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12.0 Aquatic Effects Monitoring Program
12.1

Introduction

Imperial Oil Resources N.W.T. Limited (IOR) has completed an Aquatic Effects
Monitoring Program (AEMP) in connection with its Norman Wells Operations (NWO).
The requirement to complete this AEMP was set out in the current Water Licence (S03L001 as amended). The main goal of this AEMP was to “determine whether Imperial’s
operation is having an effect on the Mackenzie River adjacent to Norman Wells” (Golder
2007). This AEMP was completed over a five-year period and was accepted by the
Sahtu Land and Water Board (SLWB) at the conclusion of the program.

12.2

AEMP Regulatory Requirements

Part I of the existing Water Licence required the implementation of an approved aquatic
effects monitoring program.
In February 2000, IOR submitted a discussion paper to the SLWB outlining the NWO
AEMP. The discussion paper included background information and the scientific
rationale upon which this AEMP would be based.

In July 2002, the final AEMP Study Design (Golder 2002) was approved by the SLWB.
The AEMP was designed to assess potential aquatic effects that could result from the
NWO. The geographic study boundaries for this work extended from Tulita located
upstream of Norman Wells, to Fort Good Hope located downstream of Norman Wells.

The scope of work for the approved AEMP comprised the following components:
•

community and stakeholder consultation;

•

literature review;

•

fish survey and assessment of fish condition;

•

effluent dispersion modeling;

•

chemical analysis of effluent, river water, and sediments;

•

toxicity testing of effluent and river water;

•

compliance sampling and analysis of effluent; and

•

quantification of natural hydrocarbon seepage.
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A brief summary of each of the components of the AEMP is discussed below.

The approved AEMP was initiated in 2002 and completed in 2006. The final report was
submitted in 2007 to the SLWB and members of a Technical Advisory Committee for
review (Golder 2007). A plain language summary report was also submitted (a copy of
the report is presented as Appendix 1) (Golder 2008). Both reports are available online
at the SLWB website www.slwb.com. On May 14, 2008 the SLWB accepted the report
and the AEMP was concluded.

12.3

Summary of 2002 – 2006 AEMP

12.3.1 Community and Stakeholder Consultation
Between 2002 and 2006, 29 community and stakeholder meetings were completed.
Tours and site visits of the NWO were also arranged (Golder 2007). Both community
members and regulators were present for tours and visits of the NWO.

Community members from Tulita and Fort Good Hope did all the fishing for the fish
surveys. Additionally, members of Fort Good Hope were also involved in the Whitefish
Texture Assessment Panel. Each community in the Sahtu Settlement Region was visited
in February and March of 2003 as part of IOR’s Water Licence Renewal Application
process. These meetings also allowed for discussion of the proposed AEMP.

Community awareness meetings in June 2004 provided an informal update of the AEMP
(poster format) and a discussion of employment opportunities with IOR. Questions were
raised regarding fish quality concerns in Deline, but no plans were made for AEMP
activities to be conducted in the Deline region. Residents of Fort Good Hope who
participated in the Whitefish Texture Assessment Panel met on November 25th, 2004 to
discuss the results of the 2003 fish survey and asked for their input on future survey
designs. Meetings in 2005 and 2006 were held to consult with local stakeholders.

12.3.2 Literature Review
A literature review was undertaken as part of the AEMP. The purpose of the literature
review was to:
•

provide background information to assist in the design of the AEMP; and
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•

provide important data from previous studies to help interpret data collected in
the AEMP.

Approximately 60 reports and scientific documents were reviewed and summarized. The
major findings of previous studies included the following observations:
•

the water quality of the Mackenzie River was found to be very good
(Golder 2008). Concentrations of oil related chemicals or polycyclic aromatic
hydrocarbons (PAHs) were found in very low concentrations. The concentrations
observed were considered too low to cause problems for fish; and

•

after the construction of the artificial islands in the 1980’s there were reports of
fish (loche) with bad livers. A study into these reports found that the number of
fish with bad livers in the Mackenzie River was less than other lakes and rivers,
and that finding some fish with bad livers was normal. No link between the NWO
and the quality of fish was identified.

12.3.3 Fish Surveys
Loche (Burbot) Liver Study
Two fish surveys for loche (also called burbot) were conducted in October and
November of 2002. This study was completed in response to community concerns
regarding the quality of livers observed in some loche. The large cream-coloured livers
are highly prized. However, residents downstream of Norman Wells were concerned that
some loche had small, dark livers that were not good to eat.

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. Each person in the study was asked to judge the quality of the
loche livers out of one to four with a score of one indicating a bad liver and a score of
four indicating a very good liver.

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. These included three fish with
scores of three. The only fish with a bad liver (score of one) was from a small, young fish
captured at Tulita that would not normally be eaten.
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More fish with bad livers (score of one) 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 with a score of one.

Starvation has been known to cause bad livers (Golder 2008). 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 indicates 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) this year are likely to
have smaller, dark livers.

