refinery 

Near refinery basin 
discharge 

Fuel Storage; 
Historical; Surface 
Water Release; Waste 
Storage 

  

Imperial’s Main 
Dock 

Right downstream bank of 
the Mackenzie River; 
between Historical-Refinery 
and CPF Effluent Discharge 

Boat Activity; Bunker; 
Surface Water 
Release; Water Use 

  

CPF Effluent 
Discharge 

Where effluent enters the 
Mackenzie River 

Water Return; Water 
Use 

  

Bear Island Near the natural island 
known as Bear Island 

Bunker; Flowline; 
Surface Water Release 

  

Man-made 
Islands 

Downstream island in 
Mackenzie River 

Flowline; Island 
Maintenance 

  

Natural Seep Near observed natural seep Seep   

Upstream 
Bosworth Creek 

Upstream of Imperial site None   

Midstream 
Bosworth Creek 

Down gradient from SNP - 
GWP Well 

Fuel Storage; 
Historical; Surface 
Water Release; Waste 
Storage 

  

Downstream 
Bosworth Creek  

Near the mouth with the 
Mackenzie River 

Imperial site   

Downstream of 
Imperial site 

Downstream at Radar Island Imperial site 65.30325 -127.05842 

 

  



Figure 9: AEMP Monitoring Locations
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4.6 Sample Methodology 

At all sampling locations, in situ measurements will be taken and water samples 
will be collected for laboratory analysis. In situ measurements will consist of 
dissolved oxygen concentration (DO), pH, temperature, and conductivity (EC) 
using a multi-probe water meter. Meters will be calibrated daily for all 
parameters. Water samples will be collected directly from the watercourse as a 
“grab sample” using techniques to limit contamination according to the 
Protocols Manual for Water Quality Sampling in Canada (CCME 2011), and 
will align with Norman Wells Operations Quality Assurance and Quality 
Control Manual. 

The analysis and reporting of water quality results follow the procedures detailed 
in the Standard Methods for the Examination of Water and Wastewater (APHA 
2013). 

• Quality assurance/quality control (QA/QC), methods utilized to ensure 
laboratory accuracy during the sampling survey included: 

• Field blanks – used to detect contamination during sampling, shipping, and 
laboratory analysis; sample containers are filled in the field with  
laboratory-grade reagent water; 

• Trip blanks – used to detect contamination that occurs during transport to 
and from the area where samples are collected; sample containers filled  
with laboratory-grade reagent water are transported to the field and back,  
but are not opened; 

• Duplicate field samples – assesses the reliability of laboratory methods and 
results. At least 10% of samples collected in the field will be accompanied 
by a duplicate sample to be analyzed by the laboratory; and 

• Standard laboratory QA/QC methods – method blanks, spike samples etc. 
used by the laboratory as internal checks on the accuracy of their 
methodology and to prove there is an absence of contamination in their 
methodology and instruments. 

Laboratory analysis of water samples will include the variables listed in Table 4 
below. 
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Table 4: Water Quality Variables for Laboratory Analysis 
Category Parameters Ecological Significance 

General Electrical conductivity (measured and calculated), pH, Colour, Turbidity, Total hardness 
as CaCO3, Total alkalinity as CaCO3 

Extreme pH values can have direct toxic 
effects on aquatic organisms, and alter toxicity 
and mobility of many pollutants. Toxicity of 
many metals is inversely related to hardness 

Indicators Chloride, Sulphate, Iron, Manganese, Total dissolved solids (TDS), Total suspended 
solids (TSS) 

High TDS levels can have a negative effect on 
aquatic life. High TSS may hinder 
photosynthetic activity, and hinder the 
exchange of gases over the gills of fish and 
other aquatic organisms. 

Cations, Anions, and 
Ion Balance 

Calcium Magnesium, Potassium, Sodium, Bicarbonate, Carbonate, Hydroxide, Fluoride, 
Anion sum, Cation sum, Ion balance May affect toxicity of other constituents. 

Organics Total organic carbon, Dissolved organic carbon, Biochemical oxygen demand Elevated levels of organic compounds may be 
harmful to aquatic organisms. 

Nutrients Nitrite as N, Nitrate as N, Nitrate plus nitrite as N, Total Kjeldahl nitrogen (TKN), 
Ammonia as N, Sulphide, Sulphur (total and dissolved) 

Un-ionized ammonia is toxic to aquatic 
organisms, and toxicity increases with both 
temperature and pH. Nitrite can be toxic to 
fish. 

BTEX compounds Benzene, Toluene, Ethylbenzene, m&p-xylene, o-xylene, Total xylenes Varying degrees of toxicity 

Select Hydrocarbons Oil and grease, PHC F1 (C6-C10), PHC F1 (C6-C10) – BTEX, PHC F2 (C10-C16) Varying degrees of toxicity 

Metals and Trace 
Elements (total and 
dissolved 

Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, Chromium, 
Cobalt, Copper, Lead, lithium, Mercury, Molybdenum, Nickel, Phosphorus, Selenium, 
Silicon, Silver, Strontium, Thallium, Tin, Titanium, Uranium, Vanadium, Zinc 

Elevated levels of metals can be harmful to 
aquatic organisms. 
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Following completion of the AEMP in 2007, a recommendation was made to 
use semi-permeable membrane samplers for water quality monitoring.  
However, since that recommendation the GNWT initiated a community-based 
water quality monitoring program that used four types of water quality 
monitoring equipment to gather information. They included diffusion gradient 
in thin-films passive samplers (DGTs), polyethylene membrane devices 
(PMDs), YSI EXO2 water quality equipment (Sonde) and surface grab water 
samples. Work completed to date by the GNWT shows that the grab sample 
information collected showed comparable results with lower executional risk. 

4.7 Data Evaluation 

Data evaluation will be conducted as part of the Imperial site Annual Water Use 
Report. Data from the AEMP will be compared to aspects of the SNP and the 
GNWT Community Based Water Quality Monitoring Program where 
appropriate. 

The program will include iterative data analysis – essentially a running 
assessment of its capacity to detect change or quantify trends. Adaptability will 
be in the form of alterations to the sampling regime to improve power (or 
reduction in sampling effort if design has excess power). If water quality results 
dictate, then monitoring would adapt by implementing the next level of 
monitoring to evaluate potential effects to aquatic receptors that are sensitive to 
the change detected. This step could be incremental by initial addition of 
increased grab sample frequency (confirmatory sampling; short term), addition 
of passive sampling (intermediate term) and subsequent sampling of biota at 
various levels.  

The program will be designed to ensure that sufficient data are collected to 
support quantitative effect detection while protecting against false positives 
(Type I errors) and false negatives (Type II errors). Statistical power afforded 
by sufficient sampling intensity and frequency can provide protection from 
persistent changes that go undetected and have the potential to translate into 
broader and more significant effects. Some alternatives are that sampling needs 
to be more/less frequent, or over a larger/smaller spatial scale to have the 
statistical power needed to detect change. Such details may include the spatial 
distribution of sampling locations reflective of influences on water quality, and 
proposed sampling frequency to adequately characterize seasonal trends. These 
will be evaluated annually and modified as necessary. 



 

Norman Wells Operation Aquatics Effect Monitoring Plan Page 59 of 145 
Imperial Oil Resources N.W.T. Limited October 2019 

4.7.1 Evaluation of Statistical Power 

Any monitoring program should be evaluated for its statistical power to detect 
change. Statistical power and effect size are central to any monitoring program, 
and to subsequent targeted assessment of effects. Statistical power is the 
capacity of a sampling design to detect differences or trends should they occur. 
A monitoring program must have the capacity to detect effects of specified 
magnitude, and examination of statistical power quantifies the relationships 
among sample size (adequate spatial and temporal coverage), inherent 
variability (noise), effect size, confidence, and power. Power may be  
determined analytically for some simpler designs, but may have to be evaluated 
using simulations or re-sampling. The magnitude of the effect that should be 
detectable by the program is determined by what is relevant ecologically. This 
requires some understanding of what mechanisms are important in the aquatic 
ecosystem, for example, and this knowledge will accumulate with application of 
scientific procedure to ongoing monitoring, analysis, and targeted effects 
assessment. In the absence of mechanistic understanding of what critical effect 
size matters, these may be defined somewhat arbitrarily in terms of percentage 
changes in value of the indicator or values in excess of several standard 
deviations of historical values. 

Samples collected are to be representative of the system being monitored, but 
they are subject to statistical error. Whereas variability reduces the ability of 
monitoring to detect change, this diminishes as the number of samples taken 
brings the estimate closer to its true value. Because variability means that 
metrics calculated from a sample may deviate from the values they approximate, 
it is possible that inference based on such samples may be incorrect. It is  
possible that the program in its analysis of data may conclude that there has been 
a change or that there is a trend when this really is only because metrics 
calculated from the sample differ purely because of statistical sampling error – 
this is a Type I error. Conversely, there may in fact be a change or developing 
trend, but the vagaries of sampling result in it not being detected – this is a 
Type II error. An appropriate monitoring program will have sufficient collection 
of samples (both temporally, and spatially) to be able to adequately balance these 
two types of errors. 

An example of the evaluation of statistical power is provided in Appendix F 
using historical Bosworth Creek data to present the notion of statistical power, 
and to assess the adequacy of sampling. Based on this evaluation, the power  
was adequate, and will only improve with further sampling. Ongoing sampling 
will continue to add data which will reduce estimated variability and increase   
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the number of historical data points, both of which will contribute to increasing 
power. 

4.8 Data Analysis and Interpretation 

Data will be plotted so that tabulated results are accompanied by graphics to help 
visualize any change in space or time. Tabulated results will include guidelines 
for ready comparison, and guidelines may also be superimposed on figures. For 
example, water quality variables will also be compared with the Canadian 
Council of Ministers of the Environment guidelines for the protection of 
freshwater aquatic life (CCME FWAL) (CCME 2012). 

The study design allows for comparisons between potentially affected stations 
downstream and reference stations upstream. Data will be presented graphically 
and inspected visually for evidence of longitudinal trends throughout the 
Imperial site and this will be quantified in statistical analyses. This presentation 
may be supplemented with summary statistics such as minimum, median, 
95th percentile, maximum, and detection frequency for various comparisons 
(e.g., upstream vs. downstream, year, season) as applicable. For results below 
detection limits, a value equivalent to half the detection limit may be used to 
calculate summary statistics, and the implications of making such a substitution 
will be discussed. Water quality data from the duration of the AEMP will be 
compared, along with historical data (SNP, CBMP), to assess any inter annual 
differences or potential temporal trends; as well as, to help separate natural 
variability from potential effects from the Imperial site. 

Sampling evaluation will include the following approaches: 

• Compare changes year over year at each site 
o Compares changes at a spot over time. 

• Comparing Potentially Impacted versus Non-Impacted Locations 
o Compares upstream and downstream locations of stressor locations. 
o Compares locations of potential impacts with locations known to not 

be impacted. 
• Examine Normal Changes Along the River 

o Longitudinal effects as river naturally changes downstream. 
o e.g. natural inputs such as hydrocarbon concentrations from natural 

seeps. 

If anomalous chemistry, an upward trend, or a CCME FWAL guideline 
exceedance are recorded, then additional evaluation will occur. Actions in 
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response to changes, exceedances, or upward trends are discussed in further 
detail below with respect to verification of results and adaptive monitoring. It  
is important to note that concentrations of water quality parameters may 
naturally exceed applied guidelines and not be indicative of degradation caused 
by the Imperial site. The CCME Canadian Water Quality Guidelines for the 
Protection of Aquatic Life were made for all of Canada, and are not specific for 
northern rivers. These are guidelines against which data can be compared, but 
they do not always account for the natural conditions (such as more dirt, mud 
and silt in the water) of some of the northern rivers (GNWT Environment & 
Natural Resources, 2014). Guideline exceedances under natural conditions may 
be indicative of surficial geology, surface-groundwater interactions, or seasonal 
changes (e.g. surface run-off, natural seeps). For the purposes of this program, 
analysis will be made using CCME guidelines. 

4.8.1 Water Quality Analysis 

Water quality data, unlike water quantity data and data generated from 
measurement of other natural phenomena is not normally distributed. Instead, 
data is often right skewed, and often contains measurements which lie below a 
specified detection limit. For this reason, non-parametric statistical methods are 
used to analyze water quality data. 

Where field collected data are generated using field equipment (i.e. EC, pH, 
temperature probes), data should be plotted to identify any potential outliers 
introduced through scribing errors or calibration issues. Where data appears 
suspect, refer to field calibration logs. Use of regressions which are supported 
by functional relationships (i.e. EC vs salinity) can further be used to test for 
data anomalies or outliers. 

With lab generated data (i.e. submitted samples), differences between duplicate 
samples should not be greater than 20% where the samples are above the 
practical quantitation limit (PQL, 5x detection limit, CCME 2016). Field blank 
and trip blank samples with data above the PQL should be identified and 
discussed. Apparent outliers should be verified with lab personnel and against 
internal data quality report for any recognized sample recovery bias. Data 
method detection limits (MDL) should be assigned a value which corresponds 
to half the detection limit. 

In order to establish the process employed to analyze water quality data, data 
should be screened to discern whether predictive relationships exist between 
chemistry indicators and water quantity. 
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4.8.1.1 Bootstrapping with Residuals 

When screening data for water quality indicators that co-vary with water 
quantity, relationships may become evident through data transformation (i.e. 
log-transformation). For example, there are log-linear relationships among 
selected water quality variables where log concentrations and log discharge 
values (river systems) produced linear correlations. Indicators which are 
mobilized by processes such as run-off (ex: ions), and indicators which are 
influenced by dilution through rainfall have a greater likelihood of producing 
predictive relationships. 

Where predictive relationships between water chemistry and fluctuating water 
level is found, residuals can be calculated for concentrations of specific water 
chemistry indicators based on the water quantity measurement at the time of 
sampling. The residual values which are generated from baseline samples or 
from surveillance monitoring are then bootstrapped (a statistical method used to 
estimate properties such as variance) to establish a 95% confidence interval 
around the median, bounded by the 2.5 and 97.5 percentiles. Calculation of the 
variability around the 2.5, median and 97.5 percentiles (95% confidence 
intervals) are calculated employing the same bootstrapping method. 

The understanding of variability around the 2.5 and 97.5 percentiles in the form 
of establishing 95% confidence intervals around those specific points is critical 
as each of those original points are themselves estimates. In turn, quantifying 
variability around those 2.5 and 97.5 percentiles enable the understanding of 
both statistical and ecological significance of data points which approach the 2.5 
and 97.5 percentiles. In turn, utilizing these calculated measures where 2.5 and 
97.5 percentiles are used as thresholds presents a defensible and risk based 
approach for establishing a-priori low action levels which are governed by 
variability of the parent dataset. 

The 95% confidence interval established through bootstrapping residuals is 
effectively utilized as the CES, and in turn the trigger of the indicator being 
assessed. Triggers are specific to water quality indicators and are specific to each 
sentinel monitoring location. 
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Figure 10: Example Results of Log-linear Relationship Between Chloride 
and Water Level (above), and Resulting Residual Values at a Specific 

Monitoring Location Bootstrapped to Produce Triggers (below) 
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4.8.1.2 Non-linear Prediction Ranges 

Where predictive linear relationships between water chemistry indicators and 
water quantity cannot be established through log transformation or otherwise, 
baseline or surveillance data can be used to establish triggers. In the absence of 
a predictive linear relationship, non-parametric local regressions (LOESS) 
analysis can be utilized to establish triggers. 

LOESS analysis will allow the calculation of variability bands two standard 
deviations in either direction around the identified median. These variability 
bands function as probabilistic triggers for the specific water quality indicator 
which in turn allows the assessment of subsequent surveillance monitoring 
results. Triggers are specific to water quality indicators and are specific to each 
sentinel monitoring location. 
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Figure 11: Results of Local Regressions Analysis at a Specific 
Monitoring Location to Establish Triggers in the Absence 

of a Relationship with Water Quantity 

Establishment of triggers for water quality do not transcend the need to review 
water quality indicators against relevant surface water guidelines. Whereas 
triggers are intended to govern the direction of monitoring effort, they are 
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intended to signal the potential for an effect. Water quality guidelines are often 
risk-based in nature, and therefore are treated as limits. 

4.9 Verification  

To verify any anomalous result or measurement to be true and accurate, data 
collection procedures may be reviewed, sampling may be repeated, and 
laboratory procedures may be reviewed. If the new value is found to fall within 
the historical range and variability for that parameter, then the new value is 
honoured and the previous value will be identified as anomalous and logged for 
future reference. The process for determining if an investigation is required is 
shown in Figure 12. 

In developing and executing this water quality program, we are looking to define 
water quality and the variability in water quality across time and space. Defining 
water quality in this manner, while considering statistical rigor through power 
analysis, will provide a basis for defining “normal” water quality for this area 
(i.e. a range).  

Step 4 of the INAC Guidelines requires sample and effect sizes to be established 
prior to implementing the program. This would typically be possible through 
analyzing Environmental Impact Assessments or Baseline Studies which would 
be provided during the project development phase. Norman Wells Operation 
does not have the ability to rely on this data as the operation is well beyond the 
project development phase as described in the INAC AEMP Guidelines. For this 
purpose, normal would be defined around some measure of central tendency, and 
its range might be two standard deviations from the mean as an initial trigger. 
The data may be subject to more detailed analysis, such as that presented in the 
examination of statistical power. As biota living in water are inextricably linked 
to the aquatic environment, normal variation of water quality can result in 
natural responses, but rarely result in an “effect” (i.e. a response outside of 
normal). Upon defining what is normal for water quality, it is reasonable to 
assume that biota (fish and benthic invertebrates) residing in this area would not 
experience any effects while exposed to normal conditions. 

