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LIST OF ACRONYMS

uS microSiemens

AFDW AshFree Dry Weight (VolatileSolids)

Al Aluminum

AOI Areaof Interestrepresents the Lower Columbia River from the confluence of the Kootenay River downs
to Wanetag including both reference and exposure areas (downstream othelter) assed within the
AREMP.

AREMP Aquatic Receiving Environment Monitoring Program

As Arsenic

BIR Birchbank

BC Hydro British Columbia Hydro and Power Authority

BC MoE British Columbia Ministry of Environment

Ca Calcium

CABIN Canadian Aquatic Biomonitoring Network

Caro Labs Caro Environmental Laboratories (Kelowna, B.C.)

CCME Canadin Council of Ministers of the Environment

Cll Teck Metals Ltd. Trail Smelter combined effluent Outfall 11

Clll Teck Metals Ltd. Trail Smelter combined effluent Outfall 1

Clv Teck Metals Ltd. Trail Smelter combined effluent Outfall 1V (fertilizdatbain right bank at Stony Creek)

Cl Chlorine

Cd Cadmium

CRIEMP Columbia River Integrated Environmental Monitoring Program

Chla ChlorophyHa

Co Cobalt

CPUE Catch Per Unit Effort

CRH Torrent Sculpin@ottus rhotheus

CSR Contaminated Sites Regtitans

Cu Copper

DDI Double Deionized Water

DEP Depositionabrea samplesite

DEPEXP Depositional area sample site situated downstream ofgheelter

DEPREF Depositional area sample site situated upstream ofgheelter

Didymo Didymosphenia geminate

DO DissolvedOxygen

EPT Ephemeroptera, Plecoptera, Tricoptera

ER Exposure Ratio

ERA Ecological Risk Assessment

ERO Erosional area sample site

ERCGEXP Erosional area sample site situated downstream ofgheslter

ERCGREF Erosional area sample sitéumated upstream of thesmelter

EXP Indicates sample sites/areas situated downstream ofdinelter. These represent exposure area samples.

Fe Iron

g Gram

GIS Geographic Information Systems

GPS Global Positioning System

GSlI Gonadosomatic Index

HBI Hilsenhoff Biotic Index

Hg Mercury

#102¢ 450 Neave Court Kelowna, BC V1V 2M2 Phone: 250.491.7337 Fax: 250.49¥ety W@vw.ecoscapeltd.com A$
y


mailto:www.ecoscapeltd.com

15.1438.4 iii May 2019

HLK Hugh L. Keenleyside

HSD Honest Significant Difference

HSI Hepatosomatic Index

ICRMS InductivelyCoupled Mass Spectrometry

IDZ Initial dilution (mixing) zonef effluent receiving waters extending downstream fréine TML Trail Smelter tc
Old Bridge.

I1ISQG Interim SdimentQuality Guideline

K Potassium

k Cdz G2y Q& /2yRAGAZY CIF OG2NJ

kcfs Thousands of Cubic Feet Per Second

kg Kilogram

km Kilometer

L Liter

LCR Lower Columbia River

m ASL Meters Above Sea Evel

m Meter

max Maximum \alue

MCR Middle Columbia River

Mg Magnesium

mg Milligram

min Minimum \alue

mm Millimeter

Mn Manganese

Mo Molybdenum

Mw Mountain Whitefish Prosopium williamsohi

N Nitrogen

n Sample Be

Na Sodum

NaCl Sodium Chloride

NMDS Nornrmetric MultidimensionalScaling

NTU NephelometricTurbidity Units

Pb Lead

PCA Principal Components Analysis

PCOC (PMOC)
PEL
POM
ppm
QAQC
RB
REF
SALM
SD

Se

Si
SO4
TDS
Tl

TP

Potential Contaminant of Concern (equates to potential metal of concern in this report)
Poséble HfectsLevel (lower limit usually associated witte potential foradverse effects)
Particulate Organic Mterial

Parts perMillion

Quality Assurance, Quality Control

Rainbow Trout@ncorhynchumykis3

Indicates sample sitéareas situated upstream of themelter. These represent reference area samples.
Strong Acid Leachable Metals

Standard Bviation

Selenium

Silicon

Sulphate

Total DissolvedSolids

Thallium

Total Phosphorus
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TKN Total Keldahl Nitrogen

TML Teck Metals Limited

TOC Total Organic Carbon

TRO Tissue Residue Objectives

TSS Total Suspendedolids

TTS Teck Trail Smelter

UBC University of British Columbia

USEPA United States Environmental Protection Agency
UTM Universal Trasverse Mercator

VIF Variance Inflation Factors

WP Walleye Gander vitreus

WQIS Water Quality IndexSation

WUP CC Columbia River Water Use Plan Consultative Committee
Zn Zinc
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DEFINITIONS

The following terms arériefly defined as they are used this report.For a fuller explanation, please refer

to scientific literature

Term
Anaerobic/anoxic
Benthic

Benthic production

Bioaccumulation
Bioavailable
Biomagnification

Catastrophic flow
Cyanobacteria
Diatorrs

Effective Dilution
Eutrophic
Exposure Area

Flow
Functional Feeding grouy

Inflow plume

Left Bank

Light attenuation
Limitation, nutrient
Macronutrient
Metal of Interest

Micronutrient
Microflora
Myxotrophic

Nano plankon
Pico plankton
PPB opg/L

Peak biomass
Periphyton
Phytoplankton
Redox

Reducing envdonment

Reference Area

Right Bank
Riparian

Zooplankton

Definition

Devoid of oxygen

Organisms that dwell in or are associated with the sediments

The production within the bemtos originating from both periphyton an
benthic invertebrates

Removal of raterialsfrom solution by organisms via adsorptianetabolism.
Available for use by plants or animals

A marked increase inraaterial of interestthrough successively higher leve
of a foodchain.

Flow events that have population level consequences of >50% mortality
Bacterialike algae having cyanochrome as the main photosynthgtjment.
Algae that have hard, silidzased "shellsfrustules.

Ratio of the effluent concentration téhe plume concentration

Nutrient-rich, biologically productive water body

The Columbia River within the Initiaillion Zone and areas downstream
the smeltereffluent discharge$to Waneta).

The instantaneous volume of water flowing at any given time (&0 n¥/s).
(FFG)Benthic invertebrates can be classified by mechanism biclwthey
forage, referred to as functional feeding or foraging graups

Aninflow seeks the layer of matchinglative density in the receiving water
diffusing as it travels; High TSS, TDS and low destyre increase water
density;

Left bank (river left) when looking downstream

Reduction of sunlight strength during transmission through water

A nutrient can limit or control the potential growth of organisms e.g. P.or
Themajor constituents of cells: nitrogen, phosphorus, carbon, sulphate, +
In previous studies/reports metals of interest were referred to as Poter
Contaminants of Concern (PCOC).

Small amounts are required for growth; BIn, Fe, Co, Zn, Cu, Mo etc.

The sum of algae, bacteria, fungigtinomycetesetc., in water or biofilms
Organisms that can be photosynthetic or can absorb organic materials dit
from the environment as needed

Minute algae that are less than 5 microns in their largest dimension
Minute algae that are less than 2 microns in their largest dimension

1 part per billion (e.g. 1/6 of an aspirin tablet in 1 rail car of water (16,0
gal).

The highest density, biovolume or enhttained in a set time on substrate.
Microflora that are attached to aquatic plants or solid substrates

Algae that float, drift or swim in water columns of reservaing lakes

The reduction{e) or oxidation (+ve) potential of a solution

Devoid of oxygen with reducing conditionse redox) e.gwater-covered
organic sediments Negative redois usuallydriven by bacterial activity
The Columbia Rivewithin the AOlupstream ofStoney Creek andmelter
effluent discharges.

Right bank (river right) when looking downstream

The interface between land and a stream or lake

Minute animals hat graze algae, bacteria and detritiism a water column
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HOW TO INTERET A BOXPLOT

2.2 x

Outside Values

N

Whisker
4

l/ Upper Quartile

W Median

Lower Quartile

Whisker

A N

KK X

Outside Values

1.9

The lower (first) quartile @) is defined as the middle number between the smallest number and
the medianof the data set. The second quartif@) is the mediamf the data. The upper (third) quartil®d)
is the middle value between the median and the highest value of the data set.

An outlier(outside)value is generally defined as any value that is 1.5 timesothier (Q1)and upper(Q3)
quartile values. Outlie values can be due to real variability in the sample populatlfwavytailed
distributions or due to errors in sampling equipment or transcription.
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WATERQUALITYSEDINENT AND TISSUE GUIDES

Generalized Water Quality Guidelines and Objectives

Seleted Analytes Units LCR Water Quality Objectives BC CCME
Water Quality General Maximum 30-day average| Maximum 30-day average
pH 6.5-8.5 - 6.5-9.0 - 6.5-9.0
Dissolved oxygen mg/L 5.5-9.5 - 5-9 (min) 8-11 (min) 5.5-9.5
+ 20% of
Total organic cdmon mg/L - - - median -
Suspended solids mg/L - - +25 +5 -
Turbidity NTU - - +8 +2 -
Metals
Aluminumc diss. mg/L - - - 0.02 -
Arsenicg total mg/L - 0.005 0.005 - 0.005
Cadmiun dissolved
Total Hardness = 70mg/L as
CaCQ mg/L - - 0.000407 0.000163 0.0015
Chromiumg total mg/L - 0.001 - - -
Chromium 11l ion mg/L - - 0.009 - 0.0089
Chromium VI ion mg/L - - 0.001 - 0.001
Copperg total mg/L 0.00717 0.002 Cu calc - 0.002- 0.004
Iron ¢ total mg/L - - 0.3 - 0.300
Leadc total mg/L 0.0379 0.0048 Pb calc Pb calc 0.001-0.007
Mercury total inorg. mg/L - - 0.0001 0.00002 0.00026
Nickelg total mg/L | 0.0025-0.150 - 0.0025- 0.150 - 0.0025- 0.150
Seleniunx; total mg/L - - 0.002 0.001 0.0010
Sodiumg total mg/L - - - - -
0.00005 (hard
(0.0001 if hardness| <100 mg/L}

Silher ¢ total mg/L - - <100mg/L) 0.003 0.0015 0.0001
Thalliumg total mg/L - 0.0008 0.0003 - 0.0008
Zincg total mg/L 0.033 0.0075 Zn calc Zn calc 0.03
Nutrients

0.102-2.08 | 0.752-27.7temp/pH 0.102-2.08 0.019 un
Ammonia as N mg/L - temp/pH table table temp/pH table ionized
Nitrate-N as N mg/L - - 200 40 13
Nitrite-N as N mg/L - - 0.06 0.02 0.06

0.005-0.015 for

Total phosphorus as P| mg/L - - lakes - -
Sulphate mg/L - - 218calc -
Parameer/Analyte mg/L Calculation
Cd max (dis)2015) BC Cd shotterm e 103(n(hardness5.274y1000 / / a9 2 v D 6 > Holpothargnefiy /1000 v

Cd 30day average (dis)
Cutotal

Pb max
Pb30-dayaverage

SQ (proposed 2013)

Zn max
Zn30-dayaverage

BCe 0.736(In(hardness§.943y1000

(0.094(hardness)+2)/1000
e 1.273(In(hardness).46)1 000

3.31+(1.273 Infneanhardness) 4.705)in ug/L
Hardness(mg/L) soft {80)=128mg/LSQ | moderate(31-75)=218ng/LSQ | hard(76180)
=309mg/LSQ | very hard(181250429mg/LSQ

(33+0.75(hardnes80))/1000
(7.5+0.75(hardnes80))/1000

Water Qudity Guideline References
LCR Objectives: Lower Columbia River from Birchbank to the International Border: Water quality Assessment and Recomjeethae] Ob
MacDonald Envi Services Ltd. 1997
LCR Objectives: Ambient Water Quality Assessment and @bgtdr the Lower Columbia RiveBirchbank to the US Border. Overview Report.

2000.

BC Water Quality Guidelines. 1999. http://www.env.gov.bc.ca/wat/wq/BCguidelines/zinc/zinc.html
BC Water Quality Guideliné#tp://www.env.gov.bc.ca/wat/wg/BGQyuidelines Nagal et al 20@Qplus updates)
CCME 2005 Canadian Council of Ministers of the Environnhétpt fst -ts.ccme.ca/

http://www.env.gov.bc.ca/wat/wg/BCquidelines/sulphate/pdf/sulphate final guideline.pdf

BC MOE. 2015. Ambient Water Quality Guidelines for Cadiilieechnical Report. 114pp.
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Sediment quality guidelines

Selected Analytes Units LCR Sedinre BC Working Guidelines 2006 CCME
Sediment Quality Objective 1ISQG PEL ISQG PEL
Total Metals Dry wit.

Arsenic mg/kg 5.7 5.9 17 5.9 17
Cadmium mg/kg 0.6 0.6 3.5 0.6 3.5
Chromium mg/kg 36.4 37.3 90 37.3 90
Copper mg/kg 35.1 35.7 197 35.7 197
Iron mg/kg - 21,200 (2%) 43,766 (4%) - -
Lead mg/kg 334 35 913 35 91.3
Mercury mg/kg 0.16 0.174 0.486 0.17 0.486
Nickel mg/kg - 16 75 - -
Selenium mg/kg - 2 - - -
Silver mg/kg - 0.5(Ontario) - - -
Thallium mg/kg - - - - -
Zinc mg/kg 120 123 315 123 315

ISQG = interim sediment quality guideline  (mg/kg =ug/q)

PEL = possible effects level

NOTE: It is noted here that the Objectives cited here are more stringent thabdhaminatedSites Regulations
(CSR) Schedule 9 standards for sediment.

According to the2009 BC Lab Manufdr sediment sampleghe < 2 mm fractioris analyzed

Sediment Guideline References

LCR Objectives: Lower Columbia River from Birchbank to the International Border: Water quality Assessment and
Recommended ObjectiveBlacDonald Envi Services Ltd. 1997

BC Water Quality Guidelinagtp://www.env.gov.bc.ca/wat/wg/BCguidelineNagpal et al 2006

CCME Canadian Council of Ministers of the Environmiettyp /st -ts.ccme.ca/

Tissue metals guidelines for consumers of fish

Human Health Wildlife? CCME BCMOE

Analyte Hg/g Hg/g Ha/g Ha/g
Arsenic 3.5 0.47

Cadmium 0.9

Chromium 0.94

Lead 0.5 0.16 0.08

Mercury 0.5 0.1 0.033

Selenium 1

L. Canadian guidelines for chemical contaminants and toxins in fish angrbslicts. Based on fish protein (mussetncentration
(Ammend.no.11, 2011)Can.Food.Insp.Agency 2011)

2 LCR tissue residue objectives (TRO): Lower Columbia River from Birchbank to the International Border: Water qualitytferses
Recommended Qbctives MacDonald Envi Services Ltd. 1p97

3 BCMOE. 2014Ambient water quality guidelines for Selenium Technical Report Update. Water Protection and Sustainability
Environmental Sustainability and Strategic Policy Division British ColumbigryifiEnvironment. 270pp.
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LIMITATIONS AND LIABIY

This report in its entirety was prepared for the exclusive use of Teck Metals Ltd. Any use of this report
by a third party, or any reliance on or decisions maglbased on it, is the sole responsibility of the third
party. The report authors disclaim responsibility of consequential financial effects of any kind, or for
requirements for follow-up actions or costs.

In preparing this report, the authors have reliedn good faith on data and research provided by others
as noted. We assume that the information provided by others is factual and accurate. The authors
accept no responsibility for any errors, deficiencies, omissions, misstatements, inaccuracies or
misinterpretations in the cited materials.

The services performed and described in this report were conducted in accordance with the level of
care and skill normally exercised by science professionals, subject to the same time, financial and
physical constraints applicable to the services. This report includes data gathered during the
ET OAOOECAOEI T O AT A OEA AOOEI 008 DOI ZAOOEIT 1 Al
the report writing. No warranty is expressed, implied or made as to the repbconclusions, nor does
this report provide a legal opinion regarding compliance with applicable laws.

Electronic media versions of any report are susceptible to unauthorizeahodification; therefore, the
signed final paper copies of this report shall béaken as the correct versions in case of discrepancy.

© 2019 Teck Metals Ltd.

No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form
or by any means, electronic, mechanical, photocopying, recond, or otherwise, without prior
permission from Teck Metals Ltd.
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EXECUTIVE SUMMARY

Ecoscape Environmental Consultants Ltd. (Ecoscape) was retained by Teck Metals Ltd., Trall
Operations (Teck) in 2015 to carry out an aquatic receiving environment monitonig program
(AREMP) on the Lower Columbia River (LCR) as per part 3.2 of Effluent Permit PE02753. The
purpose of this work is to conduct effluent receivingenvironment monitoring in the LCR. A
secondary purpose of the work is to provide information to Tecko facilitate management
decisions for smelter operations.

The AREMP study designonsisted ofthe following components:

1. Water Quality

2. Depositional Habitat
3. Erosional Habitat

4. Smaltbodied Fish

5. Large-bodied Fish

Objectives from the current study desigrfor each of thesecomponentsare summarized in the
following table, along with the current status or findings of this annual report.

WATER QUALITY

Question

2012 STATUS

2016 Status

1.Are Provincial Water
Quality Objectives
attained at the
downstream end othe
IDZduring low flows
(less than 40 kfcs) as
per long term trend
monitoring (e.g.
CRIEMP)?

Provincial Water Quality Objectives ¢
attained at the downstream end of th
IDZ, or Old Bridge Site, during I
flows. The exceptions were mercu
and cadmium,which exceeded the
objectives or guidelines at some of tl
reference sites upstream of th
smelteras well as below the IDZ.

All nutrients were within respectiv
water quality objectives or guideling
throughout the LCR.

No metal exceedances attributabl® the
smelter were detected in 2015016 sampleg
below the IDZ Provincial Water Qualit
Objectives were attained at the downstree
end of the IDZ, or Old Bridge Site, even du
low flows during all 2015 and 2016 sampl
events.

Nutrient concentratims in the LCR below th
IDZ were not significantly altered by tl
effluent discharges.

2.Does water quality in
the study area vary
spatially (various
locations in the
Columbia River

reference sites (both
andtemporally

years) as a result of
¢S01 Qa

if so, describe the
variances?

including point source,
horizontal and vertical),
(between seasons and

LJ2 Ay
effluent discharges and

Yes, the plume stays on the right ba
(~1/3 channel width) through to th
end of the IDZ.

Transect water sampling showed th
water quality varies in the river cres
section in both horizontal and vertic
stations within the IDZ, but not ¢
Waneta.

Upstream to downstream trends wel
detected for many metals including A
Cd, Cr, Cu, Pb, Ni, Se, Tl, and Zn. W
the IDZ, m&al sources likely includ
effluent and groundwater discharge

and Stoney and Trail Creeks. Ot

The AREMP transect water quality samp
showed spatial variation in water quality witH
the IDZ. fe effluent plume stays on the rigl
bank (~1/3 channel width or approximate
60m) through to the downstream end of th
initial dilution zone.

Transect sampling at Waneta indicatdue
plume wascompletdy diffused/mixed across
the channelas demonstrated by homogenei
of most metal concentrations across tl
channel. Water sampling at Maglios (at t
Bear Creek confluencenear Rock Island
indicated thatthe plume is nearly diffuse
across the channelbout 4.2 km downstrean
of the IDZBetween this station and the smelti
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potential sources of metals of intere
to the LCR downstream of the smelt
include stormwater, historical minin
and milling, municipal effluent an
naturally high metals in tributaries.

outfalls, the plume follows the right bank ai
all metals of interest were within the LCR ¢
BC gidelines by the downstream end of tf
IDZ. Complete mixing of the plume occur
between Maglios and Waneta.

3.Are water quality
parameters that are

analyzed for the AREM

stations appropriate?

DEPOSITIONAL HA

Yes. The overall AREMP water qud
study design meets the gisa of
assessing potential smelter impacts.
focusses on lower flow periods whe|
mixing and dilution areeduced,and

water quality impacts are expected

be greatest.

ITAT

Yes. The AREMP water quality monitoril
study conducted in 2018016 met all
requirements The existing parametersind
their reportable detection limits are
appropriate for this study.

Question 2013 STATUS 2017 Status
1.What is sediment Metals in downstream depositiong Most metals of interest in depositioni
quality in the areas that exceeded two standa| exposure sites exceeded two standg

depositional areas
upstream and
downstream of the
smelter?

deviations of results from referenc
sites were: copper, lead and zinc.

In 2012, the list of metals exceedil
PEL concentrations or sensitive speq
levels downstream of themelterwas
Zn Ph Cu, and As.

deviations of results from reference siiasall
years of study Every depositional sedimer
metal concentration metric availablshow
decreasing concentrations dll metals of
interest from 2003 to 2012, and from 2012
2015. In every exposure site, the number
sediment metal exceedances and t
magnitude of those exceedances decrea!
from 2003 to 2015.

In 2015 data, the list of metals exceedi
possible effcts level concentrations ¢
sensitive species levels was smaller thar
earlier years and only included Zn, Pb and (

2.Are benthic
invertebrate
communities in
depositional sediments
downstream of the
smelter different from
upstream communities
in termsof abundance,
species diversity and
species composition?

A community analysis (NMD
detected no change in invertebral
community structure betweer
samples collected upstream at
downstream of thesmelter.

However, increasing distanc
downstream from e smelter and
sediment zinc and coppe
concentrations  were negativel
correlated with invertebrate
abundance, species richness, 4g

percent Chironomidadn depositional
habitats.

There was a small difference in overall spe|
composition betweemeference andexposure
areas in 2015, as there was in 20H2dwever,
community structure differed significant
between years (2012 and 2015).

Reference areas had higher abundance an
biomass than exposurareas Maglios (DEP
EXP2) had the highest sampled specie!
richness as well as the highest mean spe
richness across the five samples

3.If differences in bentic
communities exist, do
these differences

suggest adverse effects

(i.e. impairment of
benthic communities
such that they provide
poor habitat to upper

trophic consumers) and

is this linked to current

No change was detectedh ibenthic
communities in reference an
exposure areas. The depositior
habitats at Maglios and Waneta we|
more similar in community structure t
other sites assessed (upstream a
downstream of the smelte) than
documented in previous studies. Tt
resut may be simply due to annui

variation in  benthic communit

Community structure differed significant
between sits and years (2012 and 201!
highlighting natural seasonal and anni
variability that can occur in benth
communities.

The effect of treatment (reference v
exposur¢ was tested on four benthis
invertebrate  metrics  which  quantify
community composition and productivit
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permitted effluent
discharges?

Question

production or variability in habitg
quality as it relates to substrate si
and stability and other natural physic
variables. Given that no significa
difference in communities wa
observed 1 erosional habitatg
(including those in the IDZ) it is unliks
that the differences in depositiong
habitat benthic invertebrate
community metrics are linked t
current permitted effluent discharge.

EROSIONAL HABITAT

2013 STATUS

Total abundance at reference and expos|
sites was not significantlydifferent in
depositional habitats (F=0.68, p=0.42)
Similarly treatment did not have a significal
effect on percent EPT, percent Chironomic
and effective number of specie§he four
benthic invertebrate metrics did not diffe
significanthby year sampled

Therefore,it is unlikely that the differences i
depositional habitat benthic invertebrat
community metrics arelinked to current
permitted effluent discharge.

2017 Status

1. What is the difference
in periphyton
communities in
erosional habitat
downstream of the
smelter compared to
the upstream
communities in terms
of periphybn
community structure,
composition, and
standing crop
biomass?

All metrics and statistical analyses (
not detect any differences betweeg
periphyton communities in erosion;
habitats upstream and downstream
the smelter.

Diatoms are the most prevaletype of
algae in erosional river biofilms. T
dominant species lists did not indica
measurable change between th
reference and downstream erosion
areas.

Within the IDZ, where warmer wat¢
and comparatively  nutrieatch
groundwater can infiltratehe river, a
shift to increased concentrations |
cyanobacteria and filamentous gret
algae was detected. This shift did 1
appear to be in response to met
concentrations.

Periphyton continues to show wide natul
variance in abundance within and betn
sites, including reference and exposure si
All metrics and statistical analyses conduct
on the 2015 data did not detect any impact
erosional periphyton community structure.

Diatoms are the most prevalent type of algag
erosional river biolfins and have accounted f¢
an increasing percentage of periphyt
production within the IDZyhichis now similar
to typical LCR results. The dominant spe
lists did not indicate measurable chan
between the erosional reference and exposi
sites.Within the IDZ where warm effluent ar|
warm, comparatively nutrierdch
groundwater can infiltrate the river, a shift 1
increased concentrations of cyanobacteria ¢
filamentous green algae were detected in t
past but was subtle in 20EHd did not appeal
to be in response to metal concentrations

Major driving forces on LCR periphyt
communities include flows and localized wal
velocity, irradiance, nutrient concentration
algae settling from upstream reservoirs a
grazing pressure.

Nearfield taxonanic results from 201°f
confirm the erosional productivity metric
suggesting that the influence of the smelter
the AOIl is diminishing as reclamati
treatment proceeds.

2. What is the difference
in the benthic
invertebrate
communities in
erosional habitat
downstream of the
smelter compared to

Overall species richness did not dif
between reference and downstreal
areas and species diversity was a
similar. The mean EPT richness
mean %EPT were both higher
downstream areas and mean

Hilsenhoff Biotic Index score was I

There was no difference in the structure
benthic  macroinvertebrate  communitig
between Reference and Exposure Areas
erosional habitats.

Exposure Area 2, situated just downstreaf
the CIII outfall, had the highest me;i
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the upstream
communities in terms
of community
structure and
composition?fl
differences in benthic
communities exist, do
these differences
suggest adverse
effects (i.e.
impairment of benthic
communities such that
they provide poor
habitat to upper
trophic consumers)
and is this linked to
current permitted
effluent discharges?

than reference sites- indicating a
greater predominance of pollutio
sensitive species downstream of tl
smelter

Erosional habitats in exposure are
were documented as having highe
mean invertebrate abundanc
compared to reference sitesThe
greatest sampled abundance w
recorded in the neafield exposure
area just downstream ofsmelter
Outfall CIII.

No shifts in community compositio
between referencersd exposure area
were documented. Based o
comparison with reference site;
benthic invertebrate = community
health is good in erosional habita
downstream of thesmelter.

Water velocity is the most importar
covariate influencing invertebrat
abundance EPT richness, percent El
and diversity in LCR erosional habitg

abundance, biomass, EPT richness, and %
ERGEXP2 site 3 had the lowest measured H
score. EPT taxa are the predominant organi
across all Reference and Exposure areas.

Hilsenhoff Biotic Index scorestBBPT richnes|
were both significantly different betwee
Reference Areas and Exposure Areas. Expc
Areas had higher EPT richness and lower
scores corroborating one another indicating
greater abundance of metal and pollutig
sensitive species intes downstream of the
smelter.

Water \elocity and substrate size are the mg
important variables influencing communities
erosional habitats. Velocity is an importg
variable for explaining benthi
macroinvertebrate abundance, %EPT, and
scores. $@&s with higher water velocity ha
higher abundance and %EPT while hay
lower HBI scores. Exposure Area 2, within
side channel downstream of the ClII outfall I
the highest mean velocity of all areas follow
by Exposure Area 5 and Exposure Area 3

. On the basis of
qualitative review, is
there a trend in
periphyton and
benthic metrics over
time?

Question

There is currently insufficient dal

available to qualitatively asse
whether  changes in benthi
invertebrate communities ar

occurring over time. Other stigs on
the Columbia River upstream of tf
smelterhave documented high annu
and seasonal variation in invertebra
community metrics (Larratt et al 2013
Additional sampling in subseque
years (as outlined in the AREMP st
plan (Golder 2012a) may belto
support a qualitative observation (
trends.

SMALEBODIED FISH TISSUE \

2013 STATUS

Community structure differed significant
between years (2012 and 2015 AREMP d
for both erosional and depositional habita
However the Columbia Rivas knownto have
high natural annual and seaw variation in
invertebrate community metrics (Larratt et
2013). Based on thisjnsufficient dataare
currently available to qualitatively asse
whether changes in benthic invertebra
communities are occurring over time.

2017 Status

1. Is there a difference in

tissue metals
composition and
concentration in small
bodied fish between
reference areas and
exposure areas
downstream of the
smelter?