Whitefish Flesh Study
A study of whitefish quality was completed as part of the AEMP in 2003. This study was
completed 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.

To conduct the study, 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 in a microwave oven for the testing panel. The testing panel was presented with
coded samples, they had no idea if the sample was from a male or female fish.

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.

Other measurements taken on the fish also showed that the quality of female fish with
eggs is 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.
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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).

12.3.4 Effluent Dispersion Modelling
To understand the fate of cooling water (effluent) released from IOR’s Central
Processing Facility (CPF), a field study in combination with computer modeling was
conducted. The study was completed over a two-year period (2004 and 2005) in both
high and low water conditions.

The field portion of the study was conducted by putting a bright pink dye in the river at
the point of cooling water discharge. Tiny amounts of this special dye can be seen in
water with the human eye. Even smaller amounts can be measured with an instrument
designed to measure this dye. Using this hand-held instrument, the amount of dye in the
River was tracked at four locations downstream of Norman Wells.

The dye measured from these four locations was found to stay very close to the shore
as it moved downstream. The movement of dye towards the middle of the River was
very slow.

The dye was found to become dilute very quickly. While dye could still be measured at
Rader Island (8 kilometres downstream), the amount of dye was very small and difficult
to measure.

These results indicate that if a substance of concern were released from the NWO water
outlet, it would stay very close to the shore. Because of the very small concentrations of
dye observed in the river, it would be difficult to find this substance past Rader Island
(Golder 2008).

12.3.5 Effluent, Water, and Sediment Quality
To assess potential effects of the NWO on the Mackenzie River, river water and
sediments were collected and analyzed for Polycyclic Aromatic Hydrocarbons (PAHs).
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
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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 NWO.

Chemicals from oil occur naturally in the Mackenzie River from natural oil seeps along
the River. Therefore, one of these sample areas was located next to a known natural oil
seep. The two other sample areas were located downstream from the NWO. Water and
sediments were sampled in the same place where the dye used to track the effluent
along the shore was previously identified.

Collected sediment and water samples were then taken to a laboratory for analysis. The
results from the different sample areas were compared to each other to see if the NWO
had potentially added chemicals to the river water and sediments.

Small concentrations of PAH were present in all of the water and sediment samples
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 NWO. In addition, the concentration of PAHs downstream of the
NWO was the same as what was measured upstream of the NWO. The results of this
assessment suggest that the NWO is not adding more PAHs to the River than what is
naturally occurring (Golder 2007).

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).

12.3.6 Toxicity Testing of Effluent and River Water
Toxicity testing of effluent and water from the Mackenzie River was conducted over a
three-year period (2003 to 2006). Effluent and river water was collected and sent to
HydroQual Laboratories Ltd. in Calgary. Two types of fish were used to test the potential
toxicity of the water – fathead minnows and rainbow trout.
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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).

12.3.7 Compliance Sampling and Analysis of Effluent
The analytical results for effluent or cooling water leaving the CPF were also considered
as part of the AEMP. The terms and conditions relating to the release of cooling water to
the Mackenzie River are covered under the Surveillance Network Program (SNP).
Further details of the SNP are presented in Section 13 of the Renewal Application.

12.3.8 Quantification of Natural Hydrocarbon Seepage
As part of the scope of work for the AEMP, a study of the natural seeps in the Norman
Wells area was conducted. Geophysical techniques were used to characterize the
natural seeps along the banks of the Mackenzie River, and they identified that the seeps
originated from depths below the groundwater. Based on the data collected, natural
hydrocarbon seepage was estimated between 3.8 m3/yr and 5.7 m3/yr (Golder 2007).
Further details regarding the natural seeps within the Sahtu Settlement Area are
presented in Section 5 of the Renewal Application.

12.3.9 SLWB Approval of the AEMP
At the conclusion of the 5-year AEMP program, a summary report was prepared and
submitted to the SLWB in April of 2007. Based on comments received from the SLWB,
IOR prepared a final draft of the report for review which was submitted in October 2007.
This revised 2007 report (Golder 2007) was accepted in May 2008 and the AEMP was
concluded (SLWB 2008).

12.4

Proposed Amendments to the Licence

Proposed Amendment:
Add the following Item to provide for the development of a new Aquatic Effects
Monitoring Program in Part I: Aquatic Effects Monitoring Program:
The licencee shall submit within one year of the licence being awarded an
Aquatics Effects Monitoring Program plan for review by the Board.
Retain the following Item in Part I: Aquatic Effects Monitoring Program:
Section 12 Aquatic Effects Monitoring Program

Page 7

1. The Licencee shall implement the Aquatic Effects Monitoring Program as
submitted and approved by the Board and as may be amended from time to
time.

