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1 Introduction

This Technical Memo provides additional information on the data and analyses in support of
the 2022 requirements for the Aquatic Ecosystems component of the B.C. Works’ Sulphur
Dioxide Environmental Effects Monitoring (EEM) Program (SO EEM Phase III Plan, ESSA et al.
2023). These data and analyses thus provide the foundation for Section 3.4 in the SO, EEM
Program 2022 Annual Report.

This Technical Memo applies methods and approaches that have already been described in
detail in other relevant documents. Most of the methods follow those employed in the SO
Technical Assessment Report (STAR) (ESSA et al. 2013), the Kitimat Airshed Assessment (KAA)
(ESSA et al. 2014a) and the 2019 EEM Comprehensive Review (ESSA et al. 2020a). Full details
on the collection, processing and analysis of the water chemistry samples are reported in
technical reports prepared by Limnotek for each year’s sampling (Perrin et al. 2013; Perrin and
Bennett 2015; Limnotek 2016; Bennett and Perrin 2017, 2018; Limnotek 2019, 2020, 2021,
2022, 2023). Wherever possible, the description of methods in this Technical Memo refers to
these reports instead of repeating information that is already well-documented elsewhere.

The following four documents (as described above) are listed here because they are referenced
throughout this Technical Memo, often without their full citation:

e The STAR (ESSA etal. 2013)
e The KAA (ESSA etal. 2014a)
e 2019 SO, EEM Comprehensive Review (ESSA et al. 2020a)
e The SO, EEM Phase Il Plan (ESSA et al. 2023)
2 Methods

2.1 Water Chemistry Sampling
EEM Lakes

The SO; Phase III EEM Program sampling plan includes eleven lakes: seven sensitive lakes, one
less sensitive lake, and three control lakes (ESSA et al. 2023). The three control lakes (NC184,
NC194 and DCAS14A) are all located outside of the zone of sulphur deposition from B.C. Works,
and have pre-KMP baseline data for 2013 from sampling as part of the KAA (ESSA et al. 2014a).
The five lakes that were unable to be sampled in 2020 (due to COVID-related constraints on
helicopter flights) were sampled again in 2021 and 2022 as per previous years.

LAKO27 was added for one-time sampling in 2021, as agreed to by ENV and Rio Tinto in May
2021. The intent was to resample one of the STAR lakes located relatively close to the smelter
to check the validity of the conclusions made in the STAR, based on sampling completed in
2012, nine years prior to 2021. LAK027 was chosen because it was the only candidate that was
moderately sensitive, whereas all the other lakes in the southern portion of the Kitimat Valley
were determined to be insensitive based on the sampling during the STAR (except for LAK028,
which was included in the SO; EEM Program because of its sensitivity). LAK027 was sampled
again in 2022, as per the recommendation in the SO; EEM Program 2021 EEM Annual Report:
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We recommend sampling LAK0O27 again in 2022. The widely-observed storm-
driven dilution event negated the ability of this year’s sampling to provide a
meaningful comparison against the initial STAR data as intended.

In 2022, Limnotek sampled the eleven EEM lakes plus LAK027 according to the 2022 Aquatics
Work Plan. The sampling methodology is described in detail in Limnotek (2023). Table
2-1Fable2-1 summarizes the sampling history of these 12 lakes. Figure 2-1FEigure-2-1 shows a
map of the lakes sampled in 2022.

Table 2-1. Summary of sampling sites within the SOz EEM Phase III Program. The rationale for
lakes included in the SOz EEM Phase III Program is described in ESSA et al. 2023.

Year of Sampling

Ss"‘i'tgp'e 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
STAR | EEM | EEM | EEM | EEM | EEM | EEM | EEM | EEM | EEM | EEM
LAKO06 v v v v v v v v v v v !EEM sen§itive lake,
included in Phase llI
LAK012 v v v v v v v v v v v EEM sen§itive lake,
included in Phase llI
LAK022 EEM sensitive lake
v v v v v v v v v ~ | only accessible by
helicopter, included in
Phase lIl.
LAK023 v v v v v v v v v v v !EEM sen§itive lake,
included in Phase llI
LAK028 v v v v v v v v v v v !EEM sen§itive lake,
included in Phase llI
LAK042 v v v v v v v v v v v !EEM sengitive lake,
included in Phase llI
LAKO044 v v v v v v v v v v v !EEM sengitive lake,
included in Phase llI
LAKO16 EEM less sensitive
v v v v v v v v 4 4 lake, included in
Phase IIl.
LAKO27 Resampling of STAR
v v v lake at southern end of
valley.
NC184 V't v v v v v v v' | EEM control lakes
NC194 vt v v v v v v v' | added to EEM in 2015.
DCAS14A Only accessible by
vt v v v v v v v | helicopter, included in

Phase III.

t Sampled as part of the Kitimat Airshed

Assessment (ESSA et al. 2014a).

Page 2




RlOTlntO B.C. Works SOz EEM Program Technical Memo W11: Aquatic Ecosystems Actions
and Analyses

Rio Tinto Site

Kitimat River Water Intake (Water
Quality Sampling)

Primary Road

¥ = =} Study Area (2019 Deposition
| ! = = a Model Extent)

EEM Lakes

@ control Lake

s . Less Sensitive Lake

.
’ . Sensitive Lake

<“"| Non-EEM Lakes
@  Non-EEM Lake

w22k
2

= 0
0, s w; A
=== i Rk e
VLYY & i)
Figure 2-1. Location of the lakes in the EEM Program, including seven sensitive lakes (red),

one less sensitive lake (blue) and three control lakes (purple). LAK027 was resampled in
2022 to compare with the STAR results.
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Sampling frequency

Sampling frequency remained the same as last year:

e The sensitive lakes LAK006, LAK012, LAK023, LAK028, LAK042, and LAK044 on four
occasions within the fall index period

e Sensitive lake LAKO022, less sensitive lake LAK016, and the three control lakes were
each sampled once during the Fall index period (as per previous years)

e LAKO027 (not part of current SO, EEM Program) was sampled once

e LAKO006 and LAKO028 had five additional samples with full chemistry analysis taken
over June through early September, to assess seasonal variability in lake chemistry

Continuous monitoring

Two lakes (LAK006, LAK028) had continuous monitoring of surface water pH, temperature and
lake levels. LAK028 also had a similar instrument installed at depth. This work was planned,
implemented and documented by Limnotek. The methods and results for 2022 are reported in
Limnotek (2023).

Water chemistry data

There were no differences in the water chemistry analyses completed from the 2022 sampling
compared to previous years. Continuing from 2020, analyses of Gran ANC are now only
performed by the BASL facility (University of Alberta).

Alin was not measured during this year’s sampling season. In the SO, EEM Program 2020
Annual Report, we recommended discontinuing the measurement of Alin, going forward. These
changes were not applied in the 2021 season because the field planning and purchasing was
already in place for that year. This recommendation was therefore not implemented until
2022.

Integrating laboratory measurements of pH and Gran ANC from Trent and BASL laboratories

2.2

The planned transition of laboratory analysis of pH and Gran ANC from Trent University to the
BASL laboratory at the University of Alberta was completed in 2020. In 2019, duplicate samples
were sent to both laboratories to facilitate cross-laboratory comparisons (see Limnotek 2020).

To facilitate analyses over the entire period of record, we need an “integrated” data series for
each of the two metrics. As in the SO, EEM Program 2020 Annual Report, we constructed an
integrated time series by imputing Trent values for pH and Gran ANC for 2021 based on the
regression of Trent values vs. BASL values from the 2019 data. This method was recommended
and developed by Dr. Carl Schwarz (retired professor of statistics from Simon Fraser
University) and is described in detail in the SO; EEM Program 2020 Annual Report.

Empirical Changes in Water Chemistry

The methods applied for examining empirical changes are the same as described in the last
several years (except for the analysis of inorganic aluminum, which has been discontinued as
it does not contribute novel information about lake chemistry).
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2.3 Statistical Analyses of Changes in Water Chemistry

The 2019 Comprehensive Review performed an extensive series of statistical analyses of
changes in water chemistry and concluded that the results from the Bayesian statistical
analyses provided the greatest ability to assess the level of support for different hypotheses of
chemical change. The 2019 Comprehensive Review further recommended that these analyses
be re-run on an annual basis to assess status and detect any anomalous patterns. This annual
report represents the fourth iteration of re-running those analyses with more recent
monitoring data. These methods are described in detail in Appendix F of the 2019
Comprehensive Review (ESSA et al. 2020b) (see Bayesian Method 1 especially). The key
metrics of interest are the differences in lake chemistry between the post-KMP average for the
last three years (2020-2022) and the pre-KMP baseline (2012 for the sensitive and less
sensitive lakes; 2013 for the control lakes). For the lakes that were not sampled in 2020, the
post-KMP period used to compute average lake chemistry is still 2020-2022 and therefore only
based on 2 years of data (2021 and 2022). Appendix 3 includes sensitivity analyses that
examine the effect of using an alternative baseline representing the transition period as
operations at the old smelter were wound down (2012-2014).

The results of the Bayesian statistical analyses are expressed in terms of: a) the % belief that
the post-KMP values have exceeded the level of protection thresholds, and b) the % belief that
the changes from the baseline period to the post-KMP period have exceeded the change limit
thresholds. As applied in the 2019 Comprehensive Review, the % belief values are classified as
low (< 20%), moderate (20% to <80%), or high (= 80%). This classification is done both for
ease of interpretation, and to integrate the analyses for the two-threshold structure of the
CBANC KPI and informative indicators into a single assessment for each indicator for each lake.
As described in the Phase III Plan, the acidification indicators (CBANC, pH, Gran ANC and BCS)
are only considered to be in exceedance if both thresholds are exceeded (i.e., the level of
protection and the change limit thresholds). The single, integrated assessment of each of those
indicators is determined according to the rules:

1. If the result for either threshold is “low”, then the overall assessment is “low”

2. The results for both thresholds must be “high” for an overall assessment of “high”

3. [Ifresult for either threshold is “moderate” and the results for the other threshold are

“moderate” or “high”, then the overall assessment is “moderate”.

As described in the SO; EEM Program Phase III Plan, the two-threshold structure avoids
creating false positives by simultaneously considering the two dimensions of importance to
aquatic organisms - the absolute level and the relative change in the water chemistry metrics
used as acidification indicators.

Appendix 4 includes results of sensitivity analyses for the uncertainty associated with the
imputation procedure associated with developing integrated data series for pH and Gran ANC
following the transition of laboratories (details in Section 2.1).

We also evaluated differential trends between the sensitive lakes and the control lakes using
the before-after control-impact (BACI) analysis methods described in the 2019 Comprehensive
Review (i.e., Method 3: BACI using mean values). Using this method, we evaluated the sensitive
lakes individually and as a group, for both CBANC (as an informative method, as the KPI is not
based on this statistical approach) and the pH informative indicator.
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2.4 Environmental Data

This section includes supplementary environmental observations or data utilized in the
interpretation of the water chemistry results (see Section 4.3).

Providing the precipitation context for 2022 was more challenging this year than in previous
years due to extensive missing data from climate stations. In past years, we have characterized
precipitation patterns relevant to the interpretation of water chemistry sampling results by
using the precipitation data for July to October from the Kitimat 2 and Terrace PCC climate
stations. Those were the two stations in the valley with the most complete data as well as
representing two different regions with the study area. But in 2022 (at the time of accessing
the climate datal), the Terrace PCC station only has precipitation observations for 36% of the
days within the July-October period, and the Kitimat 2 station only has precipitation
observations for 22% of the period, including only two observations in September and zero
observations in October. The extent of missing data rendered any comparisons with the
precipitation data shown in previous years completely meaningless.

Instead, we are using the Terrace A station as an indicator of precipitation levels in the study
area because it had 98% complete observation for July-October 2022. We have not used the
Terrace A in previous years because it generally had a less complete record than the Terrace
PCC station. For 2020, Terrace A has zero observations for July through the first few days of
August, therefore we are using a comparison period of August 5 to October 31. We are
excluding 2021 because the data coverage was still only 34% in this revised period, whereas it
was 100%, 99%, and 98% for 2019, 2020, and 2022, respectively. In this approach, we have an
apples-to-apples comparison of 2022 precipitation to at least 2019 and 2020, which were
previously identified as being a significantly dry year and a significantly wet year. Having data
only for Terrace and no appropriate data for Kitimat is a gap, albeit unavoidable.

Precipitation data from the Terrace A climate station shows that 2022 had similar total
precipitation within the comparison period (August 5 to October 31) as 2019, which was a
notably dry year (Table 2-2Fable—2-2). However, the precipitation was significantly
concentrated in October (~60%), making October notably wetter than either 2019 (dry year)
or 2020 (wet year). By contrast, the total rainfall in September 2022 was 71 mm, which is 47%
less than the 135 mm in 2020 and 28% less than the 99 mm in 2019.

During the two weeks prior to the annual sampling date on October 2, 2022 (i.e., the date in
which all lakes are sampled), the Terrace A station measured only 21 mm of rainfall, compared
to 118 mm and 67 mm in the 2-week periods before the 2020 and 2019 annual sampling dates,
respectively. For reference, as reported in the SO, EEM Program 2021 Annual Report, the
Kitimat 2 station measured 307 mm of rainfall and the Terrace PCC station measured 184 mm
in the two weeks prior to the annual sampling datez.

1 Source: Data accessed via Environment Canada’s Historical Climate DataClimate data extraction tool
web portal (https://climate-change.canada.ca/climate-data/# /http://climate.weather.gc.ca), Accessed:
March 2023.

2 Note that these are different stations than reported this year. Consistent station-to-station comparisons
are not possible for 2021 versus 2022 for reasons discussed in the text.
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Figure 2-2Figure-2-2 shows that although the total summer-fall precipitation at the Terrace A
station in 2022 was generally comparable to the dry year of 2019 (e.g., bottom row of Table
2-2Fable2-2), it was drier than 2019 when considering the period prior to lake sampling (first
two rows of Table 2-2Fable-2-2). The last of the lake chemistry samples were collected on
October 20 and then 140 mm of rain (representing 74% of October rainfall and 44% of August-
October rainfall) fell during October 23-31.

Table 2-2. Total Monthly Precipitation (mm) at Terrace A for 2019-2022.

2019 2020 2021 2022
Terrace A Terrace A Terrace A Terrace A
August (5-31) 67.3 160.4 Excluded due 60.6
September 99.4 142.8 to excessive 71.0
October 138.6 134.8 missing data 189.9
Total 305.3 438.0 n/a 321.5
Cumulative Precipitation at Terrace A Station
(Aug 5 to Oct 31, 2019, 2020, 2022)
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Figure 2-2. Cumulative precipitation at Terrace A station for August 5 to October 31 in 2019,
2020, and 2022,
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2.5

2.6

and Analyses

Episodic Acidification

We reviewed the data record from the continuous pH monitors installed in LAKOO6 and
LAKO028 to identify any notable drops in pH. If any such changes were observed, we compared
those results with the lake-level data to determine if they appeared to be correlated with high
inflows to the lake.

Alignment of Evidentiary Framework with EEM Phase III Indicators

The “Simple Evidentiary Framework” developed in the 2019 Comprehensive Review and
subsequently built into the SO, EEM Program Phase III Plan only considered post-KMP changes
in pH and ANC3 (relative to pre-KMP conditions), especially relative to the change limit
thresholds, but did not consider the post-KMP state of either of those metrics with respect to
the level of protection thresholds. The SO, EEM Program Phase III Plan made an important
advance, moving to a two-threshold structure for the KPI and the pH and ANC informative
indicators that consider both relative change and the absolute level of those indicators.

To be consistent with the SO, EEM Program Phase III Plan, we revised the Evidentiary
Framework in the SO, EEM Program 2020 Annual Report by adding an assessment node
associated with the level of protection threshold (Figure 2-3Figure2-3). The new node was
inserted earlier in the logic sequence than the two nodes assessing the level of change. In the
two-threshold structure for the KPI and informative indicators, neither of the thresholds takes
precedence - an exceedance of the indicator requires that both thresholds are exceeded with a
high percent belief. Therefore, there is no inherent sequence between evaluating the change
limit and level of protection thresholds. However, in the Evidentiary Framework, there is an
additional node that considers whether there has been any change in the indicator prior to
assessing against the change limit threshold, which makes the framework more precautionary,
so we believe it made more sense to have the level of protection node earlier in the sequence
than the two change-based nodes.

3 Gran ANC in the 2019 Comprehensive Review; CBANC in the SOz EEM Program Phase III Plan
(consistent with the revised KPI).
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Smelter not causally linked to No Has lake [SO,] increased since pre-
changes in lake chemistry KMP period?

Yes or Uncertain

No Is post-KMP lake CBANC or pH
below level of protection thresholds?

Yes or Uncertain

Lake is healthy, and not
acidifying

Has lake CBANC or pH decreased
No since pre-KMP period?

Yes or Uncertain

Some evidence of No Is ACBANC or ApH greater than
acidification; closely monitor change limit thresholds?

A

Yes or Likely

Acidification exceedance

Figure 2-3. The Evidentiary Framework. The framework developed in the 2019 Comprehensive
Review was revised in the SOz EEM Program 2020 Annual Report order to align with the two-
threshold structure for the KPI and informative indicators in the SOz EEM Program Phase III
Plan.

3 Results

3.1 Empirical Changes in Water Chemistry

Empirical changes in CBANC, Gran ANC, BCS, pH, [SO42-], DOC, sum of base cations, chloride, and
calcium are shown in Table 3-1Fable3-1. A map of the observed changes in [S042], CBANC, and
pH at the EEM lakes is shown in Figure 3-1Figure-3-1. Changes are reported in terms of the
difference between the post-KMP average (2020-2022) and the pre-KMP baseline (2012 for
the sensitive and less sensitive lakes; 2013 for the control lakes). The sensitive EEM lakes and
less sensitive EEM lakes are presented separately within each of the tables. The inter-annual
changes presented in this report use the mean annual values whenever multiple within-season
samples were acquired from a given lake in a given year.

Unlike the annual reports prior to the 2019 Comprehensive Review, the annual changes
between individual years are no longer reported and analyzed. As already stated in previous
years (e.g., ESSA 2018, Technical Memo WO07), year-to-year changes should be interpreted
cautiously:
“... annual changes should be interpreted with substantial caution due to the
combination of large natural variation (both within and between years) and
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limitations on measurement precision... multiple years of observations are

required to reliably detect changes in mean pH, Gran ANC and S04; it is risky to

draw conclusions based only on annual changes”.
Furthermore, in the December 2018 workshop on the terms of reference for the SO, EEM
Program Comprehensive Review, the ENV external acidification expert recommended that we
stop reporting annual changes because inter-annual variability in lake chemistry is too variable
to make any meaningful interpretation of the changes between two years.

