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0. Definitions

AAQO — Ambient Air Quality Objective

ANC = Acid Neutralizing Capacity

Anion = Molecule with a negative charge, such as SO,*

BC = Base Cations

Benthic sampling = sampling of organisms that live near or in the bottom of a waterbody

Cation = Molecule with a positive charge, such as Ca?*

CEC = Cation Exchange Capacity

CL = Critical load

Cl = Chloride ion

D1HM = Daily 1 Hour Maximum, the highest 1 hour air quality SO2 concentration measured in a 24
hour day.

DOC = Dissolved Organic Carbon

EEM = SO2 Environmental Effects Monitoring program

HF = hydrogen fluoride

H,S = hydrogen sulphide

KAA = Kitimat Airshed Assessment

KMP = Kitimat Modernization Project

PM2.5 = Particulate matter that is 2.5 microns in diameter and smaller

PM10 = Particulate matter that is 10 microns in diameter and smaller

SO, = sulphate ion ; SO;™ = sulphite ion

STAR = 2013 SO2 Technical Assessment Report
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|. Context and Background
on the STAR and the EEM
Program



|. Background — STAR and EEM

Step in Process

2011

2012

2013

2014

2015

2016

2017

2018

2019

STAR - predicted effects
of KMP

Design of EEM Program

Implementation of EEM -
actual effects of KMP

Annual reports to MOE,
Haisla, KPAC, public

Comprehensive Review
of EEM




|. Background — STAR and EEM EEM Plan, pg. 1

Purpose of EEM Program:

 answer questions that arose during the STAR

* monitor effects of SO,

 consider changes to impact ratings, monitoring

 make decisions regarding need for mitigation

Results from STAR

No impact or acceptable impact (Vegetation)

Moderate Acceptable impact but in need of closer scrutiny (Health, Soils, Water)

Unacceptable impact; mitigation action [No findings in this category]

"

Extremely unacceptable impact; mitigation action needed [No findings]




{I. Background — STAR and EEM } LEEM Plan,pg.l}

Focus of EEM Plan
« EEM plan focuses on first 6 years (2013-2018).

* What s learned during this period will be applied to
improve the EEM Program in 2019.

* More intensive monitoring or mitigation actions
may be undertaken at any time if thresholds are
triggered.



|. Background — STAR and EEM STAR
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{I. Background — EEM Annual Report } L;g:,;iw }

Structure of 2017 EEM Annual Report
 Summary of EEM Actions

* Facility Emissions

 EEM Activities, by Receptor

* Reports Cited
— STAR, EEM Plan, KAA, Laurence, Limnotek, Stantec
e EEM Technical Memos Cited

— Passive Monitoring, Dry Deposition, Soils, Water,
Filter Packs

10



Il. What was done and
learned in 2017 through the
EEM Program



Facility Production and Emissions

2017

EEM

Report, p. 3

Average daily SO, emissions from Kitimat Smelter
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II-a. Atmospheric Pathways

2017 EEM

Report, p. i
2017 EEM Actions
Topic{The commitment What was done Where to
learn more
Atmospheric Pathways
Maintain existing four continuous SO2 | Data were collected and analyzed Section
analysers from four analyzers, and compared | 3.1

Atmospheric SO, concentration

Compare to model output

Implement the monitoring network
optimization according to the Terms of
Reference drafted in 2015

Initiate a new air quality study to
provide input to the network
rationalization study in 2020

to model output.

Have begun network rationalization
study and new air quality study in
2018

13




II-a. Atmospheric Pathways

2017 EEM

Report, p. i
2017 EEM Actions
Topic|The commitment What was done Where to
learn more
Atmospheric Pathways
Continue the passive monitoring Passive samplers were Section 3.1

Atmospheric SO, concentration

program

deployed and analyzed in the
Kitimat valley and urban area
during 2017 (same sites as
2016).

Tech P03,
P04, P05

Monitoring of particulate SO,

Filter packs deployed during
two campaigns at 3-4
stations

Tech FO1

14




II-a. Atmospheric Pathways

2017 EEM

Report, p. i
2017 EEM Actions
Topic The commitment What was done Where to
learn more
Atmospheric Pathways
Wet Maintain two rain chemistry | Operation continued at both Section
deposition | stations (Haul Road and stations, and precipitation 3.1
Lakelse Lake) chemistry data for 2017 are
included in this report.
Dry Install a continuous SO2 An engineering project was Section
deposition | monitor at Lakelse Lake scheduled to install an SO2 3.1, D02
station analyzer in summer 2018.
Estimate dry deposition at Dry deposition was estimated
both the Haul Road and at Haul Rd.
Lakelse Lake continuous SO2
monitor stations .




lI-a. Atmospheric Pathways

Monitoring Locations
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2017 EEM
Report, p. 5
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lI-a. Atmospheric Pathways [ﬁi’iﬁ& }

SO, Concentrations

* Four continuous analyzers

— Haul Road, Riverlodge, Whitesail, Kitamaat Village
— All passed BC MOE audits
— All had >90% data capture

* Will have a mobile monitoring station in 2018
e Passive samplers provide other valuable data

17



2017 EEM

lI-a. Atmospheric Pathways R

Monthly Avg. [SO,] and Total SO, Emissions
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lI-a. Atmospheric Pathways

2017 EEM
Report, p. 7

Hourly SO, Concentrations in 2017
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lI-a. Atmospheric Pathways — Winds in 2017
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ll-a. Atmospheric Pathways [ﬁﬁﬁf oo

2017 SO, Concentrations — Monitored vs. Modelled
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| 1-hr Maximum 2017 Monitoring Data

A 1-hr Maximum Modelled Concentration at the Monitor Location

| 3-hr Maximum 2017 Monitoring Data

@ 3-hr Maximum Modelled Concentration at the Monitor Location

m 24-hr Maximum 2017 Monitoring Data

A 24-hr Maximum Modelled Concentration at the Monitor Location

W Annual 2017 Monitoring Data

@ Annual Maximum Modelled Concentration at the Monitor Location |

Maximum monitored concentrations in 2017 were much
less than maximum modelled concentrations in the STAR
* except Haul Road 24-hr max and 2017 Annual max

m 97.43

21

=

ge Whitesail



2017 EEM

lI-a. Atmospheric Pathways R

2017 SO, Concentrations — Monitored vs. Modelled

e Residential areas

— Short-term: maximum 2017 observations were up to 34% of maximum
modelled predictions (1-hr, 3-hr, 24-hr)

— Annual: 2017 observations were average (across 3 residential
monitors) of 19% of modelled predictions

 Haul Road
— 1-hr/3-hr: max. 2017 observation <50% of max. modelled predictions
— 24-hr: maximum 2017 observation was 92% of max. modelled
— Annual: 2017 observation was 70% of modelled prediction

— Maximum observed concentrations <30% of max. modelled
predictions at any other offsite location for any averaging period

— Maximum observed SO, much closer to modelled (for annual and 24-
hr time periods) at Haul Road than in residential areas

22



ll-a. Atmospheric Pathways Lﬁi;ﬁf?fm }

Network Optimization — Phase 1

 Network evaluation completed to meet SO2
EEM commitment, based on available data:
— 2006, 08, 09 NoMMS5 Model results
— Post-KMP Monitoring data (continuous and
passive sampling)

* Concludes Riverlodge & Kitamaat Village
stations in good locations to continue to
represent highest SO2 levels.

