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Executive Summary

On August 5, 2005, the Cheakamus River was affebtedn accidental release of sodium
hydroxide following a train derailment in the Chaalus canyon approximately 15 km north of
Squamish, British Columbia. The derailment resulte the release of approximately 45,000
litres of sodium hydroxide into the Cheakamus Riv&s the product was carried down the river
it caused mortalities to fish and benthic inveréebs. After the spill, the Cheakamus Ecosystem
Restoration Technical Committee (CERTC) comprisiecegulatory agencies, local government,
the Squamish Nation and Canadian National Railwayngany (CN) was formed to provide
advice and guidance for recovery. Concerns wergesspd by Committee members and the
public that other animal species dependent on distior invertebrates may also have been
affected by the spill. A qualitative screening lewassessment of ecological effects was
completed to understand the potential effects il may have had on terrestrial, semi-aquatic
and aquatic receptors. The assessment was ecodyatau in that it considered species
interlinked and dependent upon a range of procegsgs predation). In doing so, this
recognized that as one species in the ecosystaleied, others may be affected.

The methodology used to complete the assessmepteatleome of the validated and adopted
principles for ecological risk assessmeft.preliminary list of 233 regional receptors most
representative of the assessment area’s aquatieardtrial habitats was compiled and screened
against selection criteria to obtain the final esggntative receptor list. A qualitative framework
using ecological effects ranking categories suchvexy high, high, moderate and low was
developed to characterize potential adverse effectsach of the seventeen selected receptors.

The effects characterization for the seventeerctlereceptors resulted in one very high, one
high, seven moderate, seven low and one nil ove@logical effects. Very high and high
overall ecological effect rankings were obtaineddquatic receptors [coastrange scul@nt{us
aleuticus) and steelhead trouOficorhynchus mykiss), respectively] for which the aspect/value
assessed was their capacity to serve as a foodestmr subsequent aquatic and/or terrestrial
receptors. In these cases, the structure and umatithe ecosystem level had the potential to be
affected. Moderate overall ecological rankings wetgained mostly for semi-aquatic and
aquatic insectivores and piscivores based on pateetfects to their food resources [e.g.,
American dipper Cinclus mexicanus)], or on their capacity to serve as a food souire
subsequent aquatic and/or terrestrial receptoragok salmon Qncorhynchus tshawytscha)]. In
these cases, it was recognized effects could oattine structure level but likely not at the
ecosystem function level. Low rankings were gelherabtained for receptors either
contributing to a small percentage of the food wese of their predator(s) or for receptors
having a varied and opportunistic diet [e.g., bldméar {Ursus americanus), bald eagle
(Haliaeetus leucocephalus)]. Nil rankings were obtained in cases where @svestimated the
derailment did not have any plausible effects tivan receptorgg., Canada goose).
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Glossary

Community - An assemblage of populations of different spediging together within a
specified location in space and time.

Ecosystem - The biotic community, abiotic environment, ankeit interactions within a
specified location in space and time.

LCs0—The concentration that causes mortality in 50%hefdrganisms tested.
Exposure- The contact or co-occurrence of a stressor avitbceptor.

Fate - The disposition of a chemical in various media acations as a result of transport,
partitioning, uptake and degradation.

Function — Process performed by ecosystems that are serdaaber ecological entities (such
as energy cycling in food web).

Lines of evidence 4nformation derived from different sources or byfelient techniques that
can be used to describe and interpret risk estenate

Physicochemical Relating to both physical and chemical propsertie

Population - An aggregate of individuals belonging to the saspecies within a specified
location in space and time.

Population structure —Physical structure of a population such as its.size
Receptor- The ecological entity exposed to the stressor.
Stressor- Any physical, chemical, or biological entity thatn induce an adverse response.

Uncertainty - Imperfect knowledge concerning the present or &status of the system under
consideration; a component of risk resulting franperfect knowledge of the degree of hazard
or of its spatial and temporal pattern of exprassio

Definitions adapted/taken from:

« U.S. Environmental Protection Agency. 1998. Guiuedi for Ecological Risk
Assessment. Risk Assessment Forum, WashingtonEP&/630/R095/002F, 1998.

* U.S. Environmental Protection Agency. 2003. GenEdological Assessment Endpoints
for Ecological Risk Assessment, Washington, DC, FB38/P-02/004F.

e Suter, W.G. 1993. Ecological Risk Assessment. Legwlslishers
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1.0 Introduction

This document presents the results of a qualitadeening level assessment of ecological
effects completed to understand the potential effan accidental release of sodium hydroxide
(NaOH) may have had on terrestrial, semi-aquatid aquatic receptors following a train
derailment in the Cheakamus canyon approximatelmiHorth of Squamish, BC (Figure 1-1).