Rational
IOR proposes to implement a new AEMP as part of its Licence Renewal in accordance
with the Guidelines for Designing and Implementing Aquatic Effects Monitoring
Programs: Overview (MVLWB June 2009) and Guidelines for Adaptive Management – a
Response Framework for Aquatic Effects Monitoring (Wek’èezhìi Land & Water Board
October 17, 2010). IOR suggests that a phased implementation period, that includes
review and consultation with the SLWB, be included in the new water licence to allow for
the orderly collection of data and development of appropriate parameter criteria.
In preparation for the development of the AEMP, IOR is participating in this year’s
GNWT Community Water Monitoring Program as described in the next section.
IOR’s participation in this program is a one year pilot project. In early 2014, an
assessment will be made as to whether or not IOR will continue or if alternate means will
be used to develop and undertake the AEMP.

12.5

Pilot Partnership with GNWT Community Water
Monitoring Program

In 2012-2013, the Environment and Natural Resources (ENR) department of the GNWT
collaborated with 12 communities to develop and implement community-based
monitoring throughout the NWT. Community participants are actively involved
throughout the program, including training on use of equipment, deployment of
equipment, and retrieval of equipment. Participants are hired and remunerated for their
work. All results obtained are presented to community groups first, prior to release
elsewhere. Community involvement fosters trust in the results and builds capacity for
communities to monitor the quality of their waters now and into the future.
For 2013-2014, ENR-GNWT has partnered with 21 communities. IOR is participating as
one of seven external agencies (others include Dehcho First Nations Aboriginal Aquatic
and Ocean Resource Management Program, Aboriginal Affairs and Northern
Development Canada (AANDC), and the Inuvialuit Settlement Region Community
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Monitoring Program). The results of this year’s work will be used by IOR to assist in the
development of a new AEMP in consultation with the SLWB.
As part of the community-based monitoring program, ENR-GNWT and community
partners use a range of state-of-the-art water quality monitoring equipment, purposefully
selected to answer community-driven questions. The different pieces of equipment
provide a comprehensive data set that can be analyzed for trends in water quality. The
type of equipment, parameters measured and frequency are as follows:
1) YSI Sonde 6600 (at upstream and downstream site): Sondes provide
important information about water chemistry that will support IOR’s
understanding of water quality.
The Sondes can take measurements every 2-4 hours. The following parameters
are measured by the Sondes:
•

temperature;

•

conductivity;

•

pH;

•

oxidation/reduction potential;

•

dissolved oxygen;

•

turbidity; and

•

chlorophyll.

The Sondes are anchored to a buoy and deployed for the duration of the ice-free
season with monthly calibrations.
2) Grab Water Samples (at all sites; each visit): Grab water samples are taken
monthly at each Sonde location. The samples are sent to Taiga Labs in
Yellowknife, where they are analyzed for a suite of water quality parameters,
including the following:
•

basic parameters: turbidity, total dissolved solids, total suspended solids, specific
conductivity, pH, alkalinity, dissolved organic carbon, total organic carbon,
nitrate;

•

ions: calcium, chloride, fluoride, magnesium;

•

nutrients: dissolved phosphorus, total phosphorus, dissolved nitrogen, total
nitrogen, ammonia, nitrite, chlorophyll a, potassium, sodium, sulphate; and
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•

dissolved and total elements/metals: aluminum, antimony, arsenic, barium,
beryllium, cadmium, cesium, chromium, cobalt, copper, iron, lead, lithium,
manganese, mercury, molybdenum, nickel, rubidium, selenium, silver, strontium,
thallium, titanium, uranium, vanadium, zinc, and low level mercury.

3) Polyethylene Membrane Device (PMDs) (all sites): PMDs are state-of-the-art
passive samplers that are deployed monthly at Sonde locations, and other sites
included in the monitoring program. PMDs were used in the Exxon Valdez and
Deep Water Horizon spills and in Alberta’s oil sands developments. They remain
in the water for up to 30 days. PMDs measure dissolved Polycyclic Aromatic
Hydrocarbons (PAHs). The PMDs are analyzed at the University of Alberta.

4) Diffusion Gradient in Thin Films (DGTs) (at all sites; each visit): DGTs are
passive samplers that are deployed monthly, and remain in the water for three to
four days. DGTs measure dissolved metals in their toxic form. DGTs are
analyzed at Trent University in Ontario. DGTs have been used in the Athabasca
River to monitor for effects of oil sands development.

Analytical results will be delivered to GNWT-ENR directly from laboratories.

Results will be formally released to community members first, after which IOR will
be provided with laboratory results (including QA/QC).
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This booklet is dedicated to the memory of
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of the whitefish study (see page 14), and
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participants and also provided English to
North Slavey translation. Some of Alfred’s
art is shown on page 3.



Norman Wells Aquatic Effects Monitoring Program

WELCOME

It is with pleasure that we present the results of the studies completed as part of the Aquatic
Effects Monitoring (AEM) Program for the Norman Wells Operation.
The objective of the AEM Program was to determine if the Norman Wells Operation is affecting
fish, water quality and other parts of the Mackenzie River near Norman Wells and Fort Good
Hope.
Over the course of the 5-year AEM Program, we worked extensively with residents of Fort
Good Hope, Tulita and Norman Wells. Residents from these communities played an important
role in this Program, and, in particular, they made significant contributions to the fish studies.
In addition to examining the quality of the water, the AEM Program examined the quality
of fish because communities downstream of Norman Wells, including Fort Good Hope, were
concerned about the quality of some of the fish in the river. The health of these fish also tells
us about the health of the river. Two types of fish that are important to the communities, loche
and whitefish, were examined.