Upon observation of non-normal water quality in a sampling event that would 
follow three years of sampling, confirmation of this event and subsequent 
investigation of potential change in biota (fish and benthic invertebrates) are 
relevant. 
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4.10 Reporting 

Annual reporting will occur as part of the existing Imperial site Annual Water 
Use Report. At the conclusion of the AEMP a standalone summary report will 
be provided to the SLWB. Reporting will occur on: 

• Indicators and Ions 
• Nutrients 
• Metals and Trace Elements 
• BTEX, Select Hydrocarbons 

The Community Based Monitoring Program shared the importance of bringing 
the results back in the community in a meaningful way. As discussed in 
Section 3.3.3, Imperial will continue to engage with Sahtu communities to 
ensure that community stakeholders are informed and have the opportunity to 
provide feedback. 
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Figure 12: Sample Flow Chart of Sample Evaluation 
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5 FISH MONITORING PROGRAM 

5.1 Rationale 

Inputs 

The main inputs to the development of the fish monitoring component of the 
AEMP Version 3.0 are the relevant recommendations from the SLWB, 
recommendations prepared by Dr. Munkittrick as a basis for revision and 
alignment on the AEMP (i.e. AEMP Version 3.0) (Table 5), and the AEMP 
guidelines (Table 6). The updates included in Version 2.0 of the AEMP were 
intended to address all recommendations provided by the SLWB to Imperial 
(letter dated January 5, 2017), however did not address Recommendation 7 
regarding the frequency of monitoring and the need to monitor more than just 
water quality, which this document addresses. 

Part of the current Water Li

November 

cence issued to Imperial Oil Resources Limited is 
the requirement to develop an Aquatics Effects Monitoring Program (AEMP) to 
monitor any potential effects from its operations. These potential effects include 
short-term or long-term damage to the aquatic environment, measuring how 
activities may impact the water quality, and identify steps to mitigate harm to 
the environment. To date (prior to   2019),this has taken the form of
community engagement, proposed water quality monitoring, and an adaptive 
monitoring approach. Concerns have been raised regarding the potential effects 
of the Norman Wells site on local fish populations (see excerpt from Sahtu Land 
and Water Board (SLWB) in Table 5). Previous work has been done on fish near 
the Bosworth Creek area to assess if they differ from other wild populations, and 
to date no significant differences have been found. However, species and test 
variables in the past were large bodied fish being studied for endpoints such as 
liver and flesh quality, in addition to other endpoints such as hydrocarbon and 
metal loading. The target species in these programs typically migrate and may 
not remain near the Norman Wells site, therefore exposure could be highly 
variable and would confound any effects analysis. The purpose of the current 
fish monitoring program is to collect sufficient quantities of a sentinel species 
(non-migratory) for the assessment of tissue chemistry profiles and fish health 
indicators near the Imperial Norman Wells operation and at appropriate 
reference sites. 
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In his review, Dr. Munkittrick outlined the positions of Imperial and the SLWB, 
discussed the objectives of AEMP and Environmental Effects Monitoring 
(EEM) and provided recommendations. Key aspects of the recommendations 
provided by Dr. Munkittrick are summarized in Table 5. 

Previous work completed on fish species in the Norman Wells area is 
summarized in Senes Consultants Limited and Glen Guthrie (2009) and Imperial 
Oil Resources Ltd. (2012). The majority of previous work has been either on 
larger species (e.g., burbot, whitefish) or exploratory programs looking at fish 
presence, metal loading, or other factors. This work has informed the current 
design plan in the selection of species, sites, and the factors chosen for inclusion 
in this portion of the AEMP. 

Table 5: Inputs into AEMP Design 
Reference Relevant Text 

Sahtu Land and 
Water Board 
Recommendations 
letter to Imperial 
(May 30, 2018) 

Recommendation 7: “The AEMP must document how the proposed sampling 
program (i.e. sampling frequency, location, number of samples, analytes) will, 
at a minimum, allow exceedances of the Low Action Levels to be detected. 
Small-bodied fish, such as Slimy Sculpin be added to the aquatic effects 
monitoring program design (ecological effects) in response to community 
concerns for more study on aquatic organisms as they are home range limited 
and their health and contaminant metrics are more likely to catch changes that 
will be missed in a water quality program. A Low Action Level for the small-
bodied fish metrics should be defined that, if exceeded, would potentially 
trigger studies on large bodied fish, such as loche (Burbot).” 

Third Party Review 
by Kelly 
Munkittrick 
(June 23, 2019) 

“Aquatic monitoring should be included as part of the AEMP or pre-closure 
baseline monitoring, with the following considerations: 

- Aquatic monitoring should be designed to assess whether there are 
meaningful responses in fish to the cumulative situation.  

- Fish sampling should focus on smaller-bodied fish species that have 
smaller home ranges. Exposure sites should be selected as closely as 
possible to the area of most concern, and reference sites should be located 
upstream and if possible, within the development area but outside 
excepted anthropogenic exposure areas. 

- An important component of the program is defining what comprises a 
meaningful response, which requires the development of lower action 
levels (conditions that if exceeded would trigger an adaptive management 
approach). This definition should be based on comparable reference sites. 

- If the cumulative effects assessment fails to detect a meaningful response, 
further work on fish is probably unjustified.  

- If cumulative effects assessment detects a meaningful response, it is the 
responsibility of follow-up studies to isolate the contributions of relevant 
stressors, based on identified potential sources and pathways.” 
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Reference Relevant Text 

Third Party Review 
by Kelly 
Munkittrick 
(June 23, 2019) 
(cont’d) 

“There are a number of issues with previous fish studies. The power or ability 
to detect an effect is affected by species selection, sample size, timing of 
sampling, location of reference site(s), location of exposed site, and endpoints 
utilized. The previous studies provided limited fish monitoring on the mainstem 
river, but they used exposure sites that were considerable distance downstream 
(where fish were utilized by the communities). There has not been any recent 
fish monitoring in the near field downstream location where potential exposures 
would be highest. The background natural contamination in the area will create 
challenges for separating natural and anthropogenic contamination, but the 
absence of meaningful effects to the cumulative exposures would be 
worthwhile to investigate.” 

Path Forward Letter 
sent to Sahtu Land 
and Water Board by 
IORL (June 26, 
2019) 

“Imperial has reviewed these recommendations and plans to retain an 
environmental consultant to assist with development of a cumulative effects 
aquatic monitoring program (part of AEMP Version 3.0). The program design 
will focus on answering the key questions described above. [Refer to Third 
Party Review by Kelly Munkittrick (June 23, 2019) above] 

Imperial believes that the proposed updates to the existing AEMP (inclusion 
of an aquatic component) will address the outstanding concerns identified by 
the SLWB (contained within the letter from SLWB to Imperial dated May 30, 
2018) and enable alignment to be reached in time for the summer 2020 
sampling season. Imperial is proposing to submit the updated AEMP 
(Version 3.0) to the SLWB in fall 2019 and obtain a decision from the SLWB 
by year end 2019. Imperial requests feedback from the SLWB if there are 
concerns with this approach.” 

Review of Path 
Forward letter by 
Sahtu Land and 
Water Board 
(September 6, 2019) 

“The Board accepts the recommendations from the report prepared by 
Dr. Munkittrick and is in agreement with the approach and timeline proposed 
by Imperial to revise and resubmit the AEMP (version 3.0) to the Board for 
public review and approval.” 
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Table 6: Guidelines for Aquatic Effects Monitoring 
(adapted from MVLWB and GNWT 2019) 

Key Activities Description AEMP Design 

Define the Issue 

What are the issues and concerns 
about the project-related effects 
that may not be addressed by 
monitoring? 

Make a Plan 

 

The AEMP Design Plan should 
contain all the details about 

when, where, and how 
information will be collected, 
stored, and reported to meet 

AEMP objectives 

Identify Key Connections 

What are all the possible ways in 
which waste from the project 
may affect the physical, 
chemical, and biological 
components of the receiving 
environment? 

Gather Information 

What data or information exists 
about the receiving environment 
including climate, water quality, 
hydrology, ecology, as well as 
land and water uses? What is the 
plan to fill the data gaps? 

Ask the Right Questions 

What are the specific questions 
that the AEMP must answer to 
address the issues and concerns 
raised by parties and to meet 
AEMP objectives? 

 

Overview 

The scope of the proposed revision to the AEMP (Version 3.0) is to address the 
outstanding concerns regarding inclusion of a fish monitoring program using the 
information outlined in Table 5. 

The key components of this aquatic effects monitoring program include: 

• Target Species Selection; 
• Fish Health Parameters to be tested on the target species; 
• Sampling Locations; 
• Sampling Frequencies; 
• Detailed Methods and Analysis; and 
• Response Framework. 
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5.2 Target Species Selection 

Work completed to date in the area near Norman Wells has focused on fish 
capture studies and studies focused on species of interest to local communities, 
such as burbot and whitefish (e.g. Lockhart et al. 1987, 1989, Golder 2007). The 
results of the fish studies and body burden analyses (metals, PAHs, 
hydrocarbons) to date reveal that in general, there are no significant differences 
observed between fish collected from the Norman Wells site compared to those 
collected from non-exposed areas.  

As burbot and salmonids are highly mobile and migratory species, the intent of 
the current program is to test potential effects using a resident relatively 
non-migratory sentinel species.  

A sentinel species is one with the following characteristics (adapted from 
Arciszewski et al. 2010): 

• Abundant, 
• Sedentary, 
• High site fidelity, and 
• Has measurable life history characteristics relevant for the assessment.  

These characteristics give a high likelihood that any contaminant present in the 
water and the food chain will be taken in by a given fish and be detectable. As 
they do not change sites and are non-migratory, fish caught near any potential 
source of contaminants should show a reaction. Dr. Munkittrick in his review 
also proposed to focus on smaller-bodied fish species that have smaller home 
ranges. His suggestions for target species included slimy sculpin (Cottus 
cognatus), spoonhead sculpin (Cottus ricei), trout-perch (Percopsis 
omiscomaycus), longnose dace (Rhinichthys cataractae), lake chub (Rhinichthys 
cataractae), or flathead chub (Platygobio gracilis).  

The slimy sculpin (C. cognatus) is an ideal candidate species with a small home-
range, have previously been found in high abundance, benthic, and has been 
used in similar studies to show changes in fish health indicators (see 
Section 5.3). They are also present in numbers that could be utilized for this 
study. Previous studies nearby have caught slimy sculpin in large numbers using 
electrofishing. Mochnacz and Reist (2007) surveyed several sites just upstream 
of the Norman Wells site and found abundant (>100 individuals) slimy sculpin. 
Imperial proposes to use slimy sculpin for the target species as it fits the 
definition of a sentinel species and is in agreement with Dr. Munkittrick’s 
recommendation. 
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5.3 Fish Health Parameters 

In Dr. Munkittrick’s review, the preferred fish health monitoring scenario is one 
that assesses cumulative impacts in fish near the exposure area. Suggested 
endpoints to test in his report were body burden (PAH concentrations in both in 
bile and muscle tissue) and liver detoxification enzyme induction 
(mixed-function oxygenase, MFO) both of which are indicators of hydrocarbon 
exposure (Headley et al. 2001, Tetreault et al. 2003).  

The proposed methodology outlined below for slimy sculpin (C. cognatus) 
includes analysis of whole-body PAHs and MFO induction. PAHs and MFO are 
used as monitoring parameters in other areas for metal mining (Spencer et al. 
2008), studies using Athabasca oil sands (Tetreault et al. 2003), and a closely 
related species (spoonhead sculpin [C. ricei]) has been used for pulp and paper 
monitoring (Gibbons et al. 1998). The slimy sculpin has also been used in other 
studies with proven induction of MFO (Tetreault et al. 2003). Bile volume for 
PAH analysis would not be sufficient in such a small bodied-species, but whole-
body PAH and liver weight for MFO should be sufficient if composite samples 
(i.e., multiple fish samples combined into a single sample for analysis) are used. 
In addition, as lethal sampling would be required regardless, fish length, weight, 
sex, and liver and gonad weight would be measured and used to create relevant 
indexes of fish health (i.e., Fulton’s condition index). Specific PAHs to test 
would be informed by on-site water quality testing but would likely include a 
standard suite used in similar programs (Table 7). 

Table 7: Proposed Parameters to Measure in Slimy Sculpin 
(to be Updated Based On Water Quality Testing) 

Component Parameters 

Body Burden 
(PAHs) – 
composite sample 

1-Methylnaphthalene 
2-Methylnaphthalene 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benz(a)anthracene 
Benzo(a)pyrene  

Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(j)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenz(a,h)anthracene 
Fluoranthene  

Fluorene 
Indeno(1,2,3-
cd)pyrene 
Naphthalene 
Perylene 
Phenanthrene  
Pyrene 

Fish Health Length and Body Weight 
General visual assessment and sex identifications 
Liver and gonad weight (composite) 

Mixed-Function 
Oxygenase – 
composite sample 

Stress Enzyme Activity - EROD (composite) 

Note that due to size of target species, a number of analytes will have to be composited  
Though very small liver mass is required for MFO, potential laboratories should be contacted to 
ensure sufficient sample mass is collected  
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5.4 Sampling Locations 

As few fish monitoring studies have taken place in areas upstream of Norman 
Wells and near Bosworth Creek, the selection of exposure and reference sites 
will be conducted in two steps: a desktop analysis and a field verification. The 
desktop analysis looks at constraints (assessible sites, similar environmental 
conditions, past capture success) and the field verification will involve water 
testing at potential sites, ground-truthing accessibility, and conditions at each 
site.  

5.4.1 Desktop Analysis 

Sample sites were chosen in accordance with the AEMP guidelines (see  
Table 6) and based on the following constraints: 

• Proximity to source (exposure area) 
• Accessibility and suitability for electrofishing 
• Known populations of slimy sculpin 
• Area with known natural seeps 
• Preliminary site scoping 

These constraints are illustrated in Figure 13 and Figure 14. Previous studies 
nearby have caught slimy sculpin in large numbers using electrofishing. 
Mochnacz and Reist (2007) surveyed several sites just upstream of the Norman 
Wells site and found abundant (>100 individuals) slimy sculpin (Figure 13). 
These sites may be suitable as reference stations in this study, though efforts will 
be made to match topography, hydrography, and habitat. The presence and 
exposure of sentinel species to natural seeps with or near reference areas will 
also be documented. 

As the Norman Wells site has many natural seeps that are likely to contain 
similar compounds (e.g., PAHs) that any released hydrocarbons from site 
activities would contain, choosing reference sites upstream near natural seeps 
will allow for a comparison of the exposure sites to natural oil conditions  
(Figure 14). If the Norman Wells exposure sites are within or near the natural 
concentrations of areas with hydrocarbon seeps, effects on fish species should 
be similar to fish present near natural seeps (see Section 5.6.5 for statistical 
analysis).  
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Figure 13October
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Constraint Mapping:
Previous Study Sites and
Known Seep LocationsNorman Wells AEMP



Figure 14October
2019

Constraint Map at Norman Wells
Known Seeps

Norman Wells AEMP
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Multiple reference sites should be used to capture the natural variability in the 
loading of slimy sculpin for PAHs and MFO response, and different populations 
in different exposure regimes may have very different responses. Having 
captured the natural variability, any significant difference to the exposure site 
should be detectable. One exposure site should be situated as close to the outflow 
location at Norman Wells as possible, with another exposure site slightly 
downstream. Current water quality monitoring (Chapter 4) acknowledges the 
potential sources of exposure at the Norman Wells site and has multiple water 
monitoring stations, including at the mouth of Bosworth Creek and three stations 
along the same bank downstream (see Figure 9 in Chapter 4). As slimy sculpin 
are capable of moving within their home ranges, no specific source of exposure 
can be targeted by this study. One station near Bosworth Creek, and one station 
slightly downstream of all potential sources would be considered most effective, 
site conditions depending. 

Based on these constraints, it is proposed to use the stations illustrated in  
Figure 15 and Figure 16. Note that as some of the constraint information is 
limited, some station locations may have to be revised based on field 
verification. 

Table 8 lists potential sites to be used as exposure and reference sites, based on 
the constraints outlined in Figure 13. Names and coordinates for these sites are 
drawn from previous publications and work done near the Norman Wells sites 
(see Figure 15 for site locations) (Mochnacz and Reist 2007, Imperial Oil 
Resources Ltd. 2013).  