The derailment occurred on August 5, 2005 at M8es55quamish Subdivision of the Canadian
National Railway Company (CN) mainline, and resiilte the release of approximately 45,000
litres of NaOH into the Cheakamus River (Teal Sohd, 2005). As the product was carried
down the river it caused mortalities to fish andthé invertebrates in the river at the time of the
spill (McCubbinget al. 2006; Triton, 2007). The spill resulted in the parary closure of the
Cheakamus River for recreational purposeg.,(rafting, canoeing, kayaking, swimming etc.)
and a temporary closure of drinking water wellsheTproduct was carried through the system
but did not persist in the environment. The CheakarRiver was cleared for recreational
purposes within 24 hours and the drinking wateswte was lifted within 48 hours of the spill.

The Cheakamus River is a major tributary of thea®ajsh watershed, draining a 1070%area

of the Coastal Mountain range in south-western BiGrihwest Hydraulic Consultants, 2000).
The flow regime of the lower Cheakamus River isutatgd by the Daisy Lake dam and
reservoir, which diverts a portion of the annualctiarge to the Cheakamus powerhouse in the
Squamish valley. Diversion volumes and power petida vary with both climate and
regulation (Marmorek and Parnell, 2002). The traddl territory of the Squamish Nation
encompasses the entire Cheakamus River watershédha Squamish Nation members have
traditionally relied on the river and the watersHed cultural practices and food, as well as
transportation (Marmorek and Parnell, 2002).

Downstream of Daisy Lake dam, the Cheakamus Rilewsf 26 km before entering the
Squamish River at Baynes Island near the commuiitgrackendale. The Cheakamus River
supports a variety of anadromous and residentsfigities. Anadromous fish access is limited by
a series of impassable falls (between Reach 9 @jpdotated approximately 17 km upstream
from the confluence with the Squamish River (Figlh®). As a result of the location of the spill,
approximately 2 km upstream of the anadromous drarail anadromous species in the river at
the time of the spill were affected to some degwéeereas resident species upstream of the spill
were not affected. Resident fish in the river wugestn of the impassable barrier and downstream
of the spill were affected to an unknown degreeayéner, the effects were likely severe unless
the populations were restricted to tributarieside £hannels. Impacts and natural recovery are
currently being evaluated in the non-anadromoushieaffects on fish populations downstream
of the barrier have been documented in McCublengl. (2006), while effects on benthic
macroinvertebrates have been described in TritdQqR
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After the spill, a technical working committee, tGaeakamus Ecosystem Restoration Technical
Committee (CERTC), comprised of regulatory agendesal governments, Squamish Nation
and CN, with jurisdiction or directly affected dyet NaOH spill, was formed. One of the CERTC
mandates was to develop and implement a recovary foi the Cheakamus River ecosystem.
The goal of the recovery plan was to outline theta®ation and monitoring strategies for species
affected by the NaOH spill. At the time, concewese expressed by members of the Committee
and the public that in addition to the observecdireffect on fish and invertebrates, other
animal species depending on fish and/or invertebrad some degree may also have been
affected by the spill. In this context, the scregnievel assessment of ecological effects was
completed to understand the potential direct anohdirect effect the spill could have had on
receptors other than fish and benthic invertebratesrder to identify and target the need for
recovery strategies at an ecosystem level. Sineentipacts to fish and aquatic invertebrates
have been assessed elsewhere they are discussesi nieport only in terms of their capacity to
serve as food resources.

The screening level assessment presented in tpwrtrés ecosystem-based in that it has
considered species interlinked and dependent upmange of processe®.d., predation). In
doing so, it recognizes that as one species ietbsystem is altered, others may be affected.

Given the broad scope of the assessment and tliediaamount of available data.d., exposure
data such as concentration of NaOH in environmentadia, NaOH ecotoxicity toward specific
species) a screening level gqualitative assessmiemcaogical effects was selected as the
appropriate approach. The assessment focused darttions of populations and communities
within the ecosystem. The methodology used to cetapthe assessment adopted some of the
components of ecological risk assessment (EcoRégmenended by the Canadian Council of
Ministers for the Environment (CCME, 1996), BritiSlolumbia Ministry of Environment Lands
and Parks (MELP, 1998) and the U.S. Environmentalgetion Agency (U.S. EPA, 1998). The
three components of the risk assessment framewdobted included: problem formulation,
analysis (exposure and effect characterization) raskdcharacterization. The three components
of the risk assessment framework adopted inclupiexhlem formulation, analysis (exposure and
effect characterization) and risk characterizatidime concept of “risk” was adopted to
characterize the ecological effect in using theegainconcept that the resulting effects depend on
the multiplication of two factors: likelihood of aerse effect and consequence of adverse effect.
Likelihood in this case was defined as the chaheederailment caused the effects characterized
in the analysis phase. Consequence included coasimes of the intensity, spatial and temporal
scales, and reversibility of the effects. QuaMatmethods using subjective ecological effects
ranking categories, such as high, medium and loerewsed to describe the likelihood of
adverse effects rather than providing a numerictihate of effects (based on the limited
available information). This approach was seledtased on the broad scope of the project, the
limited amount of available data and professiondbment and experience. Further information
on the methodology used is provided in the nexi@ec
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2.0 Methodology

As noted above, some of the components of EcoRémetended by the Canadian Council of
Ministers for the Environment (CCME, 1996), BritiSlolumbia Ministry of Environment Lands
and Parks (MELP, 1998) and the U.S. Environmentaidetion Agency (U.S. EPA, 1998) were
adopted in order to complete this assessment. EcdRdefined by these agencies is a process
evaluating the likelihood that adverse ecologididats may occur as a result of exposure to one
or more stressor®.(., NaOH, pH). Depending on available information, #ssessment can be
described in various ways ranging from qualitajixdgments to quantitative probabilities.