Differences in concentrations betwee
sculpin collected in refence and
exposure areas were relatively low,
statistically significant in all cases. H
sampled from exposure ared
downstream of thesmelter generally
had higher lead levels than the oth
metals.

Sculpin tissue Pb, Tl, As andc@Gdcentrations
at nearfield siteswere significantly different
than at reference sites, while the remaini
metals of interest were natifferent.

. Do tissue metal
concentrations

decrease in small

Sculpins sampled in the I[
downstream of the Combined Ill outf:
had higher tissue metal

Sculpins sampled in the IDZ downstream of
Combined Il outfall had higher tissue met
concentrations than those captured upstreg
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bodied fish as the
distance from the
smelter effluent
discharge increas@s

concentrations than those capture
upstream of this location. Tissl
metals concentrations decreased
sculpins sampled further downstrea
from thesmelterbeyord the IDZ.

of this location. Tissue metals concentratic
decreased in sculpins sampled furth
downstream from thesmeter beyond the IDZ
Thisgradient in response at the exposure si
may correlatewith progressive dilution movin
downstream away from themelter.

In 2015 sculpin samples, tisst@ncentrations
for most metals of interest were below the
wildlife TRO gdelines in both the referenc
and the exposure sitesThere was one
exceedance of both the arsenic wildlife T
(0.47 mg/kg ww) and cadmium wildlife T
(0.9 mg/kg ww) from ERBXP3-1. Whole
body lead concentrations exceeded the T
(0.16 ug/g wet weightfor wildlife in 258
sculpinsAll sculpins collected fromithin and
downstreamthe IDZ had lead concentratiol
that exceeded the TRO for wildlife and

sculpins from Reference sites had le
concentrations that exceeded the TR
Concentrationglrop marledly with increasing
distance downstream from New Bridg
Sculpins collected from the right baadtjacent
downtown Trail (EREGXP3-2-R) had averag:
lead concentrations that were 3.5 times low
than fish collected just 300 m further upstrez
from EREGEXP3-1-R.

3.

Is there a difference in
the length, weight,
liver weight, gonad
weight and condition
of fish collected
upstream of the
smelterand
downstream of the
smelter?

There was no significant difference
various condition indicators betweg
upstream andlownstream areas.

There was no significant difference in conditi
responsesbetween reference and exposul
areas.

4.What is the relationshiy

between the distance
from the effluent
discharge and tissu
metals, condition factor
liver weight (liversomati
index) and gonad weigh
(gonadosomatic index)

Question

There was no strong relationsh
between distance from thesmelter
effluent discharges and the variol
conditions  metrics that  werg
evaluated.

LARGE BODIED FISH TISSUE \

2013 STATUS

The hepatosomatic argbnadosomatimdices
showed no signiant difference with distanci
from the smelter

2017 Status

1.How do concentrations

of total metals in the
tissues of large bodied
fish species in the lowe
Columbia in 2012
compare to
concentrations since

20007?

Since 2000 declining trends are evide
for arsenic, cadmium, and leg
concentrations in fillets of mountai
whitefish, Rainbow Trout, and Walley
No trend is apparent with chromiur
and mercury with the current date
There is insufficient data from pieus

years to assess for potential trends

Declining trendsvere measuredor arsenic,
cadmium, and lead. Increased detecti
capabilities for cadmium since 20(
demonstrate the decliningrend in 2005 for
Walleye, and in 2012 and 2016 for all thr
species. However, no trend is apparent w
chromium and mercury.
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other metals of interest that may b
concentrated in fish tissue.

2.Do fish tissue
concentrations exceed
relevant human
consumption
guidelines?

Concentrations of metals in fish fillg
were within the published Canadia
guidelines for chemical contaminan
and toxins in fish for consumption.

Concentrations of arsenic, chromiur
cadmium, lead and selenium in fish fillets w«
below human consumption guideling
(Canadian Food Inspection Agenog D).

Most muscle and whole fish samples wz
below the wildlife TRO guidelines. Whole f
concentrations of mercury in Walleye fro
both reference and exposure areas excee(
the TRO.

None of the muscle tissue or whole fish h
arsenic, cadmium, or  hecomium
concentrations above the TRO (wildli]
guideline. Only one Rainbow Trout caughi
2016 had a whokpody concentration of lea(
above the TRO for wildlife. Whole fi
concentrations of mercury in Walleye fro
both reference and exposure areas, amone
Mountain Whitefish from a reference are
exceeded the TRO. The TRO guide
specifically states that the values should
compared to a composite sample or averagg
6-10 fish, not single samples.

In summary, communitievel adverse responses waret detected in this study that would K
attributable to influence of the Teck Trail Smelter operations on the Lower Columbia River
interest. Complex statistical models found that streamflows dinel related factors of velocity
substrate size, ®ar stress, light penetration and particulate suspension exert control
periphyton and benthic macroinvertebrate growth and species assemblaie. the AREM]
focuses on studying the effects of effluent discharge on aquatic environments, Lartat2@13)
found that key controlling factors of river production shift with season and substrate typ
largely influenced by water velocities and channel character are the primary controlling fac
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INTRODUCTION

Ecoscape Environmental Consultants Ltd. (Ecoscape) was retained by Teck Metals
Ltd., Trail Operations (Teck) in 2015 to carry out an aquatic receiving environment
monitoring program (AREMP) on the Lower Columbia River (LCR) as per part 3.2
of Effluent Permit PE02753. The purpose of this work is to conduct effluent
receiving environment monitoring in the LCR. A secondary purpose of the work is
to provide information to Teck to facilitate management decisions for smelter
operations.

The Teck Trail Smelter is located adjacent the right bank (looking downstream) of
the lower Columbia River in Trail, BC about 11 km due north of the International
Border with the United Staks. The streamlinedistance from the smelter down to
the border is about 18 km(Schedule A)

The primary study area is the lower Columbia River from Stoney Creek to Old

Bridge as this area receives the permitted effluent from the smelter alortge right

bank. Downstream sampling of the smelter outfalls extends from Old Bridge to

7AT AOGA EOOO ODPOOOAAI 1T &£ OEA AfljusEbrid AT AA xE
the border. Reference study areas include the lower Columbia Rivdreginning

from the Hugh L Kealyside Dam and the Brilliant Dam on the Kootenay River

extending downstream to Stoney CreekSchedule A)

There areseveralsources ofmetalsin the study aregincluding but not limited to:

1 Smelter emissions for which an Aquatic Ecological Risk Asssment study
has been conducted (Golder 2007)

1 Groundwater discharge, for which ahydraulic interception and treatment

system is currentlybeing commissioned

Stoney Creek, which is currently undeassessment and remediation

Sediment in the Columbia Riveforeshore area adjacent to downtown Trail,

which is currently under investigation;

1 Trail Geek, which is currently under investigation in the Annable area of
Warfield;

1 Non-smelter influences including various mines and mills,storm sewer
discharge, pulpmill effluent and municipal sewage effluent and.

1 Naturally occurring metals.

E

Sources other than permitted Teck discharges described further below, have a
potential influence on the health of the aquatic receiving environment buthe
evaluation of such nfluence is outside the scope ofthis AREMP.Due to the
integrating nature of the LCR any impacts of these sourcesould not beassessed
separately from the effluent discharge, and it is therefore acknowledged th#éte
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AREMP will measure parameters as asult of all influences on the river, not just
the Trail Smeltereffluent discharge.

The structure of this report is based on the Proposed Study Design for Teck Trail
Smelter AREMP (Golder 2012a) and on Recommendations to ARE, 20152017
(Hawes et al2015). The requirement to carry out an AREMP was delegated to Teck
by BC MoE in 2011 for studies to be conducted in 2012 through 2014 on the Lower
Columbia River. AREMP studies involve monitoring of water quality, sediment
quality, periphyton communities, kenthic invertebrate communities, smalbodied
fish and largebodied fish. The following report describes project objectives,
outlines management questions and methods carried out to address the water
guality program.

1.1 Background Information

The LCR aquatienvironment in Canada has been extensively studied, with data
collected over the years by various organizations. Teck has commissioned
numerous studies and reports on a wide range of potential effects of past and
current smelter operations. These effortgrovide historic data and context for this
study.

Teck conducted a largescale Ecological Risk Assessment (ERA) of the Trail smelter
operations from 2000 to 2007 Golder 2007;Golder 20123). The aquatic ERA study
area encompassed the lower Columbia Rivend its tributaries from downstream

of the Hugh L Keenlyside Dam, and the Brilliant Dam on the Kootenay River to the
International Border.

Tributaries

Cadmium, siler, and zinc concentrations exceeded criteria at botheference and
exposure siteswithin the tributaries to the lower Columbia. The ERA(Golder
2007) speculated that someelevated metals concentrationsin tributaries may be
explained by anthropogenic sources othethan the smelter z especially true for

reference tributaries (Golder 2006). Thes include forestry, highway runoff,

erosion from power and gas rights of wayand run-off from agricultural and urban

areas.

Sediment metals in tributaries were elevated from upstream reference sites
downstream to Murphy Creek with variable metalsconcertrations between the
smelter and Beaver Creek and then high metals concentrations further
downstream at Sheppard Creek (Golder 2006).

Algal biovolume in tributaries was low at most sites and the degree of variability
between reference and exposure sites &re within the standard error (Golder
2006) and it was concludedthere is low risk from smelter emissions to tributary
systems (Golder 2012).
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Differences in benthic invetebrate community composition were reported for the
tributar ies studied in the area d influence (AOI) (Golder 2012). Thesedifferences
reflected the environmental variation relating to water quality and habitat(Golder
2006) with the variability in natural habitat features being the primary
determinants of periphyton and benthic communitycomposition (Golder 2012).

Lower Columbia River

The AquaticERA(Golder 2007) AOI included 56 km of the lower Columbia River
from the Hugh L Keenlyside Dam, and the Brilliant Dam on the Kootenay River
downstream to Waneta at thelnternational Border. Assessment endpoints were
defined for periphyton community composition, benthicinvertebrate community
composition, fish population and condition metrics as well as habitat quality.

The sequential assessment of lines of Elence (SALE) of the ERA indicatethat the
risk management objectives are being met for Mountain Whitefish and Prickly
Sculpin. Therefore, an evaluation of the risk management options is not required
for these receptors (i.e. large and smalbodied fish) (Golder 2012). The SALE
analysis indicated that the risk management objectives were not being met for
periphyton in near-field areas at New Bridge within about 250 ndownstream of
the O A1 OdDited Il Autfall along the right bank In addition, the SALE
indicated that the risk management objectives were not being met for the
depositional habitat benthic invertebrates at Maglios and Waneta siteslowever,
the area of depositional habitat in the AOI is only about 0.1%. Therefore, the spatial
extent of the physical and chemical effects ofay and sediment quality is small
relative to the context of the entire AOI (Golder 2007).

Effluent Plume Overview

A plume delineation model was developed for the Trail smelter effluent in 2012
(Golder 2012) and subsequently validated by water quality sammg and spatial
analysis (Hawes and Larratt 2014). Daily effluent flow and total metals
concentrations for each of the outfalls was provided by TML. Effluent flow (¥fs)
and concentration data (mg/L) were compared with transect water quality data on
corresponding days to assess the % assimilation and spatial attributes of the
discharges and compared with the modeled effective dilution.

During spring LCR low flows the average combined effluent discharge from all
three plumes is approximately 0.14%of L(R flows (Hawes and Larratt 2014). An
ammonium sulphate groundwater plume flows beneath thesmelter, discharging
into the LCR from the riverbed. This groundwater plumeconfounds the effluent
plume modelbecause itsconstituents are also components of themelter outfalls.
The groundwater plume is characterized by elevated nitrogen, sulphate, fluoride,
total dissolved solids (TDS), arsenic, cadmium, iron, lead, manganese, and zinc
(Golder 2012).

#102¢ 450 Neave Court, Kelowna, BC V1V 2M2 P: 250.491.7337 F: 250.491\WVe&E2www.ecoscapeltd.com A E

y 4


http://www.ecoscapeltd.com/

151438.4 4 May 2019

At New Bridge, he measured dilution was less than predictecoy the model
ranging from about 2% (As/Se) to over 20% (Cd). This apparent reduced dilution
may be explained by the ammonium sulphate groundwater pluméHawes and
Larratt 2014). At Old Bridge the downstream limit of the initial dilution zone, the
plume is about 60 m wide as opposed to 35 m wide predicted by the modghnd
the percent dilution is greater than themodel-predicted 1% dilution with a mixing
ratio of about 200:1 (0.5% dilution) (Hawes and Larratt 2014).

Operational Improvements
Teck and its predecessors have undertaken a series of significant site
improvements that include, but are not necessarily limited to:

1 1981: effluent treatment plant

9 1981: stripped zinc electrolyte was routed to fertilizer plant instead of river
discharge

1 1982: mercury removal plant constructed

9 1991: construction of a drainage control system to route wash water and
stormwater to the effluent treatment plant

1 1993: Heat exchanger installed in lead smelter

1 1994: Phosphatebased fertilizer production was terminated

1 1995: cessation of slag discharge to the LCR

1 1997-98: installation completed and operation of KIVCET flash lead
smelter commenced

1 1997-98: seepage collection system along Stoney Creek;

1 2003: a closed industrial landfill was capped with an engineered membrane

1 2005: a permanent storage system was created for wastes containing

arsenic.

These improvements have had a positive effect within the receiving environment,
such that the Aquatic Ecological Risk Assessment study (Golder 2007c) concluded
that there was no comglling evidence of smeltetrelated risks or impacts on fish,
aguatic plants or insects.

1.2 Potential Metal or other PCOGources to the LCRrea of Interest

Potential metals of concern identified in earlier studies of the LCR included:

1 Water: arsenic, cadmum, chromium, copper, lead, zinc, mercury, thallium

1 Groundwater: Total Dissolved Solids (TDS), ammonia, nitrate, nitrite,
sulphate, fluoride, chloride, dissolved metals/metalloids (antimony,
arsenic, cadmium, cobalt, copper, iron, lead, manganese, magnesiu
selenium, sodium, thallium, uranium, and zinc)

1 Sediment: arsenic, cadmium, chromium, copper, lead, mercury, nickel,
silver, thallium, zinc

9 Fishtissue: zinc, copper
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There are many influences on wadr quality in the LCRThe Aquatic ERA identified
non-smelter-related stressors in the vicinity of New Bridge (adjacentlowntown
Trail) and the Maglios Sites (at the confluence with Bear Creek and tRegional
wastewater treatment facility ) (Golder 2007).

Table 1-1 summarizes permitted effluent discharges to the Lower Columbia River
as of 2006.

Tablel-1: Permitted Effluent Discharges to the Lower Columbia River (2006).
Approximate

Discharge

Location Permit # Discharge Descriptior (m% day)

LCR; between  PE 1272 ZellstoftCelgarfinal industrial effluent 177,000

HLK dam anc PE 7622 Lion's Head Inr2° treated domestic effluent 20

Castlegar, B( PE 80 City of Castlegartreated effluent 2,728

PE 5594 Pope and Talbot Lttteated effluent >10

PE 4008 City of Castlegattreated domestic effluent 1,600

PE 141 Selkirk College2® treated domestic effluent 536

Kootenay Rivel PE 17354 Skansk&Chant Joint Venture 14.5

upstream of PE 1170z Kootenay Mobile Home Padomestic 43.6
LCR confluenc: effluent

LCR; Trail, BC PE02753 Teck Smelterindustrial effluents, cooling 296,000
water

LCR; PE 274 Kootenay Regional DistricR°treated 10,500
downstream of effluent

Trail BC PE 71 Village of Montrose 2°treated effluent 640

Beaver Creel PE 133 Village of Fruitvaletreated effluent 910

PE 2500 Village of Salmetreated effluent 455

Source: BC MoE Nelson, 2006 (After Golder 2

Additional to these permitted effluent discharges, storm water runoff is discharged
into the LCR at numerous locations. Urban stormwater from Trail, Rossland, and
Warfield discharges to the LCR via Trail Creek (Golder, 2007c). An unknown
volume of runoff from highways, roads, railways mines, millsand transmission
lines may also affect theLCR. Furthermore, other industries and agricultural
developments have the potential to impact the LCR.

The focus of this study is on potential metals of concern associated with the smelter
that may affect the LCR. Metal sources influenced by the smeltee @utlined in the
following sections.

Outfalls

The Trail smelter has three permitted outfalls(CllI, Clll, and CIV)The distribution
of the effluent is governed by fluid dynamics. Results from a CORMIX modeling
exercise predicted that outfall plumes arediluted by the river flow to metal
concentrations near background concentrations withirdistances outlined in Table
1-2. The model also predicted that theoutfall plumes may combine with the
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groundwater plume that upwells between CIl and CIll along the western bank of
the river (Golder 2010).

A RhodamineB dye tracer study was conducted in the LCR during low flows in
April 1997. The studyshowed faster attainment of 1% dilution than the CORMIX
model predicted, indicating thatthe CORMIXnodel results were conservative. This
was further validated by Hawes et al.(2015). At the OId Bridge, the model
predicted that Cll and CllII discharges would be diluted to about 1% (100:1 mixing
ratio) and that the plume width would be about 35m. Field data 2011-2013 water
quality) detected metals concentrations over background levels along the right
bank as well as shallow and deep sites collected 60 m offshore from the right bank.
Thus, the effluent plume at low flows was about 60 m wide aspposed to the
predicted 35 m width (from CIlI). With increased plume diffusion, field
measurements indicated a mixing ratio of about 200:1 (0.5% effeiee dilution)
(Hawes et al. 2015.

Table 1-2: Teck MetalsLtd. Trail smelter estimated effluent plume dimensions duri

Columbia River low flow periods (Golder 2012b).

CORMIX predicted plume
dimensionsat Low Flow 1%
dilution

Discharge Type undel

Discharge Name normal LCR Flows Monitoring Parameters

Combined @ Multi-port diffuser Cd,Cu,Hg,Pb,ZpH 1300m long x 35m wide

Combined CllI Multi-port diffuser ~ TSS, Zn, As, Pb, Cd, Hg, 1700m long x 2am wide
Tl, pH

Combined CIv Multi-port diffuser Hg, NH, Zn, pH 25m long x 9n wide

Stony Creek SurfaceDischarge 130m long x 8n wide

Groundwater Subsurface plume near Cll and CllII dischargesd

Schedule A for maps

Stoney Creek

Stoney Creek discharges just upstream of the smelteand it has contributed
metals to the LCR (Teck Cominco 1998). €hStoney Creek watershed is affected
by historical waste disposal and storage activities that contributed to metal
drainage from seepage and surface runoff. This stream also received runoff from
an urban area and a historical municipal landfillAssessmentundertaken in Lower
Stoney Creeklper the Final Remediation Plan (Golder 2012c) resulted in a project
to isolate a portion of the stream from historical waste deposits (SNC Lavalin,
2015) andis currently under additional investigation as

Groundwater

Hydrogeological investigations have been undertaken beneath the smelter and
surrounding area over a period of more than 15 years. Results of these studievba
led to the identification of a groundwater plume. Investigationsindicate that
shallower portions of the plume discharge to the LCR adjacent to the smelter,
shallow/intermediate portions of the plume upwell across the entire width of the
river, and finally, while deeper portions of the plume migrate beneath the LCR
through the East Trail Aquifer and evetually discharge into riverbed sediments
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along the left bank of the river from around the OldBridge to downstream about
1.3 km (C. North, pers comm.Golder, 2012c).This has been evident in left bank
water samplesfor As, Ammonia, Cu, and Ptollected duing the AREMP at New
Bridge, (Hawes et al. 2014)and in the 20152016 AREMP results

Groundwater discharge to the river is generally dependent on river stage and
appears to be influenced more by the rate of change in river stage rather than by
absolute river level (Golder 2010). Falling river levels result in groundwater
upwelling to the river whereas rising river levels result in recharge of the aquifer
by river water.

A hydraulic interception and treatment system to address the main groundwater
plume as per the 2012 Final Remediation Plan (Golder 2012¢3 currently being
commissioned

Historic Sladdischarge

Slag is a granulated byproduct of the smelting process. It is a particle consisting
primarily of silica, calcium and iron, and it contains smalhamounts of base metals
including zinc, lead, copper and cadmium (Golder 2007b). Although grain size is
similar to sand (DeBrito and Saikia 2013), slag has a density of >2.9 g/2(Cox et
al. 2005), while coarse sand is lighter, with an average density 165 g/cms.

Fumed slag from Trail is distinct from slag from other smeltersDischarge of slag
to the river began in the early 1920s and was discontinueith 1995.

1.2.1 Flow Regulation

BC Hydro dam flow regulation from the HLK and Brilliant Dams is a key
determinant of LCR condition. River flow is a key driver of benthic community
development in all flowing waters. In addition to determining dilution, flow affects
a range of cevariate parameters including substrate submergence or stranding,
velocity, turbulence, sediment transport, light penetration, etc. all of which have
been considered in the 201213 AREMP report (Hawes et al., 2014) and are further
investigated in this report.
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2.0 PROJECICOPE AND MANAGEMERQUESTIONS

This project consists of six componets plus datamanagement ands presented in
Table 2-1.

Table 2-1: Components of the Teck Aquatic Receivi

Environment Monitoring Program.

Water Quality

Depositonal Habitat

Erosional Habitat

Largebodied(adult sport fish¥ish tissue metals
Smalibodied &culpir) fish condition and Tissue Metals

2.1 Water Quality

The water quality program is a longterm monitoring program designed to

evaluate potential effectsi £ 4 AAES O DPAOI EOOAA AEMmeOAT O
Columbia River Integrated Environmental Monitoring Program (CRIEMP)
implemented a Lower Columbia River Water Quality Objectives Monitoring

Program from 1997-2005 (Hatfield 2008). This program and theAquatic ERA

(Golder 2007) collected significant water quality data and together with the

AREMP begin to document the complex history of the smelter and changing water

quality standards, guidelines, and collection and analysis techniques.

Key questions b be answered as part of this program are:

Q1. Are Provincial Water Quality Objectives attained at the downstream end of
the Initial Dilution Zone (IDZ) during low flows (less than 40 kfcs/1133
m3/sec) as per long term trend monitoring (e.g. CRIEMP, BC H®

Q2. Does water quality in the study area vary spatially (various locations in the
Columbia River including point source, reference sites (both horizontal and
OAOOGEAAIT gh AT A OAI BT OATT U j AAOxAAT OA/
point source effluent discharges and if so, describe the variances?

Q3. Are water quality parameters that are analyzed for the AREMP stations
appropriate?

The AREMP study design recommended water sampling near the shoreline as well
as within the water column at specified tansect locations. Further, the sampling
design recommended water sampling throughout different seasons within years
and events between years. Finally, to help assess specific effects of the smelter,
controls were included in upstream areas such as Birtdank located upstream of
any potential influences of the smelter effluent outfalls.
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2.2 Depositional Habitats

The objective of the depositional habitat component of the AREMP is to assess
potential effects of Teck Trail Operations permitted effluent discharges on
depositional benthic communities by comparing benthic invertebrate structure
and composition between areas upstream (reference) and downstream (exposure)
of the smelter.However, we acknowledge there are other metal sources in the LCR
that could affect the depositional areas. Specific study questions for this
component include:

QL What is the sediment quality in the depositional areas upstream and
downstream of the smelter?

Q2  Are the benthic invertebrate communities in depositional sediments
downstream of the smelter different from the upstream communities in
terms of abundance, species diversity and species compositidn

Q3 If differences in benthic communities exist, do these differences suggest
adverse effects (i.e. impairment of benthic communiéis such that they
provide poor habitat to upper trophic consumers) and is this linked to
current permitted effluent discharges?

For purposes of this study, adverse effectsere defined as decreases in abundance,
species diversityand species composition ¢ values outside of the normal range
such that the benthic communitiesmay beimpaired and provide poor nutrition to
upper trophic consumers. The normal range is calculated as the variation among
reference upstream sites plus/minus two standard deviations of the mean of
multiple reference areas. Values outside of this normal ranggre, for purposesof
this report, considered to be outside the range of natural variability and therefa
indicative of potential effects on benthic communities (Golder 2012).

Sediment quality for benthic invertebrates is a key component of this work
program and assessments of sediment quality at three reference and seven
exposure siteswas assessed

Benthic invertebrates are often used as indicator species because their comniiyn
structure and diversity are affected by substrate, water quality, velocity
desiccation/drying on regulated systems like the Columbia, distance downstream
of a point discharge, etc. Metals are known to have the potential toinfluence
biological communities in riverine ecosystems(Jones and Bennett 19865o0lomon
2008, Luoma et al. 199Y.
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2.3

2.4

Erosional Habitat

Primary objectives of the erosional habitat sampling components are to assess
effects of the effluent dischargeon benthic invertebrate and periphyton
communities in these habitats Specific study questions are:

Q1. What is the difference in periphyton communities in erosional habited
downstream of the smelter compared to the upstream communities in
terms of periphyton community structure, compostion, and standing crop
biomass?

Q2. What is the difference in the benthic invertebrate communities in erosional
habitats downstream of the smelter comparel to the upstream
communities in terms of community structure and composition?

Q3. Onthe basis of galitative review, is there a trend in periphyton and benthic
metrics over time?

This aspect of the work program is similar to the depositional habitat program and
focuses on identifyingpotential impacts of the effluent discharge by looking for
observedchanges in community structure and diversity in periphyton and benthic
communities.

Small Bodied Fish Tissue Monitoring

The smaltbodied fish program was developed by Ecoscape (2013) after the
original AREMP study design.

The following are the keyquestions and a brief summary of howthe AREMP
addressesthem:

Q1. Is there a difference in tissue metals concentration in smabodied fish
between reference sites and exposure sites downstream of tlsenelter?

Q2. Do tissue metal concentrations decrease in siidodied fish as the distance
from the smelter effluent discharge increases?

Q3. Is there a difference in the length, weight, liver weight, gonad weight and
condition of fish collected upstream of thesmelter and downstream of the
smelter?

Q4. What is therelationship between the distance from the effluent discharge
and tissue metals, condition factor, liver weight (liversomatic index) and
gonad weight (gonadosomatic index).

The study attempted to address differences in metal accumulation in small fish
tissue based on species with short home ranges. Sample sites coindideth
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previous metals analysis work completed for thesmelter including benthic
analysis, water quality, and large bodied fish tissue analysis.

Age, sex, total length, and weightnal liver and gonad weightare documented for
each individual caught.

2.5 Large Bodied Fish Tisstvonitoring

Primary objectives of this component are to assesspotential effects of effluent
discharge, particularly metals concentrations, on fish tissuegneasured in fillets,
whole fish samples, and gut contents)

Soecific study questions are:

Q1. How do the concentrations of total metals in the tissues oMountain
Whitefish, Rainbow Trout, and Walleyan the lower Columbia in 2012and
2015 compare to the oncentrations since 2000?

Q2. Do fish tissue concentrations exceed relevant human consumption
guidelines?

The tissue sampling program is intended to investigateshether accumulations of
metals occur in fish as a result ofhe smelter effluent discharges Fish aging and
condition assessmentswere a key component of this work programand were
completed as part of theLower Columbia River Fish Indexing Program (Ford and
Thorley, 2011).
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METHODS

The study design (Golder 2012) stratified (7) areas withirthe AREMP Study Area
Reference Area 1, Reference Area 2, and Exposure Areahlrbugh 5. Sites were
subsequently identified within these larger areas. The sites were the actual
locations of sampling.The location of all study areas and sample siteés the LCR
area of interest for water quality, sediment quality, small bodied fish, benthic
invertebrate sampling etc,are illustrated in the Map Sheetg¢Schedule A)included
at the end of this report.

3.1 Water Quality

The location of allstudy areas andsample stes in the LCR area of interest for water
quality are illustrated in Figure 3-1.

The water quality study focuses on identifying specific effects of effluens on LCR

water quality. The study area for the water quality sampling amponent of the
AREMP includes the mainstemiLower Columbia River from Birchbank to the

7AT AGA 111 EOI OET ¢ OOAOEI T EOOO OPOOOAAI
and the Canada- United States (US) borderMonitoring sites are shownin Figure

3-1 and are consistent with previous monitoring programs(Hawes et al. 2014)

The water quality program was developed to evaluate the effects tfe permitted

effluent dischargesby the smelteron the LCR For this reason, samplingeffort is
concentrated in the spring low flow periodto gather data when dilution of effluents

is minimized.

