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Joseph Mackenzie, Chair
Wek’èezhὶi Land and Water Board
PO Box 32
Wekweètì, NT X1A 3S3
Canada
12 December 2018
Dear Mr. Mackenzie:
Subject:

DDMI Submission – Response to the WLWB Information Request on the 2014
to 2016 AEMP Re-evaluation Report and Design V5

Please find attached Diavik Diamond Mines (2012) Inc. (DDMI) response to the Information
Request (IR) received from the Wek’èezhὶi Land and Water Board (WLWB) on the 2014 to 2016
Aquatic Effects Monitoring Program (AEMP) Re-evaluation Report. Responses have been provided
in both a PDF and Excel file to facilitate distribution of this information and the response document
includes the initial references and review comment, DDMI’s initial response, the WLWB’s IR and
DDMI’s response to the IR.
The responses provided to this IR note that the report text may be amended to address the
comments received. However, DDMI acknowledges that the 23 November 2018 IR from the WLWB
notes that ‘it is not known at this time whether a revised version of the report will be required’. The
identified changes to the text are considered suggestions and may not be necessary, given that the
overall conclusions of the report remain unchanged as a result of the clarifications requested in the
IR. Additionally, DDMI has included attachments to this response that provide corrected figures and
tables from the report (refer to Attachment-1 through 6).
DDMI wishes to note that our response to GNWT-36 identifies that a full power analysis would be
required if an in-depth understanding of the statistical power of the new Action Levels is to be
determined. Such an analysis could not be conducted within the designated timeframe to respond
to this IR and we anticipate it would require 2 weeks to provide this information. DDMI does not
consider this level of analysis warranted at this time however we will await further direction from the
WLWB on this item.
Please do not hesitate to contact the undersigned if you have any questions related to this
submission.
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Yours sincerely,

Sean Sinclair
Superintendent, Environment
cc:

Anita Ooga, WLWB
Anneli Jokela, WLWB

Attach: DDMI Response to the WLWB IR on the 2014-16 AEMP Re-evaluation Report
and Design V5
Attachment-1: Revised Figures 3-4 and 3-8, Revised Table 3-5 (Dust, EMAB-16, 17 & 18)
Attachment-2: Revised Figure 5-2 (Eutrophication, EMAB-34)
Attachment-3: Revised Figure 5-13 (Eutrophication, EMAB-44)
Attachment-4: Revised Figures 6-7, 11, 12, 15, 16, 21, 22, 26 and 36 (Sediment, EMAB-59)
Attachment-5: Revised Table 6-6 (Sediment, EMAB-61)
Attachment-6: Revised Tables 6-7, 8, 10, 12 and 13 and Figure 6-4 (Sediment, EMAB-64)
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Table 1:
ID

GENERAL INSTRUCTIONS FOR EXCEL TEMPLATE:
1. Do not leave blank rows above or between comments.
2. Do not modify the instructions or the column headings
(i.e. the top three rows).
3. Each comment must have a response.
4. All formatting will be lost when this file is uploaded to the
Online Comment Table.
5. If necessary, adjust the cell width and height in order to
view all text.
Proponent Responses to Reviewer Comments on the Diavik - 2014 to 2016 Aquatic Effects Re-evaluation Report and Version 5.0 of the AEMP Design (W2015L2-0001)

Reviewer

Topic

Comment

Recommendation

Proponent Response

Nov 2018 WLWB IR

Nov 2018 Proponent Response

Richness was removed from the plankton Action Level definitions, because
although it is expected to decrease under toxic conditions, little is known
about the relative sensitivity of this endpoint to toxicity-related effects versus
nutrient-related effects, i.e., richness can also decrease under enrichment
conditions.
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While richness has been included as an overall data analysis
method for plankton, it has been removed for use in the
weight of evidence approach and the statistical analysis
relating to action levels. The rationale provided states that
the sensitivity of this endpoint to toxicity related effects
versus nutrient related effects is not well known. Given that
plankton richness is known to decrease under toxic
conditions, this endpoint still provides valuable information
for use in decision making and establishement of action
levels within the response framework. Overall the
assessment of richness will provide a more holistic view of
any changes to the plankton community.

The non-directional nature of plankton richness presents a challenge in the
plankton Action Level assessment, which is focussed on effects with distinct
downward direction. This non-directional endpoint does not provide useful
information to identify the direction of effect. However, it will be analyzed as
part of the routine AEMP data analysis and weight-of-evidence assessment,
and will be considered as supporting information when evaluating the
ecological relevance of Action Level triggers and for developing response
plans.
ECCC recommends retaining the plankton richness
endpoint within the response framework so that the
plankton community and potential impacts due to mine
effluent can be evaluated holistically.

The report states: "Snow water concentrations of some
nutrients and metals were below the analytical DL. These
data were included in the analysis by substituting values of
half of the detection limit (DL) during the re-evaluation.
However, in the snow chemistry data, there were different
DLs from different testing laboratories and for different
years. For example, three DLs were reported for the TP data
(0.001 mg/L, 0.005 mg/L and 0.002 mg/L). Data with
variable DLs were excluded from the analysis as per Table 32. The percentage of below DL data ranged from 1.6% for
aluminum to 27.0% for OP." However, the remainder of the
section seems to imply that values below the DL were
removed (e.g., last line page 28 states "Following the
removal of data below DLs and outliers, duplicates were
Text should be reviewed and adjusted as needed to
averaged to obtain a representative value").
clarify what data were removed and what were retained.
It is unclear what specific data points were omitted from the Censored values should be retained when possible and
analysis.
not removed unless absolutely necessary.

The report states: "Dust deposition data and snow chemistry
data were grouped into time periods to reflect changes in
mining
activities over time at the Mine. The time period groups were
as follows:
- 2002 to 2005: open pit mine construction and open pit
mining
- 2006 to 2009: underground mine construction and open
pit mining
- 2010 to 2013: open pit transition to underground mining
- 2014 to 2016: underground mining with re-mining of the
Waste Rock Storage Area – North Country Rock Pile"
While the principle of grouping according to major activities
is a logical approach, grouping of years may mask shortterm effects. Results for other components of the AEMP are
presented by year in the report.

ECCC comment 5 indicates concern with the removal of plankton richness from the weight of
evidence (WOE) approach. In its response, DDMI states that plankton richness “will be
analyzed as part of the routine AEMP data analysis and weight-of-evidence assessments…”
Plankton richness does not appear to have been explicitly part of the WOE approach in the
previous version of the AEMP Design, so it is not clear that it has been ‘removed’. That being
said, there is a change in the WOE assessment whereby the Biological Response Endpoint
related to phytoplankton and zooplankton has changed from "community structure" to
"relative biomass of the major taxa groups". It is unclear what this means and whether it will
influence the use of plankton richness in the assessment. In the 2016 AEMP, a high effect level
The plankton Action Levels were therefore based on declines in biomass
which are expected to respond predictably to toxic conditions, in a downward rating for the biological endpoint was based on comparisons of taxonomic richness, but it is
unclear if this would be used now that the Biological Response Endpoint is proposed to change.
direction.
Please explain how plankton richness will continue to be used as part of the WOE assessment?

The plankton-related comment from ECCC initially refers to the WOE assessment and then switches to the Action Level
assessment, and the recommendation pertains to the Action Level assessment (i.e., by referring to the "response
framework", which contains the Action Levels). The response provided by DDMI referred to the Action Level
assessment, and erroneously mentioned retaining richness in the WOE assessment. Richness was not included in the
WOE assessments in previous design documents and will continue to be excluded in future WOE assessments.
The adjustment in the text from "community structure" in Design Document Version 4.1 to relative biomass of the
major phytoplankton and zooplankton groups in the Design Document Version 5 (Table 4.10-1) was intended to clarify
what metrics will be used in the WOE assessment to evaluate community structure, and to make this metric more
quantifiable; i.e., relative biomass can be compared statistically, whereas community structure is usually compared
visually based on graphs, which is more subjective.

Below DL data for the snow chemistry data sets (only) were removed from the analysis of dust (including metals and
nutrients), due to their differing detection limits among labs and years of data collected.
Table 3-2 summarizes the amount of data that was excluded. Text in the preceding paragraph may be amended for
clarification as follows: "Snow water concentrations of some nutrients and metals were below the analytical DL. Below
DL data were included in the analysis by substituting values of half of the DL in other components of the re-evaluation.
The below detection limit data for TP and OP were removed from the analysis EMAB comment 9 was seeking clarification on which below detection limit (DL) data was
However, in the snow chemistry data (i.e. total phosphorus, orthophosphate, nitrate + nitrite, ammonia, aluminum,
(i.e., analysis only included data above detection limits, and was thus
removed from the snow chemistry analysis because it was unclear if this was for all statistically and lead), there were different DLs from different testing laboratories and for different years. For example, three DLs
conservative). In this particular case, nutrient and metal deposition are being analyzed variables or only those with variable DLs. The response provided by DDMI is unclear. were reported for the TP data (0.001 mg/L, 0.005 mg/L and 0.002 mg/L). Thus, below DL data points for the snow
conservatively estimated, because the results are used to predict potential
The first part of the response suggests that the removal of below DL data was only for total
chemistry data were excluded from the analysis as per Table 3-2. The percentage of below DL data ranged from 1.6%
effects to other valued parameters (e.g., TP and OP for water quality).
phosphorus (TP) and orthophosphate (OP), but the last part of the response suggests that it
for aluminum to 27.0% for OP.".
Censored data (½ detection limit values) could be generated for individual
applied to all nutrient and metal data. Please clarify the response.
samples and the statistics re-computed; however, this would be less
If all data below DL was removed, please explain which data the following sentence from Page However, please note that this approach results in conservative estimates of deposition rates and environmental
conservative and affect all metal and nutrient calculations; in general, this
27 of the Main Report applies to: “These data were included in the analysis by substituting
loadings of these compounds as including below DL data would tend to reduce geometric means, especially in the near
change would lower all loading estimates for each parameter.
values of half of the detection limit (DL) during the re-evaluation.”
field, and when computing average loadings across the study area (e.g., Tables 3-13 to 3-16).

Dust observations are sparse spatially (kilometres apart in many cases) and
temporally (seasonally, quarterly). Meteorology and microphysics associated
with dust deposition span spatial scales of hundreds of kilometres to
micrometers (i.e., weather systems to dust particles) and temporal scales of
seasons to seconds. Inter-year differences are mostly stochastic noise due to
meteorological (dry windy year versus calm moist year) and microphysical
variability. This variability is combined with mine operation variability (e.g.,
was it windy and what direction on a given blasting day).
Please provide a discussion of whether more short-term
effects have been observed for dust deposition, as it may
pertain to pooling of multiple years of data. If short-term
recent trends have been observed, these should be
presented in the report.

Temporal averaging suppresses variability related to meteorological and
EMAB comment 13 asked DDMI to provide a discussion of whether more short-term effects
mining activities, because there were periods with more and less blasting.
We believe this enables more robust overall spatio-temporal trend analysis as have been observed for dust deposition. DDMI’s response provides a discussion of why it
believes pooling is appropriate but does not answer EMAB’s question. Please provide a
it relates to atmospheric deposition.
response that addresses EMAB’s question.

No short term effects have been observed because of spatial and temporal variability in atmospheric deposition of
dust caused by the inherent variability of regional and synoptic scale (i.e., 1000 km or greater) meteorology.
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Dust deposition results for sites not significantly different
from control sites were "pooled to form a composite
estimate of background dust deposition" (page 34). While
this approach may be reasonable for some of the sites, at
least one site (SS5-4) has a notably high mean rate for the
2014-2016 pooled time period (i.e., more than four times
the control sites). The lack of a statistically significant
difference between this site and the formal “control sites”
may reflect high variability in the data set and identifying this
site as "background" does not seem to be appropriate based
on the information presented. Inclusion of error bars on the
figure (and other similar figures) would assist with review of
Include error bars on figures and provide clarification on
these data.
the appropriateness of the approach for designating sites
as "background".
In addition, deposition rates for site SS5-4 reported in the
2014, 2015, and 2016 annual AEMP reports (Golder
Please verify that the mean deposition rates presented
2016a,b, and 2017) were 47, 43, and 38 mg/dm2/yr,
respectively. The mean reported in Figure 3-4 and Table 3-5 for site SS5-4 are correct. If correct, suggest
reconsidering designation of this site as "background".
(279 mg/dm2/yr) contradicts these values.

Note: there was a sorting error in Figure 3-4 and Table 3-5. Consequently, the discrepancy assigned to Station SS5-4
belongs to SS5-1. The figure and table have been updated (Attachment-1) and the discussion that follows relates to
the corrected Figure and Table. These updates do not affect the overall conclusion of the report.

Error bars will be added to the relevant figures.

EMAB comment 16 was requesting clarification of a potential discrepancy in dust deposition
data for station SS5-4 and suggested the inclusion of error bars to Figure 3-4. In its response,
The discrepancy related to SS5-4 will be reviewed and corrected if necessary. DDMI committed to adding error bars to the figure and reviewing the potential discrepancy
Sites SS5-2 and SS5-3 have 2014-2016 dust deposition rates that are lower
related to SS5-4. It appears that the discrepancy was not reviewed and addressed in response
than that at SS5-4 and SS5-5 and SSC-1, each station being progressively
to this comment. Please provide a response to this comment.
farther from the mine. Dust C1 is near SSC-1 and has values comparable to
With respect to the error bars on Figure 3-4, since it is not known at this time whether a
SS5-2 and SS5-3. If review indicates these values are valid, then this could be revised version of the report will be required and whether reviewers will have a chance to view
an example of spatial variability.
and comment on an updated figure, please provide a discussion as to whether the inclusion of
error bars influences DDMI’s interpretation of which sites should be considered background.