The assessment presented in this report, consistetidesk exercise” using existing information
from baseline and monitoring reports and from ttierdific literature. Based on the information
available, a qualitative method using ecologicéafranking categories, such as high, medium
and low, was selected to characterize potentiakisdy effects. Qualitative risk assessments,
using similar risk ranking categories are beingduser example, in source to tap drinking water
assessments (Ministry of Health Services & MinigtfyWater, Land and Air Protection [MHS &
MWLAP], 2005) The disadvantage of this qualitative approach & thcan be influenced by
the perceptions of the assessors. To minimize ectiNge influence, the interpretation of
ecological effects contains a clear explanatiotheflines of evidence leading to the conclusions,
including a description of the uncertainties anduasptions used. Additionally, matrices were
used to provide a structured framework for the abi@rization of ecological effects (Section
6.0). The terms of reference (ToR) for the scregn@vel assessment presented in this report
were circulated for review by CERTC members andesgntatives on February 24, 2006. No
comments were received from any CERTC memberspoesentatives.

The screening level assessment of ecological sffeghsisted of three main steps: problem
formulation, analysis and characterization of tlhieelihood of adverse ecological effects.
Problem formulation included assessing the knowacef of NaOH on the environment and
identifying the receptors (aquatic and terrestritBt may have been affected. In the analysis
phase this information was integrated into the bgraent of a written and visual description
outlining how the derailment at mile 56.6 and Na®pill could have affected the identified
receptors in order to select relevant receptorsmuaich the effects were further characterized.
The effects were then characterized and rankirgffetts identified and prioritized the receptors
for which recovery plans may be developed and implged. This process is outlined in Figure
2-1.

FINAL REPORT Page 5
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Figure 2-1. Overview of the three main steps comgied in conducting the assessment

Problem Formulation
e Compilation of NaOH information
e Compilation of a preliminary list of ecological receptors
* Development of visual conceptual models

* Compilation of a final receptors list

Analysis
* Characterization of exposure

* Characterization of ecological effects

Risk Characterization
* For each considered aspect/value of the receptor:
o0 Evaluation of the magnitude of effects
o Evaluation of the likelihood of effects
0 Qualitative description of effects

o Description of the uncertainties associated with the ecological effects
characterization

2.1 Problem Formulation

In the problem formulation, the three componentsaflogical “risk” assessment: stressor .(e.g
NaOH, pH), receptorse(., invertebrates, fish, birds) and exposure patlew@yg., surface
water, food), were screened to define those coribimahaving the potential and/or plausibility
of causing adverse effects. The study area aretakgical setting were also defined. Library
databases including, but not necessarily limitedJRC Library Catalogues, Science Citation
Index, Ecotox and Environment Canada publicatioasalthse, were consulted to obtain
information on NaOH €g., physicochemical properties, toxicity and envimamtal fate). A
preliminary list of regional receptors most repreative of the assessment area’s aquatic and
terrestrial habitats was developed based on bidigestic zones and general habitat type
information (Meidinger and Pojar, 1991). Informatidrom available reports (consultants,
government agencies, First Nations, non-governregdnizations) and life cycle information
(e.g., migration pattern, habitat and seasonal rangs, aimposition) of receptors was used to
refine this list. The refined list was then screkragainst criteria to select the key receptors

FINAL REPORT Page 6
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which were further considered in the effects charagation. Selection criteria applied to the

preliminary receptors are provided in Section 4n@ dable 4-9. These selection criteria are
based on established criteria by the U.S. EPA (L1888 MELP (1998). Selection criteria were

included in TOR circulated for review by CERTC merdand representatives on February 24,
2006. Figure 2-2 illustrates the receptors selactaproach.

Once the receptors were selected, the aspectsgvafube receptors on which the effect would
be characterized were identified. These were esptes terms of a function or quality, which
was to be maintained. For example, if the recejgtibenthic community”, the aspect/value was
“maintenance of the benthic invertebrate commurfity terms of structure, biomass and
abundance) within the range of natural variability”

The information on the receptor and NaOH was tinéegrated into the development of a visual
description outlining how the spill may have aftatthe selected receptors.