Water quality monitoring sites include:

Birchbank z upstream ReferenceSte (9.7 km upstream of smelter)

Stoney Creek z 100 m downstream of Stoney Crek confluence and CIV
outfall (within the IDZ near upstream end)

New Trail Bridge z Beneath or as close tthe Bailey Streetbridge as safely
practicable, within the IDZ (0.25 km downstream of the CIlI effluent outfall)

Old Trail Bridge z 20 m upstream ofthe Old Biidge, marks end ofiDZ (1.1
km downstream of Cll effluent outfall)

Maglios 7 4.2 km downstream of the IDZ This site was added in the 2014
sampling program to demonstrate near to full mixing of the effluent plume
by this location as opposed to \Wneta, which is a further 10 km
downstream.

Waneta 7 158 ki AT xT OOOAAT 1T &£ Oi Al OARwBr AAT O
confluence
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Figure3-1: Study Area and Sample Sites.

Water quality sampling was conducted fron March to October each year. Grab
samples, from the right tank shallow location Figure 3-1), were collected on
March 31, April 16, and April 25 of 2015 and on March 9, March 23, and March 30
of 2016.

Transect sampleswhich included the right bank shallow location were collected
on April 7-8, 2015, April 28, 2015, and October 120, 2015, March 1516, 2016,
April 5-6, 2016, and October 4, 2016. During the high flow period of July transect
samples were also collected on July6117, 2015 and July 26, 2016.
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During the 2015-2016 LCR sampling events in March, April, and October flows
ranged from 1018 7 1944 m3/sec, whereas during the July sampling flows ranged
from 2851-2869 m3/sec (Figure 3-3).

All water samples were collected usg a Van Dorn bottle Type Beta Plus designed
for sampling trace metals and organicsThe purpose of the transect sampling was
to evaluate the spatial homogeneity or variability across the river channelFor
transect sampling,a series of six samples were collected with two nesshore grab
samples, and four midchannel samples (Figure &). A composite sample at
Waneta was collected over the six separate samples since analysis (Hawes et al.
2014) indicated concentration homogerity across the river channel at this
location. This Waneta composite was obtained by combining 3 samples collected
evenly across the channel at ¥z the wetted deptlror transect sampling, aotal of

30 samples plus 3 samples for quality assurance and qualicontrol (QA/QC) were
collected during each sampling event.

Left Bank Leftlm Right 1 m ¢ Right Ban
g Deep Boeep >
Leftlm Right 1 m
. AboveBed - AboveBed

Figure 3-2: Schematic of transect water sample locations across the Columbia River channel
(Perspective: Looking downstream). Transects weampleted at Birchbank (reference site), Stony
Creek, New Bridge, Old Bridge, Maglios, and Waneta. Grab sample events collected a sample from the
right bank position (circled red).
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Figure3-3: Lower Colunbia River flows and the 206 and 2016 spring, summer andlf AREMP water
sampling periods (denoted as points above). Flow datsed in this reportare basedon Birchbank

flow data from Water Survey of Canada
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Figure3-4: Lower Columbia River flowkr 20082016 the shaded grey area is the standard deviation
of daily flows for this time period Flow dataused in this report ardbasedon Birchbankflow datafrom
Water Survey of Canada

3.1.1 Water QualityFieldParameters

Water quality field parameters were measured with a precalibrated Hanna Hl
9828 (2015) and a YSI Pro DSS multimeter (2016) by lowering the sonde to the
prescribed depth upstream of the sample site, then allowing the boat to drift
downstream until the sonde cable was vertical and on site before the reading was
recorded in the meter memory. Parameters included: GPS location, temperature,
dissolved oxygen, percent dissolved oxygen saturation, pH, conductivity, total
dissolved solids, and salinity. The data were downloaded from the meter
computer to a standalone computer at the end of every sample collection session.
Water depths were measured with a boatmounted Lowrance HDS 7 chartplotter.
Backup field meters included a Hanna HI 9025C mukineter, a Eutech
Instruments pHTestr-20 for pH verification, and a Hanna conductivity meter.

Lab parameters included:

1. Specific conductivity, total alkalinity, hardness, pH, TSS, TDS, BODOC,
turbidity;
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Major ions Ca, Mg, K, Na, Br, Cl, F4SO

3. Nutrients including ammonia, nitrate, nitrite, TKN, total phosphorus,
dissolved phosphorus ;

4, Total (not filtered) and dissolved (field-filtered) ultra -low metals scans
with method detection limits lower than 5 times the BC MoE water quality
guideline for the protection of aquatic life by Inductively-Coupled Mass
Spectrometry (ICRMS).

3.1.2 Water Quality DataAnalysis

Water quality data were evaluated using a variety of techniques. Data exploration
techniques including descriptive statistics (mean, minimum, maximumnstandard
deviation, etc.) were used to compare reference sites to exposure sites. Data from
2015 and 2016 was plotted to illustrate the range of measured parameter
concentrations at each site relative to established Water Quality Objectives and
Guidelines.Box plots were then prepared from the data sampled during low flow
periods (March, April, and October) to assess and visually display the results from
2015 and 2016 and data sampled during July (high flow) was displayed as points.
Data from 20152016 were similarly treated in Hawes et al. 2014.

The water quality datawere compared to applicable Guidelines and LCR Water
Quality Objectives in the Reference areas (Birchbank), the IDZ (Stoney Creek, New
Bridge, and Old Bridge), and the downstream areas (Mid@s and Waneta).The
number of exceedances of the applicable guidelinesas calculated for BC30-day
average and maximum. The exceedances for B&-day average were calculated in
two separate ways. The first method was to align with methods done in preuvis
years, which compared a single sample to the B&)-day average.The second
method calculated the mean from 5 samples collected frommight shallow (r-sh)
and compared this mean to the80-day average.Spatial and temporal variations
were subsequently desdbed. Non-detectable results are common in metal
detection samples. These were treated as half of the detection limit as per Huston
and JuarezColunga (2009)and Technical Guidance 4; Environmental Management
Act Authorizations (January 2016).

3.1.3 Quality Assirance / Quality Controfor Water Samples

Quality assurance is a critical aspect of any monitoring program on trace metals
because of the ultralow levels of the analytes and subsequent susceptibility of
samples to contamination. QAQC reports from the &bs can be found in Appendix
C with the water quality data

Field Quality Assurance

Prior to transect sampling, sample bottles were prdabeled and stored in large zip
lock bags, organized by site. The sampling boat and associated gear were pressure
washedprior to launching at Trail to remove road grime that could affect sampling,
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and to limit the potential for accidental transport of invasive species. Sampling
began at reference sites and progressed downstream. Samples were collected from
the prescribed depths and sites in a cleaned, low metals Van Dorn bottle sampler.
Sample bottles were provided by ALS Environmental Laboratories andgith the
appropriate preservatives premeasured in vials. Sample bottle caps, syringes and
filters were triple -rinsed as needed with sample water to minimize contamination
from atmospheric deposition. Metals sample bottles were triplginsed and
immediately field-filtered using rinsed, prescribed syringe filters. All field sample
preservation methods prescribed by ALS Lab werebserved. Clear urpowdered
vinyl gloves were worn for all sample handling except Hg samples, when nitrile
gloves were worn. The filled sample bottles were immediately placed on chipped
ice and couriered to ALS Labs in Burnaby, B.C. within 48 hours oflection.

Duplicate instruments were used for field parameters where calibration is prone
to drift such as pH. Where agreement was within instrument tolerances, the Hanna
multi-meter data were taken as correct. When agreement was not within
tolerances,the multi-meter was re-calibrated. The datavere downloaded from the
multi-meter computer to a standalone computer at the end of every sample
collection session

Lab Quality Assurance

Standard water quality sampling methods were employed, as well as all
instructions from the labs.

Every sampling event QA/QC involved 1 travel blank (lab double denized water
(DDI) travels unopened), 1 field blank (Lab DDI water handled as sample water)
and up to 3 duplicate samples (labels did not tell the lab which samtes they
duplicate). The minimum number of QA/QC samples is 3 per transect sampling
event (10% of samples). Lab reports were checked on receipt of data and queries
or requests for sample reanalysis were sent as soon as possible and within the
sample hdd times. Requests for reanalysis were based on differences between the
sample duplicates that exceeded accepted tolerances, generally 2050%
difference, or an outlier result that exceeded the range of standard deviation for
the applicable results to dée. The lab was also directed to retain samples until they
were notified that they could dispose of them or until the hold times specified in
Standard Methods had expiredAdditional QA/QC protocols were also undertaken
at ALS.

The lab was asked to repdrthe data electronically in Excel and PDF format.
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3.2 Sediment Quality Monitoring

The following are specific datathat were collected at 10 depositional sediment
sample sites.Each of the sites below were identified in the sediment quality triad
(Golder 2007). All sampleswere collected followed sampling procedures outlined
in Clarke (2003) and other standardized, acceptable scientific techniques.
Samplingsiteswere outlined in the AREMP andre (Maps 1-10):

1. Three of the sampé siteswere in referenceareasat Kootenay Eddy, Genelle
Eddy, and BirchbankEddy.

2. Seven exposuresample siteswere established atKorpak, Maglios, Casino,
Airport Bar, Trimac, Fort Shephard Eddy, and Waneta.

For sediment sampling, 4.35 cm diameter cledr | A @ EcQrerdvi@#e pushel into

the substrate to a depth of 15 cm and the 200 chtore was transferred to a large
zip-lock bag.Five cores were added to each bag to create a composite sample from
a variety of sub-samplelocations within the confines of the designated sample site.
The sediment sample was mixed thoroughly and a 500 ésediment subsample
retained and stored in a cooler on ice and delivered to Caro Labs Kelowna for
processing.

Supporting data collected at eactsedimentsample siteincluded:

1. Substrateswere assessé using a GIS approach at all0lsediment sites
Each habitat unit sampledvasmapped in GIS. The percentage cover of each
type of substrate was developed. This GIS approach allavong-term
tracking of sediment erosion and depositionin the river and facilitates
documentation of habitatchangeover time.

2. Water velocity, channel morphology (run, riffle pool, etc.), bankfull width,
and sample depth was collected at each site. Velocity at each samgite
was collected using a Marsh ®BBirny or a Swoffer fow meter depending
upon water depth. Velocity was collected at three positions in the water
column; ~5 cm off of the bed level, 40% column, and at the surface.

3. The percentage of cover of aquatic macrophyteas estimatedvisually at
eachsample site

4. The distance from the point of discharge was determined using GIS as
measured from the centerline of the channel to the samelsite. This data
was useful in assessing potential gradients that may exist from the point of
discharge.

All of the above datawere collected in a spatial framework using GIS as well as
stored in other standard data formatsincluding Microsoft Excel
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In the Larratt Aquatic lab, sediment samples were examined for presence of slag,
both wet and dry, in white sorting trays and photogaphed with a macro lens. The
Columbia River samples were compared to slag samples obtained from the
smelter. The samples were mixed with distilled water and reviewed under 400
power on an inverted microscope fitted with a second high intensity lamp as &ie-
light. Several microscope photographs were shot from each sample asarchived
record to corroborate observations Records were kept of: dark silfpossible slag
organic debris, protozoa, small invertebrates, bacteria, fungi, Didymo tubes, algae,
vascular debris, pollen, etc.

In the Caro analytical lab, the strong acid leachable metals (SALM) soil procedure
was followed, according to theBritish Columbia Environmental Laboratory
Manual 2015 procedure (prescriptive) for total sediment metals. Subsampling
was done using approximately 50 g of sample for drying. According to ti2015 BC
Lab Manual method, the sample is dried, then disaggregated and sieved tomra
(BC MoE2015). The< 2 mm fractionwasused for analysidbecausehere is a desire

to detect slag, if it is present. Slag was identified as an area of interest in the Aquatic
ERA (Golder 2007). Collecting the smaller size fraction would likely exclude the
larger slag particles if they were presentLarge stones, rocks,debris, etc.are
excluded from the analyzed sampleThis method provides the sample preparation
procedure for the analysis of total metals, as referenced within the BC
Contaminated Sites RegulationsThe method achieves neacomplete recoveries of
some important metals, but manyothers are only partially recovered, such as
aluminum, barium, beryllium, chromium, strontium, titanium, thallium, and
vanadium. Metals not dissolved with this method are unlikely to be of
environmental consequencgBritish Columbia Environmental Laboratay Manual:
2015). This method is applicable to the following parameters:

Aluminum Al-T, Iron Fe-T, Silver Ag-T, Antimony Sb-T, Lead Pb-T Sodium Na-T,
Arsenic As-T, Lithium Li-T, Strontium S-T, Barium Ba-T, Magnesium My-T, Sulfur
ST, Beryllium Be-T, Manganese M-T, Thallium TI-T, Boron B-T, Mercury Hg-T,
Thorium Th-T, Cadmium @-T, Molybdenum Mo-T, Tin $-T, Calcium G-T, Nickel
Ni-T, Titanium Ti-T,, Chromium G-T, Phosphorus RT, Uranium U-T, Cobalt ®-T,
Potassium KT, Vanadium (T, Copper @-T, Selenum Se-T, ard Zinc 2n-T.

Statistical analysis of the highly variable sediment datavas restricted. Data
analysisrelied on comparison to guidelines and to historic values using percent
difference. Where statistic x AOA  OOAA j £ O AgAmtei A 0AA
coefficient), we used %2 of the detection limitwhere specific metal concentrations

were below the method detection limit
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3.3 Periphyton Monitoring

3.3.1 Erosional Habitas

Cobblesize substrates were randomly selected from sample areas that had been
continuously submerged for at least 10 weeks so that they had well developed
periphyton communities. Although sampling in the spring prior to the increasing
freshet hydrograph was the preferred sampling window identified by Golder
(2012a), the alternative fall sanpling was selectedThis period was chosen as it is
the optimal time for sampling benthic macroinvertebrates since most taxa are in
an aquatic life stage at that time of year and are in a later stage (instar) of
development to permit the resolution of tavonomy required by the monitoring
program. In addition, the fall sampling is synchronized to occur when LCR flows
drop to a level that permits sampling of stable substrates and benthic communities
that are permanently wetted. Thus, the periphyton program wa aligned with the
benthic monitoring program.

Sample areas were selected that had similar water depth, flow patterns, velocity,
substrate size, macrophyte cover and shadind\dapting the generalized random
tessellation stratified spatially-balanced Surey Design (Stevens and Olsen 2004),

five randomly chosen nea-shore cobbles were obtained from wadeable areas

within each of five sample sitespotentially exposed to smelterdischargesand two
upstream reference sitesfor a total of 35 samples. AdditionalO1 O A 0L@4d PA OO
were not needed.

Each sample was composed of five subsamples that were collected from the top of
each cobble surface. To minimize natural variation, samples were collected from
the apex surface (parallel to the water surface) of smoothobbles 26050 cm in
diameter. This process was repeated to collect three individual replicate samples,
using the methods found in the USEPA Rapid Bioassessment Protocol for
Periphyton (Barbour et al. 1999).

Fifteen smooth cobbles (106200 mm in diameter) were selected and placed on 3

bi AOOEA OOAUO ju OFi AEO 7T0OOAUQq AO OEA OEO,
OAi b1 AA OAPAOAOGAT U £ O OAPI EAAOA OAI Bl Ac
cylinder (inside diameter 50.8 mm) was fitted with a flexible rublker gasket and

held firmly on the top of the cobble(Figure 3-5). A scalpel, modified toothbrush,

and a squirt bottle filled with filtered river water were used to remove all the

periphyton within the sampler diameter (20.26 cn®). The rock and funnel were

rinsed into a beaker to a total volume of 100 m Coarser sand and predators were

noted but not added to the sample. This was repeated for all 5 rocks of a given

sample to give a final volume of 500 mL per replicate. Samples were chilled with

ice to 2C pior to shipping.
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Figure3-5: lllustration of natural cobble substrate periphyton sampling in the LCR.

In the Larratt Aquatic algae lab, each replicate was agitated, and 200mL
OOAOGAI PI AA O A CIl AOGO EAO AdreBenati@AThds® OA A
preserved samples were refrigerated to await taxonomic analysis. The remaining
sample water (300 mL x 3) was batched in a triplginsed 1 L brewers flask
shielded with aluminum foil to exclude light. A 500 mL chla sample was cut,
refrigerated and kept dark until delivery to Caro Labs Kelowna within 24 hours. A

total of 35 chla samples plus 3 field duplicates were submitted to Caro Labs.

For taxonomy, each 200 mL samplevas transferred to a triple-rinsed 600 mL
beaker and agitated with a stick blender for 30 seconds before a 10 mL subsample
was extracted and allowed to settle in a 5.8m diameter settling chamber for 24
hours (periphyton identification description, section 3.3.5.
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3.3.2 Periphyton Tissue Metals

Separate from the AREMP, Teck is conductingditional investigations within the
IDZ within the context of the provincial Contaminated Sites Regulation (CSR). To
support the CSR investigation and to maximize the usef the AREMP data, Teck
requested an additional tissue and periphyton sampling fogram on a onetime
basis for the fall 2015/spring 2016 AREMP sampling program.

For this program, filamentous algaewere collected from rocks atprescribed sites
(Table 3-1). These sites correspondedvith additional benthic tissue samplesites.
The filamentous algaewere collected by samplers wearing un-powdered vinyl
gloves, aml placed in a new, clean 125 nglass sample jar. A minimum of § algae
was collected at each site. Samples were stored on ice and refrigerated prior to
submission to Caro Analytical where samples were homogenized and
subsequently assessed fatissue metals.

Periphyton tissue metals of arsenic, cadmium, chromium, copper, léamercury,
selenium,and silver were graphed according to site. The periphyton tissue metals
were log-transformed and compared between reference and exposure siteghe
periphyton tissue metals were logtransformed and linear mixed effects model
used site as the random effect and treatment as the fixed effect faarsenic,
cadmium, chromium, copper, lead, mercury and thalliumQutlier for copper was
removed and zinc excluded from the test because site explained 0% of the variation
in zinc. Periphyton tissueconcentrations of zinc were compared using an ANOVA
with treatment as the factor.
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Table3-1: AREMP erosional habitat periphyton tissue metals sampling areas and sites. Re

Schedule A map sheets fasdation references.

Periphyton Benthic
Area Site Bank Community  Community Periphyton Tissue Benthic Tissue Sculpin Tissue
ERGREFL 1 L ERGREF-1A ERGREHM-1 ERGREFI-1-PeriT ERGREFI-1-BenTS
2 L ERGREFL-2A ERCGREFL-2 ERGREFL-2-PeriT ERGRE~1-2-BenTS
3 L ERGREFI-3A ERCGREFL-3 ERGREFL-3-PeriT ERGREFL-3-BenTC
4 L ERGREFL-4A ERGREF-4 ERGREFIL-4-PeriT ERGREFL-4-BenTC
5 L ERGREFI-5A ERCGREFL-5 ERGREFL-5-PeriT ERGREFL-5-BenTS
ERGRER2 1 R ERGRER-1A ERGRER-1 ERGRER2-1-PeriT ERGRER2-1-BenTC ERGRER2
2 B ERGRER2-2A ERGRER2-2 ERGRER2-2-PeriT ERGRER2-2-BenTC
3 B ERGRER-3A ERGRER-3 ERGRER2-3-PeriT ERGRER2-3-BenTC
4 B ERGRER-4A ERGRER-4 ERGRER2-4-PeriT ERGRER2-4-BenTS
5 B ERGRER2-5A ERGRER2-5 ERGRER2-5-PeriT ERGRER2-5-BenTS
ERGEXP2 1 R ERCGEXP2-1A ERGEXPF2-1 ERGEXP2-1-PeriT ERGEXP2-1-BenTC ERGEXP2
2 R ERGEXP2-2A ERGEXPF2-2 ERGEXP2-2-PeriT ERGEXP2-2-BenTC
3 R ERGEXP2-3A ERCGEXP2-3 ERGEXP2-3-PeriT ERGEXPF2-3-BenTC
4 R ERCGEXPF2-4A ERCGEXP2-4 ERGEXP2-4-PeriT ERCGEXF2-4-BenTC
5 R ERCGEXPF2-5A ERCGEXP2-5 ERGEXP2-5-PeriT ERCGEXPF2-5-BenTC
ERGEXP3 1 R ERGEXP3-1A ERCGEXP3-1 ERGEXP3-1-PeriT ERGEXP3-1-BenTC ERGEXP3-1-R
2 R ERCGEXP3-2A ERGEXP3-2 ERGEXP3-2-PeriT ERGEXP3-2-BenTS
3 L ERGEXP3-3A ERCGEXP3-3 ERGEXP3-3-PeriT ERGEXP3-3-BenTC ERGEXP3-3-L
4 R ERGEXP3-4A ERCGEXP3-4 ERGEXP3-4-PeriT ERGEXP3-4-BenTC ERGEXP3-4-R
5 L ERCGEXP3-5A ERCGEXP3-5 ERGEXP3-5-PeriT ERCGEXP3-5-BenTC ERGEXP3-4-L
6 R ERGEXP3-6-PeriT ERGEXP3-6-BenTC ERGEXP3-3-R
ERGCRADT 1 R ERGCRAD®B-1-PeriT ERGCRAD®B-1-BenTC ERCGEXP3-2R
2 R ERGCRAD®B-2-PeriT ERGCRADB-2-BenTS
3 R ERGCRAD®B-3-PeriT ERGCRAD®B-3-BenTC
4 R ERGCRAD®B-4-PeriT ERGCRAD®B-4-BenTC
5 R ERGCRADB-5-PeriT ERGCRAD®B-5-BenTS
ERGEXP4 1 L ERCGEXP4-1A ERCGEXP4-1 ERGEXP4-1-PeriT ERCGEXP4-1-BenTS
2 L ERCGEXP4-2A ERCGEXP4-2 ERGEXP4-2-PeriT ERGEXP4-2-BenTS
3 L ERCGEXP4-3A ERCGEXMP4-3 ERGEXP4-3-PeriT ERCGEXP4-3-BenTS
4 L ERCGEXP4-4A ERCGEXP4-4 ERGEXP4-4-PeriT ERCGEXP4-4-BenTC
5 R ERCGEXP4-5A ERCGEXP4-5 ERGEXP4-5-PeriT ERCGEXP4-5-BenTS
6 R ERGEXP4-7-PeriT ERGEXP4-7-BenTC
7 R ERGEXP4-8-PeriT ERCGEXP4-8-BenTC
8 R ERGEXP4-9-PeriT ERCGEXP4-9-BenTC ERGEXP4-5-R
ERGEXP5 1 L ERCGEXP5-1A ERCGEXF5-1 ERGEXP5-1-PeriT ERGEXP5-1-BenTS
2 R ERGEXP5-2A ERCGEXP5-2 ERCGEXP5>-2-PeliT ERCGEXP5-2-BenTC
3 R ERCGEXP5-3A ERCGEXP5-3 ERGEXP5-3-PeriT ERGEXP5-3-BenTComp
4 R ERGEXP5-4A ERCGEXP5-4 ERGEXP5-4-PeriT ERCGEXP5-4-BenTS
5 R ERCGEXP5-5A ERCGEXP5-5 ERGEXP5-5-PeriT ERCGEXP5-5-BenTS
6 R ERGEXP5-6-PeriT ERGEXP5-6-BenTC ERGEXP5

3.3.3 Depositional Habitats

Objectives of this assessmenivere to determine the effects of effluent discharges
on depositional habitat periphyton community structure and diversity. Periphyton

sampleswere collected from the same te depositional sites that were used in the
depositional sediment sampling component of this study.

Depositional areas having approximately 20-40 cm of water cover were
opportunistically sampled for periphyton using the petri dish samping method

outlined in Barbour et al. (1999).

Briefly, sand or silt substrate samples were
collected by inverting a large 8.85 cm diameter petri dish, sliding a flat spatula
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under the dish, and lifting the surface sediment sample. This 55.4 ésample was
agitated in a plastc sample bottle with 500 mL of 0.45 micron filtered river water
and a 250 mL sample promptly decanted into a prabeled sample jar. This was
repeated three times to get three replicate samples from each depositional area.

For periphyton taxonomy, each250 mL sample was transferred to a triplerinsed
600 mL beaker and agitated with a stick blender for 30 seconds before a 10 mL
subsample was extracted and allowed to settle in22 cn¥ settling chamber for 24
hours (periphyton identification description, section 3.3.5 at the LAC lab

3.3.4 Non-photosynthetic Microflora

To characterize very small norphotosynthetic members of the periphyton biofilm,
9 biofilm samples were collected in presterilized standard bacterial bottles as
follows: 2 samples fromdepositional reference OERRER sites, 1 sample fronthe
erosional reference ERORER site, 2 samples fromdepositional exposure DEPR
EXB sites, and 4 samples fronerosional exposure ERGEXB sites. Samples were
stored onice and delivered to Caro Labs, Kelmna within 24 hours. At the lab,
sampleswere cultured for heterotrophic bacteria plate count, fungi, yeasts and
molds, according to Standard Methods (2005).

3.3.5 Periphyton Identification, Enumeration and Measurements

The following describes periphyton sorthg and identification techniques. These
methodsare consistent with those currently used in similar studies of the Mid and
Lower Columbia River for BC Hydro

1. Samples were settled in counting chambers over 24 hours. Cells were
counted along midsection transects examined at 408-800x magnification
under a phase contrast inverted microscope.

2. Intact cells containing cytoplasm were counted as live, and cells without
cytoplasm were counted as deado determine a live: dead ratio.

3. Counts continued until 300-500 cells were counted andtaxa relative
abundance stabilized.Counting continued if taxa relative abundance had
not stabilized. Vigorous shaking of the sample did nadlwaysbreak up algae
clumps before the subsample was withdrawn Cells of filamentousand
colonial taxa were separated from counts of unicellulataxa becauseof
their clumped distribution.

4. Microscope photographs of typical assemblages wertaken from each
sample and archivedor Teck.

5. Algae cell dimensions were measured to allow for theatculation of
biovolumes. Algal cell biovolumes were calculated using published
geometric formulae (Hildebrandt et al.,1999; Diaina,et al., 2006). Twenty
specimens from each taxa were measured to the nearest 0.1 micron using

#102¢ 450 Neave Court, Kelowna, BC V1V 2M2 P: 250.491.7337 F: 250.491\WVe&E2www.ecoscapeltd.com A E

y 4


http://www.ecoscapeltd.com/

151438.4 26 May 2019

ScopePhoto 3.0 image procesy) software. Median measurements were
used to calculate cell biovolumes.Calculated biovolumes were compared
to the range of sizes reported in published literature as a QA/QC step.

6. All parts of the microflora were evaluated from the settled samplesioting
prevalence of detritus, vascular debris, bacteria, fungi, yeastsnd micro-
grazers (protozoa) to accurately estimate productivity.

7. While diatoms usually dominate LCR periphyton, the inclusion of very small
members of the periphyton biofilm in the taxa counts, including nane
periphyton (<2 z 20 microns), and pico-periphyton (>0.2 z 2 microns)
bacteria and fungifacilitates accurate estimatesof productivity as they
usually form a significant component of the overall periphyton community
(Stockner 191; Wetzel, 2001). High power (60& 900x) magnification was
usedfor visual identification of species Dr. J3 O1 A E(UBCvérification
of the taxonomy of these small, difficult to identify speciesvasinvaluable.

8. All data were recorded in Excel spgadsheets for lateranalysis.

In lieu of the preserved diatom reference samples that have an
unfortunately short shelf life, microscope photographs of typical LCR
periphyton assemblages were archived from each taxonomic sample.
These photos provide a recal that is usable at least to the genukevel and
includes nontdiatom components of the periphyton.

10. About 20% of these samples were selected for taxonomic verification by Dr.
J. Stockner(UBC) Dr. Stockner used a variety of microscopes to verify
identifications, particularly for the nano and pico-periphyton. Any
taxonomic corrections/ nomenclature variations from existing data were
clearly identified in a comparison table. All other taxonomic evaluations
were performed by H. Larratt Larratt Aquatic Consilting Ltd.