23



UTM Northing (m)

2017 EEM

lI-a. Atmospheric Pathways R
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2017 EEM

lI-a. Atmospheric Pathways e

Second phase Network Optimization

New dispersion modeling with 3 years post KMP
meteorology

Supported with actual air quality measurements in an Air
quality study / exploratory monitoring using

— Continuous monitors

— Roaming station

— Passive monitoring

Draft Terms of Reference for network optimization being
updated, to include:

— air quality study

— Comments from June 2016 air quality workshop

— How study’s exploratory monitoring will be used

25



2017 EEM

lI-a. Atmospheric Pathways e

Passive Sampling Network — Atmospheric SO,

* Previous pilot study recommended:
— IVL passive SO, samplers with 1-month exposure period

* 2 networks of passive samplers redeployed in 2017
— Following same protocol and locations as 2016

— 20 sites in Kitimat Valley (established June 6)

 primarily along Wedeene and Bish roads (plume path)

* Included co-location with ambient (continuous monitoring)
stations (Haul Road, Riverlodge, Whitesail™)

— 13 sites in urban and residential areas (established July 10)

" Whitesail sampler was deployed in July

26



. 2017 EEM
lI-a. Atmospheric Pathways T
SO, Passive Sampling — i MESH monthly
Network g)%g;oo.s i [lakconcentrations
e 140 exposures across 2 J, 11233-'3 L |
networks ™ o>20

— 3 one-month exposures within
each network

— 3rddeployment in Valley was
2-month
* Replicate samplers deployed
>25% of time

* Elevated SO, along plume
path

— >4 ppb observed at Rifle Range
in June-July

— >6 ppb observed at Bish Road
in Aug-Oct
* All monthly exposures in
urban/residential network
<0.5 ppb




lI-a. Atmospheric Pathways

2018 SO, Passive
Sampling Urban

Network

* Objectives:

— assess the spatial and
temporal variability of SO, in
urban Kitimat

— Support the AQM network
optimization through
identifying SO, ‘hot-spots’

* |VL passive SO, samplers

e 20+ sample sites, 20%
duplicates.

e Consistent application of draft

BC passive sampling guideline
(2018).

* Monthly exposures over 12 ,
m O nt h S Inage District of Kitimet )

Inage © 2018 DigitalGloke

2018 Work
Scope




lI-a. Atmospheric Pathways

2018 SO, Passive s
Sampling Valley Network 621y
o 125620

* Objectives:

— assess the spatial and temporal
variability of SO, in urban Kitimat

— Support the AQM network
optimization through identifying SO,
‘hot-spots’

* |VL passive SO, samplers
e 20 sample sites, 20% duplicates.

* Generally follows draft BC passive
sampling guideline (2018).

 Monthly exposures June to
October

2018 Work
Scope




lI-a. Atmospheric Pathways
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lI-a. Atmospheric Pathways

Wet Deposition — Precipitation Chemistry

2017 EEM
Report, p. 14
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ll-a. Atmospheric Pathways [ﬁi:,;ifrfls }

Dry Deposition

* Environment Canada model to estimate dry
deposition (Zhang et al., 2003, 2014)

* Preliminary estimates of dry deposition at
Haul Road calculated for 2005 to 2017
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2017 EEM
Report, p. 15
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lI-a. Atmospheric Pathways
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lI-b. Human Health

2017 EEM

Report, p. i
2017 EEM Actions
Topic The commitment |What was done Where to
learn more
Human Health
Report on the The SO2 Health KPI has been calculated for all Section
Health KPI three residential stations. 3.2

Atmospheric SO,

concentrations

34




Lll-b. Human Health }Lﬁgiﬁfﬁﬂ.m }

Health Key Performance Indicator

* Province-wide interim SO, ambient air quality
objective (AAQO) adopted December 15, 2016

* SO, AAQO to be used as Health KPI for EEM
beginning in 2017

35



lI-b. Human Health

2017 EEM
Report, p. 16

Health Key Performance Indicator

* Threshold residential SO, ambient air concentration of 75 ppb
* Uses daily one-hour average maximum (D1HM)
* Three-year average of the Xt percentile (as below) of D1IHM

m Threshold (SO,) Evaluation Period

2017 D1HM
2018 D1HM
2019 D1HM

2020 onwards D1HM

75 ppb
75 ppb
75 ppb
70 ppb

97.0
97.5
98.0
99.0

2015-2017
2016-2018
2017-2019

Previous 3 years

* Allowance of a one-time exceedance of 75 ppb threshold (up
to max of 85 ppb) over the 3-year interim period

36



2017 EEM
Il-bo Human Health Report,p_16
Results for SO, Health KPI for 2017
* Health KPI started to apply in 2017
97t percentile DIHM*
% ([r@e) SO, Health KPI (ppb) KPI
Station 2017 | 2016 | 2015 | (3-year average of 97t Attainment /
percentile DIHM*) Non-Attainment
Riverlodge 15.5 12.9 6.3 11.6 Attainment V]
Whitesail** | 12.1 11.0 11.6 T M
Kitamaat 6.1 8.4 3.0 5.8 Attainment [V]
Village

* Daily 1-hour average maximum
** The Whitesail 2017 health KPI calculation uses a 2-year average.

37




ll-c. Vegetation

2017 EEM
Report, p. i-ii

2017 EEM Actions

Per the EEM, the vegetation
survey and inspection were

Topic The commitment What was done Where to learn more
Vegetation

content

conducted by Rio Tinto,
Jonquiére, Québec.

Vegetation | not scheduled for 2017
survey | Continued vegetation Vegetation sampling was Section 3.3
sampling as described in accomplished as planned.
Laurence (2010)
Collection of hemlock Western hemlock trees were | Section 3.3
Sulphur needles near the end of the | sampled for Sulphur analysis | gtantec (2018)
content in growing season from mid- | from August 28-September 1,
nemlock August to mid-September, {2017 by Stantec Consulting
needles and analysis for sulphur Ltd. Sulphur analysis was

38




ll-c. Vegetation

Background

The vegetation monitoring and assessment program was initiated in
1970

The program consists of 2 components and addresses both sulphur
and fluoride

Chemical Analysis Component—western hemlock is sampled every
year and analyzed for S and F to provide an indicator of level of
emissions taken up by plants

Visual Assessment of Plant Health Component—every other year, a
visual assessment of vegetation health is conducted and includes
many species—not just western hemlock

39



[Il-c. Vegetation

|

Uptake of Air Pollutants by
Plants

AR
< =
P

and

HF and SO, are taken up from the air along
with CO,, riding along as part of
photosynthesis. It enters through stomata,
small pores in leaves.

If concentrations are great enough, the
SO, “ion can be directly toxic. Otherwise,
SO, supplies S to the plant for use in
metabolism or is stored as SO, . If too
much SO, # accumulates, symptoms occur.

F~ moves in the transpiration stream to the
margins or tips of leaves

S is an essential element and occurs at
relatively high background
concentrations—0.05 to 0.2% is not
unusual.

F is not useful to plants and occurs in low
concentrations in plant tissues—generally
<10-15 ppm



ll—c. Vegetation |

Visible Injury

Visible injury of sensitive species is used as an indicator of the magnitude and extent
of the growing season exposure

Above: Mugo
pine and alpine
currant at the

Left: Photo from near a coal-
fired electricity generating

administration facility in Indiana, USA. |
building in have not observed SO, injury
Kitimat in 2014 at Kitimat in my visits

starting in 1999.
41




ll-c. Vegetation

Vegetation Survey
and Sampling

* Aug 28 —Sept 1, 2017

* Site and sample-tree
assessment checklist
implemented

* Sampling of western
hemlock needles for lab
analysis of S content

A )] /.z:} = Community
(J/ Y Rio Tinto Kitimat Operations
s A
/s\ Somple Site

Contour (200 m)
X L~y
g WA — Road
=) Watercourse

s~ Ky
[Project A Waterbody

2 0 17 E E M ‘LQCE"C“Z‘J— Park, Ecological Reserve or Protected Area o orpecton
Report, p. 17 o

2016 Vegetation Inspection,
Monitoring and Assessment Program
Sample Sites Location Map




“-C. VegEtatiOn 2017 EEM
What was learned Report, p. 27

Field Observations

* General condition of vegetation similar to
condition reported previously

* Hemlock wooly adelgid persists at low intensity

 Trees at some sites showed chlorosis, but within
expected levels based on site and time of year

* Other pest and pathogen activity generally at low
level
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- VegEtatiOn 2017 EEM
What was learned Repor, p. 17

Sulphur Concentration in Hemlock Needles

e 2017 S concentration ranged from 0.05% to 0.14%
— 2 sites added as reference sites, at request of MOE