Figure 2-2. Receptor selection approach

Identify biogeoclimatic zone

'

Identify forest (sub) district

/\

Identify species present| gnd Identify red and blue
by habitat type listed species

—

Compile a preliminary list identifying
receptors/species/communities which are
most representative of the study area

/\

Life cycle information (e.g., | gnd | Information from past
habitat, diet, migration) studies/reports

— ——

Compile a list identifying site-specific
receptors (species/communities)

A 4
Application of selection criteria

v
Final list of site-specific receptors to be assessed
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2.2 Analysis Phase
Receptor exposure and ecological effects were ctearaed by examining:
» Geographic and temporal distribution of spilled MO
* Receptor behavioue(., life cycle, dietary need, spatial distributiomapitat use);

» Potential contact between NaOH and receptors @itieas well as spatial and temporal
extent of contact); and,

» Potential effects (direct and indirect).

Consideration of indirect effecte.§., secondary stressor, cascading effects) wasratkaled in

the analysis. Primary, or direct, effects occur wiaestressor acts directly on a receptor and
causes an adverse response. Secondary, or inddfémtts occur when the entity’s response
becomes a stressor to another entity. For examwpbide one direct effect of NaOH exposure was

fish mortality, the consequence of fish mortalibuld be reduced food availability. In this case,

reduced food availability becomes the secondagsstrr potentially affecting dependent species
distribution and reproduction patterns. This examsglillustrated in Figure 2-3.

Figure 2-3. Example of consideration of direct andndirect effects - primary and secondary
stressors

Primary stressor: NaOH Cascade of Effects

Direct effect:
fish mortality

Indirect
effect:
decreased food

supply

Secondary stressor:
decreased food supply

Indirect
effect: change in
reproduction
pattern

2.3 Ecological Effects Characterization

The exposure and effect information obtained dutimgyanalysis phase of the assessment was
used to identify the aspects/values for each receyptich would be considered in characterizing
the overall ecological effectef., availability of food resources, ability to seras a food
resource). The concept of “risk” was adopted toratt@rize the ecological effect in using the

FINAL REPORT Page 8
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general concept that the resulting effects depenthe multiplication of two factors: likelihood

of adverse effect and consequence of adverse elfi@etihood in this case was defined as the
chance the derailment caused the effects charaetein the analysis phase. Consequence
included consideration of the intensity, spatial aemporal scales, and reversibility of the
effects. Qualitative matrices were developed aradi s characterize the effects. These matrices
are provided in Section 6.0.
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3.0 Assessment Area

The Cheakamus River originates in the Fitzsimmoasge of the Coast Mountains (Northwest
Hydraulic Consultants, 2000) and extends 26 kmisotiDaisy Lake to its confluence with the
Squamish River (Figure 3-1). The total Cheakamatershed area covers 1070%k{Northwest
Hydraulic Consultants, 2000).

The Cheakamus River is a major tributary of the&gsh River, with tributaries of its own
including Rubble Creek, Conroy Creek, Culliton Ggewift Creek, Cheekye River and Chance
Creek. In 1957, Daisy Lake dam was constructed¢lwbonsists of a 680 m long, 28 m high
dam that impounds Daisy Lake Reservoir (McCubbeh@l., 2006). The river discharge is
controlled by BC Hydro through their operation loé tDaisy Lake Reservoir and the Cheakamus
generating plant; a 155 MW storage and diversiajept (McCubbinget al., 2006). The Daisy
Lake dam and reservoir divert a portion of the ahclischarge to the Cheakamus powerhouse in
the Squamish valley (Marmorek and Parnell, 2002).

McCubbinget al. (2006) report a summary of discharge measurenrestsded at the Water
Survey of Canada Gauge Cheakamus at Brackendal€ @8&A043) from 1957 to 2004. The
average monthly discharge is 33/s) ranging from 17.0 s (March) to 78.3 rts (July); a
peak mean monthly discharge of 16%/sroccurred in 1967, while a minimum mean monthly
discharge of 7.30 ffs was recorded in 1979 (McCubbiegl., 2006).

The geographic scope of the assessment area extemdssouth of Daisy Lake dam to the
Squamish Estuary and Howe Sound.
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3.1 Biogeoclimatic Zones

In 1975 the Ministry of Forests and Range (MOF) mdd a system of biogeoclimatic
classification developed by Dr. V.J. Krajina at tbheiversity of British Columbia in the 1960’s
(Ministry of Forests, 2006a). BC was divided iritrteen broad, climatically homogenous
management areas characterized by the occurrerdmohant climax tree species. These areas
are referred to as ‘Biogeoclimatic Zones’ with gpeaegional climate, soils, vegetation and
topography €.g., Coastal Western Hemlock zone, Coastal Douglaszéire and Mountain
Hemlock zone). The fourteen biogeoclimatic zones farther divided into ‘Biogeoclimatic
Subzones’ which are characterized by climatic vanmareflected in subtle vegetation changes.
A Biogeoclimatic Subzone is further divided intoVariant’, which is generally recognized for
areas slightly drier, wetter, snowier, warmer oldeo than other areas within a given subzone.
For example, the Very Wet Coastal Western Hemlatkasne is divided into two variants — the
Montane (snowier, cooler, higher elevation) asdbmontane (lower elevation, warmer, less
snow) (Green and Klinka, 1994). All biogeoclimationes are given a two to four letter code
corresponding to their name; the subzone coderigedkfrom relative precipitation of the site;
and the variants are named with geographic laleflscting their general distribution within a
subzone (Figure 3-2) (Green and Klinka, 1994).