The results show that:
1) Station SS5-1 data in years 2014-2016 are elevated with respect to all other years at that station (2-tailed t-test;
H=1, P = 0.003); and
2) Stations along transects along SS5 show decreasing values with distance in years 2014-2016.
However, we have confirmed the following:
1) the pooled 2002 - 2016 data from SS5-1 are not significantly different (H=0, P = 0.576) from the pooled data from
the background stations only (i.e., SSC-1, -2, -3, and Dust C1 and C2).
2) In 2006 to 2009, dust deposition increased with distance along transect SS5.
3) The 2014 - 2016 data at SS5-1 are not significantly different from the 2006 - 2009 data from Station SS5-5 (H=0, P =
0.348).
Based on this analysis, we see no reason to remove station SS5-1 as part of the background group.

Figure 3-4 and Table 3-5 present the mean dustfall
deposition rates for control stations and stations where
rates were not significantly different from the control sites.
Both would benefit from inclusion of a measure of variability
to assist the reviewer with understanding the variability of
the pooled data sets. This is particularly important given that
several years of data were pooled and that variability of the
data sets would affect the statistical analyses and ultimately
the treatment of data as "background".
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Figure 3-8 presents seasonal plots of dust deposition and
includes point measurements and trend lines. Section
MAIN
3.2.3.5 (page 31) indicates that the medians for each season
DOCUMENT, are plotted for the trend analysis; trends were then visually
Dust
assessed. Other figures and tables appear to present data as
Deposition,
means rather than medians. There does not appear to be a
Section 3.3.2, discussion of why medians were used for the trend analysis
Results,
and it is unclear if this is the most appropriate metric for this
Environmental Annual and
Provide a discussion or rationale for the use of medians
assessment.
Monitoring
for trend analysis and add sufficient details to figures and
Seasonal
This will be reviewed and figures/tables updated if necessary in the revised
Advisory
Trends, page In addition, figures lack sufficient information to determine tables to allow the reader to readily identify what is
presented.
version of the report.
Board: ... EMAB 41, Figure 3-8 what is presented (e.g., means or medians) in this section.

EMAB comment 18 asked for a discussion or rationale for the use of medians for trend
analyses presented in Figure 3-8. EMAB also asked that DDMI add details to the figures to help
identify what is being presented.
DDMI committed to revising the figures/tables but did not provide a response to the question
about the use of medians. Please provide a response regarding the use of medians.
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EMAB comment 20 asked for two things; one being a clarification of which data (i.e., stations)
from the NF, FFA, FFB, and FF1 areas were selected for analysis and presentation in Figure 435. DDMI did not provide a clarification regarding this question. Please provide that
clarification.

Table 3-5 has a footnote that does not seem to apply to the
table. "N/D = no data; mean = temporal arithmetic mean;
geomean = spatial geometric mean".
Both the table and figure should indicate what the values
presented represent (e.g., arithmetic mean).

Please include bars/values to illustrate variability with the
data (confidence intervals or standard error depending
on what the data are that are presented) on Figure 3-4
and Table 3-5 and subsequent similar tables and figures.
Figure 3-4, and Table 3-5 and similar tables will be updated in the revised
Add additional explanatory information regarding the
values presented.
version of the report, as suggested.

Similar to EMAB comment 16, measures of variability were requested by EMAB to help
determine the appropriateness of including data/stations as background. DDMI has committed
to revising figures and tables to address this, but it is not known at this time whether a revised
version will be required. Please provide a discussion as to whether the assessment of variability
influences DDMI’s interpretation of which sites should be considered background.

Error bars corresponding to one geometric standard deviation (i.e., asymmetrical) from the geometric mean for the
pooled data at each station have been included in the updated Figure 3-4 (see also response to EMAB-16 and
Attachment-1). Values in Figure 3-4 and Table 3-5 have been standardized as geometric means.

Median values are comparable to geometric means when data is from a lognormal population; this was the basis of
their use. Data have been standardized using geometric means, and Figure 3-8 updated accordingly and included in
Attachment-1.

This change does not affect the overall conclusions of the report.

This change does not affect the overall conclusions of the report.

The report states: "Data are provided for DO, temperature,
specific conductivity, and pH from 1996 to 2016, when
available, at the following locations: NF; MF1-3; FF2-2; MF34; FF1; FFB; and FFA; these are the long-term monitoring
stations that were selected for the detailed trend analysis."
There is no discussion provided as to the rationale for why
these sites were selected for trend analysis and it is not clear
what individual sites are plotted in Figures 4-35 to 4-38
(pages 130-133). For example, Figure 4-35 (page 130)
shows "NF" results but it is not clear what NF site is plotted.
This also applies for the FFA, FFB, and FF1 "sites" referred to Please clarify what data were presented and a rationale
above.
for selecting a sub-set of sites for analysis.

The rationale for including NF, FFB, FFA, and FF1 areas, and FF2-2, MF1-3,
MF3-4 stations in the trend analysis is presented in Section 2.4.2. These areas
and stations were selected for detailed analysis because of the availability of
long-term data, and because they represent the range of exposure to effluent
within Lac de Gras (i.e., NF, MF FF).

Replicate station data in each of the NF, FF1, FFB, and FFA stations were averaged to obtain the values presented in
Figures 4-35 to 4-38 (pages 130-133). This is stated in Section 4.2.4.2.2 Temporal Trends/Time Series Plots/Depth
Profiles (page 84).

Paragraph 2 of Section 4.3.2.1.1 may be changed to include new text as follows:
“No trends occurred in DO concentration over time, as indicated by profile measurements from different years
occurring at similar levels of DO (Figure 4-35). During the open-water season, DO concentrations were typically
uniform throughout the water column; values recorded at or above 13 mg/L in the open-water season of 2004 are
unusually high, for unknown reasons. DO concentrations recorded during the open-water season were above the
Effects Benchmark of 6.5 mg/L for the protection of aquatic life for “other” life stages (i.e., non-early life stages).
During the ice-cover season, DO concentrations were usually highest just below the ice and declined with increasing
EMAB comment 22 had recommendations for the ice-covered season DO data to be compared depth. DO concentrations recorded during the ice-cover seasons in 2013 and 2016 had lower values than other years
to the CCME 9.5 mg/L benchmark for early life stages, and for open water season DO data to be at all stations/areas, where DO concentrations were at or below the Effects Benchmark of 9.5 mg/L for the protection
compared to benchmarks. DDMI committed to adding a paragraph detailing results for the
of aquatic life for early life stages at a number of depths. At Stations MF1-3 and MF3-4 and in the FF1 and FFB areas,
open-water season but provided no response to the question of comparing ice-covered season near-bottom DO concentrations during ice-cover were at or below the Effects Benchmark of 9.5 mg/L for the
protection of aquatic life for early life stages. In addition, at Station MF1-3 and the FF1 and FFB areas, some
DO data to the 9.5 mg/L benchmark. Please provide a response to the question about the 9.5
concentrations were at or below the Effects Benchmark of 6.5 mg/L for the protection of aquatic life for “other” life
mg/L benchmark.
stages (i.e., non-early life stages). The lower DO values at these stations are not likely mine-related, because the
It is not known at this time if a revised version of the report will be required and whether
reductions in DO near the lake bottom were not observed in the NF area where the effect would be expected to be
reviewers will have a chance to view and comment on a revised paragraph, thus it would be
greatest if it was caused by the Mine discharge.”
helpful if DDMI could provide a discussion regarding what the overall findings of all the
A statement or paragraph detailing results of a comparison of DO data during comparisons to DO benchmarks would be and whether that has any influence on the overall
open-water to benchmarks will be added in the version of the report.
conclusions of the report. Please provide this discussion.
This change is not expected to affect the overall conclusions of the report.
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Paragraph 2 identifies "...DO concentrations during icecover that were at or below the Effects Benchmark of 6.5
mg/L for the protection of aquatic life (PAL) for "other" life
stages (i.e., non-early life stages)." During the ice-cover
season the CCME 9.5 mg/L benchmark for early life stages
would be more appropriate for fall spawning species such as
Lake Trout. In addition, there is no discussion of whether DO
concentrations were above or below benchmarks for the
open-water season.
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Paragraph 3 discusses in situ pH data and the last line
indicates that "…pH values below 5.0 or greater than 8.0 are
anomalous." This is likely a valid statement as in situ pH data
are prone to error due to equipment problems or poor
calibrations; however it would be useful to include
A statement or paragraph detailing results of a comparison of laboratory pH
comparison to or discuss laboratory measured pH values if
If laboratory pH data are available, include a comparison to in situ data to justify exclusion of data as "anomalous" will be added to the
they are available to justify exclusion of these data as
"anomalous".
to in situ data to justify exclusion of data as "anomalous". revised version of the report.
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The report states: "Differences in the net dimensions were
noted in 2017 among sampling years, which required
adjustment of the data for some years. Re-measurement of
the net diameter in 2016 determined that the zooplankton
net used in 2014, 2015 and 2016 had a mouth diameter of
30.0 cm; therefore, recalculation of the zooplankton
community biomass data was necessary for 2015 and 2016.
MAIN
The re-calculation increased the overall zooplankton
DOCUMENT, biomass in 2015 and 2016 by 12.9% and 6.6%, respectively,
Eutrophication as the volume of water actually sampled was smaller than
Indicators,
that used in the 32 cm and 31.0 cm net diameter calculation
Section
(Table 5-3). These adjustments do not affect the conclusions
Environmental 5.2.1.4,
reported in the respective annual reports.
Monitoring
Methods,
Provide additional discussion to support the conclusion
Advisory
Data Sources, Additional discussion and results should be provided to
Board: ... EMAB page 248
backup the statement that conclusions were not affected.
noted.
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The DO data should be compared to the appropriate
benchmarks and the findings reported. Include a
discussion comparing DO results for the open-water
season to PAL guidelines.

The 2015 and 2016 adjustments do not impact the results or conclusions of
the 2015 and 2016 reports, because the annual reports generally analyze and
interpret each year’s data separately, without comparisons to previous year’s
data, with the exception of the comparisons of extent of effects. For extent of
effects comparisons over time, the corrected area where zooplankton
biomass was affected in 2015 remained <0.6%, and the corrected 2016 area
affected was 0.5%.

Section 5.3.1.1 (Results, Summary of Effects, Extent of
Effects, page 258) indicates: "The boundary of effects on
concentrations of TN generally extends to the northwest (to
the end of the NF-MF1-FF1 transect) and to the northeast
(towards the Lac du Sauvage inlet), with an exception in
2014 when the extent of effects appeared to be localized
around the NF area." This statement appears to be based on
incorrect results presented in Figure 5-2 (page 263) and is in
disagreement with results presented in Table 5-7 (page 261)
Please correct figure for the 2014 data and verify that
and those presented in the 2014 AEMP Annual Report
data for other years are correctly presented. Modify text The 2014 panel for Figure 5-2 is incorrect. The figure and text will be
(Golder 2016a). Table 5-7 indicates the affected area was
equal to or greater than 40.1% of the lake area.
and data interpretation and conclusions accordingly.
corrected.

EMAB comment 23 had a recommendation for DDMI to include a comparison of in situ pH data
to laboratory pH data to validate the exclusion of “anomalous” data. In its response DDMI
committed to adding a statement or paragraph detailing results of this comparison in a revised
version of the report.
At this time, it is not known if a revised version of the report will be required and whether
reviewers will have a chance to view and comment on a revised paragraph, thus it would be
helpful if DDMI could provide a discussion regarding what the overall findings of these
comparison and whether it has any influence on the overall conclusions of the report. Please
provide this discussion.

EMAB comment 28 asks DDMI to provide additional discussion to support the conclusion that
the adjusted biomass measurements for zooplankton do not affect the conclusions reported in
the respective annual reports. DDMI’s response explains that it did not influence the overall
extent of effects calculation but did not comment on whether these effects to the zooplankton
biomass influenced Action Level comparisons. Please confirm and explain.

EMAB comment 34 noted a potential error in Figure 5-2 for the 2014 data, where the extent of
effects does not match what was reported elsewhere. It was recommended that DDMI verify
that data for all years are correct and to provide updated interpretations and conclusions.
DDMI confirmed that the 2014 panel in Figure 5-2 was incorrect but did not comment on
whether it confirmed whether errors were present for other years. Please confirm that DDMI
has verified data and the relevant figure for all other years.
DDMI also did not explain whether this influenced any of the report’s conclusions. At this time,
it is not known if a revised version of the report will be required and whether reviewers will
have a chance to view and comment on modified text, thus it would be helpful if DDMI could
provide a discussion regarding whether this error (and any potential others) has any influence
on the overall conclusions of the report. Please provide this discussion.

The following text may replace the last sentence of paragraph 4 in Section 4.3.2.1.1:
"The pH values from the FFA area in 2010 and FF1 area in 2012 were generally greater than 8 and measurements from
FFB in 2004 were below 5. Given the general range of a majority of the pH depth profiles, and that the average
laboratory measured pH values for the FFB area in 2004 and the FFA area in 2010 were 7.3 and 6.9, respectively, the
profiles during the ice-cover season with pH values below 5.0 or greater than 8.0 are anomalous. Laboratory
measured pH data for the FF1 area in 2012 were not available."
This change is not expected to affect the overall conclusions of the report.