— All values within range of background concentrations reported in
literature (including western hemlock)

— Recall: 2015 was same as 2011, 2013, 2014
 Comparison of 2017 values to historic site averages (1998-2011)
— Only 1 site exceeded historic mean (<1 SD)
* Comparison of 2017 values to 2015 values (low SO,)
— 22 sites with increases (8 sites >1 SD)
— 15 sites with decreases

— No sites had post-KMP means (2016, 2017) that exceeded historic
mean

e EEM informative indicator was not exceeded
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ll-c. Vegetation
What was learned

Fluoride Concentration in Hemlock Needles
2017 F concentration ranged from 2 to 16 ppm

* Concentrations exceeded 10 ppm—historically
considered background—at only 4 sites near the
smelter

* All sites had concentrations below the 10 year
mean

e Results are in line with what would be expected
from a decrease of about 1/3 in F loadings.
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/II—c. Vegetation
What was learned—Analysis of F

Analytical Issues for F

F is relatively difficult to analyze and there are few labs
outside the industry who conduct the analysis

For the past few years, anomalies appeared in F analysis

For instance, starting in 2014, the number of sites with
values below 10 and 20 ppm dropped by about half

In 2015 when emissions were at a low, vegetation results
increased over what they had been in the past.

The RT lab discovered a problem with their analysis
equipment

RT Kitimat sponsored an inter-lab study, reanalyzing
archived samples of western hemlock.
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fll-c. Vegetation
What was learned—Analysis of F

J

Inter-lab Study

* Archived samples of western hemlock submitted to 3 labs—RT
in Jonquiére, PQ, BC MOECCS in Victoria, and Aluminere
Alouette in Sept-lles, PQ

e Each lab analyzed the samples for F using their standard
method. RT and BC MOECCS analyzed for S

* No differences were found in the results from the three labs.
There is considerable variability in F results, comparable to that
reported in previous inter-lab studies.

 The RT lab is assessing previous results to determine if the
failure of a laboratory device resulted in artificially high results
for 2014-2016.
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. 2017 EEM
“'d. SO'IS Report, p. ii

2017 EEM Actions

Topic |The commitment What was done Where to
learn more
o | Re-do analysis for risk of CL This work is scheduled for Section
S T |exceedance, adding data from the new | 2018. 3.4
@ Té sites sampled in 2016
= ., | Chemical analysis of the 2015 soil These analyses were Section
% g samples for the primary plots completed. 3.4
&% = Tech S06,

S07
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. 2016 EEM
I1-d. Soils e . 9

Soil Modelling

* Re-do analysis for risk of CL
exceedance (adding new data)
— Postponed to 2018

* Soil sampling sites
— 2016 supplemental sites (n=15; red)
— Previous soil samples (n=63; green)
— LNG Canada soil samples (n=22; pink)
— Total of 100 soil sampling sites




2017 EEM

[Il-d. Soils — Permanent Plots Renort, p. 20
R/ X
Permanent Soil Plots g Hareisaysie ot
Objective for 2017: Chemical ‘ '
analyses of composite soil VR
samples for primary plots at L c‘“ﬁ‘
Lakelse Lake and Coho Flats 3 ‘,,j“

* Soil samples collected during
2015 and 2016
— 20 samples collected at 3

depths at each plot (120 total
soil samples)




{Il-d. Soils — Permanent Plots } Lﬁiiﬁf?ﬂn }

Analyses of Soil Samples
* Exchangeable cations
* Exchangeable acidity

* Base saturation

* Total cations or effective CEC (Cation Exchange
Capacity)
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lll-d. Soils — Permanent Plots } [iﬂiﬁf?f.m J

Soil Base Saturation
* Higher throughout all soil depths for Lakelse Lake




Ell-d. Soils — Permanent Plots

I

2017 EEM

Report, p. 22

|

Soil Base Saturation

* Total cations (effective CEC) similar between plots

* Soils in Lakelse Lake has higher ability to neutralize acidic
deposition than does Coho Flats

Soil Variable Coho Flats | Soil Depth Lakelse Lake | Soil
(cm) Depth (cm)
(meq/100g) 0-5 | 5-15 | 15-30| 0-5 | 5-15 | 15-30
Cation Exchange Capacity 9.44| 8.20 7.20| 10.18| 7.31 3.55
Base Saturation (%) 16.22| 16.44| 18.07| 60.57| 57.61| 35.22




ll-e. Freshwater — Overview

2017 EEM
Report, p. iii

2017 EEM Actions

Topic

The commitment

What was done

Where to learn
more

Aquatic Ecosystems (Lakes, Streams and Aquatic Biota)

threshold

_ | Annual water |This was completed. Intensive monitoring in 3 | Section 3.5
= |samplingand |lakes continued, as did annual water chemistry |Technical
? 2| laboratory sampling of 14 lakes, including 7 sensitive Memos W03,
% ?El analysis, and |lakes, 3 insensitive lakes, 3 control lakes, and | W06, W07
£ & |data Lakelse Lake. There was weekly sampling of 6 | Bennet and
% evaluation of the 7 sensitive lakes during the fall sampling | Perrin (2018)
season; and vertical sampling of LAK028.
o |Resample if |Fish sampling was done in LAK028. No other  |Technical
'?;l the lake pH | fish sampling done. Memo W07
$ |change Bennet and
<= |reaches the Perrin (2018)
L 54




2017 EEM

ll-e. Freshwater — Overview et B

2017 EEM Actions

Topic [The commitment What was done Where to learn
more
Aquatic Ecosystems (Lakes, Streams and Aquatic Biota)
Implementation of episodic | Continuous pH monitoring was Section 3.5

o 5 acidification study maintained in West Lake, End Lake, Tech WO7
=R Little End Lake and Anderson Creek.

D =

s Episodic acidification work is continuing

qv]

by Dr. Paul Weidman as an independent
study from the EEM Program.

Conduct a literature review | The literature review was conducted and | ESSA

of potential effects of is being finalized. Technologies
acidification on amphibians Ltd. (2017)
in the Kitimat Valley

Amphibians
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. 2017 EEM
ll-e. Freshwater — Overview Report, p. 22;
Tech Memo W07

Water Chemistry — Data Collection
* Annual monitoring samples for 11 EEM lakes

— 7 sensitive, 3 less sensitive and Lakelse Lake
— 3 control lakes (added to EEM Program in 2015)

* |Intensive monitoring of sensitive EEM lakes

— Multiple within-season (fall) samples collected for
6 lakes

— Continuous monitoring of pH (spring through fall)
for 3 lakes
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ll-e. Freshwater — Overview

2017 EEM
Report, p. 22;
Tech Memo W07

Lake Annual Within-season | Continuous
Sampllng Samples pH monltormg

LAKO006 (End Lake)
LAKO012 (Little End Lake)
LAK022

LAKO23 (West Lake)
LAKO028

LAKO042

LAKO044

LAKO0O07

LAKO016

LAKO24 (Lakelse Lake)
LAKO034

DCAS014A

NC184

NC194

Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Less sensitive
Less sensitive
Less sensitive
Less sensitive
Control
Control
Control

X X X X X X X X X X X X X

X X
X X
X (from 2015)
X (from 2015)
X (from 2015)
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2017 EEM

ll-e. Freshwater — Overview Report, p. 22 ;

Tech Memo W07

Water Chemistry - Analyses

* Quality of water chemistry data
— As per methods in STAR and KAA
— Data of sufficient quality (results not presented)

* Inter-annual changes (2016 to 2017)
 Changes over observed record (2012-2017)

Other Freshwater Ecosystem Actions/Studies

* Lake level monitoring in 3 lakes to better understand timing and
magnitude of storm events

 LAKO28 - fish sampling and water column chemistry

 Amphibians — literature of acidification impacts and potential
pathways of effects
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Lakes Sampled

in 2017

7 sensitive
3 less sensitive
Lakelse Lake

3 controls
(added in 2015)