Norman Wells Aquatic Effects Monitoring Program



SUMMARY

The Norman Wells oilfield Operation is owned by Imperial Oil Resources N.W.T. Limited. The
Norman Wells Operation includes wells and production facilities located along the shore of the
Mackenzie River, on 2 natural islands and on 6 artificial islands on the Mackenzie River.
This booklet is about the fish, water and other environmental studies of the Mackenzie River.
The studies were part of a program called the “Aquatic Effects Monitoring” (AEM) Program.
The AEM Program was done for the Sahtu Land and Water Board.
Here is a summary of what we found in our AEM studies, which started in 2002 and ended in
2007:

Consultation

Previous Studies

Residents of Fort Good Hope and Tulita did all
the fishing for the studies, and they judged
the quality of the loche. The whitefish testing
panel (to test texture) was formed entirely
of Fort Good Hope residents. Community
Awareness Meetings took place in the Sahtu
region.

In the 1980s, after the construction of the
artificial islands in Norman Wells, several
studies looked at the quality of fish because
people reported that several fish had bad
livers. The studies did find bad livers in loche
downstream of Norman Wells, but loche from
other rivers and lakes also had bad livers.
No link between the Norman Wells oilfield
Operation and fish problems was found. The
studies found that a few fish with bad livers
was normal for loche.
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Loche Liver Study
Residents from Fort Good Hope and Tulita did
the fishing and assisted us with the judging
of loche liver quality. Most of the livers were
judged to be good to eat. The small livers
from young fish in Tulita were too small to
eat. This study found that the problem with
livers is better compared to the earlier studies
in the 1980s. This study also found that
the number of Loche with bad livers in the
Mackenzie River is less than in many other
rivers and lakes. So a few fish with small,
dark livers appears to be normal in loche.

Whitefish Flesh Study
In the 1980s, communities along the
Mackenzie River noticed more whitefish with
watery flesh.
In this study, 14 residents
from Fort Good Hope formed a testing panel
and were shown how to judge whitefish flesh
texture. The panel found that female fish
with eggs had watery flesh, and male fish did
not. The overall condition of the whitefish
was very good, and the more watery flesh in
fish with eggs is normal.

Norman Wells Aquatic Effects Monitoring Program



SUMMARY (CONTINUED)

Mixing of Discharge Water
Discharge water released into the Mackenzie
River from the Norman Wells Operation
was followed to see how far downstream it
goes. To do this, we put a bright dye in the
discharge water and measured the dye in the
river. This release water moves downstream
along the shore and is hard to find at Rader
Island (8 kilometres downstream).

Water and Sediment Quality
We sampled the water and bottom mud
(sediment) where we found the discharge
water with the dye. The amount of chemicals
from oil that can harm fish was very low and
was lower than the amounts needed to harm
fish. The amount of chemicals in the location
where we find water released from the
Norman Wells Operation was about the same
as the amount upstream of Norman Wells.



Testing of Discharge
Water for Toxicity
Discharge water released into the Mackenzie
River from the Norman Wells Operation was
tested to see if it is toxic (or harmful) to fish.
The tests found that discharge water is not
harmful to fish.

Testing of Discharge Water
for Water License
The Sahtu Land and Water Board requires
that Imperial Oil perform a number tests of
all waters discharged to the Mackenzie River.
Water can only be released into the river if
the tests show that the release water does not
harm fish and it does not contain chemicals
that can harm fish or other aquatic (or water)
life.
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Natural Oil Seepage
Natural oil bubbles up into the river at several
locations along the shore of the Mackenzie
River at Norman Wells. Testing found that
this oil comes from natural sources deeper
than the river bottom.
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CONSULTATION

Why we included consultation
Consultation with local residents was done to incorporate traditional knowledge in the studies.
Residents from Fort Good Hope and Tulita participated in the fish studies because they
understand life on the Mackenzie River.

What we did
With the help of the local Renewable Resources Councils, fishermen from the communities
were hired to catch the fish needed for the fish studies. Residents from the communities then
helped us with the setup of the studies and they judged the quality of the fish. We felt that
the best way to incorporate traditional knowledge into our AEM Program was to work directly
with the local residents.
30 residents of Fort Good Hope attended the initial meeting for the whitefish study (described
on page 14). 14 residents were then selected to be part of the testing panel. Following 5
days of training, the panelists participated in the whitefish study.
We shared the progress of the studies and our findings with communities at several events:
at Community Awareness Meetings; at a meeting held to discuss plans for the whitefish study
and another meeting to discuss the results; and during tours of the Norman Wells facilities.
A total of 29 community meetings were held from the start of 2003, and discussions about
the AEM Program were held at several of these meetings. These took place in Fort Good
Hope, Deline, Tulita, Colville Lake and Norman Wells. The focus of the June 2004 Community
Awareness Meetings was the AEM Program. The response from the communities towards the
content and size of the AEM Program was positive. Discussions took place beside an AEM
poster that had been set up. Questions about the results and who was approving the
Program were asked, and the original fish quality concerns were discussed.
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What we learned
Traditional knowledge was shared by community elders who
participated in the fish studies, the Community Awareness Meetings and in other meetings
about the whitefish flesh study (see page 14). Working with the elders was important because
they know where the fish are and what the concerns are.
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PREVIOUS STUDIES