The adjustments in the zooplankton biomass (as AFDM) do not influence the Action Level comparisons because the
Action Level comparisons for the Eutrophication Indicators Component are based on chlorophyll a concentrations,
not zooplankton biomass (as AFDM). The Action Level comparisons for zooplankton biomass (based on enumeration)
in the Plankton Component were also not affected by these adjustments.

The new Figure 5-2 has been provided (Attachment-2). Table 5-7 is correct. The error in the text does not change the
overall conclusions. Text on page 258 may be updated as follows:
"The boundary of effects on concentrations of TN generally extends to the northwest (to the end of the NF-MF1- FF1
transect) and to the northeast (towards the Lac du Sauvage inlet).

Weight-of-evidence ratings are not presented for 2014 and
2015 in Table 5-8 (page 267). There is no explanation
provided for the omission of results for these two years.
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It is unclear what is being presented in Figure 5-13 and the
conclusion based on the figure that "…the elevated
concentrations of TP at the MF stations are most likely
related to dike construction, rather than dust deposition" is
not discussed in sufficient detail to support this conclusion.

The text and figures should be reviewed and updated as
appropriate.
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Section 5.3.4.2 discusses ice-cover soluble reactive
phosphorus concentrations and acknowledges that "more
exceedances [of the normal range] in the MF areas were
observed in the samples taken at bottom depths… compared
to those taken at the top or middle depths." If effects at the
bottom are different (i.e., a greater effect is observed) than
at mid-depth in the MF area, then the mid-depth may not be
the most appropriate depth to use for this parameter and
considerations of other depths may be warranted.

EMAB comment 46 was about the greater number of exceedances of the normal range
observed for soluble reactive phosphorus (SRP) concentrations for bottom depth samples. In
its response, DDMI noted that top/mid/bottom data for NF and MF stations are presented in
The mid-depth data are presented, because mid-depth samples are available annual reports and that the “data do not show major disagreement in effect among depths”.
The data for all forms of phosphorus should be reviewed for all sampling areas (NF, MF, and FF). Available top/mid/bottom data for NF (i) Can DDMI clarify if this conclusion about no major disagreement is based on the data from
to determine if the mid-depth data are most appropriate and MF stations are presented in the annual reports. The data do not show
the annual reports?
to use in consideration of mine effects on phosphorus
major disagreement in effect among depths; therefore, using mid-depth data (ii) How is DDMI assessing/determining the absence of major disagreement? Please explain this
is appropriate.
conclusion.
concentrations in Lac du Gras.

The conclusion that the "data do not show major disagreement in effect among depths" is based on visual assessment
of the figures in the AEMP annual reports (Figure 3.8, panel C in Appendix XIII [Eutrophication Indicators] of the 2014
AEMP Annual Report; Figure 3.8, panel C in Appendix XIII [Eutrophication Indicators] of the 2015 AEMP Annual Report;
and Figure 3.8, panel C in Appendix XIII [Eutrophication Indicators] of the 2016 AEMP Annual Report). On these
figures, the first three bars show the concentrations of SRP at the different depths in the NF area (NF-T = top depth; NFM = mid-depth; NF-B = bottom depth). These figures show that SRP concentrations are either similar among depths or
slightly higher in the mid-depth samples. Therefore, mid-depth was selected as the appropriate depth to use in
presenting the ice-cover data, and this depth was consistently used when discussing SRP concentrations across Lac de
Gras.
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EMAB comment 49 addresses the change in laboratory for nitrogen analyses in 2013 and
recommends that DDMI provide additional discussion of the implications of this change on the
nitrogen monitoring results. In its response, DDMI indicates that a discussion was provided in
the 2013 AEMP Annual Report. The current question is asking for a discussion of implications
on results of the current Re-evaluation, which includes an assessment beyond 2013, and
includes trends/patterns observed from 2014 to 2016. DDMI also indicates that Section 5.3.4.2
addresses the implication of greater variability and possibly biased results, however, these
statements appear to be related to the ammonia concentrations, in which there were analytical
issues (not about the change in laboratory).
Please provide a discussion on the implications of the laboratory change for all nitrogen results
observed from 2014 to 2016 and how this may have influenced the overall temporal trends
observed through the monitoring program.

A discussion of the implication of greater variability and possible bias is provided in Section 5.3.4.2 (Nitrogen
Variables) . As noted in the text, Figure 5-21 for TN and Figure 5-23 for TDN suggest a departure from pre-2013 results
in the 2013 open-water dataset, and it appears to extend to 2016. This departure coincides with the change in
analytical laboratory and therefore is mentioned as a potential confounding factor, with 2014 to 2016 data being
biased high for some nitrogen species. However, two data analysis strategies help mitigate the potential bias: (1) the
change in laboratory would be assumed to affect all stations relatively equally, such that all data within a year would be
elevated compared to previous years, and (2) the trend analysis incorporates multiple years of data. Even with the
potential bias, the parabolic models fitted to the data did not suggest any apparent trends or showed only shallow
trends in TN. For TDN, increasing temporal trends are observed across multiple years. For other nitrogen species, a
similar potential bias was observed in Figure 5-25 for total ammonia (i.e., a greater range of values and higher annual
maximum values in 2013 to 2016 data) but trend analysis was not conducted for ammonia due to the laboratory data
quality issues for this parameter. No apparent bias towards greater concentrations was observed for nitrate+nitrite.

Section 5.2.3.3 (page 255) indicates that "The indicators of
eutrophication data from 2014 and 2015 were not assessed
following the AEMP Study Design Version 3.5 (Golder
2014a) because only NF and MF area data were collected in
those years." However, Table 5-6 (page 255) that follows
this text indicates that the effect rating for nutrients is based
solely on comparison to normal ranges (and not to FF data). Please provide a discussion of the reason for the
These results should therefore be incorporated into Table 5- omission of 2014 and 2015 data in Table 5-8 and add
ratings for TN and TP for 2014 and 2015.
8.

Following AEMP Study Design Version 3.5, WOE assessments were not
carried out in 2014 and 2015; therefore effect ratings were not calculated.

The methods in Section 5.2.3.2 explain what is being presented in Figure 513; however, the figure will be annotated further to focus on the stations
affected by dust deposition. The effluent and water quality component
(Section 4) further describes the approach for assessing dust deposition.

Section 5.3.4.2 (page 286) indicates: "The more recent
elevated concentrations at several NF, MF and FF area
stations may in part reflect the change in labs from UofA to
Maxxam that occurred in 2013 (Golder 2016a)."
As this factor may have substantive implications with
respect to tracking changes in nitrogenous parameters over Please provide additional discussion of the implications
time, there would be benefit to expanding this discussion to of laboratory changes on nitrogen monitoring results and
elaborate on potential implications of the laboratory change. trend analyses.

A detailed discussion of the implications of laboratory changes on nitrogen
results was provided in the Effluent and Water Quality component of the
2013 report. The implication is greater variability and possibly biased results,
which is discussed in Section 5.3.4.2.

A WOE analysis was not completed in 2012, 2014 and 2015, which were interim AEMP years. The WOE analysis
requires input from all monitoring components and cannot be completed in interim years. Versions 3.2 and 3.5 of the
This comment from EMAB was asking about the lack of WOE analysis for 2014 and 2015. In its AEMP design document, in Section 5.9 state: "Since the WOE requires the results of all endpoints for exposure and
response, DDMI indicates that this analysis was not required in those years, as per the AEMP
effects (i.e., biological responses), the WOE will be conducted every three years, following the comprehensive
Design. Table 5-8 shows that the WOE analysis was done annually, until 2014. The change to
sampling program, when all components and all locations are sampled." This sentence represents additional
include the WOE analysis only in comprehensive monitoring years appears to have been
clarification relative to previous AEMP design documents, but no deviation from Versions 3.0 and 3.1 in terms of the
included in Version 3.2 of the AEMP Design. It is not clear that this change from Version 3.0/3.1 scheduling of WOE analyses. Therefore, there was no change to identify for the Board's consideration.
had been identified for consideration by the Board. Can DDMI clarify whether this change was
a deviation from Version 3.0/3.1 of the AEMP Design? If so, can DDMI clarify how this change WOE ratings are applied to individual components and were reported for the Eutrophication Indicators and Plankton
was identified for the Board’s consideration.
components annually until 2013; however, the 2012 ratings were not carried forward into a WOE analysis.
Distance from the diffuser is not equivalent to distance from the dust source; rather, there is overlap between the
areas where TP concentration in Lac de Gras may be affected by effluent versus dust. Dike construction, which was
ongoing in 2014 to 2016, complicates an evaluation of potential effects on TP concentrations from dust deposition,
and was included in the evaluation.
Based on results of the dust monitoring component of the AEMP, the zone of influence from dust deposition is within
1.5 km of the Mine footprint and includes nine AEMP stations: NF1 to NF5, MF1-1, MF2-1, MF3-1, and MF3-2. On
Figure 5-13, these stations are the first nine stations along the x-axis, within about a 4 km distance from the diffuser.
Figure 5-13 was annotated further by adding labels to potentially affected stations in the area of potential dust and
dike effects, and one additional station with a TP concentration above the normal range; the updated Figure 5-13 is
included as Attachment-3. The different symbols on Figure 5-13 were meant to distinguish between the different
combinations of the three potential non-background TP sources in lake water (i.e., effluent, dust, and dike
construction). Circle symbols other than the blue NF stations are outside the zone of influence from dust deposition
and dike construction (i.e., effluent and background loading are the primary sources). Triangle symbols are stations
(i.e., MF3-3 and MF3-4) that were affected by dike construction along the MF3 transect in addition to effluent. Square
EMAB comment 44 had a recommendation for DDMI to review and update Figure 5-13 and the symbols and the blue NF stations are those within the zone of influence from dust deposition and effluent; however,
associated text to help explain/support the conclusion that the elevated concentrations of TP at two of these stations (i.e., MF3-1 and MF3-2) are also within the area that was affected by dike construction, as
the MF stations are most likely related to dike construction, rather than dust deposition. In its
reported in Section 4.3.2.2.2 based on an analysis of non-nutrient water quality parameters.
response DDMI indicated that Section 5.2.3.2 explains what is being presented and that the
To evaluate potential effects from dust deposition on TP concentrations in Lac de Gras, the intent was to visually
figure will be annotated further to focus on the stations affected by dust deposition.
compare TP concentrations at stations within the estimated zone of influence from dust deposition to results at other
Board staff have read Section 5.2.3.2 and it is not clear how the figure is being used to present nearby stations (i.e., those outside the zone of influence from dust deposition), the normal range, and the expected
the influence of dust on TP concentrations. Is the distance from the diffuser equivalent to the
declining trend in TP concentration with distance from the diffuser. If TP concentrations at the nine potentially dustdistance from the dust source? If yes, can DDMI provide support for the effluent and the dust affected stations (i.e., NF1 to NF5, MF1-1, MF2-1, MF3-1 and MF3-2) were elevated beyond the normal range and
source being at the same location? It appears that the different symbol shapes on Figure 5-13 abruptly declined beyond approximately 4 km from the diffuser, this may indicate a potential combined effect from
are indicating different sources of TP in the water. Can DDMI explain how these different
effluent and dust deposition. If TP concentrations were elevated in the NF area and declined gradually with distance
sources were determined?
along the x-axis, a dust effect would be considered unlikely.
DDMI also indicated that the Figure would be annotated further; however, at this time, it is not In 2016, application of this method was complicated by the dike construction-related effect detected by the water
known if a revised version of the report will be required and whether reviewers will have a
quality component, which was apparent at stations MF3-1, MF3-2, MF3-3 and MF3-4, two of which (MF3-1, MF3-2)
chance to view and comment on a revised Figure, thus it would be helpful if DDMI could
are also in the zone of influence from dust deposition. These two stations had TP concentrations above those
provide an explanation of how it plans to update this figure and why the updates will be helpful. measured in the NF area, with the concentration at MF3-1 above the normal range. Although the concentration at this

Trophic boundaries used in the AEMP for total phosphorus, total nitrogen, and chlorophyll a concentrations are based
on data from the International Eutrophication Program and trophic status classifications from Wetzel (2001) and
references therein. These trophic classifications are as follows:

Total Phosphorus (µg/L)
Mean
Range
N
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The nutrient summary states: "Nutrient concentrations
remain low throughout Lac de Gras, within the oligotrophic
ranges for both P and N."
This is the first discussion of trophic status presented in the
report. Some additional information should be presented
here to qualify the statement. At a minimum, the trophic
Please identify the trophic boundaries applied.
boundaries applied should be identified for TP and TN.
"The 2007 to 2016 AEMP samples were collected using a
sediment gravity-corer, and the top 1 cm fraction was
analyzed for nitrogen, phosphorus and metals. From 2007
to 2010, nitrogen, phosphorus and TOC were analyzed from
the top 5 cm fraction of Ekman grab samples, from 2013
onwards, grain size analysis were conducted on top 10 to 15
cm samples, while TOC was analyzed in both the top 1 cm
core samples and the top 10 to 15 cm Ekman grab samples."
Please clarify the methods description or modify if the
text is in error. Inclusion of a table may assist with
clarifying methods over the years.

The text (page 341) indicates that the first low effect rating
for strontium and vanadium in sediments occurred in 2016.
This does not agree with the data presented in Table 6-5
(page 342) which indicates that a low effect rating was
observed for strontium in 2008 and 2016, and for vanadium
in 2007 and 2008 but not in 2016. Table 6-5 also indicates
The text and table should be reviewed and updated as
that 2016 was the first time TN received a low effect rating
but it was not included in the previous list.
appropriate.

Trophic boundaries will be provided as requested.