For exposure sites, several sites are given in the water monitoring program 
(Figure 16). Highest priority are the sites at the mouth of Bosworth Creek and 
the site of effluent discharge into the Mackenzie River (Table 8). Other potential 
sites are listed in the water monitoring portion of the AEMP (Chapter 4), and in 
previous studies such as Envirocon Ltd. (1980). Other sites can be selected 
further downstream if sufficient slimy sculpin are not present at sites listed in 
Table 8. Field verification should take place at all five sites listed in Table 8 if 
possible.  
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Table 8: Details on Potential Exposure and Reference Area Sites to be Sampled 
(Field Verification Required) 

Site Name Latitude Longitude Description 

Exposure Sites 

WS-10 Water Sampling site -
Downstream Bosworth 
Creek 

Not given (see Table 3 in 
Section 4.5) 

+ Near known seeps and discharge sources 
+ Easily accessible 
+ Used as part of water monitoring program 
+ Slimy sculpin are present in Bosworth Creek 

WS-4 Water Sampling site -
CPF Effluent Discharge 

Not given (see Table 3 in 
Section 4.5) 

+ Return site for effluent 
+ Used as part of the water monitoring program 
+ Downstream of other discharges and natural seeps 
- No known slimy sculpin present 

WS-2 
WS-3 

Water Sampling sites -
Historical refinery / 
Imperial’s Main Dock 

Not given (see Table 3 in 
Section 4.5) 

+ Used as part of the water monitoring program 
+ Downstream of most other discharge sources and seeps 
+ Easily accessible 
- No known slimy sculpin present 

ES-1 Site 1 in Envirocon’s 
Fish Study (1980) 

7241885 * 597877 * + Downstream of most other discharge sources and seeps 
+ Easily accessible  
- No slimy sculpin caught in 1980 

Reference Sites 

SE-6 Bluefish Creek 1 64 55.00 N 125 44.33 W + Known oil seep 
+ Representative site (Bluefish Creek meets Mackenzie 

River) 
- No fish data available 
- Far upriver from Norman Wells 
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Site Name Latitude Longitude Description 

SE-3 Bluefish Creek 2 64 56.30 N 125 46.45 N + Known oil seep 
- Not representative site (upstream in Bluefish Creek) 
- No fish data available 
- Far upriver from Norman Wells 

SS-6 

SS-9 

SS-11 

Canyon Creek Reach 3 / 
Francis Creek Reach 1 / 
Helava Creek Reach 1  

65 13.347 N 

65 12.228 N 

65 11.476 N 

126 31.660 W 

126 27.698 W 

126 25.263 W 

+ Representative sites (each creek meets Mackenzie River) 
+ Slimy sculpin caught at all three sites 
+ Upstream but near Norman Wells 
- No known natural seeps nearby 

SS-2  

SS-3  

SS-4  

SS-5 

SS-8 

SS-10 

SS-13 

Canyon Creek Reach 
1,2,4,5 / Francis Creek 
Reach 2 / Helava Creek 
Reach 2 / Jungle Ridge 
Creek 

65 13.649 N 

65 15.199 N 

65 15.220 N 

65 14.984 N 

65 13.001 N 

65 12.105 N 

65 03.683 N 

126 31.240 W 

126 28.354 W 

126 28.269 W 

126 28.922 W 

126 25.917 W 

126 23.924 W 

126 03.688 W 

+ Slimy sculpin caught at all sites (exception: SS-7) 
- Not representative (upstream in creeks) 
- May be difficult to access 
- No known seeps 

SE-01 

SS-01 

Joe Creek / Fire Break 
Reach 1 

65 14.55 N 

65 15.543 N 

126 39.59 W 

126 39.620 W 

+ Representative site (Joe Creek meets Mackenzie River) 
- No slimy sculpin caught here (SS-1) 
- Gas seep (SE-1; less likely to contribute PAHs) 
- Close to Norman Wells site (potential exposure) 
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Site Name Latitude Longitude Description 

SS-7 

SS-12 

SS-14 

SS-15 

Francis Creek Reach 3 / 
RPR 314 / RPR 332 
Reach 1, 2 

65 14.441 N 

65 08.686 N 

64 54.181 N 

64 54.181 N 

126 23.584 W 

126 16.828 W 

125 16.767 W 

125 16.767 W 

+ Slimy sculpin caught at SS-14,  
- No slimy sculpin caught at SS-7, 12, or 15 
- No known natural seeps nearby 
- Not representative (upstream in creeks) 
- Remote sites from Norman Wells / difficult access 

SE-2 

SE-4 

SE-5 

Vermillion Creek / 
Bluefish Creek 3 /  
Bear Rock 

65 07.46 N 

64 56.25 N 

64 56.25 N 

126 04.56 W 

125 46.00 W 

125 46.00 W 

- Not representative (upstream in creeks) 
- No fish data available 
- Sulphur seeps 

Sources: Envirocon Limited (1980), Mochnacz and Reist (2007), and Imperial Oil Resources Ltd. (2013) and sources listed therein 
* Easting and Northing, NAD 1983 CSRS UTM Zone 9N 
Many sites’ coordinates lack precision due to the age of the original discovery and the reaches for certain streams were all reported as one coordinate 
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For reference sites, a wide variety of options exist from known seeps and 
previous work and are listed in preferential order in Table 8. Of the seeps 
recorded in Imperial Oil Resources Ltd. (2013), only two oil seeps (outside the 
Norman Wells site) are reported nearby. These sites, SE-6 and SE-3, are high 
priority sites to gain an understanding of how wild populations of slimy sculpin 
respond when exposed to natural hydrocarbons. For reasons listed in Table 8, 
SE-6 is a more representative site, though neither site has fish catch data 
available. The next three sites, SS-6, 9, and 11, are all representative sites with 
known catches of slimy sculpin upstream and nearby the Norman Wells site. 
Though no seeps are known here, these sites should be high priorities pending 
water sampling results. Remaining sites are less favourable for various reasons 
(no known slimy sculpin catches, sulphur or gas seeps, non-representative sites) 
and can be used if other sites are not suitable.  

While the sites discussed above are known from previous studies, some freedom 
of choice is required during the field verification stage. During sampling of any 
sites, if an unregistered seep is spotted, especially containing oil, this site should 
be documented and sampled. Many other creeks flow into the Mackenzie River 
upstream of Norman Wells, and if they appear representative of the Norman 
Wells site and are easy to access, verification sampling can be done here as well. 
Eight to ten different reference sites should be sampled during the field 
verification to ensure a variety of natural PAH concentrations and other factors 
are sampled for future selection. 

5.4.2 Field Verification 

Based on the constraints and selection criteria above and the list of potential 
sites, sites will be evaluated in the field to ensure they are accessible, similar to 
chosen exposure sites, and the concentration of PAHs in the water at each site 
will be measured. As stated above, the presence of natural seeps at reference 
sites is important to test if the Norman Wells site differs significantly from areas 
of natural hydrocarbon exposure. Verification in the field will include water 
sampling at potential sites to measure PAH concentration to compare against 
concentrations at the exposure sites. Substrate and other physical characteristics 
at each site will be recorded using standard stream survey methods, with a 
preference for sites similar to exposure areas (e.g., sandy bottom, slow-moving 
water, low vegetation). Rather than use these criteria to include or exclude sites, 
these criteria will be used to rank sites in terms of similarity, as few studies have 
taken place in this area and less similar sites may need to be included if similar 
sites are not identified. Preference will be given to sites with natural seeps, 
similar site characteristics to exposure sites, and easy access.  
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Water sampling will be conducted for parameters to be measured in fish. 
Specific PAHs found in water from each site will be evaluated in fish tissue. 
PAHs listed in Table 7 are preliminary, and any PAHs in water will be added to 
the list. As MFO induction is a response in fish to contamination, no matching 
water test parameter is available. Sampling will be completed near the surface, 
in areas that would be electrofished for slimy sculpin if possible.  

5.5 Survey Frequency 

Current program design is to sample slimy sculpin and use the parameters listed 
in Table 7 (body burden and fish health) during a single sampling season. 
Collections should be achieved in a single round of sampling if possible, so that 
sculpins are collected simultaneously to minimize any temporal changes such as 
spawning and food availability which could affect liver condition (Hodson et al. 
1991). If logistics for a single collection are not feasible, they should be 
conducted as close together as possible. A response framework will be 
implemented to assess the need for future sampling if project-induced changes 
are detected in the population as defined by established thresholds (See 
Section 5.7). 

5.6 Methods and Analysis 

Slimy sculpin will be collected using electrofishing. Though sampling has been 
completed using this method previously, multiple methods may need to be tested 
in this study as none have previously been collected in the exposure area. Other 
methods could include seine netting, minnow trapping, or gill nets. Individual 
fish will be assigned a unique identification number. Collected fish will be 
euthanized in clove oil, and fish length and weight will be measured in the field 
using a fish board of appropriate size and a portable weigh scale. Sex in slimy 
sculpin can be done externally by the presence of absence of genital papilla 
anterior to the caudal fin, and sexing of fish is required for MFO (Arciszewski 
et al. 2010). Sculpin will be dissected, and the weight of gonads, liver, and the 
gutted weight will be measured and recorded. Storage and processing of tissue 
and liver for PAH and MFO will be according to laboratory standard. 

Laboratory requirements for PAHs vary but are typically a minimum of 5 g of 
tissue. Individual slimy sculpins reported in Mochnacz and Reist (2007) had an 
average whole-body weight of 1.27 ± 1.15 g. After gutting, sculpins will likely 
be slightly lighter and as such compositing of samples will be required. 
Preference will be for the collection of mature sculpins, as these can be sexed, 
having higher mass overall, and will likely have higher body loading due to 
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longer exposures. Due to their small size, a minimum of five individual sculpins 
will be included in each composite sample. Where necessary, more than five 
sculpins will be used to make up sufficient mass. Each site will have 
10 composite samples collected, for a total of 50 slimy sculpins at each site 
(minimum). This may require multiple passes with an electrofisher in slightly 
different areas within each site.  

5.6.1 Polycyclic Aromatic Hydrocarbons 

Analyses for a suite of PAHs (see Table 7 for list of PAHs) will be undertaken 
using gas chromatography–mass spectrometry (GC-MS), ensuring that 
sufficient clean up procedures have been undertaken between samples to provide 
for competent analyses as per laboratory and relevant regulatory standards.  

5.6.2 Mixed-Function Oxygenase 

Liver samples will be maintained in an ultralow temperature freezer after 
collection. Samples will be transferred to a cooler with dry ice and transported 
to the lab where they will be stored until testing commences. Samples will be 
prepared and analyzed for ethoxyresorfin-O-deethylase (EROD) activity 
(considered to be the most important MFO enzyme) (Hodson et al. 1991, Brooks 
et al. 2015). 

5.6.3 Quality Assurance 

A sampling plan will be prepared and distributed to all field staff prior to 
commencing the water sampling program. Standard operating procedures 
outlining methods for sample collection and handling will be included in the 
sampling plan. All sample containers will be pre-labelled prior to departure. All 
pertinent information and sample specimen identification will be recorded on 
standard forms. Information such as length, weight, sex, biological specimen 
sample labels, and by-catch records will be included in the forms. Storage 
temperatures will be monitored daily. 
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5.6.4 Survey Timing 

Slimy sculpin in northern Canada are likely to spawn in May-June (Arciszewski 
et al. 2010). Males display nest-guarding behavior during this period, and so 
passive catch methods may not be as efficient as they will not forage. 
Arciszewski et al. (2010) suggest the following:  

“The best sampling time for slimy sculpin in northern lakes would be late August 
or even into September, as close to ice-up as is reasonable to ensure enough time 
to sample. 

This permits an increased chance of capturing YOY [young of the year] sculpin, 
and also more meaningful data on mature fish gonad sizes.” [text in brackets 
added for clarification]. 

5.6.5 Statistical Design 

Munkittrick et al. (2009) reviewed various critical effect size (CES) endpoints 
suggested and used in modern EEM and AEMP planning. Many different 
metrics are used, but the conclusion is that two standard deviations (or roughly 
25 %) marks a critical effect (see discussion in 5.7.1 for CES details). Traditional 
tests (e.g., t-tests, ANOVA, asymmetrical ANOVA) are typically used to detect 
differences using null and alternate hypotheses with a 5% (α) type I error rate. 
The wide range of natural variation in wild populations makes the use of a CES 
of two standard deviations useful for biological endpoints. If differences above 
or equal to the CES are detected in the chosen endpoints, further testing on 
biologically significant endpoints can be undertaken (as per Section 5.7.1). Due 
to lack of previous PAH and MFO sampling in the Norman Wells area, power 
analysis was not possible.  

5.6.5.1 PAHs and MFO 

Statistical tests will be performed on the biological tissue data to evaluate 
whether there are significant differences in the chemical concentrations present 
in whole-body tissues of slimy sculpin between fish collected in the vicinity of 
the Norman Wells site and those collected at multiple reference sites. The first 
step of analysis is to screen the data and select for further analysis only those 
parameters that are reliably detected. If data are routinely below the reported 
detection limit (RDL) (>50%), then no further analysis will be conducted. Based 
upon the screening, selected parameters will be retained for statistical analysis. 
In cases where data values below the RDL are occasionally present for a 
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parameter that is the subject of further statistical evaluation, the “non-
detectable” observation will be replaced in the data set by a numerical value 
equal to one-half the RDL (Hensel 2005). 

Analysis to test if monitoring variables within the exposure sites differ by greater 
than two standard deviations to reference values will be used to assess 
statistically significant differences in chemical concentration in slimy sculpin 
whole-body tissues caught near the Norman Wells site. MFO enzyme activities 
in liver tissues of fish of the same sex from Norman Wells site and reference 
sites will also be compared. 

5.7 Response Framework 

The overall goal of the Response Framework is to provide a systematic approach 
to responding to the results of an AEMP. Results from one year of sampling 
would be assessed against a framework of potential future work based on 
reported results. An adaptive management approach has been applied to this 
AEMP to ensure any results from the current plan will be used to inform 
revisions to future versions of the AEMP. Some general recommendations have 
been provided below but it is important that future steps are not overly 
prescriptive in the plan as future sampling designs must be developed based on 
results of the initial sampling program. 

The Response Framework is developed based on significant thresholds and 
action levels when those thresholds are approached or exceeded. 

5.7.1 Significant Thresholds 

As outlined in Dr. Munkittrick’s report, differences exist between a detectable 
difference, an established critical effect size (CES), and organism impacts. 
Organism impacts under the AEMP guidelines are those effects above the 
significance threshold, where the level of change is significantly adverse and 
therefore unacceptable. This level is context specific and informed by various 
measures such as impacts to fisheries.  

As the slimy sculpin is not a species of interest for any food fishery, significance 
thresholds should be related to biologically significant endpoints, such as 
reduced reproductive capability or foraging success. The endpoints chosen here, 
PAH loading and MFO induction, can be used to set detectable CES thresholds 
but not directly assess organism health. These endpoints are stressors that may 
affect biological endpoints but aren’t considered biological endpoints in 
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themselves. If differences above or equal to the CES are detected in the chosen 
endpoints, further testing on biologically significant endpoints can be 
undertaken (see Section 5.6.5). 

Imperial therefore proposes to use two standard deviations (SD) (or roughly 
25%) as a significant difference for the two chosen parameters (PAH body 
burden and MFO induction) between exposure and reference stations and is 
therefore a surrogate for significance thresholds. If a second round of sampling 
(based on a difference of 2 standard deviations as outlined in Section 5.6.5) is 
recommended (see Table 9), significance thresholds for Year 2 could be 
established based on the results of Year 1 sampling.  

5.7.2 Action Levels  

In general, if no significant differences are detected in any parameter for slimy 
sculpins, no further fish studies would be undertaken. If significant results are 
found in one or more parameters, additional actions will be evaluated as outlined 
in Table 9. 

Table 9: Applied Action Levels for AEMP Study Results 
(adapted from AEMP Guidelines (2019) 

Action 
Level 

Study Results Type of Actions 

None Although there may be 
some trends in the data, no 
significant differences 
between control and 
treatment sites (as defined 
by a difference of 2 SD) in 
body burden (PAH) or 
MFO induction.  

• Data will be analyzed for any trends between 
sites (e.g., asymmetrical ANOVA) 

• No action taken, fish sampling in the AEMP will 
be considered completed 

Low Significant differences 
between control and 
treatment sites (as defined 
by a difference of 2 SD) in 
body burden or MFO 
induction. 

• Ancillary parameters will be assessed to further 
define any trends (e.g., fish condition) 

• Power analysis of existing data can be carried out 
to assess the number of samples required for 
potential further sampling and the suitability of 
the stations 

• The need for an additional sampling cycle using 
slimy sculpin will be evaluated, potentially with 
additional reference sites and new exposure areas 

• Significance thresholds may be determined using 
the results from Year 1 sampling, and 
incorporating parameters such as reproductive 
success and foraging success 
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Action 
Level 

Study Results Type of Actions 

Moderate Continued finding of 
significant differences 
between control and 
treatment sites (as defined 
by a difference of 2 SD) in 
body burden and MFO 
induction. 

• The need for further water quality studies 
(including toxicity testing) to assess potential 
sources of exposure, including any natural seeps 
will be evaluated; 

• The need for potentially assessing the degree of 
bioaccumulation in species that eat slimy sculpin 
will be evaluated; and 

• The need for potential studies using similar 
endpoints in species for human consumption will 
be evaluated. 

• The need for mitigation options would be 
evaluated  

 

5.7.3 Reporting 

Similar to reporting set out in the Water Quality portion of the AEMP 
(Chapter 4), a standalone summary report will be provided to the SLWB 
following completion of the fish monitoring program. Unlike water monitoring, 
which is conducted on a yearly basis, the current fish monitoring study is one 
year of sampling with potential additional sampling based on the results of the 
first report. Report will include: 

• Results of preliminary site water quality testing, 

• Results of the Fish Monitoring study including: 

- Methods employed and any variations from this design plan, 

- Results from fish characteristics, PAHs, and MFO using the statistical 
design outlined in Section 5.6.5. 

- Discussion of results  

• Review of the results in the context of the AEMP guidelines and the 
response framework, along with proposed next steps 

Results will be framed in the context of the applied action levels set out in  
Table 9. As discussed in Section 3.3.3 of this AEMP, Imperial will engage with 
the Sahtu community to ensure stakeholders are informed and have the 
opportunity to provide feedback.  
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6 ADAPTIVE MONITORING APPROACH 

An adaptive monitoring approach should respond to a potential effect by 
triggering confirmation steps which may include changing the frequency and 
extent of monitoring. If such steps fail to confirm any effect, the program can 
revert to its previous monitoring state and additional data collected will 
contribute to the database and mitigate against any further false positives (Type I 
errors).  

Figure 17 outlines a concept of iterative data collection and analysis in terms of 
an adaptive monitoring approach. The monitoring process will reduce 
uncertainty in quantification of water quality variables and patterns of possible 
change, but it is not so much about evaluating system response to deliberate 
management actions. As the figure indicates, it is anticipated that there will be  
a routine cycle of data collection, analysis, and update of current statistical 
power. A critical step will be if a change is detected, and whether it is a statistical 
artifact or if it is a change with possible ecological consequences. If the change 
is determined to be an ecological effect as a result of the stressors at the Imperial 
site, an adaptive management process would be implemented to develop 
additional monitoring aspects for the AEMP. 