Why we looked at previous studies
It was important to know what other studies have found so we could see if the same problems
still exist. Also, the previous studies raised some questions, which we tried to answer in this
AEM Program. Finally, the previous studies addressed concerns raised by the Sahtu people;
however, some of these concerns still exist today. So we needed to understand what those
previous studies looked at.

What we did
We reviewed about 60 reports and scientific
documents and prepared a summary of all of this
work. Our findings from this review were used to
help design the fish, water and sediment surveys
in this AEM Program.

What we learned
Water
The previous studies found the water quality of
the Mackenzie River to be very good. Substances
(also called chemicals) related to oil have been found in the Mackenzie River. The amount of
these chemicals that can harm fish (known as PAHs) was much lower than the amount needed
to cause problems in fish. The PAHs enter the river from natural sources, such as natural oil
seeps.
Normal loche liver (above) and a small, dark
liver judged unacceptable to eat (left). These
loche were caught near Fort Good
Hope in 1984.

10
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Fish
Loche with small, dark livers were found in several other northern rivers where oil and gas
development is not present. This means that exposure to oil cannot be the only possible cause
of bad livers in fish near Fort Good Hope.
To see if there was a link between oil exposure and fish quality, loche and arctic grayling
from small streams were placed in cages. These cages were installed at several locations
in the Mackenzie River, just downstream of oil seeps and downstream of the former refinery
discharge water from the Norman Wells Operation. The fish held in cages next to the oil seeps
and the former refinery discharge water had more PAHs in them than in fish in other cages;
however, grayling actually captured in the Mackenzie River had even more of these chemicals
than the caged fish.
This means that fish are likely more exposed to natural sources of oil than to possible
sources of oil entering the river from the Norman Wells Operation. Also, there was
no relationship between the amount of PAHs in caged loche and the quality of their
livers.
Starvation alone can cause loche to have small, dark livers. So an
experiment was done to see if exposure to oil can cause fish to starve.
The study found that large amounts of oil are required to cause
fish to starve. The amount of oil in the Mackenzie River is
much smaller than the amount required to starve fish.
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LOCHE LIVER STUDY

Why we did a study on loche
Fish are a very important part of the Mackenzie River environment, and fish are an important
source of food for communities along the river. One type of fish that is eaten is loche (also
called burbot). In particular, the big, cream-coloured livers are highly prized. However,
residents downstream of Norman Wells were concerned that some loche had small, dark livers
that were not good to eat.

What we did
We did 2 loche surveys to examine the problem. With the help of local fishermen and residents
from Fort Good Hope and Tulita, we combined traditional and scientific knowledge to support
the loche study. The following people were involved:
Fort Good Hope: Michel Lafferty, Heather Bourassa, Margaret Kelly, Dora McNeely, John
McNeely.
Tulita: Mary Rose Powder, Gordon Yakeleya, Ricky Andrew
Norman Wells: Louie Edgi, Annie Yakeleya-Fournel
Fishing for Loche was done by Michel Lafferty in Fort Good Hope and Ricky Andrew in Tulita.
Fishing was done in October and November of 2002. Other residents listed above also provided
loche for the study. These residents then judged the quality of the burbot liver. Using photos
as examples, each person was asked to judge the liver with a score of 1 (bad liver) to 4 (very
good liver).

The scores given by the residents
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Samples of eggs were taken
(in the small tube), and the
egg mass was weighed.

What we learned
Most of the livers were judged to be of good quality and good to eat (see table on page 12).
Six of the 28 livers that were judged were considered no good to eat. These included 3 of the
fish with scores of 3. The only fish with a bad liver (score of 1) was from a small, young fish
captured at Tulita that would not normally be eaten.
More fish with bad livers (score of 1) were found in the previous study discussed earlier. The
previous study took place in the fall of 1985 and 1986, and 27 of the 81 livers were judged to
be bad with a score of 1. The results of our study could mean that the quality of loche liver is
getting better.
We mentioned earlier (in Previous Studies) that starvation can cause bad livers. In this study,
the fish with bad livers were healthy with normal body weight. So these fish were likely
eating as much as the fish with good livers.
Also, there was no relationship between oil-related chemicals (PAHs) in fish and liver
quality. This study indicates 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) this year are
likely to have smaller, dark livers.