As mentioned in the Methodology Section, information biogeoclimatic zones and general
habitat type were used to develop a preliminanydigegional receptors most representative of
the assessment area.

Figure 3-2. Biogeoclimatic zone classification

Zone Subzone Variant

\ 4 v v
CWH Ds 1

CWH - Coastal Western Hemlock

Ds - Southern Dry Submaritime: less precipitationyenpronounced water deficits, cooler temperatunelsmaore
snowfall than adjacent zones

1 - Found at lower elevations

311 Cheakamus River Biogeoclimatic Zones

The Cheakamus River falls within the Coastal Westéemlock (CWH) Biogeoclimatic Zone.
The CWH Zone occurs at low to middle elevationsstiyowest of the coastal mountains, along
the entire British Columbian coast (Poghial., 1991). Elevations range from sea level to 900 m
Western hemlockTsuga heterophylla) and amabilis fir Abies amabilis) are the dominant climax
trees with several other common species (refer efabll). Abundant rainfall and mild
temperatures make these forests the most produnti®anada (Ministry of Forests, 2003).
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The Cheakamus River from its headwaters to itslaente with the Squamish River crosses
four biogeoclimatic subzones, which are relateth&oelevational profile of the region (Figure 3-
3). These include:

* Engelmann Spruce — Subalpine Fir Zone Moist Wartmz8ne (ESSFmw);

» Coastal Western Hemlock Southern Moist Submaritagant (CWHmMs1);

» Coastal Western Hemlock Southern Dry Submaritimeavia (CWHds1); and,
* Coastal Western Hemlock Dry Maritime Subzone (CWHdm

For the purpose of the effect assessment onlyibesériants occurring south of the Daisy Lake
dam and within elevation ranges of the river weoasidered. These include CWHds1l and
CWHdm. A general description as given by Green Khiadka (1994) for these two zones is
provided in Table 3-1.
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Table 3-1. Description of CWHds1 and CWHdm

‘Southern Dry Submaritime Coastal Western Hemlock \ariant’ (CWHds1)
Distribution: | Lower elevations in drainages of the upper FraseerReast and north of Chilliwack,
and in the eastern portion of the Coast Mountainsfupper Harrison Lake to the
Homathko River. Elevation ranges from the vallejtdio to approximately 650 m.
Climate; Climate is transitional between the coast and imtercharacterized by warm, dry
summers and moist, cool winters with moderate satbwCompared with adjacent
subzones, CWHds1 has less precipitation, more piorenl water deficits, cooler
temperatures, and more snowfall. Mean annual pitation ranges between 990 to
2054 mm and the mean annual temperature rangés 8.4C.
Vegetation: | Forests are dominated by Douglas Rsdudotsuga menzesii), western hemlock and to
a lesser extent western red cedanuja plicata). Understorey is characterized by a
relatively poorly developed shrub and herb layeith véome falsebox Raxistima
myrsinites) and small amounts of prince’s pin€h{maphila umbellate), dull Oregon-
grape Mahonia nervosa) and queen’s cupf{intonia uniflora) with a well-developed
moss layer dominated by step madgi 6comium splendens), Rhytidiopsis robusta, red-
stemmed feathermos#leéurozium schreberi), Rhytidiadelphus triquetrus and lanky
moss R. loreus).

‘Dry Maritime Coastal Western Hemlock Subzone’ (CWHIm)

Distribution: | Low elevations on the mainland and immediately egljd islands, extending from
Hardwicke Island in the north to Chilliwack Rivar the southeast. Elevation ranges
from sea level to approximately 650 m (lower inteetalleys).
Climate; Warm, relatively dry summers and moist, mild wistevith little snowfall. Mean
annual precipitation ranges between 1367 to 241Zaminthe mean annual temperature
ranges 8.7 to 10°G.
Vegetation: | Forests are dominated by Douglas fir, western esthg and western hemlock. Major
understorey species include sal@agltheria shallon), red huckleberry {accinium
parvifolium) and a moss layer of step mag&@ndbergia oregano), Rhytidiadel phus
loreus and flat moss(Plagiothecium undulatum). Less common species include dull
Oregon-grape, vine mapléder circinatum), bracken fern Rteridium aquilinum) and
sword fern Polystichum munitum).

Source:Green and Klinka, 1994

3.1.2 Forest District

The Cheakamus River watershed lies within the SdiglamRorest District (DSQ). The DSQ
covers 1,098,000 ha or 1.1% of the total area of(Bistry of Forests, 2006b), with 40% of
the district forested with temperate rainforest tnadsitional interior forest (Ministry of Forests,
2006b). Key activities in the DSQ include touridogging, recreation, ranching, farming and a
deep-sea port.
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4.0 Problem Formulation Results
4.1 NaOH Information
4.1.1 Physicochemical Properties

NaOH (CAS number 1310-73-2 and UN1824), also knasrye or caustic soda, is a caustic
metallic base (Environment Canada, 1984). NaOHaslyced mainly in three forms: 50% and
73% aqueous solutions and anhydrous NaOH in then fof solid cakes, flakes or beads
[Canadian Centre for Occupational Health and Safe@OHS), 1999]. NaOH 73% aqueous
solution is the form which was spilled followingetlderailment at Mile 56.6. This solution is
odourless, white and of clear to turbid appearamedle 4-1 summarizes the physicochemical

properties of NaOH 73% aqueous solution.