Phycologist Dr. J. Stockner also compiled a master species list for the Columbia
System using current taxonomic nomenclature. In addition to his mastdist, keys
used during this work include:

References:

Patrick and Reimer; TheDiatoms ofthe United States
Wehr and Sheath Freshwater Algae of North America
Canter-Lund and Lund Freshwater Algae; Their Microscopic World
Explored

Prescott; Algae of the Western Great Lakes
Cyanobacteria Image Galleryhttp://www -
cyanosite.bio.purdue.edu/imagesimages.html

River Diatoms: a multtaccess key
http://craticula.ncl.ac.uk/EADiatomKey/html/taxa.html
Academy of Natural SciencesMSP Algae Image Database
http://diatom.ansp.org/Algaelmage/SearchCriteria.asp
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Periphyton data were entered into Excel spreasheets as the samples were read.
Computers were backed up daily to an offite server and hard copy stored at both
Ecoscape and Larratt Aquatic offices. Replicate preserved samples were

s xx £ oA A ~ o~ s oA L o~ =

OAEOECAOAOAA AO , AOOAPEampleN Gndl yé&relliscarded ALE A A

after six months.
3.3.6 Environmental Impact Prevention

Didymo (Didymosphenia geminatpis present in the LCR and can spreagtadily
through transport of contaminated sampling gearNuisance blooms have been
reported in rivers worldwide. However, evidence indicates that blooms are
probably not caused by introductions but, rather, by environmental conditions that
promote excessive stalk production Bothwell, M., et al. 2014).

Irrespective of the factors affecting the spread and proliferation of Didymoall
wader boots used by Ecoscape were soaked for 1 minute in a salt solution
containing 70 g NaCl/L before the soles were dried in the sun for several days or
frozen for a week (Matheson et al., 2007).

3.3.7 PeriphytonQuality Assurance/Quality Control

H. Laratt performed taxonomic investigations on all samples, with about 20% of
periphyton samples going out to Dr..Btockner for taxonomic verification as part
of our QA/QC program. The following four steps were incorporated in the
taxonomic investigations br this AREMP. Thesesteps match the practices
currently used by H. Larratt and Dr. Stockner in MCR and LCR investigationand
include:

1. Documenting thelive: dead ratios of diatoms prevent an overestimation of
the standing crop and provide insights into the nutritional value of the
periphyton.

2. Inclusion of very small members of the periphyton biofilm in the taxa
counts, including naneperiphyton (<2 z 20 microns), pico-periphyton
(>0.2z 2 microns) bacteria and fungiprevents a significant underestimate
of productivity . Generation time of these small simple forms is a matter of
hours, and they are usually a significant component of the overall
periphyton community (Stockner 1991; Wetzel, 2001).

3. Algae cell dimensions were measured to allow for the callation of
biovolumes. Biovolume accounts for the huge difference in cell size among
algae types andallows the estimation of standing crop.

4. Drift algae samples were collected from sites above arigklow the smelter
to allow accouning for periphyton recruitment from drift as it affects
periphyton production and community structure.
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3.4 Benthic Invertebrate Monitoring

The focus of thebenthic invertebrate monitoring program was to assess impacts
of the permitted effluent discharges on the quality of benthic habitats, together
with the resultant benthic communities. Physical elements of the habitat forned
an important componentof this assessment.

Samplingwas carried out inupstream reference anddownstream exposure areas

as outlined in the AREMRtudy plan (Golder 20123), and an attemptwas madeto

standardize field conditions at each sitg including substrate size, macrophyte
cover, etc.Study areas and sample sites within are shown in magheets 110

(Schedulel).

Two of the study areaswere in upstream reference areas dentified as Reference
Area 1 (left bank opposite Stoney Creek and CIV outfaland ReferenceArea 2
(Birchbank).

Five downstream exposureareaswere sampled at sites identified aslownstream
Exposure Area 1 throughExposureArea 5. Stes within each of theupstream and
downstream areas wae randomly chosen using ArcGlSpatial tools. Noadditional
sample sites were added asoversamples because all designated areas were
effectively sampled.

3.4.1 Erosional HabitaSampling

At each samplesite, a series of bareabasedsamples(Figure 3-6) were collected
from undisturbed river bed (moving in upstream direction). The sample net had a
mesh size of 400 microns in accordance with standard CABpMotocols (Env.Can.
2012). The 5 samples were combined to form one composite sample. The sampler
guadrat was 0.56m2. Thus,once combined, the total area sampled at each site was
2.8 . Biophysicalinformation recorded for each was included:

A Substrate composition (general) 7 the percent composition of each
substrate type (e.g., boulder, cobble, gravetand etc.). The subsequent
more detailed characterization is described below;

A Water velocity - velocity measurements werecollected (using a Swoffer
2100 flow meter) at three positions (~5 cm above river bed,40% column
and, at the surface.

A Sample depth and broader channehorphology (run, riffle pool, etc.).

A In situ water quality z Using a YSI Pro DS8mperature, dissolved oxygen,
total dissolved solids, turbidity, pH, gecific conductivity, salinity, redox).
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A The distance from thethree smelter effluent outfalls (ClI, Clll, and CIV) was
determined using GIS as measured from the centerline of the channel to the
sample site.

Figure 3-6: Sampling benthic invertebrates using an arbased approach with a modified
surber/CABIN kicknet sampler (devised fareabasedsampling in large river system with coarse
substrates). The area shown is EExp2 situated on the right bankvithin initi al dilution zone.

Substrate Charaetristics

The composition of steam bed material is important in charaterizing the type of
habitat available to aquatic organisms. In addition, the substrate composition is
integral to understand the hydrological characteristics of that site.

The standard CABIN (Env.Can. 2012) pebble coumtas used carried out to
characterize substrate size and composition at each sample site Substrate
measurements within the sampling areawere taken once all other samplirg
components were complete. While zigzagging through the sample area, substrates
(i.e. boulder, cobble, pebble, gravel) were randomly selected every two steps
following CABIN (Env.Can. 2012). If possible, the substrate material was extracted
from the water and its intermediate axis (diameter perpendicular to the longest
axis) was measured in cm. If the substrate could not be dislodged, it was measured
in place. The fraction of embeddedness for all rocks measured was also recorded.
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3.4.2 Invertebrate Tssue Metals Analysis

During the development of the 20152016 study design, Teck requested a orgme
investigation of invertebrate tissue metals concentrations in the fall 2015 AREMP
sampling program. While outside of the recommended AREMP scope, this $&ng
data collection period was intended to inform a separateContaminated Sites
Regulation investigation by Teck within the IDZ unrelated to the AREMPThis
investigation focused on the IDZ and reference locations to determine the potential
bioavailability and uptake of metals from this area. Caddisflies (Order:
Trichoptera) had been documented to account for about 90% of invertebrate
abundance in erosional habitats (Hawes et al. 2014) and are a primary component
of benthic-feeding fish diets (e.g. Mountai Whitefish and Rainbow Trout).
Therefore, the collection of benthic invertebrates for tissue metals analysis
targeted caddisflies at eachof the sites. Where insufitient caddisflies were
encountered, the predominant taxa for that site were instead usede(g. Snails:
Family: Lymnaeidae, or Planorbidae).

Organisms were collected by use of a kick net and overturning larger boulder and
picking the invertebrates from the underside. Invertebrates were placed in 1000
mL plastic jars labeled for the site and fied to 500 mL with fresh river water. Jars
were then placed in a cooler with ice packs to keep the samples cool and
invertebrates alive. Collected invertebrates were held alive in chilled sample jars
for a minimum of 12 hours to allow defecation and cleawout of the stomach
contents, which could confound results (i.e. gut contents may contain sediment and
solid phase metals, which are not biologically available and otherwise pass through
the organism).

Benthic invertebrates tissue metals of arsenic, cadium, chromium, copper, lead,
mercury, selenium, silver, thallium and zinc were graphg according to siteand
benthic group.Alinear mixed effectsmodel with site as the random effectthe fixed
effects were benthic group (Caddisflies or Snails) andireatment (reference or
exposure). The benthic tissue metalswere log transformed. Mercury, thallium,
silver and chromium were omitted from the analysis because of a high number of
non-detects.
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Table 3-2: AREMPerosional habitat benthic invertebrate tissue metals sampling areas a

sites. Refer to Schedule A map sheets for location references.

Periphyton Benthic
Area Site Bank Community  Community Periphyton Tissue Benthic Tissue Sculpin Tissue
ERGREF 1 L ERO-REFI-1 ERGREFL-1 ERGREFI-1-PeriT ERGREFI-1-BenTS
1 2 L ERGREFL-2A ERCGREFL-2 ERGREFL-2-PeriT ERGREFIL-2-BenTS
3 L ERGREFL-3A ERCGREFL-3 ERGREFL-3-PeriT ERGREFL-3-BenTC
4 L ERGREFI-4A ERGREF-4 ERGREFL-4-PeriT ERGREFI-4-BenTC
5 L ERGREFL-5A ERCGREFL-5 ERGREFL-5-PeriT ERGREFIL-5-BenTS
ERGREF 1 R ERGRER-1A ERGRER-1 ERGRER2-1-PeriT ERGRER2-1-BenTC ERGRER2
2 2 B ERGRER-2A ERGRER2-2 ERGRER2-2-PeriT ERGRER2-2-BenTC
3 B ERGRER-3A ERGREF2-3 ERGRER2-3-PeriT ERGRER2-3-BenTC
4 B ERGRER-4A ERGRER-4 ERGRER2-4-PeriT ERGRER2-4-BenTS
5 B ERGRER-5A ERGRER2-5 ERGRER2-5-PeriT ERGRER2-5-BenTS
ERGEXP 1 R ERGEXPF2-1A ERGEXPF2-1 ERGEXP2-1-PeriT ERGEXP2-1-BenTC ERGEXP2
2 2 R ERGEXP2-2A ERGEXPF2-2 ERGEXP2-2-PeriT ERGEXP2-2-BenTC
3 R ERGEXP2-3A ERCGEXP2-3 ERGEXP2-3-PeriT ERGEXPF2-3-BenTC
4 R ERGEXF2-4A ERCGEXP2-4 ERGEXP2-4-PeriT ERCGEXPF2-4-BenTC
5 R ERGEXP2-5A ERCGEXP2-5 ERGEXP2-5-PeriT ERGEXP2-5-BenTC
ERCGEXP 1 R ERGEXP3-1A ERCGEXP3-1 ERGEXP3-1-PeriT ERGEXP3-1-BenTC ERGEXP3-1-R
3 2 R ERGEXP3-2A ERGEXP3-2 ERGEXP3-2-PeriT ERGEXP3-2-BenTS
3 L ERGEXP3-3A ERCGEXP3-3 ERGEXP3-3-PeriT ERGEXP3-3-BenTC ERD-EXP3-3-L
4 R ERGEXP3-4A ERCGEXP3-4 ERCGEXP3-4-PeriT ERGEXP3-4-BenTC ERGEXP3-4-R
5 L ERCGEXP3-5A ERCGEXP3-5 ERGEXP3-5-PeriT ERGEXP3-5-BenTC ERGEXP3-4-L
6 R ERGEXP3-6-PeriT ERGEXP3-6-BenTC ERGEXP3-3-R
EROG 1 R ERGCRAD®B-1-PeriT  ERGCRAD®B-1-BenTC ERCGEXP3-2R
CRADT 2 R ERGCRAD®B-2-PeriT ERGCRAD®B-2-BenTS
3 R ERGCRAD®B-3-PeriT ERGCRAD®B-3-BenTC
4 R ERGCRAD®B-4-PeriT  ERGCRAD®B-4-BenTC
5 R ERGCRAD®B-5-PeriT ERGCRAD®B-5-BenTS
ERGEXP 1 L ERCGEXP4-1A ERCGEXP4-1 ERGEXP4-1-PeriT ERCGEXP4-1-BenTS
4 2 L ERCGEXP4-2A ERGEXP4-2 ERGEXP4-2-PeriT ERCGEXP4-2-BenTS
3 L ERCGEXP4-3A ERCGEXMP4-3 ERCGEXP4-3-PeriT ERGEXP4-3-BenTS
4 L ERCGEXP4-4A ERCGEXP4-4 ERGEXP4-4-PeriT ERCGEXP4-4-BenTC
5 R ERGEXP4-5A ERCGEXP4-5 ERGEXP4-5-PeriT ERCGEXP4-5-BenTS
6 R ERCGEXP4-7-PeriT ERGEXP4-7-BenTC
7 R ERGEXP4-8-PeriT ERCGEXP4-8-BenTC
8 R ERGEXP4-9-PeriT ERCGEXP4-9-BenTC ERGEXP4-5-R
ERGEXP 1 L ERCGEXP5-1A ERCGEXF5-1 ERCGEXP5-1-PeriT ERGEXP5-1-BenTS
5 2 R ERGEXP5-2A ERCGEXP5-2 ERCGEXP5-2-PeriT ERGEXP5-2-BenTC
3 R ERCGEXF5-3A ERCGEXP5-3 ERGEXP5-3-PeriT ERGEXP5-3-BenTComp
4 R ERGEXP5-4A ERCGEXP5-4 ERCGEXP5-4-PeriT ERGEXP5-4-BenTS
5 R ERGEXP5-5A ERCGEXP5-5 ERGEXP5-5-PeriT ERGEXP5-5-BenTS
6 R ERGEXP5-6-PeriT ERGEXP5-6-BenTC ERGEXP5

3.4.3 Depositional Habitats

A total of five benthic invertebrate samples were collected from each of the
thirteen depositional areas discussed above using an Eckman dredgample area
=0.0225 n?). The position of each of the dredges was randomly selecte®revious
assessments determined that a sample size of 5 is sufficient to describe benthic
variability (Golder, 2007c). Samples were thesievedin a wash bucket with400-
micron mesh (Env.Can. 2012 and transferred in alabeled sample bottle. The five
dredge samples were not combinetyut rather represented replicates for that area.
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3.5

3.6

Benthic Taxonomy

Benthic invertebrate samples were fieldprocessed by filtering samples and
storing them in 70% ethanol.Fixedbenthic invertebrate samples were transported
to Cordillera Consulting in Summerland BC. Samples were sortadd identified to
the genusspecies level where poséile. Benthic invertebrate identification and
biomass calculations followed standard proceduresField samples had organic
portions removed and rough estimates of invertebrate density were calculated to
determine if sub-sampling was required. After samplesvere sorted, all macre
invertebrates were identified to species and all micro portions were identified
following the Standard Taxonomic Effort lists compiled by the Xerces Society for
Invertebrate Conservation for the Pacific Northwest. A reference sampleas kept
for eachrepresentative taxon found. A sampling efficiency of 95% was used for
benthic invertebrate identification and was determined through independent
sampling.

Numerous metrics of benthic community structure including diversity, richness,
community representation, and foraging guild are considered as raw data
(Appendix H) and were compiled as part of our assessment.

3.5.1 Quality Assurance / Quality Contrdbr Benthic Invertebrates

Lab reports on sediment and benthic samplewere reviewed within two working

days of receipt, andequests for re-analysis madeif results were outside the 99h

percentile without apparent cause.The lab reports were compared to all relevant
standards and guidelines, withunusualresults flagged.

Analysis of Periphyta and Benthidnvertebrate Community Response

A number of response variables were used to assess the relative effects of metals
concentrations and habitat on periphyton and benthic communities in the LCR.
Periphyton response variables includedl) abundance, 2) biovolume, 3) Effective
Number of Species and 4) chlorophyll-a production. Benthic invertebrate
response variables included:1) richness of Ephemeroptera, Plecoptera, and
Trichoptera taxa (EPT richness)2) abundance,3) % of samples made up of EPT
taxa (% EPT)A4) % of sample made up of Chironomid taxa (% Chiramidae), 5)
Effective Number of Specie®)) Hilsenhoff biotic index, and 7) Total Biomass.

In addition to our primary explanatory variables of effluent exposure (above or
below CIII outflow), we also considered the effects of distance from HLK outflow,
and several environmental variables: watertemperature, water velocity, and
substrate size (D90). The substrate metric D90 is the size of the 90percentile of
the intermediate substrate diameer; it was highly correlated with D50 which is
the median substrate diameterThe final set of explanatory variables was selected
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based onbased on variance inflation factors (VIFX5 and correlation coefficients
(<0.7).

Only 2015 productivity and community metrics for invertebrate and periphyton
from erosional sites were included inlinear mixed-effects modelsthat used
maximum likelihood fitting (Zuur et al. 2009). For 2015 erosional models, site was
the random effect and the fixed effects includedrelocity, water temperature,
substrate size (D90), treatment (exposure and reference) and distance to Hugh
Keenleyside Dam.

We conpared these candidate models through Akaika information criterion

AT OOAAOAA &I O OI Al1l OAiI p1 A adBlfc weights# AQ A
(wi) which ranks models based upon the principal of parsimony, balancing model

EFEO xEOE AT i DPlI AGEOUh ET xEEAE OEA AAOGO 11
Wi. In this approach the overall relative model performance is determined, ra#r

than assessing the significance of individual parameters or models through- p

values. Because numerous models performed similarly based on these criteria, we

also assessed the relative support for the effects of different explanatory variables

using multi-model averaging (Burnham and Anderson 2002; Anderson 2008). In

this latter approach, model averaged parameter estimates with 95% confidence

intervals (direction, variability, and size of effects) and relative variable
importance (RVI: sum of Wfor all models containing a variable of interest) were

calculated for each explanatory variable from 95% confidence sets of models
(Burnham and Anderson 2002; Grueber et al. 2011).

Variables with 95% confidence intervals that did not span zero, and with RVI
values > 0.5 were considered to be of high importance in describing variation in
response variables (e.g., Burnham and Anderson 2002). We also calculated pseudo
R2 for high ranking models (derived from regressions of the observed data versus
fitted values), which gives an indication of the proportion of the variance in
response variables explained by an individual model (see Cox and Snell 1989;
Magee 1990; Nagelkerke 1991; Pifieiro et al. 2008 for details).

In order to interpret and compare among all parametes which varied widely in
scale, we conducted the above analyses after standardizing continuous
explanatory variables by subtracting global means from each value (centering) and
dividing by two times the SD (scaling) (Gelman 2008)lotal abundance for both
periphyton and benthic invertebrates, total biomass, and total biovolume in
erosional and depositional sites were also log transformed to meet model
assumption of normality.

While these models generally followed assumptions of multiple linear mixed
effects models, and many performed well, individual relationships among response
and explanatory variables were not always linear based on scatter plots of the data
and so interpretations of effects should be limited to general direction and size, but
not shape of relationships Following this, these models are not appropriate for
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predictive use. All mixedeffects modeling of periphyton and benthic communities
were done in the Imer package, and competed and averaged using tlkeiMIn
package version 1.15.6 (Barto, 2016),both implemented in R.

For the depositional sites, the invertebrate and periphyton metrics were calculated
by summing all five samples that were collected at each site. For the periphyton
metrics of effective number of species, total abundancend total biovolume were
compared using a tweway ANOVA with year (2012 and 2015) and treatment
(reference and exposure) along with the interaction term. Total biovolume and
abundance were log transformed. The benthic invertebrate metrics ofotal
abundance percent EPT, percent chironomidae and effective species numbers
were compared with year and treatment without an interaction term. Total
abundance, percent Chironomidae and percent EPT were log transformed to meet
model assumption of normality.

Non-metric multidimensional scaling(NMDS using Bray-Curtis dissimilarity was
used to explore variation in periphyton and benthic invertebrate community
composition. Often in ecological research, we are interested not only in comparing
univariate descriptors of mmmunities, but also in how the constituent species

or the compositiom? changes from one community to the next. One common tool
used to understand and visualize community compositions NMDS The goal of
NMDS is to collapse information from multiple dimengns (e.g, multiple species
abundance or habitat values) into fewer dimensions so that they can be visualized
and more easily interpreted. Unlike other ordination techniques that rely on
(primarily) Euclidean distances, such as Principal Coordinates Analygsi NMDS
uses rank orders, and thus is an extremely flexible technique that can
accommodate a variety of different kinds of data (Leftcheck 2018).

The NMDS for periphyton used Bray Curtis transformed periphyton biovolumes,
whereas the NMDS for benthic invgebrates used abundances. Unlike 2012, a
separate NMDS analysis was conducted for erosional and depositional sites.
Separating erosional from depositional sites allowed taxonomic differences within
a given habitat type to be testedTo eliminate the effet¢s of rare taxa, taxa that
occurred at lessthan 5% of all sites were removed from analysisA PERMANOVA
was used to determineif groups (Year, Reference vs. Mine Influenced Si)esere
significantly different in community composition. NMDS was run at thegenus
taxonomic levels for both periphyton and benthic invertebrates to investigate the
effects ofsmall- and large-scale taxonomic community differencesFinally, species
were related to the community differences by fitting them to the ordination plot a
factors using Envfit (Oksaen, 2016. Only species that were significant (p<0.05)
were considered. These species describe the most observed variation between
sites. All community analysis used the R package vegan version 53 Okansen,
2016).

An ANOMA was used to compare the five periphyton metrics among areas and all
i AOOEAO xAOA 11 ¢ OOAT O& Oi AA 01 AAOOAO

#102¢ 450 Neave Court, Kelowna, BC V1V 2M2 P: 250.491.7337 F: 250.491\WVe&E2www.ecoscapeltd.com A i

y 4


http://www.ecoscapeltd.com/

151438.4 35 May 2019

performed to determine if all sites had periphyton metrics with equal variances. If

the ANOVA determinedthere were significant differences among areas, the

4 0EAUGO (T TAOO BECTEZEAAT O SEEEAOAT AA j (
that had different periphyton productivity or community composition.

3.7 Small Bodied FisRondition and Tissue Metalslonitoring

An effectsbased design was adapted to measure biological variables in small
bodied fish (Sculpins). The overall objective of this study was to determine what
potential effect (positive, negative, or neutral) effluent discharges may have on fish
tissue metals concentrations, condition, and overall growth characteristics by
comparing small fish collected from upstream reference sites to downstream
exposure sites.

Arciszewski et al. (2010) discusses the importance of selecting suitable species as
sentinels, including the following characteristics: abundant, sedentary, high site
fidelity and measurable life history characteristics relevant for the assessment.
Based on this, the approach adapted for the AREMP srdlatidied fish study,
contained the following key assumptions:

1 The species is representative of the receiving environment
1 The species does not migrate between reference and exposure areas

1 There are minimal habitat differences between reference and exposure
areas

Three reference areas and five expogse areas were sampled for this program
These areas are identified in Schedule 1ap sheetsFive subareas were sampled
in Exposure Area 3 and 4that were further divided by left and right banks(Table
3-3). The objectivewas to assess nearfield biological responsewith respect to
distance downstream from the outfalls andto investigate differences in small
bodied fish responses between theright and left bank and explore the
relationships that exists between plume dilution, andperiphyton and benthic
invertebrate metal uptake.

Table3-3: Recommended preliminary refinement to the smdibdied fish (sculpin sp.)

Treatment Area Sample plan overview Fish
Reference Area 1¢ Kootnay River Fish collected from gravel bar along backwatel 30
Area 2¢ Birchbank Fish collected from gravel bar along both left a 30

right banks
Area 3- Genelle Fish collected from gravel bar along both left a 30

right banks
Exposure Area 1¢ ClVio ClII Fish collected fromight bank onlydownstream 30

outfall of CIV outfall.
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Area 2¢ Clll to ClI Fish collected fromight bank onlyin side 30
outfall channel between CIIl and CIlI outfalls.
Area 34 - left bank Subdividel into 5 sections and 10 fish collected 50

from Cll d/s to Maglios from each subsection

Area 34 - right bank Subdivided into 5 sections and 10 fish collecte 50
from CII d/s to Maglios from each subsection

Area 5¢ Maglios to Fish collected from both left and rightanks 30
Waneta

Reference site selection considered the followingimportant factors (Env.Can.
2012):

Reference site habitais comparable to the exposure sitdabitats;
Referencesites arefree from the influence of the effluent or other potential
sources ofeffluent like substances (i.e. other stressors ametals pollution
sources);and

1 Reference and exposure sites should have similar fish species compositions.

1
1

The following information was collected at each samplsite:

Table3-4: Information collected during smalbodied fish sampling.

General Information Sampling Information Habitat Information
Project Water Temperature Substrate composition
Site Name pH Embeddedness
Date Electrical Conductivity Water \&locity
Time Dissolved Oxygen Wetted depth
Crew Average Wetted Depth Bank Characteristics
Weather Sampling Method Habitat Condition
UTM Coordinates Effort
Photo Numbers Species Sampled

Total Length

Weight

Gender

Physical condition

3.7.1 Speces Selection

Torrent Sculpin (C. rhotheu}y were the target speciesfor condition assessments
and whole fish metals analysis.This speciespossessesdeal characteristics for a
sentinel species in that they are abundant, sedentary, have high site fidelignd

have measurable life history characteristics.

3.7.2 Sample Timing

Timing of fish capture or sampling is determined by a number of factors including
migratory behavior, gonadal development and flow conditions (Environment
Canada 2013).Since gonadweights were to be usedas a test parametersample
timing was focused onwhen species are sexually matureGeneral spawing for
sculpin in the Lower Columbia Rivehasbeenestimatedby AMEC(2012) to range
from the end of May to late July when daily average watdemperatures are
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between 9°C to 15°CTherefore, optimal timing to sample for both mature males
and females would be early to mieMay just prior to spawning. Based on this,
sampling was carried out April 2630, 2016.

3.7.3 Sampling Methods

Fish were sampledunder the Provincial Wllection Permit: CB16228261. Fish
capture was completed along the riverbank (depths of 0.41.0 m) with use of a
backpack electrofisher and pole seine to collect stunned fish being carried
downstream by the current.

Figure3-7: Collection of sculpins with backpack electrofisher during spring 2016 sipadlied fish data
collection program.

Field personnelreferred to various species identificationkeys butrelied primarily

on onethat was developed specifically for sculpinand daceof the lower Columbia
River (adapted from McPhail 2007) This modified key identifies several key
diagnostic features that greatly improve scuplinspecies identificationin the field.

Measurements ecorded during electrofishing surveys included: electrofishing
start/end time; electrofishing seconds; electrofisher settings as well as the length
and width of the area electrofished. These data were used to calculate a caps-
unit-effort (CPUE).

Fish were placed in a holding bucket where they were anesthetized using Tricaine o
| AOGUT AGA T 0O 4-3 AO PAO OEA #AT AAEAT #1 OT .
Care and Use of Fish in Research, Teaching and Testing (CCAC 2005).
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All collected fish (i.e., salpin, dace, shiners etc.) were identified and lengths,
weights, and comments recorded, until the target number of sculpsmhad been

collected at each site Fish not preserved for subsequent analysis were live
released after measurements had been recorded.

Retained sculpirswere placed in individual, clean re-sealable bags. Once inside the
sealed bag, the fish wereuthanized The bag was labeled with indelible marker

and placed on ican a coolerand later frozen until postprocessing and dissection

in the lab.

3.7.4 Processing an&Endpoint Analysis

Sculpinsretained for tissue metals analysis and@ondition assessmentsad the
following parameters measured.

Total Length(mm)

Weight (£ 0.001 g)

Age

Sex

Gonad Weight

Liver Weight

Fulton Condition (k)
Gonalosomatic index (GSI)
Hepatosomatic index (HSI)
Tissue Metals

General external and internal condition (i.e., presence of tumors etc.)

=4 =4 =4 -4 4 -8 9 -2 -5 -2 -9

Fish were examined externally and internally for the presence of abnormalities,
lesions, tumors, and parasites.

Fish were weighed (*0.001 g) and measured for total lengthlmm). The gender of
individuals was determined externally by the presence of genital papilla (on
mature males) and confirmed during dissection.

High-carbon stainless steel filleting knives and stainless high carbon steel utensils
(scissors, forceps etc.were used for processing fishInstruments and cutting
boards were washed with soap (critical cleaning liquid detergent) and then rinsed
thoroughly with de-ionized water between each fish. Noipowdered vinyl gloves
were worn by all personnel handling fish, and utensils to minimize contamination
of samples.
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The sampling process is outlined below:

1. The processor put on a clean pair of nepowdered vinyl gloves prior to
handing the fish. New gloves were sed for each fish to minimize cross
contamination.

2. The thawed fish was removed from the bag and irrigated using eienized
water to remove dirt and debris that may have been introduced during fish
collection.