Norman Wells Aquatic Effects Monitoring Program
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WHITEFISH FLESH STUDY

Why we did a study on whitefish
In addition to loche being an important source of food for communities along the river, the
communities also eat whitefish. An important time to go fishing is during the fall when the
whitefish lay their eggs in the Ramparts area.
In the 1980s, there were some concerns that the quality of the whitefish flesh (or meat) had
gone down. More specifically, the whitefish flesh had become too ‘watery’ in texture. We did
this study to look at the quality of whitefish flesh. The focus was to answer this question on
flesh texture: is the flesh still ‘watery’?

What we did
We asked several residents of Fort Good Hope to participate in the whitefish study. 30
residents attended the initial meeting, where we gave an overview of the project and talked
about concerns raised by the residents. An explanation of texture, which describes how the
meat feels in the mouth, was given.
Residents interested in being part of a texture testing panel participated in a number of texture
testing exercises. Individuals who best performed the exercises were selected for the panel.
14 residents were selected for the panel, and they participated in a 5-day course to learn the
texture testing methods needed for the study.
Michel Lafferty caught 36 whitefish for the
study, and these fish were brought to the
Chief T’seleie Centre on the same day. Elders
in the panel looked at each fish to judge the
quality of the fish. All of the fish appeared to
be good, and the elders then opened up the
fish and removed fillets (strips of meat).

The following residents were members of the panel:

The fish were coded, measurements were
taken, and the fillets were prepared and
cooked in a microwave oven for the testing
panel. The testing panel was presented with
coded samples, and they had no idea if the
sample was from a male or female fish.
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What we learned
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. As an example, the results below for 2 texture categories show that female fish
had higher test scores than male fish:

Other measurements taken on the fish also showed that the quality of female fish with
eggs is not as good as 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, our measurements show that the whitefish in
this study were in better condition. Our results suggest
that the issue of ‘watery’ flesh may be linked to the
spawning condition (or the growth of eggs)
of female whitefish.

Norman Wells Aquatic Effects Monitoring Program
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MIXING OF DISCHARGE WATER

Why we looked at the mixing of discharge water
We wanted to understand what happens to discharge water (also called effluent) that is
released from the Norman Wells oilfield Operation. This way we know where substances of
concern will go if they are released in the river. Also, this tells us where we should take our
samples from so that we can measure these substances in the river.

What we did
We put a bright pink dye in all four of the effluents that are discharged from the Norman Wells
Operation. Tiny amounts of this special dye can be seen in water with the human eye. Even
smaller amounts can be measured with an instrument designed to measure this dye. Using
this hand-held instrument, we then tracked the dye in the river by measuring the amount of
dye at several locations in the river.
We did this study over 2 years (in 2004 and 2005) to see what happens to the effluents that
are discharged in different river conditions (for example with high water and with low water).
This information was put into a computer. The computer can now tell us what happens to the
effluent in the river for many different river conditions.

Measuring current
Dye moving along shore

Dye injection equipment
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What we learned
The effluent from all 4 locations stays very close to the shore as it moves with the river current
downstream. The movement of dye towards the middle of the river is very slow (shown on the
map).
The effluents become diluted very quickly. This means that the amount of dye that we
measured decreased (became smaller) as we moved downstream. We could still measure the
dye at Rader Island (8 kilometres downstream). The amount of dye here was very small and
difficult to measure. A very small amount of dye likely goes a bit further downstream, but this
is still a long way upstream from Fort Good Hope (see map).
These results tell us that a substance of concern released from the Norman Wells Operation
would stay very close to the shore. Because of the very small amounts that would be seen in
the river, it would be difficult to find this substance past Rader Island.

This shows where effluent discharged from the Norman Wells Operation goes. The darker pink area contains
more effluent (1% effluent) and the lighter pink area contains less effluent (0.1% effluent).

Norman Wells Aquatic Effects Monitoring Program
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WATER AND SEDIMENT QUALITY

Why we looked at water and sediments
The quality of the water is essential to all life. Animals, fish, plants and humans depend on
clean water for survival. The river bottom consists of rocks and mud, also called sediment.
Many of the small animals that fish eat live on the bottom of the river.
Chemicals from oil (such as PAH) can be harmful to fish and other aquatic life. We wanted to
see if any of these chemicals were being released into the Mackenzie River. These chemicals
can be measured in water and bottom mud.

What we did
We collected water discharged from the Norman Wells Operation (effluent), water from the
Mackenzie River, and mud from the bottom of the river (sediments).
In 2003 and 2004 we collected samples of effluent from the Operation to see what types of
chemicals were present. We also collected samples of water and sediments from 4 areas in
the Mackenzie River. Two sample areas were located upstream of the Operation, so we could
see what is found naturally in the river.
Chemicals from oil occur naturally in the Mackenzie River from natural oil seeps along the river
(see page 22). Therefore, one of these sample areas was located next to a natural oil seep.
The two other sample areas were located downstream from the
Operation. We sampled water and sediments in the same place
where we found the dye used to track the effluent along the
shore (see previous page).
All of these samples were then taken to a laboratory and
the amount of chemicals in each sample was measured.
The results from the different sample areas were compared
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to each other to see if the Norman Wells Operation has added chemicals to the river water and
sediments.