Table 4-1. Physicochemical properties of NaOH 73%oution

Physical State

Liquid (15°C latm)

pH 14, strongly alkaline

Boiling point 188°C to 193°C

Freezing point 62 - 63°C

Density 1.730 g/crat 70°C

Solubility Soluble in water in all proportions (58( at 20°C solid form)
Viscosity 27 mPa.s

Vapour pressure

1hPa at 25°C

Vapour density

Not applicable

Evaporation rate

Essentially zero

Partition coefficient n-octanol
water

Essentially zero (not applicable for an inorgaimpound which
dissociates)

Sources:Environment Canada, 1984;

Nexen, 2005

4.1.2 Environmental Fate

Air

NaOH has a very low vapour pressure {h®a at 25°C, Table 5-1) and therefore is not stibjec
to volatilization. NaOH is not expected to be sported into the air from the aquatic and

terrestrial media [United Nation Environment Pragnae (UNEP), 2002]. When released

directly into the air, it absorbs both moisture aratbon dioxide, is changed into sodium
carbonate and is subsequently washed out by rath @PA, 1992).

Soil

NaOH is described as “very mobile in soil” (UNER)02). UNEP (2002) indicates in soll,
NaOH mobility depends directly on the importancetioé¢ liquid phase of the soil and the
possibility to form metal hydroxo-complexes with tadesolid species. The 73% aqueous
solution of NaOH at ambient temperatures is desdriks a highly viscous, gelatinous material
which is not expected to infiltrate soil to any raigcant extent in the absence of additional
dilution (e.g., precipitation) (UNEP, 2002). Note the term “sigraint” has not been defined by
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UNEP (2002). As the dilution of NaOH increasessiged of movement through soil increases.
The hydroxide remaining in the aqueous phase woNerdownward through soil in the direction
of groundwater flow (UNEP, 2002).

Water

NaOH is described as “very soluble in water” andaile at all proportions (UNEP, 2002).
Upon reaching water, NaOH dissociates immediatety @mpletely into sodium and hydroxyl
ion according to the following equation: NaQh Na' + OH (U.S. EPA, 1992; UNEP, 2002).
The hydroxyl ion then reacts with free H+ or anydacspecies that may be present, forming
water: OH + H'« H,O (UNEP, 2002). Depending on the buffering capacftyhe receiving
water, the resulting decrease in free hydrogencmicentration can cause an increase in water
pH (UNEP, 2002).

The dissociation of NaOH in water is a strongly teeomic reaction (generates hedor
example, temperatures in excess of 60°C have lmmemded when solid NaOH is mixed with
ambient river water (EC, 1984). UNEP (2002) inthsaincreased pH causes decreased
solubility because a higher OH- concentration reguthe amount of solid hydroxide that can
dissociate into free metal ions and OH - ions.

Bioaccumulation

UNEP (2002) indicates since sodium hydroxide issené in the environment as sodium and
hydroxyl ions it will not adsorb on particulate netor surfaces, will not accumulate in living
tissues and thus does not accumulate in the foaithchhe U.S. EPA also indicates NaOH is not
persistent in the environment and is not expeateflidaccumulate in organisms (U.S. EPA,
1988).

4.1.3 Environmental Effects and Ecotoxicity

As mentioned above, NaOH is highly soluble in wated dissociates to sodium and hydroxyl
ions. This has the effect of increasing the watérapd alkalinity, particularly in waters having
low buffering capacity (UNEP, 2002) such as the &aeus River (alkalinity 11.0 to 12.1
mg/L; refer to Section 4.2.4). For example, thevattues of unbuffered water containing NaOH
from 0.1 ppm to 10,000 ppm have been observedngerérom 8.4 to 13.4, respectively (U.S.
EPA, 1992). In the case of the Cheakamus Rivenag estimated NaOH level reached 2000
ppm and pH reached values around 13 (Section)dafdwas high enough to cause mortalities
to fish and benthic invertebrates in the river (MbGinget al. 2006; Triton, 2007). The direct
adverse effect to aquatic life is mainly causednoyeased pH (pH effect) and is dependant upon
the buffering capacity of the water body. In ahtygbuffered water body the hydroxyl ion will
be neutralized and adverse effects will be low,levim a poorly buffered water body the pH will
increase rapidly and adverse effects will be reddyi high (UNEP, 2002).