Table 3-1. Empirical changes in CBANC, Gran ANC, BCS, pH, S04%, DOC, base cations, chloride,
calcium, and NOs for EEM lakes. These values represent the difference between the average of
the post-KMP period (2020-2022) and the 2012 baseline. Numbers shown are the value in the
later period minus the value in the earlier year. Increases are shaded in green; decreases are
shaded in red. The Gran ANC and pH values are based on the “integrated” time series (i.e.,
values from the Trent University laboratory from 2012 to 2019 with the 2020, 2021, and 2022
values imputed from the values measured by the BASL laboratory (“integ”); see details in
Section 2.1). Signs after each number show the direction of change in the reported values
since the SOz EEM Program 2021 Annual Report (i.e, [+] = increase; [-] = decrease; [ ] =
identical value).

Gran
CBANC | ANC BCS pH SO4* DOC > BC* Cl Ca*
(veqlL) | (integ) | (weqll) | (integ) | (peq/l) ([ (mg/L) | (peq/l) | (peqll) | (peq/L)

SITE (neql/L)

LAK006 20.2 [+] 11.6 [+] 14.2 [+] 0.2]] 35[] 1204 | 239[# 0.6 [] 13.6 [+]
LAK012 4.1[+] 11.3[+] -7.9 [+] 0.3]] 9.0 [] 2411 134+ 3.0[] 6.9 [+]
LAK022 4.1[+] -1.6[] 15[] -0.2[] 6.5[] 05[]1| 108][+] 0.3[] 5.7[]
LAK023 12.0 [-] 3.8 [+] 3.8 [+] 0.1]] -2.0[] 16[-]| 105[+] 0.3[] 7.3[]
LAK028 -2.9[+] 54+ [ -17.9[+ 0.0[] 58.5 [] 30[+] | 56.6[+] 2.9 M7
LAKO042 17.7[#] 18.5 [+] 10.6 [+] 0.2[] 2.0[] 1411 19.8[+] 05[] 11.2 [
LAK044 8.1 [+] 3.0[] 7.0 [-] 0.2[] 2.1 0.2 [] 6.2 [+] 0.5[] 19[4
Total 6 6 5 5 5 7 7 6 7
Total |, 1 1 2 2 2 0 0 1 0
LAK016 125[+] | 23.0[+] -1.5[+] 0.0[] 11.6[] 2.8 [ 25.0 [-] 1.4[] 16.3 [+]
Total 1 1 0 0 1 1 1 1 1
Total |, 0 0 1 1 0 0 0 0 0
DCAS14A 13.8 [] 1.3[] 11.6 [] 0.3[] -3.8[1 05[] 7.8[] -2.6[] 35[]
NC184 -71.2[] -1.2[9 4.7 0.3[] 170 -0.5[+] 9.0[] 6.9 4.7
NC194 0.3[] -3.6 [-] -1.2[4 -0.5[] -1.6 [ 0.3 [ -1.2[] 2.1 -0.6 [-]
Total 2 1 1 0 0 2 1 0 1
Total | 1 2 2 3 3 1 2 3 2

S04*, BC* and Ca* mean that concentrations of sulfate, base cations and calcium were each reduced using
the ratio of each to chloride in seawater, to account for marine sources.
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Figure 3-1. Observed changes in SO4%-, CBANC and pH from the baseline period (2012) to the post-KMP period (2020-2022). Green
cells indicate increases and red cells indicate decreases.
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Exceptional Annual Context for 2022

The year 2022 was exceptional in the 11-year history of the SO, EEM Program.
Notwithstanding the above-stated limitations on interpreting annual changes in lake
chemistry, it is important to acknowledge the exceptional situation in 2022. Emissions from
the smelter were dramatically less than in any previous year of the SO, EEM Program, due to a
reduction in smelter operations associated with a labour dispute. In August 2021, emissions
dropped by approximately 83%, from 27.1 tpd during January to June 2021, to 4.6 tpd during
August to December 2021. This change was discussed in the SO, EEM Program 2021 Annual
Report. We did not expect to see much influence of the reductions in emissions on lake
chemistryin 2021 because: a) the drop in emissions happened only 1-2 months before the lakes
were sampled in October 2021; and b) any small response to that change in emissions would
have been swamped by the dominant influence of exceptionally wet hydrologic conditions in
September and October 2021 (discussed last year).

Smelter emissions remained low into 2022 and started to increase very gradually only starting
in the summer of 2022. As a result, the average emissions from September 2021 to August 2022
(i.e., the 12 months prior to the fall sampling period in 2022) were 5.1 tpd. Emissions during
the 12 months prior to 2022 fall sampling were 21% of the levels in 2020 and 17% of the 2016-
2018 period applied in the 2019 Comprehensive Review.

The prolonged reduction in emissions after August 2021 could alter lake chemistry, especially
since the estimated water residence time is less than a year for most of the sensitive EEM lakes
(less than nine months for 5 out of 7 sensitive EEM lakes, 1.4 years for LAK006, and 2.1 years
for LAK044 (see 2019 Comprehensive Review, Technical Appendix 7, Table 7.19; ESSA et al.
2020b)). We expected that the decline in SO; emissions would cause a decline in lake [SO4], and
possibly an increase in CBANC, Gran ANC and pH, in at least the 5 sensitive EEM lakes with
short water residence times. Increases in lake [SO4] are generally associated with increases in
lake base cations, due to cation exchange processes in the watershed. The converse also holds:
decreases in lake [SO4] would be expected to result in lower base cation concentrations.

The dominant responses in the 2022 data were generally consistent with our expectations:

e [SO4] declined in all sensitive lakes except LAK028 (+3.5 peq/L); some of the decreases
were quite substantial

e Gran ANC went up in ALL lakes

e CBANC showed an increase in 4 of the sensitive EEM lakes, a limited decrease in 2 of them,
and LAK042 (far north of the study area) decreased by 9.7 peq/L

e pH increased by 0.2-0.8 pH units in all 11 lakes, with the same range across the sensitive
EEM lakes alone)

e base cations dropped in all sensitive EEM lakes except LAK028 (+9.9 peq/L)

The changes observed in 2022 generally countered the changes of the previous year:

e Across all lakes ~80% of the annual changes observed over 2021-2022 for CBANC, Gran
ANC, BCS, pH, and SO4 were in the opposite direction of the changes observed over 2020-
2021

e For CBANG, this general pattern was less consistent - two lakes showed decreases for two
years in a row (LAK023, LAK042) and two lakes showed increases for two years in a row
(LAKO16, LAK028)
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e For pH, this general pattern was universally observed - all 11 lakes decreased in pH over
2020-2021 and increased in pH over 2021-2022

e The combined result from the two annual changes (i.e., the net change from 2020 to 2022)
was more variable - that is, in some cases the changes in 2022 only partially offset the
significant changes in 2021 and in other cases they more than offset the previous year’s
changes

An important net result is that these “reversals” of the previous year’s anomalous changes
tended on the whole to reduce the magnitude of changes based on the 3-year averaging period
relative to the results reported last year.

Analyses of change based on the recent 3-year average

To protect aquatic ecosystems in the sensitive lakes, we want to avoid declines in recent
measurements of CBANC, Gran ANC, BCS, and pH (i.e., the KPI and other acidification
informative indicators) compared to the pre-KMP 2012 baseline. We use the average of the last
3 years to dampen the effects of an unusual year. Results of our analyses indicate a general
recovery of lake chemistry in most of the sensitive lakes from the changes observed in 2021.
The estimated changes since 2012 for CBANC, Gran ANC and BCS became more positive in 5 to
6 of the 7 sensitive lakes, as compared to the SO, EEM Program 2021 Annual Report (i.e., +
signs next to these values in Table 3-1TFable 3-1). Relative to the SO, EEM Program 2021 Annual
Report, all seven sensitive lakes showed reductions in the estimated change in [SO4] since 2012,
consistent with the reductions in SO; emissions since August 2021. In addition, all seven lakes
showed an increase in the estimated long-term change in base cations since 2012. The only
exception to this general pattern of recovery is that the estimated change in pH since 2012
remained the same for 6 of the 7 sensitive lakes (i.e., no + or - sign next to these values in Table
3-1Table3-1).

Of the two lakes showing a long-term decline in CBANC in last year’s report, only LAK028
continues to show a long-term decline, albeit a smaller magnitude (-2.9 peq/L now vs. -7.9
peq/L last year). Two lakes still show long-term declines in BCS compared to 2012 (LAK012
and LAKO028), though the magnitudes of these declines are smaller than in last year’s report.
LAKO22 continues to be the only lake with a decline in Gran ANC relative to the 2012 baseline,
though the magnitude is small and only slightly greater than previously reported (-1.6 peq/L
now vs. -0.9 peq/L last year). LAK022 also continues to be the only lake with a decline in pH
relative to pre-KMP conditions, which looks to have increased in magnitude but closer
inspection reveals that the apparent increase is predominantly due to rounding (i.e., last year
the calculated change was -0.149 and this year it increased to -0.16, a negligible difference).
LAKO22 is the only sensitive lake which is sampled just once per year; the other 6 lakes are
sampled 4 times during the fall index period.

In LAKO28 (the lake closest to the smelter with the highest deposition) mean [SO4?] is
estimated to haveincreased by 58.5 peq/L since 2012, and total base cations (£BC*) increased
by 56.6 peq/L (both lower magnitudes than shown in last year’s Annual Report). The changes
in XBC* and SO4? largely explain the observed change in CBANC, a decline of 2.9 peq/L. CBANC
equals the sum of base cations minus the sum of strong acid anions, and AXBC* - A[S04%] =56.6
- 58.5=-1.9, close to the 2.9 peq/L decline in CBANC. Gran ANC shows a long-term increase
(5.4 peq/L) in LAKO028 and there continues to be no change in mean pH, similar to last year.
LAKO028 showed a decline in Base Cation Surplus (BCS) since the pre-KMP period, though BCS
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has shown considerable variation in LAK028, with its lowest value in 2013 (Table 3-2Fable
3-2).

Table 3-2. Mean values of BCS in LAK028 by year. Units are peq/L. Data from Appendix 1.
Year 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

(BpizlL) -5.1 -40.2 4.8 1.5 249 | -325 -8.4 -18.1 -26.7 | -205 | -10.6

Figure 3-2Figure3-2 and Figure 3-3Figure-3-3 show the changes in the same water chemistry
parameters graphically. These figures allow an alternate visualization of the distribution and

variability in the observed changes between 2012 and 2020-2022.

For additional reference, Table 3-3Table3-3 and Table 3-4Table-3-4 show the CBANC and pH
values, respectively, over the period of record for EEM lakes, average values for the post-KMP
period (2020-2022) and the differences between the post-KMP period and both the pre-KMP
baseline (2012) and the transition period baseline (2012-2014). The changes in CBANC are
generally similar using both the pre-KMP and the transition period as a baseline (Table
3-3Table-3-3), except for LAK012 which shows a much larger increase in CBANC from the
transition period baseline. The changes in pH were consistently more negative using the 2012-
2014 transition period as a baseline instead of the pre-KMP 2012 measurement (Table
3-4Table3-4).

Appendix 2 provides a detailed set of figures showing the inter-annual changes in major water
chemistry metrics (CBANC, Gran ANC, BCS, pH, SO42-, base cations, calcium, chloride, and DOC)
for each of the EEM lakes across the eleven years of annual monitoring (2012-2022). Similar
figures are also included for the three control lakes based on their eight years of monitoring
(2013, 2015-2019, and 2021-2022).
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Figure 3-2. Changes in water chemistry metrics (left panel) and pH (right panel) across all of
the sensitive EEM lakes, from 2012 to 2020-2022. Values shown are the mean 2020-2022
value minus the mean 2012 value. The large increase in lake SO42- in LAK028 has been
buffered by a large increase in base cations, due to cation exchange in watershed soils.
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Table 3-3. CBANC values over period of record for EEM lakes, average CBANC values for the post-KMP period and the relative change
from the pre-KMP baseline and the transition period baseline. The post-KMP averaging period applied in the 2019 comprehensive
review (CR) is also shown for reference. Green represents an increase and red represents a decrease. Bolded purple values are below
the 20 peq/L level of protection threshold for CBANC.

o CENG i W A

From pre-KMP From transition

2016-18 2020-22 baseline (2012)t | period baseline
2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 (CR)_| (current) (2012-14)1
LAK006 492 | 431 | 529 | 551 | 569 | 580 | 593 | 638 | 703 | 678 | 704 58.0 69.4 202 210
LAK012 1145 | 975 | 998 | 1061 | 1032 | 1011 | 904 | 965 | 1421 | 1012 | 1124 98.2 1186 41 147
LAK022 679 | 620 | 761 | 752 | 803 | 704 | 766 | 748 688 | 754 758 721 41 34
LAK023 469 | 377 | 594 | 580 | 595 | 509 | 613 | 594 | 666 | 562 | 540 60.2 58.9 120 109
LAK028 160 | 81 | 312 | 386 | 123 | o7 | 84 | 45 | 80 | 117 | 193 71 130 29 0.0
LAK042 472 | 551 | 516 | 554 | 640 | 631 | 504 | 521 | 795 | 624 | 528 59.2 64.9 177 136
LAK044 80 | 89 | 126 | 164 | 139 | 138 | 132 | 148 | 145 | 174 | 168 136 16.1 8.1 6.3
LAKO1S | 1272 | 1087 | 1325 | 147.1 | 1408 | 1253 | 1381 | 1298 | | 131 | w14 | | 147 | 1308 || 125 170
DCAS14A! 535 749 | 727 | 678 | 790 | 814 638 | 709 732 67.4 138 138
NC184t 80.4 730 | 946 | 763 | 950 | 864 612 | 853 886 732 72 72
NC194t 356 409 | 400 | 465 | 431 | 467 356 | 363 432 359 03 03

tThe pre-KMP for the control lakes is 2013. The transition period baseline for the control lakes is also only 2013 because the lakes were not sampled in 2014. Therefore, the results for the two
baselines are identical.
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Table 3-4. pH values over period of record for EEM lakes, average pH values for the post-KMP period and the relative change from the
pre-KMP baseline and the transition period baseline. The post-KMP averaging period applied in the 2019 comprehensive review (CR)
is also shown for reference. Green represents an increase and red represents a decrease. Bolded purple values are below the level of

B.C. Works SOz EEM Program Technical Memo W11: Aquatic Ecosystems Actions and Analyses

protection threshold for pH (6.0). As explained in the STAR, the 2012 chemistry of most of the sensitive lakes was influenced by
organic acids contributed by DOC. Mean DOC has not changed much in the sensitive lakes since 2012 (Figure 3-2Figure 3-2).

Mean bH values Post-KMP averaging Change from baseline to current
P period post-KMP average (2020-22)
From pre-KMP From transition
2016-18 | 2020-22 baseline (2012)t | period baseline
2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 2022 (CR) (current) (2012-14)t
LAK006 5.8 6.2 6.1 6.0 6.0 6.0 6.1 6.1 6.0 5.8 6.2 6.0 6.0 0.2 0.0
LAK012 5.6 6.3 6.0 6.0 6.2 6.1 6.2 6.1 6.0 5.7 6.2 6.2 6.0 0.3 0.0
LAKO022 5.9 6.2 6.3 6.1 6.1 6.1 6.1 6.1 5.4 6.1 6.1 5.8 0.2 0.3
LAKO023 5.7 6.0 5.9 5.9 5.9 5.9 6.0 5.8 5.9 5.7 6.0 5.9 5.8 0.1 0.0
LAKO028 5.0 5.2 5.3 5.1 5.0 4.8 5.3 5.2 49 4.7 5.2 5.0 49 0.0 0.2
LAK042 47 5.5 5.1 5.4 5.4 5.2 5.1 5.4 4.6 4.6 5.4 5.2 49 0.2 0.2
LAK044 5.4 5.7 5.8 5.8 5.5 5.6 5.5 5.5 5.6 5.5 5.7 5.6 5.6 0.2 0.0
LAK016 63 | 67 | 67 | 68 | 66 | 67 | 67 | 66 61 | 65 6.7 63 | | 0.0 03
DCAS14At 6.5 6.6 6.6 6.6 6.8 6.6 5.9 6.4 6.6 6.2 0.3 0.3
NC184t 5.7 5.5 5.8 5.4 6.2 5.7 5.1 5.8 5.8 5.5 0.3 0.3
NC194t 6.6 6.5 6.4 6.4 6.5 6.4 5.9 6.3 6.4 6.1 0.5 05

TThe pre-KMP for the control lakes is 2013. The transition period baseline for the control lakes is also only 2013 because the lakes were not sampled in 2014. Therefore, the

results for the two baselines are identical.
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Resampling of LAK027

Table 3-5Fable-3-5 shows the results for LAK027 for ANC, pH, SO42-, DOC, sum of base cations,
chloride, and calcium, including the results from the 2012 STAR sampling and the difference
between the two sampling years. As explained earlier (and in the recommendations of the SO,
EEM Program 2021 Annual Report), LAK027 was resampled for a second year in 2022 due to
the influence of anomalous hydrologic conditions in fall 2021 across all of the lakes. Therefore
we are primarily focused on comparing 2022 to 2012 to achieve the original intent of
resampling this lake. CBANC, Gran ANC, and BCS all increased substantially, whereas pH
declined by 0.1 pH units. There were also substantial increases in both XBC* (123.9 pueq/L) and
S042- (63.9 peq/L) and the relative difference between those increases explains the increase in
CBANC (i.e, 123.9 - 63.9 = 60.0 peq/L).