3. The clean fish was placed on fresh sheet of wax paper on a cleaned vinyl
cutting board. The head was cross cyusing surgical scissors)vertically
posterior to the eye to expose the brain case and otoliths were extracted
using tweezers and placed into a scale envelope labeladth fish catalog
number and capture datefor subsequent aging

4. The liver, gonads and gutswere extracted and weighed £ 0.001 g) and
examined for abnormalities. The guts were subsequently preserved
separately in labeled vials containing an alcohol fixative.

5. The liver, gonass, and whole fish were placedogether in a new sterile
plastic bag, labeled, and frozen on dry ice for subsequent tissue metals
analysis by Caro AnalyticaKelowna,BC. Fistsamples werehomogenized
by Caroand subsequently analyzed for percent moistureptal lipids, trace
metals, and major ions.

3.7.5 Calculation of Sculpin Condition

Physiological responses to stress in fish can be assessed by calculating the ratio of
body weight to length, as well as that of the weight of certain organs relative to the
total body weight or length. Declines in these indices of condition may indicate
decreased energy storage, metabolism, feeding activity, or reproduction associated
with environmental stressors (Barton et al. 2002). Although these indices are
insensitive to shat-term changes they can be useful in the detection of lortgrm
trends in fish exposed to chronic stressors. We considered three such condition
indices:

Fulton-type condition factor (k) is the relationship between body weight and body
length that is commonly used to infer physical condition of fish, and can be
calculated using the following formula:

1 Condition (k) = (105 x body weight (g))/length (mm)3

The gonadosomatic indexand hepatosomatic index are calculations of the
respective organ massas a propation of the total body mass and infer
reproductive output and energy storage respectfullyRespective formulae are as
follows:
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1 Gonadosomatic index = 100 x (gonad weighgfutted weight)

1 Hepatosomaticindex =100 x (liver weight/ gutted weight)
3.7.6 Fish Aging

Fish aging was undertaken by Darren FilipicR.P.Bio Otolith agingwas
conducted using a dissecting microscope.

Agestructures were interpreted using John Casselman'’s quantitative approach to
fish aging:

1 O, +, or ++ are assigned based on the observatiof otolith growth or not
since the last annulus was formed.
1 Ois assigned when the annulus is not quite complete
T CcC EO 1 AOGO OEAT EAI £ A UAAOGO COI xOE jC
T cc EO i1 OA OEAT EAI £ A UAAOBO CcOl xOE j

3.8 LargeBodiad Fish Tissue Monitoring

The AREMP Study Desig(Golder 2012) specified the species, sample size, and
types of tissue analysed, and method of interpretation. Rainbow, Mountain
Whitefish, and Walleye were used to stay consistent with historical data colleon

and because they are the most commonly caught and consumed by anglers (Golder
2012).

3.8.1 FieldDataCollection

Fish for the largebodied fish tissue monitoring program were obtained in
coordination with the BC Hydro Lower Columbia Fish Indexingprogram
(consistent with the 2012 AREMP).Fish collection was carried out by the
Okanagan Nation Alliance and Golder Associates using a besctrofisher. The
timing of collection wasSeptember & z November 2, 2016. Collection was carried
out under aProvincial Qllection Permit (Track No:100180026).

#1711 AAOAA EEOE xAOA bPITI1AA ET O OODPDPAOS
(Reference) area extended from the Hugh L. Keenleyside Dam downstream to
Castlegar above the Tin Cup Rapidand the lower(Exposure) area extenced from

Beaver Creeko Waneta(Figure 3-8). Target species includedMountain Whitefish

(Prosopium williamson), Rainbow Trout (Oncorhynchusmykisg, and Walleye

(Sander vitreu$.

The target sample sizavas 20 fish per species persamplearea, for a total of 60 fish
per area, and 120 fish in allAdult-size fish (i.e., those targeted by anglers) were
targeted for analysis since one of the primary objectives was to assess the
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concentrations of tissue metals relevantto human consumption guidelines.
Therefore,sampling was biased toward obtaining catchableize fish (>200 mm).

Datawererecorded in duplicate using water proof field paper and aand-held GPS
data logger. The GPS enallspatial documentation of wherein the river fish were
collected.

At the time of fish collection, fish condition was documented and includke
Presence of physical abnormalities or parasitesfork length (mm), total length
(mm), total body weight (g), ageclass, and gnder.
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Figure3-8: Largebodied fish reference and exposure collection areas. Fish collection was carried out
by Okanagan Nation Alliance and Golder Associates as part of Lower Columbia River Fish Indexing
Project (BC Hyw CLBMOMS5).

#102¢ 450 Neave Court, Kelowna, BC V1V 2M2 P: 250.491.7337 F: 250.491\WVe&E2www.ecoscapeltd.com A i
A—

_


http://www.ecoscapeltd.com/

151438.4 43 May 2019

Each fish was assigned a catalog number and photographed. Physical
abnormalities were noted when observed and additional closep photos were
taken. The fork length of each fish was measured, and the weight of the fish was
documented.

Fish were placed in individual bags and euthanized in the bag to prevent potential
tissue contamination During euthanization, care was taken not to puncture the
bag The fish were then placed on ice anttansferred to a deep freezerupon
returning to shore after each evening of sampling.

LargeBodied Fish Processing

Frozen fish were transported to Kelownaand processedat Ecoscapewherea clean
process room wagreparedto minimize the risk of contamination from extraneous
metal sources during tissue prepration. Frozen fish were thawed prior to
dissections. Only as many fisfas could be processed on a given occasion were
thawed.

Of the 120 fish collected, halivere analyzed as skiron fillets. The other half were
analyzed as whole fish with guts removed Table 3-5). The guts werethen
analyzed separately. The selection of fish for whole samples and fillet sampling
was done randomly prior to initiation of processing.

Table3-5: Largebodied fish collection and processing summary.

Tissue Metals Analysis

Collectior Total fish Whole fish Gut
Aree Specie collected Fillets (guts removed contents

Referenct  Mountain Whitefist 20 10 10 10

Areg Rainbow Trot 20 10 10 10

Walleye 20 10 10 10

Exposuri  Mountain Whitefist 20 10 10 10

Aree Rainbow Trot 20 10 10 10

Walleye 20 10 10 10

Sample siz 120 60 60 60

Sampling methodswere consistent with previous studies (Golder 2007) and
British Columbia Field Sampling ManuaFor Continuous Monitoring and Collection

of Air, Air-emission, Water, Wastewater, Soil, Sediment and Biological Sampling
(Clarke et al.2003).

The following parameters were included in the endpoint analysis:

Fork Length (mm)
Weight (+ 0.001 g)
Age
Sex

= =4 4 2
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Gonad Weight

Liver Weight

Fulton Condition (k)

Gonadosomatic index (GSI)

Hepatosomatic index (HSI)

Tissue Metals

General external and internal condition (i.e., presence of tumors etc.)

Fish were examined externally and internally for the presence of almmmalities,
lesions, tumors, and parasites.

High-carbon stainless steel filleting knives and stainless high carbon steel utensils
(i.e., scissors, forceps etcwere used for processing fishinstruments and cutting
boards were washed with soap (criticakleaning liquid detergent) and then rinsed
thoroughly with de-ionized water between each fish. Nofpowdered vinyl gloves
were worn by all personnel handling fish, and utensils to minimize contamination
of samples.

The sampling process is outlined below:

1.

The processor put on a clean pair of nepowdered vinyl gloves prior to
handing the fish. New gloves were used for each fish to minimize cross
contamination.

The thawed fish was removed from the bag and irrigated using denized
water to remove dirt and debris that may have been introduced during fish
collection.

The clean fish was placed on a fresh sheet of wax paper on a cleaned vinyl
cutting board. The head was cross cut vertically posterior to the eye to
expose the brain case and otoliths were extded using tweezers and
placed into a scale envelope labeled with fish catalog number and capture
date for subsequent aging.

The liver, gonads, and guts were extracted and weighed (+ 0.001 g) and
examined for abnormalities.

For fish designated as fillet smples: A single fillet was removed (skin on),
weighed (+ 0.001 g), andplaced in a new, clean, préabeled sealable plastic
bag. Each bag was labeled with the fish catalog number, date and analysis

type.

For fish designated as whole samplesThe liver, gonads, and whole fish
were placed together in one new sterile plastic bag and the guts placed in a
separate bagEach bag was labeled with the fish catalog number, date and
analysis type.
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7. All samples were frozen on dry ice for subsequent tissue metasalysis by
Caro Analytical(Kelowna, BC). Fish samples were homogenized by Caro
and subsequently analyzed for percent moisture, total lipids, trace metals,
and major ions.

Figure3-9: Rainbow Trout prior toprocessing (left); processing gravid female Mountain Whitefish
(right).

3.8.2 Quality Assurance / Quality Control for Lardmdied Fish
Analysis

To ensureprecision in metals testing, 10% of thefillet sampleswere analyzed in
duplicate. Duplicates were submited to the lab as blind samples. When evaluating
the results, duplicates needed to be 5 times the detection limit for acceptability
criteria to apply (USEPA 2000). If the relative percent difference for duplicates
were within 20% of each other they were acepted. If the calculated relative
percent differences were greater than 50%, a quantification problem was
suspected, which may have included possible contamination or lack of sample
representativeness. In such instances, the lab was notified of the dispency and
data were rechecked and samples reun if necessary. Relative percent difference
was calculated as follows:

(sample result- duplicate result)*100
(sampleresult + duplicate result)/2

The accuracy of data entryvasassessed with a secongerson checking a minimum
of 10% of the data for completeness, data entry errors, transcription error and
invalid data. If errorswere found, then all dataunderwent a zero tolerance quality
assurance check.

3.8.3 Fish Aging

Fish agingwas undertaken by Darren Filipic, R.P.Bio Otolith agingwas conducted
using a dissecting microscope.
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Agestructures were interpreted using John Casselman's quantitative approach to
fish aging:
1 O, +, or ++ are assigned based on the observation of otolith growth or not
sincethe last annulus was formed.
1 Ois assigned when the annulus is not quite complete
 +isless than half &) A Adbdivid (relative to previous year)
§ ++is more than half &J A Adgbdivth (relative to previous year)

3.9 Large and smalbodied Analysis ottissuemetals and conditionindices

Concentrations of arsenic, cadmium, chromium, copper, iron, lead, mercury,
selenium, thallium, and zinc in large body fish tissues were graphed for each tissue
(muscle/ whole body/gut ) according toyear sampled (2013 and 2016){r eatment,
andspecies Rainbow Trout, Mountain Whitefish, andWalleye) combination. Small
bodied fish (sculpin) whole body samplesrom 2016, were graphed in downstream
order according to site and river bank.

Analysis of covariance (ANCOVAjyas usedto assess the effects afxposure(above

or below CIll outfall), species, sexyear, and individual fork length on metal
concentrations in large bodied fish species. Because the range and level of metal
concentrations differed considerably in gut samples relate to muscle and whole
body, these analyses were conducted for each tissue type separatélgrge boded
fish metal concentrations below the limit of detection were included in analysis by
taking the minimum limit of detection for the analyte (metal) anddividing by 2.

Whole body sculpin metal concentrations were compared using an ANCOMAseXx,
treatment (above or belowClIII outfall), and total length. A second ANCOVA, was
conducted without far field sites, any area downstream of ERBXR3-2-L. This
ANQOVA was conducted to see if smelter effects on whole body metal
concentrations were detectable in areas closer to the smelter.

In all cases tissue metal concentrations were log transformed and outliers were
removed from data to meet model assumptions ofarmally distributed residuals.
The results of the ANCOVA models with all samples in and leverage and outliers
excluded were compared. However, all results reported are of the ANCOVA models
with leverage and outlier samples removed. Some ANCOVA models dat meet
model assumptions primarily because of the large number of samples below the
limit of detection, these models were not runin the interpretation of ANCOVA
results, significance of overall models and individual parameters within them were
determined through p-values at a 0.05 significance level, and direction of
explanatory variable effects are determined from model parameter estimates.

Linear mixed effects modelsvere used to assess the effect tfieatment (reference
or exposure) on 2016 whole body sculpin metal concentrations of arsenic,
cadmium, chromium, copper, iron, leadmercury, selenium, thallium, and zinc
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Linear mixed effects models with site as the random effect and treatmeas fixed
effects was performed with log transformed tissue medls concentrations. The
model for concentrations of mercury included total length as a fixed effect.
Chromium was omitted from the analysis because ahere was a high number on
non-detects.

Differences in the relationship between adjusted body weight ahtotal length, and
liver or gonad weight with total body weight between treatments, for each sex,
were also tested through linear mixed effects models using site as a random effect
for the sculpins. The only model that did not use site as a random effegas the
female gonad weight model. This model used a simpler linear regression. Adjusted
body weight was calculating by subtracting the gut weight from the total body
weight. Weight and length variables were log transformed in several cases to meet
assumpions of normally distributed residuals or because relationships were
clearly log-linear. For large body fish differences in the condition factor (k)
between reference and exposure sites were tested separately for each species. The
effect of sex was not aaunted for because there were not enough samples within
a species, sex, and treatment group.
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4.0

4.1

RESULTAND DISCUSSION

Water Quality

The following section presents water quality data collected during the 2015 and
2016 sampling years and compares these uats to relevant LCR Water Quality
Objectives/Guidelines and presents this data together with that collected in
previous years (2011-2014) of the monitoring program.

4.1.1 General Water Quality Parameters

General water quality parameters affect numerous chemicabnd biological
processes occurring in rivers. Field-measured parameters that were slightly
elevated within the IDZ included conductivity, salinity and pH. These water quality
parameters were still within the typical range for the LCR both upstream and
downstream of the IDZ (Larratt et al. 2013. In both the IDZ and the entire AOlI,
none of the general water quality parameters exceeded the LCR Water Quality
Objectives in the 2015-2016 data. For example, the pH LCR Obijective of §.8.0
was met in all 2015samples including those collected from within the effluent
plume in the IDZ Similarly, percent dissolved oxygen saturation was in the typical
range for the LCRand ranged from 68% to 96% and averaged about 89% across
all erosional sites during the Octobr 2015 sampling.

Turbidity is usually low in the LCR Samples collected in 2015 ranged between 0.25
Z 0.89 NTU, with and average turbidity of 0.45 £ 0.15 NTU. Similarly, TSS
concentrations are typically low in the LCR, ranging from <X 2 mg/L. Most
samples collected in 2015 had TSS concentrations below the 3.0 mg/L detection
limit. Three samples collected on April 28, 2015 at the Birchbank and Stoney Creek
sites had measurable concentrations

There are noapproved BC guidelinesfor the protection of aquatic life or LCR
Objectives for specific conductivity or TDS however there are BC working
guidelines for irrigation, set at <0.7- <5 uS/cm for specific conductivity and <500

- <3500 for TDS.Both parameters that measure the concentrations of ionized
constituents in water. The New Bridger-shhad elevated TDS compared to the TDS
measured at Birchbank reference site. However, TDS returned to reference levels
by the Old Bridge. Similarly, water temperature was elevated by less than a degree,
and dissoled oxygen was slightly elevated in the 2018eld data (Table4-1, 4-2).
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Table4-1: Averaged Erosional Site Field Measurements, 2015.

Reference Sites Exposure Sites
Ero Ref1 Ero Ref 2 EroExpl EroExp2 EroExp3 EroExp4 EroExp5
Parameter Birchbank u/s Stoney CI\{Stoney Clll ClltKorpac KorMag MagWan
Conductance puS/cm 137 137 138 192 145 135 136
Salinity PSU units 0.06 0.06 0.07 0.09 0.07 0.06 0.06
pH (s.u.) 75 75 7.68 7.74 7.62 7.45 7.53
Water temperature’C 12.48 12.68 12.72 13.24 12.7 12.42 12.43
Dissolved oxygen mg/L ~ 6.93 8.32 9.47 9.45 9.22 9.1 9.3
Dissolved oxygen % sa  68.26 83.82 93.96 96.24 93.37 91.77 93.2

Table4-2: Depositional Site Field Measurements, October 2015

Reference Sites Exposure Sites
Dep Dep Dep Exp Dep Dep Exp Dep
Dep Ref1 Dep Ref 2 Ref 3 Exp 1 P Exp 3 4 Exp 5 Dep Exp 6 Dep Exp 7
Birch .
Kootenay Genelle . . Airport . Ft
bank Korpac Maglios Casino Trimac Waneta
Parameter Eddy Eddy Eddy Bar Shepherd
Conductance 156 138 137 125 135 143 137 138 143 140
pS/cm
Salinity PSU 0.07 0.07 0.07 0.06 0.06 0.07 0.06 0.07 0.07 0.07
units
pH 7.1 7.4 6.7 7.3 7.5 7.7 7.5 7.5 7.5 7.8
Water 14.1 12.1 12.4 12.5 12.4 12.3 12.7 12.6 12.9 12.7
temperature
°C
Dissolved 9.04 8.04 51 8.72 8.69 8.62 8.92 8.06 9.33 9.14
oxygen mg/L
Dissolved 92.9 79 50 87.3 88.9 88.9 91.5 80.8 95.2 91.3

oxygen % sat.
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4.1.2 Nutrients

Inorganic Nitrogen

There are numerous soures of inorganic nitrogen within the LCR, including
municipal effluents, the BC Hydro lake fertilization programs in upstream
reservoirs and stormwater inflows (MacDonald 1997; Ca#BC 2008).Nitrate and

ammonia are key nutrients that are repeatedly consumedtransformed and

released in a cycle as water travels downstreamimmonia and nitrate account for
most of the total nitrogen concentrations in the LCR AQFigure 4-1). Very low

concentrations of nitrite are common in BC watersas was found here

None of the 2015 or 2016 samples approached the inorganic nitrogen guidelines
for aquatic life (3.0 mg/L nitrate as a 30day average; 0.02 mg/Lnitrite ; 0.7 mg/L
ammonia) (Figure 4-1, Figure 4-2). In the LCR, the distribution ofinorganic
nitrogen species has beerstable through the years Qlson-Russelloet al. 2014).
Inorganic nitrogen typically occurs as 86% nitrate and 14% ammoniayith nitrate
concentrations related to transport during high flows and ammonia
concentrations primarily donated by groundwater throughout the river, with
increased donation during low flows (Larratt et al. 2013).

0.3+
z'.)o.z -
p . Nitrate
= B TN
1=
e . Ammonia
<
0.1+
0.0

Birchbank
Stoney Creek
New Bridge
Old Bridge
Maglios
Waneta

Figured-1: Average concentration of thgarious chemical forms of nitrogen for samples collected
along the right bank shallow site (within the effluent plume) of the LCR in 2015 and 2016 during low
flows.
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Nitrate concentrations were uniform throughout the AOI in 2015 and 201&nd all
samples were above the standard detection limit For example, the average
increase in nitrate from the right shallow samples of reference Birchbank site to
the IDZ was0.019 mg/L and from Birchbank to Maglios was 0.004 mg/L

Nitrite is a transient form of inorganic nitrogen that is usually lower than nitrate
concentrations (USEPAY), explaining why most nitrite concentrations were below
standard detection limits in this study. Eighty percent of the 20152016 water
guality data had nitrite concentrations below the ektection limit. However, very
low concentrations were detected on October 19, 2015 and October 4, 2016, in the
range of Q001 to 0.002 mg/L as N. These nitrite concentrations were detected at
all sites on October 4, 2016jncluding the reference Birchbanksite. Samples
collected from the right bank, including those within the IDZ, were within this
range.

Ammonia concentrations increased at the Stoney Creeksh location (Figure 4-3).

Elevated ammonia concentrations occurred in te shallow samples from both
banks primarily in response to effluent andpotentially groundwater inflows

within the IDZ (Figure 4-3). Ammonia concentrations inboth shallow samples
declined downstream of the IDZ and was faster inr-sh than ksh. All transect
samples were equivalent across the river at Magliodmmonia guidelines were not
exceeded at any of the sample sit€3able 4-3). The 20152016 water quality data
had 25% of total samples below the lint of detection for ammonia.

The contributions made by organic forms of nitrogen in the AOI measured since
2014 have been small Figure 4-2). They are measured as TKN, along with
ammonia. Elevated TKN im-shandI-sh may be rehted togroundwater influence,
likely in the ammonia component of TKN. Organic nitrogen increases slightly in the
IDZ and remains elevated downstream, but the net change is small and unlikely to
exert a secondary influence on watechemistry or boost primary productivity to
nuisance proportions (refer to section4.3.4).

In 2015-2016 data, average total nitrogen concentration in the water at-sh New
Bridge (right shallow) was elevated above the reference-sh Birchbank site by
about 58% or 0.04 mg/L. However, total nitrogen declined downstream of the IDZ.
Increased N may benefit primary producersas it does in nitrogenlimited rivers
(Delong et al. 2001; Townsend, 1996)The increase in total nitrogen between
Birchbank and Wanea was less than 5%. Gradually increasing nitrogen
concentrations as water travels downstream in large rivers is universally observed
(Wetzel 2001).

1file:///IC:/Users/Heather/Downloads/N -P-large-rivers%20(1).pdf
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Figure4-2: Box plots of TKN organic nitrogen measurexdtihe LCR during low flow periods (2015
2016). The channel position designations d+gh = left-shallow, l-1md = left 1 m deep,{lmab = left
1 meter above bed, and the same for Right @ne percent of the samples were below the limit of
detection for TKN. Note: Segg. vi for explanation of boxplots and guide for interpretation.
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Table4-3: Nutrient Concentrations at Teck LCR Sample Sites, right bank shallow sample {2015).

BC Guideline ol
LCRObjective Results Stoney New Old
mg/L (mg/L) Birchbank Creek Bridge Bridge Maglios Waneta
Nitrate (as N) 200 (max) Mean 0.132 0.133 0.15 0.138 0.135 0.148
40 (mean) 30-Day Mean  0.144 0.144  0.161 0.149  0.147 0.148
Nitrite (as N) 0.06 Mean 0.0005 0.0006 0.0007 0.0005 0.0006 0.0005
0.02 (mean) 30-Day Mean  0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
Ammonia (as N) 0.681¢ 27.7 Mean 0.003 0.01 0.045 0.016 0.009 0.008
0.102¢2.08 30-Day Mean  0.002 0.01 0.043 0.015 0.009 0.008
TKN* - Mean 0.078 0.099 0.121 0.094 0.09 0.087
--  30Day Mean  0.075 0.1 0.115 0.092 0.087 0.087
Phosphorus (as P - Mean 0.002 0.003 0.003 0.003 0.002 0.002
--  30-Day Mean  0.002 0.003 0.003 0.002 0.002 0.002
Potassium - Mean 0.619 0.635 0.696 0.642 0.643 0.633
--  30-Day Mean 0.61 0.63 0.693 0.641 0.638 0.633
Sulphate -- Mean 11.4 115 18.1 12.6 11.9 12.1
218 30-Day Mean 11.6 11.6 18.3 12.8 12.0 12.1
TOC* -- Mean 1.2 1.3 1.2 1.2 1.2 1.4
--  30-Day Mean 1.3 1.3 1.2 1.3 1.3 1.4

& 30 day mean based on the average of the 30 day mean from 2015 and 2016 spring sakriplialgof 5 samples were collecte
during spring lowflow sampling (Ma#pr).
* TOC was sampled in 2012.
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Figure4-3: Box plots of inorganic nitrogen measured in the LCR during low flow periods (Z0I5).
The channel position designations atesh= left-shallow, -1md = left 1 m deep,4Lmab = left 1 meter

above bed, and the same for Rigf).

#102¢ 450 Neave Court, Kelowna, BC V1V 2M2 P: 250.491.7337 F: 250.491\WVe&E2www.ecoscapeltd.com

A


http://www.ecoscapeltd.com/

151438.4 55 May 2019

Phosphorus

Phosphorus is a key nutrient that usually controls aquatic productivity. Total
phosphorus (T-P) concentrations measured throughout the LCR follow a declining
trend over the years, particularly during 1968- 1978 (Holmes and Pommen 1999;
Can-BC 2008) as outfall water treatment improvel throughout the LCR
Phosphorus is added annually as part of the BC Hydro lake fertilization programs
in upstream reservoirs. There is no phosphorus objective set for the LCR.

There is no provincial guidelne for total phosphorus concentrations in rivers. The
guideline value for lakes was therefore considered as a qualitative reference point,
although it has not been empirically verified as being suitable for riversTotal
phosphorous concentrations exceededhe BC total phosphorous guideline for
lakes (0.0050.015 mg/L) in 13 of the 221 low flow samplescollected in2015 and
2016 and were measured at every site including the Birchbank reference site
(Figure 4-4). The three leftbank Maglios samples from April 28, 2015 had the
highest T-P concentrations at 0.011 mg/L. There is amunicipal outfall located
along the left bank in shallow wateraffecting both T-P and FN (Figure 4-4, Figure
4-3). In 2015 and 2016, right bank concentrations ranged from notetectable
(0.002 mg/L) to 0.0076 mg/L T-P. Based on these datthe smelter sitedoes not
appear to affectphosphorus concentrations.There was no net change in total
phosphorus concentrations between Birchbank and Waneta.

Birchbank Stoney Creek New Bridge Old Bridge Maglios Waneta
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Figure4-4: Box plot of total phosphorus concentrations measured in the LCR during low flow periods
(20152016). Thechannel position designations areshleft-shallow, 1-1md left 1 m deep, Lmab left

1 meter above bed, and the same for Rigitwventy-two percent of the samples had-P concentration
below the limit of detection.
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Minor Nutrients

Potassium concentratioms were elevated at New Bridge-sh and I-sh and may
reflect a potential groundwater contribution (Figure 4-5). There are no BC
Guidelines or LCR Objectives established for potassiufotassium samples from
the end of the IDZ weresimiliar to background reference concentrations. The 4.1%
increase in potassium between the right shallow Birchbank and Maglios sites may
confer a small benefit todownstream primary producers as it does in other river
systems (USEPA 2009) Stormwater ard sewage effluent discharged below the
smelter would also contribute to the continuing increase in potassium observed in
Maglios and Waneta samples.

Birchbank Stoney Creek New Bridge Old Bridge Maglios Waneta
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Figure4-5: Box plot of potassium concentrations meased in the LCR during low flow periods (2015
2016). The channel position designations atesh left-shallow, l-1md left 1 m deep, imab left 1
meter above bed, and the same for Rigi&ll samples were above the limit of detection for potassium.
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Sulphate is utilized by some algae and bacteria in the periphyton (Wetzel 2001).
Sulphate was the dominant anion in the AOI (Hawes et al. 2014) and is a major
component of the groundwater plume (Golder 2010). The 3@ay average
guideline for the protection of aquatic life is 218 mg/L SQ, in soft to moderately
soft waters (31-75 mg/L as CaC®) typical of the lower Columbia River (Meays and
Nordin 2013). This guideline was not exceeded in any 2015 or 2016 samples.
However, 30-day average concentrations increasedtaNew Bridge along the right
bank (avg. 17.90 mg/L S@). Sulphate concentrations returned to within 3.8% of
background concentrations by Maglios Kigure 4-6). These sulphate results are

similar to those sampled in 201%2014.

Birchbank Stoney Creek New Bridge Old Bridge

-

o

o
1

Sulfate (mg/L)

'

LI L T L I L L e £ 8L R £

nnnnnnnnnnnnnn

- B8
8

GL‘I

Channe! Il I-sh Bl 1imab ES r-tmd Bl comp  High Flow Sample (July) & 2015 o

Position Bl I-tmd Bl r-1mab B r-sh

Maglios Waneta

e
o]
o> e
o>f e

~
&

U\>.—

2016  Guideline - - 30 Day = Max

Figure4-6: Box plot of sulphate concentrations measured in the LCR during low flow periods (2015
2016). The channel position designations aktesh left-shallow, 1-1md left 1 m deep, {lmab left 1
meter abovebed, and the same for RighAll samples were above the limit of detection for sulphate.
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Total organic carbon (TOC) provides an indication of organic material available for
invertebrate food, and for sequestering metals. TOC is generally low in the LCR
The BC guideline prescribes a 3day median = 20% of the median background
TOC concentration(MWLAP 2001). Objective levels were set at <0.50.7 mg/L
TOC outside the IDZ and <3.5 mg/L within With this spread of Objective levels,
exceedances occurredhroughout the study area outside of the IDZincluding
upstream reference locations)but not within it ( Figure4-7). TOC was not elevated
in the effluent plume of the smelter outfalls. For example, 2022016 TOC data
from the upstream reference site averaged.3 mg/L and were lowest at Maglios
(avg 1.1 mg/L). These 20158016 TOC results were nearly identical to the 2011
2014 results. TOC sources are greater upstream of the Birchbank reference site
than they are near or belowthe smelter site, resulting in a declining trend through
the area of interest. There was very little difference between the right shallow of
Birchbank and Maglios (<1% difference)all below the 20% range prescribed in
the BC guideline.
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Figure4-7: Box plot of total organic carbon measured in the LCR during low flow periods (Z5p).
The channel position designations atesh left-shallow, L1md left 1 m deep, tLmab left 1 meter
above bed, and the samfor Right. All samples were above the limit of detection for TOC.

