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BRIEF DESCRIPTION OF MY QUALIFICATIONS AND EXPERIENCE:
I am a fisheries biologist with over 40 years of experience. I hold a Bachelor of Science
degree in Biology from Simon Fraser University and a Ph.D. degree in Zoology (fish
biology) from the University of Manitoba. I worked for Envirocon Ltd in the summer of
1973, sampling fish and water in Nonacho Lake and surrounding lakes related to the
original flooding for the Twin Gorges development. I was a scientist at the Freshwater
Institute in Winnipeg for 29 years and Project Leader, Penobscot River Mercury Study
(Maine) for 9 years. I have published 81 refereed scientific publications in recognized
scientific journals, plus 45 other reports, and I have been senior author or co-author on
119 presentations at national and international scientific conferences. My publications
and presentations mostly concern mercury in fish and food chains and the impacts of
northern hydroelectric developments on fish populations.

INTRODUCTION
Nonacho Lake is a storage reservoir that was impounded and flooded in 1968 to
provide water storage for the Taltson Twin Gorges Generating station, located
downstream on the Taltson River. Three gates control flow out of the lake, allthough
some flow exits the lake via the Tronka Chua Gap into Tronka Chua Lake, an outlet that
did not exist before lake impoundment. The Twin Gorges station has a capacity of 18
MW of power; it has operated since 1965. Twin Gorges was built to supply power to the
Pine Point Mine (now closed), but now provides power to surrounding communities.
The project has been licensed under a variety of federal and territorial legislation,
however no environmental impact assessment of the physical or biological environment
was made before project construction and operation. Also, no baseline data was
collected to define the pre-project environment. As part of the process of re-licensing of
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the project, the Carter family, owners of a guest fishing camp on Nonacho Lake,
submitted a claim for compensation for environmental and economic damage on the
lake due to the development. Cambria Gordon prepared a review of Carter family
claims of adverse effects on Nonacho Lake dated April 2012 (the "CG Report").
This report was prepared on behalf of the Carter family. It is intended as a rebuttal of
three sections of the CG Report. Specifically, the sections of the CG Report entitled
"Mercury levels and toxins in the water", "Impacts of scheduled and unscheduled drawdowns and fluctuating water levels", and "Species endangerment: Aquatic Life" will be
responded to. This rebuttal stems from reading the reports referred to in this document,
my knowledge of fish biology and mercury cycling in aquatic environments, and on two
visits to Nonacho Lake and surrounding areas, the first in 1973 (when I worked for
Envirocon Ltd.) and the second in 2015.
At the time of preparing this report, I was instructed to review only the materials and
data that were available at the time of the preparation of the CG Report (2012).

MERCURY LEVELS AND TOXINS IN THE WATER
I disagree with the conclusions of the CG Report regarding mercury. The CG Report
states that "mercury levels are high across the Northwest Territories in lake trout and
are not specific to Nonacho Lake''. This is not strictly true. It is true that mercury in fish
in northern lakes is often high, especially in predatory fish, and that, on average, the
means are relatively high compared to other regions. However, data on mercury in fish
in northern lakes is characterized not by uniformly high concentrations, but rather by
large variation in concentrations from lake to lake, for a given species. Lake trout are
no exception. Lockhart et al. (2005; A history of total mercury in edible muscle tissue of
fish from lakes in northern Canada) reported on mercury in fish, including lake trout in
many northern Canadian lakes. Mean mercury concentrations in lake trout in their
sample of lakes ranged from 0.06 to 1.57 µg/g (micrograms per gram, or parts per
million), a range of more than 25 times. The statement in the CG Report attempts to
create the impression that mercury in lake trout is universally high in northern lakes and
that Nonacho Lake is also high, without providing a more solid context. The CG Report
should have noted that many lakes have much higher mercury concentrations in fish,
whereas in other lakes, the mercury concentrations are much lower. Given the range of
mercury concentration in northern Canadian lakes, I think that it is a more fruitful
avenue of discussion to consider Nonacho Lake as separate from other northern lakes.
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As stated in the CG Report, mercury in fish in northern reservoirs usually increases
significantly following flooding (e.g. Bodaly et al 2007; Post-impoundment time course of
increased mercury concentrations in fish in hydroelectric reservoirs of northern
Manitoba, Canada). This apparently happened in Nonacho Lake, judging from the data
for mercury in lake trout from Nonacho Lake from 1975 to the early 2000's:
Mean mercury in lake trout Year
Nonacho Lake
1975
Data from Cambria Gordon 1986
(2012).
2003
2004
2010