What we learned
We found very small amounts of the chemicals called PAH in all of the water and sediment
samples collected from the Mackenzie River. The amount of PAHs we found in the samples
was lower than the levels which are known to be harmful to fish and other aquatic life.
The amount of PAHs in the effluent was even less than what was found in the river upstream
of the Operation. As well, the amount of PAHs downstream of the Operation was the same as
what was found upstream of the Operation. This tells us that the Norman Wells Operation is
not adding more of the chemical (PAH) to the river than what is naturally occurring.
The samples taken next to the oil seep did show some small increases in the amount of
PAHs present. This showed us that these natural seeps are a source of oil and PAHs.
Residents from the
communities assisted
us with our sampling
programs.
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TESTING OF DISCHARGE WATER
FOR TOXICITY
Why we tested discharge water for toxicity
We wanted to see if water discharged from the Operation (also called effluent) could affect
fish. Substances that harm fish are called toxic substances. The type of testing we did is
called a toxicity test. We also wanted to see if effluent could cause liver problems in rainbow
trout.

What we did
Discharge water from the Operation, as well as water from the Mackenzie River, was collected
over 3 seasons (winter, spring, and fall) for 3 years (in 2003, 2004 and 2006). This water was
taken to a laboratory and tested to see if it was harmful (or toxic) to fish. Two different types
of fish were tested – fathead minnows and rainbow trout.
Fathead minnows were placed in either discharge water or water from the Mackenzie River for
7 days. Rainbow trout were placed in either the discharge water or water from the Mackenzie
River for 4 days and 28 days.
We looked at the survival and growth of both types of fish at the end of the testing. After a
month (28 days) of exposure to effluent, we also looked at survival, weight, length and the
liver of rainbow trout.

These are very young (less than 1-day old) fathead
minnows that we used in our toxicity tests. Young
fish are usually among the most vulnerable stages
of the fish life cycle. As a result, these very young
fish are very sensitive to harmful chemicals. These
tests are a powerful and meaningful way to see if
discharge water (effluent) is possibly harmful to fish.
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These are 2-month-old rainbow
trout. Young rainbow trout were a
type of fish we used in our toxicity
tests. We used young trout in
our tests because they are very
sensitive to many chemicals.

What we learned
Based on the survival and growth of the fathead minnows after 7 days, we found that the
effluent and river water were not harmful to fathead minnows. We also found that the effluent
and river water were not harmful to rainbow trout after being in effluent and river water for 4
days and 28 days. After 28 days, there was no effect on the liver of rainbow trout.
These tests show that the waters discharged from the Norman Wells Operation should
not affect fish in the Mackenzie. These test results support what we found with the loche
study (page 12) and the whitefish study (page 14). In those 2 studies, the fish collected
downstream of Norman Wells at Fort Good Hope were in good condition compared to other
areas looked at.
Toxicity testing is done in the
laboratory under controlled
temperature and lighting.

This is an adult male fathead minnow
guarding the eggs. The eggs are
attached to the underside of the tile
just above the fish.
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TESTING OF DISCHARGE WATER
FOR THE WATER LICENSE
Why we Test Water for the Water License
The Water License for the Norman Wells oilfield Operation puts a limit on the amount of
chemicals from oil and other substances that can be released (or discharged) into the
Mackenzie River. These limits ensure that fish, fish habitat and water of the Mackenzie River
will not be affected by water released from the Norman Wells Operation.

What we did
To make sure that the Norman Wells Operation meets these discharge limits, a monitoring
program was developed specifically to monitor these discharge waters. This program is called
the Surveillance Network Program (SNP). The testing done for the SNP provides an “early
warning” of a potential problem with water released into the environment.

The Central Processing
Facility (CPF).

The Refinery Waterflood Pond.
Water from this pond is released to
the Mackenzie River twice a year.
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Cooling water released
from the (CPF)

What we learned
Water can only be released to the environment if it meets the discharge limits. Water that is
released continuously is sampled and tested every week. There is only one location where
water is released continuously – that is from the Central Processing Facility (CPF), which only
releases cooling water. Cooling water is water taken from the river and used to cool various
parts of the facility.
Of all of the samples from the CPF taken every week since 2001, there was only one that
did not meet the discharge limits for a sample. The amount of oil and grease in the sample
collected for the week of November 8, 2005, was slightly higher than the limit. Because of
this, the average amount for the Month of November 2005 was also slightly above the limit
allowed for any month. Toxicity testing covering that period indicated that the effluent was
not harmful to fish.
A CPF water sample collected in March 2006 for toxicity (to see if it can harm fish)
failed the toxicity test. This means that the sample killed the fish used in the
laboratory. More tests were immediately done to see if there was a problem
with the CPF water. However, all of the CPF water samples passed the toxicity
tests. This means that the samples did not kill any of the laboratory fish.
Since 1991, all other tests for toxicity have passed.
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NATURAL OIL SEEPAGE

Why we looked at natural oil seeps
During the summer and fall, oil can be seen bubbling at the surface of the water at several
locations along the Mackenzie River. During the winter, oil can be seen as black pools on the
ice. It is because of these oil seeps that oil was discovered in Norman Wells almost 90 years
ago. This oil comes from beneath the river bottom.
We wanted to better understand where this oil comes from. We also wanted to better
understand how much of this natural oil enters the river. This information will help us to
determine what effects oil potentially released by the Norman Wells Operation might have on
the Mackenzie River.