4.1.3 Total and Dissolved Metal Concentrations

The choice of transect sampling to detect plume location allowed the calculation of
30-day averages only in the spring low flow period when dilutions low. During
the spring low flows, 30day averages were calculated from fiveweekly grab
samples for the right bank sites within the effluent plume, and this represents a
worst-case scenario. The average of tliee right bank samples were compared to
the average of all samples collected from the right bank in 2012016, and showed
about a 6% difference in 2015 and a 5% difference in 2016 between both sites and
parameter concentrations.
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Guidelines are set at levels designed to result in negligible risio biota, their
functions, or any interactions that are integral to sustaining the health of
ecosystems and the designated resource uses they support (CCME 2013). Similarly,
objectives are sitespecific criterion adapted to protect the most sensitive
designated water use at a specific location with an adequate degree of safety,
taking local circumstances into account (BC MoED17). An exceedance of a water
quality guideline or objective does not mean that there will be effects on aquatic
species. Developig effects benchmarks is a separate exercise and has been
conducted by Golder (2003) in the Aquatic Problem Formulation report.

The following discussion of dissolved and total metals is focussed on metals of
interest, and the matrix for their determination is provided in Table 4-4.

Table4-4: Matrix for Determining Water Quality Metals of Interest.

Nearfield sites >> Guideline
Metals of interest  reference sites in Nearfield sites >> exceedance
identified in  earlier work (2011 reference sites in during past 10
Metal previous reports 14) recent 201516 work  years in LCR AC
Aluminum \Y
Arsenic \ \% A%
Cadmium \Y \Y \ \Y
Chromium \ A%
Copper \Y \Y \Y
Lead \% \% \ A%
Mercury \Y/ \Y/ \% \Y
Nickel \ V
Selenium \Y/ \ \Y
Silver \Y
Thallium Y, v v
Zinc \Y \Y V

(Previous reports: Golder 2003, Hatfield 2008, Golder 2010)
>> signifies a difference of >50% Revised to reflect new cadmium guideline

There were noexceedances of the 3@ay Chronic Water Quality Guidelines or LCR
Objectives for any metals of interest downstream of the IDZ in 2015 or 201Bour
metals had concentrations above the Water Quality Guidelines/Objectives
downstream of the smelter outfallswithin the IDZ. By definition, calculations of
exceedances do not involve the IDZ. As these elevated concentrations were within
the IDZ, they do not constitute norattainment. The Stoney Creek and New Bridge
sites are located within the IDZ where effluets are discharged and elevated metal
concentrations are anticipated and permitted. The Old Bridge site represents the
downstream limit of the IDZ.
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A summary of the number of exceedances identified in the 20Jnd 2016 data is
illustrated in Figure 4-8. No exceedances occurred outside of the permitted initial
dilution zone (IDZ) of the effluent plume. The 2015 data are similar to earlier
AREMP data where cadmium, selenium, and zimexceeded guidelines in the 1DZ
while infrequent and variable elevated concentrations occurred for mercury and
chromium in the LCR area of interestOverall, both the number and the size of the
exceedances hee declined over the years as water treatment has improved
bearing in mind that dilution from LCRflows affects the results in any given year
(Figure 4-9). For instance LCRflows during the 2016 water sampling period were
roughly 35% lower than flows during the 2014 sampling period. Previous
sampling summarized in the 2014 AREMP port noted that at Birchbank, mercury
periodically exceed guidelines and at the Waneta site, mercury, and zinc (a single
sample) exceeded the guidelines (Hawes et al. 2014). In the 202816 results,
there were no exceedances at the downstream Maglios afdaneta sites Figure
4-8). The number of elevated metals within the IDZ is dependent on flows at the
time of sampling.

Reassessment cdarlier AREMP samples againstdth the number and the sizethe
new Cd guideline indicates thathere were no BDCd or T-Cd exceedances outside
of the IDZ for any samples collected for the AREMP from 202D14. Similarly, in
the 2015 and 2016 results, there were no BCd or -Cd exceedances outside the
IDZ. They were confined to the New Bridge siteithin the effluent plume, where
they are expected and permitted. Zinc exceedances did not occur below the IDZ.

4
2
1 I
0
SC NB OB

BB

Number of samples exceedingf BG 30
day in Mar-Apr low flows 201582016
w

Mag Wa

ECrmCd mSenmTl mzZn

Figure4-8: Occurrences and frequency of total and dissolved metals exceeding LCR ObjgciiBC
MoE / CCME 3day Guidelines during 201&nd 2016spring low flowsampling 6 sampling events).
Exceedances in the IDZ (Stoney Creel&w Old Bridge) do not constitute noattainment of Water
Quality Objectives. IDZ exceedances were measured from samptdlected from the right bank of
the river within the effluent plume.
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Figure4-9: Total number of metals exceeding the BC-@8y guideline for the MarckhApril low flow
periods from 1995 to 2016Exceedanes in the IDZ (Stoney Creek iew Old Bridge) do not
constitute nonattainment of Water Quality Objectives.

Comparison of total versus dissolved metals

Implementation of metals criteria is complex due to the sitespecific nature of
metals toxicity and variable metal behavior. Canadian guidelines frequently use
total metals, which are the sums of dissolved ions and metals associated with
particulates or minerals, while the US EPA uses dissolved metals. Some studies
have indicated that particulate metalsappear to contribute to overall metal
toxicity, but their contribution is substantially less than that of dissolved metals
(US EPA MoU 1993).

Most figures in this report depict total metal concentrations to align with BC
guidelines and LCR objectiveshowever, metalsoccurring mainly in particulate
phases can frequently have lower potential toxicity For example, lead and
aluminum occurred predominantly in total particulate forms, with a small increase
in dissolved lead at the New Bridge site within the IDZTable 4-5). Numerous
metals occurred predominantly in the dissolved form throughout the LCR but the
dissolved form increased within the IDZ, and they include copper, lead, thallium
and zinc. Dynamic reactions involving dissolwe metals occur at various rates,
depending on water pH, total hardness, redox, temperature, availability of
particulates with binding sites, and other parameters.
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Average % dissolved metals

Table4-5: Distribution metrics for tol and dissolved metals of interest in the LQ
20152016.

Metal/Site BB SC NB OB MA WA
Aluminum 56% 51% 51% 50% 50% 45%
Arsenic 98% 99% 96% 95% 98% 99%
Cadmium 89% 88% 92% 86% 87% 84%
Copper 94% 93% 96% 96% 92% 89%
Lead 38% 29% 45% 32% 35% 33%
Mercury 99% 90% 84% 98% 80% 84%
Selenium 100% 99% 100% 97% 97% 97%
Silver 100% 100% 100% 99% 100% 100%
Thallium 93% 99% 100% 96% 95% 99%
Zinc 100% 85% 96% 99% 86% 92%

Legend:BB =Birchbank; S€ Stoney Creek; NB = New BedgB = Old Bridge; MA = Maglios;
WA = Waneta

The following section presents the results of 2015 and 2016 sampling for total
metals of interest andcompares the results with data collected from 201122014. All
other metal concentrations not discussed heremet the applicable LCR Objectives
and Guidelines. The complete 2015 and 2016 water quality data set is available in
Appendix C accomapniedoy QA/QCoutputs. The box plots below present 2015
2016 low flow sampling data wih outliers indicated as solid points. High LCR flow
sample events in both 2015 and 2016 are represented in the figures as single,
hollow (square and triangle) points.
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4.1.4 Aluminum (Al)

The general range of total aluminum in North American Rivers is 0.022.25 mg/L
(Jones and Bennett 1986) and the Columbia and Kootenay Rivers fall within the
lower end of this range. Aluminum occurs naturally in the area associated with
alumino-silicate clays (Brown and Bruland 2009).

ElevatedD-Al concentrations were obseved in two samples: on March 31, 2015 at
Maglios, and on April 5, 2016 at Birchbank Kigure 4-10). There were no
exceedances oD-Al concentrations over the 3@day Chronic Objective in 2015
2016 sampling within or below the IDZ. The slight increase iD-Al observed in the
IDZ was restored to background concentrations before the Waneta site (Figure 4
10).

Water sampling carried out 20132013 indicated that Birchbank had more
frequent elevated aluminum concentratioxs at mid-river positions than the sites
downstream of the smelter Figure 4-10) (Hawes et al. 2014). A declining trend in
Al concentrations has been detected throughout the@R in data collected from
1983-2005 at Birchbank (Can. BC 2008)Although a declining trend was not
apparent in the 20152016 data. The highest Al concentrationduring the spring
low flow sampling occurred at the reference site(Birchbank), and the lowest at
Waneta (Figure 4-10). The highestaluminum concentrations were documented
during high river flow periods (i.e. July) when dilution of the effluentwould be
greatest. This is likely a result of increased aluminum being carried downstream
by freshet flows in tributaries associated with increased erosionchannel scour,
turbidity , and TDSNo influence of the smelter was detected in the 2022013 or
the 2015-2016 aluminum data.
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Figure4-10: Box plots ofD-Al measured in the LCR during low flow periods (2€A&L6). The channel
position designations aré-shleft-shallow, -1md left 1 m deep, {lmab left 1 meter above bed, and
the same for RightAll samples were above the limit of detection for-Bl.
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4.1.5 Arsanic (As)

The 30-day average allowable concentration of arsenic has been set at 0.005 mg/L
(5 ug/L) T-As as an Objective for the LCR and elsewhere to protect fish and aquatic
life (BC MoE 2005). TAs was elevated over background concentrations measured
at Birchbank within the IDZ, notably in ther-sh sites, and are attributable to the
effluent plume and possibly groundwater inflows however, no samples exceeded
the Objective, even within the IDZKigure 4-11).

The ambient concentration of arsenic in Canadian surface and ground waters is
very low, usually ranging from 0.001 to 0.002 mg/L, with greater concentrations
more common in groundwater, particularly in areas where As occurs in local
bedrock (BC MoE). Arsenicesults from 20152016 were similar to those from
2011-2014. In both data sets, the elevated arsenic concentrations within the IDZ
were fully mixed by Maglios and were within 21.4% of the average right shallow
reference site concentrations. Most of this aenic occurred in the dissolved form.
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Figure4-11: Box plots of TAs measured in the LCR during low flow periods (2218.6). The channel
position designations aré-shleft-shallow, l-1md left 1 m deep, Lmab left 1 meter above bed, and
the same for RightNote, the LCR objective is also 0.08§/L and not shown on the above figureall
samples were above the limit of detection for-As.
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4.1.6 Cadmium (Cd)

The new dissolved cadmium (BCd) Guideline (BC MOE 2@) was applied to this
review of 2015-2016 water quality data (Figure 4-12). Table 4-6 provides a
comparison of the calculated Cd guidelines for a range of water hardness.
Previously, using the former Canadian guidelines, cadmium had the most frequent
exceedances in the LCR, usually at sites below the smelter. However, using the new
Guideline (Table 4-6) at mean LCR hardness = 70 ig(as CaC®), there were no
exceedances of dissolved Cd below the IDEigure 4-12). As in the 20112014 data,

the 2015-2016 data showed the highest Cd concentrations in New and Old Bridge
right bank samples thatare within the effluent outfall plume and inside thelDZ and
occur in the dissolved form.

Table 4-6: Comparison of Cadmium Guidelines for LCR Range of Hardnesda{3

chronic).

Water hardness Previous BCWQG USEPA BC MOE (2015)
mg/L as C&EQ Total Cd Dissolved Cd Dissolved Cd (30)
30 mg/L 0.01 ug/L 0.11 pg/L 0.09 ug/L

60 mg/L 0.02 ug/L 0.17 ug/L 0.15 ug/L

90 mg/L 0.03 pg/L 0.23 ug/L 0.20 ug/L

NOTE: BC guidelines are based on total Cd while tHePASuses dissolved Cd. The new BC MOE Guideline (2015) i<
on dissolved Cd using the hardndsssed formulag 0 -736(n(hardness}.943)

In both the 2011-2014 and the 20152016 data sets, the elevated dissolved
cadmium concentrations from the IDZAwvere still elevated along the right bank at
Maglios, but not by Wanetaigure 4-12). A similar but more subtle distribution
across the Maglios transect was detected for thallium and copper. These metals
suggest hat the mixing through the channel is close to but not fully complete at the
Maglios site. However, water velocity and therefar sediment transport vary
across rivertransects andtransect patterns in metal distributions can be observed
at the reference Bichbank site.If dissolved Cd, Tland Cu are considerethe plume
is almost completely diffused across the channdly the Maglios site andfull
diffusal is evident at the Waneta site where chemical concentrations are
homogenous in samples collected acss the river channel.
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Figure4-12: Box plots of BCd measured in the LCR during low flow periods (2084.6). The channel
position designations aré-shleft-shallow, -:1md left 1 m deep, {Lmab left 1 neter above bed, and
the same for RightSeven percent of the samples were below the limit of detection foidd.
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4.1.7 Chromium (Cr)

Like 2011-2014 data, 20152016 chromium data were rarely above the ultralow
metal detection limit. Only 4% of the water quaity data was above the limit of
detection for chromium. There have been no exceedances of the Water Quality
Guidelines for Cr in any samples collected in the AREMP from 202014 (Figure
4-13), and the only exceedace in the 20152016 data occurred midchannel at the
Birchbank reference sie in July 2016. No influencerbm the smelter was detected
in the Cr data from 2011- 2016.

A 30-day average LCR objective of 0.001 mg/L (1.0 pg/L) for total chromium was
set for the protection of fish and aquatic life. No maximum water quality objective
was established (BC MoE 1997). The BC water quality guidelines distinguish
between chromium Il and chromium VI (Ct3 and Cr¢) and provide maximums of
0.009 mg/L and 0.001 mg/L,respectively. Total chromium concentrations have
declined in BC MoE data collected at Birchbank between 1983 and 2005 (CB&
2008). Current Waneta TFCr concentrations were lower than historic
concentrations and were mostly below the limit of ultralow metal detection of
0.0001 mgl/L.
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Figure4-13: Box plot of FCr measured in the LCR during low flow periods (2@TA.6). The channel
position designations aré-shleft-shallow, -:1md left 1 m deep, {imab left 1 meter above bed, and
the same for RightNinety-six percent of the samples were below the limit of detection forQr.
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4.1.8 Copper (Cu)

There were no exceedances of total copper {Tu) within or outside of the IDZ in
2015-2016 sampling (Figure 4-14) or in the 2011-2012 sampling. The overall
copper distribution across the channel was similar to earlier AREMP sampling.
Values downstream at Magliog-sh were within 10.1% of the background levels
measured at Birchbank. Both above and below the smelter, copper occurs
primarily in the dissolved form. Even within the IDZ, the average 3day T-Cu
concentrations have not exceeded the 3@ay Objective since 2011 Kigure 4-14).

A 30-day average Water Quality Objective of 0.002 mg/L (2.0 pg/L) for total copper
was set for the protection of fish and aquatic life in LCR. The maximum water
quality objective of 0.00717 mg/L T-Cu (7.17 pg/L) was established for the
protection of fish and aquatic life (BC MoE 1997).

Elevated copper concentrations have been measured on both sides of the river in
the IDZ at New Bridge suggesting groundwater influence in addition to the smelter
effluent (Figure 4-14). Most of this copper occurs ithe dissolvedform.
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Figure4-14: Box plot of FCu measured in the LCR during low flow periods (2@08.6). The channel
position designations aré-shleft-shallow,L-1md left 1 m deep, {1lmab left 1 meter above bed, and
the same for RightAll samples were above the limit of detection forCu.
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4.1.9 Lead (Pb)

There were no samples that exceeded either the maximum d¢ne 30-day Water
Quiality Objective for total lead (FPb) in the 20152016 data. However, there were
higher concentrations measured at Stoney Creek, New Bridge, and Old Bridge in
this, andin earlier datasets Figure 4-15). Water Quality Objectives for the LCR set
the maximum allowable concentration of total lead at 0.0379 mg/L (37.9 pg/L) to
protect fish and aquatic life. The 3@lay average TPb Objective is 0.0048 mg/L
(4.8 pg/L). All AREMP water sampling to date (201% 2016) indicate the highest
average lead concetrations occur within the IDZ in right bank samples, potentially
reflecting effluent and/or groundwater discharge (Figure 4-15). Most of this lead
occurred in the less bieavailable particulate form. Increasedrl-Pb also occurred
along thel-sh sites within the IDZ, indicating groundwater influence.There is a
gradient in lead concentrations in the reference Birchbank transect where-sh
samples are elevated abovesh samples.

Unlike historic data, no samplefiave exceeded the BC MoE guideline for maximum
or 30-day average for lead or the LCR Water Quality Objectives in the AREMP
studies. Similar to 2011-2014 observations (Hawes et al. 204), average lead
concentrations remained elevated at Waneta compared tbi¢ Birchbank reference
site in 2015-2016.
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Figure4-15: Box plots of TPb measured in the LCR during low flow periods (2218.6). The channel
position designations aré-shleft-shallow, -1md left 1 m ceep, l-1mab left 1 meter above bed, and
the same for RightAll samples were above the limit of detection for-Hb.
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4.1.10 Mercury (Hg)

There were no exceedances of the maximum guideline for total mercury-g) at
any sites and no exceedances of the &fay chronic guidelines either within or
outside of the IDZ Figure 4-16). In the 2011-2014 data and in the 20152016 data,
total mercury concentrations were elevated above reference levels in the IDZ but
returned to near background levels by Maglios and Wanetd&igure 4-16). Most
samples 82% of sampleshad non-detectable(0.0005¢ g/L) T-Hg concentrations,
even with the ultra-low metal analyses. No Water Quality Objective for mercury
was set for the LCR. The BC WQ Guideline 120 maximum for total mercury was
set at0.0001 mg/L (0.1 pg/L), with a 30-day average guideline of 0.0002 mg/L T-
Hg (0.02 pg/Lwhen MeHg = 0.5% of HHg). Further analysis needs to be performed
to confirm percentage of MeHg in water samplesLike aluminum, mercury
concentrations occasionally exceeded the B@aximum guideline both above and
below the smelter(Hawes et al. 2014) while in the 20152016 data there were no

exceedances
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Figure4-16: Box plots of THg, measured in the LCR during low flow periods (2208.6). The channel
position designations arei-shleft-shallow, 1md left 1 m deep, tLmab left 1 meter above bed, and
the same for RightEightytwo percent of the samples were belowhe limit of detection for DHg
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4.1.11 Nickel (Ni)

No exceedances were detected in any 2032014 or 2015-2016 samples collected
above or below the smelter in the LCR area of interest including within the IDZ
(Figure 4-17). The hardness calculatioAdbased maximum BC Water Quality
Guideline of 0.0025z 0.105 mg/L T-Ni (2.5 - 105 ug/L) was established for the
protection of fish and aquatic life. Total nickel concentrations at Maglios were
within 5.4% of the reference Birchbank site in the 20152016 data. Most of the
nickel in the LCR samples was present in the dissolved form.

Birchbank Stoney Creek New Bridge Old Bridge Maglios Waneta
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Figure4-17: Box plots of TNi, measured in the LCR during low flow periods (2€®L6). The channel
position designations arei-shleft-shallow, -1md left 1 m deep, Lmab left 1 meter above bed, ah

the same for Right. Note, BC Maxiideline 0f0.0550.065 mg/Lis not displayed on the grapbecause
samples ardar below the guideline All samples were above the limit of detection for-Nii.
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4.1.12 Selenium (Se)

There were no exceedances of-$e outside the IDZ in sampling to date. Elevated
Se within the IDZ does not constitute a permit exceedance. Within the IDZ in 2016,
the 30-day mean of FSe at the right bank of New Bridge and Old Bridge exceeded
the BC MOE 3@lay guideline. In 2015, the B8-day mean calculated from the New
Bridge right shallow site was the only exceedance. At New Bridge atimioughout
the LCR Se occurred mainly in the dissolved form.

When individual samples from 20152016 were compared to themaximum BC
MOE Obijectivethere were five exceedances at New Bridge and one exceedance at
Old Bridge. Sites with the highest Se concentrations have been New Bridge and Old
Bridge on the edge of the IDZ, particularly along the right bank in the plume path
(Figure 4-18). Recent revisions have set the water quality guideline for Se at 0.002
mg/L T-Se (2 pg/L) andan alert level atthe 30-day averageof 0.001 mg/L T-Se(1
pg/L) for the protection of aquatic life (BC MOE 2014). After complete pluen
mixing at Waneta, the elevation in 3Se between Birchbank and Waneta averaged
0.079 pg/L (0.000079 mg/L) and remained far below the guidelines outside the
IDZ.

Birchbank Stoney Creek New Bridge Old Bridge Maglios Waneta
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Figure4-18: Box plots of TSe measured ithe LCR during low flow periods (202916). The channel
position designations arei-shleft-shallow, l-1md left 1 m deep, imab left 1 meter above bed, and
the same for RightAll samples were above the limit of detection for-Se.
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4.1.13 Silver (AQ)

Very few 2015-2016 samples(3%) gave measurable silver (TAg) results even
when analyzed using ultralow metal analyses. No samples collected from 2011
2016 have exceeded either maximum or chronic 3day Water Quality Guidelines
for silver. The BC maximum gideline for silver is hardnessdependent. For waters
with hardness <100mg[CaCQ]/L, a short-term guideline of 0.0001 mg/L T-Ag
(0.1 pg/L), and a long-term (30-day mear) of 0.00005 T-Ag (0.05t C Twas§]
recommended by BC MoE2Q17) for the protection of freshwater fish and aquatic
life. Until a reliable method is developed to measure free silver at concentrations
below 0.1 micrograms per litre, silver objectives should be expressed as total silver
(BC MoE 1997) Figure 4-19 depicts total silver which includes the free forms.

Birchbank Stoney Creek New Bridge Old Bridge Maglios Waneta
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Figure4-19: Box plots of TAg measured in the LCR during low flow periods (2€2[8.6). The channel
position designations arei-shleft-shallow, L-1md left 1 m deep, Lmab left 1 neter above bed, and
the same for RightNinety-seven percent of the samples were below the limit of detection foAg.
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4.1.14 Thallium (TI)

There were no exceedances of 3@ay chronic Objective for total thallium (TTI)
outside the IDZ. However, the calculatk30-day average concentration for 2016 at
New Bridge right bank within the plume path occasionally exceeded the Objective
value (Figure 427). The provisional 30-day chronic LCR Water Quality Objective
for total thallium of 0.0008 mg/L (0.8 pg/L) was recmmended by BC MoE (1997)
for the protection of fish and aquatic life. Similar to 20112014 data, elevated T
concentrations were measured at New Bridge and Old Bridge in 2012016. These
studies have not shown exceedances of the chronic -8fdy Objectivefor T-TI
outside the IDZ Figure 4-20). Tl was predominantly in the dissolved form.

The distribution of thallium concentrations across the transects was similar in the
2011-2014 data and in the 20152016 data, with increased Tl in the plume path,
and effective but incomplete mixing by Maglios and full mixing by Wanetdigure
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Figure4-20: Box plots of TTI measued in the LCR during low flow periods (202816). The channel
position designations arei-shleft-shallow, l-1md left 1 m deep, imab left 1 meter above bed, and
the same for RightEight percent of the samples were below the limit of tition for T-TI.
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4.1.15 Zinc (Zn)

In 2015-2016, there were no exceedances of either the maximum or 3fay
chronic guidelines for total zinc (FZn) at any sites outside the IDZKigure 4-21)
and there have been no zinc exceedancesany sites outside the IDZ in samples
collected from 2011-2016. Elevated TFZn concentrations are consistently
measured along both the right bank and to a lesser extent, the left bank at New
Bridge and Old Bridge. However, none of the values measured haseeedd the
maximum guideline. Within the IDZ, only the plume at New Bridge exceeded the
BC 30day guideline and since this is within the initial dilution zone, this does not
represent non-attainment of the Permit.

The Water Quality Objectives for theLCR, set the maximum allowable
concentration of total zinc (T-Zn) at 0.033 mg/L (33 pg/L) to protect fish and
aquatic life and other water uses (BC MoE 2005). The -8ay Chronic Guidelines
is 0.0075 mg/L T-Zn. Throughout the LCR area of interest, zinc@ars primarily in
the dissolvedform.

In both the 2011-2014 and the 20152016 data, ther-sh samples showed elevated

zinc at the upstream Birchbank site Figure 4-21). An upstream source is
indicated. Within the IDZ, the main source of #Zn is the effluent plume

Birchbank Stoney Creek New Bridge Old Bridge Maglios Waneta
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Figure4-21: Box plots of TZn measured in the LCR during low flow periods (2218.6). The channel
position designations arei-shleft-shallow, -1mdleft 1 m deep, Elmab left 1 meter above bed, and
the same for RightFour percent of the samples were below the limit of detection foiZh.
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4.1.16 Quality Assurance and Quality Control

In ultra-low metals detection, a small discrepancy between duplicate sangd
causes a relatively large percentage difference that can exceed the QC assessment
criterion of 50%. Discrepancies between the duplicates were flagged to ALS Labs
and resulted ina re-run for Zn in the Octder 4, 2016 samples collectedOverall,

the QA/QC assessment (AppendiX) indicated high field and analytical precision

for the 2015 and 2016 AREMP water quality monitoring program.

The resulting AREMP analytical values were suitable for addressing water quality
objectives of this study. The residual malytical discrepancies do not interfere with
datainterpretation.

4.2 Depositional Sediment Quality

The hydrodynamics of the Columbia River in the study area create conditions
where long-term depositional zones are expected to be rare (Golder 2003). The
spatial extent of depositional habitat in the LCR is small, accounting for only 33 ha
or 2% of the total area of the LCR between HLK Dam and the Canadts border.
In the study area, the area of depositional habitat was estimated at 0.1% of the total
sediment habitat (Golder 2007a). The importance of these diverse depositional
areas is restricted by their small contribution to the overall LCR habitat.

The length of time that deposited materials remain in the depositional areas is
important to their sediment quality and habitat value. If most depositional zones
are short-term with frequent re-suspension during high flows, then there will be
less opportunity for metals to accumulate and be retained than if the depositional
zones are longefterm (Wetzel, 2001). Larger depositional sites such as Waneta
can be expected to have longer sediment storage than small depositional sites
(Vietz, et al. 2006).The sediment chemistry of depositional areas in the LCR
distinct from erosional cobble substrates. Depositioal sediments tend to develop
lower dissolved oxygen, lower redox, high organic components and therefore,
unique microflora communities dominated by decomposers.

Each small depositional site had its own character in contrast to the comparatively
uniform erosional habitats. For example, the Korpac site can be affected by Trail
Creek that carries urban runoff (Table 4-7). Maglios and Waneta sediments
produced high-magnitude responses in sediment toxicity tests conducted 2007
(Golder 2010). Sequential metal extraction from depositional sediments showed
that the overall potential for release of copper, lead and zinc from sediments was
higher at Maglios, Fort Shepherd and Waneta, in that order (Golder 2007, 2010).
Recent sediment metaconcentrations do not follow this pattern and are discussed
in this report. Depositional areas may still reflect the influences of historical
practices as well azurrent effluent discharges and other inputs.These influences
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must be considered when ingrpreting the sediment and benthic community
results collected in this study.

4.2.1 Sediment Condition and Composition

At the depositional sites, coarser consolidated substrates were often encountered
below 20z 50 cm of surficial substrates. It was assumed #t these deep sediments
were stable and less likely to interact with river ecosystems and therefore were of
less interest than the surficial sediments that are discussed below.