Mercury µg/g
1.06
0.53
0.23
0.35
0.56

Although many factors can be expected to influence mercury in predatory fish , the
temporal trends in mercury in lake trout are consistent with an effect of the original
flooding of Nonacho Lake. In lakes that are flooded, mercury in fish tends to rise within
the first few years after flooding and usually gradually declines over a period of decades
after that (Bodaly et al 2007). Mercury in lake trout in Nonacho was very high in 1975
(over 1 µg/g); this is consistent with an effect of the original flooding in the 1960's.
Mercury declined to about one-quarter of that concentration by the early 2000's, again
consistent with the temporary effect of flooding on mercury in fish .
However, recent trends are not consistent with the temporary effect of flooding on
mercury in fish. It appears there may have been recent increases in mercury in lake
trout in Nonacho Lake. Levels rose to over 0.5 µgig in 2010. This was only very briefly
noted in the CG Report (CG Report, page 19). The possible significance of this
increase should not be ignored, as it would appear that mercury in lake trout may now
be higher than the average for northern lakes and might not be continuing to decline
after high levels were reached after flooding.
Whether mercury in fish in Nonacho Lake is declining, stable or rising, I consider that
the issue of mercury in Nonacho Lake as not only a past, but also a persistent and
future impact of the Twin Gorges hydroelectric development. It was clear to me, based
on a visit to the Nonacho Lake fish camp in 2015, that guest fishermen were acutely
aware of mercury as a potential human health problem. One group would not keep or
eat any lake trout greater than 5 pounds in weight because of concern regarding high
mercury in larger fish. Also, there is a sign posted on the shore of Nonacho Lake by the
Government of the NWT, advising people to limit their consumption of lake trout from
the lake because of health concerns. Such public advisories will maintain concern over
mercury in lake trout and other species caught in Nonacho Lake. Whereas it is true that
the general populace in Canada is well aware of mercury as a potential human health
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concern (e.g. mercury in tuna), the special history of increased mercury in fish in
Nonacho Lake and the posting of mercury concerns on the lake must be continuing to
increase the public's concern regarding Nonacho Lake specifically.
Furthermore, publicity and concern about mercury and human health could be a factor
that is keeping mercury in fish in Nonacho Lake relatively high compared to the average
for northern lakes. If sport fishermen are exerting less fishing pressure on the lake trout
population due to reduced fishing effort and an increased rate of release of larger fish,
this could be causing the population to be composed of older fish. Because older fish
tend to have higher concentrations of mercury than younger fish, less fishing pressure
could be a factor in keeping mercury in lake trout high.
In summary, the CG Report has attempted to create the false impression that mercury
in fish is high throughout the north, whereas it is actually highly variable. I consider that
mercury is a continuing impact of the original flooding. The original flooding led to
increases in mercury concentrations in fish in Nonacho Lake to levels that were above
consumption guidelines. Mercury was still quite high in 2010. The public became
acutely aware of the mercury issues with Nonacho Lake and no longer fish at the lake
as often (or keep and eat fish caught), which may be the cause of the continuing high
levels.