/Results

Tech Memo

WO07

= © sample site

Control lake

2015

Lake sample
site 2015
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[Il-e. Freshwater — Methods } [#Lfﬁiﬁiﬁome

Intensive monitoring of 3 accessible lakes

Little End Lake
LAKO12 :
End Lake L
LAKO006
,v— L
| S
i o i
@ WestlLake
LAKO023




27

ll-e. Freshwater — Results 207 €6
eport, p. 23-
Overview of what was learned

* Notable changes observed in LAKO28 (closest to
KMP), which showed a large post-KMP increase in
SO,

* No concerns about long term changes in water
chemistry in other lakes or acidic episodes

* Need more years of observations to have reliable
estimates of post-KMP vs. pre-KMP (only 2 years
post-KMP)

e Overall EEM program is working well; no need for
any changes
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ll-e. Freshwater — Results

2017 EEM
Report, p. 26;
Tech Memo W07

Inter-annual
Changes
(2016 to 2017)

Gran ANC = Acid
Neutralizing Capacity

Gran ANC SO,*
PRTY | (healt) | (ueqlt)

LAKO06 0.0 1.1 2.5
LAKO12 -0.1 -7.6 5.0
LAK022 0.0 -0.3 4.9
LAK023 -0.1 0.6 -2.6
LAK028 -0.2 5.0 22.2
LAK042 -0.2 -11.7 3.5
LAK044 0.1 3.0 0.4
Total Lakes with Increase 1 3 6

Total Lakes with Decrease 6 4 1

LAKOO7 0.0 13.0 0.4
LAKO16 0.1 -11.1 -1.8
LAK024 -0.1 -46.5 -4.3
LAKO34 -0.1 -15.2 0.1
Total Lakes with Increase 2 1 2

Total Lakes with Decrease 2 3 2
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ll-e. Freshwater — Results 2017 EEM

Report, p. 24;

What was learned Tech Memo W07

Inter-annual Changes (2016 to 2017) — EEM Lakes

SO,%: A\ in 6 of 7 sensitive lakes EEM lakes and 2 of 4 less sensitive lakes
ANC: W in 4 of 7 sensitive EEM lakes and 3 of 4 less sensitive lakes

ANC: Direction of change consistent with ASO,* for 4 of 7 sensitive lakes

— Changes in ANC also potentially related to changes in base cations and/or DOC

pH: WV in 4 of 7 sensitive EEM lakes

— W pH £0.2 pH (within range of measurement error)
— 6 of 7 sensitive EEM lakes show pH 2017 > pH 2012

— 5 of 7 sensitive lakes show ApH,;;5.50,7 0.2 pH)

BC: Variable — W in 6 lakes, A\ in 5 lakes
DOC: WV in 9 of 11 lakes (reversal of 2016)
Cl: W in 9 of 11 lakes
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ll-e. Freshwater — Results
What was learned

2017 EEM
Report, p. 25;
Tech Memo W07

Inter-annual Changes (2016 to 2017) — Control Lakes
* S0,%: moderate changes (-16% to +10%); 2 lakes +<1.0 peq/L
* ANC: all 3 control lakes show decrease

 Base cations: 2 control lakes show decreases
* Chloride: decreased by 31-39% in all 3 control lakes

Gran ANC SO4* Base Cations *
PROTO T “(heail) | (weall) | (weqrl)
DCAS14A 0.0 -6.5 -9.1 -10.7
NC184 -0.4 -17.9 -0.8 -19.1
NC194 0.1 -16.3 0.2 6.7
Total Lakes with Increase 2 1 1
Total Lakes with Decrease 1 2 2
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ll-e. Freshwater — Results

2017 EEM
Report, p. 27;
Tech Memo W07

Multi-year
Changes
(2012 to 2017)

Provides indication of

change across record
* Does NOT represent

thorough evaluation

Gran ANC = Acid
Neutralizing Capacity

Gran ANC | SO/
PRTYY | " (ueqit) | (ueqit)

LAKO06 0.2 2.3 29
LAKO12 0.4 1.2 8.4
LAK022 0.1 6.3 8.8
LAK023 0.2 8.7 -8.9
LAK028 -0.2 -5.9 93.1
LAK042 0.5 22.7 0.6
LAK044 0.2 58 1.7
Total Lakes with Increase 6 6 5

Total Lakes with Decrease 1 1 2

LAKOO7 0.0 -56.0 -4.3
LAKO16 0.3 141 4.1
LAK024 0.3 117.2 10.0
LAKO34 -0.3 37.1 -24.0
Total Lakes with Increase 3 3 2

Total Lakes with Decrease 1 1 2
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ll-e. Freshwater — Results 2017 EEM

Report, p. 24;

What was learned Tech Memo W07

Annual Lake Chemistry Changes in LAK028
* Largestincrease in SO,* in 2017 (22.2 peq/L)

— consistent with closer proximity to the smelter than other EEM lakes

* Increase in base cations of 10.8 peq/L,

— Suggests that about half (49%) of the deposited acidity was neutralized
by cation exchange in the watershed. STAR assumed 44%.

e Gran ANC declined by 5.0 peq/L

— Indicates that 78% of the sulphate-associated acidity deposited between
2016 and 2017 was neutralized, since Gran ANC only declined by 5 peq/|,
and [SO4] increased by 22 peq/.

* Other neutralization processes besides cation exchange are
apparently responsible
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Tech Memo

— Results W07

Multi-year Lake Chemistry Changes in LAK028

200 200
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150 160 X

100 e & o X 9
£ Gran ANC (peg/L) / \ / .
(M + . . 100 X “ S04 tueqﬂ_)
50 o 28C" (pealt 80 / X\ / +.Cl (peq/L)

i +Ca * (peq/L) / ~

60
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A 20 '
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lI-d. Freshwater — Results

Tech Memo

WO07

Multi-year Lake Chemistry Changes in LAK028

EEM
thresholds
2012 to
2012| 2013|2014 | 2015( 2016| 2017 |2017 Value A
pH 50 52| 53| 5.1 5.0 4.8 -0.2 471 -0.31
Gran ANC (peq/l) 40| 48| 226| 108| -49| -9.9 -5.9 -18.82| -14.82
SO,%* (ueq/L) 57.51 1299 956| 72.0| 128.8| 150.9 93.4 n/ad | n/as

1 pH is the Key Performance Indicator (KPI) in the EEM.

2 Thresholds for Gran ANC have been calculated from lab titrations. Preliminary analyses
indicate that a 0.3 pH unit change from 4.98 (2012 value) to 4.68 is equivalent to a -14.8
neq/L (+ 4.1 SE) change in Gran ANC in LAK029. Actual change has been less (-5.9 peq/L ).

3 The appropriate thresholds for the EEM informative indicator of SO,? will be calculated
based on the Gran ANC thresholds (using the ESSA-DFO model) once we have developed.the
Gran ANC thresholds




lI-d. Freshwater — Results

Bennett and
Perrin (2018)

Depth (m)

LAKO28 — Water Column Chemistry

Water temperature (C)
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[Il-d. Freshwater — Results } Lﬁifr?fitzzé')?g) }

LAKO28 — Water Column Chemistry
* Thermal/chemical conditions change significantly >9m

e Strongly suggests meromixis (surface & bottom don’t
mix)
— Also implied by small area:depth ratio

* Top layer: temperature typical of region, high DO,

conductivity & inorganic nitrogen typical of nutrient
deficient lakes, pH at low end of tolerance

* Bottom layer: anoxic, higher pH, higher conductivity,
warming thermocline, odour of H,S, and other
evidence of sulphur reducing green and/or purple
bacteria
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ll-e. Freshwater — Results

Bennett and
Perrin (2018)

Intensive Monitoring of 3 Lakes

=~ =

=2 =2

w =2 =1
(v I« T T - T BN S -9

oA
L5 I W - N o ]

8/30/2014

L
.
. i * e
+ |! o, 2. !:
LEs
i ;9 + % e
+ * +
+ +

11/30/2014 2/28/2015 5/31/2015 8/31/2015 11/30/2015 2/29/2016 5/31/2016 &/31/2016 11/30/2016 2/28/2017 5/31/2017 8/31/2017