EMAB comment 50 asks DDMI to identify the trophic boundaries being applied. In its response,
DDMI says they will be provided as requested, but does not provide them in the response.
At this time, it is not known if a revised version of the report will be required and whether
reviewers will have a chance to view and comment on a revised document, thus it would be
helpful if DDMI could provide an explanation of which trophic boundaries it would include and
the reference source for the boundaries. Please provide this information.

Text will be revised to remove contradicting sentences.

EMAB comment 54 asks DDMI to clarify the methods for nutrient analysis in sediments or to
modify the text if there was an error. In its response DDMI says the “text will be revised to
remove contradicting sentences.”
At this time, it is not known if a revised version of the report will be required and whether
reviewers will have a chance to view and comment on a revised document, thus it would be
helpful if DDMI could provide an explanation as to how this text will be revised (i.e., what are
the contradictory statements that need to be addressed). Please provide this discussion.

Text will be revised to indicate that vanadium was not rated as low effect in
2016, and that strontium had already been rated as a low effect in 2008.

EMAB comment 58 notes discrepancies between the text and Table 6-5 regarding years in
which low effects were observed for strontium, vanadium, and total nitrogen in sediments. In
its response, DDMI indicates that text will be revised to match the results from Table 6-5 for
vanadium and strontium. DDMI did not, however, indicate whether this change to the text
influences any of the conclusions made about sediment effects. DDMI also did not address the
potential discrepancy noted for nitrogen.
Please address the nitrogen aspect of EMAB’s comment. For all three variables (i.e., strontium,
vanadium, and nitrogen), please indicate whether updates to the text also affect any of the
interpretations made in the sediment section.

The report states (page 341): "Chromium exceeded SQGs
(i.e., lowest effects level and ISQG) frequently since 2007,
while the PEL was exceeded once in 2008, and the severe
effect level was never exceeded. Nevertheless, chromium
exceeds guidelines in both NF and FF areas, therefore, these
concentrations are likely to reflect elevated background
levels for Lac de Gras."
Since chromium was statistically higher in the NF area than
the FF area in some years, the data suggest a mine-related
effect and that the mine may have caused or contributed to
exceedances. The magnitude by which the ISQG is exceeded
would be useful to demonstrate in the figures (e.g., add
ISQG of 37.3 mg/kg to Figure 6-12, page 358).

Please revise text and consider adding ISQGs to sediment Guidelines will be included in time-series of raw/untransformed data, where
quality scatter plot time series figures.
applicable.

EMAB comment 59 suggests that the results for chromium in sediments suggest the presence
of a mine-related effect. This part of the comment was not addressed in DDMI’s response.
Please address EMAB’s observation and discuss any potential implications

Please clarify if trends were also evaluated on raw data
for all of the SOIs. If this analysis has not been done,
Trends were not evaluated for the raw data set. Nevertheless, time-series
please provide a discussion of the rationale for excluding plots of raw-data are provided in the report to allow visual evaluation of raw
these analyses.
data.

EMAB comment 60 provides a rationale for why trends in absolute concentrations of sediment
quality variables (i.e., not normalized for fine particulate and TOC) may be worth analyzing and
asks for rationale for their exclusion. DDMI’s response explains that the raw data plots are
provided, not analyzed, but does not provide rationale for why they are not/should not be
analyzed. Please provide the rationale as requested by EMAB.

Oligotrophic
8.0
3.0-17.7
21

Mesotrophic
26.7
10.9-95.6
19

Total Nitrogen (µg/L)
Mean
Range
N

661
307-1630
11

753
361-1387
8

Chlorophyll a (µg/L)
Mean
Range
N

1.7
0.3-4.5
22

4.7
3-11
16

Eutrophic
84.4
16-386
71

1875
393-6100
37

14.3
3-78
70

Wetzel R, 2001. Limnology - Lake and river ecosystems. 3rd Ed. Elsevier Academic Press.

The text in the Main Document, Sediment Quality, Section 6.2.1, Methods, Data Sources, page 336, may be adjusted
to:
"The 2007 to 2016 AEMP samples were collected using a sediment gravity-corer, and the top 1 cm fraction was
analyzed for metals. From 2007 to 2010, nitrogen, phosphorus and TOC were analyzed from the top 5 cm fraction of
Ekman grab samples, and from 2013 onwards, grain size analysis was conducted on the top 10 to 15 cm samples,
while TOC was analyzed in both the top 1 cm core samples and the top 10 to 15 cm Ekman grab samples."
This change is not expected to affect the overall conclusion of the report.
Nitrogen was included as an SOI for the first time in 2016; therefore, it was not evaluated in relation to normal ranges
in previous years. Text in the Main Document, Sediment Quality, Section 6.3.1, Results, Summary of Effects, page 341,
may be adjusted to:
"Since the first low effect rating for total nitrogen and molybdenum occurred in 2016, these parameters were not
evaluated in relation to the normal range for Lac de Gras in previous years (Golder 2016a); similarly, total phosphorus
was recently added in 2016 to assess a potential effect of nutrient discharges to Lac de Gras on sediment quality, and
thus has not been evaluated previously. The other fifteen variables (i.e., aluminum, bismuth, boron, calcium,
chromium, lead, lithium, magnesium, potassium, sodium, strontium, tin, titanium, uranium and vanadium) had
concentrations above the normal range at one or more NF stations in at least one year from 2007 to 2013."
No change to Table 6-5 will be required. This change does not affect the overall conclusions of the report.

All raw data plots for parameters with guidelines have been updated and are provided along with these responses
(Attachment-4). For plots where guidelines were substantially greater than the analytical results, the guideline will be
included in the footnotes. The link between mine impacts and the differences observed in chromium concentrations in
sediments between the NF and FF areas was investigated based on the entire temporal dataset. Chromium has been
retained as a SOI based on annual monitoring results and hence included in the trend analysis. However, there were
no significant increasing trends over time in the NF area and the majority of MF stations. Additionally, most results in
the NF and MF area were within the normal range and the occasional exceedances observed in the FF areas suggest
the potential for elevated background concentrations. Conclusions in Section 6.5 are based on the trend analysis
results which, along with the plots in Figures 6-12 and 6-14, are consistent with no mine-related effects on chromium.
The response to this recommendation does not affect the overall conclusions of the report.

Section 6.3.3 (page 344) indicates: "Trend analyses were
performed following normalization of the data by TOC or
percent fines, where applicable, and transformation of data
using Box- Cox transformations."
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It is agreed that normalization of data for confounding
variables (fines and TOC) is appropriate and provides a
means to evaluate changes in metals and nutrients
independent of changes/variability in these supporting
variables. However, it would also be of interest to know if
absolute concentrations (i.e., raw data) also show trends
over time. This would be particularly pertinent if there have
been mine-related changes in either supporting variable. For
example, if there is a mine-related increase in TOC
concentrations, the higher TOC may also result in higher
metals and/or nutrients due to the affinity of these
substances to organic matter. In addition, from a biological
perspective, it is the absolute concentrations that are
relevant.

Up to and including the most recent sediment monitoring results, there was no evidence of mine-related changes in
particle-size or TOC in AEMP sampling areas (Section 6.3.3.1 and Figure 6-1). The rationale for running the trend
analysis only on normalized data is based on the known influence of particle size and TOC on concentrations of
sediment quality parameters, which is also indicated by correlation results for AEMP data. The use of raw data for the
trend analyses would not account for heterogeneity in particle size and TOC concentrations in sediments, and
therefore would not provide clear, interpretable results regarding mine-related effects.
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The data should be reviewed and updated as
appropriate. If necessary the models for boron, tin, and
lead should be recreated and necessary changes made to Table 6-6 and/or models for boron, tin and lead will be revised for
the document.
consistency with the correlation analysis.

EMAB comment 61 notes potential discrepancies in the correlation analyses provided in Table 66 and the resulting normalizations that were done for boron, lead, and tin data prior to trend
analyses. In its response, DDMI says that Table 6-6 and/or the models will be updated but does
not confirm whether discrepancies exist and whether this has any implications on the results of
the Re-evaluation Report.
At this time, it is not known if a revised version of the report will be required and whether
reviewers will have a chance to view and comment on a revised document, thus it would be
helpful if DDMI could provide an explanation of what, if any, changes are required. Please also
provide a discussion of what the implications to the interpretation of results would be.

The text and table should be reviewed and updated as
appropriate, including any conclusions made based on
these results.

EMAB comment 63 notes that the conclusion about TN concentration being within the normal
range for Lac de Gras does not match the results presented in Figure 6-2, which shows
concentrations above the normal range for many years at one MF site and at several FF sites in
2016. EMAB asks that DDMI update any conclusions made based on this statement. In its
response, DDMI explains that it will update the general statement about the figure to say that
TN concentration were within the normal range at “most” stations, but does not explain
whether this change affects any of the other conclusions related to TN. Please confirm and
explain whether any other changes to the interpretation of results are required.

Text will be revised to say that “…TN concentrations were within normal
ranges at most stations.”

"Concentrations of TN were considered atypical in 2013, and
inconsistent with other years’ results, most likely due to a
difference in laboratory methods in 2013 relative to other
years (Golder 2017c)."
We agree that the 2013 TN data for sediments is anomalous
(NSC had noted this in comments provided on the Reference
Condition Report Supplement v. 1.2 supplement; NSC
2017b) and may indeed be related to changes in the
laboratory method. Given this anomaly, it would be more
appropriate to exclude the 2013 data from the trend
analysis, or at a minimum, present a trend analysis with and
without the 2013 data. It was noted in the report: "These
trends should be interpreted with caution, due to the
uncertainty in the 2013 TN data noted above."
Conduct trend analysis excluding 2013 TN data

This change does not affect the overall conclusions of the report.

Text in Section 6.3.3 may be revised to say “…in the NF area, TN concentrations were within the normal range in all
years except 2013. In other areas, 2013 TN concentrations were also above the normal range, as well as occasional
concentrations at a number of stations.” The changes proposed to this paragraph do not affect conclusions in Section
6.5, which were based on the trend analysis results and comparisons of NF area medians to normal ranges.

Due to the changes in the dataset used to run the analysis on TN, there was a difference in the final results. Text in
Section 6.3.3.2 may be edited to say: "A linear model was selected for the trend analysis of TOC-normalized TN (Table
6-7). For all areas evaluated there was a positive slope, suggesting trends of increase in concentrations (Figure 6-4).
The similarity in trend for all areas is confirmed by the lack of interaction between factors (Table 6-8). The NF area was
the only area with a slope significantly different from zero (P-value = 0.041). This increase suggests the possibility of a
Mine-related effect to the NF area. Additionally the absence of difference from other slopes from zero might be related
with the more limited dataset due to issues with the 2013 data."

The trend analysis will be re-run without the 2013 data.

EMAB comment 64 suggests re-running the trend analysis for TN in sediment without the
anomalous 2013 data. In its response, DDMI states that it will re-run the analysis. At this time,
it is not known if a revised version of the report will be required and whether reviewers will
have a chance to view and comment on a revised document, thus it would be helpful if DDMI
could explain the outcome of re-running the analysis and whether the outcome has any
influence on the interpretation of results presented in the report. Please provide this discussion.

The discussion of trends in cyanobacteria does not match
the results presented in the tables and figures. The report
indicates (page 401): "...a slight, non-significant decline was
observed in the NF area between 2013 and 2016 (Figure 7-4
and Table 7-14)." However, Table 7-14 indicates that
cyanobacteria biomass in the NF area was significantly
different between 2013 and 2016.

Figure 6-4, Tables 6-7, 6-8, 6-10, 6-12 and 6-13 were also updated after the new analysis (Attachment-6).
This change represents a minor change in this chapter's conclusions; however, it does not affect the overall
conclusions of the report. Therefore text in bullet 4 of Section 6.5 will be adjusted to say "...Increasing trends in the NF
area were found for six SOIs (i.e., total nitrogen, calcium, lead [uncertain], molybdenum, strontium and uranium)."

Text may be adjusted on pg. 401 to address the discrepancy between the figure/table and text for cyanobacteria:

In addition, the report states: "Relative cyanobacteria
biomass fluctuated with the normal range in all areas
between 2007 and 2012 (Figure 7-9)." Figure 7-9 presents
results for diatoms not cyanobacteria, and this statement
describes trend in diatoms not trends in cyanobacteria.
Figure 7-7, which shows cyanobacteria indicates that
relative cyanobacteria biomass in both MF and FF areas was, Please review the text, tables and figures and make
at some locations, above the normal range from 2008-2012. appropriate corrections.

Section 9.2.1.3.7 (page 509) states: "As per the MMER TGD
(Environment Canada 2012), a Critical Effect Size (CES) is
defined as “a threshold above which an effect may be
indicative of a higher risk to the environment” (Environment
Canada 2012). CES are defined for fish weight, relative liver
size and relative gonad size as 25% of the reference area
mean, and for condition as 10% of the reference area mean
(Environment Canada 2012). The variables that triggered
Action Level exceedances in 2016 were compared to the
CES."
It would seem appropriate to also compare Action Level
exceedances from other years to the CES.

The full dataset was used during the preparation of Table 6-6, whereas the subset of the data (i.e., only the data for
stations used in the trend analysis) was used for determining the normalizing parameter prior to trend analysis.
Therefore, Table 6-6 needs to be updated to match the correlation coefficients used to select data transformation
before trend analysis. The updated Table 6-6 is provided along with these responses (Attachment-5).

Include comparisons to CES for all years in which an
Action Level exceedances occurred.

In addition, there is no indication of what was defined as the
Add description of how "reference area mean" was
"reference area mean" for making comparisons in the CES
evaluation.
defined.