Environment Canada indicated the adverse effectsltieg from fish exposure to NaOH are
mostly a consequence of increased pH and at pHeab@vare due to burns to the outer skin of
the gills accompanied with strong slime formatidhe fish die by suffocation (EC, 1984).
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There is little reliable ecotoxicity data for Na@idblished in the scientific literature. Most of the
published studies have been completed between a®4d51978 and were not conducted
according to current testing standards (UNEP, 20@@jditionally, the available studies
reviewed did not include information on the buffigricapacity of the test medium which would
have directly affected the toxicity results. Thayostudy considered valid by the UNEP when
reviewing the ecotoxicity of NaOH was a study byméset al., in 1999, which obtained a LC50
(48 hour) of 40 mg/L in a test with water fle@efiodaphnia dubia) (UNEP, 2002). The U.S.
EPA indicated NaOH was only slightly toxic to fish acute exposures and there was no
indication of chronic effects (U.S. EPA, 1988), lem&r, no data supporting this statement were
evident from the U.S. EPA report. In its reviewNdOH toxicity UNEP indicated although the
available ecotoxicity test results were from stadiensidered to be invalid, the results of these
tests were more or less consistent and providdetigut indication of the acute ecotoxicity of
NaOH. Results of ecotoxicity tests reported by UNE®02) and ECOTOX (2006) are
summarized in Table 4-2.

No relevant information on ecotoxicity data forrestrial organisms was found in the scientific
literature reviewed. UNEP indicated significant egpre of the terrestrial environment was not
expected thus toxicity tests were typically notfpened with terrestrial organisms (UNEP,

2002).

It is common practice in assessments of ecolo@giffatt or ECORA to use ecotoxicological data

to derive a Predicted Non Effect Concentration (ENEThe PNEC is then compared to the

Expected Environmental Concentration (EEC) to dateua Risk Quotient, which is then used to

evaluate the potential risk. In the case of NaOFNEC was not evident from the reviewed

scientific literature. UNEP indicated because tl@madverse effect of NaOH exposure is due to
the hydroxyl ion and increased pH of the receiveryironment, and because the buffering
capacity, pH and fluctuation of pH are site-spegifi is not useful/possible to derive a generic
PNEC. Rather, the adverse ecological effect shbaldvaluated based on a receiving water pH
change (UNEP, 2002).
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Table 4-2. Results of ecotoxicity tests for NaOH

Species Endpoint Al References
(mg/L)
Common Scientific
Name Name
Freshwater
Water flea Daphnia magna Toxicity 40 - 240 McKeeet al., 1963 In: UNEP, 2002
threshold
Water flea Ceriodaphnia LC50 (48 h) 40 Warneet al., 1999 In: UNEP, 2002
dubia
Mayfly order Ephemeroptera Mortality 100 Van Horneet al., 1949, In: Ecotox
(48 h) 2006
Midge Chironomus sp. Mortality 700 Van Horneet al., 1949, In: Ecotox
(48 h) 2006
Snail Biomphalaria a. Lethal 450 Gohaet al., 1961 In: UNEP, 2002
alexandrina concentration
Snalil Bulinus truncatus Lethal 150 Goharet al., 1961 In: UNEP, 2002
concentration
Snalil Lymnaea caillaudi | Lethal 150 Goharet al., 1961 In: UNEP, 2002
concentration
Goldfish Carassiusauratus | LC50 (24 h) 160 Jensen, 1978 In: UNEP, 2002
Carp Leuciscusidus LC50 (48 h) 189 Juhnket al., 1978 In: UNEP, 2002
melanotus
Mosquitofish Gambusia affinis LC50 (96 h) 125 Wallen, 1957 In: UNEP, 2002
Guppy Poeciliareticulata | LC50 (24 h) 145 Yarzhombedt al., 1991 In: UNEP,
2002
Pike perch fry Lucioperca Toxic >35 Stangenberg, 1975 In;: UNEP, 2002
lucioperca L. concentration
Shiner Notropis sp. Mortality 100 Van Horneet al., 1949, In: Ecotox
(5 days) 2006
Largemouth bass Micropterus Mortality 50 Sanborn, 1945 In: Ecotox, 2006
salmoides (7 days)
Coho salmon Onchorynchus Mortality 20 WQC, 1971 In: EC, 1984
kisutch (min. conc.;. 5
days)
Saltwater
Common shrimp| Crangon crangon LC50 (48h) 33-100 Portmaret al., 1971 In: ECOTOX,
2006
Cockle Cerastoderma LC50 (48 h) 33-100 Portmaeat al., 1971 In: ECOTOX,
edule 2006
Marine Ophryotrocha LC50 (48 h) 33-100 Parker, 1984 In: UNEP, 2002
polychaete diadema
Hooknose Agonus LC50 (48 h) 33-100 Portmaet al., 1971 In;: ECOTOX,
(pogge fish) cataphractus 2006

Sources:UNEP (2002) and ECOTOX (2006)
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The provincial and Canadian water quality guiddispecify for the protection of freshwater
aquatic life the pH of water should not vary beydihe range of pH 6.5 to 9.0 (CCME, 1998b;
MWLAP, 1998). The effects on fish of pH values abd® are summarized in Table 4-3 while
Table 4-4 shows acceptable ranges of pH for difiteneater uses.