Depositional sediments are dynamic. Sediment composition measured at the same
LCR sites was variable between years, almost certainly as a function of flow regime.
The amount of fines in depositional sites in the silt/clay fraction were generally
low, ranging from 0.7 to 36% (Hatfield 2008), ¥ 23 % (Golder 2003), <1z 9% in
2012. In all studies, the dominant material in the LCR depositional areas was
coarse sand Table4-7).

The sediment sample sites and depths within a depositional area are unlikely e
precisely matched between the sampling campaignsut comparing the particle
size data over the years showed that sansized particles (0.25z 2 mm) dominated

all depositional sediment samples, and suggests that the percentage of fines
measured in 2003 was greater beforehe record 2011/2012 freshets than it is
currently (Table4-7).

Aquatic plants, such asnilfoil (Myriophyllum spp) and pondweed Potamogeton
spp), are large contributors of organic material to sediments. The decline in
aquatic plant density at all LCR depdasonal sites between 2003 and 2012 surveys
indicates the unstable nature of these depositional areagdquatic plant beds had
expanded between 2012 and the 2015 surveys, again likely due to the smaller
scale freshetsn recent years.
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Table4-7: Sediment composition analysis conducted in 2012 and field meter readings taken in 2015 at the depositional sec

sampling sites.
Reference Sites Exposure Sites

DepRef1 DepRef2 Dep Ref3 De'i Exp DepExp2 DepExp 3 DepExp4 DepExp5 DepExp6  DepExp7

Kootenay Genelle Birchbank . . Airport . Ft
Eddy Eddy Eddy Korpac Maglios Casino Bar Trimac Shepherd Waneta
Field Measured Parameters (2015)
Conductance pS/crr 156 138 137 125 135 143 137 138 143 140
pH 7.1 7.4 6.7 7.3 7.5 7.7 7.5 7.5 7.5 7.8
Water temperature’C 141 121 12.4 125 12.4 12.3 12.6 12.6 12.9 12.7
Dissolved oxygen mg/I 9.04 8.04 5.1 8.72 8.69 8.62 8.06 8.06 9.33 9.14
Pore water Redox mv00 cm depth  -45t0-135 -30 to-280 -70to-  -80 t0-90 -20 to- -40 to- -155 to- -10 to-30 -35t0-125
190 185 175 295
Pore water Redox mv 15+ cm dep -75to -165  -30 to-50 -20 to-5 -65 to- -130 to- -140 to- -125 to- -335 -5t0-20
110 140 350 325
Macrophyte % cover <1 0 0 <1 10 0 25 <1 10
LabMeasured Parameter§2012)
% sand 97 92 98 94 98 92 97 95 95 99
% silt 2 5 <2 5 <2 7 2 5 5 <2
% clay 2 3 2 2 2 2 2 <2 <2 <2
Total organic carbon % 0.35 0.5 0.11 0.22 0.09 0.26 0.21 0.14 0.2 0.57
Slagg estimate % ND ND ND possible ND ND ND possibé possible <1
1% <1% 5%
Casino Elodea>Myriophyllum>>pondweed
Trimac Elodea>Potamogeton
Waneta Elodea>>Potamogeton>milfoil (deep)
ND = Not detected
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In sediment sampling, a strong correlation between decreasing grain size and
increasing metal concentrations is expected, making comparison of samples
dominated by a sand fraction with one dominated by a silt fraction inappropriate
(Wisconsin DoNR, 2003).Since 2012 sediment samples from reference sites
contained >94% sand, and the exmure sites contained >92% sand, the reference
and exposure samples can be compared.

2015 Field observations and microscope evaluations are summarized rable4-8.
The microscope evaluation of the depositional sedimentsn 2012 and 2015
confirmed that the contribution made to the biofilm by algae was small compared
to erosional periphyton biofilms, while the contribution made by bacteria and
organic debris was much greater Table 4-8). Together, these dpositional
sediment components exert an influence on metal concentrations and
bioavailability at LCR depositional sites.

The reference depositional areas showed the same order of periphyton
productivity in 2012 and 2015, with Kootenay Eddy > Genelle Egd> Birchbank,
although 2015 was a more productive yearThe larger depositional areas tended
to be the most productive Casino Eddy, FEhepherd and Trimac were the most
productive sites in terms of biovolume and abundance. These three sites were the
only sites that exhibited a significantly higher abundance or biovolume with the
Korpac site(p<0.05). Unfortunately, the reference sites are larger than all but the
Waneta exposure site, and this must be accounted for in data interpretation.

It was very difficult to determine slag presence in the field and even with a
microscope, differentiating between slag and other dark particulates was
challenging, and results should be interpreted with caution. Assumptions made in
earlier reports that were based only on visual inspection in the field should be
interpreted with caution. Thus, field visual slag identification and microscopic
identification of residual slag remaining in the LCR area of interest (AOI) is
tentative at best. With these limitationsin mind, field estimates of the percent
contribution of slag in the depositional sedimentsappear to bedropping as the
years passsince the last slag discharge ih995. Estimatesfrom depositional areas
were higher in 2003 than microscope estimates from @12 and estimates were
lower still in 2015. Dark particulates that appeared to be a slatype material were
also noted in 2015 samples from Ero Exp 2, and to a lesser extent, Ebp 3.
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Table4-8: Microsmpe evaluation of depositional sediments from the LCR AOI in September 2015

Dep Dep Dep Dep Dep Dep Dep
Dep Ref1 Dep Ref2 Dep Ref3 Exp1 Exp 2 Exp 3 Exp 4 Exp 5 Exp 6 Exp 7

Airport Ft
Components of Samples Kootenay  Birchbank Genelle Korpac  Maglios Casino Bar Trimac  Shepherd Waneta
Field observations sand>> woody orange Some sand>> fine fine fine trace
gravel organics, woody coarse coarse gravel >  sand > sand>>s sand >>  slag
>organics  HS low organics, sand black organics sand >>  and >> sand >>  seen
>pebble redox fine  fine sand sand > organic, organic  organic Sandy
sand>silt>  >silt>> sand H,S no slag trace low
>>gravel gravel seen slag organics
possible
Microscope observations
slag ND ND ND ND possibl ND ND ND possibl  possibl
e<1% e<l% e<
dark silt ND ND ND ND VL ND VL VL L L
diatoms GD GD GD C C D M D D C
cyanobacteria (colonial L-C L L L ND ND VL ND L VL
cyanobacteria (filaments) M M M VL ND ND ND ND ND VL
green algae ND ND ND ND P ND ND L ND ND
Didymo tubes ND ND ND VL ND ND ND ND ND P
sponge spicules ND ND ND ND ND ND VL ND ND ND
bacterial Cc Cc Cc L L L-C C Cc Cc Cc
fungal filaments ND ND ND ND VL VL VL ND ND ND
vascular debris L L L L ND ND ND ND P VL
organic debris GD C C GD L C C C GD C
protozoa invertebrates P ND ND ND ND VL P ND P ND
Not
0,
Detected ND not seen 0%
Present P rarely seen <1%
. Very Low VL seen infrequently 1-3%
Key to Frequencies Low L seen periodically 3-5%
Moderate M seen often 5-10%
Common C seen in all mic fields 10-20%
Dominant D seen most often >20%

4.2.2 LCR Sediment Metal Content

In the Lower Columbia River, sediments are confined to small depositional areas
and to a much lesser extent, interstices between cobbles in erosional are&ghole,
composite diment samples (excluding >2 mm) were subjected tsediment
digestion using the strong acid leachable metho@SALM), which is intended to
dissolve those metals that may be environmentally availablBC MoE 2017) This
method may include metals that are nbbioavailable, thus the results may over
represent risk. They are reported as total metals, even though digestion of silicate
minerals will be incomplete and may result in partial extraction.The 2012 and
2015 results reported here were treated this way.
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Sediment guidelines are generally stated in two ways: safe levels of substances that
will protect aquatic life from adverse effects of toxic substance (ISQG), or levels
which, if exceeded, can cause severe effects on aquatic life (PEL). These guidelines
are not based on causeffect studies, but on levels of toxic substances found in the
sediment where biological effects have been measured. Therefore, caution should
be exercised in the application of these working guidelines.

Canadian sediment quality bjectives and guidelines are deliberately set to be
protective. Therefore, if concentrations of metals of concern are less than the
established objectives, potential risks to the receptor groups can be ruled out with
confidence. Furtherelevated sedimentmetals do not necessarily indicate effects
to the resident plant and animal communities. Depositional sediment samples will
include adsorbed forms with limited bioavailability. In addition, sediment metal
concentrations, pore water concentrations, and biavailable metal concentrations
may belinked, but they are not necessarily similar in scaler slope.

An important consideration in LCR sediment studies in the AOI is how metal
concentrations have the potential to adversely affect the LCR aquatic food web
For this study, sediment metals of concern were defined as those that either:

71 identified as metals of concern in earlier studies (Golder 2003, Hatfield
2008, Golder 2010)

1 sediment concentrations at neasfield sites that were significantly higher
than at reference sites

1 metals that exceeded sediment guidelines at depositional sites
downstream of the smelter from 1992- 2015

The resultant metals of interest are identified inTable 4-9.
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Table4-9: Matrix for Determining Sediment Metals of Interest

Metals of interest Neakfield sites >> Nearfield sites >> Guidelinesediment

from previous reference sites reference sites exceedancem
Metal reports 2012 samples 2015 samples past 20 years
Aluminum Vv
Antimony \% V
Arsenic \ Vv Y, \%
Cadmium Vv \ Y, \%
Chromium \% \ \% \%
Copper \ \ \% \%
Iron \ \% \%
Lead \ Vv Y, \%
Manganese Vv Vv Y,
Mercury \% \% \% \%
Nickel \% \ \% \%
Selenium Vv
Silver \% \% \Y, \%
Thallium \% \% \%
Tin \% \%
Zinc V \ V V

(Golder 2003, Hatfield 2008, Golder 2010)
>> signifies a difference of >50%

In this report, we considered all potential metals of interest, but focused on those
most likely to have potential adverse effects and that could have originated i
releases from the smelter. Several of the metals listed ihable 4-9 have other
important drivers of their distributions. For example, iron and manganese are very
common and are mobile in anaerobic sediments. Aluminum is prevant
throughout the LCR as is mercury Some metals such as silver exceeded guidelines
much more frequently in the past than they did in samples from the last decade

Table4-10 provides a comparison of referencsample sites and exposed siteShe
overall metal concentrations increase in depositional sediments downstream of
the smelter. Like earlier studies on the Lower Columbia, this study shows
correlated differences for zinc, copper and lead, and to a lessextent, Cd and As
when all sample sites are consideredAt depositional sites downstream of the
smelter, sediment concentrations of all meta of interest identified in Table 4-9
exceeded the reference site average concentratiory 2 standard deviations in
both 2012 and 2015 (Table 4-10). Of these metals, local high elevation creek
sediments from Blueberry, Murphy, Hanna and Topping creeks have
concentrations comparable to the depositional sites downstram of the smelter for
lead, copper, arsenic and cadmium (Reyes, 2004). Thus, the elevated metal
concentrations in sediments downstream of the smeltecannot be attributed to
past or present smelter activityalone.
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Table4-10: Average and standard deviation for depositional sediment samples (mg

dry) from upstream reference sites and downstream exposure sites collected in 201

Number of samples 3 7

Sediment Sample Site DEPREF DEPEXP Exposure Mean/Refence Mean
Antimony 0.167+0.058 22.13+24.4 132.51
Arsenic 0.90+0.10 6.34 +3.54 7.04
Cadmium 0.157 £ 0.042 1.059 £ 0.85 6.75
Chromium 125+ 2.85 25.3£6.47 2.02
Copper 5.2+0.17 188 + 153 36.15
Iron 10303 £1647 26914 + 10102 2.61
Lead 7.03+0.25 105.7 £ 43.5 15.04
Manganese 107.7 £1.53 388.8 +161.3 3.61
Mercury <0.05 0.16 + 0.06 6.40
Nickel 7.2+0.75 11.3+3.2 1.57
Selenium <0.5 <0.5 -
Silver <0.2 1.09+1.14 10.90
Thallium <0.1 0.20 £ 0.07 4.00
Tin 0.367 £ 0.153 21.44 +18.91 58.42
Zinc 46.0+14.1 1100.3 £ 680.7 23.92

When only the exposure sediment sites are considered, the correlation
between zinc and copper in the sediment data set was higRearson r= 0.97)
while lead was less correlated to the other two metalS.hese metals represent
the slag signature which, for the LCR and the Trail smelter, contaismall
amounts of base metals including zinc, lead, copper and cadmium (Golder
2007D).

Sediment collected in exposure sites had higher concentrations of zinc, copper
iron, and arsenig matching the results ofearlier studies (Golder 2007, Hatfield
2008).

Other Sediment Metals of Interest

Figure 4-22 to Figure 4-24 illustrate concentrations of other metals of inteest
measured in the sediments collected from three reference sites (Kootenay
Eddy, Genelle, and Birchbank) anéfom seven downstream exposure sites
(Korpak, Maglios, Casino, Airport Bar, Trimac, Fort Shepherd Eddy, and
Waneta). Where they exist, publisheduidelines are indicated on each figure
to illustrate where exceedances may have occurred.

In the 2012 and 2015 sediment concentrationsof As, Cd, Cr, Cu, Pb, and Zn
were above the limit of detection. Thirty percent of mercury sediment samples
were below the limit of detection in 2012, whereas 20% of samples were
below the limit of detection in 2015. Selenium had 50% and 90% of samples
below the limit of detection in 2012 and 2015, respectively. There were 40%
and 50% of samples below the limit of detectin for Tl in 2012 and 2015,
respectively.
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Figure 4-22: Distribution of arsenic, cadmium, and chromium concentrations in depositional
sediments with distance from the smelter.
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Figure 4-23: Distribution of copper, lead and mercury concentrations in depositional sediments with
distance from the smelter.
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Figure4-24: Distribution of selenium, thallum and zinc concentrations in depositional sediments with
distance from the smelter.
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Figure4-25: Distribution of phosphorus, potassium and aluminum concentrations in depositional

sediments with distane from the smelter.
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The distance from the smelter was dactor but distance had a nonlinear
relationship to sediment metal distribution for: arsenic, cadmium, chromium,
copper, lead, and zinc, but not aluminurfFigure 4-22 - Figure 4-24). Lead was
the only sediment metal in 2015 that consistently decreased with distance
from smelter. Arsenic, zinc, and copper behaved similarlyncreasing from
Korpac (DEREXR1) to Casino (DEFPEXR3), followed by a decreae of
sediment concentrations downstream of Casinddoth Casino Eddy and Trimac
are well protected backwater areas and they had elevated sediment metals,
while Airport Bar (DEREXR4) did not. In Casino Eddysamples, elevated
antimony, arsenic, copper, ira, manganese, silver, tin, and zinavere
observed

Mercury and thallium both decreased as distance of smelter increased until
Casino Eddy (DEHEXR3). At the Trimac site (DEPEXR5) there was a spike in
sediment metal concentrations of mercury, seleniunthallium, and chromium
Of the metals that had elevated sediment concentrations at downstream sites,
all but chromium are currently associated with smelter effluents (Golder
2003; Intrinsik et al. 2011).

The exposire depositional sites demonstrated sedinent metal concentrations
above reference siteconcentrations (Figure 4-22-Figure 4-24). At every
exposure site, the number of metalexceeding,and the magnitude of that
exceedance dropped from 2003 to 202 and from 2012 to 2015 Figure 4-26).
Maglios sediments had 8 metals exceeding, of which zinc was prominent
(Table4-11). The nonlinear pattern of sediment exceedances as distance from
the smelter increases, suggests there are sigpecific effectsand aher metal
inputs which may includenaturally occurring metal concentrations, historical
mining and milling, municipal effluent and stormwater.

Reference Sites
m 2003

m 2012
2015

Kootenay Genelle Maglios Airport bar Shepherd

O P N W » O O N 0 ©
1 J

Number of Metals Exceeding
BC Sediment Guideline by Site

Figured-26: Number of sediment metal BC guideline exceedances at depositional sites in the LCR
area of interest: 2003, 2012 and 2015.
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Metal concentrations continued their observed decline in the 2003 to 2015
data, both in terms of concentration and guideline xxeedances. Of the metals
of interest in depositional sediment samples from all sample sites, 45 metal
concentrations decreased by more than 20% and only 18 increased when
2012 and 2015 are comparedTable4-11). Sediment metals at the Casino site
are not following the same trends as the other depositional sites, with
increased sediment arsenic, copper, chromium, silver and zinc, while all other
sites had decreased concentrations of these metals. The deposition@es
flanking Casino had opposing metal patterns. These results suggest that this
site is affected by elevated metals sediments from Casino Creek and likely
exacerbated by recreational vehicle disturbance (Reyes et al, 2004).

Metals that exceeded BC/CCRIor LCR sediment guidelines in 2003 and 2012
but not in 2015 include:

arsenic at Maglios, Airport Bar, Fort Shepherd, Waneta

silver at Korpac, Airport Bar, Waneta

cadmium at Casino, Fort Shepherd

chromium and lead at Maglios

Too oo Too I

The depositional sediment netals that exceeded the possible effects levels
(PEL) in 2003 data included Zn, Pb, Cu, As, Hg, and Table 4-11). In 2012
data, the list of metals exceeding PEL concentrations was limited to Zn, Pb, Cu
and As.In the 2015 data, the list was further reduced to Zn, Pb and Cu. The
Casino site had the most PEL exceedances, and these may be influenced by
possible reduced scour and sediment redeposition than other site@flows
from Casino Creekand the Trail WWTPplume (Schedule Az Mapsheet 7)
Casino Creek is named after Big Casino Mine, which was established in 1910.
By 1929, a saw mill was also fully operational. These two industries likely
contributed to elevated metals found in river sediments, especially ira
mineralized watershed such as the Columbia River drainag@reyes et al,
2004).

The ecological importance of these exceedances is small relative to the context
of the entire AOI (Golder 2007), where the area of depositional habitat in the
AOI is orly about 0.1%.In spite of Casino having the most PEL exceedances,
the SALE indicated that the risk management objectives were not being met
only at Maglios and Waneta sitegGolder 2007).
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Table4-11: Exeedances of BC/CCME sediment quality guidelines (based on maximum observed concentratid

depositional sediment samples 2003 2015 (numbers in grey were not exceedances and are provided
comparison).

Fall 2003 Reference Sites Exposure Sites

Birch Airport Ft
Metal ug/g CCME BC Kootenay  Genelle bank Korpac Maglios Casino Bar Trimac Shepherd Waneta
Arsenic 5.9 5.7 10 20 17 8.3 7.2 20 6
Cadmium 0.6 0.6 0.6 1.8 2.2 1.2 0.83 3.2 1.07 0.71
Chromium 37.3 36.4 56 80
Copper 35.7 35.1 415 1156 466 338 174 506 1685
Lead 35 334 173 335 142 122 150 193 126
Mercury 0.17 0.16 0.3 0.19 0.34 0.17
Nickel n/a 16 18
Silver n/a 0.5 108 5.2 10 1.8 1.5 34 1.2
Zinc 123 120 2455 7746 2276 1638 1067 3307 17925
Fall2012 Reference Sites Exposure Sites

Birch Airport Ft
Metal pg/g CCME BC Kootenay  Genelle bank Korpac Maglios Casino Bar Trimac Shepherd Waneta
Arsenic 5.9 57 0.8 1.1 0.6 7.1 14 11 7 9.6 5.9 49
Cadmium 0.6 0.6 0.23 0.3 0.09 1.7 0.5 11 0.6 11 0.71 1.2
Chromium 37.3 36.4 18 15 15 19 39 31 24 30 25 34
Copper 35.7 35.1 5.8 6.3 4 120 670 370 180 320 250 100
Lead 35 334 7.8 9.9 4.9 170 100 160 62 130 83 73
Mercury 0.17 0.16 <0.05 <0.05 <0.05 0.19 0.12 0.21 0.08 0.16 0.07 0.05
Nickel n/a 16 9.1 9.7 6.1 10 10 14 12 10 11 18
Silver n/a 0.5 <0.2 <0.2 <0.2 0.6 5.7 2.6 0.8 2.1 1.4 0.9
Zinc 123 120 71 70 38 650 4200 2200 930 2400 1400 780
Fall 2015 Reference Sites Exposure Sites

Birch Airport Ft
Metal pg/g CCME BC Kootenay  Genelle bank Korpac Maglios Casino Bar Trimac Shepherd Waneta
Arsenic 5.9 5.7 0.9 1 0.8 6 5.5 14.1 5.2 5.9 4.1 3.6
Cadmium 0.6 0.6 0.19 0.17 0.11 1.39 0.54 0.57 0.46 1.12 0.52 2.81
Chromium 37.3 36.4 11.9 10 15.6 20.8 19.1 36.6 22.5 26.3 20.7 31.2
Copper 35.7 35.1 5.4 5.1 5.1 95.9 161 514 139 196 176 36
Lead 35 334 6.8 7.3 7 160 141 136 48.9 109 52.8 91.9
Mercury 0.17 0.16 0.05 <0.05 <0.05 0.23 0.13 0.12 0.08 0.25 0.17 0.14
Nickel n/a 16 7.9 7.3 6.4 10.5 8.4 10.2 10.1 11.6 9.8 18.3
Silver n/a 0.5 <0.2 <0.2 <0.2 0.5 0.6 3.6 0.4 0.9 1.1 0.5
Zinc 123 120 59 48 31 645 1190 2550 770 1160 793 594
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More historic sediment datawere available for Waneta Eddy, the largest
depositional area downstream of the smelter within the LCR, than for the other
depositional sites (Figure 4-27). Guidelines are based on individual samples
and therefore maxima are shown here to provide a worstase analysis. The
four metals of main interest showed correlated fluctuations with declining
trends after 2003. Sediment cocentrations of copper, lead and zinc at
Waneta are now approaching guideline valuesHgure 4-27) and as of 2015,
sediment arsenic no longer exceeded the BC or CCME guidedine
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Figure4-27. Maximum observed concentrations at the Waneta Eddy for depositional sediment
metals of interest from 2003 to 2015, compared to BC guidelines.

#102¢ 450 Neave Court, Kelowna, BC V1V 2M2 P: 250.491.7337 F: 250.491\WVe&E2www.ecoscapeltd.com

A


http://www.ecoscapeltd.com/

15-1438.4 92 May 2019

Sediment Nutrients

Most sediment nutrients including phosphorus, ammonia and potasum were
elevated downstream of Trail, and may contribute to the increased periphyton
growth. This is a common occurrence in rivers receiving urban stormwater.
Gradually diminishing inputs to groundwater from historic fertilizer
manufacturing is another probable nutrient source. No nuisance algae
growths were detected at the depositional sites in 2015thus, the elevated
nutrients were not problematic.

Summation

Depositional sediment quality in the 205 samples showed lower
concentrations of metals of inerest than samples collected in the preceding
years. Sediment metals that exceeded guideline PEL contations in 2015
were limited to Zn, Pb,and Cu.
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4.3 Periphyton

4.3.1 Erosional Habitat Periphyton

Primary objectives of the erosional periphyton sampling compnents are to
assess the effects of the effluent discharge on erosional periphyton
communities in terms of community structure, composition, and standing crop
biomass, and to detect any trends over tima these metrics

Erosional cobble substrates accourfor approximately 1517 ha or 98% of the
total area of the LCR between HLK Dam and the CanaddS border. This
reflects the erosional nature of the Columbia River in this area and highlights
the importance of erosional habitats to the LCRIhe years when periphyton
studies were conducted in the LCR area of interest are 199899, 2003, 2010,
2012 and 2015

Periphytic algal are the main primary producersin freshwater environments.
Periphyton biofilms in erosional LCR habitats are complex, layered
assanblages of autotrophs (e.g., algae, photosynthetic bacteria) and
heterotrophs (e.g., bacteria, fungi, yeasts, protozoa), all embedded in a
protective polymeric matrix (Wetzel 1993, Decho 1990, Drenneet al. 1993,
Sobczack 1996). This biofilm supplies a tge portion of the energy to higher
trophic levels in the LCRDiatoms commonly constitute the dominant group of
algae in river biofilms, as they did in every study of the LCR including this one.

Biomonitoring is a useful tool for assessing aquatic ecosfem health
complementingphysical and chemical analyse@viorin et al, 2008). Periphytic
algae are very sensitive to systemic modifications in water quality and
hydrologic regime (Fernandes and Esteves 2003). After a higlow period
such as freshet, ba@ria and small closely attached diatoms&re among the
rapid, early colonizers, while slower growing filamentous green algae are
among the later arrivals. Diatoms arriving from upstream reservoirs that
become entrapped on the biofilm are important to the CR periphyton (Larratt
et al. 2013).

When the summary data from the 2012 and the 2015 investigations are
compared to other large rivers including the LCR above the area of interest,
most metrics place the AOI in the oligotrophic to typical large river dagory,
with small differences between years and between the AOI and upstream LCR
Reach 2 Table4-12). This summary data overview did not detecaninfluence
from the smelter on LCR erosional periphyton.
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Table4-12: Summary of typical range of LCR periphyton metrics from 2015, with compariso

oligotrophic, typical, and productive large rivers and upstream Reach 2 LCR.

Exposure Exposure
Oligo- Typical  Eutrophic LCR Erosional Erosional
trophic or large or upstream AOlof LCF AOI of LCR
Metric stressed rivers productive Reach 2 * 2012 2015
Number of taxa (live  <20¢ 40 25-60 Variable 8¢ 60 23¢48 22¢c44
& dead)
ChlorophyHa pg/cn? <2 2¢5(7) >7¢ 10 0.04¢ 0.37¢3.50 0.23¢0.99
(30+) 15.3
Algae density <0.2x16 1-4x1C >10x16 0.03¢3.9 0.05¢ 0.05¢
cells/cn? x10 0.73x16 0.29x16
Algae biovolume <0.5 0.5¢5 20-80 0.1¢25 0.15¢0.93 0.18¢ 1.46
cm/m?
Diatom density <0.15x18  1-2x1C >20 x16 0.4¢2.3 0.07¢0.28 0.04¢ 0.55
frustules/cn? x1C° x1C° x1C¢°
Biomass; AFDW <0.5 0.5-2 >3 0.35¢7.1 Not Not sampled
mg/cny sampled
Biomassg; dry wt <1 1¢5 >10 3.1 Not Not sampled
mg/cn? sampled
Bacteria sed. HTP <4-10 0.4¢50 >50X10° - 15->5x 0.36¢>2x Not re-
CFU/cm x10° x10° >100 10° 108 sampled
Fungal count <50 50¢ 200 >200 8-1830 <200¢ Not re-
CFU/cm 1000 sampled

Comparison data obtained frofilinders and Hart 2009; Big896;Peterson and Porter 2000; Freese et al. 2006; Du
andThomason 2009; Romani 2009; Biggs and Close 2006. Dodds et al, 1998
*Artificial substrate samples, tends to inflate growth metrics compared to natural substrates

4.3.2 Dominant Erosional Taxa

Diatoms were the dominant algae class iall studies of the AOI, ass typical of

large rivers (Table 4-12).

In most of this work,

the small diatom

Achnanthidium minutissimawas dominant numerically at erosional sites.
However, when the dominant taxa are
contributions to standing crop,a variety of dominantdiatoms emerge(Table

4-13). Timing of sampling with respect to flow events likely accounts for much
of the observeddominant species variation between year®f study as it does

throughout the LCR Qlson-Russello et al. 2014

ranked by their biovolume

In 2015, periphyton samples from erosionalreference sites had 8 diatom
dominants and2 dominant filamentous green taxa, while those from erosional
exposure sites had 9 diatom dominants, and 1 dominant filamentous gga
taxa. Of these, 6 taxa were dominants in both reference and exposure sites.
Unigue dominants occurring only at the exposure sites included the genera
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Navicula and Nitzschia, known to have metal pollution tolerance (Morin et al,
2008), however these taa were also prevalent in the reference sites.

Diatom frustule abnormalities were extremely rare (<1 in 500) in the 2012
and 2015 results and were evenly distributed between the reference and
exposure sites. Sites with heavy loads of metal pollution atknown to have
abnormality levels of more than 3.5 to >10% (Guasch et al 2012), while no
sample exceeded 0.2% in the LCR AOQOI.