Text will be reviewed and appropriate corrections will be made.

Comparison to the Critical Effect Size (CES) of a historical result does not
provide anything meaningful to the interpretation of the results and the intent
of a re-evaluation. What is relevant is the current re-evaluation period (i.e.,
2014 to 2016) and where the current magnitude of difference sits relative to
the CES. A clarification to this regard will be added to the text.
The reference area mean was calculated using the same reference area data
used to determine the normal range. This clarification will be added to the
text in the revised version of the report.

EMAB comment 69 notes discrepancies in the results presented and explained for
cyanobacteria (i.e., figure and table does not match interpretation in the text). In its response,
DDMI indicated that the text would be reviewed, and appropriate corrections made but did not
explain what these corrections would entail.
At this time, it is not known if a revised version of the report will be required and whether
reviewers will have a chance to view and comment on a revised document, thus it would be
helpful if DDMI could explain what changes are required to the text and whether this would
influence the interpretation of results presented in the report. Please provide this discussion.

"Cyanobacteria biomass increased significantly in the NF, FFA and FFB areas, and at the MF1-3, FF2-2 and MF3-4
stations between 2002 and 2012 (Figure 7-8 and Table 7-15), but only a slight, non-significant decline was observed in
the NF area between 2013 and 2016 (Figure 7-4 and Table 7-14). Cyanobacteria biomass peaked in the NF area in
2010 and declined thereafter (Figure 7-7). Some MF stations have seen an increase in cyanobacteria biomass over
time, with many stations above the 2007 to 2010 normal range from 2010 to 2013; however, in 2016 all stations were
within both normal ranges (Figure 7-7). Relative cyanobacteria biomass fluctuated within the normal range in all areas
between 2007 and 2012 (Figure 7-7), but a general decrease in the relative proportion of cyanobacteria was observed
between 2011 and 2016. From 2013 to 2016, relative cyanobacteria biomass was below or within the lower limits of
both of the 2007 to 2010 and 2013 normal ranges, but within the “adjusted” 2013 normal range."

(i) DDMI believes the full AEMP re-evaluation process better assesses changes over time than a retrospective view of
critical effect size (CES) in fish over time. To determine a CES, differences in fish population endpoints are expressed as
a percentage of the reference mean, based on the year sampled. CES is meant to document change beyond natural
variability for which there may be concern. For DDMI, a change from background or reference condition (i.e., normal
range) is done in a more deliberate analysis than simply using CES. DDMI agrees CES is an important metric to
understand magnitude of difference; however, the DDMI re-evaluation considers numerous changes over time in fish,
including more subtle changes that fall below the CES. For example, if fish size was slowing decreasing over time, this
would not be captured by comparisons to the CES, which only document change in a given year. DDMI believes the reevaluation provides a more sensitive analysis of fish endpoints; historical comparisons of CES would not provide more
information to the re-evaluation that is not already done by comparison to normal range and temporal analysis.
EMAB comment 74 asks about including comparisons of critical effects size (CES) for all years in
which an Action Level was exceeded, not just 2016. In its response, DDMI states that a
“comparison to the CES of a historical result does not provide anything meaningful to the
interpretation of the results and the intent of a re-evaluation. What is relevant is the current reevaluation period (i.e., 2104 to 2016) and where the current magnitude of difference sits
relative to the CES.”
(i) Please provide further explanation for the response provided by DDMI.
(ii) Could historical comparisons not indicate whether the risk to the environment was new
during the 2014 to 2016 period, and/or whether this risk had increased?

(ii) DDMI agrees that is important to evaluate risk to the environment over time. DDMI does not agree that historical
comparisons of CES are a valuable metric to understand increased risk. DDMI believes the full AEMP re-evaluation
process correctly assesses whether or not a risk has changed over time compared to a retrospective view of CES in fish
over time. The re-evaluation process for the AEMP is designed to assess risk explicitly, whereby changes in exposure
(i.e., water, sediment, toxicity) are evaluated as well as changes in fish response to this exposure over time against the
normal range. Further, DDMI uses temporal trends assessment to evaluate change over time, as part of the reevaluation process. The temporal trend analysis allows comparison of exposure areas to and among themselves over
time rather than an analysis of exposure area to the reference condition (which is what the CES is). Finally, DDMI also
uses the normal range to understand changes (i.e., of exposure or reference area) over time.
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The discussion of the results of the temporal trends is very
difficult to follow. There is no discussion of the results of NF
temporal trends for Total Length, Fresh Weight, or Carcass
Weight even though Table 9-9 shows significant post-hoc
results. There is discussion about large and small fish;
however, the methods section (Section 9.2.1.3.5) does
provide any explanation about how or why these categories
were calculated.

Explain the results of statistical analysis in a more lay
manner so readers can better understand the results.
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There is a statement on page 512 that indicates "all sites
except FF2 had increased parasite presence in 2013 and
2016 compared to 2007". This statement does not agree
with the results presented in Table 9-7. The values are
significantly similar between 2007, 2013, and 2016 as
MAIN
indicated by the same letter at NF and and FF2 sites, but are
DOCUMENT, not the same as indicated by different letter for 2007, at the
Fish, Section FFA and FF1 sites. The MF sites cannot be compared since
9.2.2.3, Fish
due to lack of data for 2007. There also appear to be errors
Environmental Health,
in the gray shading applied to Table 9-7. It states that grey
Monitoring
Results,
shading indicates a decreasing trend; however, it is clear
Advisory
Parasitism,
from Figure 9-4 that the cells highlighted are actually
Board: ... EMAB pages 512-513 showing an increase in parasite occurrence.
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There also appears to be errors in the text. For example, it is
stated that mean CPUE at MF3 and F2 were higher than at
other sites in 2010, 2013, and 2016; however it is clear from
Figure 9-3 that values at FFA were higher, or at least very
similar. The CPUE for the Age-1+ catch was not presented in
Section 9.2.2.2 - but the abundance of Age-1+ is still listed as
Provide information on how the ratings and conclusions
an endpoint for WOE in Table 9-5 and a rating of 0 is
were derived.
assigned to this endpoint in Tables 10A-11 to 10A-14.

The temporal trend assessment was completed by visual interpretation of Figure 9.3. Text clarifying this may be added
to Section 9.2.2.2 for clarification.

EMAB comment 77 notes that the statements made in the text regarding differences in
parasitism over time at the different sites do not agree with Figure 9-4 and Table 9-7. In its
response, DDMI indicates that the statement is not referencing statistical differences but
acknowledges that the use of “all sites” may be misleading because no comparison to 2007 is
possible for the MF3 site. Based on the proximity of the points and the error bars on Figure 9-4,
it appears that 2007 is similar to 2013/2016 at the NF area.
Please comment further on the results for the NF area.

While the reviewer is correct that the estimated probability of parasitism in 2007 is similar to 2013/2016 at the NF
area, the text and figure are still correct as provided in the original response to the reviewer. Mean parasite presence
at the NF area was greater in 2013/2016 compared to 2007. However, 2007 was not statistically different from 2013
and 2016.

The interpretation of the CPUE results are correct; however, as pointed out by
the reviewer, FFA should also be included in the sentence indicating the areas
with the highest CPUE values.
Age-1+ abundance CPUE can be added to Section 9.2.2.2 for clarity in the
revised version of the report; however, it should be noted that there is
inherent bias in this interpretation given that the fish health program is
targeted and non-random, and therefore these findings need to be
interpreted with caution.

The statement on page 512 is valid. All areas except FF2 had increased
parasite presence in 2013 and 2016. This sentence does not make any
reference to statistical differences. However, it is acknowledged that there
are no data from MF3 in 2007, and as such the statement of “all sites” is
misleading.

Verify results and update report accordingly.

There is an error in the footnote of Table 9-7. The footnote should be
corrected to read “Grey shading denotes significant increasing trend.”

The analyses in question are two different analyses. Page 519 is determining
ANCOVAs for trends over time (i.e., across all years, using year as the
covariate). The magnitude of difference calculations are performed on an
individual year basis (i.e., 2016 in Table 9-12). These two analyses cannot be
compared, they are completely different.

With respect to fish health analyses, according to Table 9-12
(page 535), CES values could not be calculated for LSI
because of significant interaction (“Area-specific
interpretation not possible due to significant interaction”).
However, the report indicates there was a minimum of one
significant interaction for the ANCOVAs for condition, LSI
and GSI (page 519). It is unclear why CESs were derived for
condition and GSI but not for LSI.
Furthermore, it is unclear what the approach is, and will be
in the future, in the event that CESs cannot be calculated for
metrics with “significant interactions”. If CESs cannot be
assessed for this or other reasons, a metric can never trigger
action level 3 or beyond since they cannot meet a
requirement of action levels 2 or 3 according to Table 14-2
(page 617),which requires that "an effect size equal to or
above the critical effect size defined by the EEM".

EMAB comment 76 had a number of questions related to the CPUE data, one of which was not
addressed in the response provided by DDMI. While DDMI explained why a normal range was
not appropriate for CPUE, it did not provide an explanation for how the temporal assessment
provided in Section 9.2.2.2 was done. Please explain the temporal assessment of CPUE (e.g.,
statistical analysis, visual analysis?).

CPUE is a method to standardize fish capture at each area, and can be used to
provide an estimate of relative abundance among sampling areas. CPUE has
never had a normal range determined, and one is not required as CPUE is not
part of the Action Level assessment nor is it technically appropriate. There
are constraints in using CPUE as a measure of possible effects of the Mine
effluent on fish abundance and overall reproductive effects, as the program is
targeted and non-random, which make its use as an Action Level not
appropriate. Efforts will be made to address this going forward, as described
in the recommendations section (Section 14.2.2.1).

CPUE does not appear to be a variable included in the
assessment of temporal trends as described in Section
9.2.1.3.5 and normals were not calculated for this variable
(Appendix 9A). It is unclear how the temporal evaluation of
CPUE described in Section 9.2.2.2 was completed. Based on
the text in this section and lack of statistical results, it does
not appear that any statistical analysis was performed to
support the conclusion of no change to CPUE attributable to
the mine.
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This will be added to Section 9.2.1.3.5 in the revised version of the report.

EMAB comment 75 notes problems with the discussion of results for temporal trends of fish
variables and asks for an explanation of these in its recommendation. In its response, DDMI
says that this will be added to a revised version of the report but does not provide what this
updated explanation would be.
At this time, it is not known if a revised version of the report will be required and whether
reviewers will have a chance to view and comment on a revised document, thus it would be
helpful if DDMI could explain what changes to the text are required, and whether this would
influence the overall conclusions related to mine-related effects to fish. Please provide this
discussion.

The following text may be added to Section 9.2.1.3.5:
"For variables analyzed using ANCOVAs (i.e., condition, LSI, and GSI), multiple comparisons were performed at two
levels of the covariate: minimum and maximum values that were not statistical outliers (i.e., the effects were estimated
separately for small and large fish, respectively)."
The following text may be added to Section 9.2.2.5:
"In the NF, no significant increasing or decreasing trends were estimated for age-1+ or male sculpin total length, fresh
weight, and carcass weight (Table 9-9). In female fish, total length, total weight, and carcass weight all significantly
decreased between 2007 and 2013 (similarly to the significant 2007-2013 trends in FF2 and FFA). No significant trends
in female condition or LSI were estimated in the NF. For GSI, small female fish had a significant decrease in total gonad
weight relative to fish weight between 2007 and 2013, while large female fish had a significant increase in total gonad
weight relative to fish weight between 2007 and 2013."

For future, in the event that Critical Effect Size (CES) cannot be calculated for
metrics with significant interactions, additional guidance from the EEM
Technical Guidance Document (Environment Canada 2012) will be applied to
attempt to calculate the magnitude of effect on fish health endpoints with
significant interactions.
Please provide a discussion of how action level
comparisons will be made in the event of "significant
interaction" issues with data analysis.
Revisit CES calculation for variables analyzed with
ANCOVA with significant interaction.

There are some issues with the presentation of normal
ranges in Figures 9-19 to 9-26. The normal range does not
appear for several elements that have low normal ranges
(antimony, beryllium, and bismuth) - a footnote was
provided for one element indicating why the normal range
does not appear, but not for the other two. The normal
range does not cover 2007 for some elements (boron,
tellurium, thallium, and tin); a footnote explaining this would
assist the reader.
Revise figures to include missing information.

Reference:
Environment Canada. 2012. Metal Mining Technical Guidance for
Environmental Effects Monitoring. EEM/2012. Environment Canada, Ottawa,
ON. 2012

Rationale for why normal ranges are not provided for some years (e.g., 2007
for boron, tellurium and tin) are provided in the Reference Conditions Report
Version 1.2 (Golder 2017).
Reference:
Golder. 2017. AEMP Reference Conditions Report Version 1.2. Prepared for
Diavik Diamond Mines (2012) Inc. Yellowknife, NT, Canada. June 2017.