IMPACTS OF SCHEDULED AND UNSCHEDULED DRAW-DOWNS AND
FLUCTUATING WATER LEVELS
The CG Report summarizes the issue of the impact of flooding on shoreline erosion in
Nonacho Lake with this statement: "there is no evidence o:r data available to support
any claim that the past or future operation of the Taltson Twin Gorges Generating
Station will have, or has had, an adverse effect." I disagree with this conclusion.
Increases in shoreline erosion as a result of flooding are well documented in northern
areas of Canada, for example northern Manitoba (Newbury and McCullough 1984;
Shoreline erosion and restabilization in the Southern Indian Lake reservoir). And visual
observation of shores on Nonacho Lake provides direct evidence of erosion that
continues to the present. The CG Report refers to monitoring programs that are
ongoing, and states that after completion of system monitoring, there will be an
understanding of the effects of water management on shoreline erosion. However, if
monitoring did not take place before the lake was flooded, impacts may be difficult to
quantify. Also, if the monitoring does show evidence of increased shore erosion, the
CG Report mentions only that potential mitigation options could be identified. It is
unclear whether mitigation would be possible or even put in place.
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Thus, the CG Report relies on a lack of data to conclude that there have been no
impacts on shore erosion from either the original flooding or from present or future
operation of the system. I disagree with this methodology. The CG Report should have
noted that there are no quantitative data to support a conclusion that there are no
impacts of system operations on shoreline erosion. Furthermore, as noted above,
simple observations of shorelines on Nonacho Lake support the conclusion that flooding
and operation of the Taltson system as a hydroelectric generating system have had and
are continuing to have significant impacts on the characteristics of shores in Nonacho
Lake. The following photographs show a shoreline on Nonacho Lake that is obviously
actively eroding.
To summarize, I disagree with the conclusion in the CG Report that a lack of data on
shoreline erosion means that there is no evidence of an impact of the development on
rates of shore erosion.

Photograph taken of Nonacho Lake shoreline on 2016 by Myles Carter.
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Photograph taken of Nonacho Lake shoreline on 2016 by Myles Carter.

Photograph taken of IN onacho Lake shoreline in 2013 by Myles Carter
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Photograph taken of Nonacho Lake shoreline in 2013 by Myles Carter
The CG Report compares the details of Nonacho Lake water levels under regulation
after the Pine Point mine ceased operations with that of the pre-regulation regime.
However, there are noticeable differences. For example, the average date that levels
peaked under regulation during the post-Pine Point mine period (1995-2010) was earlier
than under natural conditions (1962-1967) and water levels stayed higher in the autumn
during the Pine Point period than under natural conditions. Also, the difference between
the average low elevation during the post-Pine Point period was about 0.4 m as
compared to about 1 m under natural conditions. The CG Report calls these water
regimes "similar''. I disagree with this conclusion . A difference of 0.6 min water levels
should not be described as "similar" because of the effect of water levels and water
movements on water temperatures and dissolved chemical cues and therefore on the
movements of fish to appropriate habitats to successfully carry out life history functions
such as feeding , overwintering and reproduction. Freshwater fish have evolved life
history strategies in response to the natural environment of water temperature, flow,
oxygen concentrations and the characteristics of spawning and egg incubation areas.
Disruption of the natural environment (including differences in water levels) can affect
one or more of these natural functions.
If water levels during the Pine Point period (1968 - 1994) are compared to the period
under natural conditions, drawdown is actually less during both the Pine Point periods
and post-Pine Point periods (about 0.7 m difference between high levels in summer and
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low levels the following spring) than under natural conditions (about 1m difference in
levels on average). All of these changes in water levels are important because of their
influence on fish movements and spawning. It is well known that fish move for feeding ,
reproduction and overwintering and that these movements are affected by water
movements and water characteristics, such as the chemical cues dissolved in water that
fish detect and use to help with navigation. Changes in levels cause changes in water
movements and flows and would be expected to affect the success of fish in carrying
out life history functions.
In my opinion, the CG Report should not have referred to the pre-development and
post-development water regimes as being similar. Rather, the report should have
recognized and emphasized the differences.