End Lake

pH
— 3 H 2
— H 3
+ Field pH

® AlLSlabpH

End Lake, Little End Lake, West Lake

pH monitored every 30 minutes (8,000 to 8,900 measurements in 2016)
pH varied by 0.9 to 1.4* units over the sampling period (high variability)

pH declined after storm on October 15t and 215t to 24t (especially in Little

End Lake and West Lake)

no obvious year to year changes; will provide valuable data in 2019 report

West Lake shows higher pH early in the year
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Bennett and

ll-e. Freshwater — Results it (M)

Intensive Monitoring of 3 Lakes
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ll-e. Freshwater — Results o
What was learned Report, p. 25

Intensive Monitoring of EEM Lakes

* Reinforces previous conclusions:

— maintain continuous monitoring and weekly fall samples
for best understanding of natural variability

— use Gran ANC in addition to pH as indicator of change

— understand what’s associated with pH declines; take water
sample every 2 weeks (analyze if pH episode observed)

* Intensive data allows comparison of August vs. October
(next slide)

e Can also assess effect of rainstorms on pH estimates
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ll-e. Freshwater — Results T
What was learned Report, p. 26

August vs. October Sampling

* August (STAR, 2012); October sampling for EEM
— Concern about potential seasonal effect

— Not possible to separate season vs. year effects with annual
samples (e.g. Aug 2012 vs. Oct 2013)

* Can use continuous pH monitoring to examine August vs.
October pH data

* Data show no consistent differences across lakes and years
— Based on 3 lakes in 3 years (more data will be better)

— Indication that August samples are not biased relative to
October

— Confirms validity of using 2012 as baseline

* Data indicate that rainstorms in October 2017 did not lead
to a biased estimate of mean pH for October period
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- FrEShWater 1 ReSUItS 2017 EEM
What was learned Report, p. 28

Implications for Comprehensive EEM Review in 2019

* Intensive monitoring continue to show high degree
of variation in pH within each year

* Importance of probabilistic, statistical analyses to
rigorously evaluate changes in water chemistry

— i.e., probability that various magnitudes of change in pH
and Gran ANC have occurred (post-KMP vs pre-KMP)

 Gran ANC is a more stable indicator than pH and has
a higher statistical power to detect change
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lll. Plans for 2018

e Actions and Activities



[Finalization of 2017 EEM Report }

NOTE: Some of the prospective dates below are still being finalized

Component ______________Date

15t draft 2016 Annual EEM Report April 20

EEM Technical Memos April 20 & June 11
2018 EEM work plan TBD

KPAC meeting re: draft report June 12

KPAC feedback (comments / questions) TBD
MOE feedback TBD
Final 2017 Annual EEM Report End of July



l1l-a. Atmospheric Pathways EEM Plan, p. 10

2017 EEM

2018 Actions & Activities | Report p. 1022

Atmospheric SO, — continuous analyzers
* Maintain 4 continuous SO, analyzers
 Compare to model output

Passive Sampling
e 2017 results spatially/temporally consistent with 2016 observations

« Recommended — continue deployments during 2018 and 2019 to
further define the plume

Multi-season Air Quality Study

* Rio Tinto in process of developing study, to better understand:
— season patterns of ambient SO, concentrations
— Spatial distribution of SO, within residential areas of Kitimat
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Ill-a. Atmospheric Pathways
2018 Actions & Activities

EEM Plan, p. 10

Wet Deposition — S, Base Cations, Chloride
* Maintain 2 rain chemistry stations (Haul Road, Lakelse Lake)

* In 2019 (comprehensive review), compare 2013-2018 data
to model output, and assess number of rain chemistry
stations

Dry Deposition

* Estimate dry deposition at both Haul Road and Lakelse Lake
stations

* In 2019 (comprehensive review), compare 2013-2018 data
to model output
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Ean Health 2017 EEM
2018 ACtiOﬂS & Activities Report, p. 16

Health KPI

e Continue to apply health KPI as defined
—i.e., at end of 2018, percentile used will be 97.5%
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lll-c. Vegetation S
2018 Actions & Activities |

Vegetation Survey: Visible Injury

* Continued vegetation sampling as per
Laurence (2010)

S Content in Hemlock Needles
 Sampling from mid-August to mid-September
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[nl-d. Soils }
2017 EEM

2018 Actions & Activities }LReport, pp. 20

Steady State Soil Modelling

* Re-analysis for risk of critical load exceedance
(initially planned for 2017, shifted to 2018)

Review critical limit selection (Bc:Al ratio)
 Will be done in 2018

* Any changes in Bc:Al ratio will be incorporated
into revised modelling in 2018

82



{Ill-d. Soils

EEM Plan, p. 27
2017 EEM

2018 Actions & Activities }LReport pp. 20

Long Term Monitoring

 Resampling (random design) of primary plots
at Coho Flats and Lakelse Lake

* Analysis for exchange cations, exchangeable
acidity, organic matter, pH
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lll-e. Freshwater 2017 EEM

Report, p. 27

2018 Actions & Activities || TechMemowor

Recommendation: Maintain 2017 Sampling Plan for 2018

* Annual sampling of 7 sensitive lakes, 4 less sensitive lakes,
and 3 control lakes consistent with what was done in 2016

e Continuous pH monitoring at 3 sensitive lakes as soon as
lakes are safely accessible; archive a water sample when
doing re-calibration of Mantas every 2 weeks

* Within-season samples for 6 of 7 sensitive lakes

— Better ability to detect both long term changes and episodic
events

* Continue to examine changes in pH, Gran ANC, SO,, base
cations and DOC
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R Eshwater 2017 EEM
2018 ACtiOnS & Activities Report, p. 27

Fish Sampling

* None scheduled (i.e., resampling if lake pH changes greater
than KPI threshold)

Episodic Acidification

e Continuous monitoring of pH and lake levels in West Lake,
End Lake and Little End Lake

e Continuous monitoring of pH in Anderson Creek
* |Independent study is proceeding outside of EEM
LAKO028

* Bathymetric analysis — more precise volume and estimates
of residence time (to better estimate rate of change in lake
chemistry)

85



R Eshwater 2017 EEM
2018 ACtiOnS & ACtivitieS Report, p. 27

Goose Creek

* Re-sample eight tributaries (6 sampled in 2014 and 2 in 2015)
* Assess whether there have been significant changes

Benthic Organisms

 Sampling benthic organisms in Goose Creek and compare
community composition to similar streams (i.e., RCA)

Activities to support 6-year Comprehensive Review

* Laboratory Gran ANC titrations used to estimate lake-specific
ANC thresholds corresponding to pH decline of 0.3 pH units
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{IV. 6-Year Review in 2019 }Lﬁw Plan, p. 48}

Comprehensive Review in 2019

* Integrated assessment of six years of SO, EEM
monitoring.

 Summarizes the learnings over the six years of
monitoring.

 Compares pre vs. post smelter modernization data.

* Provide recommendations for Post 2019 SO, EEM
program.