4.3.3 Erosional Species Richness

The periphyton community metrics of species richness and Simpson Index
showed little difference betweenreference and exposure areas 2015 data
Like 2012, there was no significant difference between species richness in
erosional areas between reference (29 + 4 taxa) and exposure sites (317
taxa) in the 2015 samples Table 4-14, Figure 4-28 and Figure 4-29). Like
species richness, there was no significant change in the Simpsons Index
between exposure and reference sites in the 2015 daté-=1.48, p=0.22)
(Table 4-14).

Despite these overall community similarities, in pairwise comparison ERG
EXPR4 had significantlylower species richnessespecially among the diatoms,
when compared to sites EREXR1, ERGEXR2, and EREGEXR3 (p<0.001),
and to ERGREF1 (p=0.04).

We measured 23 to 44 taxa per site while earlier studies measured between
63 and 84 taxa per site (Golder 2003, 2007). Improved effluent management
throughout the LCR may have lowered phosphorus levels sufficiently to
gradually lower species rchness over time toward a natural, background
range. These findings are important because reduced periphyton species
richness is universally found at sites with metal effluent impacts (Guasch et al.
2012; Morin et al. 2008). All erosional sites had more dioms and fewer
filamentous algae in 2015 compared to 2012, with the biggest differences in
diversity at the near-field sites, which became closer to typical LCR site§dgble
4-13). Overall, the density of filamenbus green algae was far higher at
erosional sites than at depositional sitesTable4-13, Table 4-14, Table 4-15),
likely in response to elevated nutrients water velocity, and substrate type.
This is supported by previous ecological studies that showwater velocity,
substrate type, and nutrient concentrations affect algae growthL@rratt et al.
2013).

4.3.4 Erosional Productivity Metrics
Most samples from te LCRAOI were in the oligotrophic category for

periphyton growth in 2003 chl-a results (Golder, 200D). Similarly, only four
chlorophyll-a samples reached the mesotrophic 25 pg/cm2chl-a range in the
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near field during 2012, whilein 2015 all chl-a results indicated oligotrophic
conditions, and none reached the mesotrophic rangéTable 4-14). The fall
2015 erosional periphyton chlorophyll-a data averaged 0.71 + 0.Ag/cm?2 at
the two reference sites and wasunchangedat the 5 exposure sites(Table
4-14).

Mirroring the chl-a results, periphyton abundance continued its decline since
2003 to average (1.36 = 0.9x105 cells/cm? at reference sites and (1.76 £ 1)5
%105 cells/cm? at exposure sites in the 2015 data. This decline in periphyton
abundance has been most dramatic at the exposusites andis approaching
standing crop estimates typical for LCRTable 4-14). Like the other 2015
periphyton metrics, biovolumes from erosional sites did not show any
significant difference between reference and exposure site$-igure 4-28 and
Figure 4-29), although there was wider variability in the exposure site 2015
data than in the 2012 data.In fact, all periphyton production metrics showed
higher variability in 2015 than in 2012 throughout the data set(Figure 4-28).
All productivity metrics were significantly different across 2015 erosional
sites: total abundance (F=3.39, p=0.012), total biovolume (F=2.81, p=0.03),
and chta (F=5.10, p=0.001). This was driven by the unusually low productivity
at ERGEXPR4 (Kor-Mag) (Figure 4-29), with significant differences between
adjacent sites. This important effect detected by the periphyton data, was
likely induced by local nutrient additions and is not attributable to the smelter
as these sites are further downstream of the smelter where the effluent plume
is more diffused/dilut ed.It is more likely that this variability is driven by other
nutrient inputs such as tributaries. For example, Ryan Creek located about 2.2
km downstream of the smelter had historic mining in its headwaters This
historic activity is speculated to be thecause of observedexceedancesof
criteria in both surface water andsedimentin Ryan Creek (Golder 2006).

While there was substantial variation among exposure sites, no spatial
gradients in abundance data emerged within the near and fdreld sites o
between the exposure and reference sites attributable to smelter operations
(Table4-14). Similarly, in all three years of study, there were no sing spatial
gradients in chla with distance upstream or downstream of the smelte
attributable to smelter operations (Figure 4-28). Seasonal and yeato-year
variations were a driver of the variation among sites in the 2003, 2012 and
2015 chl-a data sets.

Sites withimportant differences between 2012 and 205 erosional periphyton

include these sites that have been identified as impacted in earlier work

(Golder 2010) ERGEXR1, ERGEXR?2 in the nearfield and ERGEXR4 in the

far field where the plumetravels (Figure 4-29). Sampleollected at ERGEXR

1 adjacent to Stoney Creek showed higreen filamentous production in the

pwwnd O AALEI OA OEA AZAOOEI EUAO PI AT O xAO
filamentous populations have progressively declining through to the present.

This is an encouraging development
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At the EROEXR2, periphyton community metrics were either low (Golder
2003) or high (Hawes et al. 2@4). Groundwater discharges from the smelter
site have elevated temperature and nutrients including ammonia and sulphate
(Golder 2010). Periphyton productivity in this near field area is also
influenced by greater water velocities and is situated immediately
downstream of the CIII outfall. These conditions can be stimulatory for many
algae taxa including cyanobacteriaCyanobacteia are also known for their
metal tolerance (Fiore and Trevors, 1994) EROEXR2 sampleshad more
cyanobacteria in 2012 but were typical of theupstream LCR in 2015.These
near-field taxonomic results confirm the 2015 productivity metrics,
suggestng that the influence of the smelter on theAOl is diminishing as
reclamation proceeds.

In previous studies, the Old Bridge sitéEROEXR3) was distinctive with more
Chrysophytes (golden algae) and higher green algae densities (Golder 2003),
which often indicates organic or nutrient enrichment(Felisberto, et al. 2011;
Wetzel 2001).In 2012 and 2015 results these algae were no longer prevalent,
possibly indicating changes in Trail Creek water quality.

Far field site ERGEXR4 showed low productivity in 2012 and very low
productivity in 2015 (Figure 4-29). For example, 2015 samples showed very
low diatom densities and diversity with only moderate populations of
Gomphonemand Botryococcus In addition to the dilute effluent plume, here
are other important influences acting on ths site including lower velocities
over more embedded substrates with more fines, anéRyan Creekinflows.
Since productivity metrics are consistently higher above and below this site,
smelter impact is not he primary cause of the low productivity observed at
this site.

Over the course of these studies, productivitynetrics within the IDZ and near
field have beentrending toward more typical LCR levels. As the data accrues,
this trend will clarify. It must be remembered that griphyton systems are
influenced by a wide number of factors and apparent changes may reflect
timing of sampling relative to the time elapsed since the last major flow event
or simply large annual variations which have been observed othe LCR
(Larratt et al., 2013). Since the enhanced productivity in the near field is
declining as reclamation proceeds, and since the enhartenear-field
productivity does not approach nuisance proportions but is a benefit to
benthic invertebrates, it is rot harmful from a periphyton perspective, only
different.

4.3.5 Indicator Taxaat Erosional Sites

Attempts to find periphyton specieswhose distributions were correlated to
metals of interestin the AOland could serve as indicator taxa wex largely
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unsuccessfuland contradictory (G3 1999, Golder 2003, Golder 2007), due to
other more important driving forces on periphyton, including overall river
flows, localized water velocities, irradiance, nutrient concentrations and
benthic invertebrate grazing pressure. Man results are conflicting in the
literature as well (Medley and Clements 1998, Soldo and Behra 2000, Guasch
et al 2012). Instead of looking within the diatoms for indicators of metal
exposure, it is better to analyze the overall community structure and the
distribution of the main algae classes in LCR samples (Morin et al. 2008). Using
this approach, no indication of a spatial trend in the periphyton community
structure with distance downstream of the smelter in either the 2003 (Golder)
or the 2012 and 2015data were detected using NMDS. Instead of adverse
impacts, we found the highest periphyton density and diversity occurred at
the nearfield sites in the 2012 and in the 2015 samples. Both recent years are
in direct opposition to the 2003 findings that indcated lower periphyton
growth metrics in the near field.

Periphyton tissue metal samples were collected from filamentous green algae
from right-bank and leftbank erosional sites in 2015. The range of cell wall
structure among periphyton taxa providesadsorption sites for many metal
ions Z a natural process important to metal attenuation in all lakes and rivers
(Sulaymon et al. 2013; Wetzel 2001). Unlike water samples that represent one
point in time, periphyton tissue metals from erosional cobble subsates
represent metals adsorbed from the water over the 2 week life span of the
cell. Algae are known to adsorb all the metals of interest to this studigaplan,
2013; Dipak et al. 1993; Mehta and Gaur, 2008However, bioavailability
differs among metds. Humic substances can have an increased effect on the
reduction of the uptake for Cu, Cr, Co, and Cd (Vymazal 1984). The rates of
metal uptake by periphyton depend on cell wall and cell membrane type, cell
condition, as well as the extracellular condittns such as metal concentration
and pH of the environment. Continuous uptake for Ni, Cr, and Fe has been
shown, while uptake of Cu, Pd, Cd, and Co occurs rapidly with initial exposure
with only slight uptake thereafter (Vymazal 1984).

Periphyton tissue @ncentrations suggest there areseveral sources of metals
that include the smelter. Elevated periphyton tissue concentrations were
observed at far field sites, which suggest an additional source of metal$iere
were 6% of mercury samples, 29% of silver gaples, and 3% thallium samples
that were below the limit of detection. The concentrations of silver and
mercury could not becompared using a mixed effects model because of the
large number of nondetectable samples and the small amount of variability in
reference sitesThe periphyton tissue concentrations of As, Cd, Cu,,Gband
Tl were not significantly different between reference and exposure sites
(p<0.05). For these five metalsite explained4%-36% of the variation of these
metal concentrations. The effect of treatment on the concentrations of zinc
were tested with a oneway ANOVA because site explained 0% of the variation
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in the concentrations of zinc.Zinc concentrations were not significantly
different between reference and exposure sites (F=5,0.227).

The concentrations of copper and silver in periphyton tissue along wh the
periphyton metrics suggest that these two metals are not exertingnealgicidal
effect.Periphyton tissue metal concentrations of copper and silver were highly
variable within sites and there was no linear trend associated with the
periphyton productivity metrics (biovolume, chl-a, and abundance) and
periphyton tissue metals.

Unlike 2012, 2015 samples showed two unique ncalgae components of the
biofilm. First, black paticulates were noted in ERCEXP 23, 24 and 25, as
well as ERGEXP 31 and 34. Freshwater sponge spicules were noted in ERO
EXP 14, 2-5, 5-2, and DEREXR4. They inhabit a wide range of aquatic
habitats, usually preferring habitats with low suspendedsilt since they are
filter -feeders.
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diversity in depositional and erosional sites above and belsmelter outflow (reference versus
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Table4-13: Percent contribution of the major algae groups to periphyton biovolume by erosions

samplesite, 2015.

Biovolumeg Percent

Reference Sites
Ero Ref1 Ero Ref2

Exposuresites
EroExpl EroExp2 EroExp 3 Ero Exp 4 Ero Exp 5

2015Algae Type  Birchbank  u/s Stoney CIVStoney clil ClltKorpac  KorMag Mag-Wan
Diatoms 73.7 85.5 85.5 93.0 86.9 91.1 91.2
Green Algae 24.4 13.9 13.7 6.7 12.7 7.32 8.52
Flagellates 0.35 0.48 0.16 0.24 0.36 0.90 0.15
Bluegreen Algae 0.06 0.17 0.6 0.07 0.03 0.53 0.16
Dinoflagellates 0.0 0.0 0.0 0.0 0.03 0.0 0.0
Red 1.44 0.0 0.0 0.0 0.0 0.0 0.0

Table4-14: Periphyton growth metrics by erosional sample site, 2015.

Near Field Far Field Reference
Erosional ClIV/Stoney Clll Cll-Kor Kor-Mag Mag-Wan LB opp. CIV Birchbank
Periphyton Statigic Expl Exp2 Exp3 Exp4 Exp5 Refl Ref2
Abundance Mean (+SD) 208+19 154+098 2.88+18 0.47+0.09 19+1.1 1.22+0.71 1.50%1.20
(cells / CTOS’)‘ Median  1.23 1.10 3.11 0.45 1.53 1.04 0.83
Minimum 0.78 0.80 0.95 0.36 0.70 0.61 0.58
Maximum 5.50 3.21 4.69 0.58 3.54 2.45 3.47
Species Mean (xSD) 36.8+7.4 326+4.88 322+4.02 222+19 29.2+4.76 30.2+4.71 27+2.0
Richness (#  \jeqgian 39 34 34 22 28 28 26
taxa)
Minimum 24 27 28 20 24 26 25
Maximum 43 38 37 25 37 38 30
Bio Volume Mean(+SD) 1.46+1.46 129+0.19 151+11 0.18+0.07 1.17+0.86 0.69+0.39 0.78+0.68
(cn?/m?) Median  0.97 0.39 2.06 0.17 0.78 0.54 0.42
Minimum 0.59 0.27 0.30 0.098 0.21 0.31 0.36
Maximum 4.05 474 2.55 0.30 2.18 1.28 1.95
Sinpson's  Mean (xSD) 0.86+0.07 0.84+0.03 0.80+0.07 0.85+0.02 0.75+0.14 0.84+0.05 0.73+0.16
Index Median 0.90 0.84 0.83 0.86 0.83 0.85 0.82
Minimum 0.76 0.79 0.69 0.82 0.55 0.75 0.45
Maximum 0.91 0.87 0.88 0.89 0.86 0.89 0.85
Chlorophylla Mean (xSD) 0.99+0.34 0.73+0.63 0.96+0.50 0.23+0.04 0.65+0.25 0.68+0.30 0.73+0.18
(ug/cn) Median 28 0.49 0.86 0.24 0.59 0.66 0.70
Minimum 24 0.33 0.33 0.15 0.38 0.25 0.51
Maximum 37 1.85 1.70 0.27 0.92 1.05 0.97

Kor = Korpac MagMaglios Wan = Waneta
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Figure4-30: Periphyton tissue metals at erosional sites, 20N%ertical dashedline separates

reference from exposure site
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4.3.6 Erosional Statistical Community Analysis

NMDS

Statistical community analyses confirmed that there were nomajor
differences between erosional sites upstream and downstream of the smelter.
These analyss were completed at the genulevel and excluded rargoccurred
in <5% of sample$ taxathat can bias he analyseq{Guasch et al., 2012) NMDS
analysis of the 2012 and 2015indicated that the most important factor
determining periphyton community was the year sampled (F=9.64, R2=0.13,
p<0.001) (Figure 4-31). Significant differences between years hae been
identified throughout the LCR and MCR, anare caused by annual variations
in weather, flow patterns water temperature, etc. The difference between
periphyton communities from reference and exposure sites wasignificant,
but explained only 4% of the periphyton community variation (F=2.39,
R2=0.04, p = 002; Figure 4-31).

The taxa that were primarily responsible for causing differences between
years in erosional periphyton communities, include the cyanobecteria
Synechocystigs well as the green algAphanothece sppwere higher in 2012,
while the green algaBotryococcus spmnd the golden algdinobryon sppwas
prevalent in 2015.

The taxa that were primarily responsible for separating the erosionalites

from the depositional sites were theprevalence of metal-tolerant diatoms

Nitzschia spp. Fragilaria spp, and Cymbella sppat depositional sites.The

diversity of metal-tolerant taxa is indicative of moderate concentrations of
metals. The depositional sediment metals are not present in concentrations
that are known to adversely affect periphyton communities lawes et al.
2014; Medley and Clements, 1998) At the erosional sites, the occurrene of

the green algaeBotryococcus spp.the cyanobacteriaCalothrix spp, and the

diatom Gomphonema sppalso separated depositional sites from erosional
periphyton.

The differences in taxaresponsible for separatingreference and exposure
were too gnall to allow determination of key taxa.
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and grouped by exposure (EXP) sites in red and reference (REF) sitesi(right panel) The

stress value was 0.22.

The NMDSshowed overall periphyton community structure in 2015 had more
diatoms and fewer cyanobacteriathan in 2012. The models showed that
abundance, chla, and species richness were higher in 2012liiefly ERGEXR

2) while 2015 had higher biovolume(chiefly ERGEXR1-5 and ERGEXR2-1).
These 2015 samples had very high densities and diversities of diatoms,

notably large varieties ofSynedra ulnaand Didyma.

Model Averaging

Model averaging also demonstrated that physical habitat factors, including
substrate size(D90) was important in predicting chl-a,and effective number

of species(Figure 4-32). The positive relationship between substrate size and
chl-a and effective number of species occurbecause large substrates have

large, stablesurfaces available for periphyton growth.

The effect of treatment (eference/exposure) were included in the periphyton
community and productivity models to test if the effluent discharge influened
periphyton community composition and productivity. Reference/exposure
did not explain a significant portion of the variation in periphyton Earlier
research in the LCR area of interest reported adverse effects of metals on
periphyton growth within the near-field prior to 2003 (G3 2001, Suter and
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Tsao, 1996, Gller 2010). Suter and Tsao (1996) identified chronic effects
values were possibly exceeded for Cd Cu Zn, while later reports suggested Pb,
Tl and Cu correlated with periphyton growth in the IDZ (Golder 2010). Whe
this may have been the case in the pag)12 and 2015 periphyton community
metrics did not differ significantly between reference and exposure sites,
based on results from mixed effects models and model averagingigure
4-32), corroborating results from NMDS Figure 4-31).

Summation

Near-field taxonomic results from 2015 confirm the erosional productivity
metrics, suggestig that the influence d the smelter on the AOI is diminishing
as reclamation proceeds. Over the course of 206315 periphyton studies,
productivity metrics within the IDZ and near-field have beentrending lower

toward more typical LCR levels.

Periphyton tissue metalsanalysisin 2015 showedincreases within the IDZfor
Cr and Hgwhile Cu, Pb, ZnCdand Ag showed a smalincreaseover exposure
sites below the smelter outfalls. These concentrations declined with
increasing distance downstream from the smelterthen increasingagain at
ERGEXP 4indicating other metal sources.Tl and Se were highest at the
Birchbank Reference Area.
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Figure 4-32. Model averaged parameter coefficients and 95% confidence limits from model
averaged linear mixed effects models of the effect of treatment (reference or exposure),
distance downstreamof HLK outflow average velocity, water temperaturgand substratg D90)

on periphyton productivity and diversity in erosional sites in LCR above and betomelter
outflow. Coefficients are centered and standardized to allow direct comparisons of thediom

and size of effects. Variables with 95% confidence intervals spanning zero are considered of low
significance as the direction of their effects are inconsistent among models.
coefficients are sorted by their relativeariable importance tathe averaged model on a scale of

0 to 1 on the right yaxis of each panel.
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4.3.7 Depositional Habitat Periphyton

Primary objectives of thedepositional periphyton sampling components are
to assess the effects of the effluent discharge odiscrete depositional
periphyton communities in terms of community structure, composition, and
standing crop biomass, and to detect any trends over timeéDepositional
sediments account for approximately 33 ha or 2% of the total area of the LCR
between HLK Dam and the CanadaJS border. In the study area, the area of
depositional habitat was estimated at 0.1% of the total sediment habitat
(Golder 2007a). Despite their small sizethe depositional areas are important
for their contribution to overall LCR biodiversity.

Depositional periphyton communities are usually distinct from their erosional

counterparts (Table 4-16). They are smaller and are driven by unique site
characteristics that make them more diverse than the comparatively uniform
mainstem eosional habitats. Additionally, depositional sediments retain
historic discharges and are therefore slower to demonstrate improved
conditions than the erosional habitats areMost sediment nutrients including

phosphorus, ammonia and potassium were progressively elevated

downstream of Trail, and may contribute to the increased periphyton growth.
This is a common occurrence in riversreceiving urban stormwater and

wastewater.

Aqueous mretal concentrations continued their observed decline in the 2003
to 2015 data, both in terms of concentration and guidelineexceedancs.
Depositional sediment metals that exceeded guideline PEL concentrations in
2015 were limited to Zn, Pb and Culhese are the three metals identified in
tests of bioavailability that ranked depositional sites with potential toxicity as
Maglios > Fort Shepherd > Waneta (Golder, 206;72010). Of these, copper is
known to lower densities of some algae.These sites did not show lower
periphyton metrics in recent data Figure 4-34). All algae including diatoms
have varying sensitivity to dissolved metals and varying requirements for
trace metals as nutrients including the metals Mn, Fe, Co, Ni, Cu, Zn, and Cd
(Medley and Clemens 1998).

Growth of periphyton and macrophyes in LCR depositional sites downstream
of Trail has decreased dramaticallpver the past decade (Golder 2007)likely
in response to variable flow regimes and possibly declining nutrient
concentrations. Nutrient concentrations in LCR water measured in 2012
through 2015 would classify the LCR as oligotrophi¢OlsonRussello et al.
2014).

4.3.8 Comparison oDepositionaland ErosionalPeriphyton

Depositional periphyton communities usually generate about half of the
erosional periphyton abundance per unit area because unstable sandy
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substrate does not allow slowgrowing species to develop before substrate
disruption (Barbour, 1999, Wetzel, 2001).Further, they are subject to scour
during high flows as happened in 2012 throughout the LCRdowever, if
depositional areas are not scoured andoffer macrophytes or other stable
growth media, then depositional abundance can exceed that of erosional
substrates as happened in 201%Table 4-16). Biovolume is similar between
the two habitat types becase the small, closely attached species so prevalent
in high flow situations are absent here. Instead, larger diatoms are prevalent,
as well as large diatomsfrom upstream reservoirs that settle in the calm
backwaters and eddies These factors culminated insignificantly greater
species richness and diversity in depositional sites versus erosional sites in
2015 samples Table4-16Table4-16). Additionally, the contribution made to
the biofilm by algae was small in depositional periphyton, while the
contribution made by bacteria and organic debris was much greatehan it is

in erosional periphyton biofilms (Haweset al 2014).

4.3.9 Dominant Depositional Taxa

Reservoir taxa such asCyclotellaaccounted for a sigificant portion of the
2015 depositional periphyton (Table 4-17), particularly in reference sites that
are physically closer to the reservoirs Depositional reference sites had larger
biovolumes ofDidymosphenia geminatéalso caled Didymo or rock snot) than
the erosional sites in 2012 because most of the Didymo originated from above
the Kootenay confluence in that year (Larratt et al. 2013). Conversely, in 2015
samples, Didymo was a dominant taxon at exposure sites and not ataefnce
sites. In both habitat types, there was no evidence of species shifts reflecting
effects from the smelter. In 2012 and in 2015, both depositional reference and
exposure site periphyton were dominated by a similar community of diatoms
and filamentous green algae Table4-17).

4.3.10 Depositional Species Richness and Diversity

3PDAAEAO OEAET AOO AT A AEOAOOEOueaty3EI DOT T
between the 7 exposure and3 reference sites in depositional habitats during

2012 or 2015, although species richness generally increased downstream of

the smelter in 2012 while the reverse was true in 2015No statistical test was

run to specifically compare the differences in these variablesln the

depositional habitats, those with signiicantly increased productivity in 2015

tended to have lower diversity metrics(Table 4-18).

4.3.11 Depositional Periphyton Productivity

Chlorophyll-a at depositional sites exceeded that of erosional sites in the 2015
data with the reference sites averaging 1.1& 0.38 pg/cm? and the exposure
sites averaging 1.2% 0.40 ug/cm2 (Table 4-16). This trend was also apparent
in the abundance and biovolume data. Reference depositional sites had similar
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growth metrics, while significant differences in total biovolume (F=3.35,
p=0.01) and abundance (F=4.81, p=0.002) occurred exposure site pairs.For
example, the Korpac site had a significantly different biovolume and
abundance from Casino, and the abundances of Trimard Ft. Sheperd were
significantly different than Korpac.

Depositional cell density and biovolume were consistently lower than the
erosional metrics in the 2012 results that followed two heavy freshet years,
but in the 2015 results under more typicalflows, depositional periphyton
abundancewas muchhigher than at adjacent erosional areagFigure 4-28).
Reference depositional 2015 samples showed ald increase in productivity
metrics over 2012 samples. The change was even ater in the smaller
depositional sites such asCasino Bar and Ft ShepherTable 4-18; Figure
4-34). Large depositional sites such as downstream Waneta and upstream
Genelle eddies had lower periphyton abndance biovolume and species
richness in 2012 and in 2015 resultghan the smaller depositional sites The
large depositional eddies likely have other influences restricting their
periphyton production that are unrelated to the smeltersuch as greater wéer
depth (Table 4-18). The overall productivity and diversity of the exposure
Waneta site was slightly higher than that of theeference Genelle site in the
2015 data, again suggesting that an impact from the smelter was not deted.

Depositional periphyton abundance and biovolume showed no consistent

gradient from upstream reference to downstream exposure sites in the 2003

work (Golder 2007), the 2012 AREMP or in this studyFigure 4-34). Growth

metrics and species richness showed weak positive correlations with

sediment copper concentrations measured in 2015r£0.61 to 0.74), while
BEIPOTT160 ET ARG xAO rE-ARATGKEOWBgther, thds® OAT AOA,
results indicate that the algicidal effect of copperwere not resulting in

reduced periphyton growth, butwere affecting the relative concentrations of

dominant taxa. Depositional metal concentrations have been declining over

the past decade (Hawest al. 2014).

In each study, the rangeof productivity metrics varied significantly, both
within the 3 reference sites and within the 7 exposure sitesliable4-18). None
the less, productivity metrics of the depositional sites downstream of the
smelter exceeded the averagef the reference sites Table 4-18). Nutrients
are donated by many sources including groundwater from the smelter site,
City of Trail stormwater and City of Trail primary-treated municipal effluent
is discharged to the Columbi&River just above the Maglios siteThese may
have contributed to the progressive increase in sediment nutrient
concentrations the further down the river the depositional site occurred.
Increases in periphyton production as water progresses downstream are
normal in large river systemsand are frequently nutrient-driven (Wetzel,
2001).
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4.3.12 Depositional Community Structure

Diatoms accounted for over 95z 99.8% of the total depositional periphyton
biovolume in 2012 and over 99.3- 99.9% in 2015 in depositional suface
sediments. Depositional reference and exposure sites shared 7 dominant taxa
out of 10 (Table 4-17 Table 4-17). The many taxa that occurred in both
reference and exposure siteelps explain why the NMDS analysis did not
detect major periphyton community differences attributable to smelter
effluent exposure F=0.82, R2=0.05, p=0.49; Figure 4-33). Yearto-year
differences were detected(F=13.9, R?=0.44, p<0.001)due to a prevdence of
the diatom Tabellaria and the flagellate Ochromonasin 2012, while the
diatoms Cyclotellg Achnanthidium,and Eucocconeisvere prevalent in 2015.
Cyanobacteria counts were lower throughout all the LCR depositional sites in
2015 over 2012, as was gecies diversity. These are systemwvide changes,
attributable to important periphyton community drivers including flow
regime, water temperature, water chemistry, etc.

There was no indication of a spatial trend in the depositional community
structure with distance downstream of the smelter in 2012 or 2015
periphyton data. This data was collected during fall low flows, when the
potential to generate a downstream spatial trend could be expected to be the
greatest. In 2012 findings, Waneta had unusually higlilagellated algae
densities, known as a group for their metal tolerance. In 2015 flagellates were
still common but the Waneta periphyton community structure was not as
distinct as it had been, suggesting improved conditionsT@ble 4-15).
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Figure4-33: NMDS of depositional periphyton biovolume at the genus level grougsdyear (leftpanel),
and grouped by exposure (EXP) sites in red and reference (REF) sitei(right panel) The stress value
was 0.17.

Table 4-15: Percent contribution of the major algae groups to periphyton biovolume by si§g

Depositional Sites, 2015.
Biovolumeg Percent

Reference Sites Exposure Sites
Airport Ft
Algae Type Kootenay Genelle Birchbank Korpac Maglios Casino Bar  Trimac Shepherd Waneta
Diatoms 99.7 99.9 99.3 99.9 99.9 999 99.7 9938 99.9 99.9
Green Algae 0.0 0.0 0.0 0.03 0.0 0.0 0.0 0.14 0.02 0.0
Flagellates 0.21 0.04 0.48 0.06 0.02 0.01 0.18 0.02 0.02 0.04
Bluegreen Algae  0.13 0.03 0.18 0.01 0.01 0.01 0.07 0.01 0.01 0.01
Dinoflagellates 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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