Depend on the risk an adaptive management may be considered to further 
evaluate. Adaptive management concerns how resources are managed given 
uncertainty and in light of the continual learning, such as that imparted by a well-
designed water quality program. Framing the program in the light of adaptive 
management may stipulate how results guide subsequent actions, especially as 
each monitoring event incrementally reduces uncertainty. The Mackenzie River 
and Bosworth Creek are systems where physical, chemical, and biological 
processes interact in a dynamically coupled manner. If changes in water quality 
from Imperial site stressors are identified, then indicators suitable to detecting 
effects to aquatic ecosystems from the changes will reflect the physical, 
chemical, and biological components of the ecosystem. 

It is under the adaptive management process where changes to the program may 
be considered. For example, semi-permeable membrane devices (SPMDs) have 
been deployed successfully elsewhere in northern climates. If it is found that the 
number of grab samples needed to establish statistical power is beyond the 
capacity for the operation to accommodate as described in section 4.9, SPMDs 
or other such technologies could be implemented to further evaluate the impacts 
within receiving environment. This follows the approach laid out in the AEMP 
design where gaps are identified during steps 7 and 8 and incorporated back into 
the design. 



 

Norman Wells Operation Aquatics Effect Monitoring Plan Page 92 of 145 
Imperial Oil Resources N.W.T. Limited October 2019 

 
Figure 17: Iterative Data Collection and Analysis Concept 
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Appendix A. AEMP Working Group Terms of Reference 

  



 
 

 
Sahtu Land and Water Board 

P.O Box 1 
Fort Good Hope, NT 

X0E 0H0 
Phone: 867-598-2413 

Fax: 867-598-2325 
www.slwb.com 

 
February 20, 2014 

 
TERMS OF REFERENCE FOR WORKING GROUP REGARDING 

AQUATIC EFFECTS MONITORING PROGRAM FOR 
IMPERIAL OIL RESOURCES N.W.T. LIMITED 

 
Purpose 
The Sahtu Land and Water Board (SLWB) is requesting membership in a Working Group (WG) to develop an 
Aquatic Effects Monitoring Program (AEMP) for Imperial Oil’s Norman Wells Operations.  
 

Aquatic Effects Monitoring Program: In the NWT, AEMPs must be designed and implemented as a 
requirement of the water licencing process for major development projects that could have adverse 
effects on the aquatic ecosystem. Such AEMPs must be designed and implemented in a manner that 
will provide the data and information needed to determine if aquatic ecosystems and their uses are 
being adequately protected; to evaluate short-term and long-term effects in the aquatic ecosystem 
resulting from the project; to evaluate the accuracy of impact predictions; to assess the effectiveness 
of impact mitigation measures; and to identify the need for additional impact mitigation measures to 
reduce or eliminate environmental effects. The goal of this WG is to develop a new Aquatic Effects 
Monitoring Program for the Norman Wells operation, which outlines goals, standards, timelines, 
consultation requirements, methodologies, and QA/QC.  

  
Action: Imperial Oil (IORL) will present, at the hearing, a framework for developing an AEMP Plan 
considering a work plan, goals, objectives and a schedule for completion and submission.  
 

The establishment of a WG is encouraged to provide a formal mechanism for meeting with all interested 
parties. It could be comprised of representatives from Aboriginal governments/organizations, federal or 
territorial governments, regulatory Boards, and other parties with an interest in the project.  
 
Guidelines are available for the development of an AEMP and should be used throughout this process in the 
development of Imperial Oil’s AEMP. 
 

• Indian and Northern Affairs Canada. Guidelines for Designing and Implementing Aquatic Effects 
Monitoring Programs for Development Projects in the Northwest Territories. June 2009, Yellowknife. 

 
The link provided is to the Overview Report. There are six additional volumes to these Guidelines, available on 
the SLWB website.  
 
Development of the Plan could take from six months up to one year. All parties need to identify timelines for 
this WG and partake in the development of a Final Plan. The first AEMP WG meeting will take place after the 
release of the Community Monitoring Program by GWNT (ENR). ENR will provide: What the community 
concerns were; and will bring the science based information to the first WG meeting. This will be very useful as 
background information and is expected to be done by March 31st.  This information may go on the public 
registry, pending community approval. 
 

 

http://www.slwb.com/
http://slwb.com/sites/default/files/documents/INAC%20-%20AEMP%20Guidelines%20-%20Overview%20Report%20-%202009.pdf
http://slwb.com/sites/default/files/documents/INAC%20-%20AEMP%20Guidelines%20-%20Overview%20Report%20-%202009.pdf
http://slwb.com/resources/policy-and-guidelines


The date and location of the first meeting will be determined after membership is confirmed. 
 
Membership 
Membership is open to all interested parties who agree to the following standards of participation. Participants 
must commit to: 

•  Participating in the discussion 
•  Resolving issues 
•  Following up on agreements and tasks 
•  Maintaining confidentiality of WG discussions and deliberations (unless otherwise agreed in advance) 
•  Adopting a constructive approach 
• Avoiding repetitions of earlier deliberations 
•  Facilitating an atmosphere of honesty, openness and trust 
•  Listening to the views of others, and treating them with respect 

 
Role of the Convener/Facilitator: SLWB 
The AEMP WG Convener role is critical to the success of the WG work, leading the WG in fulfilling the assigned 
tasks and ensuring timely reporting and coordination with the members of the WG. The WG Convener shall 
perform the following roles; 

• Convene meetings of the WG, or as required to meet the goals set by the WG; 
• Develop WG meeting agendas; 
• Request WG members, as required, to undertake tasks, ensuring follow-up;  
• Reporting on WG recommendations, conclusions and action items, and 
• Liaise as necessary with other processes, research and other organisations as necessary to achieve the 

work of the WG. 
• Any issue or matter in dispute will be taken to the Board for resolution.  
• Facilitating constructive questioning; 
• Focussing on relevant issues by ensuring that the technical direction of the WG work remains in 

accordance with the WG Terms of Reference.  
 

Roles and Responsibilities of WG Members 
Members have a responsibility to provide the WG with high quality, well considered, advice and 
recommendations on matters described in the WG terms of reference. Members play a critical role in ensuring 
technical input in areas of their expertise related to the AEMP. Focused technical input will be solicited from 
identified experts and advisory scientific groups. 
 
The WG has no executive or regulatory function. Its role is solely to provide advice and recommendations to 
the SLWB. The SLWB will not accept any recommendations that are outside its legislated authority. The SLWB 
will make the ultimate decision on approving the AEMP Plan.  
 
Meetings  
The frequency of WG meetings will be determined by the SLWB depending on the progress of work, taking into 
consideration any potential Licence requirement deadlines. SLWB may also invite other observers to WG 
meetings, including representatives from the community or other technical advisory groups or agencies; or 
additional experts may be invited to meetings, as appropriate, to further contribute to specific agenda items. 
 
Please note that the SLWB does not have any funding available for participation in the WG.  
 

 
 
 
 
 
 

 



 
 

Sahtu Land and Water Board 
P.O Box 1 

Fort Good Hope, NT 
X0E 0H0 

Phone: 867-598-2413 
Fax: 867-598-2325 

www.slwb.com 

 
 

February 20, 2014 
 
WORKING GROUP FOR AEMP PLAN 
Please indicate on this form your organizations’ interest in participating in the Working Group for the AEMP at 
Imperial Oil’s Norman Wells operations.  Indicate the key contact person and an alternate.  
 
 
ORGANIZATION/AGENCY _______________________________________________________ 
 
NAME OF KEY CONTACT PERSON _________________________________________________ 
 
E-MAIL/PHONE NUMBER _________________________________________________________ 
 
AREAS OF EXPERTISE __________________________________________________________ 
 
ALTERNATE CONTACT PERSON ___________________________________________________ 
 
E-MAIL/PHONE NUMBER__________________________________________________________ 
 
 
Return this form to Tony Morris at tony.morris@slwb.com at the SLWB by March 14, 
2014.          

 

http://www.slwb.com/
mailto:tony.morris@slwb.com
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Appendix B. Issues and Concerns Matrix  



ID# Community Questions, Issues and Concerns Potential Impact Area

1 A concern was expressed with water usage and what effect this has on the flow of the river. Water Quantity
2 Abundance and distribution of fish in priority lakes and rivers Aquatics

3 Algal bloom/nutrient monitoring Aquatics

4 Analysis of natural seepage entering the Mackenzie River versus processed hydrocarbons should be done [FGH] Water Quality
5 Animals that were common earlier are not seen as much anymore, beavers being an example. Wildlife

Water Quality
Regional

Aquatics

Water Quality
Wildlife

8 Belief that Imperial is hiding information about spills Communication

9 Benthic invertebrate studies under ice and during spring freshet Aquatics

10 Breeding behavior and habitat use by waterfowl, shorebirds, and peregrine falcon, waterfowl migration timing and patterns Wildlife

11 Cadmium in caribou [FGH]  Wildlife

12 Concern around the lakes across the river from activities by Conoco (Fish Lake) and Husky Regional

13 Contaminants in birds (resident vs. migratory) Wildlife

14 Contaminants in mink [FGH] Wildlife

15 Dead trees on the lease close to the mountains. Vegetation

16 Dene are seeing differences in the fish caught in the Mackenzie River. Aquatics

17 Further water quality monitoring (including hydrocarbons) upstream and downstream from oil and gas operations, and municipal area (reservoir and old dump site) Water Quality

18
Groundwater and active layer permafrost depths could be measured at locations other than the Mackenzie Valley pipeline route, particularly on the eastern side of the Mackenzie 
River towards Great Bear Lake which is exceptionally rich in karst formations.

Regional

19 Groundwater monitoring near historical sumps/drilling operations Water Quality
20 Health, including bacteria and diseases in fish, i.e., burbot/ whitefish/cisco Aquatics

21 Impact of water quality in the Mackenzie on community drinking water [FGH] Human Health
Aquatics

Wildlife

23 Impact of water quality in the Mackenzie on Human Health (cancer rates) [FGH] Human Health
Communication

Water Quality
25 Imperial’s discharge into the Mackenzie River (e.g. chemicals) Water Quality
26 Is there an effect from the volumes of water Imperial withdrawals and puts back. Water Quantity
27 Issue of mercury in fish Aquatics

28 Karst formations should be investigated in greater detail, particularly the Underground River from Lac Belot to Hare Indian River. Regional

Communication

Regional

30 More information about an past IOR spills and spill response [NW] Communication

31 More information about Enbridge and the pipeline leaks it has experienced [FGH] Regional

32 More information about the ongoing petroleum exploration in the Sahtu [NW] Regional

33 More information about what is going into IOR disposal wells. [NW] Water Quality

34 Natural hydrocarbon levels in watercourses, further water quality monitoring (including hydrocarbons and PAHs and chemicals used in Imperial Oil operations) [FGH] Water Quality

35 Need for a baseline assessment and further baseline studies [FGH] Regional

36 Need for traditional knowledge study on insects, invertebrate diversity and habitat assessment Wildlife

37 Oil and gas related contamination in important fish areas Aquatics

Aquatics

Water Quality
Communication

Water Quality
Regional

Wildlife

Aquatics

Regional

Regional

Water Quality
Regional

Water Quality
44 Snow/meltwater quality testing Water Quality

Communication

Geomorphology/River Change
46 Surface water monitoring near historical sumps/drilling operations Water Quality
47 The artificial islands impact spring breakup and flow of the Mackenzie River. Geomorphology/River Change
48 The concern that the flow of the river and the location of sand bars has changed since the building of the artificial islands Geomorphology/River Change
49 The impacts from the artificial islands being constructed with blasted rocks Water Quality
50 There are continued concerns with the loche liver and white fish tissue texture in the area around Norman Wells. Aquatics

51 They use snow for making tea and the tea is tasting different. Water Quality
52 TK study on frogs Wildlife

53 Traces of uranium 6 to 12 inches below the surface in gray matter near Bosworth Creek Water Quality
54 Aquatic plant survey incorporating TK Aquatics

55 Impacts of climate change on vegetation (permafrost, drainage, precipitation) Vegetation

56 Survey of invasive plant species Vegetation

57 Long‐term recovery rates of disturbed vegetation (e.g. seismic lines) Vegetation

58 Want more monitoring about the exploration and potential development of oil and gas by other companies in the Sahtu [FGH] Regional

59 Want more monitoring about water quality [FGH] Water Quality
60 Water quality testing should be conducted during both the open water season and during the winter under the ice. Water Quality

Regional

Water Quality
Regional

Water Quality

45 Something on the river bottom between IOR AI5 and Norman Wells

61 What are the cumulative effects of stressors on water quality (development and climate change) ?

62 What is the acceptable level of water quality; science based (CCME) or traditional based

42 Reports of explosives buried at Seepage Lake

43
Sediment levels / turbidity could be investigated in more detail and trends over time could be analyzed, particularly for waterways experiencing a high degree or frequency of 
landslides or erosion.

Population studies and contaminant research in mink, marten and muskrat40

Problems in fish maybe caused by the oil and gas industry [NW]41

6 Are contaminants potentially related to oil sands in the water?

29 Lack of transparency for the oil and gas industry

Original Imperial sump is near the school/ball field39

7 Are contaminants that can affect the health of fish and wildlife in the water?

22 Impact of water quality in the Mackenzie on fish and wildlife [FGH]

24 Imperial Oil’s previous waste management practices

38 Oil is seen in Bosworth Creek and grayling caught there have worms.
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Appendix C. Stressor – Pathway – Receptor Diagrams 
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Figure C-1. Aquatics Stressor – Pathway – Receptor Diagram 

 

Figure C-2. Geomorphology Stressor – Pathway – Receptor Diagram 
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Figure C-3. Human Health Stressor – Pathway – Receptor Diagram 

 

Figure C-4. Vegetation Stressor – Pathway – Receptor Diagram 
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Figure C-5. Water Quality Stressor – Pathway – Receptor Diagram 

 

Figure C-6. Water Quantity Stressor – Pathway – Receptor Diagram 
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Figure C-7. Wildlife Stressor – Pathway – Receptor Diagram 

  



 

Norman Wells Operation Aquatics Effect Monitoring Plan Page 107 of 145 
Imperial Oil Resources N.W.T. Limited October 2019 

Appendix D. Previous Studies Summary 
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The last Aquatic Effects Monitoring Program for Imperial site occurred from 
2002 to 2006. As part of this program a literature review was conducted and 
approximately 60 reports and scientific documents were reviewed and 
summarized in the Aquatic Effects Monitoring Interpretive Report 2002-2006 
(Golder, 2007). More detail from additional studies is provided below for the 
areas of Aquatics, Geomorphology/River Change, Water Quality, and Water 
Quantity. 

D.1. Aquatics 

The 1980 Environmental Impact Statement for the oilfield expansion determined 
the impacts from the construction of the islands would be those associated with 
increased turbidity in the immediate vicinity downstream of the dredging 
operations. Therefore, blasting and river bottom sedimentation impacts for the 
short-term construction period were judged to be minor to negligible. In 
addition, the 1980 study identified that the dredging activities and island 
construction can result in alteration of fish habitat and benthic production 
through direct disturbance. Migrations and natural movements may have also 
been temporarily affected when dredging and island construction took place. It 
was believed that any impacts on fish or benthic production should be limited to 
localized losses, and these affects will occur only during the construction phase. 
Any reduction in the Norman Wells area would be minor and short-term (Esso 
Resources Canada Limited, 1980). It was noted by Esso Resources Canada 
Limited in 1980 that various oils, fuels, and lubricants would be stored and 
utilized at Norman Wells during the expansion and future operations. These 
materials could have affected fish and food chain organisms if spilled in large 
enough quantities. The impact associated with such spills would depend on the 
quality and quantities spilled, the location of the spill, the time of year of the 
spills, and on the effectiveness of contingency plans to contain and cleanup the 
spills. In general, the 1980 Environmental Impact Statement determined that 
effects on aquatic fauna were expected to be localized, short-term, and minor. 
Additional sediments from the activities would only occur during the 
construction period, and would be a small fraction of natural annual sediment 
transport and aquatic flora and fauna appear to be well adapted to such 
conditions (Esso Resources Canada Limited, 1980). 