Table 3-5. CBANC, Gran ANC, BCS, pH, S042-, DOC, base cations, chloride, and calcium values
for LAK027, from the 2012 STAR sampling and the resampling in 2021 and 2022. The change
from 2012 to 2022 is shown. Increases are shaded in green; decreases are shaded in red. The
Gran ANC and pH values are based on the “integrated” time series (i.e., values from the Trent
University laboratory from 2012 with the 2022 values imputed from the values measured by
the BASL laboratory (“integ”); see details in Section 2.1). Note that the imputation uses the
regression based on the 2019 data for the EEM Lakes (i.e., LAK027 did not contribute to the

regression).
Gran
CBANC | ANC BCS pH S04* DOC > BC* Cl Ca*
(veq/l) | (integ) | (weq/L) | (integ) | (peq/l) | (mglL) | (weq/l) | (weq/L) | (Weq/L)
(peqlL)
2012 101.3 69.8 98.8 6.6 110.4 11 211.6 3.2 189.3
2021 94.8 56.9 65.9 5.9 90.3 6.4 185.2 8.2 157.9
2022 160.8 124.3 142.5 6.5 174.3 4.3 335.5 5.6 295.2
Change
(2012 to 2022) 59.6 54.5 43.6 -0.1 63.9 3.2 123.9 2.5 105.9

3.2 Water Chemistry Sampling Results

Appendix 1 reports the results of the water chemistry sampling for the EEM lakes and control
lakes from the sampling conducted in 2022 (with the data from 2012-2022 included for
reference), for major water chemistry metrics (ANC, pH, DOC, base cations, and major anions).

Sulphate Levels Relative to B.C. Water Quality Guidelines
The B.C. water quality guideline for sulphate concentration in very soft waters is 128 mg/L.
The sulphate concentration of the EEM lakes is shown in Figure 3-4Figure-3-4 for all water

chemistry samples taken in 2022. All of the samples are less than 4% of the guideline. Other
than LAK028, all other samples for all other lakes are less than 2% of the guideline.
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Sulphate Concentration (mg/L) in EEM Lakes (2022)
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Figure 3-4. Sulphate concentration (mg/L) in EEM lakes during 2022. The applicable B.C. water
quality guideline for sulphate concentration (i.e., for very soft waters) is 128 mg/L. All samples
in 2022, across all EEM lakes, were <4% of the guideline.

3.3 Statistical Analysis of Changes in Water Chemistry

We have summarized the key results of the statistical analyses of changes in lake chemistry
across all the lakes in the SO; EEM Program in Table 3-6Fable-3-6 and Figure 3-5Figure-3-5.
These results applied Bayesian Method 1, described in Appendix F of the 2019 Comprehensive
Review (ESSA et al. 2020b).
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Table 3-6. Summary of findings across all lakes monitored in the SOz EEM Program. The %
belief values are derived from the Bayesian version of Method 1, as described in Aquatic
Appendix F of the 2019 Comprehensive Review(ESSA et al. 2020b). Values of % belief < 20%
are coloured green, 20-80% yellow, and >80% red. Both the Gran ANC and pH results are
based on the integrated (“integ”) time series (as per Section 2.1). Note: because NC194 does
not have a lake-specific change limit threshold for CBANC / Gran ANC, it is not possible to

evaluate these indicators).

Changes in SO4

Exceedance of CHANGE
LIMIT

Exceedance of LEVEL OF
PROTECTION

(% belief that
threshold
exceeded; from
Bayesian analysis

(% belief that metric value has
decreased by more than the
threshold; from Bayesian analysis
method 1)

(% belief that metric value is
below threshold; from Bayesian
analysis method 1)

method 1)
S04 CBANC | Gran | BCS | pH CBANC | Gran | BCS | pH
Metric ANC (integ) ANC (integ)
(integ) (integ)
Increase > 0 Lake- Lake- | A13 | A0.3 20 30.7 0 6.0 pH
Threshold spec. spec. | ueqg/L | pH ueq/L ueg/L | ueg/L | units
units
LAK006 81% 0% 0% 1% 8% 0% 0% 0% 70%
LAKO012 70% 23% 14% | 42% 10% 0% 0% 0% 7%
LAK022 69% 13% 30% 9% 43% 0% 80% 0% 84%
LAK023 37% 6% 2% 3% 7% 0% 100% | 0% 100%
LAK028 88% 13% 8% 62% 18% 100% | 100% | 100% | 100%
LAKO042 60% 6% 6% 20% | 21% 0% 100% | 80% | 100%
LAK044 13% 0% 4% 1% 4% 100% | 100% | 0% 100%
| LAK016 70% | 2% | 7% [ 33% | 32% % | 0% | 0% | 1% |
DCAS14A 14% 5% 7% 13% 52% 0% 0% 0% 10%
NC184 15% 46% 30% | 43% | 48% 0% 100% 1% 97%
NC194 4% T e 0% | 100% | 0% | 33%
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Figure 3-5. Spatial distribution of percent belief in chemical change. Numbers show % beliefin: a) SO+ increase (no threshold), b) CBANC
decrease below lake-specific threshold, and c) pH decrease below 0.3 threshold. The % belief values are derived from the Bayesian
version of Method 1, as described in Aquatic Appendix F of the 2019 Comprehensive Review (ESSA et al. 2020b). NC194 does not have
an estimated ANC threshold because it did not have appropriate titration data available.
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Before-After Control-Impact (BACI) Analyses
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The results of the BACI analyses for CBANC, pH, Gran ANC, and BCS are shown in Table 3-7Fable3-7,
Table 3-8Fable-3-8, Table 3-9Table3-9, and Table 3-10Table-3-10). None of the seven lakes showed
statistically significant differences in A CBANC, A Gran ANC, or A BCS relative to the control lakes. One
lake showed significantly more positive A pH over time than was observed in the control lakes, which
is evidence against acidification.

Table 3-7. BACI analyses of mean CBANC for 7 sensitive and 3 control lakes. “BACI estimate” is
a bit counter-intuitive: it is the A mean CBANC in the controls (i.e., CBANC post-kmp minus CBANC
pre-kvp), averaged over the 3 control lakes, minus the A mean CBANC in the sensitive lake. If
BACI value is <0, then the A CBANC was lower in the controls than in the sensitive lake (and,
equivalently, the A CBANC was greater (more positive) in the sensitive lake than in the
controls), evidence against acidification (if statistically significant). If BACI value is >0, then A
CBANC in the controls was greater than that in the sensitive lake (and, equivalently, the A
CBANC was lower (less positive) in the sensitive lake than in the controls), evidence for
acidification (if statistically significant). SE is the standard error of the BACI estimate. The p-
value is the statistical significance of the test.

Site BACI SE p-value | Interpretation of BACI estimate Change in
estimate interpretation
from 2021
LAKOO6 | -17.81 10.63 0.15 Change in CBANC was more positive in | None
LAKO0O06 than in the control lakes
(but not statistically significant)
LAKO012 8.31 11.13 0.49 Change in CBANC was more negative None
in LAKO012 than in the control lakes
(but not statistically significant)
LAKO022 -1.82 11.03 0.88 Change in CBANC was similar in None
LAKO022 to changes in the control lakes
(but not statistically significant)
LAKO023 -9.23 11.84 0.47 Change in CBANC was more positive in | None
LAKO023 than in the control lakes
(but not statistically significant)
LAK028 4.50 10.68 0.69 Change in CBANC was more negative None
in LAK028 to changes in the control
lakes (but not statistically significant)
LAKO042 -15.38 14.98 0.35 Change in CBANC was more positive in | None
LAKO042 than in the control lakes
(but not statistically significant)
LAKO044 -5.90 10.85 0.61 Change in CBANC was more positive in | From similar to
LAKO044 to changes in the control lakes | more positive
(but not statistically significant)
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Table 3-8. BACI analyses of mean pH (integrated) for 7 sensitive and 3 control lakes. “BACI
estimate” is a bit counter-intuitive: it is the A mean pH in the controls (i.e., pHpost-kMp minus
PHypre-kvpr), averaged over the 3 control lakes, minus the A mean pH in the sensitive lake. If
BACI value is <0, then the A pH was lower in the controls than in the sensitive lake (and,
equivalently, the A pH was greater (more positive) in the sensitive lake than in the controls),
evidence against acidification (if statistically significant). If BACI value is >0, then A pH in the
controls was greater than that in the sensitive lake (and, equivalently, the A pH was lower

(less positive) in the sensitive lake than in the controls), evidence for acidification (if

statistically significant). SE is the standard error of the BACI estimate. The p-value is the
statistical significance of the test.

Site BACI SE p-value | Interpretation of BACI estimate Change in
estimate interpretation
from 2021
LAKOO6 | -0.55 0.17 0.02 Change in pH was more positive in None
LAKOO6 than in the control lakes
(but not statistically significant)
LAKO12 | -0.67 0.16 0.01 Change in pH was significantly more None
positive in LAK012 than in the control
lakes; evidence against acidification
LAKO022 | -0.20 0.16 0.26 Change in pH was more positive in None
LAK0022 than in the control lakes
(but not statistically significant)
LAKO023 | -0.49 0.18 0.04 Change in pH was more positive in None
LAKO023 than in the control lakes
(but not statistically significant)
LAK028 | -0.33 0.17 0.10 Change in pH was more positive in None
LAKO028 than in the control lakes
(but not statistically significant)
LAK042 | -0.67 0.19 0.02 Change in pH was more positive in No longer
LAKO042 than in the control lakes significant
(but not statistically significant)
LAKO044 | -0.53 0.20 0.04 Change in pH was more positive in None
LAKO044 than in the control lakes
(but not statistically significant)
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Table 3-9. BACI analyses of mean Gran ANC (integrated) for 7 sensitive and 3 control lakes.
“BACI estimate” is a bit counter-intuitive: it is the A mean Gran ANC in the controls (i.e., Gran
ANC post-kmp minus Gran ANC pre-xmp), averaged over the 3 control lakes, minus the A mean Gran
ANC in the sensitive lake. If BACI value is <0, then the A Gran ANC was lower in the controls
than in the sensitive lake (and, equivalently, the A Gran ANC was greater (more positive) in
the sensitive lake than in the controls), evidence against acidification (if statistically
significant). If BACI value is >0, then A Gran ANC in the controls was greater than that in the
sensitive lake (and, equivalently, the A Gran ANC was lower (less positive) in the sensitive
lake than in the controls), evidence for acidification (if statistically significant). SE is the
standard error of the BACI estimate. The p-value is the statistical significance of the test.

Site BACI SE p-value | Interpretation of BACI estimate Change in
estimate interpretation
from 2021
LAKOO6 | -12.35 455 | 0.04 Change in Gran ANC was more positive | None
in LAKO0O6 than in the control lakes
(but not statistically significant)
LAKO12 | -6.79 6.93 | 0.37 Change in Gran ANC was more positive | From more
in LAKO12 than in the control lakes negative to
(but not statistically significant) more positive
LAKO22 | 0.46 5.77 | 0.94 Change in Gran ANC was similar in None
LAK0022 than in the control lakes
(but not statistically significant)
LAKO023 | -4.43 496 | 041 Change in Gran ANC was more positive | From similar to
in LAK023 than in the control lakes more positive
(but not statistically significant)
LAKO28 | -6.89 5.18 | 0.24 Change in Gran ANC was more positive | From similar to
in LAK028 than in the control lakes more positive
(but not statistically significant)
LAKO42 | -21.79 7.96 | 0.04 Change in Gran ANC was more positive None
in LAK042 than in the control lakes
(but not statistically significant)
LAKO44 | -4.74 488 | 0.37 Change in Gran ANC was more positive | From similar to
in LAK044 than in the control lakes more positive
(but not statistically significant)
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Table 3-10. BACI analyses of mean BCS (base cation surplus) for 7 sensitive and 3 control
lakes. “BACI estimate” is a bit counter-intuitive: it is the A mean BCS in the controls (i.e.,
BCSpost-kmp minus BCSpre-kmp), averaged over the 3 control lakes, minus the A mean BCS in the
sensitive lake. If BACI value is <0, then the A BCS was lower in the controls than in the
sensitive lake (and, equivalently, the A BCS was greater (more positive) in the sensitive lake
than in the controls), evidence against acidification (if statistically significant). If BACI value is
>0, then A BCS in the controls was greater than that in the sensitive lake (and, equivalently,
the A BCS was lower (less positive) in the sensitive lake than in the controls), evidence for
acidification (if statistically significant). SE is the standard error of the BACI estimate. The p-
value is the statistical significance of the test.

Site BACI SE p-value | Interpretation of BACI estimate Change in
estimate interpretation
from 2021
LAKOO6 | -12.39 10.75 | 0.30 Change in BCS was more positive None
in LAK0O6 than in the control lakes
(but not statistically significant)
LAKO12 | 15.36 11.25 | 0.23 Change in BCS was more negative None
in LAKO012 than in the control lakes
(but not statistically significant)
LAKO22 | 0.38 1149 | 0.98 Change in BCS was similar in From more
LAKO0022 than in the control lakes negative to
(but not statistically significant) similar
LAKO023 | -1.42 12.09 | 091 Change in BCS was similar in None
LAKO023 than in the control lakes
(but not statistically significant)
LAK028 | 18.82 10.80 0.14 Change in BCS was more negative None
in LAK028 than in the control lakes
(but not statistically significant)
LAKO42 | -11.33 12.62 0.41 Change in BCS was more positive None
in LAK042 than in the control lakes
(but not statistically significant)
LAKO044 | -5.32 11.28 | 0.66 Change in BCS was more positive From similar to
in LAK044 than in the control lakes | more positive
(but not statistically significant)
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Table 3-11. BACI analysis of A CBANC, A pH (integrated), A Gran ANC, and A BCS, respectively,
with all lakes combined. BACI estimate is the A mean in the 3 control lakes (i.e., post-KMP
minus pre-KMP, averaged over the 3 control lakes), minus the A mean in the 7 sensitive lakes
(i.e., post-KMP minus pre-KMP, averaged over the 7 sensitive lakes). SE is the standard error
of the BACI estimate. The p-value is the statistical significance of the test.

Metric | BACI SE p-value | Interpretation of BACI estimate Change in
estimate interpretation
from 2021
CBANC -7.66 9.74 0.44 Change in CBANC was more positive in the | From more
sensitive lakes than in the control lakes negative to
(but not statistically significant) more positive
H -0.42 0.12 0.00 Change in pH was significantly more None
I()inte ) positive in the sensitive lakes than in the
& control lakes; evidence against acidification.
Gran -11.45 8.14 0.17 Change in Gran ANC was more positive in None
ANC the sensitive lakes than in the control lakes
(integ) (but not statistically significant)
0.47 9.79 0.96 Change in BCS was more negative in the None
BCS sensitive lakes than in the control lakes
(but not statistically significant)

For the BACI analyses of changes in CBANC:

None of the lakes showed a statistically significant effect - i.e., before-after differences
that were significantly different than the before-after changes in the control lake group
(all lakes have p-values >0.01)

Four of the seven sensitive lakes (one more than last year) showed a ACBANC that was
more positive than the ACBANC observed in the group of control lakes (negative effect
in the BACI analysis), but none of these differences were statistically significant at
p<0.01

Two of the seven sensitive lakes showed a ACBANC that was more negative than the
ACBANC observed in the group of control lakes (positive effect in the BACI analysis),
but none of these differences were statistically significant at p<0.01

When analyzed as a combined group, the sensitive lakes showed ACBANC that was
more positive than the ACBANC observed in the group of control lakes, which was a
reversal of the results from last year (though the results were not statistically
significant in either year)

No support for an effect across any of the lakes individually or an effect for all lakes
combined.

For the BACI analyses of changes in pH:

One of the lakes (decreased from two lakes last year) showed a statistically significant
effect (p < 0.01) - i.e, before-after differences that were significantly different than the
before-after changes in the control lake group (LAK012 and LAK042)
o The change in pH for LAK012 was more positive than in the control lakes, a
statistically significant difference which is evidence against acidification
o LAKO042 (which showed a significant effect last year) and LAK006 had p-values
than only marginally exceeded the criterion for significance (i.e., 0.02 for both
lakes), for changes in pH that were more positive than in the control lakes
o None of the other lakes showed a statistically significant effect
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e When analyzed as a combined group, the sensitive lakes showed a statistically
significant effect (at p < 0.01) of a change that was more positive than in the control
lakes, which is evidence against acidification.

For the BACI analyses of changes in Gran ANC:

e None of the lakes showed a statistically significant effect - i.e., before-after differences
that were significantly different than the before-after changes in the control lake group
(all lakes have p-values >0.01)

e Six of the seven sensitive lakes (up from two lakes last year) showed a A Gran ANC that
was more positive than the A Gran ANC observed in the group of control lakes (negative
effect in the BACI analysis), but none of these differences were statistically significant
at p<0.01 (LAK006 and LAK042 have p-values of <0.05)

e No support for an effect across any of the lakes individually or an effect for all lakes
combined.

For the BACI analyses of changes in BCS:

e None of the lakes showed a statistically significant effect - i.e., before-after differences
that were significantly different than the before-after changes in the control lake group
(all lakes have p-values >0.01)

o Three of the seven sensitive lakes (up from two lakes last year) showed a ABCS that was
more positive than the ABCS observed in the group of control lakes (negative effect in
the BACI analysis), but none of these differences were statistically significant at p<0.01

e Two of the seven sensitive lakes showed a ABCS that was more negative than the ABCS
observed in the group of control lakes (positive effect in the BACI analysis), but none of
these differences were statistically significant at p<0.01

e No support for an effect across any of the lakes individually or an effect for all lakes
combined.

3.4 Episodic Acidification

We reviewed the data from the continuous pH monitors installed in LAK006 and LAK028 to
identify any acidic episodes (Figure 3-6Figure—3-6, Figure 3-7FEigure3-7). The lake-level
monitoring data are shown in Figure 3-8Figure-3-8.

LAKOO06 shows three periods with notable declines - late August, early September, and the very
end of October - albeit the magnitude of these declines are quite small (i.e., declines of ~0.2 pH
units over a period of less than one week). These periods align with notable increases in lake
levels as the result of precipitation events. The decline at the end of October is also consistent
with the pattern observed in previous years of pH decreasing during the end of the monitoring
season as precipitation events increase in frequency and magnitude.