* Reportissued by October 31, 20109.
 Presentation to KPAC in November to December 2019.
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{IV. 6-Year Review in 2019 }LEEM Plan, p. 48}

Comprehensive Review in 2019

 Work will start in 2018 on the comprehensive
review:
— Planning tasks and methods

— Develop the framework / terms of reference for
the 2019 review process

— Initiate background / foundation work
— Initiate pre-KMP summary & analysis
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{IV. 6-Year Review in 2019 W

NOTE: These dates are very preliminary

Component __________Dbae

Analyses & draft Review Jan —July 2019
Report compilation & editing Aug — Oct 2019
Comprehensive Review report October 315t 2019
submission to BCMOE & KPAC

KPAC review meeting Dec 2019

BCMOE review workshop Nov — Dec 2019
Report revisions Jan 2020

Finalize review report Feb — Mar 2020

Prepare EEM Plan for post-2019  Dec 2019 — Mar 2020
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ATMOSPHERIC
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Slide from 2017

II-a. Atmospheric Pathways

SO, Passive
Sampling
Network

* Generally good
correlation between
passive and
intensive samplers

* Passive samplers
underestimate low
SO, concentrations

Passive samplers (ug m_3)

16

2016 EEM
Report, p. 16

Tech Memo P04

-
N
|

co
|

(e.g. Whitesail)

O
O
O

Fit Results

Fit: Through origin

Equation Y =0.80 * X

Number of data points used = 11
Coefficient of determination, RZ = 0.985

\ | | | !
8 12
Active samplers (ug m—3)

16



Sllde from 2017
mospneric Pathways

Predominant winds in 2016

Googleearth :

Image District of Kitimsat
Image @ 2016 DigitalGobe




Slide from 2017 N

(m/s)
— 15.50 (1.6%)

W i n d RO S e S , ) Wind Speed

— 10.80 (6.1%)

8.23 (27.6%)

5.14 (35.0%)

3.09 (22 6%)
1.54 (0.0%)
Calm-> 0.00 (3.6%)

Made with BREEZE MelView - www Dresze-sofware com

* Each “spoke” represents the direction from which the wind is blowing

* Shows the frequency of winds from different directions (length of each
spoke)

* Shows the frequency of winds of different speeds from each direction
(colour-coded bands)
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[Il-b.

Human Health

Health KPI - Calculation

Slide from 2017

J

What is a Percentile ?

120

100

)

| 98t percentile

Means 98% of the data is equal to or below
Or 2% of the data is equal to or above

i

98% Below

74

147

293




Slide from 2017

lI-b. Human Health

Health KPI - Calculation J

Step 1 — Sort the D1HM for the past year

e Sort the D1HM values for the entire year, and
rank them from largest to smallest

SO, Hourly Measurements for a single day

30

The Daily 1 Hour Average
Maximum (D1HM) is the highest
1 hour peak SO, concentration
that is measured over a 24 hour
day.

25

N
o

SO2 (ppb)
[S=Y
(6]

[Eny
o
1

For each day of the calendar
year, the D1HM is selected for a
. total of 365 values

Am A A am v v v oew v ow e e (ODSErVations). 08

Hour of Day

(9}
|




Slide from 2017

lI-b. Human Health
Health KPI - Calculation J

Step 1 (continued)

* Sort the D1HM values for the entire year, and rank

them from largest to smallest

SO2 Daily 1 Hour Maximum Values Sorted and Ranked
for a Calendar Year* SO2 Daily 1 Hour Maximum Values*
120

|
| I “N | il
74 220

293

(LT
293

147 1 74 147 220
Days * Hypothetical data for example use R a n k



Health KPI - Calculation

Lll-b. Human Health

Slide from 2017

J

Step 2 — Determine the percentile position (l)

e | = Percentile x Total D1HM observations

* | = P X

Example :

P=98%
N = 365 observations

| =0.98 x 365 =357.7

100
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Slide from 2017

lI-b. Human Health
Health KPI - Calculation

J

Step 3 — Truncate the position to an integer

e e.g.|=357.7 2 357

101




|

Slide from 2017

lI-b. Human Health
Health KPI - Calculation J

Step 4 — Determine the highest D1HM rank
* Highest D1HM = Total Observations - Position
e E.g., Highest DIHM =365 — 357 = 8 = 8t" highest value

«— 8" Highest Value

) Ww

9% i N‘““N|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Above |!|ﬂ“ “\\“\\“\|\\\“\\\\\“\N“\\\“\\“\\“\“\\“\\\\\“\\“\\\\\“\\“\“\N\\“\“\\N“NN“N““NN"”"" "5?!’ "!""55' %Below
il
220 293

Rank 0




{ Slide from 2017

Ill-b. Human Health
Health KPI - Calculation J

Step 5 — Select the D1HM value from the Highest D1HM
rank

e Return to sorted table of annual D1HM values
* Selected the Highest D1IHM (e.g., the 8" highest value)

* This value is the 98t percentile D1HM value for this
year

Step 6 — Determine the H1DM percentile value for the
previous 2 years

* Repeat the percentile calculation process (Steps 1 to 5)
for each of the previous two years
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llI-b. Human Health
Health KPI - Calculation

Slide from 2017

J

Hypothetical Example (assumes full data capture)

SO, D1HM (ppb) | SO, D1HM (ppb) | SO, D1IHM (ppb)
2017 2018 2019

1st highest
2nd highest
3rd highest
4th highest
5th highest
6th highest
7th highest
8th highest
9th highest
10th highest

365 (lowest)

40.8
33.4
29.1
28.4
28.2
26.7
26.5
25.6
22.3
21.9

0.2

43.4
33.8
31.5
28.5
28.1
27.1
21.4
21.2
20.4
19.9

0.1

31.8
25.4
24.1
22.1
17.5
15.4
14.5
14.4
14.3
13.8

0.1




Slide from 2017

lI-b. Human Health
Health KPI - Calculation J

Step 7 — Calculate the 3-year average
e Calculate the average of the H1IDM percentile values

for each of the three years

Year 98t Percentile
(pph)
2019 14.4
2018 23.6
2017 21.2

* Hypothetical example...
— SO, Health KPI = [14.4 + 25.6 + 21.2]/3

— SO, Health KPI = 20.4 ppb
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Slide from 2017

lI-b. Human Health
Health KPI - Calculation J

Determination of Attainment of the SO, KPI

* The attainment threshold of the SO, Health KPI'is 75
ppb
* For each residential station (Kitimat & Kitamaat

Village) in each 3 year averaging period, the Health
KPI “attained” if the KPI <75 ppb

 There is an allowance for one year between 2017
and 2019 for the SO, Health KPI to be in attainment
when the KPI is above 75 ppb to a maximum of 85

ppb.
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Bennett and

II-d. Freshwater — Results Ferin 12018
WO07

Intensive Monitoring of 3 Lakes

* pH measurements taken every 30 min
Lake Sensor :l;‘::?\leartic:ns ::\,/Il-ilnimum IF\’/IHaximum E?Eie Mean pH £ SD
End pH1 8815 5.6 6.6 1.0 |6.3+0.1
End pH2 8815 5.6 6.5 09 |62+0.1
End pH3 8815 5.6 7.5 1.9 |63+0.2
Little End | pH1 8862 5.0 6.4 1.4 [59+0.2
Little End |pH2 8862 5.3 6.3 1.0 (5.8%0.2
Little End | pH3 8862 5.1 6.4 1.3 [59%0.2
West pH1 8010 5.7 6.9 1.2 |6.3%0.2
West oH2 8010 5.6 6.8 1.2 [6.2+0.2
West oH3 8010 5.7 6.9 1.3 [6.2%0.2
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ennett and

Perrin (2018)

B

|

Mean daily surface water level (30-min measurements)

{Il-d. Freshwater — Results

Lake Levels

120

110

100

=—nd Lake Water Level
| ittle End Water Level
West lake Water Level

=] o o= o o o=
o0 M~ o LM = [ag]