Despite the inability to perform an ANCOVA, DDMI conservatively carried forward a possible liver effect as part of a
subsequent Response Plan (Golder 2017). In the fish Response Plan, attempts were made to ‘tease apart’ the liver
significant interaction. No obvious mechanism to do so was possible. As such, there are no changes to the conclusions
EMAB comment 80 addresses the inability to calculate a critical effect size (CES) for the
of the report. DDMI triggered the Action Level and investigated.
Liversomatic Index (LSI) because of a significant interaction between area and the covariate
In general, when a significant interaction occurs (i.e., assumption of homogeneity of slopes is not met), as noted
(i.e., carcass weight). EMAB notes that being able to calculate a CES is necessary for the
above, Environment Canada (2012) offers guidance on how to proceed with ANCOVA. As per the guidance, the first
evaluation of Action Levels 2 and 3 and recommends that DDMI “provide a discussion of how
step is to assess whether the slopes could be treated as parallel. The primary method is to remove influential points,
action level comparisons will be made in the event of "significant interaction" issues with data and assess whether the resulting model has parallel slopes, in which case the ANCOVA could proceed. If this fails (i.e.,
analysis.”
P <0.05), the coefficient of determination (R2) is to be assessed. If the R2 is sufficiently high (i.e., >0.8) for the full
In its response, DDMI explains that in the future, “in the event that Critical Effect Size (CES)
model, the R2 for the reduced model (no interaction term) is assessed. If the difference in R2 between the full and
cannot be calculated for metrics with significant interactions, additional guidance from the EEM reduced models is less than 0.02, the slopes are considered parallel, and the ANCOVA can proceed. If both approaches
Technical Guidance Document (Environment Canada 2012) will be applied to attempt to
fail, the slopes cannot be treated as parallel and the ANCOVA cannot proceed.
calculate the magnitude of effect on fish health endpoints with significant interactions.”
References:
(i) Please summarize what this additional guidance is and provide an explanation for why it was Environment Canada. 2012. Metal Mining Guidance Document for Aquatic Environmental Effects Monitoring.
not applied in this report.
Environment Canada, Ottawa, Ontario.
(ii) How would any of the conclusions regarding AL evaluation for LSI change if this additional
Golder. 2017. 2014 to 2016 AEMP Response Plan Fish – Supplemental Report. Prepared for Diavik Diamond Mines
guidance were applied to the data presented in the Re-evaluation Report?
(2012) Inc. Yellowknife. NT. August 2017.

EMAB comment 90 addresses some missing normal ranges from Slimy Sculpin tissue metal
plots (i.e., antimony, beryllium, and bismuth). The footnote for Figure 9-20 indicates that the
normal range for bismuth was not visible on the scale of the plot; no footnote was provided
regarding the absent normal ranges for antimony and beryllium on Figure 9-21. Please explain
the rationale for these missing normal ranges.

The normal ranges for antimony and beryllium are shown on the figures, but similarly to bismuth, are hard to see. The
footnote should be expanded to also include antimony and beryllium.
The addition of the explanatory footnote does not change any conclusions in the report.
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Section 9.3.2.2 (page 566) indicates: "In 2014, mercury was
detected at near or below baseline concentrations in both
Lac de Gras and Lac du Sauvage."
There is no previous description of what constitutes
"baseline" for mercury concentrations in Lake Trout.

Please include a description of what baseline mercury
concentrations in Lake Trout are and how they were
derived.

Baseline data refer to mercury concentrations measured in composited Lake
Trout muscle tissue in 1996.

EMAB comment 91 notes that Section 9.3.2.2 of the Report discusses comparisons of mercury
in Lake Trout tissue to baseline and that there is no description of what constitutes baseline in
this case. In its response, DDMI explains that baseline data refers to “mercury concentrations
measured in composited Lake Trout muscle tissue in 1996.”
In an earlier comment regarding 1996 mercury concentrations in Lake Trout (EMAB comment
82), DDMI explains that 1996 data were not used for temporal and spatial comparisons. As
explained by DDMI, this data was not used because it was based on composite samples from
multiple fish, rather than individual fish, and therefore not comparable to samples taken in later
years. Please provide support for the use of 1996 data as a baseline for comparison in Section
9.3.2.2 given DDMI’s earlier statements about it not being appropriate for temporal analyses.

Despite the inherent sampling method differences between years, the only data that exists pre-mining is from 1996
and it was therefore used in this context. Previously, reviewers encouraged this comparison despite the cautions about
differences in methodology; DDMI will continue to note to readers the limitation of the 1996 dataset.
This does not change any of the conclusions made in the report.

Figure 9-36 was based on a model that included data from 2002, 2003, 2005, 2008, 2009, 2011, 2012, 2014, and
2015. On the other hand, Table 9-23 and the associated text (including the multiple comparisons between lakes in
2008, 2011, and 2014) were based on a separate model, which used only 2008, 2011, and 2014 data. This is stated in
the opening sentence of the last paragraph in Section 9.3.2.2: “The model assessing differences in mercury
concentrations between Lac du Sauvage and Lac de Gras in 2008, 2011, and 2014 …”. Therefore, the multiple
comparisons and the predictions in Figure 9-36 do not have to correspond.
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The presentation of results for Lake Trout mercury
concentrations is difficult to follow. The report switches
between results for arithmetic data (sometimes
inappropriately referred to as "raw" data and lengthadjusted, modeled concentrations, and it remains unclear
which analysis is being referred to in the discussion.
The finding of a significant difference in Lake Trout mercury
concentration between Lac de Gras and Lac du Sauvage in
2014 (but not in 2011) is counterintuitive to what is
presented in Figure 9-36 (page 569).
Figures 10-2a to 10-2c are somewhat confusing since they
seem to exclude some data; it is assumed that this is because
the figures only present "key driver endpoints" (p. 589). For
example, Figure 10-2c does not show any ratings for Water
or Sediment Chemistry, despite showing increasing ratings in
Figure 10-2a and b.

Suggest presenting results for length-adjusted
concentrations to describe temporal trends and for
spatial comparisons; arithmetic data should be used
when discussing concentrations in the context of
guidelines. Clearly address if significant difference in Lake
Trout mercury concentrations existed between the two
lakes and between each lake over time.
Text will be updated for clarity in the revised version of the report.

EMAB comment 95 includes a number of recommendations for how DDMI could improve
clarity in the presentation of the results for Lake Trout mercury concentrations, as well as a
recommendation to address the apparent discrepancy between the text and Figure 9-36
regarding the conclusions about differences in mercury concentration in Lake Trout from Lac de
Gras and Lac du Sauvage.
In its response, DDMI states that “text will be updated for clarity in the revised version of the
report.” At this time, it is not known if a revised version of the report will be required and
whether reviewers will have a chance to view and comment on a revised document, thus it
would be helpful if DDMI could explain what changes are required to the text and whether this
would influence the overall conclusions related to mercury concentration differences in Lake
Trout from Lac de Gras and Lac du Sauvage. Please provide this discussion.

The same paragraph contains a clear statement of comparisons between the two lakes in 2008, 2011, and 2014:
“Pairwise comparisons between the two lakes in each of the three sampling years indicated no significant differences
in 2008 and 2011 (P-values of 0.5 for both years) and a significant difference between the two lakes in 2014 (P-value
<0.001).”. The following text will be added to address the request for comparisons within lakes between years:
"Within Lac de Gras, no significant difference in weight-adjusted mercury content was found between 2008 and 2011
(P-value =0.5); on the other hand, the 2014 concentrations were lower and significantly different from both 2008 and
2011 (P-value <0.001 for both). In Lac du Sauvage, no significant difference was found between 2008 and 2014
concentrations (P-value =0.7), whereas weight-adjusted 2011 concentrations were higher and significantly different
from both 2008 and 2014 (P-value =0.015 and P-value <0.001, respectively)."
These edits do not change the overall conclusions of the report.

There also appear to be some inconsistencies with the
information presented in Figures 10-2a to 10-2c and 10-3a
to 10-3c relative to results presented in earlier sections. For
example, there is a grey diamond for 2010 for GSI in Figure
10-2c (indicating not measured), but none for LSI and body
size, which also were excluded for 2010 due to
methodological differences (see earlier comment and
description of methods on page 502).
Additional notes include:
Figure 10-3c is not consistent with the text on page 592,
which states that the key driver in 2010 was condition factor
, but the figure shows an effect for LSI.
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The intent of figures 10-2 and 10-3 are to present the key driver endpoints
(i.e., the exposure and response endpoints with the highest weighted scores)
for each ecosystem component for both the toxicological impairment and
nutrient enrichment WOE analyses from 2007 to 2016, to illustrate whether
there were any patterns in the types of exposure and responses observed
over time.

EMAB comment 98 notes that the figures used to present the temporal trends in the key driver
endpoints for the WOE analyses are confusing and highlight a number of potential
discrepancies between the figures and the text. In its response, DDMI agrees that the figures
are potentially confusing and suggests that they can be deleted in the future, “in favour of
describing the key driver endpoints narratively in Section 10.4, and referring to individual
Review whether including only "Key Driver Endpoints" is We agree that the figures are potentially confusing and therefore can be
endpoint ratings in the appendix tables.” It is unclear how DDMI will assess potential temporal
Table 10A-12 shows high and moderate ratings for TN and
the clearest way to illustrate the results of WOE analysis. deleted, in favour of describing the key driver endpoints narratively in Section trends without these figures.
TP, but no symbols appear in Figure 10-3c for 2013, and
(i) Will this assessment also be done narratively?
10.4, and referring to individual endpoint ratings in the appendix tables.
Table 10A-14 shows a high rating for TN that doesn't appear Review and cross-check tables and figures against
in Figure 10-3c for 2016.
detailed results presented in earlier sections.
(ii) Has DDMI considered other ways of summarizing this information graphically?
Table 10A-8 shows moderate ratings for TP and chlorophyll
a, but symbols for these do not appear in Figure 10-3c for
2010.

(i) Narrative summaries of the key driver endpoints for the two impact hypotheses were provided in Sections 10.4.1.1
(Toxicological Impairment) and 10.4.1.2 (Nutrient Enrichment) with reference to the appendix tables (Appendix 10A)
that present all endpoints considered each year for WOE analysis from 2007 to 2016. These narrative assessments will
continue to be included.
(ii) To avoid confusion, the key endpoints are no longer presented graphically; however, temporal trends for the
Evidence of Impact (EOI) Rankings for the toxicological impairment and nutrient enrichment WOE analyses were still
presented graphically (Figure 10-1) to provide a year-by-year summary of the rankings, which is more informative for
observation of changes to overall final WOE scores over time. Other ways of graphically summarizing this information
have not been considered.

The report indicates: "Backpack electrofishing will be used to
capture Slimy Sculpin. The first fish sampling done in a given
Description of year would be a random field sampling effort at each of the
AEMP
study areas documenting each fish captured, before moving
Components, to the targeted lethal program."
Section 4.8.2,
Environmental Fish Health,
Additional details regarding the non-lethal survey study
Monitoring
Please provide additional information regarding the
Field
design should be provided, including a description of the
details of the non-lethal fish sampling program field
Advisory
Methods,
sampling effort, target number of individuals captured,
117 Board: ... EMAB page 64
methods.
randomization process, and number of sites etc.

The methodology for data analysis and statistical analysis
presented in Section 4.8.4 does not specify or differentiate
what data/endpoints will be calculated/analysed for each of
the lethal and non-lethal fish sampling programs. According
to the 2014-2016 Re-evaluation report (Golder 2018), a
randomized, non-lethal survey is intended to provide
information on sculpin abundance and reproductive success
(Section 14.2.2.1, page 607). However the Version 5.0
Design Plan does not include any information on how the
Description of two non-lethal metrics recommended in the Re-evaluation
AEMP
report (i.e., CPUE and length-frequency histograms), are to
Components, be calculated and analysed or how they will be incorporated
Section 4.8.4, into the response framework (e.g., action level assessment).
Fish Health,
It is also unclear how the data will be analysed and
Environmental Data Analysis interpreted due to the lack of reference conditions (i.e.,
Monitoring
and
normal ranges) for these endpoints. In addition,
Interpretation, CPUE/abundance is not listed as a metric in Section 4.8.4
Advisory
119 Board: ... EMAB page 67-68
(page 68).
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Further details on the non-lethal fish sampling program will be added in the
revised version of the AEMP Design Plan.

EMAB comment 117 recommends that DDMI provide details of the non-lethal fish sampling
program field methods (i.e., description of sampling effort, target number of individuals
captured, randomization process, and number of sites, etc.). In its response, DDMI states that
“Further details on the non-lethal fish sampling program will be added in the revised version of
the AEMP Design Plan.”
At this time, it is not known if a revised version of the Design Plan will be required and whether
reviewers will have a chance to view and comment on a revised document, thus it would be
helpful if DDMI could explain, with rationale, the study design details it intends to add with
regards to the non-lethal fish sampling program. Please provide this discussion.

In general, the non-lethal sampling program will be based on guidance and standard procedures from Environment
and Climate Change Canada environmental effects monitoring of metal and diamond mines (ECCC 2012).
For Lac de Gras, DDMI proposes a small addition to the field program, whereby the first portion of the fish sampling
would be completed as a random field sampling effort at each of the four fish study areas. No specific location within
each area will be targeted, but fishing effort will be expended along each shoreline area where it is safe to wade and
electrofish. At each location, approximately 500 m will be fished for a standard duration of time (e.g., 1 hour which will
result in approximately 1000 seconds of electrofishing time). Captured fish will be measured for length, weight, body
condition, and documentation of external abnormalities/parasites. As noted previously, two additional items are
obtained from this additional non-lethal effort: random CPUE and length-frequency histograms for each area. CPUE is
calculated as the total catch of fish divided by effort (electrofishing time). The length-frequency histogram is a type of
plot showing the total length of sculpin captured from the random, non-lethal program grouped into sizes;
consideration may be given to showing all sculpin captured from non-lethal random program and the lethal nonrandom sampling to show total catches and size ranges, recognizing the limitation of gear and non-randomized
sampling. The non-lethal program results will be compared (qualitatively) to the lethal program results to further
inform understanding of the fish population in each area and size classes of fish present.
Once the random non-lethal sampling program is complete, the field crew will proceed with conducting the targeted
lethal program capturing adult and juvenile fish.