In 1980, a survey of benthic macro invertebrate and fish populations was 
conducted in the Mackenzie River at Norman Wells (Envirocon 1980). Site 
specific information was gathered on benthic macro invertebrates and shallow 
water fish populations to assess potential impacts from the construction of the 
water intake and artificial islands in the Mackenzie River. Examination of these 
data was used to formulate qualitative conclusions about the potential effects of 
construction on the invertebrates and fish habitat. Sampling locations for macro 
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invertebrates in the river were selected to provide the data necessary to assess 
the effects of the island and intake construction. Samples were sorted and 
analyzed to determine the population composition, abundance and biomass. A 
total of four major benthic macro invertebrate taxa were identified in samples 
collected where 60 to 70% were Chironomidae, 20% Trichoptera, 10% 
Ephemeroptera, and less than 5% Oligochaeta. When compared to data for the 
Mackenzie River Delta and smaller northern streams, population estimates 
measured for the river at Norman Wells were low. Analysis of available 
information suggested that the differences may be attributable to the fact that the 
delta channels and small stream beds provide a somewhat more stable substrate 
and a more nutrient-rich environment than the mainstem of the Mackenzie 
River. Previous research had shown that as many as five environmental factors 
(current speed, temperature, water chemistry, substrate texture, and organic 
content) may control the distribution of macro invertebrates in flowing waters. 
Review of data gathered in this study indicated that the differences in the size of 
the populations between sample locations may be due in part to differences in 
the river bed substrate character and current speed. The consequences in terms 
of overall production of macro invertebrates was determined to be localized and 
minor since the total area of the river bed that might be disturbed by construction 
was small (26 ha) and the number of organisms inhabiting the substrate few. In 
addition, previous observations suggested that the rip-rap protection proposed in 
the design of the artificial islands will compensate to some extent for a loss of 
river bed habitat by providing a stable substrate of considerable surface area for 
colonization by macro invertebrate fauna. The 1980 study also identified that 
quantitative estimates of benthic invertebrate populations in large, fast-flowing 
rivers such as the Mackenzie River are frequently difficult to obtain in practice. 
The well-scoured, hard channel bottom, significant current velocity, and 
heterogeneous benthic invertebrate distribution in the Mackenzie River by 
Norman Wells made it difficult to obtain data which are truly representative of 
natural populations. The species of fish collected from the Mackenzie River in 
the vicinity of Norman Wells as part of the 1980 study were Lake Chub, Flathead 
Chub, Ninespine Stickleback, Longnose Sucker, Spoonhead Sculpin, Cisco, 
Whitefish, and Arctic Grayling (Envirocon 1980). The catch-per-unit effort for 
seine hauls in the shallow waters at the mouths of the tributary streams was 
greater than at the shoreline sites remote from tributaries. Review of the results 
suggested that the data were too few to support anything other than general 
statements about fish distributions and the quality of the fish habitat in the 
Norman Wells area. The low abundance of fish noted may be due to changes in 
the seasonal distribution of the populations or the lack of suitable habitat 
(vegetation and back eddies) around Goose and Bear Islands (Envirocon 1980). 
The 2002 to 2006 AEMP for Imperial site noted that Government studies during 
the 1980s and 1990s focused on aquatic biota, and especially fish, in the 
Mackenzie River at Norman Wells; and, several of these were implemented in 
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response to concerns that the quality of fish downstream of Norman Wells had 
deteriorated. In previous studies, a total of 35 fish species have been identified 
in the Mackenzie River and two local tributaries, Bosworth and Loon creeks, 
and most species have been observed in the Norman Wells area. Species of local 
importance have included arctic grayling (Thymallus arcticus), broad whitefish 
(Coregonus nasus), inconnu (Stenodus leucichthys) and burbot (Lota lota, 
locally known as “loche”). Many of the fish species are only seasonally  
abundant as they move past Norman Wells to and from spawning, rearing and 
overwintering areas, either in the Mackenzie River mainstream or in tributary 
streams and lakes. Studies attempted to determine whether a link existed 
between organ pathology observed in Mackenzie River fish (e.g., small, dark 
livers in burbot) and the presence of the Norman Wells facility. These studies 
discovered that the same pathology had been documented in fish populations 
from several other northern rivers where oil and gas development was not 
present. There was no evidence that petroleum related activities at Norman 
Wells caused abnormalities in downstream burbot livers (e.g., Hrudey and 
Associates 1988, Lockhart et al. 1989). While the presence of liver  
abnormalities was objectively verified, the result of three studies regarding liver 
condition in fish demonstrated that burbot liver abnormalities were 
geographically wide-ranging and that they were likely the result of normal 
burbot lifecycle variation. Conclusions from these aquatic effects studies were: 
natural oil seeps provide the majority of the hydrocarbon inputs into the 
Mackenzie River; Norman Wells crude oil was not chemically distinct from the 
natural oil seeps; it was determined that the acute lethality of Refinery effluent 
to fish in the Mackenzie River is not an issue under all but catastrophic operating 
conditions; and, there was no evidence that petroleum related activities caused 
abnormalities in downstream burbot livers. At the time the former research was 
conducted, the primary facility of concern at Norman Wells was the Refinery. 
The Refinery was decommissioned in 1996 and the facilities removed. 
Remediation of the former refinery site is still ongoing; however, most of the 
risks associated with Refinery effluents have been eliminated by the closure and 
dismantling of this facility. 

The 2002 to 2006 AEMP for Imperial site focused in the aquatic areas of i) loche 
liver study, ii) whitefish flesh study, iii) toxicity testing of effluent and river 
water. The 2002 to 2006 AEMP for Imperial site completed two fish surveys  
for loche (also called burbot) in October and November of 2002. This study was 
completed in response to continued community concerns regarding the quality 
of livers observed in some loche. The fishing for the study was completed in 
Fort Good Hope and Tulita. Members of the community from Fort Good Hope, 
Tulita, and Norman Wells were involved in the assessment of the fish. The 
majority of the livers were judged to be of good quality and good to eat. Six of 
the 28 livers that were judged were considered no good to eat. The only fish  
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with a bad liver was from a small, young fish captured at Tulita that would not 
normally be eaten. More fish with bad livers were found in the study that took 
place in 1985 and 1986. The previous study found that 27 of the 81 livers studied 
were judged to be bad. Starvation has been known to cause bad livers (Golder 
2007). In the 2002 study however, the fish with bad livers were healthy with 
normal body weight. This indicates that these fish were likely eating as much as 
the fish with good livers. There was also no relationship found between oil-
related chemicals (PAHs) in fish and liver quality in the 2002 study. Overall,  
the 2002 study indicated that it is normal for a few fish to have bad livers. For 
example, young fish or other fish that will not spawn (lay eggs) in a year are 
likely to have smaller, dark livers. The whitefish quality completed as part of  
the 2002 to 2006 AEMP was to address concerns that the quality of whitefish 
had declined since the 1980’s. More specifically, the whitefish flesh had become 
too ‘watery’ in texture. In 2003, 14 residents from Fort Good Hope were  
selected to participate in a texture-tasting panel. A total of 36 whitefish from 
around Fort Good Hope were caught. The fish were coded, measurements were 
taken, and the fillets were prepared, and cooked for the testing panel. The results 
from all panel members showed that the female fish had a ‘watery’ texture 
compared to the male fish. This means that fish with eggs tend to be more 
‘watery’ than fish with no eggs. 

The testing panel was presented with coded samples; they had no idea if the 
sample was from a male or female fish. Other measurements taken on the fish 
also showed that the quality of female fish with eggs were not as good as the 
male fish. For example, fillet weights were much lower in female fish, and the 
amount of protein in the fillets from female fish was much lower than in male 
fish. As expected, the water content measurements were higher in female fish. 
Compared to measurements of fat and protein made in a previous study in 1986, 
this study’s measurements show that the whitefish were in better condition. The 
2003 study results suggest that the issue of ‘watery’ flesh may be linked to the 
spawning condition (or the growth of eggs) of female whitefish (Golder 2007). 
Toxicity testing of effluent and water from the Mackenzie River was conducted 
from 2003 to 2006 as part of the last Imperial site AEMP (Golder 2007).  
Effluent and river water was collected, and two types of fish (fathead minnows 
and rainbow trout) were used to test the potential toxicity of the water. The 
fathead minnows were placed in the effluent and river water samples for 7 days. 
The rainbow trout were placed in the samples for 4 days and 28 days. A 
comparison of the fish placed in the effluent water versus those placed in the 
river water showed that the effluent water was not harmful to fish. A study of 
rainbow trout livers also showed no effect (Golder 2007). 

The Department of Fisheries and Oceans (DFO) conducted biological and 
habitat sampling at 102 streams along the Mackenzie River Valley between 2005 
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and 2007. The purpose of the sampling program was to develop a bio  
assessment tool using the Reference Condition Approach (RCA) for 
environmental effects assessment of the Mackenzie Gas Pipeline (MGP). Data 
collection included habitat measurements, water quality testing, and benthic 
macro invertebrates surveys. Remote sensing was used to obtain additional 
landscape and climatic data. There was substantial variability in physical habitat 
conditions among the 102 sampling sites that spanned a 1,200-km distance from 
the outer Mackenzie Delta to northern Alberta (Rempel and Gill 2011). All field 
(i.e., habitat) and laboratory (i.e., invertebrate and water chemistry) data are 
housed in Environment Canada’s CABIN database and are accessible to anyone 
once a user account is created (http://cabin.cciw.ca/Application/welcome.asp). 
In 2005, 712 invertebrates were collected using kick nets. The study identified 
riffle and run as present habitat types with shrubs and the dominant riparian 
vegetation. They measured a wetted width of 15 m, and a bankfull width of 20m 
at their sampling location (Rempel and Gill 2011). 

From 2009 – 2011, IOR initiated a program aimed at characterizing aquatic 
ecosystems conditions in the lower reach of the Bosworth Creek (i.e. benthic 
invertebrates and fish). This was a three year monitoring program that included 
the aquatic components of benthic invertebrate collection and analysis and fish 
habitat collection and analysis (WorleyParsons 2012). Overall, no significant 
differences were observed between the benthic invertebrate stations on the lower 
Bosworth Creek and the upper reference stations. Benthic invertebrate index 
results indicated that macro invertebrate communities in the upper and lower 
Bosworth Creek stations were experiencing similar high quality habitat 
conditions. The slight differences noted among the communities of the upstream 
and downstream stations are likely related to natural variability and minor 
habitat differences. Fish survey and fish habitat data indicate that Bosworth 
Creek provides suitable habitat to various fish species. Based on an assessment 
of representative fish species (specifically Arctic grayling, longnose sucker, and 
longnose dace), Bosworth Creek provides good spawning and rearing habitat. 
For small bodied fish (i.e. cyprinids) and juvenile life-stages of typically found 
large-bodied fish, Bosworth Creek provides good summer holding/feeding, and 
potentially overwintering, habitat. Conversely, Bosworth Creek provides only 
poor to moderate summer holding/feeding and overwintering habitat for the 
adult life stage of large-bodied fish. Larger, adult fish likely use the Mackenzie 
River for both summer and overwintering habitat. 

Between 2006 and 2010, a monitoring project of Bosworth Creek was conducted 
through support by the Sahtu Renewable Resources Board. The 2007/2008 field 
work by the Bosworth Creek Monitoring Project identified major range 
expansions for several species of blackflies and caddisflies. The benthic macro 
invertebrate baseline study was completed and provided an inventory of 
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39 families. In the 2008/2009 field season of the Bosworth Creek Monitoring 
Project they found the occurrence of arctic grayling upstream from the weir site. 
They stated this probably indicated migration from the Mackenzie River, and 
stable and successful restoration of the creek bead downstream from the weir 
(Sahtu Renewable Resources Board, 2006-2010). 

D.2. Geomorphology/River Change 

As a part of the 1980 Environmental Impact Statement, local changes were 
predicted to occur but no significant effect was expected in relation to the natural 
variability downstream of the islands. It was determined that the construction  
of six artificial islands in the Mackenzie River at Norman Wells could cause 
changes in channel pattern and dimensions through changes in flow patterns, 
sediment deposition, or ice-jam related scour. The cross-section in 1979 
appeared to be oversized in terms of regime relations and stream bed materials 
were likely resistant to scouring, so only minor modifications of cross-sections 
or bed levels were expected in a short reach at Norman Wells (Esso Resources 
Canada Limited, 1980). 

D.3. Water Quality 
 

D.3.1. Mackenzie River 

Dredging of riverbed material for artificial island construction was identified as 
a potential environmental concern to water quality from the amount of sediment 
that will be re-suspended in the water column by the 1980 Norman Wells 
Pipeline Project Environmental Impact Statement. Spills which could also enter 
the drainage system were identified; however, the processing facility drainage 
system was designed to not permit discharge to the Mackenzie River, and 
accidental oil spills or other accidental releases would be restricted to the 
pipeline volume because automatic positive shut-off of the pipeline flow would 
occur as soon as a major pressure drop was detected. Since water quality in the 
Mackenzie River varies with the season, the time of any accidental release would 
determine the potential for environmental effect. Releases in the winter pose the 
greatest threat to aquatic life due to decreased dilution capacity of the river but 
the impact to waterfowl, the most sensitive target species, would be minimal 
when the river is ice-covered. Impacts to aquatic life in the summer are less 
because of greater river discharges and higher water temperatures. The 1980 
Norman Wells Pipeline Project Environmental Impact Statement included 
measurement of water quality parameters for the open water and ice covered 
periods of Mackenzie River above from January 1972 to November 1974). 
These are provided for reference in Tables D-1 and D-2 below. 
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The 2002 – 2006 the Imperial site AEMP concluded from studies included in 
their literature review that in general, human induced contaminants and 
petroleum hydrocarbons downstream of Norman Wells were found to be similar 
to levels observed upstream in the Mackenzie River or in other northern rivers. 
The main finding from the previous studies was: 

• Analysis of water samples collected upstream and downstream of the 
Imperial Refinery location showed very low concentrations of alkanes 
and polynuclear aromatic hydrocarbons (PAHs), despite the presence of 
natural hydrocarbon seepage at Norman Wells. 

Water quality studies took place from June 1995 to June 1996, just prior to the 
decommissioning and dismantling of the Refinery. During this period, 
Environment Canada (1998) analyzed six samples from the Mackenzie River at 
Norman Wells for select PAHs (Golder 2007). The majority of the PAHs were 
at or near the limit of detection (i.e., 10 to 30 ng/L) in all samples. The only 
exception was one sample (from of a total of 96) with detectable concentrations 
of 2 methylnaphthalene (20 ng/L) and 1-methylnaphthalene (13 ng/L). These 
results were consistent with the studies during the 1980s and 1990s highlighted 
above, which found low levels of PAHs in all segments of the Mackenzie River 
examined. 

As part of the 2002 to 2006 AEMP, a field study in combination with computer 
modeling was conducted to understand the fate of cooling water (effluent) 
released from Imperial’s CPF (CPF). The study was completed over a two-year 
period (2004 and 2005) in both high and low water conditions. The study found 
the effluent stayed very close to the shore as it moved downstream, became 
diluted very quickly, and was difficult to measure at Rader Island (8 kilometres 
downstream). These results indicate that if a substance of concern were released 
from the Imperial site water outlet, it would stay very close to the shore, and it 
would be difficult to find this substance past Rader Island (Golder 2007). 

To assess potential effects of the Imperial site on the Mackenzie River, river 
water and sediments were collected and analyzed for Polycyclic Aromatic 
Hydrocarbons (PAHs) during the 2002 to 2006 AEMP. PAHs are found in oil 
and in certain concentrations, are potentially harmful to humans and wildlife. 
PAHs can potentially enter the River through spills, impacted surface runoff 
water, or natural seeps. The study was completed over a two year period (2003 
and 2004). Samples were collected upstream from Norman Wells, downstream 
of a natural seep, and downstream of the Imperial site. Collected sediment and 
water samples were compared to each other to see if the Imperial site had 
potentially added chemicals to the river water and sediments. Small 
concentrations of PAH were present in all of the water and sediment samples 
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collected from the Mackenzie River. Concentrations of PAHs were lower than 
the levels which are known to be harmful to fish and other aquatic life. The 
concentration of PAHs in the effluent was even less than what was found in the 
River upstream of the Imperial site. In addition, the concentration of PAHs 
downstream of the Imperial site were the same as what was measured upstream 
of the Imperial site. The results of this assessment suggested that the Imperial 
site is not adding more PAHs to the River than what is naturally occurring. 
Samples taken next to the oil seep did show some small increases in the amount 
of PAHs present compared to upstream sampling points. This indicated that 
these natural seeps are a source of PAHs potentially entering the Mackenzie 
River (Golder 2007). 

D.3.2. Bosworth Creek 

Between 2006 and 2010 a monitoring project of Bosworth Creek was conducted. 
The Bosworth Creek Monitoring Project was a multi-disciplinary, long-term 
study of a local watershed by high school students from Mackenzie Mountain 
School, Norman Wells, NT, local residents, and researchers from universities 
and government agencies. The monitoring was initiated in 2006 following 
concerns raised by local residents about fish stocks following the removal of a 
weir. Other sources of impact include sediment deposition from an erosional 
zone created by a fire break, All Terrain Vehicle crossings and inter-creek travel, 
and the fine-grained sediments that accumulated behind the weir. The project 
collected data and made observations about six Valued Components including 
Water and Sediment Quality, Water Quality, Fish Quality, Fish Habitat, 
Populations, and Harvest, Birds, and Vegetation. Copies of reports for the 
individual years are available on the Portal website 
(www.nwtdiscoveryportal.enr.gov.nt.ca/). 

Over the program 55 sediment, 61 water and 17 ice samples were collected. 
Early studies showed that the creek had two kinds of water chemistry profiles 
depending on the time of year. Summer chemistry was influenced by snow pack 
melt, general runoff, and subsurface origin, while winter chemistry is largely 
based on springs that occur throughout the channel’s length (Sahtu Renewable 
Resources Board, 2006-2010). During the course of the program it was also 
identified that three kinds of ice occur at Bosworth Creek. The first two are 
chemically related and include frozen creek water and blue-green overflow. The 
third type of ice is yellow-brown in colour and exhibits elevated levels of most 
heavy metals and some other properties. Elemental chemistry of blue-green and 
yellow-brown overflow has shown that the latter contains higher concentrations 
of measured parameters, but that both share similar relative abundances of these 
elements. In fact, there appears to be as much variation in the relative 
abundances within each type of ice, as there are between them. While the 
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elemental chemistry of the yellow-brown ice is similar to blue-green overflow 
and creek water in relative abundances, the levels of many elements including 
Calcium (Ca), Potassium (K), Magnesium (Mg), Sodium (Na), Iron (Fe), 
Manganese (Mn), Aluminum (Al), Arsenic (As), Boron (B), Barium (Ba), 
Copper (Cu), Lithium (Li), Molybdenum (Mo), Nickel (Ni), Lead (Pb), and 
Uranium (U) occur at levels ten times or higher (Sahtu Renewable Resources 
Board, 2006-2010). Yellow overflow occurs in some areas of disturbance and 
some areas that have never been disturbed by industry. It sometimes occurs in 
association with blue-green overflow and known locations of springs. However, 
it also occurs independently of blue-green overflow and in locations that are not 
associated with springs. Given the broad range of variables and its concentrated 
nature, yellow-brown overflow must be coming from a different source than 
regular ground water. The most plausible reservoir is permafrost. 