20
10
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AeN-9T




Atmospheric wet sulphate deposition and

lakewater chemistry

* *
Ca + Mg
400 + .o . . s . . T. J. Sullivan, J. M. Eilers, M. R. Church, D. J. Blick,
>400 [ — ¢ . " . K. N. Eshleman, D. H. Landers & M. S. DeHaan
[ Rt * + * -+
T o S Environmental Research Laboratory—Corvallis, 200 SW 35th Street,
B o on E‘“‘%-_H_ . - Corvallis, Oregon 97333, USA
300_400 < I"*-H___H_h“ @ + . L . -‘H_“'E—-.._____‘H ot
300+ o . o, . ¢y C e . NATURE VOL. 331 18 FEBRUARY 1988
"_— & o BH%‘“ ~— o i & ¢ & ‘H\_‘“—h_'_"«‘_‘___
2 - : A e = S ' Lake 028 is
| - + g 0 g
& 200-300 s e similar to acid-
= . [ —=— - - - ¢ - h. 0‘ o -“—H—\"—\-\_‘! * o H H H
. B} i - I . s n o - .
2 200 at T, oo e e e e sensitive lakes in
] o .'“'“'-n-_ ___l " '. ™ & a
E . b o, e, % .t . \ NE U.S. which
- - w =T=I ] 0:. : :1-___“ . g
I00-200 O, 8 00 hacees e have been
a - a - - [ ] [ " . . e
] o el N mndg‘g, R e acidified by SO4,
100 *, 60w ° g s " ee 2
AR It e T . ~— .| but has lower
w* * Uy ? a D* o * %ﬁ:‘ @ ",
| <100 e 1:?* obg O 4af 5 o 8RR, ANC due to
R e &P b B TH  Hd ° e . .
* o . * O%; . . organic acids.
* iﬁ?' ¥ 3 %
O ps-SEEEEEEEEEEEEEEEEESEEEEEEEEEER *--;-'.';..‘;t..‘: ;;@’%@; ----------- ANC has
* bl * * .
I * ‘ . N dropped since
= NN N NN SN Nl SN I N ) Y (SN SN (NN E DOVOW S 2014
) 50 100 150
® . .
S0, (pequiv. I
SO4* (Ca* Mg * > BC* [Gran )
Year (peq/L) |(peq/L) |(ueqg/L) [Ca*+Mg* |(ueq/L) |ANC Fig. 2 Measuretg ANChplotted ?gf:msltl non-
marine sulphate for northeastern lakes having
2012 56.90 47.54 9.50 57.05 72.91 -3.98 ANC <400 pequiv. 17!, Lakes are stratified
2013  128.12 85.11 18.27 103.38 121.31 4.80 according to [Ca*+ Mg*], and 15 lakes having
2014 9443 85.92 1774 103.66 125.71 22.64 SO¥ >250 uequi\;. 17" were dzleéed. Bjstfﬁt
linear regression lines are provided to indicate
2l LAkl o Lot 2 109.89 10.79 relative slope, but regression equations are not
20160 139.81 105.96 27.67] 133.63 158.00 0.22 rovided because they should not be used for
p - .
2017 149.99 102.48 26.49 128.97 152.41 -9.89 predictive purposes.




than ANC per se. [Ca™*+ Mg*] provides a better estimate of
original lake susceptibility to acidic deposition effects than does
ANC for low-base-cation lakes'?. We therefore stratified north-
eastern lakes into five [Ca*+Mg*] strata. A statistically sig-
nificant (P <0.001) negative relationship was found between
lake [SO¥] and ANC within each of the four lowest [Ca* + Mg*]
strata (Fig. 2). Multiple regression analysis of measured ANC
as a function of [Ca*], [Mg*], and [SOZ] yielded the following

Equation for lakes in the north-east
ANC =23.86+1.02[Ca*]+0.94[|Mg*] - 0.96[SO%]

(R*=0.98, n=759) (2

)

Subregionally, results yielded comparable parameter estimates,
with R? ranging from 0.91 (southern New England) to 0.99
(Adirondacks and central New England). The observed good
fit reconfirmed our charge-balance definition of ANC presented
in equation (1) (ignoring Na*, K™, NO;, Cl , A, and marine
inputs of Ca’", Mgz"' and SO327). These results are illustrative
of the negative relationship between [SO%] and ANC in north-
eastern lakes, when [Ca*] and [Mg*] arc also taken into account.

We should be able to compare predicted
ANC for Lake 028 with actual ANC in Lake
028. We could also do this for the other
lakes in the EEM program. Deviations
from regression are likely related to DOC.

Recognizing the inherent limitations of interregional com-
parisons because of differences in physical characteristics and
deposition history, the data in Table 1 suggest that acidic north-
eastern lakes =>4 ha would likely not be acidic in the absence

of SOT. This contention can be further examined on the basis
of the SOZ/C% ion ratio in acidic NLS lakes. From the charge
balance definition of ANC (equation (1)), it follows that if SO%

exceeds C%. then lakewater will be acidic. Of the northeastern
lakes measured as acidic (population estimate, N =326), 85%
also had a ratio of SOF/C§ > 1. This suggests that these lakes
are now acidic due to SO%*.

It is evident that most northeastern lakes that now have
ANC =0 pequiv. I are acidic because of SO. It is not clear,
however, whether some of these lakes may previously have been
acidic from another source, such as organic acids'®'°, But avail-
able data from low-deposition areas in North America (Table
1) suggest that, for the lakes considered (that is, those generally
=>4 ha), temperate North American lakes are not acidic in the
absence of anthropogenic sulphate. Palaeolimnological investi-
gations of diatom remains in lake sediments have suggested that
many northeastern lakes were acidic in pre-industrial times, but
these have almost exclusively been small lakes (<110 ha)'®.

We can look at this ratio for Lake 028 and
other lakes




Lake 028

S04 * Ca* Mg * >BC* S04 */

Year (neq/L)| (peq/L) (neq/L)| Ca*+Mg*| (peq/L)| Gran ANC >BC* pH
2012 56.90 47 .54 9.50 57.05 72.91 -3.98 0.78 4.98
2013 128.12 85.11 18.27 103.38 121.31 4.80 1.06 5.21
2014 94.43 85.92 17.74 103.66 125.71 22.64 0.75 5.33
2015 71.11 76.52 15.66 92.17 109.83 10.79 0.65 5.13
2016 127.79 94.69 23.75 118.45 141.59 -4.93 0.90 4.96
2017 149.99 102.48 26.49 128.97 152.41 -9.89 0.98 4.77

A(BC)/A(SO4) = F= 0.49
from 2016 to 2017

Lake 028 Summary from 2016 to 2017
SO4* increased
Base cations
increased
ANC declined

78.88

10.82
4.97

4

Ratiowas < 1
in all years
except for
2013. Base
cations are
increasing as
sulphate
increases.




LAKO28 — ANC Thresholds

ANC change (in peg/L) associated
with a pH decrease from 4.98
(2012 value) to 4.68 in LAK028

2012 -13.6
2014 -16.6
2015 -20.0

2016 (#1) -7.6

2016 (#2)| -15.4

2016 (#3)| -15.4

Median -15.4

Average | -14.8 | £4.1 SD

Actual change in Gran ANC
in LAKO28 = -5.9 peq/L

Less than EEM threshold

51

5.0

4.9

<48

4.7

4.6

4.5

LAKO28 - Titrations across threshold space

N

X

T T T T T 1
0.00 0.01 0.02 0.03 0.04 0.05 0.06

—— 2016
——2016
—— 2016

2015
—=—2014

—&— 2012

2012 Baseline pH
- - - KPI threshold

INCREMENTAL Volume of H,S0, Acid Added (mL) (starting at pH=4.98)




lI-d. Freshwater — Results
What was learned

Tech Memo
W07

August vs. October Sampling show no consistent pattern

(Aug-Oct pH)

Year [Month e
West Lake (LAK023) End Lake (LAK006) Little End (LAKO12)
COUNT MEANpH SD |COUNTMEANpH SD |COUNTMEAN pH SD
2015 Aug 4455 6.2 0.1 | 4458 6.4 0.1 | 4101 6.2 0.2
Oct 4455 6.3 0.1 | 4455 6.2 0.1 | 4438 5.9 0.1
DIFF (Aug-Oct pH) 0 0.1 0.2
2016 Aug 4452 6.2 0.1 | 4449 6.3 0.1 | 4452 6 0.2
Oct 4455 6.1 0.1 | 4455 6.3 0.1 | 4245 6.2 0
DIFF (Aug-Oct pH) 0.1 0 -0.2
2017 Aug 4455 6.1 01 | 4314 6.3 0.1 | 4458 5.9 0.3
Oct 3945 6.1 0.2 | 3948 6.3 0.1 | 3942 6 0.1
DIFF (Aug-Oct pH) 0 -0.1 -0.1
AVG. DIFF 0.02