These methods were described in Section 4.8.4; however, further clarification
will be added.

Provide a detailed description of the metrics that will be
incorporated into reporting and the methods for
analysing these metrics, including action levels where
applicable.

The original request was to add more information on metrics such as how to calculate CPUE and develop lengthfrequency histograms and how the data will be used. This information may be added to Section 4.8.4.
CPUE will be calculated using the random field sampling effort described in response to EMAB #117. The number of
Action Level metrics for fish are clearly defined in Section 5.2.4 and Table 5.2- EMAB comment 119 recommends, with respect to data/endpoints for the fish sampling
program, that DDMI “Provide a detailed description of the metrics that will be incorporated
Slimy Sculpin captured at each area for each year during the random field sampling non-lethal portion of the program
4. The listed metrics for Action Levels have corresponding normal ranges.
into reporting and the methods for analysing these metrics, including action levels where
will be defined as the number of fish caught per 100 seconds of electrofishing effort. CPUE will then be visually
Normal ranges are not required for CPUE and abundance given that these
applicable.” In its response, DDMI explains that “These methods were described in Section
compared among areas for any observable differences.
data are not standardized, and because they are appropriately not included
4.8.4; however, further clarification will be added.”
Length-frequency histograms will be developed using the random field sampling effort catch data. Differences in
as part of the Action Levels for biological effects. Changes in CPUE and
At this time, it is not known if a revised version of the Design Plan will be required and whether length-frequency distributions between sampling areas will be assessed qualitatively.
abundance may be linked to causes external to a Mine related effect, and
reviewers will have a chance to view and comment on a revised document, thus it would be
These two specific metrics are not proposed to be included in the response framework nor will they have normal
therefore are not appropriate Action Level triggers.
helpful if DDMI could explain what clarifications it intends to add. Please provide this discussion. ranges as these are not technically appropriate for these metrics.

5) ENR recommends that DDMI should discuss why the
relationship between chlorophyll a and phytoplankton
biomass by area is “weak” but the relationship between
chlorophyll a and phytoplankton biomass by year is
“moderate to strong”.

GNWT-ENR comment 8 recommends that “DDMI should discuss why the relationship between
chlorophyll a and phytoplankton biomass by area is “weak” but the relationship between
chlorophyll a and phytoplankton biomass by year is “moderate to strong”. In its response,
DDMI explains that the “relationship between chlorophyll a and phytoplankton biomass by
area is “weak” compared to the relationship between chlorophyll a and phytoplankton biomass
by year, which is “moderate to strong”, because there is more data (larger sample size)
included in the “by year” correlation, and there is a greater range in the data values when data
The relationship between chlorophyll a and phytoplankton biomass by area is for all years/areas are included in the correlation.”
“weak” compared to the relationship between chlorophyll a and
Please provide further explanation on this response.
phytoplankton biomass by year, which is “moderate to strong”, because
In the supporting text for the recommendation (i.e., GNWT-ENR comment 4), the figure
there is more data (larger sample size) included in the “by year” correlation,
reference for the phytoplankton by area relationship (i.e., Figure 5-35) appears to have more
and there is a greater range in the data values when data for all years/areas
data points than any of the individual years listed in Table 5-20. Please provide an explanation
are included in the correlation.
for this.

The relationships by area are referred to as "weaker" because lower sample sizes and low ranges in concentration data
resulted in lower correlation coefficients, compared to the relationships by year, which are based on larger sample
sizes and a greater range in concentration data, allowing a better representation of the overall relationship.
Figure 5-35 shows relationships by year (not by area) for all monitoring years. Table 5-20 also shows results by year
(not by area) for all monitoring years. The number of data points on Figure 5-35 is in agreement with the sample sizes
per year shown in Table 5-20.

DDMI (Golder 2018a, Section 4.3.4.10) makes the following
statement: “For the Aquatic Effects Re-evaluation Report,
time series plots will be generated for each SOI for each
season using available data from 1996 to the latest available
comprehensive year dataset.” It is not clear whether FF1,
FFA and FFB data will be “comprehensive” if the proposed
AEMP design is implemented as 53% (8/15) of the locations
in these areas will no longer be sampled.
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Furthermore, DDMI (Golder 2018a, Section 4.3.4.10) in
reference to the Aquatic Effects Re-evaluation Report states
that “Linear mixed models will be used to analyze spatial and
temporal trends” and further that “the results will be used to
interpret temporal and spatial trends”. In these models
distance is not included as a random variable but rather
distance is implied by the area/station fixed effect. It is not
Topic 6:
clear whether the ordinality (ordering) of the area/station
Comprehensiv fixed effects will be considered in the mixed effects models. 1) ENR recommends DDMI clarify the wording for both
e Year
Dataset
these
sections.
p
g
pp
p
)
p

The term “comprehensive” follows the AEMP Design Plan’s definition of
comprehensive sampling every third year, rather than referring to the
comprehensive nature of data.
Clarification on the use of distance in modeling will be added to the revised
version of the report in Section 4.3.4.10.
g

GNWT-ENR comment 31 asked for clarification on how distance would be considered in the
mixed models for assessing spatial and temporal trends in Lac de Gras. This was in reference to
the analyses described in Section 4.3.4.10 of the 2014 to 2016 Re-evaluation Report. In
response, DDMI explained that clarification on the use of distance would be added to the
revised version of the Report.
At this time, it is not known if a revised version of the Re-evaluation Report will be required and
whether reviewers will have a chance to view and comment on a revised document, thus it
would be helpful if DDMI could explain what clarification it intends to add. Please provide this
discussion.

GNWT-ENR comment 31 is referring to Section 4.3.4.10 of the AEMP Design Plan. Paragraph 2 of Section 4.3.4.10 in
the design plan may be changed to the following:
“…random variables will allow for variability in the different data components to be correctly assigned (i.e., to stations
within areas, instead of to areas). Distance from diffuser will be examined as a potential predictor in the models using
preliminary data visualization and, if applicable, included in model selection. Analyses will be performed using the
statistical environment R v. 3.4.2 (R Core Team 2017) and package nlme (Pinheiro et al. 2017).”

It should be noted that at this time, changes in biological
action levels are assessed only from the perspectives of
changes to the experimental design and bases for
comparison. The proposed changes in metrics, degree of
change (effect sizes) or additional criteria in Action Levels 2
and 3 have not been reviewed by ENR or Dr. Zajdlik.

1) ENR recommends DDMI further evaluate and provide
additional rationale to support the necessity of
modifications to biological action levels in the proposed
plan.

AS PER GNWT 34 and 38:
GNWT-ENR comment 38 asks DDMI to discuss the proposed changes to the biological action
levels in light of the following statement made by DDMI in the Re-evaluation Report:
“Therefore, from the perspective of evaluating the potential for aquatic toxicity in the NF and
MF areas, the FF areas were considered suitable as “minimally affected” sampling areas in the
statistical comparisons for evaluating Action Level exceedances.” Based on the other comments
made by the GNWT-ENR, this appears to be looking for further rationale to support changing
the action level comparisons to reference conditions (rather than to the mean of the FF areas)
given that the quote from the Re-evaluation suggests that using the FF area mean is suitable.
Modifications to the biological Action Levels were required because DDMI
In response to GNWT-ENR comment 34, DDMI explained that these changes were made in
was directed by the WLWB to address statistical comparisons for Action
response to Board direction from Version 4.1 of the AEMP Design. The original direction on this
Levels 1 and 2 for biological components (WLWB 2017). Some of the changes issue came from the Board’s decision for Version 4.0 of the AEMP Design and was based on a
made to Action Levels reflect the key reason for changing the study design:
response by DDMI during the public review which indicated that the comparisons being made
the FF areas are affected by mine effluent and therefore are inappropriate as by DDMI were to the Reference Conditions Report values, rather than the FF area means. The
the basis for evaluating differences from the reference condition.
Board had asked that this be reflected in Version 4.1; however, this was not reflected within
Version 4.1 despite being included as revised within the conformance table. It was thus not
Further, given the recent addition of Diamond Mines to the MDMER, DDMI
clear what comparisons were being made, and the Board’s direction from Version 4.1 was the
updated the Action Levels to align with the EEM program. Both the WLWB
following:
directive and the addition of diamond mines to the MDMER support the
“The Board has thus decided that DDMI is to address the statistical comparisons for Action
necessity of modifications to the Action Levels.
Levels 1 and 2 for biological components during comprehensive years as part of the 2014 to
2016 Aquatic Effects Re-evaluation. DDMI should clarify if comparisons are being made to the
References:
same year FF area means or to the reference conditions as defined in the approved Reference
Conditions Report.”
WLWB 2017b. Decision from Wekʼèezhìı Land and Water Board Meeting of 22 This appears to allow for the possibility of considering the use of FF area means for biological
September 2017: Version 4.1 of the AEMP Design Plan. Wek'èezhı̀ ı Land and comparisons. With that in mind, please provide further rationale for the proposed changes to
Water Board, File W2015L2-0001 (Type “A”).
the biological action levels (i.e., the appropriateness of comparing to reference conditions
rather than FF area means).

2) ENR recommends that the statistical power of the
proposed biological action level 1 comparison should be
estimated by DDMI using data from the latest AEMP
cycle to understand the ability of the proposed
comparisons to detect change.
pp
g

As PER GNWT 36 and 37
GNWT-ENR comments 36 and 37 ask about the statistical power of the biological action level 1
comparison. The GNWT-ENR asked that it be estimated for the proposed and the current
biological action level 1 using data from the latest AEMP cycle (i.e., the 2016 AEMP Annual
Report). GNWT-ENR explains that this would provide context for assessing the proposed
The biological Action Level 1 comparisons are similar to the EEM design-based changes to the biological action levels. DDMI did not provide an estimate for either one and
statistical comparisons completed to detect biological effects during the
indicated that it would be the same for both, with the difference being the inclusion of more FF
AEMP versions 2 to 4, with the difference being the inclusion of a more years area data in the Action Level 1 comparisons. It would be helpful if DDMI could provide the
of FF area data in the Action Level 1 comparisons. The power of the Action
estimates as requested by the GNWT-ENR.
(i) Please further explain how the statistical power of the proposed and current biological action
Level 1 comparison is expected to be similar to those achieved by the
biological effect comparisons run during previous AEMP versions, which was level 1 would be expected to be the same.
documented in the AEMP Study Design version 2.
(ii) If one includes more years of FF area data, would this not provide more statistical power?

The proposed action Level 1 for biological effects (Golder,
2018a, Table 5.2-4) involves comparisons of nearfield data
with means of the historic reference data set. This is a
departure from AEMP Design 4.1 (Golder, 2017a) where
comparisons are with means from data from farfield A.
Some of the measurement endpoints have changed in AEMP
Design 5.0. In light of the changes to the basis for
comparison (historic reference data set versus farfield A)
proposed changes to the experimental design are irrelevant
to evaluation of Action Level 1 for biological effects.

GNWT - ENR:
34 Patrick Clancy

36

9

Topic 9:
Changes in
Biological
Action Levels

Action Level 2 for biological effects (Golder, 2018a, Table 5.24) is similar to Action Level 1 with respect to extent
(nearfield) but varies by the addition of a criterion for two
consecutive years (plankton) or a criterion that effect sizes
defined by Environment Canada (2012) be exceeded
(benthic invertebrates and fish metrics). This is a departure
from AEMP Design 4.1 (Golder, 2017a) where comparisons
use data collected from the midfield and data from farfield A.
Again, in light of the changes to the basis for comparison
(historic reference data set versus farfield A) proposed
changes to the experimental design are irrelevant to

GNWT - ENR:
Patrick Clancy

None

None

WLWB: Anneli
Jokela

Normal
Ranges for
Phytoplankton
– Reevaluation
Report,
Section 7.2.3.1

Table 7.5 provides a comparison of normal ranges calculated
for phytoplankton variables, with the last column providing
an adjusted normal range. Values in this column generally
seem to be close to those presented for the non-adjusted
normal ranges, with the exception of the lower bound for
total phytoplankton biomass. In this case, the non-adjusted
lower bound is 75 mg/m3 whereas the adjusted lower
bound is 19 mg/m3.

yp

Is the lower bound value of the adjusted normal range
for total phytoplankton biomass correct? If yes, can
DDMI explain why there is such a large difference
between the two values?

The adjusted 2013 normal range is the result of increased year-to-year
variation based on the variation observed in the original 2007 to 2010
reference area data, which causes a “widening” of the normal range (i.e., a
lower lower bound and a higher upper bound).
The approach is detailed in Section 7.2.3.1.

WLWB staff comment 9 was asking for confirmation that the lower bound for the adjusted
total phytoplankton biomass was correct. Board staff understand the approach used for
calculating the adjusted normal ranges. This request for confirmation was based on the
observation that this lower bound was much lower than the non-adjusted lower bound. It is
also much lower than the lower bound for the 2007 to 2010 data. Please confirm that the
lower bound reported for the total phytoplankton biomass normal range is correct.