SPECIES ENDANGERMENT: AQUATIC LIFE
Drawdown and its possible impact on fish spawning is dealt with extensively in the CG
Report. Lake trout (and other fall spawners) spawn in the autumn, usually depositing
fertilized eggs on shallow, nearshore areas on rock or cobble substrates. Spawning
depths are generally quite shallow, usually less than 10 m. Eggs incubate on the
bottom all winter and hatch in the spring. The eggs must of course be covered by water
during the whole incubation period to avoid the possibility of freezing and drying out in
the air. Therefore, water levels in the spring, at the time of hatching cannot be less than
the depth at which the eggs are incubating and the total drawdown (water level at
spawning less the water depth at hatching) can be an important determinant of the
survival rate of the incubating eggs. Levels of drawdown in relation to lake trout
spawning are concluded, in the CG Report, to not be impacting lake trout egg
incubation because total drawdown (water level change plus ice thickness) was less
than the presumed 2.2 m average spawning depth of lake trout, based on the findings of
Fitzsimons (201 O; Assessment of the effects of predicted water level fluctuations on
lake trout spawning success in Nonacho Lake, Northwest Territories). In my opinion,
this assessment of the possible impact of drawdown on lake trout eggs needs to
considered with a degree of caution.
I would like to make four points that illustrate the need for caution with this conclusion,
as follows:
1. The 2.2 m presumed spawning depth for lake trout is an average only and lake
trout were shown in the Fitzsimons report to spawn over a range of depths,
approximately 1.8 m to 2.4 m (Fitzsimons; Figure 4). The maximum drawdown
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of 1.6 m (including a presumed 1 m of ice cover) is quite close to the shallowest
observed depth for lake trout spawning in Nonacho Lake.
2. Fitzsimons (2010) sampled for incubating lake trout eggs at only 23 sites and
observed eggs at only seven of the sites sampled. This is a quite small number
of sites, especially considering the large size of Nonacho Lake. It is possible
that lake trout could spawn at shallower depths at sites not sampled or in parts
of the lake not sampled.
3. Another note of caution was outlined in the CG Report. The authors of the
report noted that the risk assessment included in the report should be
considered preliminary because it did "not consider the elevation of spawning
habitat relative to the water surface elevation, rather only the degree of change
in the water depths." If the water surface elevation at spawning was less than
normal during the lake trout spawning season, and if lake trout tend to spawn in
the same areas (i.e. not the same absolute depth), then drawdown could have a
greater effect on incubating eggs. Therefore, given that it is a "preliminary"
assessment that did not take into account an important factor such as water
surface elevation, greater caution should be applied to the CG Report's
conclusion.
4. It is unknown to what degree drawdown effects could be negatively impacting
other fall spawners, such as lake whitefish , because the spawning behavior of
other species have not been studied in Nonacho Lake. The lake whitefish is
another fall spawning species important to the Nonacho Lake ecosystem. Lake
whitefish could be negatively affected in the same way that lake trout could be
affected by drawdown. The age distribution of lake whitefish from Nonacho
Lake in 2004 (Rescan Environmental Services Ltd. 2005; Taltson Hydro Project
2004. Water Effects Monitoring Program) suggests that this may already be
occurring. The lake whitefish population sampled in Nonacho Lake had few
individuals less than 1O years of age, especially compared to other lakes
sampled. In other waterbodies sampled (Gagnon, Rutledge, and Sparks lakes,
Taltson River and Twin Gorges Forebay), fish in the 0-4 age group were usually
the most numerous. The Rescan report (2005) notes that lake whitefish from
Nonacho Lake had the oldest average age of all waterbodies sampled. These
results could be explained by poor conditions for reproduction for lake whitefish
in Nonacho Lake, as compared to other lakes. Drawdown could be affecting the
survival of the incubating eggs of lake whitefish in Nonacho Lake.
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The CG Report also mentions woody debris. Woody debris consists of pieces of
branches and other parts of trees and shrubs that are submerged or partly submerged
in the water. Woody debris is characteristic of reservoirs because of the flooding of
terrestrial trees and other vegetation. This material is not quickly decomposed in water
and therefore can persist for decades. The CG Report mentions that woody debris
could be considered to be enhancing fish habitat. This is true and there are certainly
extensive areas of submerged woody debris and tree stumps in Nonacho Lake at
present. Whether this material is enhancing fish habitat is not clear because there are
no quantitative data on this subject presented in the CG Report. However, the
presence of woody debris certainly causes increased hazards to boating and affects the
aesthetics of shorelines, which must be impacting the quality of the experience of
paying guests to the Carter family fishing lodge. Thus, I disagree with the CG Report in
its emphasis of only the possible positive impact of woody debris and for disregarding
the obvious negative impacts of woody debris.
The CG Report emphasizes comparisons of lake trout abundance and condition in
Nonacho Lake as compared to reference lakes (Rescan Environmental Services Ltd.
2005), but does not make reference to the findings of the 2004 WEMP study results
which showed a noticeably old average age for lake whitefish from Nonacho Lake and
few young lake whitefish in Nonacho Lake as compared to other study lakes in the area,
as noted above. Such changes, if they have taken place, should be considered to be
ongoing impacts of the development, not just past impacts. Fish communities and the
lake habitat that supports fish populations can take quite long periods of time (i.e.
decades) to change and adapt to the loss of habitat and to changes in the physical and
biological environment, especially considering the relatively old average ages of large
species such as lake trout and lake whitefish in northern lakes. Lake trout and lake
whitefish older than 30 years old are not uncommon in these lakes. Accordingly, it will
take longer to see impacts arising from changes to their environment.
Similar to the issue of shore erosion, the CG Report refers to the monitoring programs
that have been put into place on Nonacho Lake. However, there does not appear to be
any available definitive data from those programs. It is unclear what actions, if any,
would be taken if these monitoring programs report significant impacts of hydroelectric
development.
In summary, I think that the conclusions in the CG Report regarding the lack of concern
regarding drawdown and lake trout spawning depths should be treated with caution .
Also, I think that the CG Report should have recognized the potential negative impacts
of woody debris in Nonacho Lake.
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SUMMARY