114




I-d. Freshwater — Results

Tech Memo
WO07

EEM Sensitive Lake LAKOO6 LAKOO®
16
14 J’/,,/)<‘-\\\\§§_ éé
X
12 & %\r‘—%/
10
8 ’X\"i X504 * (peq/L)
6 / X %}. % % K Cl (neq/L)
4
2
0 T T T T 1
2012 2013 2014 2015 2016 2017
LAKOOG6 LAKOO6

80 6.6 5.0

70 a g 8 6.5 H 0 - 45

60 O /@’_—e”lg 6.4 a"/g\ﬁ 4.0

——o © sB— &= 0 35
50 =g - 3.0
/A Gran ANC (peq/L) | 6.2 > - pH (TU)
O3 BC* (peq/L) 6.1 P~ ’;25 P
[1DOC (mg/L)

+Ca* (ueqg/L)

w
S O
i
E>::[§irb

0 T T T T 1
2012 2013 2014 2015 2016 2017

8 2.0
6.0 // \ 3“\:§ 15

5.9

v - 1.0
<
5.8 & < 0.5
5.7 : : . : 0.0
2012 2013 2014 2015 2016 2017




I-d. Freshwater — Results

Tech Memo
WO07

EEM Sensitive Lake LAKO12

X

LAKO12
35
30 X
X
25
20 X 2
15 sy //’\

X S04 * (peq/L)

o ST

| :‘x K Cl (peqg/L)

> XX e«
K
0 T T T T 1
2012 2013 2014 2015 2016 2017
LAKO12 LAKO12
160 6.6 10.0
6.5 5 9.0
140 | .
O O H
6.4 8.0
120 C}\M%/”@\ - A\ -
o 68 s .
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e TG (ped/t) 5.9 / $ 3.0
40 / o3 <
5.8 7 S 2.0
20 57 & 1.0
0 T T T T 1 5-6 < T T T T 0-0
2012 2013 2014 2015 2016 2017 2012 2013 2014 2015 2016 2017




I-d. Freshwater — Results

Tech Memo
WO07

EEM Sensitive Lake LAK022 LAKO22
50
45 /X\\
40 / 54\
35 \x—_,#
30 X
25 2S04 * (peq/L)
20 K. Cl (peg/L)
15
10 P
. )/ M—X
2012 2013 2014 2015 2016 2017
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I-d. Freshwater — Results

Tech Memo
W07

EEM Sensitive Lake LAKO23 LAKO23
30
> /\
20 g X
15 e # 504 * (peq/L)
X 10l (pea/t)
10 x
X
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h R I Tech Memo
reshwater — Results W07
EEM Sensitive Lake LAK028 LAKO28
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I-d. Freshwater — Results | (eeyteme |

EEM Sensitive Lake LAK042 LAKO42
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I-d. Freshwater — Results

Tech Memo
WO07

EEM Sensitive Lake LAKO44 LAKO44
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I-d. Freshwater — Results

Tech Memo
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EEM Less Sensitive Lake LAKOO7 LAK0O7
80
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I-d. Freshwater — Results

EEM Less Sensitive Lake LAKO16

Tech Memo
WO07

LAKO16
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I-d. Freshwater — Results | (e eme

EEM Lake of High Public Value LAK024
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I-d. Freshwater — Results

Tech Memo
W07

EEM Less Sensitive Lake LAKO34

LAKO34

40
N /A\
L/ \
25 ¢ \
20 504 * (ueq/L)
15 X =—f=Cl (peg/L)
10 \
< M\*A**—#;
0 T LI T _>< 1
2012 2013 2014 2015 2016 2017
LAKO34 LAKO34
300 7.0 8.0
4/.,\ 6.9 7.0
250 \ N\,
6.8 - 6.0
200 1 \. 6.7 / 5.0
—#—Gran ANC (peq/L) g—
150 - 6.6 a0 =4—pH(TU)
—0—3 BC* (peq/L)
6.5 3.0 —I—DOC(mg/L)
100 - =Ca * (neq/fL) \
6.4 - 2.0
20 6.3 1.0
0 6.2 0.0

2012 2013 2014 2015 2016 2017

2012 2013 2014 2015 2016 2017
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EEM Control Lake DCAS014A DCAS014A
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EEM Control Lake NC184 NC184
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EEM Control Lake NC194 NC194
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Power Analyses Slides
(from 2016 KPAC ppt & Tech Memo)



Slide from 2016

[Il-d. Freshwater — Methods

Tech Memo
W04
Power analyses

 Power analyses to assess our ability to correctly
detect changes in sensitive EEM lakes, including:

— How well can we detect changes in indicators?

— How many years are needed to be confident?

— What is the benefit of multiple samples within a year?
— What is the benefit of monitoring control lakes?

— What is the benefit of multiple metrics (pH, ANC,
SO,)?

— What is the effect of changing the threshold for
detection?
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lI-d. Freshwater — Results
What was learned

Slide from 2016

Tech Memo W04
Tech Memo W05

Power Analyses

5 of 7 lakes show adequate
statistical power to detect
changes in ANC from
annual samples

2 lakes (028 and 042) have
high variation in ANC, low
power

ANC a better indicator
than pH

Sharp changes in chemistry
easier to detect than
gradual changes

Intensive sampling and
control lakes improve
ability to detect effects

Power
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Slide from 2016

[Il-d. Freshwater — Methods

Tech Memo
W04
Power analyses

 How well can we separate “signal” from “noise”?

* Power analyses are about determining the
orobability of correctly detecting:

— a change in an indicator,

— in terms of a particular site or group of sites,
— of an explicit magnitude (effect size),

— over a specified period of time,

— relative to a defined baseline,

— given the existing variability in the data.

I”
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Slide from 2016 h015 EEM

lI-d. Freshwater — Results oot 5 24
What was learned Jtﬁﬁﬂ oo

Power Analyses — Base Case
* Power to detect ApH > KPI (- 0.3) is quite low; lower than ANC and SO,*
Power to detect AANC and ASO,? is

— High for 4 of 7 sensitive EEM lakes

— Moderate for one metric and low/very low in the other for 2 of 7 lakes
— Very low for both ANC and SO,% for LAK028.

* Strong benefit of considering all three metrics (independently)

* Across all of the metrics, LAK022 and LAKO23 consistently have among the
highest power.

 LAKO28 and LAKO42 have very low power for ANC [why we’ve increased
sampling of these lakes in October]

* LAKO28 has very low power for SO,? [due to high year to year changes in
SO,%]
— very close to smelter and sensitive to changes in both monthly emissions and
wind patterns

 LAKO12 and LAKO42 have low power for pH.
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Slide from 2017
2016 EEM
Lll-e. Soils — Permanent Plots Report, p. 25;

Tech S06

Permanent Soil Plots — Layout and Sampling Specifications
Plot layout:
e 6 plots (32m x 30m)

— 3 study sites (Coho Flats, Lakelse Lake, Kemano)
— Primary and secondary (backup) plots at each site

e 1 plot has 20 sub-plots (6m x 8m)

* 1 sub-plot has 12 sampling grids (2m x 2m)
Plot sampling:

 Random selection of 1 grid in each subplot

* Each selected grid (representing sub-plot) sampled at 5
depths

* One grid sampled (per sub-plot) every 5 years
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Slide from 2017 C D

32

]
[ ]
[ ] [ ]
6
[ ] [ ]
[ ]
[ ]
12
[ ] ®
®
18
®
[ ] ®
[ ]
24
[ ] ]
[ ] [ ]
30

Three-dimensional representation of soil
organic matter content (%) in the 0-5 cm,
5-15 cm, and 15—-30 cm (mineral) soil
depths at the primary permanent soil plot
at Lakelse Lake. The vertical lines indicate
the location of the soil sampling pits (n =20
per plot.

<0

S5

Bird’s-eye view of plot grid layout:
32 m by 30 m, 20 subplots, 12
sampling grids.
Dots are sampling sites at Lakelse
Lake primary plot during 2015.
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Slide from 2017

2016 EEM

ll-e. Soils — Permanent Plots Report, p. 26;

Tech Memo S06

Tree Mapping

Lakelse Lake Coho Flats Kemano
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