The quoted statement in the Re-evaluation Report was intended to justify the validity of using the AEMP Version 3.5
biological Action Levels for toxicological impairment, in light of previous comments by GNWT-ENR related to water
quality in the FF areas (i.e., FFA, FFB and FF1) being already affected by the Mine effluent. Updated Action Levels were
not available for the Re-evaluation Report, which necessitated using the existing Action Levels.
In the AEMP Design Plan Version 5.0, spatial comparisons run to evaluate Action Levels have been updated to include
the FF area data representing reference conditions (i.e., 2007-2010), rather than within-year FF area data. The
rationale for this change is as follows:
- The three former FF reference areas are becoming exposed to increasing concentrations of Mine effluent. Although it
was considered acceptable to use them to assess Action Levels in the Re-evaluation report, their continued usefulness
for this purpose is anticipated to decline over time. The AEMP Design Plan 5.0 provides an opportunity to adjust the
Action Level criteria before their use becomes problematic.
- If the nutrient enrichment effect on benthic invertebrates reaches these FF areas, community shifts may occur that
could interfere with an evaluation of potential toxicological effects.
- The reference condition dataset is consistent with normal ranges, which are part of the Action Level 3 criteria.
Therefore, use of the reference condition dataset for Action Level 1 and 2 criteria facilitates internal consistency within
the Action Level system.
- The reference condition dataset incorporates year-to year variability, which may reduce the reporting of false positive
Action Level triggers.

(i) Please note, DDMI indicated power would be similar for both the current biological Action Level 1 and the newly
proposed biological Action Level 1 (not the same, as indicated by the reviewer). However, as the reviewer correctly
indicates, an in-depth understanding of the statistical power of the new Action Levels would require a full power
analysis. The analysis would likely be based on simulation methods, which would appropriately account for the specific
analytical framework.
(ii) More FF data within the analyses does not simply increase the power because the proposed analytical framework
will change as well, which would affect overall power.

The calculation of the lower bound of the total phytoplankton biomass normal range has been reviewed, and the
calculation is correct.

Attachment-1: Revised Figures 3-4 and 3-8, Revised Table 3-5 (Dust, EMAB-16, 17 & 18)
Figure 3-4

Summary of Geometric Mean Background Dust Deposition Rates
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Table 3-5

Summary of Geometric Mean Background Dust Deposition Rates (mg/dm2/yr)
Time Periods

Background Stations
SS1-5
SS2-3
SS2-4
SS5-1
SS5-2
SS5-3
SS5-4
SS5-5
SSC-1
SSC-2
SSC-3
Dust 09
Dust C1
Dust C2
All Stations

N/D = no data

2002-2005

30
62
66
N/D
N/D
N/D
N/D
N/D
26
55
150
N/D
37
80
63

2006-2009

55
64
30
64
68
92
77
100
11
62
99
95
73
150
78

2010-2013

51
52
42
22
28
29
32
17
18
24
96
147
71
97
45

2014-2016

67
54
40
245
100
74
53
31
7.9
57
51
79
78
108
65

All years

47
58
43
63
53
54
48
35
15
46
93
106
64
105
53

Figure 3-8

Seasonal Trends of Total Dust Deposition Rates by Distance from the Mine
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Attachment-2: Revised Figure 5-2 (Eutrophication, EMAB-34)
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Attachment-3: Revised Figure 5-13 (Eutrophication, EMAB-44)

Attachment-4: Revised Figures 6-7, 11, 12, 15, 16, 21, 22, 26 and 36 (Sediment, EMAB-59)
Figure 6-7: Arsenic

Figure 6-11: Boron

Figure 6-12: Calcium

Figure 6-15: Cobalt

Figure 6-16: Iron

Figure 6-21: Manganese

Figure 6-22: Molybdenum

Figure 6-26: Silver

Figure 6-36: Zinc

Attachment-5: Revised Table 6-6 (Sediment, EMAB-61)
Fine Sediment (%)
Variable

Total Organic Carbon (%)

n

rs

n

rs

Total Nitrogen

203

-0.082

204

0.743****

Total Phosphorus

240

0.105

262

0.124*

Aluminum

160

0.41****

161

0.024

Bismuth

160

0.28***

161

-0.331****

Boron

114

0.313***

115

0.1

Calcium

160

0.296***

161

0.148

Chromium

160

0.477****

161

0.004

Lead

160

0.142

161

-0.027

Lithium

68

0.405***

68

-0.244***

Magnesium

160

0.499****

161

-0.156*

Molybdenum

160

-0.336****

161

0.11

Potassium

160

0.548****

161

-0.264***

Sodium

160

0.489****

161

-0.077

Strontium

160

0.02

161

0.362****

Tin

160

0.124

161

-0.275***

Titanium

160

0.609****

161

-0.27***

Uranium

160

0.355****

161

-0.086

Vanadium

160

0.447****

161

0.022

Attachment-6: Revised Tables 6-7, 8, 10, 12 and 13 and Figure 6-4 (Sediment, EMAB-64)

Table 6-7

Sediment Variable AIC Model Selection, 2001 to 2016
Years

Yeo-Johnson
transformation(a)

Parabolic AIC
Score

Linear AIC
Score

Normalizing
variable

Total Nitrogen

2001 to 2016

1

2705

2704

TOC

Total Phosphorus

2001 to 2016

-1

-3,226

-3,176

TOC

Aluminum

2001 to 2016

-2

-6,309

-6,325

Fines

Bismuth

2001 to 2016

-0.5

-224

-215

TOC

Boron

2001 to 2013

0.5

311

301

Fines

Calcium

2001 to 2016

-0.5

-1,085

-1,095

Fines

Chromium

2001 to 2016

-1

-1,293

-1,310

Fines

Lead

2001 to 2016

0

-24

-18

-

Lithium

2010 to 2016

-0.5

-

-

Fines

Magnesium

2001 to 2016

-0.5

-2,842

-2,859

Fines

Molybdenum

2001 to 2016

-0.5

-139

-153

Fines

Potassium

2001 to 2016

-0.5

-1,315

-1333

Fines

Sodium

2001 to 2016

0.5

993

978

Fines

Strontium

2001 to 2016

0

167

159

TOC

Tin

2001 to 2016

0

315

373

Fines

Titanium

2001 to 2016

0

1,112

1,105

Fines

Uranium

2001 to 2016

-1

-612

-622

Fines

Vanadium

2001 to 2016

-1

-1,247

-1,263

Fines

Variable

a) See Section 2.4.2.1 for details on transformation approach.
Notes: Lithium was excluded from the AIC model selection, because only three years of data were available for analysis.
Shaded cells indicate the chosen model, typically the lower AIC score; whether the AIC is positive or negative, does not influence the
analysis – it is the value relative to the AIC scores of other candidate models on the same dataset that needs to be considered. Log
transformation was performed using Yeo-Johnson transformation, which uses an offset
= not applicable; AIC = Akaike’s information criterion.

Table 6-8
Variable
Total
Phosphorus

Aluminum

Bismuth

Boron

Calcium

Chromium

Lead

Magnesium

Molybdenum

Potassium

Sodium

Strontium

Tin

Significance of Sediment Mixed Effects Models, 2001-2016
Coefficient
Area
Year
Year²
Area × Year
Area × Year²
Area
Year
Area × Year
Area
Year
Year²
Area × Year
Area × Year ²
Area
Year
Area × Year
Area
Year
Area × Year
Area
Year
Area × Year
Area
Year
Year²
Area × Year
Area × Year²
Area
Year
Area × Year
Area
Year
Area × Year
Area
Year
Area × Year
Area
Year
Area × Year
Area
Year
Area × Year
Area
Year
Year²
Area × Year

Numerator DF
6
1
1
6
6
6
1
6
6
1
1
6
6
6
1
6
6
1
6
6
1
6
6
1
1
6
6
6
1
6
6
1
6
6
1
6
6
1
6
6
1
6
6
1
1
6

Denominator DF
16
123
123
123
123
16
129
129
16
122
122
122
122
16
84
84
16
129
129
16
129
129
16
123
123
123
123
16
128
128
16
128
128
16
128
128
16
129
129
16
130
130
16
122
122
122

F-value
4.200
9.494
9.535
4.199
4.198
1.148
0.450
1.146
0.377
4.308
4.316
0.378
0.378
2.734
2.659
2.740
1.853
5.699
1.853
1.492
0.749
1.493
2.085
2.792
2.792
2.084
2.083
2.568
0.008
2.562
1.639
15.474
1.640
1.000
0.269
1.000
2.512
19.730
2.518
1.454
0.032
1.452
0.863
2.099
2.110
0.863

P-value
0.010
0.003
0.002
<0.001
<0.001
0.380
0.503
0.340
0.883
0.040
0.040
0.892
0.892
0.050
0.107
0.018
0.152
0.018
0.094
0.243
0.388
0.185
0.113
0.097
0.097
0.060
0.060
0.062
0.928
0.022
0.200
<0.001
0.141
0.458
0.605
0.428
0.066
<0.001
0.024
0.255
0.859
0.200
0.542
0.150
0.149
0.524

Table 6-8
Variable

Titanium

Total Nitrogen

Uranium

Vanadium

Significance of Sediment Mixed Effects Models, 2001-2016
Coefficient
Area × Year²
Area
Year
Area × Year
Area
Year
Area × Year
Area
Year
Area × Year
Area
Year
Area × Year

Numerator DF
6
6
1
6
6
1
6
6
1
6
6
1
6

Denominator DF
122
16
129
129
16
92
92
16
129
129
16
127
127

F-value
0.863
3.053
29.845
3.052
0.263
1.895
0.263
1.754
3.327
1.776
2.293
0.457
2.296

DF = degrees of freedom. Significance of the interaction terms was evaluated at a P-value of <0.05.

P-value
0.525
0.035
<0.001
0.008
0.946
0.172
0.953
0.173
0.070
0.109
0.087
0.500
0.039

Table 6-10
Variable
Total
Phosphorus
Bismuth

Lead

Tin

Multiple Comparisons of Parabolic Trends in 2010, 2013 and 2016
Year
2010
2013
2016
2010
2013
2016
2010
2013
2016
2010
2013
2016

NF
a
b
c
c
d
d
b
b
b
a
a
a

MF1-3
a
ab
abc
bc
cd
bcd
ab
ab
ab
a
a
a

FF2-2
a
ab
bc
bc
bcd
cd
ab
ab
ab
a
a
a

Area / Station
MF3-4
a
ab
abc
ab
abc
abc
ab
ab
ab
a
a
a

FF1
a
a
a
ab
abc
abc
a
a
ab
a
a
a

FFB
a
ab
ab
ab
ab
a
a
a
ab
a
a
a

FFA
a
ab
ab
a
a
ab
a
a
a
a
a
a

Note: Different letters designate areas/stations that are significantly different at the P<0.05 level.

Table 6-12
Variable
Aluminum
Boron
Calcium
Chromium
Magnesium
Molybdenum
Potassium
Sodium
Strontium
Titanium
Total
Nitrogen
Uranium
Vanadium

Estimated Significance of Differences of Linear Slopes From Zero
NF
0.468
0.460
0.008 ↑
0.216
0.819
<0.001 ↑
0.158
0.003 ↓
0.005 ↑
<0.001 ↓
0.041 ↑

MF1-3
0.699
0.795
0.904
0.647
0.093
0.046 ↑
0.940
0.058
0.828
0.001 ↓
0.804

FF2-2
0.160
0.860
0.038 ↑
0.040 ↑
0.028 ↑
0.675
0.009 ↑
0.794
0.819
0.482
0.677

Area / Station
MF3-4
0.198
0.035 ↓
0.256
0.602
0.023 ↑
0.791
0.591
0.288
0.865
0.033 ↓
0.469

FF1
0.544
0.837
0.297
0.854
0.854
0.071
0.743
0.308
0.236
0.103
0.705

FFB
0.110
<0.001 ↓
0.148
0.100
0.127
0.167
0.433
0.002 ↓
0.410
<0.001 ↓
0.444

FFA
0.806
0.012 ↓
0.123
0.626
0.867
<0.001 ↑
0.827
<0.001 ↓
0.013 ↑
0.336
0.671

<0.001 ↑
0.835

0.452
0.890

0.481
0.001 ↑

0.774
0.473

0.264
0.695

0.519
0.090

0.508
0.970

Note: Bold text = P-value significant at <0.05. Arrows after significant P-values indicate direction of trend.

Table 6-13
Substance of
Interest
Total Nitrogen

Summary of Trends in Concentrations of Sediment Quality SOI Variables in Lac
de Gras, 2014 to 2016
Area / Station
NF

MF1-3

FF2-2

MF3-4

FF1

FFB

FFA

↑—

—

—

—

—

—

—

Total Phosphorus

↓

↓

↓

↓

↓

↓

↓

Aluminum

—

—

—

—

—

—

—

Bismuth

—

↓—

↓—

↓—

↓

↓

—

Boron

—

—

—

↓

—

↓

↓

Calcium

↑

—

↑

—

—

—

—

Chromium

—

—

↑

—

—

—

—

↑—

—

—

↑—

↑—

↑—

—

Lithium

—

—

—

—

—

—

—

Magnesium

—

—

↑

↑

—

—

—

Molybdenum

↑

↑

—

—

—

—

↑

Potassium

—

—

↑

—

—

—

—

Sodium

↓

—

—

—

—

↓

↓

Strontium

↑

—

—

—

—

—

↑

Tin

↓

↓

↓

↓

↓

↓

↓

Titanium

↓

↓

—

↓

—

↓

—

Uranium

↑

—

—

—

—

—

—

Vanadium

—

—

↑

—

—

—

—

Lead

Notes: Linear trends with slopes that are significantly different from a slope of zero are presented by arrows. Parabolic trends have
been summarized based on visual inspections of the trend plots for recent years, particularly those past the vertex of the parabola,
where applicable. ↑ = increasing trend; ↓ = decreasing trend; — = no trend or no consistent trend; ↑ — or ↓ — = potential slightly
increasing or slightly decreasing trend.

Figure 6-4