In 2011, Collins et al completed a water quality data report that summarized the 
water quality data that has been gathered on Bosworth Creek intermittently from 
1953 to 2009. The majority of water quality parameters in Bosworth Creek, 
including major ions, nutrients, hydrocarbons and physical parameters were 
generally within acceptable water quality guidelines for both drinking water and 
protection of aquatic life (Collins et al., 2011). All water quality data were 
compared to established guideline values for drinking water and aquatic life. 
Exceedances of Guidelines for Canadian Drinking Water Quality (GCDWQ) 
and the Canadian Water Quality Guidelines for the Protection of Aquatic Live 
(GPAL) were noted for a small number of samples and parameters. Observed 
exceedances were generally infrequent; however, some sites were more prone 
to guideline exceedances. The highest number of exceedances was for 
aluminum, selenium and iron. The majority of water quality parameters, 
including major ions, nutrients, hydrocarbons and physical parameters were 
generally within acceptable water quality guidelines for both drinking water and 
protection of aquatic life. 

From 2009 – 2011, Imperial initiated a program aimed at monitoring surface 
water quality in Bosworth Creek. The water quality of Bosworth Creek was 
characterized as slightly alkaline with low concentrations of total dissolved 
solids (TDS), total suspended solids (TSS), hardness, nutrients, major ions, and 
metals. In general, no data trends were evident between upstream reference 
stations and downstream test stations from 2009 to 2011 (WorleyParsons 2012).  

D.3.3. Community Based Water Quality Monitoring 

The Community Water Quality Monitoring Program is managed by the GNWT, 
but involved community members to collect water and university laboratories to 
run analysis (GNWT Environment & Natural Resources, 2014). The program 
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included 13 communities in 2012, 20 communities in 2013, and currently has a 
waiting list for communities who are requesting to become part of the program. 
The results are first shared with communities involved in the program before 
being shared publicly. The program used different sampling methods and 
equipment to measure water quality including YSI sondes meters, grab water 
samples, and to address some concerns related to contaminants in the water two 
types of equipment that can measure dissolved forms of oil and gas chemicals 
(PMDs) and metals (DGTs) were used. They evaluated for temperature, pH, 
turbidity, dissolved oxygen, conductivity, chlorophyll-a, dissolved 
hydrocarbons, and dissolved metals by comparing against both USEPA and 
CCME guidelines. The results presented from the community based water 
monitoring showed no major water quality concerns at Norman Wells. 

In 2012, the pH and turbidity was within range of long-term measurements by 
Aboriginal Affairs Northern Development Canada (AANDC) and Environment 
Canada (EC) at sites throughout the NWT. All of the dissolved oxygen 
measurements in 2012 were well above 6.5 mg/L and ranged from 7.9-13 mg/L. 
Most fish need more than 6.5 mg/L of dissolved oxygen to breathe.  
Conductivity for northern rivers is usually below 704 μS/cm. The 2012 sites  
had low conductivity and within the normal range of 173 to 455 μS/cm, with an 
average of 277 μS/cm. Most Arctic rivers and lakes have less than 8 μg/L of 
chlorophyll-a. This low level is because it is cold and not as many nutrients are 
available for plants and algae to grow. In 2012, the Chlorophyll-a measurements 
were less than 1-8 μg/L. Summary of the 2013 results show that temperature 
data was consistent at all Mackenzie River sites, and turbidity profiles for the 
Mackenzie River sites showed similar event driven markers with the timing of 
events varying slightly. 

Hydrocarbons and metals can be dissolved in the water or attached to dirt in 
water. Rivers that carry more dirt in water often carry more metals because they 
are attached to dirt. Dissolved hydrocarbons have been measured in northern 
rivers at around 15 ng/L, and scientists have found that fish health can be 
affected when dissolved hydrocarbons are above 400 ng/L (GNWT 
Environment & Natural Resources, 2014). The majority of the samples in 2012 
were below 10 ng/L while dissolved hydrocarbons measured in July and August 
of 2013 were mostly below background of 15 ng/L with the greatest 
concentrations measured in Bosworth Creek, however they all were below 
concentrations that can affect wildlife health. 

Metals can come from natural (rock and soil) or human sources. Since metals 
attach to dirt, northern rivers sometimes have naturally high concentrations of 
some metals. In 2012, the concentrations of Vanadium measured in NWT were 
approximately 500 times lower than the concentrations that are harmful to algae 
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and fish. Concentrations of dissolved nickel and lead were well below USEPA 
guidelines at all sites. Dissolved copper, zinc and cadmium were sometimes 
measured at levels higher than the USEPA Guidelines. All dissolved cadmium 
concentrations were below the USEPA guideline with the only exception of sites 
in Norman Wells and Fort Good Hope during the four day sampling period in 
September 2012. The results from these specific sites were below USEPA 
guidelines for cadmium concentrations that fish and other animals can tolerate 
for shorter periods of time. Metal concentrations in 2013 were well below the 
USEPA National Recommended Water Quality Guidelines (CCC) at most sites 
except cadmium and zinc upstream of Imperial Island. All concentrations for 
total arsenic that were collected in 2012 were within the range of long-term data 
collected throughout the NWT (GNWT Environment & Natural Resources, 
2014). The vast majority of the arsenic in the Mackenzie River where guidelines 
were exceeded was attached to dirt and less available to plants, bugs and fish. 
The 2013 results show that total arsenic at Norman Wells – mid channel was 
below the MAC but above CCME on July 29th and Aug 27th, but dissolved 
arsenic was below the CCME guidelines for protection of aquatic life for all 
2013 sampling dates; and, samples from Norman Wells to Fort Good Hope 
showed there was variability in the data without a consistent increase. In 2012, 
mercury levels in grab water samples across the NWT were always lower than 
the detection limit. 

Raw data from the 2013 Community Water Quality Monitoring Program sites at 
Norman Wells are provided for reference in Tables D-3 to D-5 (GNWT 
Environment & Natural Resources, 2014b). 

D.4. Water Quantity 

During review of the Norman Wells Pipeline Project Environmental Impact 
Statement in 1980, the volume of water required for waterflood purposes was 
initially 9,200 m3/day and decreased to about 2,900 m3/day when produced 
water increased to off-set the required water from the river. It was determined 
that there was no significant impact expected on the flow of the Mackenzie River 
as the amount of water required was less than the lowest recorded discharge of 
182,304,000 m3/day (Esso Resources Canada Limited, 1980).  

Total water use in 2014 was 973,814 m3, or about 2,670 m3/day. A total of 
2,595,958 m3 was withdrawn from the Mackenzie River in 2014 with 
1,622,144 m3 returned. The total annual water used in 2014 by the Imperial site 
was 0.5% of the lowest recorded daily flow. 
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Table D-1: Summary of Major Ions and Water Quality Parameters 
(Jan 1972 – Nov 1974) 

Major Ions Mackenzie River Above 
Norman Wells – Open 

Water 

Mackenzie River Above 
Norman Wells – Ice 

Cover 
pH 8.1 7.9 
Total Hardness (mg/L) 97.9 112 
Calcium (mg/L) 31 34 
Sodium (mg/L) 5.5 9.0 
Alkalinity (mg/L) 80 86 
Potassium (mg/L) 0.9 1.0 
SO4 (mg/L) 25 26 
Chloride (mg/L) 5.4 10.9 
F (mg/L) 0.1 0.1 
SiO2 (mg/L) 3.2 3.4 
Total Phosphorous(mg/L) 0.15 0.10 
Total Nitrogen (mg/L) 0.57 0.42 
Total Organic Carbon (mg/L) 13 5 
Total Inorganic Carbon (mg/L) 16 17 
Conductance (S/cm) 230 240 
Turbidity (JTUs) 100 3.5 
Colour (PT-Co Units) 80 5 
Source: Reid, Block, and Chapman 1975 
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Table D-2: Summary of Metal Content of Water (Jan 1972 – Nov 1974) 

Metals Mackenzie River Above 
Norman Wells – Open 

Water 

Mackenzie River Above 
Norman Wells – Ice 

Cover 
As – dissolved (mg/L) <0.004 <0.004 
B – dissolved (mg/L) 0.05 0.04 
Cd – ext. (mg/L) <0.001 <0.001 
Cr – ext. (mg/L) <0.015 <0.015 
Co – ext. (mg/L) 0.004 <0.001 
Cu – ext. (mg/L) 0.008 0.002 
Fe – ext. (mg/L) 4.9 0.11 
Pb – ext. (mg/L) 0.005 <0.002 
V – ext. (mg/L) <0.05 <0.05 
Li – ext. (mg/L) 0.006 0.005 
Mn – ext. (mg/L) 0.12 <0.008 
Hg– ext. (mg/L) <0.05 <0.05 
Mo – ext. (mg/L) <0.10 <0.10 
Ni – ext. (mg/L) 0.012 0.002 
Sr – ext. (mg/L) 0.19 0.19 
Zn – ext. (mg/L) 0.011 0.003 
Source: Reid, Block, and Chapman 1975 
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Table D-3: Grab Sample Results From Mackenzie River near Norman Wells, 2013. 

Parameter Name 

Mackenzie River 
Upstream of Norman 

Wells 

Mackenzie River Mid 
Channel at Norman 

Wells 
Mackenzie River at Norman Wells, 

Downstream at Radar Island 

Sample Date 
Jul. 5, 
2013 

Jul. 
29, 
2013 

Aug. 
27, 
2013 

Jul. 4, 
2013 

Jul. 
29, 
2013 

Aug. 
27, 
2013 

Jul. 4, 
2013 

Jul. 
29, 
2013 

Aug. 
27, 
2013 

Aug. 
27, 
2013 

Aug. 
27, 
2013 

Aug. 
27, 
2013 - 
AVER
AGE 

Ammonia as Nitrogen (mg/L) 0.005 0.005 0.005 0.005 0.008 0.005 0.005 0.007 
0.00

5 0.005 0.005 0.005 
Nitrogen, Dissolved (mg/L) 0.22 0.19 0.22 0.2 0.22 0.21 0.2 0.2 0.19 0.22 0.21 0.21 
Nitrogen, Total (mg/L) 0.33 0.38 0.24 0.32 0.4 0.25 0.34 0.39 0.23 0.25 0.24 0.24 
Organic Carbon, Dissolved 
(mg/L) 5.2 5.5 5.6 5.1 5.3 5.5 5.3 5.1 5.2 5.2 5.3 5.2 
Organic Carbon, Total (mg/L) 10.6 6.2 6 8.6 5.8 5.9 8.8 6 5.9 5.8 5.7 5.8 
Phosphorous, Dissolved 
(mg/L) 0.002 0.003 0.003 0.002 0.01 0.003 0.002 0.002 

0.00
2 0.002 0.002 0.002 

Phosphorous, Total (mg/L) 0.116 0.219 0.056 0.134 0.218 0.06 0.124 0.212 
0.05

3 0.062 0.057 0.057 
Alkalinity, Total (as CaCO3) 
(mg/L) 81 92.6 95.2 81.8 93.7 95.8 79 91 91.6 91.2 92.2 91.7 
Conductivity, Specific (@ 
25°C) (µS/cm) 245 275 297 250 284 306 236 266 285 285 286 285 
pH (pH Units) 8.01 8.02 8.13 7.99 8.04 8.12 7.99 8.05 8.12 8.14 8.13 8.13 
Solids, Total Dissolved 
(mg/L) 160 166 204 150 176 218 134 166 198 180 174 184 
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Parameter Name 

Mackenzie River 
Upstream of Norman 

Wells 

Mackenzie River Mid 
Channel at Norman 

Wells 
Mackenzie River at Norman Wells, 

Downstream at Radar Island 

Solids, Total Suspended 
(mg/L) 172 342 80 240 382 88 180 364 63 78 76 72 
Turbidity (NTU) 126 238 52.7 140 252 58.7 130 247 49.2 50.6 52 51 
Calcium (mg/L) 33.6 37.2 40.5 34.9 38 41.5 31.7 36.2 38.2 37.6 38.2 38.0 
Chloride (mg/L) 4.4 5.2 6.7 4.5 5.2 6.7 4.7 5.6 7 7 7 7 
Fluoride (mg/L) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Magnesium (mg/L) 8.6 9.8 10.9 9 10.2 11.5 8.1 9.7 10.5 10.6 10.5 10.5 
Nitrate as Nitrogen (mg/L) 0.09 0.12 0.15 0.06 0.11 0.14 0.06 0.11 0.13 0.12 0.13 0.13 
Nitrite as Nitrogen (mg/L) 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
Potassium (mg/L) 0.8 0.8 0.9 0.8 0.8 0.8 0.8 0.8 0.8 0.9 0.8 0.8 
Sodium (mg/L) 5.2 6 7.4 5.2 6 7.4 5.3 6.1 7.4 7.4 7.4 7.4 
Sulphate (mg/L) 35 39 45 38 43 50 32 37 42 42 42 42 

Chlorophyll a (mg/L) 0.001 0.001 0.003 0.001 0.001 0.001 0.001 0.001 
0.00

2 0.002 0.002 0.002 
Dissolved Aluminum (µg/L) 16.1 28.1 28.7 21.1 30.1 29.9 15.4 27.8 25.1 25.5 25.1 25.2 
Dissolved Antimony (µg/L) 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.2 0.2 0.2 0.2 
Dissolved Arsenic (µg/L) 0.3 0.3 1 0.3 0.3 1.3 0.3 0.3 1.2 1.1 1 1 
Dissolved Barium (µg/L) 43.2 45.4 50.8 40 45.9 47.5 38.9 43.4 49.4 46 45 47 
Dissolved Beryllium (µg/L) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Dissolved Cadmium (µg/L) 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
Dissolved Cesium (µg/L) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.05 0.05 0.05 0.05 
Dissolved Chromium (µg/L) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Dissolved Cobalt (µg/L) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Dissolved Copper (µg/L) 0.7 1 0.9 0.6 1 0.9 0.7 1 0.9 0.8 0.9 0.9 
Dissolved Iron (µg/L) 12 9 5 21 11 5 20 9 5 5 6 5 
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Parameter Name 

Mackenzie River 
Upstream of Norman 

Wells 

Mackenzie River Mid 
Channel at Norman 

Wells 
Mackenzie River at Norman Wells, 

Downstream at Radar Island 

Dissolved Lead (µg/L) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Dissolved Lithium (µg/L) 4.1 4.3 4.9 3.8 4.5 4.8 4 4.1 5 5.1 5 5.0 
Dissolved Manganese (µg/L) 0.2 0.4 0.4 0.4 0.3 0.5 0.3 0.2 0.3 0.3 0.3 0.3 
Dissolved Mercury (µg/L) 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.0 
Dissolved Molybdenum 
(µg/L) 0.8 1.2 1.1 0.8 1.1 1.1 0.9 1 1.1 1.1 1 1 
Dissolved Nickel (µg/L) 1 1.1 1.5 0.9 1.1 1.4 1 1.1 1.4 1.4 1.3 1.4 
Dissolved Rubidium (µg/L) 0.6 0.6 0.6 0.5 0.5 0.6 0.6 0.5 0.7 0.7 0.6 0.7 
Dissolved Selenium (µg/L) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
Dissolved Silver (µg/L) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Dissolved Strontium (µg/L) 159 189 247 154 209 239 149 184 237 241 237 238 
Dissolved Thallium (µg/L) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Dissolved Titanium (µg/L) 0.2 0.2 0.1 0.5 0.2 0.1 0.4 0.3 0.1 0.1 0.1 0.1 
Dissolved Uranium (µg/L) 0.7 1 0.8 0.7 1 0.8 0.7 0.9 0.8 0.8 0.8 0.8 
Dissolved Vanadium (µg/L) 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
Dissolved Zinc (µg/L) 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
Total Aluminum (µg/L) 952 4170 1210 1630 4700 1390 1710 4530 1170 1330 1210 1237 
Total Antimony (µg/L) 0.3 0.5 0.2 0.3 0.5 0.4 0.4 0.5 0.3 0.4 0.4 0.4 
Total Arsenic (µg/L) 0.9 5.1 8.3 1.3 5.4 8.2 1.3 5.3 7.1 6.8 6.2 6.7 
Total Barium (µg/L) 96.3 211 90.3 116 222 95.5 104 219 95.1 92.3 82.4 89.9 
Total Beryllium (µg/L) 0.1 0.2 0.1 0.1 0.2 0.1 0.1 0.3 0.1 0.1 0.1 0.1 
Total Cadmium (µg/L) 0.1 0.5 0.1 0.2 0.6 0.1 0.1 0.6 0.1 0.1 0.1 0.1 
Total Cesium (µg/L) 0.2 1 0.3 0.5 1 0.9 0.5 1 0.3 0.4 0.4 0.4 
Total Chromium (µg/L) 1.6 6.8 2.1 2.6 7.5 2.4 2.9 7.4 2.1 2.3 2.1 2.2 
Total Cobalt (µg/L) 1.2 4.1 1.1 1.6 4.7 1.4 1.6 4.5 1.1 1.3 1.2 1.2 
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Parameter Name 

Mackenzie River 
Upstream of Norman 

Wells 

Mackenzie River Mid 
Channel at Norman 

Wells 
Mackenzie River at Norman Wells, 

Downstream at Radar Island 

Total Copper (µg/L) 3.4 9.4 3 4.2 10.2 3.4 4.1 9.9 2.7 3.2 2.9 2.9 
Total Iron (µg/L) 2150 8520 2150 3510 9540 2520 3600 9180 1970 2290 2100 2120 
Total Lead (µg/L) 2.1 5.1 1.4 2.8 5.5 1.5 2.6 5.2 1.1 1.3 1.2 1.2 
Total Lithium (µg/L) 5.7 13.1 7.1 6.4 14 7.5 6.3 13 6.8 8 7.7 7.5 
Total Manganese (µg/L) 72.9 160 44.4 78.1 177 52.1 72.2 170 40 47.9 43.2 43.7 
Total Mercury (µg/L) 0.01 0.07 0.08 0.01 0.03 0.03 0.01 0.04 0.02 0.02 0.01 0.0 
Total Molybdenum (µg/L) 0.8 2.2 1.3 1.1 2.3 1.3 1 2.2 1.2 1.3 1.3 1.3 
Total Nickel (µg/L) 4.3 17.7 5 5.8 20 5.6 5.7 19.8 4.4 5 4.8 4.7 
Total Rubidium (µg/L) 2 8.1 3.7 3.1 8.7 4.5 3.3 8.5 3.5 3.9 3.7 3.7 
Total Selenium (µg/L) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Total Silver (µg/L) 0.1 0.4 0.4 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 
Total Strontium (µg/L) 117 269 251 120 292 272 108 265 240 283 271 264.67 
Total Thallium (µg/L) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.10 
Total Titanium (µg/L) 13.4 33.4 16.6 19.1 32.7 19.7 19.9 33 15.5 17.9 16.8 16.73 
Total Uranium (µg/L) 0.9 1.6 1 1 1.8 1.6 0.9 1.6 0.9 1 1 0.97 
Total Vanadium (µg/L) 3.8 15.1 5.5 5.1 16.9 5.9 5.3 16.7 5.3 6 5.6 5.63 
Total Zinc (µg/L) 11 69 11 16 68 14 16 70 10 14 11 11.67 
Total Ultra Low Trace 
Mercury (ng/L) 10.5 13.4 4.45 11.5 14 4.52 10.7 13.8 3.67 3.66 4.31 3.88 
Dissolved Ultra Trace 
Mercury (ng/L) 0.66 0.93 0.64 0.67 0.8 0.52 2.98 1.14 0.55 0.33 0.45 0.44 
Hardness (calculated) 119.2

 
133.1

 
145.9

 
124.1

 
136.8

 
150.9 112.4

 
130.2

 
138.