LAKO028 showed only one pronounced drop (~0.4 pH units) in late October, corresponding with
increased precipitation at the end of October. The late August and early September events
observed in LAKOO6 are evident in the lake levels for LAK028 (i.e., significant local peaks in
lake level) but do not show up as any notable declines in pH. Other than the decline at the end
of October, which is consistent with the pattern observed in many previous years, the
continuous pH data for LAK028 stayed within an range of ~0.2 pH units for the entire year.
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Because this decline is at the very end of the field season, there are not any samples with full
lake chemistry after this time with which to examine changes in lake chemistry during this
period.
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Figure 3-6. LAK006 pH measurements during the 2022 monitoring season, including
continuous monitoring as well as field and laboratory measurements. See Limnotek 2023 for
details on instrument failure referenced in the figure. Source: Limnotek 2023
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Figure 3-7. LAK028 pH measurements during the 2022 monitoring season, including
continuous monitoring as well as field and laboratory measurements. Source: Limnotek 2023
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Figure 3-8. Water level during the 2022 monitoring season for LAK006 and LAK028. Source:
Limnotek 2023

4 Discussion

4.1 Separating Natural and Anthropogenic Factors: the Environmental

Context

The SO; EEM Program has moved away from reporting and analyzing the annual changes
between individual years (due to challenges in interpretability associated with the high degree
of variability). However, it is still useful to look at the year-to-year changes to assess whether
there are any widespread patterns of significance that may influence our analyses and
interpretation of long-term changes in water chemistry.

The graphs in Appendix 2 enable comparisons of the 2022 monitoring data to 2021. These
graphs show (as also described in Section 3.1) that the patterns of annual change in the primary
metrics had a high level of consistency across the entire region - i.e., pH and Gran ANC
increased in all 11 lakes, BCS increased in 10 lakes, and CBANC increased in 8 lakes. These
changes are consistent with significant reductions in emissions, and presumably also in
deposition (deposition data still to be analyzed). The changes in the ANC metrics and pH are
also consistent with the particularly dry hydrologic conditions in 2022. as well, since the three
control lakes also showed increases in ANC metrics and pH, but showed either no change or
slight increases in sulphate (see graphs in Appendix 2). The control lakes are serving their
purpose of removing the effects of variation in emissions and deposition.

On the other hand, the changes in SO, and BC both appear to reflect the net balance between

two opposing processes. The dry conditions alone could contribute to increasing
concentrations of SO, but the consistent declines in SO4 (as observed in 8 of 11 lakes, including
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6 of 7 sensitive lakes) suggest that any such response to dryer conditions this year has been
swamped by the effects of reduced emissions. Similarly, dry conditions could contribute to
increasing concentrations of BC, through a concentration effect, but reduced deposition could
reduce the inputs of BC into lakes both through changes in direct deposition of BC in the
watershed (likely minor) and by reducing the amount of hydrogen-driven cation-exchange in
the watershed (likely more significant). The consistent declines observed for BC (in 7 of 11
lakes, including 6 of 7 sensitive lakes) suggest that effects of the reduced emissions were much
stronger than the influence of the hydrological conditions.

Although it is difficult to completely disentangle the relative contributions of these two major
drivers in 2022 - dry hydrologic conditions and reduced emissions - it does appear that
reduced emissions have been the more dominant influence on the lake chemistry observed in
the sensitive lakes, and that dry conditions were the more dominant influence in the control
lakes.

Environmentally mediated decrease in pH in LAK042 in 2020 - two years later

4.2

As described in detail in the SO; EEM Program 2020 Annual Report, LAK042 had a notable 1-
year decrease in pH between 2019 and 2020 that was attributed to anomalous environmental
conditions - i.e., high water levels flooding the shoreline and leading to a large increase in DOC
and a concurrent drop in pH.

In the SO; EEM Program 2021 Annual Report, we reported:

“If it were not for the significant precipitation events in 2021, as described
above, we may have expected to see some recovery of the pH in LAK042.
However, the pH in LAK042 remained at a very similar level in the fall of 2020
and 2021. Since LAK042 was not sampled in 2021 prior to September, it is not
possible to determine whether its pH remained at a similar level since the fall of
2020, or increased in the spring/summer of 2021 and then declined again
during the fall of 2021. “

In 2022, the pH in LAK042 increased by 0.8 pH units (the largest increase observed), effectively
reversing the significant decrease from two years ago and returning to the 2019 levels (actually
0.1 pH units higher). However, given the context of emissions and precipitation conditions in
2022, it is not possible to disentangle how much of this increase is due to the contrast in
environmental conditions in the months preceding sampling in the different years or the
marked reduction in SO; emissions over the entire year. LAK0O42 and LAK044 both showed
declines in [SO42] consistent with reduced levels of S deposition.

Empirical Changes in Lake Chemistry with respect to the Aquatic Key
Performance Indicator

This section only addresses the CBANC KPI and the pH informative indicator (of specific
interest as the prior KPI) as the statistical analyses represent the primary assessment of the

KPI and informative indicators.

The mean values of CBANC indicate that there have been no exceedances of the KPI.
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For the CBANC KPI, only 2 of the 7 sensitive lakes (LAK028 and LAK044) have post-KMP values
below the level of protection threshold. Both of those lakes were already below that threshold
in 2012 (and the alternate, transition period baseline) and neither of those lakes have exceeded
the change limit threshold (LAK028 shows a decrease of -2.9 peq/L; LAK044 shows an increase
of +8.1 peq/L . None of the 7 sensitive lakes exceeded the change limit threshold and only one
lake (LAK028) shows any long-term decrease in CBANC. In the sensitivity analyses with the
alternate, transition period baseline (2012-2014), there are no lakes with an estimated long-
term decrease in CBANC. The empirical data therefore indicate that none of the lakes exceeded
the KPIL.

For the pH informative indicator, 5 of the 7 sensitive lakes (LAK006, LAK012, LAK022, LAK023,
LAKO028, LAK042, and LAK044) have post-KMP values below the level of protection threshold
(a pH of 6.0). All 7 lakes were already below that threshold in 2012, and four of the lakes have
been at or below that threshold throughout the entire period of record. None of the sensitive
lakes have exceeded the change limit threshold. Only one lake (LAK022) shows any decrease in
pH relative to 2012. The empirical data therefore indicate that none of the lakes have exceeded
the pH informative indicator.

In the sensitivity analyses with the alternate, transition period baseline (2012-2014), 2
sensitive lakes show decreases of <0.1 pH units, 2 lakes (LAK028, LAK042) show decreases of
~0.2 pH units (LAK028 and LAK042), and 1 lake (LAK022) shows a decrease of ~0.3 pH units.
The empirical data therefore indicate that one of the lakes exceeds the change limit for the pH
informative indicator when evaluated against the alternate, transition period baseline.

The following section (Section 4.3) applies the statistical analyses to the same data to assess
the percent belief that CBANC KPI and the pH, Gran ANC and BCS informative indicators could
have been exceeded.

LAKO027 - Comparison with STAR Results

As discussed earlier, LAK027 was resampled again in 2022 because of how the anomalous
precipitation levels influenced lake chemistry across the region, thus confounding the original
rationale for sampling LAK027 in 2021. As such, we currently focus on examining the changes
between the values measured in the STAR in 2022.

The results for 2022 showed substantial increases in all of the main lake chemistry metrics (i.e.,
CBANC, Gran ANC, BCS, S04, DOC, BC, Cl, Ca) since 2012, with a small decrease in pH of 0.1 units.
However, as discussed earlier 2022 was also subject to anomalous conditions (i.e., significantly
reduced emissions), which tended to drive changes in the opposite direction than the previous
year. Similar to the other EEM lakes, LAK027 shows very substantial changes between 2021
and 2022 that reflect the transition in influence between these sequential precipitation and
emissions anomalies. It is therefore impossible to disentangle the potential long-term change
in lake chemistry from the STAR from the short-term effects experienced by all the other EEM
lakes. To obtain a more reliable assessment of the chemical status of LAK027, relative to the
status observed in the STAR, it would be prudent to again resample this lake in 2023.
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4.3 Statistical Analysis of Changes in Lake Chemistry

We evaluated the KPI and the informative indicators using the two-threshold structure (Table
4-1Fable4-1). None of the 11 EEM lakes have a high % belief in exceedance of either the KPI or
any of the informative indicators. None of the 11 EEM lakes have even a moderate % belief in
exceedance of the KPI - all lakes show a low % belief in exceedance of the CBANC KPI. However,
three sensitive EEM lakes and two control lakes show moderate % belief of one or two of the
informative indicators:

e LAKO022 shows moderate % belief in exceedance of Gran ANC and pH
LAKO028 shows moderate % belief in exceedance of BCS
LAK042 shows moderate % belief in exceedance of BCS and pH
NC184 shows moderate % belief in exceedance of Gran ANC and pH
NC194 shows moderate % belief in exceedance of pH

The only two changes in classification (across all lakes and metrics) from last year are the
changes from low to moderate for LAK042 BCS and NC194 pH. All other results are the same
as last year in terms of final classification.

Table 4-2Fable-4-2 shows the results from 2022 compared to the results reported in the
previous three annual reports and the 2019 comprehensive review, specifically for the
evaluation of the change limit.

All 11 lakes have similar results to 2021 for CBANC, Gran ANC and pH - i.e., same classification
and very similar percent belief values. All of the lakes were within 5% of their previous results
for these metrics, which is very minor, except for LAK012 for CBANC (-12%) and NC194 for pH
(+9%), which are still only small changes. For SO4, there were a number of larger differences
due to the significant reduction in emissions in 2022. The percent belief in an increase in SO4
decreased inall 11 EEM lakes except LAK044, which still remained in the low category. LAK023
and LAK028 only decreased by <5% and LAK006, LAK012, LAK022, and LAK044 all decreased
by 16-18%. The less sensitive lake (LAK016) and two of the control lakes had even larger
decreases (-29% to -42%). Two sensitive lakes (LAKO12 and LAK022) and the one less
sensitive lake (LAK016) shifted from “high” to “moderate”. These changes are not at all
surprising given the dramatic reduction in emissions compared to all prior years.

Two of the control lakes (DCAS14A and NC184) shifted from a “moderate” to “low” percent
beliefin an increase in SO4 (Table 4-2Fable-4-2). This is because this year’s report used a multi-
year average for 2021 and 2022, which excluded higher concentrations of SO in 2019 that
were used in last year’s report. The graphs of changes in SO4 between 2021 and 2022
(Appendix 2) show that SO, actually increased slightly in two of the control lakes (DCAS14A
and NC184) and remained the same in the third control lake (NC194). The fact that the control
lakes showed different trends in SO4 from the other lakes is encouraging. The control lakes
were deliberately located outside of the plume, and were not affected by the large decrease in
smelter emissions of SOz since August 2021.

This is only the third year that the Bayesian analyses were performed on CBANC. Despite the

widespread changes in numerous water chemistry metrics observed in both 2021 and 2022,
the CBANC results remain remarkably similar to the 2020 results for almost all of the lakes,
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possibly providing an indication of the robustness of the CBANC metric to anomalous
conditions.

This is the fifth year that the Bayesian analyses were performed for Gran ANC and pH. That
length of time provides an opportunity to see how the results have changed since these
analyses were first implemented in the 2019 Comprehensive Review. For Gran ANC, there are
only two lakes that have showed a change in category over the five years of repeating the
analyses — LAK022 and NC194 increases from low to moderate, albeit still at the low end of the
moderate range (~30% belief). For pH, 2 sensitive lakes, 1 less sensitive lake, and all 3 control
lakes have showed a change in category - from low to moderate in all cases. In all cases, the
shift occurred with the 2021 results (driven by high precipitation in September 2021) and the
2022 results remained quite similar4. LAK042 and LAK016 have been only in the low end of the
moderate category. LAK022, DCAS14A and NC184 have been in the mid-range of the moderate
category and only NC194 has been at the top end. However, decreases in pH in the control lakes
must be driven by factors other than the smelter because they are well outside the deposition
plume, and all three control lakes have a low percent belief in any sulphate increase (Table
4-2Table4-2).

4 Note: 4 out of these 5 lakes were not sampled in 2020, meaning the 2020 results were based only on
2018-2019, and therefore it is not actually possible to determine whether the shifts that show up in the
2021 results reflect changes in lake chemistry in 2020, 2021 or both
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Table 4-1. Evaluation of the KPI and informative indicators based on the results for both the change limit and the level of protection
thresholds. The first three sets of columns are the same as Table 3-6Table-3-6. The % belief values are derived from the Bayesian
version of Method 1, as described in Aquatic Appendix F of the 2019 Comprehensive Review (ESSA et al. 2020b). Values of % belief <
20% are coloured green, 20-80% yellow, and >80% red. Both the Gran ANC and pH results are based on the integrated (“integ”) time
series (as per Section 2.1). Note: because NC194 does not have a lake-specific change limit threshold for CBANC / Gran ANG, it is not
possible to evaluate these indicators).

Exceedance of CHANGE Exceedance of LEVEL OF KPI and Informative Indicator
LIMIT PROTECTION Evaluation
Changes in SO4
(% belief that (% belief that metric value has (% belief that metric value is (Classification of % belief that both
threshold decreased by more than the below threshold; from Bayesian the change limit and level of
exceeded; from threshold; from Bayesian analysis analysis method 1) protections thresholds are
Bayesian analysis method 1) exceeded)
method 1)
S04 CBANC | Gran | BCS | pH CBANC | Gran | BCS | pH CBANC | Gran BCS pH
Metric ANC (integ) ANC (integ) ANC (integ)
(integ) (integ) (integ)
Increase > 0 Lake- Lake- | A13 | A03 20 30.7 0 6.0 pH KPI Inform. | Inform. | Inform.
Threshold spec. spec. | ueqg/L | pH ueq/L ueg/L | ueg/L | units Indic. Indic. | Indic.
units
LAK006 81% 0% 0% 1% 8% 0% 0% 0% 70% LOW LOW LOW | LOW
LAK012 70% 23% 14% 42% 10% 0% 0% 0% 7% LOW LOW LOW | LOW
LAK022 69% 13% 30% 9% 43% 0% 80% 0% 84% LOW MOD LOW | MOD
LAK023 37% 6% 2% 3% 7% 0% 100% 0% 100% LOW LOW LOW | LOW
LAK028 88% 13% 8% 62% 18% 100% | 100% | 100% | 100% LOW LOW MOD | LOW
LAK042 60% 6% 6% 20% 21% 0% 100% | 80% | 100% LOW LOW MOD | MOD
LAK044 13% 0% 4% 1% 4% 100% | 100% 0% 100% LOW LOW LOW | LOW
| LAK016 70% | 2% [ 7% [ 33% | 3% | | 0% [ 0% | 0% | 1% | | Low [ Low | Low | Low
DCAS14A 14% 5% 7% 13% 52% 0% 0% 0% 10% LOW LOW LOW | LOW
NC184 15% 46% 30% 43% 48% 0% 100% 1% 97% LOW MOD LOW | MOD
NC194 4% L | e | 1w 0% | 100% | 0% | 33% . | Low | mop
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Table 4-2. Comparison of the results of the updated statistical analyses of the changes relative to the change limit to the results in the
previous two reporting periods (i.e., 2019 Annual Report and the 2019 comprehensive review (CR)). The 2021 results are the same
as Table 3-6Fable-3-6. The % belief values are derived from the Bayesian version of Method 1, as described in Aquatic Appendix F of
the 2019 Comprehensive Review (ESSA et al. 2020b). Values of % belief < 20% are coloured green, 20-80% yellow, and >80% red.

LAKE Changes in CBANC | Changes in SO4 Changes in Gran ANC Changes in pH
(% belief that CBANC (% belief in SOz increase > 0 peq/L) (% belief that Gran ANC change limit (% belief that pH change limit threshold
change limit threshold threshold exceeded) exceeded)
exceeded)
Results 2020 | 2021 | 2022 | CR 2019! 2020 | 2021 | 2022 | CR 2019' | 2020 | 2021 | 2022 | CR 2019" | 2020 | 2021 | 2022
from:
Sensitive Lakes
LAK006 2% 1% 0% 83% 85% 9% | 9% 81% 0% 0% 5% 2% 0% 1% 0% 1% 5% 8%
LAK012 40% | 35% | 23% 91% 95% 99% | 86% 70% 1% 0% 19% 18% 14% 1% 0% 1% 8% 10%
LAK022 2 2% 11% 13% 88% 89% 89% | 87% 69% 0% 0% 10% 31% 30% 0% 0% 0% 39% | 43%
LAK023 2% 3% 6% 5% 2% 0% 42% 37% 0% 0% 3% 2% 2% 1% 0% 3% 4% 7%
LAK028 13% | 15% 13% 96% 97% 94% | 92% 88% 2% 1% 0% 4% 8% 18% 6% 9% 18% 18%
LAK042 9% 6% 6% 36% 44% 81% 76% 60% 0% 0% 2% 4% 6% 2% 0% 13% 23% 21%
LAK044 0% 1% 0% 1% 0% 4% 6% 13% 0% 0% 3% 3% 4% 0% 0% 0% 1% 4%
Less Sensitive Lakes
LAKO162 | 7% | 7% | 2% 97% 81% | 81% | 9% | 70% | 0% | 0% | 1% 4% 1 7% 1% | 0% [ 6% | 28% | 32%
Control Lakes
DCAS14A? 1% 10% 5% 68% 75% 99% | 56% 14% 0% 0% 1% 11% 7% 6% 0% 12% 50% 52%
58% 69%
NC184 2 10% | 43% | 46% i i 86% | 50% | 15% | 5% | 4% | 17% | 28% | 30% | 28% | 14% | 19% | 48% | 48%
negligible | negligible
increase) increase)
NC194 2 n/a n/a n/a 1% 1% 2% 12% 4% n/a n/a n/a n/a n/a 12% 4% 17% 62% 71%

" The 2019 Annual Report applied a 4-year post-KMP averaging period (i.e., 2016-2019; adding the new year of observations to the post-KMP period used in the CR), whereas the subsequent Annual
Reports apply a 3-year post-KMP averaging period.
2 For lakes not sampled in 2020, the post-KMP averaging periods applied in 2020 to 2022 are based on only two years of data.
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4.4 Application of the Evidentiary Framework

We applied the evidentiary framework, as described in Section 2.6, using the updated results
of the statistical analyses. The results are shown in Figure 4-1Figure-4-1 and the underlying
values are compiled in Table 4-3Table4-3. Results show that: a) 1 sensitive lake and 3 control
lakesS land within the first box, “smelter not causally linked to changes in lake chemistry”; b) 1
less sensitive lake lands within the second box, “lake is healthy, and not acidifying”; and c) 6
sensitive lakes (LAK006, LAK012, LAK022, LAK023, LAK028 and LAK042) land within the third
box, “some evidence of acidification; closely monitor”.

For LAKO028, this classification is based on: a) average post-KMP values below the level of
protection for both CBANC and pH, and b) moderate support for a decline in CBANC (66%
belief) and pH (57% belief), but with low support for exceedance of either change limit
threshold (13% belief for CBANC and 18% belief for pH). The overall result is similar to last
year, but the level of support for declines in CBANC has decreased from strong to moderate.