What we did
The location of many of the natural oil seeps was determined. Then, special tools used to map
the rocks underground were used see if the oil was coming from below the river.
The amount of oil rising to the surface was determined. Seepage meters were used to
estimate the amount of oil seeping to the surface. Another way that was used to determine
the amount of oil seeping to the surface was to dig a small pit and see how long it took for
that pit to fill with oil.

A natural oil seep along the water’s
edge at low flow. The bubbles
and oil from the seep are visible.
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Area along the Mackenzie
River that contains several
natural oil seeps.

What we learned
There are presently 5 areas where natural oil seepage is active and visible. These occur along
the shore of the Mackenzie River, as well as in the Mackenzie River and in Bosworth Creek.
Some seeps have crude oil and gas rising to the surface, and others have only oil seeping
to the surface. The height of the water in the river can influence how much oil seeps to the
surface.
This oil comes from beneath the river and seeps through the rock at the bottom of the river.
This is why we see it at the surface of the water. The amount of oil entering the river from
these seeps is about 25 barrels of oil every year.
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OVERALL FINDINGS

What we learned
This AEM Program looked at several approaches to see if the quality of fish and water of the
Mackenzie River is being affected by the Norman Wells Operation and to determine a cause for
any effects we might have found. For fish, we were mainly interested in looking at loche liver
quality and whitefish flesh (or meat) quality.
Fish Quality
We did several fish surveys with the help of residents from Fort Good Hope and Tulita. We
found that the condition of the fish that the communities were concerned about still exists.
These concerns are about the small, dark livers in loche and the ‘watery’ or mushy flesh of
whitefish. The results of these AEM surveys also told us that the quality of these fish appears
to be better than in the 1980s. For example, the number of loche with bad livers in our study
was much smaller than in surveys from the 1980s. The 1980s is when previous studies were
done to look into the original community concerns with fish quality.
The presence of small, dark livers in loche was not any worse at Fort Good Hope than at Tulita.
In fact, studies in other rivers and lakes have also found this liver condition in loche.
The texture testing panel composed of residents from Fort Good Hope found a big difference
between the quality of female whitefish with eggs and male whitefish. The study found all
the whitefish to be in very good condition, but fish that are about to release their eggs (or
spawn) tend to have more ‘watery’ flesh (or meat). Both the small, dark livers in loche and
the ‘watery’ flesh of whitefish appears to be related to the natural cycles of the fish.
Effluent Quality
We also did toxicity tests in the laboratory to see if water released by the Norman Wells
Operation (or effluent) could harm fish. The tests of all Operation effluents showed that they
would not affect fish in the river.
Chemical testing of the effluents and river water showed that the amount of
chemicals from oil (such as PAHs) was less in the effluents than in the river.
With the use of a bright dye, we showed that the effluents stay along the
shore of the Mackenzie River as they move downstream. We would not
be able to find the effluents much past Rader Island, downstream of
Norman Wells. This location is over 100 kilometres upstream of
Fort Good Hope.

26

Norman Wells Aquatic Effects Monitoring Program

Water Quality
Most of the oil-related chemicals (such as PAHs) that we find in the river come from natural
sources, such as oil. We found that oil enters the river from natural oil seeps along the shore
of Norman Wells. We also found that the amount of chemicals like PAHs in the river was below
the amount needed to harm fish. We did not find a link between chemicals like PAHs and liver
condition in loche.
Conclusion
The results of all of the approaches we took agreed with each other. They all indicate that
the Norman Wells Operation is not having an effect on the quality of the fish and water of the
Mackenzie River.
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Members of the Whitefish Study Panel
Back Row: Elaine Harris, Norman Pierrot, Alfred Orlias,
Jerry Lennie, Alexis Chinna, Alfred Masazumi
Front Row: Eileen LeBlanc, Bella T’seleie, Jenna
Grandjambe, Cathy Kelly, Mary Pierrot, Jane Kelly,
Leon Kelly, Jonas Kakfwi, Raynald LeBlanc

If you want more information about the AEM Program, please contact:
Tyler Colberg

Chris Fraikin

Imperial Oil Resources
237 Fourth Avenue S.W.
P.O Box 800
Calgary, Alberta
T2P 2J7

Golder Associates Ltd.
1000, 940 Sixth Avenue S.W.
Calgary, Alberta
T2P 3T1

403-237-3095 or
800-567-3776

403-299-4666 or
403-299-5600