 
137.4

 
138.5

 
138.19 

Temperature - daily average 
  

17.68 16.76 13.90 17.40 16.70 13.60 16.79 16.46 13.8
 

13.81 13.81 13.81 
Italics - indicates value is equal to or less than minimum detection limit (<MDL), Hardness - calculated (2.5*[Ca]+4.1*[Mg]), Temperature- daily averages calculated 
from YSI Sonde data 
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Table D-4: Grab Sample Results from Mackenzie River near Norman Wells and Bosworth Creek, 2013. 

Parameter Name 

Mackenzie River at Norman 
Wells, Downstream of 

Imperial Island 1 

Mackenzie River at Norman 
Wells, Upstream of Imperial 

Island 1 
Norman Wells at Bosworth 

Creek 

Sample Date 
Jul. 8, 
2013 

Jul. 29, 
2013 

Aug. 27, 
2013 

Jul. 8, 
2013 

Jul. 29, 
2013 

Aug. 27, 
2013 

Jul. 4, 
2013 

Jul. 29, 
2013 

Aug. 26, 
2013 

Ammonia as Nitrogen (mg/L) 0.005 0.005 0.005 0.005 0.007 0.005 0.005 0.005 0.005 
Nitrogen, Dissolved (mg/L) 0.22 0.21 0.22 0.23 0.21 0.2 0.29 0.24 0.21 
Nitrogen, Total (mg/L) 0.6 0.36 0.23 0.61 0.39 0.23 0.35 0.22 0.19 
Organic Carbon, Dissolved (mg/L) 5.2 4.7 4.9 5.1 4.7 4.9 8.1 5.7 5.4 
Organic Carbon, Total (mg/L) 8.8 5.1 5.3 7.5 5.5 5.2 17.5 5.9 6.6 
Phosphorous, Dissolved (mg/L) 0.002 0.002 0.002 0.002 0.004 0.002 0.002 0.002 0.002 
Phosphorous, Total (mg/L) 0.331 0.15 0.042 0.362 0.178 0.041 0.017 0.004 0.003 
Alkalinity, Total (as CaCO3) (mg/L) 79.7 85.2 85.6 79 85.6 85.4 168 176 174 
Conductivity, Specific (@ 25°C) 
(µS/cm) 244 258 270 245 258 270 498 634 641 
pH (pH Units) 8.03 8.04 8.11 8.03 8.03 8.11 8.22 8.24 8.26 
Solids, Total Dissolved (mg/L) 142 164 174 144 162 174 316 394 422 
Solids, Total Suspended (mg/L) 384 224 54 392 306 54 50 6 3 
Turbidity (NTU) 312 185 35.9 313 206 37.4 20.4 1.42 1.23 
Calcium (mg/L) 32 34 34.8 32.2 34 35.1 65.7 79.2 79.7 
Chloride (mg/L) 6 6.4 7.8 6 6.3 7.8 6.2 15 15.9 
Fluoride (mg/L) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 
Magnesium (mg/L) 8.3 9.4 10.1 8.4 9.4 9.9 22.1 28.2 29 
Nitrate as Nitrogen (mg/L) 0.07 0.12 0.13 0.08 0.12 0.13 0.11 0.19 0.18 
Nitrite as Nitrogen (mg/L) 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
Potassium (mg/L) 0.8 0.8 0.8 0.8 0.8 0.8 0.7 1 1 
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Parameter Name 

Mackenzie River at Norman 
Wells, Downstream of 

Imperial Island 1 

Mackenzie River at Norman 
Wells, Upstream of Imperial 

Island 1 
Norman Wells at Bosworth 

Creek 

Sodium (mg/L) 5.9 6.5 7.6 5.9 6.5 7.7 7.8 17.1 18.2 
Sulphate (mg/L) 32 34 37 32 34 38 88 140 1 
Chlorophyll a (mg/L) 0.001 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.002 
Dissolved Aluminum (µg/L) 10.7 28.7 19.2 11 26.7 21.8 3.6 3.5 1.1 
Dissolved Antimony (µg/L) 0.1 0.1 0.2 0.1 0.1 0.2 0.1 0.1 0.2 
Dissolved Arsenic (µg/L) 0.3 0.4 0.9 0.3 0.3 1.1 0.2 0.2 1.1 
Dissolved Barium (µg/L) 32.7 44.7 41.8 32.8 42.9 41.7 59.7 78.5 73.6 
Dissolved Beryllium (µg/L) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Dissolved Cadmium (µg/L) 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
Dissolved Cesium (µg/L) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Dissolved Chromium (µg/L) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 
Dissolved Cobalt (µg/L) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Dissolved Copper (µg/L) 0.5 1.1 0.6 0.7 0.9 0.7 0.2 0.3 0.2 
Dissolved Iron (µg/L) 15 13 5 14 9 5 18 27 9 
Dissolved Lead (µg/L) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Dissolved Lithium (µg/L) 3.6 4.6 4.5 3.5 4.2 4.9 4.4 6.9 7.1 
Dissolved Manganese (µg/L) 0.4 0.4 0.3 0.4 0.6 0.3 2 5.8 5.1 
Dissolved Mercury (µg/L) 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 
Dissolved Molybdenum (µg/L) 1 1 0.9 1 1 1 1.3 1.4 1.7 
Dissolved Nickel (µg/L) 0.8 1.1 1.1 0.9 1 1.2 0.8 0.7 0.9 
Dissolved Rubidium (µg/L) 0.5 0.6 0.6 0.5 0.6 0.7 0.4 0.7 0.7 
Dissolved Selenium (µg/L) 0.4 0.3 0.3 0.5 0.3 0.3 0.3 0.3 0.3 
Dissolved Silver (µg/L) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Dissolved Strontium (µg/L) 131 199 215 130 190 232 772 1350 1510 
Dissolved Thallium (µg/L) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 



 

Norman Wells Operation Aquatics Effect Monitoring Plan Page 127 of 145 
Imperial Oil Resources N.W.T. Limited October 2019 

Parameter Name 

Mackenzie River at Norman 
Wells, Downstream of 

Imperial Island 1 

Mackenzie River at Norman 
Wells, Upstream of Imperial 

Island 1 
Norman Wells at Bosworth 

Creek 

Dissolved Titanium (µg/L) 0.1 0.2 0.1 0.2 0.2 0.1 0.1 0.1 0.1 
Dissolved Uranium (µg/L) 0.6 0.9 0.7 0.6 0.9 0.7 0.9 1.2 1 
Dissolved Vanadium (µg/L) 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1 
Dissolved Zinc (µg/L) 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
Total Aluminum (µg/L) 3600 3930 958 4150 3840 516 447 24 17 
Total Antimony (µg/L) 0.4 0.4 0.4 0.4 0.4 0.3 0.2 0.1 0.3 
Total Arsenic (µg/L) 4.2 4.8 5.9 4.6 4.6 6.7 0.6 0.9 5.7 
Total Barium (µg/L) 196 202 68.1 203 187 61.2 87.8 85.9 82.5 
Total Beryllium (µg/L) 0.2 0.2 0.1 0.3 0.1 0.1 0.1 0.1 0.1 
Total Cadmium (µg/L) 0.3 0.4 0.1 0.4 0.4 0.1 0.1 0.1 0.1 
Total Cesium (µg/L) 1.1 0.9 0.3 1.2 0.9 0.1 0.1 0.1 0.1 
Total Chromium (µg/L) 6.2 6.6 1.7 7.1 6.2 2.2 0.9 0.6 0.3 
Total Cobalt (µg/L) 3.6 3.9 0.9 3.8 3.7 0.7 0.4 0.1 0.1 
Total Copper (µg/L) 9.1 8.8 2.4 9.6 8.3 2.1 0.8 0.6 0.2 
Total Iron (µg/L) 8310 8030 1680 9220 7690 975 955 102 91 
Total Lead (µg/L) 5.6 4.8 0.9 6 4.6 0.8 0.4 0.1 0.1 
Total Lithium (µg/L) 8.8 12.3 6.9 9.9 11.9 5.8 5.6 7.7 7.8 
Total Manganese (µg/L) 158 151 34.8 158 140 30.5 25.2 8.1 7.6 
Total Mercury (µg/L) 0.04 0.03 0.05 0.04 0.06 0.01 0.01 0.01 0.01 
Total Molybdenum (µg/L) 1.8 2 1.2 1.9 2 0.9 1.6 1.8 2 
Total Nickel (µg/L) 12 17.5 3.8 12.8 16.5 3.6 2.3 1 1.1 
Total Rubidium (µg/L) 10.9 7.7 3 12.2 7.6 1.9 1.6 0.9 0.8 
Total Selenium (µg/L) 0.8 0.5 0.5 0.8 0.5 0.5 0.5 0.5 0.5 
Total Silver (µg/L) 0.2 0.1 0.3 0.1 0.4 0.2 0.1 0.1 0.1 
Total Strontium (µg/L) 207 260 255 209 253 236 916 1490 1620 
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Parameter Name 

Mackenzie River at Norman 
Wells, Downstream of 

Imperial Island 1 

Mackenzie River at Norman 
Wells, Upstream of Imperial 

Island 1 
Norman Wells at Bosworth 

Creek 

Total Thallium (µg/L) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Total Titanium (µg/L) 18.7 28.1 13.6 20.5 27.6 8.2 6.7 0.6 0.4 
Total Uranium (µg/L) 1.2 1.5 0.8 1.2 1.4 0.8 1.1 1.3 1.2 
Total Vanadium (µg/L) 14.2 14.6 4.6 16.1 14.3 3.9 1.7 0.8 2.5 
Total Zinc (µg/L) 39 75 9 42 58 6 5 5 5 
Total Ultra Low Trace Mercury 
(ng/L) 22.3 11.2 3.13 22.6 12.6 3.06 2.67 0.89 0.47 
Dissolved Ultra Trace Mercury 
(ng/L) 0.3 0.68 0.33 0.2 0.66 0.51 0.87 0.79 0.34 
Hardness (calculated) 114.03 123.54 128.41 114.94 123.54 128.34 254.86 313.62 318.15 
Temperature - daily average (˚C) 
(Sonde) 16.50   13.10 16.60 17.2 13.10 15 17.2 8.7 
Italics - indicates value is equal to or less than minimum detection limit (<MDL), Hardness - calculated (2.5*[Ca]+4.1*[Mg]), Temperature- daily averages calculated 
from YSI Sonde data 
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Table D-5: PMD data from Samples Sites Near Norman Wells. 

CBM Location 
FI

EL
D

 B
LA

N
K

 - 
M

ac
ke

nz
ie

 
R

. U
ps

tre
am

 o
f N

or
m

an
 W

el
ls 

FI
EL

D
 B

LA
N

K
 - 

D
ow

ns
tre

am
 

Im
pe

ria
l I

sl
an

d 

N
or

m
an

 W
el

ls 
at

 B
os

w
or

th
 

C
re

ek
 

N
or

m
an

 W
el

ls 
at

 B
os

w
or

th
 

C
re

ek
 

M
ac

ke
nz

ie
 R

. U
ps

tre
am

 o
f 

N
or

m
an

 W
el

ls 

M
ac

ke
nz

ie
 R

. U
ps

tre
am

 o
f 

N
or

m
an

 W
el

ls 

M
ac

ke
nz

ie
 R

. U
ps

tre
am

 o
f 

N
or

m
an

 W
el

ls 
*S

PM
D

* 

M
ac

ke
nz

ie
 R

. U
ps

tre
am

 o
f 

N
or

m
an

 W
el

ls 

M
ac

ke
nz

ie
 R

iv
er

 M
id

 C
ha

nn
el

 

M
ac

ke
nz

ie
 R

iv
er

 M
id

 C
ha

nn
el

 

M
ac

ke
nz

ie
 R

iv
er

 U
ps

tre
am

 o
f 

Im
pe

ria
l I

sl
an

d 
1 

M
ac

ke
nz

ie
 R

iv
er

 U
ps

tre
am

 o
f 

Im
pe

ria
l I

sl
an

d 
1 

M
ac

ke
nz

ie
 R

iv
er

 D
ow

ns
tre

am
 

of
 Im

pe
ria

l I
sla

nd
 1

 

M
ac

ke
nz

ie
 R

iv
er

 D
ow

ns
tre

am
 

of
 Im

pe
ria

l I
sla

nd
 1

 

M
ac

ke
nz

ie
 R

iv
er

 D
ow

ns
tre

am
 

of
 R

ad
ar

 Is
la

nd
 

M
ac

ke
nz

ie
 R

iv
er

 D
ow

ns
tre

am
 

of
 R

ad
ar

 Is
la

nd
 

Deployment Date N/A N/A Jul-03-
13 

Jul-29-
13 

Jul-04-
13 

Jul-29-
13 

Jul-29-
13 

Jul-29-
13 

Jul-04-
13 

Jul- 
29-13 

Jul-08-
13 

Jul-29-
13 

Jul-08-
13 

Jul-29-
13 

Jul-04-
13 

Jul-
29-13 

Retrieval Date 
Aug-

15-13 
Jul-

29-13 
Jul-29-

13 
Aug-

26-13 
Jul-29-

13 
Aug-

15-13 
Aug-

15-13 
Aug-

27-13 
Jul-29-

13 
Aug-

27-13 
Jul-29-

13 
Aug-

27-13 
Jul-29-

13 
Aug-

27-13 
Jul-29-

13 
Aug-

27-13 

Count days     26 27 25 16 16 28 25 28 21 28 21 28 25 28 

Total PAHs (ng/L) 
1.5

9 15.30 
76.4

2 109.36 7.26 7.05 5.00 4.99 2.03 
26.5

3 
10.5

3 
10.9

5 
13.6

2 
21.2

7 3.19 8.30 
Parent PAHs (ng/L)                 

Naphthalene 0.000 
13.84

8 2.130 3.135 3.446 1.592 0.652 0.437 0.000 20.762 5.647 2.928 5.238 7.444 0.000 2.560 
Biphenyl 0.224 0.466 0.457 0.534 0.533 0.577 0.136 0.487 0.198 0.527 0.530 0.602 1.036 1.133 0.134 0.500 
Acenaphthylene 0.000 0.000 0.289 0.712 0.000 0.000 0.157 0.000 0.000 0.183 0.000 0.000 0.000 0.000 0.000 0.000 
Acenaphthene 0.000 0.000 1.665 3.063 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.154 0.000 0.362 0.000 0.000 
Fluorene 0.419 0.341 2.493 4.096 0.000 0.312 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.224 
Dibenzothiophene 0.026 0.000 0.638 0.583 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.134 0.143 0.035 0.023 
Phenanthrene 0.101 0.145 2.975 4.041 0.154 0.400 0.397 0.179 0.063 0.039 0.148 0.000 0.609 0.761 0.044 0.217 
Anthracene 0.000 0.000 0.000 1.449 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Fluoranthene 0.011 0.000 5.769 10.700 0.035 0.090 0.073 0.072 0.023 0.066 0.053 0.108 0.075 0.106 0.046 0.081 
Pyrene 0.004 0.000 0.000 12.009 0.000 0.223 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.275 
Benz[a]anthracene 0.000 0.000 0.821 1.031 0.030 0.020 0.012 0.023 0.020 0.018 0.022 0.027 0.030 0.030 0.025 0.022 
Chrysene 0.000 0.000 0.371 0.498 0.010 0.008 0.000 0.015 0.006 0.011 0.007 0.022 0.012 0.022 0.006 0.089 
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CBM Location 
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Benzo[b]fluoranthene 0.000 0.000 0.107 0.157 0.005 0.000 0.000 0.005 0.001 0.006 0.002 0.009 0.008 0.011 0.003 0.008 
Benzo[k]fluoranthene 0.000 0.000 0.000 0.069 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 
Benzo[a]pyrene 0.000 0.000 0.007 0.008 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 
Indeno[1,2,3-c,d]pyrene 0.000 0.000 0.000 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Dibenzo[a,h]anthracene 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Benzo[g,h,i]perylene 0.000 0.000 0.000 0.007 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.004 