For LAK0OO6, LAK012, LAK022, LAK023, and LAK042, this classification is based on pH only. All
five lakes have 0% belief in CBANC being below the level of protection.

LAKO22 and LAKO042 show: a) average post-KMP values below the level of protection for pH
only, and b) moderate support for declines in pH (60% and 36% belief, respectively), with
moderate support for exceedance of the change limit threshold (43% and 21% belief,
respectively).

LAKO023 shows: a) average post-KMP values below the level of protection for pH only, and b)
moderate support for declines in pH (28% belief), but with low support for exceedance of the
change limit threshold for pH (7%).

LAKO006 and LAKO12 show: a) a moderate belief in exceeding the level of protection for pH (70%
and 77% belief, respectively), and b) moderate to low support for declines in pH (25% and 20%
belief, respectively), with low support for exceedance of the change limit threshold (8% and
10% belief, respectively).

There are no lakes that have acidification exceedances.

The only change in lake classification from last year’s Annual Report is LAK012, due to the
percent belief in a decrease in pH changing from 18% to 20% and thus being identified as a
moderate level of support for such a change. This small change is within the range of variability
from repeat runs of the Bayesian analyses. It is a negligible difference between years but
happens to span the defined boundary between low and moderate classifications.

All of the other lakes have the same classification and generally very similar underlying results
as last year.

5 All of the control lakes are classified in the first box regardless of increases in sulphate because any
such increases cannot be causally linked to the smelter due to their location well outside the smelter
plume.
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Smelter not causally linked to changes in lake chemistry

and Analyses

Sensitive lake LAK044; Control lakes DCASI4A, | BRI GBI Fase s bRegi
NC184, NC194 * KMP period?
Yes or Uncertain
No Is post-KMP lake CBANC or pH
; below Jevel of protection thresholds?
Lake is healthy, Less sensitive lake LLAK016 N
and not Yes or Uncertain
acidifying N
Has lake CBANC or pH decreased
No since pre-KMP period?
1 Yes or Uncertain
Some evidence of acidification; closely monitor
Sensitive lakes: ’ No Is ACBANC or ApH greater than
LAKO028 (CBANC, pH) ) change limit thresholds?
LAKO006, LAK012, LAK022, LAK023, LAK042 (pH only)
l—/ Yes or Likely
Acidification exceedance
[no lakes in this category]

Figure 4-1. Classification of EEM lakes according to the simplified evidentiary framework.
LAKO028 has moderate support for declines in CBANC and pH but low support for exceeding
either change limit threshold. LAK006, LAK012, LAK022, LAK023, and LAK042 have moderate
support for declines pH with low to moderate support for exceeding the change limit
thresholds; however, they are all still above the CBANC level of protection. The control lakes
(*) all show low support for increases in SO4; however, they are classified in the first box
regardless of potential increase in sulphate (as observed in some past years) because any
such increases cannot be causally linked to the smelter due to their location well outside the

smelter plume.
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Table 4-3. Results used in the application of the simple evidentiary framework. The first four
columns are identical to Table 3-6TFable-3-6 but the last two show the results for the % belief
of any change in Gran ANC and pH. The % belief values are derived from the Bayesian version
of Method 1, as described in Aquatic Appendix F of the 2019 Comprehensive Review (ESSA et
al. 2020b). Values of % belief < 20% are coloured green, 20-80% yellow, and >80% red.

LAKE Changes in | State of State of Changes in | Changesin | Change in Change in
S04 post-KMP post-KMP CBANC pH CBANC (no | pH (no
(% belief in CBANC (% | pH (% belief | (% belief that | (% belief that | threshold) threshold)
SOsincrease | belief that that pH level | CBANC pH change (% belief that | (% belief that
| decrease) CBANC level | of protection | change limit | limit CBANC pH
of protection | threshold threshold threshold decreased) | decreased)
threshold exceeded) exceeded) exceeded)
exceeded)
Threshold | Any change | Level of Level of Change Change Any change | Any change
type (increase) Protection Protection Limit Limit (decrease) (decrease)
Sensitive Lakes
LAK006 81% 0% 70% 0% 8% 0% 25%
LAKO012 70% 0% 7% 23% 10% 45% 20%
LAK022 69% 0% 84% 13% 43% 31% 60%
LAK023 37% 0% 100% 6% % 14% 28%
LAK028 88% 100% 100% 13% 18% 66% 57%
LAK042 60% 0% 100% 6% 21% 18% 36%
LAK044 13% 100% 100% 0% 4% 2% 16%
Less Sensitive Lakes
LAKO16 [ 70% 0% 1% 2% 32% 8% 49% |
Control Lakes
DCAS14A 14% 0% 10% 5% 52% 15% 71%
NC184 15% 0% 97% 46% 48% 54% 63%
NC194 4% 0% 33% nia 71% 33% 82%

5 Recommendations

We recommend sampling LAK027 again in 2023. In 2021, the widely-observed storm-driven
dilution event negated the ability of the sampling data to provide a meaningful comparison
against the initial STAR data as intended. In 2022, the combination of exceptionally low
deposition and particularly dry hydrologic conditions again negate the ability to provide the
intended comparison.

We do not recommend any other changes or adjustments to next year’s program.
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Appendix 1: Water Chemistry Data from Annual Sampling, 2012-2022
The two tables below show the sample results for each of the EEM lakes and control lakes from annual monitoring conducted from 2012 to 2022, including charge balance ANC (CBANC), Gran ANC, base cation surplus (BCS), pH,

dissolved organic carbon (DOC), and the concentration of major anions and cations, as well as the sum of all base cations (BC). The pH of the water samples has been measured by three different laboratories with (Trent University,
2012-2019; ALS, 2013-2022; BASL, 2019-2022). Gran ANC also transitioned from Trent University to BASL, overlapping in 2019.

The first table provides the mean annual value and standard error for each metric for lakes with multiple within-season samples, as calculated from all the within-season samples. Lakes with only a single annual sample will show
the same value in both tables and no measure of variability. The second table presents the sampling data in its “raw” units, as measured, without converting concentration values to charge equivalents. Although acidification studies
require converting measured concentrations to charge equivalents, these unconverted values may be more familiar and therefore easier to interpret for some audiences.

Mean Annual Values
The mean annual values and standard error have been calculated for all lakes with multiple within-season samples. Sample values with no standard error indicate that only a single annual sample was taken for that particular lake in
that particular year.

Gran Gran
ANC ANC
CBANC (neq/L) (ueqlL) BCS pH pH pH DOC S04 * cl F Ca* Mg * K* Na* SBC* | Y Anions

Lake Year | (ueq/L) SE | (Trent) SE | (BASL) SE | (peg/L) SE | (Trent) SE | (ALS) SE | (BASL) SE | (mg/L) SE | (peglL) SE | (peg/L) SE | (peqlL) SE | (peqlL) SE | (peglL) SE | (peglL) SE | (peglL) SE | (peq/L) (peq/L)
Lak006 2012 49.2 25.7 34.6 5.8 36 114 5.8 45 30.3 12.5 29 14.9 60.6 66.2
LAKO007 2012 1452.4 1437.6 1452.5 8.0 0.6 514 24.6 2.8 1272.2 157.0 19.3 55.4 1503.9 1552.5
LAK012 2012 114.5 57.0 94.5 5.6 4.6 6.1 42 5.0 745 208 5.2 20.0 120.6 115.9
LAK016 2012 127.2 68.7 112.0 6.3 37 39.0 6.3 78 17.7 205 73 20.8 166.3 166.4
LAK022 2012 67.9 27.8 445 5.9 5.3 30.2 6.9 6.1 58.1 16.0 32 20.8 98.1 994
LAKO023 2012 46.9 19.8 29.3 57 42 19.0 45 5.6 394 12.0 37 10.8 65.9 72.2
LAK024 2012 315.4 299.5 M7 741 14 248 273 1.6 273.2 33.0 42 29.6 340.0 376.5
LAK028 2012 16.0 -4.0 5.1 5.0 4.9 56.9 6.1 20.7 47.5 9.5 31 12.8 72.9 95.7
LAK034 2012 1776 99.4 158.1 6.7 45 24.1 5.8 5.8 119.3 316 5.8 449 201.7 2214
LAK042 2012 47.2 -20.4 -15.4 47 13.2 6.2 6.1 32 74 227 3.1 20.3 53.4 734
LAK044 2012 8.0 1.3 25 5.4 1.7 6.2 5.6 29 6.8 32 4.1 0.0 14.2 217
Lak006 2013 431 29.0 30.3 6.2 6.1 32 14.4 8.7 5.6 271 13.0 5.3 12.2 57.6 80.1
LAK007 2013 1385.6 1462.1 1388.3 79 8.1 0.1 66.5 36.3 37 1226.0 156.5 21.9 47.6 1452.0 1598.9
LAK012 2013 97.5 63.5 79.5 6.3 6.1 4.2 11.3 14.7 8.2 64.8 20.3 9.2 14.6 108.9 168.1
LAK016 2013 108.7 96.9 90.9 6.7 72 4.2 56.9 12.3 1.5 114.4 239 1.2 17.6 167.1 206.6
LAK022 2013 62.0 36.4 339 6.2 6.1 6.2 471 124 8.7 65.1 19.2 6.0 18.8 109.1 145.9
LAK023 2013 317 23.8 20.7 6.0 6.0 4.0 241 75 74 371 13.3 5.1 8.3 63.9 89.7
LAK024 2013

LAK028 2013 -8.1 4.8 -40.2 5.2 5.5 741 128.1 17.7 320 85.1 18.3 5.0 13.0 121.3 184.0
LAK034 2013 219.5 2104 199.4 6.9 74 47 38.1 8.2 10.0 152.7 M7 9.2 54.1 257.7 287.0
LAK042 2013 55.1 21.0 10.0 5.5 5.4 9.7 5.7 77 3.2 16.0 22.3 34 19.3 61.0 874
LAK044 2013 8.9 8.6 45 57 6.0 15 6.2 8.9 3.8 78 36 5.9 2.0 15.3 35.0
Lak006 2014 529 20 388 06 372 26 6.1 0.1 66 02 38 03 121 06 81 1.2 48 0.1 M7 05 146 04 47 03 145 1.2 65.5 84.2
LAK007 2014 1484.8 1445.7 1484.5 8.1 8.0 0.7 30.7 19.2 1.9 1276.8 156.7 20.2 61.8 1515.5 1527.8
LAK012 2014 998 31 688 6.8 718 79 60 0.1 67 02 63 1.0 158 5.2 103 22 52 02 693 1.6 213 06 73 05 183 1.6 116.1 135.7
LAK016 2014 1325 105.7 115.6 6.7 6.7 4.0 48.2 9.3 9.5 122.4 25.0 10.1 23.3 180.8 194.2
LAK022 2014 76.1 46.9 51.0 6.3 6.4 5.7 378 9.0 6.9 68.5 18.9 5.2 214 114.0 133.0
LAKO023 2014 594 33 321 1.1 343 21 59 0.1 6.7 03 57 04 189 1.0 6.1 03 62 02 493 39 149 04 40 0.1 108 0.3 79.0 93.0
LAK024 2014 4734 4721 468.1 76 75 1.7 37.2 65.7 23 402.3 50.1 78 50.2 510.4 617.9
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Gran Gran
ANC ANC
CBANC (neq/L) (ueqlL) BCS pH pH pH DOC S04+ cl F Ca* Mg * K* Na* YBC* | Y Anions

Lake Year | (neq/ll) SE | (Trent) SE | (BASL) SE | (ueqlL) SE | (Trent) SE (ALS) SE | (BASL) SE | (mg/L) SE | (peg/L) SE | (ueg/L) SE | (peqlL) SE | (peg/L) SE | (peg/L) SE | (pegl/L) SE | (pegl/L) SE | (peg/L) (pegq/L)

LAKO028 2014 312 226 4.8 53 5.7 5.9 94.4 11.0 23.3 85.9 17.7 4.4 17.6 125.7 156.6
LAKO034 2014 249.1 205.0 217.2 6.7 7.0 7.0 17.0 6.5 7.7 161.4 43.6 9.4 51.9 266.3 270.9
LAK042 2014 51.6 12.5 1.8 5.1 5.4 10.6 4.0 11.8 2.6 10.5 23.6 3.7 17.9 55.7 89.4
LAKO044 2014 12.6 59 6.8 58 5.6 1.8 46 59 2.8 7.8 3.9 5.3 0.4 17.3 28.5
Lak006 2015 551 0.8 324 04 387 1.5 6.0 0.1 64 03 39 02 1.5 0.3 66 03 44 0.1 323 0.3 148 02 39 0.1 157 0.3 66.7 77.0
LAK007 2015 1461.9 1565.6 1463.9 8.0 7.9 0.3 456 24.0 2.6 1266.6 161.5 21.0 58.6 1507.7 1666.8
LAKO012 2015 106.1 2.0 659 2.1 71.8 39 6.0 0.1 63 02 75 1.0 17.6 3.1 1M1 17 47 01 74.8 3.9 232 09 81 08 180 0.8 124.2 140.3
LAKO016 2015 1471 1131 128.8 6.8 6.9 43 40.9 8.7 8.6 130.9 25.0 9.8 22.9 188.6 1921
LAK022 2015 75.2 35.6 47.0 6.1 6.2 6.3 325 7.9 5.9 64.1 18.1 4.4 212 107.8 117.3
LAK023 2015 58.0 1.0 300 1.0 344 09 59 0.1 6.2 0.1 54 04 15.1 0.7 6.2 03 52 02 46.1 1.5 139 0.3 38 0.1 9.7 0.1 73.5 83.0
LAKO024 2015 472.8 443.0 465.0 74 75 2.2 34.7 59.0 2.1 400.5 49.3 8.7 49.0 507.6 580.6
LAKO028 2015 38.6 10.8 15 5.1 53 8.1 711 9.0 20.5 76.5 15.7 3.2 14.4 109.8 1221
LAKO034 2015 233.0 177.8 198.5 6.6 6.7 7.6 0.9 6.2 4.7 146.5 371 53 451 234.0 231.8
LAKO042 2015 55.4 13.8 16.9 54 55 8.3 3.8 6.5 2.3 10.7 231 2.5 23.0 59.3 70.7
LAKO044 2015 16.4 6.2 11.6 58 58 1.6 37 59 2.7 9.8 44 55 0.5 20.3 28.0
Lak006 2016 569 24 269 1.0 389 24 6.0 0.0 6.3 0.1 42 01 11.8 0.2 56 02 42 01 32.6 0.5 148 0.7 42 06 172 09 68.8 74.0
LAKO007 2016 1495.8 1368.6 1495.2 8.0 8.1 0.8 46.7 254 2.6 1301.5 162.8 20.2 58.3 1542.8 1474.0
LAK012 2016 1032 1.6 658 1.2 810 21 6.2 0.0 6.5 0.1 51 03 9.5 0.5 56 02 46 0.1 64.7 0.8 208 06 6.0 06 216 08 113.0 115.7
LAKO016 2016 140.8 93.9 118.3 6.6 6.9 5.2 449 8.5 8.2 127.4 26.4 8.9 23.7 186.5 189.4
LAKO022 2016 80.3 344 50.1 6.1 6.4 6.7 34.2 7.9 5.8 68.1 19.2 42 231 114.6 119.0
LAK023 2016 505 14 2719 1.9 336 1.0 5.9 0.0 6.2 0.1 58 0.1 12.7 0.2 49 0.2 51 0.1 425 0.9 141 04 47 0.5 1.0 08 72.3 80.8
LAKO024 2016 525.1 463.1 514.8 7.5 7.6 2.7 39.2 70.0 2.3 446.5 55.3 9.5 53.9 565.3 619.2
LAKO028 2016 123 38 49 6.2 249 5.2 5.0 0.1 51 0.1 81 03 127.8 8.1 10.0 05 268 0.8 94.7 8.3 238 1.7 37 02 195 1.6 141.6 1791
LAK034 2016 212.2 151.6 177.6 6.5 71 7.6 0.0 54 44 130.0 34.3 38 441 212.3 215.4
LAKO042 2016 64.0 1.7 140 1.5 180 1.1 54 0.0 57 00 98 02 3.3 0.2 72 02 22 0.1 16.7 1.7 247 04 27 02 233 0.2 67.4 78.8
LAK044 2016 139 06 41 1.3 70 06 5.5 0.0 6.0 0.1 20 0.1 41 0.1 6.1 0.1 23 01 8.2 0.4 41 00 55 0.1 03 02 18.2 21.7
Lak006 2017 580 0.6 2719 27 21 1.0 60 0.1 64 0.1 38 0.1 144 0.3 54 0.2 42 00 348 05 156 0.2 41 01 180 0.4 725 714
LAKOO7 | 2017 |  1402.3 1381.6 1404.3 8.0 8.0 03 471 259 24 1201.7 165.2 19.9 62.6 14494 14924
LAKO012 2017 1011 37 582 32 782 1.9 6.1 0.1 65 0.1 52 05 14.6 2.6 70 1.2 44 0.1 65.4 4.5 217 1.2 77 1.0 215 09 116.3 117.5
LAK016 2017 125.3 82.7 107.8 6.7 6.8 41 432 7.3 7.7 114.0 24.7 6.9 229 168.6 167.5
LAK022 2017 70.4 34.2 44.2 6.1 6.3 59 39.0 71 54 64.1 19.5 3.8 22.2 109.6 112.4
LAKO023 2017 599 1.5 285 24 36.0 1.3 59 0.0 6.2 00 54 0.1 10.1 1.7 42 03 46 00 43.2 2.1 138 0.3 23 02 1.2 03 70.5 71.3
LAKO024 2017 479.2 416.6 472.3 74 7.6 2.0 34.9 57.5 2.0 399.6 52.2 8.5 54.2 514.4 557.5
LAKO028 2017 07 53 99 45 -325 7.8 4.8 0.1 51 0.1 73 06 150.0 130 87 1.0 212 1.7 1025 11.0 265 25 35 04 199 1.6 152.4 199.2
LAK034 2017 177.6 136.5 150.7 6.4 6.8 6.0 0.1 45 34 105.6 30.3 2.7 39.1 177.8 1791
LAKO042 2017 63.1 3.0 23 21 84 2.7 52 0.1 54 0.1 116 1.1 6.8 0.9 6.7 05 24 00 171 2.7 269 1.1 28 03 232 0.5 70.0 80.8
LAKO044 2017 138 0.3 70 22 91 03 5.6 0.1 6.0 0.1 16 0.0 45 0.2 59 0.1 22 00 7.9 0.1 42 0.1 56 0.1 07 02 18.4 26.2
Lak006 2018 593 1.2 283 1.2 436 15 61 0.0 64 0.0 38 0.1 157 0.2 61 0.1 42 0.1 362 0.3 16,1 05 43 03 185 0.6 75.1 82.1
LAKO007 2018 1443.8 1407.6 1445.7 8.1 8.1 0.3 471 27.9 2.6 1251.5 157.4 20.6 61.3 1490.8 1518.7
LAKO012 2018 904 1.2 509 43 705 09 6.2 0.1 66 0.1 46 0.1 14.6 0.7 6.2 03 46 0.1 58.3 0.4 19.7 06 6.2 03 211 0.8 105.2 112.3
LAK016 2018 138.1 92.8 118.4 6.7 6.9 46 453 7.3 8.1 128.5 23.3 7.3 243 183.5 195.3
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Gran Gran
ANC ANC
CBANC (neq/L) (ueqlL) BCS pH pH pH DOC S04+ cl F Ca* Mg * K* Na* YBC* | Y Anions