This report, prepared for the Carter family, is a rebuttal of some conclusions made in the
CG Report. The following summarizes the main points made in this report.
1.
Mercury - the CG Report concludes that mercury in fish is high throughout the
Canadian north and that mercury levels in Nonacho Lake are typical. However,
mercury in fish in northern lakes is actually extremely variable, not uniformly high.
Mercury in lake trout from Nonacho Lake followed the expected pattern of increases
after the initial flooding and declines thereafter, however mercury does not appear to be
declining since the early 2000's. Mercury is concluded in this report to be an ongoing
impact of hydroelectric development in Nonacho Lake because of the publicity given to
high levels in lake trout and consumption by people.
2.
Drawdown and fluctuating water levels - the CG Report concludes that there is
no evidence of an adverse effect of flooding or continuing operation of the Twin Gorges
development on shore erosion. In fact, because there is no quantitative data on shore
erosion, either from before or after development, there is no evidence of a lack of an
effect either. Water level regimes after development were said in the CG Report to be
similar, when in fact they measured a 0.6 m on average difference after development.
Such differences may have effects on fish movements and affect their success in
feeding, overwintering and reproducing.
3.
The CG Report concludes that winter drawdown is not of concern for incubating
lake trout eggs, however this conclusion should be treated with caution because:
sampling of the depths of lake trout egg deposition was conducted at a limited number
of sites, the shallowest depth that lake trout were observed at was quite close to the
maximum drawdown observed, the CG Report did not consider the elevation of
spawning habitat relative to the water surface elevation, rather only the degree of
change in the water depths, and the CG Report did not consider the possible impact of
drawdown on other fall spawning species such as lake whitefish. Lake whitefish, in
Nonacho Lake, has shown a noticeably old average age and few young fish . This is a
possible indicator of reproductive impairment. Conditions for the incubation of the eggs
of fall spawning fish species are crucial for the survival of the eggs and for the long-term
health of the populations.

R. A. Bodaly
February 16, 2017
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