Total Parent PAHs (ng/L) 0.78 14.80 24.79 42.10 4.48 3.22 1.91 1.64 0.43 22.10 6.75 4.84 8.06 11.10 0.64 4.00 

Semi-Quant Alkylated PAHs 
(ng/L) 

               

C1 Naphthalene 0.438 0.276 0.666 0.296 0.249 0.097 0.070 0.077 0.000 1.573 0.248 0.237 0.774 1.280 0.224 0.228 

C2 Naphthalene 0.243 0.130 3.813 2.262 0.551 0.391 0.454 0.269 0.159 0.342 0.573 0.556 1.529 3.023 0.469 0.490 

C3 Naphthalene 0.049 0.030 3.707 3.778 0.352 0.686 0.642 0.274 0.204 0.222 0.514 0.000 0.758 1.583 0.307 0.404 

C4 Naphthalene 0.000 0.000 3.333 4.690 0.215 0.397 0.077 0.243 0.146 0.178 0.345 0.288 0.230 0.407 0.189 0.283 

C1 Fluorene 0.061 0.062 2.462 3.679 0.171 0.524 0.389 0.258 0.100 0.186 0.229 0.470 0.459 0.770 0.181 0.310 

C2 Fluorene 0.000 0.000 3.717 5.924 0.149 0.388 0.246 0.271 0.118 0.203 0.296 0.602 0.265 0.582 0.134 0.327 

C3 Fluorene 0.000 0.000 2.989 4.102 0.115 0.126 0.077 0.167 0.093 0.151 0.194 0.447 0.108 0.145 0.106 0.257 

C4 Fluorene 0.000 0.000 0.785 0.949 0.025 0.029 0.006 0.040 0.029 0.036 0.043 0.093 0.021 0.023 0.030 0.050 

C1 Dibenzothiophene 0.000 0.000 0.000 2.524 0.085 0.103 0.077 0.149 0.057 0.119 0.164 0.234 0.000 0.000 0.095 0.144 

C2 Dibenzothiophene 0.000 0.000 0.000 5.044 0.067 0.057 0.033 0.081 0.053 0.123 0.184 0.314 0.000 0.000 0.078 0.117 

C3 Dibenzothiophene 0.000 0.000 3.133 3.234 0.028 0.016 0.000 0.030 0.021 0.045 0.058 0.085 0.026 0.052 0.031 0.052 
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C4 Dibenzothiophene 0.000 0.000 0.995 1.173 0.003 0.000 0.000 0.004 0.003 0.006 0.004 0.007 0.003 0.005 0.002 0.004 

C1 Phenanthrene/Anthracene 0.011 0.000 0.000 3.128 0.162 0.326 0.501 0.216 0.085 0.182 0.199 0.445 0.391 0.695 0.148 0.247 
C2 Phenanthrene/Anthracene 0.000 0.000 0.000 7.524 0.164 0.265 0.294 0.363 0.129 0.306 0.238 0.736 0.000 0.000 0.159 0.394 
C3 Phenanthrene/Anthracene 0.000 0.000 3.704 5.647 0.067 0.077 0.077 0.184 0.062 0.155 0.092 0.301 0.076 0.123 0.068 0.221 
C4 Phenanthrene/Anthracene 0.000 0.000 0.431 1.207 0.006 0.025 0.003 0.013 0.020 0.010 0.023 0.019 0.018 0.010 0.000 0.015 

C1 
Fluoranthenes/Pyrenes 

0.000 0.000 4.145 5.933 0.250 0.244 0.121 0.495 0.223 0.427 0.258 0.569 0.277 0.376 0.246 0.508 

C2 
Fluoranthenes/Pyrenes 

0.000 0.000 0.000 3.373 0.078 0.058 0.022 0.153 0.066 0.124 0.076 0.179 0.000 0.000 0.074 0.161 

C3 
Fluoranthenes/Pyrenes 

0.000 0.000 1.085 1.404 0.025 0.018 0.000 0.045 0.019 0.032 0.029 0.047 0.043 0.071 0.000 0.047 

C4 
Fluoranthenes/Pyrenes 

0.000 0.000 0.291 0.590 0.007 0.000 0.000 0.007 0.000 0.000 0.006 0.010 0.017 0.026 0.000 0.011 

C1 Chrysene 0.000 0.000 0.000 0.442 0.009 0.006 0.005 0.014 0.007 0.010 0.007 0.017 0.015 0.000 0.007 0.019 

C2 Chrysene 0.000 0.000 0.000 0.278 0.003 0.002 0.000 0.004 0.002 0.003 0.002 0.000 0.000 0.000 0.002 0.005 

C3 Chrysene 0.000 0.000 0.032 0.073 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.004 0.007 0.000 0.000 

C4 Chrysene 0.000 0.000 0.003 0.004 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Total Alkylated PAHs (ng/L) 0.80 0.50 51.63 67.26 2.78 3.83 3.09 3.35 1.60 4.43 3.78 6.11 5.56 10.16 2.55 4.29 
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Appendix E. Elements of Study Design 
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Control-Impact 
Control-impact designs compare areas potentially affected with those that cannot be 
because of geographical location or sequence in time. A common analytical approach to 
detecting potential effects is to compare conditions upstream from a specific development 
with those near potential influences and downstream of the identified activities, or 
stressors. This Before, After, Control, Impact (BACI) design approach has intuitive appeal, 
and there are numerous variations. The design lends itself to use of the general linear 
models (e.g. regression, analysis of variance [ANOVA], analysis of covariance 
[ANCOVA]). The simplest case includes observations at a single point in time in each of 
the four cells defined by the BACI design, thus incorporating both spatial and temporal 
components. Replication within each cell of the design improves capacity to detect change, 
should it occur. This can be expanded to include time series in each of the cells to 
acknowledge temporal dynamics in each of the components. This could be expanded 
further to incorporate covariates to explain residual variability in the series in each cell, 
and thereby improve ability to distinguish between Before and After, and between Control 
and Impact. Figure E-1 illustrates BACI designs in aquatic ecosystems. Each of these 
includes a reference location separated geographically from the exposure location. 

The BACI design is conceptually appealing, but it may be problematic to apply strictly to 
some situations, such as monitoring for potential effects in the Mackenzie River. Temporal 
aspects of the BACI design may be confounded as there is no clearly defined time or event 
that separates Before and After. For example, if Before is taken to be decades ago prior to 
any development, then limited initial scale of development might be more similar to 
undisturbed conditions than to the current situation where development is far more 
advanced. Finally, Impact is what monitoring and subsequent effects assessment attempt 
to detect and quantify, and one possible outcome is that none is detected even if the 
programs are suitably powerful to detect effects. The BACI design is complicated by the 
fact that there is no true baseline or defined time where disturbance may have ensued (i.e. 
no Before and no After); there also may be no system against which observations from the 
Mackenzie River could suitably be compared (i.e. no Control) particularly give the need to 
collect similar data from reference systems. 
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Figure E-1. The BACI design applied to aquatic ecosystems 
(Figure 4-2 from MMER) 
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Gradient 
Gradient designs recognize that other factors may contribute to the values of the indicators 
measured as part of monitoring. Gradient designs for monitoring recognize that other 
physical, chemical, or biological variables may be correlated with the indicators of interest, 
and that some of the residual variability in the value of the indicator may be removed by 
incorporating such covariates into statistical analyses. When covariates explain some of 
the variation, it makes the comparison between controls and potentially affected locations 
more powerful statistically. It also is crucial to recognize the dynamic nature of the 
responses of all biotic variables to changes in physical and chemical parameters of the 
environment. 

Figure E-2 illustrates some sampling designs where the possible existence of gradients is 
acknowledged. At each point where a sample is collected for measurement of the particular 
indicator, values for physical, chemical, or biological covariates also are measured. Where 
a gradient design is applied to monitoring in a river, for example, flow is a physical 
covariate whose correlation with other features of the aquatic ecosystem is intuitively clear. 
Rivers are dynamic systems and a chief seasonal driver in watercourses is discharge which 
follows a predictable annual hydrograph. This relationship between the indicator and flow 
may be linear, or a non-linear function may provide a better fit, but note that this is simply 
an empirical description and does not imply any mechanistic causal relationship. The  
effect of the discharge covariate can then be removed from the value of the indicator, and 
the residual evaluated for non-random change. 

The relationships between indicators and covariates may be linear or more complicated, 
but their effect on the values of indicators is removed mathematically before the 
comparison of interest is made. This reduces variability that might otherwise mitigate 
against finding differences between exposure and reference conditions. Incorporation of 
covariates may be for statistical reasons, or may reflect plausible mechanistic reasons for 
including particular covariates. In either case, as the analysis proceeds, covariates may be 
retained or excluded depending on their explanatory power. The typical technique for 
implementing the gradient design is analysis of covariance (ANCOVA) which removes the 
contribution of the covariate to the value of the indicator. 

Reference Condition Approach 
The reference condition approach (RCA) uses a pre-established biological and 
environmental dataset of sites representative of unimpaired conditions (reference sites). 
This dataset is used to match a set of environmental variables to biological conditions using 
predictive models (such as multivariate description of reference sites). Measurements of 
environmental variables are then conducted at a site of interest and used to predict the 
expected biological condition. The predicted and actual biological conditions are  
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compared in order to determine if potential effects exist. Figure E-3 illustrates data 
collection and multivariate ordination to determine whether potentially affect sites differ 
from the defined reference condition. 

The advantage of RCA over traditional approaches such as BACI is that it reduces the need 
to find nearby comparable reference sites. The disadvantage of this approach is the 
resource-heavy initial stage of standardized sampling to develop the reference dataset. 
However, once established, RCA can be used as a rapid and cost-effective bio assessment 
method, and a single reference condition dataset can be used during multiple environmental 
assessment monitoring projects. In other regions, multiple users have made this approach 
cost-effective by collaborating in the development of reference databases. 

Note that 102 streams along the Mackenzie Valley have been sampled using this approach 
by the Department of Fisheries and Oceans (DFO) between 2005 and 2007 (Rempel and 
Gill 2011). The suitability of this dataset for the purposes of NOW AEMP should be 
investigated, particularly if biological variables in Bosworth Creek are sampled in response 
to water quality results. 



 

Norman Wells Operation Aquatics Effect Monitoring Plan Page 137 of 145 
Imperial Oil Resources N.W.T. Limited October 2019 

 

Figure E-2. The gradient design applied to aquatic ecosystems 
(Figure 4-3 from MMER) 
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Figure E-3. Hypothetical collection of samples for reference data base, and 
ordination to evaluate condition 
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Appendix F. Bosworth Creek Statistical Power Analysis 
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To demonstrate evaluation of statistical power and how it will be considered throughout 
the monitoring program, data from Bosworth Creek sampling were re-examined. Water 
quality sampling results from 2009, 2010 and 2011 (WorleyParsons 2012) were analyzed 
to determine, after the fact, what size of change could be detected, and also how this might 
be changed if needed. Specifically, the concentration of total aluminum, as reported in 
WorleyParsons (2012) was used as an example because it exhibited relatively large 
variability. 

The program included five instances of sampling from six locations distributed along 
Bosworth Creek. Sampling was in June 2009, August 2009, June 2010, September 2010, 
and August 2011. From upstream to downstream, these locations are named US3, US2, 
US1, DS3, DS2, and DS1, the first three being upstream from operational infrastructure, 
and the other three downstream. One location farther upstream, US4, was sampled only in 
August 2011. If the uppermost location is taken as the start, then the six sampling locations 
are approximately at 160 m, 700 m, 1000 m, 1750 m, 2175 m, and 2575 m, respectively, 
based on measurements made in Google Earth. Note that this spacing is an important 
feature of the sampling design because it recognizes that the creek is a linear feature and 
that sampling must account for any longitudinal effects on the data, that is, the analysis 
must recognize the potential effects of gradients. Figure F-1 shows concentration of total 
aluminum for the five sampling events, and also includes the CCME guideline of 0.1 mg/L 
(the higher guideline applies because pH in Bosworth Creek consistently is greater than 
6.5). The same data are shown with the spatial aspect explicit in Figure F-2; for comparison 
with Figure F-1, the red ellipses show the concentration in June 2009 much higher than in 
June 2010, the green ellipse encircles the last three points for August 2009 when 
concentration downstream was noticeably higher. 

Given that excess variability in data can detract from capacity to detect effects, changes, or 
trends, it is necessary to attribute as much of it to other sources so that any effects of inputs 
to the water are more easily detected. An important physical contributor to water quality  
is discharge, which follows predictable seasonal patterns of runoff and recession. 
Therefore, discharge data were compiled for each sampling date in the program, and at 
each location water quality (total aluminum concentration used as an example) was 
regressed on discharge. None of these relationships had a great deal of explanatory power 
(r2 only 15% on average) so the effect of the covariate was not removed, but seasonal flow 
should at least be examined for any variable being monitored, particularly as more data 
points accumulate and the relationship may be tighter. 

A linear estimate of how aluminum concentration changed with distance at the upstream 
locations was calculated generating five estimates of this slope based on the five sampling 
events in the program. This average slope is taken to be the upstream trend in aluminum 
concentration as water flows downstream. Potential inputs of aluminum below the 
upstream locations from point sources or diffuse inputs between US1 and DS1 should be  
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reflected in a slope of aluminum concentration with distance downstream for the lower 
sampling points. Therefore, there are five estimates of the upstream background slope and 
five estimates for the downstream slope, each with an estimated of variability (standard 
deviation). As is readily apparent from Figure F-1, there may be considerable variability 
associated with the downstream slopes, in this case attributable to August 2009. 

Another consideration in analysis of statistical power is the size of effect that is relevant 
and which monitoring should be able to detect. In this example, the effect was taken to be 
a change in the slope of the relationship between total aluminum concentration and distance 
downstream relative to the background value across upstream stations. This effect was 
expressed quantitatively as multiples of the standard deviation of the five historical slopes 
at downstream stations. Specifically, effect sizes equal to 0.2, 0.5, 1.0, 1.5 and 2.0 times 
the standard deviation were examined. The final factor in power analysis is the Type I  
error rate which defines when the upstream and downstream slopes are deemed to be 
different; if this rate is increased then power to find a difference increases, but at the 
expense of falsely concluding that there is a difference. Statistical power was examined 
using the package ‘pwr’ in the R programming language (Champely 2015) across 
combinations of effect size and Type I error rate; sample size was n=4 based on the slope 
being calculated from US1 to DS1, and this was extended to five points to see what the 
effect was of adding a single downstream point during any given sampling event. 

Results were used to generate a series of power curves shown in Figure F-3. Four pairs of 
curves are shown: the shallowest slope is for effect size of 0.2SD, and steepness increases 
with more rapid approach to asymptote for 0.5SD, 1.0SD and 2.0SD, respectively. In each 
pair, the blue curve is for n=4 and the red one for n=5. Acceptable power for monitoring 
often is deemed to be in the range of 0.80, which also is indicated. Effect sizes of 0.2SD 
and 0.5SD never achieve adequate power. Effect size of 1.0SD can be detected with the 
Type I error, α, set at 0.2-0.3; Effects of size 2.0SD are detected with sufficient power at 
the typical Type I error rate of 0.05. Note that α can be set to minimize the sum of Type I 
and II errors, and that the costs of the two types of errors may differ if, for example, not 
detecting an effect (Type II) were deemed to be worse than a false positive (Type I). This 
optimization has been calculated for the Bosworth data for various effect sizes and 
weighting of costs, but is not presented here as it would be applied during first analyses. 
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Figure F-1. Concentration of total aluminum in Bosworth Creek, 2009-2011 
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Figure F-2. Concentration of total aluminum in Bosworth Creek, 2009-2011 

To illustrate further what various effect sizes analyzed look like relative to actual aluminum 
concentration, Figure F-4 show the same data with points and colours removed to reduce 
clutter. The single red line of shallow positive slope characterizes the upstream portion of 
Bosworth Creek; the other four red lines in order of increasing steepness are the slopes for 
effect sizes of 0.2SD, 0.5SD, 1.0SD, and 2.0SD. Note that even for the largest effect size 
aluminum concentration by DS1 does not exceed the guideline of 0.1 mg/L; in fact, the 
confluence with the Mackenzie River is another 450 m downstream where this effect size 
predicts a concentration of about 88 mg/L, after which point dilution in the river dominates. 

Statistical power analysis for the Bosworth Creek program (2009-2011) was demonstrated 
using an example. Specifically, concentration of total aluminum was selected because it 
was the most variable, and high variability makes it harder to detect an effect, so the 
analysis would not over-estimate the power of the program. This approach to power 
analysis can be applied to other variables in the analytical schedule. Sampling on Bosworth 
Creek appears to be adequate to detect large changes in aluminum concentration, but 
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greater power to detect smaller effects would be important for variables already closer to 
their respective guidelines. Currently, smaller effects are detectable by increasing the 
Type I error rate, which means an increased propensity to deem that there is a change when, 
in fact, there has not. 

It was not possible at this time to reliably quantify power for existing sampling results in 
the Mackenzie River; however, the same approach as demonstrated for Bosworth Creek 
might be applied. An estimate of power will be generated, and being able to detect an  
effect will be similar to Bosworth Creek in that it will depend on water quality variables 
being well below their respective guidelines. 

 

Figure F-3. Power curves for Bosworth Creek sampling of total aluminum 
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Figure F-4. Aluminum concentration in Bosworth Creek with effect sizes 
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