Lake Year | (neq/ll) SE | (Trent) SE | (BASL) SE | (ueqlL) SE | (Trent) SE (ALS) SE | (BASL) SE | (mg/L) SE | (peg/L) SE | (ueg/L) SE | (peqlL) SE | (peg/L) SE | (peg/L) SE | (pegl/L) SE | (pegl/L) SE | (peg/L) (pegq/L)
LAKO022 2018 76.6 30.3 51.8 6.1 6.3 5.6 43.2 7.3 5.8 721 19.3 42 244 119.9 1201
LAK023 2018 613 0.7 230 07 363 1.6 6.0 0.1 64 0.1 56 02 141 0.9 49 02 49 0.1 459 0.3 150 0.3 33 02 14 04 75.5 78.6
LAK024 2018 553.5 509.9 548.8 7.6 7.6 1.6 426 77.3 2.4 472.7 56.4 9.4 57.2 595.7 680.2
LAKO028 2018 84 1.8 42 16 -102 1.9 53 0.0 55 00 44 0.1 107.5 2.0 66 02 209 0.3 76.4 0.9 190 05 28 0.1 179 07 116.0 147.4
LAKO034 2018 183.4 130.6 161.0 6.5 6.6 5.1 0.1 3.7 3.7 1131 21.7 2.1 40.8 183.7 176.3
LAK042 2018 504 1.0 06 19 07 13 5.1 0.0 53 00 106 04 6.3 0.1 61 02 23 01 8.8 0.6 239 05 23 0.1 218 0.1 56.8 744
LAKO044 2018 132 0.3 39 09 70 02 55 0.0 59 00 19 0.1 45 0.1 64 0.1 22 00 8.3 0.1 41 02 55 0.1 02 03 17.7 27.5
Lak006 2019 638 22 316 27 40.0 1.1 497 1.8 6.1 0.0 6.5 0.1 6.2 00 35 02 16.8 0.6 6.7 06 40 02 38.0 0.6 178 04 51 02 199 09 80.8 741
LAK007 2019 1443.5 1374.5 1496.3 1445.4 8.1 8.1 8.0 0.3 43.0 271 24 1246.6 158.4 204 61.2 1486.5 1469.6
LAKO012 2019 9.5 04 553 0.9 64.1 2.6 748 1.6 6.1 0.0 66 0.1 6.2 0.0 50 03 13.5 0.9 71 02 44 02 59.7 0.5 213 0.2 65 02 226 0.6 1101 121.4
LAKO016 2019 129.8 90.8 100.9 111.2 6.6 71 6.6 44 58.6 9.0 79 127.9 26.5 9.7 244 188.6 219.5
LAK022 2019 74.8 359 444 47.8 6.1 6.4 6.2 6.0 49.3 8.7 5.6 715 224 5.0 253 124.2 1234
LAK023 2019 594 1.6 207 24 26.8 1.5 334 1.3 58 0.0 6.3 0.1 6.0 00 59 02 13.5 0.8 54 02 48 02 42.2 0.4 154 0.6 33 02 121 1.1 731 794
LAKO024 2019 570.7 496.9 548.7 566.0 7.7 7.7 7.3 1.6 40.8 75.3 2.1 478.3 58.1 8.7 66.3 611.4 652.5
LAKO028 2019 45 44 33 07 40 3.1 -18.1 6.0 5.2 0.0 54 00 51 00 52 03 148.5 4.0 1.3 06 258 1.1 103.5 1.2 266 05 37 02 200 09 153.7 200.1
LAKO034 2019 196.8 148.9 166.9 173.8 6.4 7.0 6.6 53 0.9 45 4.1 1221 304 1.8 43.5 197.8 195.9
LAKO042 2019 521 2.1 101 0.6 16.5 1.0 91 14 54 0.0 56 0.1 54 00 92 05 7.6 0.6 6.2 03 23 0.1 12.6 1.8 231 06 22 03 220 0.3 59.9 771
LAKO044 2019 148 06 6.1 04 6.6 0.3 57 1.2 55 0.0 59 0.1 57 00 25 03 47 0.3 65 03 23 0.1 8.9 0.2 45 02 6.0 02 03 02 19.6 32.0
Lak006 2020 703 1.5 447 1.3 481 38 6.3 00 6.1 00 51 05 15.3 0.5 65 06 40 0.1 449 1.3 176 0.7 47 04 186 04 85.7 914
LAK012 2020 1421 64 93.1 9.0 1014 4.9 6.4 6.1 00 8.8 15.6 9.3 5.0 97.5 28.1 7.8 245 157.9 165.7
LAK016 2020

LAK022 2020

LAKO023 2020 66.6 0.5 29.6 1.6 376 28 6.1 6.0 00 6.4 13.9 5.1 48 49.0 15.7 3.7 12.2 80.6 80.5
LAKO028 2020 80 14 0.5 0.6 -26.7 1.5 50 00 50 00 76 02 1491 4.2 98 02 243 09 110.6 3.2 245 06 34 02 203 0.9 158.8 193.3
LAKO042 2020 795 04 -10.0 3.6 -132 09 48 47 01 19.2 7.6 6.5 2.5 23.6 33.2 2.9 27.5 87.2 102.9
LAK044 2020 145 09 24 1.6 81 1.1 57 0.1 56 00 19 00 5.2 0.2 6.9 0.1 21 01 8.4 0.2 46 0.1 6.6 00 03 05 19.9 21.8
Lak006 2021 678 36 39.1 0.8 46.0 338 6.3 0.1 59 00 50 05 17.5 0.5 6.8 05 40 02 45.0 1.8 172 0.7 49 0.2 183 08 85.4 91.3
LAK012 2021 1012 26 58.7 6.9 68.1 4.1 6.3 00 58 0.0 73 07 28.7 2.6 65 09 42 02 794 2.7 239 0.6 6.0 02 216 0.8 130.8 133.3
LAKO016 2021 138.1 95.9 97.9 6.7 6.2 8.7 59.5 8.2 8.7 139.4 28.0 8.2 23.3 198.8 2134
LAK022 2021 68.8 20.6 44.2 5.4 5.5 5.6 41.9 7.6 5.6 65.1 201 3.9 21.8 110.8 104.5
LAK023 2021 562 39 24.9 1.0 324 39 61 0.1 57 00 54 03 245 1.1 47 0.3 46 03 51.9 2.8 151 06 35 02 115 05 81.9 82.0
LAK028 2021 1.7 19 5.7 0.9 -31.9 25 49 0.1 48 00 94 03 96.9 6.8 102 0.5 194 03 76.5 3.7 179 14 27 01 129 1.2 110.0 1411
LAK042 2021 624 4.3 -11.8 3.8 -16.5 4.3 47 0.1 47 0.1 165 0.6 13.5 1.1 56 03 23 02 20.9 1.8 282 06 27 01 243 0.8 76.1 100.5
LAK044 2021 171 14 54 1.9 95 16 55 0.1 55 00 22 02 4.2 0.3 56 0.1 18 0.1 9.4 1.4 44 03 65 02 11 03 215 25.6
Lak006 2022 701 1.3 441 1.7 522 1.7 65 00 6.3 00 42 03 12.1 0.4 59 03 3.7 00 42.0 0.7 172 0.2 42 0.1 189 05 82.3 84.7
LAK012 2022 1124 1.1 81.9 1.6 9.2 22 6.7 00 6.3 00 51 02 1.0 0.5 58 0.1 41 00 67.7 1.1 220 0.2 32 01 20.7 0.5 113.6 115.9
LAKO016 2022 141.4 113.1 123.2 7.0 6.6 43 41.7 7.3 7.3 128.5 24.8 8.6 21.8 183.6 188.4
LAK022 2022 754 39.4 47.8 6.3 6.2 6.2 31.6 6.8 5.1 62.6 18.7 4.0 21.7 107.1 107.0
LAK023 2022 540 0.5 26.3 5.8 296 1.3 6.2 00 61 00 55 02 12.7 0.3 46 0.1 42 00 39.4 04 133 0.1 39 o1 102 03 66.8 72.0
LAK028 2022 193 4.0 10.4 1.9 -10.6 36 53 0.1 52 0.1 66 04 100.4 1.8 71 01 164 038 80.7 2.2 187 0.3 32 01 173 05 119.9 139.4
LAK042 2022 528 1.3 15.4 1.7 156 22 56 00 55 00 81 03 34 0.3 48 04 1.7 0.1 11.0 0.3 206 0.3 22 02 25 07 56.3 65.7
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Gran Gran
ANC ANC
CBANC (neq/L) (ueqlL) BCS pH pH pH DOC S04+ cl F Ca* Mg * K* Na* YBC* | Y Anions

Lake Year | (neq/ll) SE | (Trent) SE | (BASL) SE | (ueqlL) SE | (Trent) SE (ALS) SE | (BASL) SE | (mg/L) SE | (peg/L) SE | (ueg/L) SE | (peqlL) SE | (peg/L) SE | (peg/L) SE | (pegl/L) SE | (pegl/L) SE | (peg/L) (pegq/L)
LAKO044 2022 168 04 7.3 0.5 109 1.6 58 0.1 58 00 18 03 3.0 0.1 57 02 1.7 0.1 8.2 0.2 42 0.1 6.7 03 08 02 19.9 221
NC184 2012

NC194 2012

DCAS14A | 2012

NC184 2013 80.4 16.2 25.6 5.7 11.6 5.7 24.0 0.3 50.5 17.5 4.4 13.8 86.2 132.0
NC194 2013 35.6 28.0 35.3 6.6 0.7 3.6 7.6 0.3 232 34 5.2 74 39.2 59.3
DCAS14A | 2013 53.5 50.6 49.9 6.5 14 33.4 9.2 0.6 63.9 10.3 10.3 6.1 90.6 115.6
NC184 2014

NC194 2014

DCAS14A | 2014

NC184 2015 73.0 18.4 27.2 55 5.6 9.8 5.7 21.7 0.5 48.8 16.1 29 10.8 78.7 104.6
NC194 2015 40.9 33.0 40.2 6.5 6.5 0.8 2.3 7.3 0.5 26.9 4.4 43 7.9 434 56.3
DCAS14A | 2015 74.9 73.6 6.6 6.7 0.9 35.7 7.3 0.5 77.6 12.4 11.2 9.9 111.0 49.0
NC184 2016 94.6 27.3 449 58 6.2 10.6 55 212 0.5 62.6 19.3 2.7 15.5 100.1 120.5
NC194 2016 40.0 28.7 35.1 6.4 6.6 1.6 2.3 79 0.5 26.4 4.3 38 79 42.4 55.4
DCAS14A | 2016 727 57.5 68.3 6.6 6.8 1.5 36.8 8.5 0.5 775 11.8 10.5 9.7 109.6 116.1
NC184 2017 76.3 9.8 13.0 54 6.0 13.3 4.7 14.7 0.5 452 17.4 25 15.9 81.0 104.6
NC194 2017 46.5 12.4 44.8 6.4 6.4 1.0 25 48 0.5 29.9 5.7 3.6 9.9 491 39.4
DCAS14A | 2017 67.8 51.0 63.3 6.6 6.7 1.5 311 5.6 0.5 68.2 11.8 9.1 9.9 99.0 99.0
NC184 2018 95.0 44.0 63.1 6.2 6.4 7.0 8.3 16.6 0.5 67.8 17.3 3.1 15.3 103.4 113.3
NC194 2018 431 26.1 45.0 6.5 6.7 0.3 2.6 5.1 0.5 28.3 43 4.1 9.1 45.8 45.6
DCAS14A | 2018 79.0 59.3 7713 6.8 6.8 1.0 413 7.3 0.5 85.6 12.6 11.5 10.7 120.4 124.2
NC184 2019 86.1 1.7 249 1.5 473 142 429 22 5.7 0.0 6.1 0.1 59 00 93 03 71 0.2 232 1.0 05 00 58.3 0.3 190 06 26 0.1 135 1.1 93.3 114.5
NC194 2019 46.7 06 304 53 414 0.2 447 04 6.4 0.0 6.6 0.1 6.5 00 10 02 2.7 0.3 92 04 05 00 314 0.6 48 0.1 47 0.2 85 03 49.4 50.0
DCAS14A | 2019 811 1.5 586 59 73.0 0.3 783 14 6.6 0.1 6.8 00 6.6 00 12 00 41.0 0.9 88 1.0 05 00 85.3 1.2 137 02 1.9 03 1.9 03 122.8 138.6
NC184 2020

NC194 2020

DCAS14A | 2020

NC184 2021 61.2 9.2 6.4 5.1 5.2 11.6 35 18.9 0.3 37.3 13.5 2.0 11.8 64.7 100.8
NC194 2021 35.6 274 33.1 6.2 6.0 1.1 21 5.9 0.3 224 3.9 3.8 7.7 37.8 54.9
DCAS14A | 2021 63.8 55.6 55.0 6.6 6.0 2.4 28.5 7.9 0.6 63.6 11.9 10.2 9.4 95.1 101.0
NC184 2022 85.3 25.2 355 6.1 5.9 10.6 45 15.2 0.3 54.3 18.0 2.8 14.7 89.8 110.1
NC194 2022 36.3 28.6 35.1 6.5 6.4 0.9 1.9 5.1 0.3 22.7 4.0 3.8 7.7 38.3 40.8
DCAS14A | 2022 70.9 62.7 68.1 6.8 6.5 1.2 30.7 54 0.3 71.2 11.4 101 9.1 101.7 98.5

1 SE = standard error
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Sampling Data in “Raw” Units
The annual or mean annual values (depending on whether the lake had multiple within-season samples) are presented in their “raw” units, as measured, without converting concentration values to charge equivalents.

Lake Year glrl?:linity glr::linity pH pH pH DOC Conductivity | SO4 Cl F NO3 NH4 Ca Mg K Na Fe Al Mn
(mglL) (mglL) (Trent) (ALS) (BASL) (mglL) (pS/s) (mglL) (mglL) (mglL) (MglL) (mgl/L) (mglL) (mglL) (mglL) (mglL) (mglL) (mglL) (mglL)
(Trent) (BASL)

Lak006 2012 1.3 5.8 36 6.7 0.6 0.2 0.1 0.1 3.0 0.6 0.2 0.1 0.5 0.0 0.1 0.0
Lak007 2012 71.9 8.0 0.6 148.9 2.6 0.9 0.1 47 1.8 25.5 2.0 0.8 1.8 0.0 0.0 0.0
LAKO012 2012 29 5.6 4.6 12.7 0.3 0.1 0.1 0.7 34 1.5 0.3 0.2 0.5 0.7 0.1 0.2
LAKO016 2012 34 6.3 3.7 17.9 1.9 0.2 0.1 0.8 39 24 0.3 0.3 0.6 0.0 0.1 0.0
LAK022 2012 14 5.9 5.3 10.7 15 0.2 0.1 0.7 37 1.2 0.2 0.1 0.6 0.0 0.1 0.0
LAK023 2012 1.0 5.7 4.2 75 0.9 0.2 0.1 0.3 33 0.8 0.2 0.1 0.3 0.0 0.1 0.0
LAK024 2012 15.0 741 14 40.0 1.3 1.0 0.0 0.4 24 55 0.5 0.2 1.2 0.0 0.0 0.0
LAK028 2012 0.2 5.0 49 12.2 2.8 0.2 0.4 1.5 34 1.0 0.1 0.1 0.4 0.1 0.4 0.0
LAK034 2012 5.0 6.7 45 224 1.2 0.2 0.1 1.6 49 24 0.4 0.2 1.1 0.0 0.0 0.0
LAK042 2012 -1.0 47 13.2 1.9 0.3 0.2 0.1 0.7 8.5 0.2 0.3 0.1 0.6 0.6 0.4 0.0
LAKO044 2012 0.1 5.4 1.7 3.1 0.3 0.2 0.1 0.4 3.0 0.1 0.1 0.2 0.1 0.0 0.0 0.0
Lak006 2013 1.5 6.2 6.1 32 7.0 0.7 0.3 0.1 25 25 0.5 0.2 0.2 0.5 0.0 0.0 0.0
Lak007 2013 732 79 8.1 0.1 147.0 34 1.3 0.1 25 25 246 20 0.9 1.8 0.0 0.0 0.0
LAK012 2013 32 6.3 6.1 4.2 12.8 0.6 0.5 0.2 25 25 1.3 0.3 0.4 0.6 0.4 0.1 0.0
LAK016 2013 4.9 6.7 72 4.2 20.3 2.8 0.4 0.2 227 741 23 0.3 0.4 0.6 0.0 0.0 0.0
LAK022 2013 1.8 6.2 6.1 6.2 13.8 23 0.4 0.2 25 25 1.3 0.3 0.2 0.7 0.1 0.1 0.0
LAK023 2013 1.2 6.0 6.0 4.0 9.6 1.2 0.3 0.1 301 25 0.7 0.2 0.2 0.3 0.0 0.1 0.0
LAK024 2013

LAK028 2013 0.2 5.2 5.5 71 20.3 6.2 0.6 0.6 20.4 25 1.7 0.3 0.2 0.6 0.2 0.6 0.0
LAK034 2013 10.5 6.9 74 47 28.3 1.9 0.3 0.2 25 25 3.1 0.5 0.4 14 0.0 0.0 0.0
LAK042 2013 1.1 55 54 9.7 8.0 0.3 0.3 0.1 25 25 0.3 0.3 0.1 0.6 0.3 0.3 0.0
LAK044 2013 0.4 5.7 6.0 15 33 0.3 0.3 0.1 25 25 0.2 0.1 0.2 0.1 0.0 0.0 0.0
Lak006 2014 1.9 6.1 6.6 38 8.5 0.6 0.3 0.1 7.7 40.5 0.6 0.2 0.2 0.5 0.0 0.1 0.0
Lak007 2014 724 8.1 8.0 0.7 154.2 1.6 0.7 0.0 25 25 25.6 20 0.8 1.8 0.0 0.0 0.0
LAK012 2014 34 6.0 6.7 6.3 13.9 0.8 0.4 0.1 76 5.3 14 0.3 0.3 0.6 0.3 0.1 0.0
LAK016 2014 5.3 6.7 6.7 4.0 215 24 0.3 0.2 25 6.7 25 0.3 0.4 0.7 0.0 0.1 0.0
LAK022 2014 2.3 6.3 6.4 5.7 14.4 1.9 0.3 0.1 25 25 14 0.3 0.2 0.7 0.1 0.1 0.0
LAK023 2014 1.6 5.9 6.7 5.7 9.3 0.9 0.2 0.1 10.9 5.3 1.0 0.2 0.2 0.4 0.0 0.1 0.0
LAK024 2014 23.6 76 75 1.7 63.1 21 23 0.0 5.1 25 8.1 0.8 0.4 25 0.0 0.0 0.0
LAK028 2014 1.1 5.3 5.7 5.9 20.2 4.6 0.4 0.4 25 25 1.7 0.2 0.2 0.6 0.1 0.5 0.0
LAK034 2014 10.3 6.7 7.0 7.0 275 0.9 0.2 0.1 25 25 32 0.5 0.4 1.3 0.1 0.0 0.0
LAK042 2014 0.6 5.1 54 10.6 10.8 0.3 0.4 0.1 25 25 0.2 0.3 0.2 0.6 0.4 0.3 0.0
LAK044 2014 0.3 5.8 5.6 1.8 36 0.3 0.2 0.1 25 25 0.2 0.1 0.2 0.1 0.0 0.0 0.0
Lak006 2015 1.6 6.0 6.4 39 5.6 0.6 0.2 0.1 34 5.4 0.7 0.2 0.2 0.5 0.1 0.1 0.0
Lak007 2015 784 8.0 79 0.3 151.2 23 0.9 0.0 5.6 25 254 20 0.8 1.8 0.0 0.0 0.0
LAKO012 2015 33 6.0 6.3 75 10.1 0.9 0.4 0.1 8.3 8.0 1.5 0.3 0.3 0.6 0.3 0.1 0.0
LAK016 2015 57 6.8 6.9 4.3 20.7 2.0 0.3 0.2 79 25 26 0.3 0.4 0.7 0.0 0.1 0.0
LAK022 2015 1.8 6.1 6.2 6.3 12.8 1.6 0.3 0.1 25 25 1.3 0.2 0.2 0.6 0.1 0.1 0.0
LAK023 2015 1.5 5.9 6.2 54 5.9 0.8 0.2 0.1 6.3 25 0.9 0.2 0.2 0.3 0.0 0.1 0.0
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Lake Year g{lfarllinity g{lfa:‘linity pH pH pH DoC Conductivity | SO4 Cl F NO3 NH4 Ca Mg K Na Fe Al Mn
(mglL) (mglL) (Trent) (ALS) (BASL) (mglL) (pS/s) (mglL) (mglL) (mglL) (MglL) (pglL) (mglL) (mglL) (mglL) (mglL) (mglL) (mglL) (mglL)
(Trent) (BASL)

LAK024 2015 222 74 75 22 58.7 2.0 2.1 0.0 8.1 25 8.1 0.7 0.4 2.3 0.1 0.0 0.0
LAK028 2015 0.5 5.1 5.3 8.1 17.8 35 0.3 0.4 25 25 1.5 0.2 0.1 0.5 0.2 0.6 0.0
LAK034 2015 8.9 6.6 6.7 76 223 0.1 0.2 0.1 25 25 29 0.5 0.2 1.2 0.1 0.0 0.0
LAK042 2015 0.7 5.4 55 8.3 8.1 0.2 0.2 0.0 25 25 0.2 0.3 0.1 0.7 0.2 0.3 0.0
LAK044 2015 0.3 5.8 5.8 1.6 35 0.2 0.2 0.1 25 25 0.2 0.1 0.2 0.1 0.0 0.0 0.0
Lak006 2016 1.3 6.0 6.3 42 7.8 0.6 0.2 0.1 25 25 0.7 0.2 0.2 0.5 0.0 0.1 0.0
Lak007 2016 68.5 8.0 8.1 0.8 153.7 24 0.9 0.1 6.5 25 26.1 20 0.8 1.8 0.0 0.0 0.0
LAKO012 2016 33 6.2 6.5 5.1 124 0.5 0.2 0.1 5.0 47 1.3 0.3 0.2 0.6 0.3 0.1 0.0
LAK016 2016 47 6.6 6.9 5.2 20.8 2.2 0.3 0.2 10.9 25 2.6 0.3 0.4 0.7 0.0 0.1 0.0
LAK022 2016 1.7 6.1 6.4 6.7 13.7 1.7 0.3 0.1 25 25 14 0.3 0.2 0.7 0.1 0.1 0.0
LAK023 2016 1.4 5.9 6.2 5.8 9.1 0.6 0.2 0.1 25 5.1 0.9 0.2 0.2 0.4 0.0 0.1 0.0
LAK024 2016 23.2 75 76 27 66.3 22 25 0.0 20.7 25 9.0 0.8 0.4 26 0.1 0.0 0.0
LAK028 2016 0.2 5.0 5.1 8.1 237 6.2 0.4 0.5 215 25 1.9 0.3 0.2 0.6 0.1 0.7 0.0
LAKO034 2016 76 6.5 741 76 22.1 0.0 0.2 0.1 25 25 26 0.4 0.2 1.1 0.1 0.0 0.0
LAK042 2016 0.7 5.4 5.7 9.8 8.8 0.2 0.3 0.0 25 3.7 0.3 0.3 0.1 0.7 0.2 0.3 0.0
LAK044 2016 0.2 55 6.0 2.0 39 0.2 0.2 0.0 25 25 0.2 0.1 0.2 0.1 0.0 0.0 0.0
Lak006 2017 1.4 6.0 6.4 38 8.8 0.7 0.2 0.1 25 25 0.7 0.2 0.2 0.5 0.0 0.1 0.0
Lak007 2017 69.1 8.0 8.0 0.3 149.0 24 0.9 0.0 25 25 241 2.1 0.8 2.0 0.0 0.0 0.0
LAKO012 2017 29 6.1 6.5 5.2 12.9 0.7 0.2 0.1 9.7 5.6 1.3 0.3 0.3 0.6 0.3 0.1 0.0
LAKO016 2017 4.1 6.7 6.8 4.1 18.5 2.1 0.3 0.1 25 25 23 0.3 0.3 0.7 0.0 0.1 0.0
LAK022 2017 1.7 6.1 6.3 5.9 12.8 1.9 0.3 0.1 25 25 1.3 0.3 0.2 0.6 0.0 0.1 0.0
LAK023 2017 1.4 5.9 6.2 54 79 0.5 0.2 0.1 7.7 25 0.9 0.2 0.1 0.3 0.0 0.1 0.0
LAK024 2017 209 74 76 2.0 57.4 2.0 20 0.0 11.2 25 8.1 0.8 0.4 24 0.1 0.0 0.0
LAK028 2017 0.5 48 5.1 73 26.9 7.2 0.3 0.5 25.3 33 21 0.3 0.1 0.6 0.1 0.7 0.0
LAKO034 2017 6.8 6.4 6.8 6.0 17.6 0.0 0.2 0.1 25 25 2.1 0.4 0.1 1.0 0.1 0.0 0.0
LAK042 2017 0.1 5.2 54 11.6 9.8 0.4 0.2 0.0 25 5.4 0.3 0.3 0.1 0.7 0.3 0.4 0.0
LAK044 2017 0.4 5.6 6.0 1.6 44 0.2 0.2 0.0 25 25 0.2 0.1 0.2 0.1 0.0 0.0 0.0
Lak006 2018 1.4 6.1 6.4 38 8.8 0.8 0.2 0.1 25 25 0.7 0.2 0.2 0.5 0.0 0.1 0.0
Lak007 2018 704 8.1 8.1 0.3 1474 24 1.0 0.0 25 25 25.1 2.0 0.8 2.0 0.0 0.0 0.0
LAK012 2018 25 6.2 6.6 46 1.5 0.7 0.2 0.1 25 25 1.2 0.3 0.2 0.6 0.3 0.1 0.0
LAKO016 2018 4.6 6.7 6.9 4.6 20.0 22 0.3 0.2 25 25 26 0.3 0.3 0.7 0.0 0.1 0.0
LAK022 2018 1.5 6.1 6.3 5.6 13.4 2.1 0.3 0.1 25 25 1.5 0.3 0.2 0.7 0.0 0.1 0.0
LAK023 2018 1.1 6.0 6.4 5.6 9.4 0.7 0.2 0.1 25 25 0.9 0.2 0.1 0.4 0.0 0.1 0.0
LAK024 2018 255 76 76 1.6 70.2 24 27 0.0 25 25 9.5 0.9 0.4 28 0.0 0.0 0.0
LAK028 2018 0.2 5.3 5.5 44 17.7 5.2 0.2 0.4 25 33 1.5 0.2 0.1 0.5 0.1 0.5 0.0
LAK034 2018 6.5 6.5 6.6 5.1 17.8 0.0 0.1 0.1 25 25 23 0.3 0.1 1.0 0.0 0.0 0.0
LAK042 2018 0.0 5.1 5.3 10.6 8.6 0.3 0.2 0.0 25 25 0.2 0.3 0.1 0.6 0.3 0.4 0.0
LAKO044 2018 0.2 55 5.9 1.9 36 0.2 0.2 0.0 25 25 0.2 0.1 0.2 0.1 0.0 0.0 0.0
Lak006 2019 1.6 20 6.1 6.5 6.2 1.1 8.3 0.8 0.2 0.1 25 25 0.8 0.2 0.2 0.6 0.0 0.0 0.0
Lak007 2019 68.8 74.9 8.1 8.1 8.0 0.3 147.2 22 1.0 0.0 25 25 25.0 20 0.8 1.9 0.0 0.0 0.0
LAK012 2019 2.8 32 6.1 6.6 6.2 1.8 11.0 0.7 0.3 0.1 32 25 1.2 0.3 0.3 0.7 0.2 0.0 0.0
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Lake Year g{lfarllinity g{lfa:‘linity pH pH pH DoC Conductivity | SO4 Cl F NO3 NH4 Ca Mg K Na Fe Al Mn
(mglL) (mglL) (Trent) (ALS) (BASL) (mglL) (pS/s) (mglL) (mglL) (mglL) (MglL) (pglL) (mglL) (mglL) (mglL) (mglL) (mglL) (mglL) (mglL)
(Trent) (BASL)
LAK016 2019 45 5.1 6.6 71 6.6 25 19.8 29 0.3 0.2 25 6.2 2.6 0.3 0.4 0.7 0.0 0.1 0.0
LAK022 2019 1.8 22 6.1 6.4 6.2 1.3 13.6 24 0.3 0.1 25 25 14 0.3 0.2 0.8 0.1 0.1 0.0
LAK023 2019 1.0 1.3 5.8 6.3 6.0 1.0 741 0.7 0.2 0.1 25 36 0.9 0.2 0.1 0.4 0.0 0.1 0.0
LAK024 2019 249 275 7.7 1.7 73 6.9 66.8 23 27 0.0 8.0 25 9.6 0.9 0.4 3.0 0.0 0.0 0.0
LAK028 2019 0.2 0.2 5.2 54 5.1 54 24.0 7.2 0.4 0.5 11.9 5.2 2.1 0.4 0.2 0.7 0.1 0.6 0.0
LAK034 2019 75 8.4 6.4 7.0 6.6 3.0 17.8 0.1 0.2 0.1 25 25 25 0.4 0.1 1.1 0.0 0.0 0.0
LAK042 2019 0.5 0.8 5.4 5.6 5.4 1.5 6.6 0.4 0.2 0.0 43 25 0.3 0.3 0.1 0.6 0.2 0.3 0.0
LAK044 2019 0.3 0.3 5.5 5.9 5.7 1.5 24 0.3 0.2 0.0 25 25 0.2 0.1 0.2 0.1 0.0 0.0 0.0
Lak006 2020 22 6.3 6.1 5.1 8.5 0.8 0.2 0.1 25 25 0.9 0.2 0.2 0.6 0.1 0.1 0.0
LAK012 2020 47 6.4 6.1 8.8 15.1 0.8 0.3 0.1 25 25 2.0 0.4 0.3 0.7 0.5 0.1 0.1
LAKO016 2020
LAK022 2020
LAK023 2020 1.5 6.1 6.0 6.4 73 0.7 0.2 0.1 25 25 1.0 0.2 0.1 0.4 0.0 0.1 0.0
LAK028 2020 0.0 5.0 5.0 76 25.0 72 0.3 0.5 254 38 22 0.3 0.1 0.7 0.1 0.7 0.0
LAK042 2020 -0.5 4.8 47 19.2 14.2 0.4 0.2 0.0 25 25 0.5 0.4 0.1 0.8 0.6 0.6 0.0
LAK044 2020 0.2 5.6 5.6 1.9 25 0.1 0.1 0.0 25 25 0.2 0.1 0.2 0.1 0.0 0.0 0.0
Lak006 2021 20 6.3 5.9 5.0 8.3 0.9 0.2 0.1 25 5.3 0.9 0.2 0.2 0.6 0.1 0.1 0.0
LAK012 2021 29 6.3 5.8 7.3 13.1 14 0.2 0.1 12.9 4.8 1.6 0.3 0.2 0.6 0.4 0.1 0.0
LAK016 2021 4.8 6.7 6.2 8.7 205 29 0.3 0.2 18.1 25 28 0.4 0.3 0.7 0.1 0.2 0.0
LAK022 2021 1.0 5.4 55 5.6 12.6 21 0.3 0.1 25 25 1.3 0.3 0.2 0.7 0.1 0.2 0.0
LAK023 2021 1.2 6.1 5.7 5.4 8.3 1.2 0.2 0.1 18.7 33 1.0 0.2 0.1 0.4 0.0 0.1 0.0
LAK028 2021 -0.3 4.9 4.8 9.4 204 4.7 0.4 0.4 20.5 3.2 1.5 0.2 0.1 0.5 0.2 0.7 0.0
LAK042 2021 -0.6 47 47 16.5 14.5 0.7 0.2 0.0 25 4.1 0.4 0.4 0.1 0.7 0.5 0.5 0.0
LAK044 2021 0.3 5.5 5.5 22 27 0.2 0.2 0.0 25 25 0.2 0.1 0.3 0.1 0.0 0.0 0.0
Lak006 2022 1.8 5.2 5.0 34 94 0.5 0.2 0.1 2.0 25 0.7 0.2 0.1 04 0.1 0.0 0.0
LAK012 2022 4.1 6.7 6.3 5.1 11.9 0.1 0.2 0.1 25 25 14 0.3 0.1 0.6 0.2 0.0 0.0
LAK016 2022 5.7 7.0 6.6 4.3 20.7 2.0 0.3 0.1 7.2 6.0 26 0.3 0.3 0.6 0.0 0.1 0.0
LAK022 2022 20 6.3 6.2 6.2 12.1 1.6 0.2 0.1 25 25 1.3 0.2 0.2 0.6 0.1 0.1 0.0
LAK023 2022 1.3 6.2 6.1 5.5 76 0.6 0.2 0.1 25 25 0.8 0.2 0.2 0.3 0.0 0.1 0.0
LAK028 2022 0.4 4.3 4.2 5.3 18.6 39 0.2 0.2 26 20 1.3 0.2 0.1 0.4 0.1 0.4 0.0
LAK042 2022 0.8 5.6 5.5 8.1 7.0 0.2 0.2 0.0 25 3.1 0.2 0.3 0.1 0.6 0.2 0.2 0.0
LAK044 2022 0.4 5.8 5.8 1.8 34 0.2 0.2 0.0 25 25 0.2 0.1 0.3 0.1 0.0 0.0 0.0
NC184 2012
NC194 2012
DCAS14A | 2012
NC184 2013 0.8 5.7 11.6 10.0 0.4 0.9 0.0 5.0 1.0 1.0 0.3 0.2 0.8
NC194 2013 1.4 6.6 0.7 39 0.2 0.3 0.0 1.0 1.0 0.5 0.1 0.2 0.3
DCAS14A | 2013 25 6.5 14 10.6 1.7 0.3 0.0 52.6 25 1.3 0.1 0.4 0.3 0.0 0.0 0.0
NC184 2014
NC194 2014
DCAS14A | 2014
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Lake Year g{lfarllinity 2{:3:‘Iinity pH pH pH DoC Conductivity | SO4 Cl F NO3 NH4 Ca Mg K Na Fe Al Mn
(mglL) (mglL) (Trent) (ALS) (BASL) (mglL) (pS/s) (mglL) (mglL) (mglL) (MglL) (pglL) (mglL) (mglL) (mglL) (mglL) (mglL) (mglL) (mglL)
(Trent) (BASL)

NC184 2015 0.9 55 5.6 9.8 11.6 0.4 0.8 0.0 25 25 1.0 0.2 0.1 0.7 0.2 0.3 0.0
NC194 2015 1.7 6.5 6.5 0.8 5.4 0.1 0.3 0.0 25 25 0.5 0.1 0.2 0.3 0.0 0.0 0.0
DCAS14A | 2015 6.6 6.7 0.9 14.0 1.8 0.3 0.0 6.8 25 1.6 0.2 0.4 0.4 0.0 0.0 0.0
NC184 2016 14 5.8 6.2 10.6 12.8 0.4 0.8 0.0 25 25 1.3 0.3 0.1 0.8 0.1 0.3 0.0
NC194 2016 1.4 6.4 6.6 1.6 5.9 0.1 0.3 0.0 25 25 0.5 0.1 0.2 0.3 0.0 0.0 0.0
DCAS14A | 2016 29 6.6 6.8 1.5 14.8 1.8 0.3 0.0 25 25 1.6 0.2 0.4 0.4 0.0 0.0 0.0
NC184 2017 0.5 5.4 6.0 13.3 1.4 0.3 0.5 0.0 25 25 0.9 0.2 0.1 0.7 0.2 0.3 0.0
NC194 2017 0.6 6.4 6.4 1.0 49 0.1 0.2 0.0 25 25 0.6 0.1 0.1 0.3 0.0 0.0 0.0
DCAS14A | 2017 26 6.6 6.7 1.5 1.7 1.5 0.2 0.0 25 25 14 0.2 0.4 0.3 0.0 0.0 0.0
NC184 2018 22 6.2 6.4 7.0 12.3 0.5 0.6 0.0 25 25 14 0.3 0.1 0.7 0.1 0.2 0.0
NC194 2018 1.3 6.5 6.7 0.3 5.4 0.2 0.2 0.0 25 25 0.6 0.1 0.2 0.3 0.0 0.0 0.0
DCAS14A | 2018 3.0 6.8 6.8 1.0 14.7 2.0 0.3 0.0 25 25 1.7 0.2 0.5 0.4 0.0 0.0 0.0
NC184 2019 1.2 24 5.7 6.1 5.9 1.1 1.1 0.5 0.8 0.0 37 25 1.2 0.3 0.1 0.8 0.1 0.3 0.0
NC194 2019 1.5 2.1 6.4 6.6 6.5 0.9 5.3 0.2 0.3 0.0 25 25 0.6 0.1 0.2 0.4 0.0 0.0 0.0
DCAS14A | 2019 29 37 6.6 6.8 6.6 14 13.7 2.0 0.3 0.0 10.3 25 1.7 0.2 0.5 0.4 0.0 0.0 0.0
NC184 2020

NC194 2020

DCAS14A | 2020

NC184 2021 0.5 5.1 5.2 11.6 9.5 0.3 0.7 0.0 25 25 08 0.2 0.1 0.6 0.2 0.3 0.0
NC194 2021 14 6.2 6.0 1.1 33 0.1 0.2 0.0 25 25 0.5 0.1 0.2 0.3 0.0 0.0 0.0
DCAS14A | 2021 28 6.6 6.0 24 10.8 14 0.3 0.0 39.8 25 1.3 0.2 0.4 0.4 0.0 0.0 0.0
NC184 2022 1.3 6.1 5.9 10.6 10.9 0.3 0.5 0.0 25 25 1.1 0.3 0.1 0.6 0.1 0.3 0.0
NC194 2022 14 6.5 6.4 0.9 4.6 0.1 0.2 0.0 25 25 0.5 0.1 0.2 0.3 0.0 0.0
DCAS14A | 2022 3.1 6.8 6.5 1.2 12.1 1.5 0.2 0.0 25 25 1.4 0.2 0.4 0.3 0.0 0.0 0.0
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Appendix 2: Changes in Ion Concentrations from 2012 to 2022

B.C. Works SOz EEM Program Technical Memo W11: Aquatic Ecosystems Actions and Analyses

For each of the EEM lakes, the figures in this appendix show the inter-annual changes in six major water chemistry metrics from 2012 to 2022: Gran ANC, base cations and calcium (left panel), sulfate and chloride (centre-left panel),
pH and dissolved organic carbon (centre-right panel), and CBANC, Gran ANC, and BCS (right panel). The selection of each pair of metrics is solely based on optimizing graphical representation across all metrics and lakes (i.e., metrics
with somewhat similar numeric ranges are shown together). The center-right panel has two Y-axes. The axis for pH does not start at zero - be aware that this can make relatively minor changes appear to be much more substantial
than they are. Due to large variation among the lakes for some of the metrics, the Y-axis is not consistent across the lakes, therefore extra caution is required for making comparisons among lakes with respect to the magnitude of

changes. However, these graphs are especially useful for looking at the patterns of changes for individual lakes across the sampling record and determining whether similar patterns are observed across lakes and/or metrics.

These figures show the results for all of the sampling events for each lake in each year, whether that included multiple within-season samples or only a single annual sample. The points represent the values for individual sampling
events. The solid lines represent the annual trend, based on either the single annual sample or the average of all the within-season samples, as appropriate for the lake and year. For the sensitive lakes (the only lakes where intensive,

within-season sampling was conducted), the point markers have been made hollow so that it is possible to see if there were multiple within-season samples with similar values.
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Appendix 3: Sensitivity Analyses for Statistical Analyses of Post-
KMP Changes in Lake Chemistry

This appendix includes the results of the primary statistical analyses presented in Section 3.3 alongside the
results of the sensitivity analyses performed using the alternate transition period baseline (2012-2014, as
compared to the 2012 pre-KMP baseline applied in the base case). The upper panel shows the % belief in
an exceedance of the change limit, the middle panel shows the % belief in an exceedance of the level of
protection, and the bottom panel indicates the level of support for an overall exceedance of each indicator
(based on the approach described in the main text).

SUMMARY OF EXCEEDANCES - of CHANGE LIMIT (from statistical analyses)

Scenario BASE CASE SENSITIVITY - alternative baseline
Post-KMP
2020-2022 2020-2022
Baseline
2012 2012-2014
CBANC |Gran BCS pH CBANC (Gran BCS pH
Metric ANC (integ) ANC (integ)
(integ) (integ)
Thresholds Lake- Lake- A13 AQ.3 pH Lake- Lake- A13 AQ.B pH
spec spec ueq/L units spec spec ueq/L units

LAK006 0% 0% 1% 8% 0% 0% 0% 9%
LAK012 23% 14% 42% 10% 4% 4% 11% 16%
LAK022 13% 30% 9% 43% 5% 47% 4% 55%
LAK023 6% 2% 3% 7% 2% 4% 1% 5%
LAK028 13% 8% 62% 18% 16% 23% 43% 35%
LAK042 6% 6% 20% 21% 0% 16% 26% 39%
LAK044 0% 4% 1% 4% 0% 5% 0% 5%

Lakote || 2% | 7% | 33% | 32% | [ 1% | 9% | 14% | 46% |
DCAS14A 5% 7% 13% 52% 4% 7% 15% 52%
NC184 46% 30% 43% 48% 45% 30% 39% 48%
NC194 ] 4% 71% T 5% 70%
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SUMMARY OF EXCEEDANCES - of LEVEL OF PROTECTION (from statistical analyses

Scenario BASE CASE
Post-KMP 2020-2022
CBANC |Gran BCS pH
Metric ANC (integ)
(integ)
30.7 6.0 pH
Thresholds 20 ueq/L [ueg/L 0 ueg/L [units
LAK006 0% 0% 0% 70%
LAK012 0% 0% 0% 7%
LAK022 0% 80% 0% 84%
LAK023 0% 100% 0% 100%
LAK028 100% 100% 100% [ 100%
LAK042 0% 100% 80% 100%
LAK044 100% 100% 0% 100%
Lakote || 0% | 0% | 0% | 1% |

DCAS14A 0% 0% 0% 10%
NC184 0% 100% 1% 97%
NC194 0% 100% 0% 33%

Note: This row of tables (i.e., level of protection) is not missing a table - there is no “alternative baseline”
scenario because the level of protection is solely based on the post-KMP status. Therefore, the overall
assessment under the alternative baseline scenario (i.e., middle table in last row of tables) is based on the
alternative baseline scenario the change limit assessment and the base case scenario for the level of protection
assessment.

KPI & INFORM. INDICATOR EVALUATION - Exceedance of Level of Protection AND Change Limi{

Scenario BASE CASE SENSITIVITY - alternative baseline
Post-KMP 2020-2022 2020-2022
Baseline 2012 2012-2014
CBANC |[Gran BCS pH CBANC |Gran BCS pH
Metric ANC (integ) ANC (integ)
(integ) (integ)
Thresholds Lake- Lake- A13 A 9.3 pH Lake- Lake- A13 A 9.3 pH
spec spec ueq/L units spec spec ueg/L units
LAK006 LOW LOW LOW LOW LOW LOW LOW LOW
LAK012 LOW LOW LOW LOW LOW LOW LOwW LOW
LAK022 LOW MOD LOW MOD LOW MOD LOW MOD
LAK023 LOW LOW LOW LOW LOW LOW LOW LOW
LAK028 LOW LOW MOD LOW LOW MOD MOD MOD
LAK042 LOW LOW MOD MOD LOW LOW MOD MOD
LAK044 LOW LOW LOW LOW LOW LOW LOW LOW
[LAkote | [ Low | Low | Low [ Low | [ Low [ tow [ Low | Low |
DCAS14A LOW LOW LOW LOW LOW LOW LOW LOW
NC184 LOW MOD LOW MOD LOW MOD LOW MOD
NC194 noRel noRel LOW MOD noRel noRel LOW MOD
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Appendix 4: Sensitivity Analyses on Imputation of Gran ANC and pH Values for Integrated
Time Series

This appendix includes the results of the Bayesian statistical analyses for Gran ANC and pH using alternate values for the imputed 2020, 2021,
and 2022 values in order to explore the sensitivity of the results to the uncertainty in the imputation process (see description in Section 2.1 of
the SO, EEM Program 2020 Aquatic Technical Memo W09 for full details). Results are shown for the range of data series for Gran ANC and pH
across the base case scenario, the alternative baseline scenario, and the alternative post-KMP period scenario. For each scenario, the tables below
show the results across all lakes for each data series and the range of results across all of the permutations of a particular metric for each lake.
Note: “Gran ANC (imputed)” is the same metric that is referenced as “Gran ANC (integ)” in the main text; same for pH as well.

SUMMARY OF EXCEEDANCES - of CHANGE LIMIT (from statistical analyses)

Scenario BASE CASE
Post-KMP 2020-2022
Baseline 2012
Gran Gran Gran Gran Gran
Metric ANC ANC ANC ANC ANC pH pH pH
(impute [(imp+1S [(imp+2S [(imp-  [(imp- (impute [(imp+1S [(imp+2S pH (imp-|pH (imp-
d) D) D) 1SD) |28D) d) D) D) 1SD) |2SD)
Thresholds Lake- [Lake- |Lake- |Lake- |Lake- A 9.3 pH|A 9.3 pH|A 9.3 pH|A 9.3 pH|A 9.3 pH
spec spec spec spec spec units units units units units
LAKO006 0% 1% 1% 1% 1% 8% 6% 4% 11% 16%
LAK012 14% 11% 12% 14% 11% 10% 9% 7% 11% 16%
LAK022 30% 32% 31% 30% 31% 43% 37% 33% 47% 54%
LAK023 2% 1% 1% 1% 1% 7% 5% 3% 11% 14%
LAK028 8% 8% 7% 8% 6% 18% 13% 12% 28% 40%
LAKO042 6% 5% 5% 6% 4% 21% 20% 16% 26% 32%
LAK044 4% 2% 4% 4% 4% 4% 3% 2% 6% 8%
[LAK016 [l 7% | 7% | 7% | 10% [ 8% | [ 32% | 26% | 21% | 40% | 42% |
DCAS14A 7% 8% 7% 8% 7% 52% 48% 40% 57% 65%
NC184 30% 25% 27% 31% 29% 48% 42% 38% 52% 58%
NC194 G 1% | 60% | 52% [ 73% [ 79%
Scenario SENSITIVITY - alternative baseline
Post-KMP 2020-2022
Baseline 2012-2014
Gran Gran Gran Gran Gran
Metric ANC ANC ANC ANC ANC pH pH pH
(impute [(imp+1S [(imp+2S [(imp-  [(imp- (impute [(imp+1S [(imp+2S (pH (imp-|pH (imp-
d) D) D) 1SD) |28D) d) D) D) 1SD) |28D)
Thresholds Lake- |Lake- |Lake- |Lake- [Lake- A 9.3 pH (A 9.3 pH|A 9.3 pH|A 9.3 pH|A 9.3 pH
spec spec spec spec spec units units units units units
LAK006 0% 1% 1% 1% 2% 9% 3% 2% 13% 29%
LAKO012 4% 3% 3% 5% 5% 16% 10% 6% 23% 36%
LAK022 47% 46% 46% 49% 50% 55% 44% 32% 68% 78%
LAK023 4% 4% 3% 5% 5% 5% 2% 1% 10% 21%
LAK028 23% 24% 23% 23% 25% 35% 20% 10% 55% 74%
LAK042 16% 15% 15% 16% 17% 39% 31% 20% 52% 60%
LAK044 5% 5% 4% 6% 6% 5% 2% 1% 12% 30%
[LAK016 [l 9% | 9% | 8% | 10% [ 11% | | 46% | 35% [ 24% | 61% | 76% |
DCAS14A 7% 7% 8% 8% 8% 52% 46% 41% 57% 63%
NC184 30% 30% 27% 29% 32% 48% 40% 40% 54% 62%
NC194 o 70% | 61% [ 50% | 74% | 78%

2020-2022
2012
Gran
ANC pH
Range
(max-min)
1% 12%
3% 9%
2% 21%
1% 11%
2% 28%
2% 16%
2% 6%
3%|  21%]|
1% 25%
6% 20%
0% 27%
2020-2022
2012-2014
Gran
ANC pH
Range
(max-min)
2% 27%
2% 30%
4% 46%
2% 20%
2% 64%
2% 40%
2% 29%
| 3%| 52%|
1% 22%
5% 22%
0% 28%
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SUMMARY OF EXCEEDANCES - of LEVEL OF PROTECTION (from statistical analyses)

Scenario BASE CASE
Post-KMP 2020-2022 2020-2022
Gran Gran Gran Gran Gran pH pH pH pH (imp-|pH (imp- Gran pH
Metric ANC ANC ANC ANC ANC (impute |(imp+1S |(imp+2S [1SD)  (2SD) ANC
(impute [(imp+1S [(imp+2S [(imp-  [(imp- d) D) D)
d) D) D) 1SD) |28D)
Thresholds 30.7 30.7 30.7 30.7 30.7 6.0pH |6.0pH [6.0pH ([6.0pH ([6.0pH Range
ueg/L  [ueg/L  [ueq/L  [ueq/L  [ueq/L units units units units units (max-min)
LAKO006 0% 2% 2% 3% 6% 70% 23% 14% 88% 100% 6% 86%
LAK012 0% 0% 0% 0% 0% 7% 35% 21% 86% 95% 0% 74%
LAK022 80% 82% 79% 82% 84% 84% 67% 61% 93% 97% 5% 36%
LAK023 100% | 100% | 100% [ 100% | 100% 100% 78% 48% 100% | 100% 0% 52%
LAK028 100% | 100% | 100% | 100% | 100% 100% | 100% | 100% | 100% | 100% 0% 0%
LAK042 100% | 100% | 100% | 100% | 100% 100% | 100% | 100% | 100% | 100% 0% 0%
LAKO044 100% | 100% | 100% | 100% | 100% 100% | 100% | 100% | 100% | 100% 0% 0%
ILAKO016 [ 0% | 0% [ 0% [ 0% [ 0% | [ 1% | 0% [ 0% [ 8% [ 20% | [ 0w 20%|
DCAS14A 0% 0% 0% 0% 0% 10% 4% 1% 28% 45% 0% 44%
NC184 100% | 100% | 100% [ 100% | 100% 97% 98% 97% 100% | 99% 0% 3%
NC194 100% | 100% | 100% | 100% | 100% 33% 12% 3% 30% 53% 0% 50%
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Appendix 5: Lake-specific thresholds for change limits for CBANC

The lake-specific CBANC thresholds for the change limit are shown in the table below. The table and caption

below are directly copied from Table 14 of the SO, EEM Program Phase III Plan.

Lake-specific thresholds for change limits in CBANC. Values calculated from analyses of the titration
data, showing the change in CBANC associated with a pH decline of 0.3 pH units from the 2012 (or
2013 for control lakes) pH value for each lake. A lake-specific threshold cannot be estimated for
control lake NC194 given limited data.

EEM Group Lake-specific CBANC
threshold (peq/L)

LAKOO6 Sensitive Lake -10.8
LAKO12 Sensitive Lake -16.3
LAKO022 Sensitive Lake -11.5
LAKO023 Sensitive Lake -10.5
LAK028 Sensitive Lake -13.4
LAKO042 Sensitive Lake -24.4
LAK044 Sensitive Lake -6.2

LAKO16 Less Sensitive Lake -25.6
DCAS14A Control Lake -21.7
NC184 Control Lake -10.8
NC194 Control Lake n.a.

Page 58



	1 Introduction
	2 Methods
	2.1 Water Chemistry Sampling
	EEM Lakes
	Sampling frequency
	Continuous monitoring
	Water chemistry data
	Integrating laboratory measurements of pH and Gran ANC from Trent and BASL laboratories

	2.2 Empirical Changes in Water Chemistry
	2.3 Statistical Analyses of Changes in Water Chemistry
	2.4 Environmental Data
	2.5 Episodic Acidification
	2.6 Alignment of Evidentiary Framework with EEM Phase III Indicators

	3 Results
	3.1 Empirical Changes in Water Chemistry
	Exceptional Annual Context for 2022
	Analyses of change based on the recent 3-year average
	Resampling of LAK027

	3.2 Water Chemistry Sampling Results
	Sulphate Levels Relative to B.C. Water Quality Guidelines

	3.3 Statistical Analysis of Changes in Water Chemistry
	Before-After Control-Impact (BACI) Analyses

	3.4 Episodic Acidification

	4 Discussion
	4.1 Separating Natural and Anthropogenic Factors: the Environmental Context
	Environmentally mediated decrease in pH in LAK042 in 2020 – two years later

	4.2 Empirical Changes in Lake Chemistry with respect to the Aquatic Key Performance Indicator
	LAK027 – Comparison with STAR Results

	4.3 Statistical Analysis of Changes in Lake Chemistry
	4.4 Application of the Evidentiary Framework

	5 Recommendations
	6 References Cited
	Appendix 1: Water Chemistry Data from Annual Sampling, 2012-2022
	Appendix 2: Changes in Ion Concentrations from 2012 to 2022
	Sensitive Lakes
	Less Sensitive Lakes
	Control Lakes

	Appendix 3: Sensitivity Analyses for Statistical Analyses of Post-KMP Changes in Lake Chemistry
	Appendix 4: Sensitivity Analyses on Imputation of Gran ANC and pH Values for Integrated Time Series
	Appendix 5: Lake-specific thresholds for change limits for CBANC