Table 4-3. Effects of pH values above 9 on fish (QME, 1998b)

pH Range | Effect

9.0-9.5 Likely to be harmful to salmonids and peafgiresent for a considerable length of time.

9.5-10.0 Lethal to salmonids over a prolonged kb time, but can be withstood for short
periods. May be harmful to developmental stagesoofe species.

10.0-10.5 Can be withstood by roach and salmoradsiiort periods but lethal over a prolonged
period.

10.5-11.0 Rapidly lethal to salmonids. Prolongedomsure to the upper limit of this range is lethal
to carp, tench, goldfish and pike.

11.0-11.5 Rapidly lethal to all species of fish.

Note: CCME (1998b) does not provide definitionsttoe different time periods shown in the abovedabl

Table 4-4. Acceptable ranges for pH

Water Uses pH Range References

Fresh Water Aquatic| 6.5t0 9.0 MWLAP, 1998; CCME, 1998b
Life

Marine Aquatic Life 7.0t0 8.7 CCME, 2005b

Wildlife Water None proposed (protection inferred from theIWLAP, 1998

Supply aquatic life criteria is judged adequate)

Livestock Water pH5.0t0 9.5 MWLAP, 1998

Supply

There is little information on the effect of higiHp@above 9) on organisms other than fish.
Aquatic plants have been observed to have a wid®jgfance and some authors have indicated
they should not be impacted by shifts of 2-3 pHau(iVicKean and Nagpal, 1991).

The pH of marine waters including estuaries and aamients is generally stable due to the
buffering capacity provided by the dissolved séisch as sodium, potassium, magnesium and
calcium) (CCME, 2005b).

In addition to pH change, the dissociation of Na@Heases sodium cations in the aquatic
environment. Sodium (NRis ubiquitous in the aquatic environment and besn observed in
Canadian surface waters in concentrations rangomg L mg/L to more than 300 mg/L (Health
Canada, 1992). Sodium remains in the environmdht equilibrium between various forms of
complexes and precipitates. Sodium is an esseslgaient for aquatic biota as it is involved in
maintaining proper osmotic pressure, however higlh Isvels could cause osmotic stress to
freshwater organisms.

There is currently no Canadian water quality gurgefor sodium for the protection of aquatic
life; similarly, the U.S. EPA has not published ambient Water Quality Criterion for sodium.
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Studies on the effect of road salt application (aB®% Na and 60% C) on freshwater aquatic
organisms have been completed, however, the adediset was assessed based on chloride
levels not sodium levels. For information the BCheent water quality guideline for chloride for
the protection of freshwater aquatic life is 600/img

At concentrations reported in publications and repohe toxic effects of NaOH has been
assumed to be due to the hydroxyl ion (pH effeather than to the sodium (UNEP, 2002).
Similarly, in the context of this assessment, is Haeen assumed adverse potential direct
ecological effects were due to pH change rather th@tuation in sodium concentration.

The potential for high pH to cause increased mdtimiavailability and contribute to mortalities
was considered, however, the pH effect was considfre most plausible process causing direct
mortalities to aquatic organisms.

In surface water and sediment, pH is consideredeoone of the most important factors
governing metal speciation, solubilityadsorption-desorption processes, transport and
bioavailability (Elder, 1988; John and Leventh&@9%). Under pH conditions in natural surface
waters (6.0 — 8.0), most metal hydroxide minerasehlow solubility (John and Leventhal,
1995). Generally, the solubility of metal hydroxidenerals increases with decreasing pH, and
more dissolved metals become potentially availédoiéncorporation in biological processes as a
result of the increased bioavailability. It shoaldo be noted ionic metal species encountered at
lower pH are considered the most toxic forms toatiguworganisms (John and Leventhal, 1995;
Salomons, 1995). At higher pH, metals tend to dnsorthe various solid phases present in the
water column €.g., suspended particles, organic solids) and/oripitate out of solution (John
and Leventhal 1995; Salomons, 1995). In additioatewquality monitoring showed pH values
had returned to background levels in the CheakaRiusr within five to seven hours post-
derailment. It is therefore unlikely to have reedltin sustained changes to prevailing
geochemistry.

No anthropogenic sources of metals have been faighind none were expected in the areas of
the Cheakamus River assessed as part of the emwsgsteening work. In addition, substrate of
the lower Cheakamus River consists mainly of cablaed is not considered a plausible or
sufficient source of metals. The underlying geolafyhe lower Cheakamus River consists of
volcanic and metamorphic rock primarily of the dmadiorite formation subject to less
weathering than sedimentary rock.

4.2 Cheakamus and Squamish Rivers Water Quality Inf  ormation

In order to obtain information on water quality time Cheakamus and Squamish rivers in the
context of drinking water and recreational actesti surface water samples were collected by
Triton on August 6, 7, 17 and 19, 2005. While, ttwdlection of water samples was not
completed in the context of the assessment of gmalbeffects, results are summarized in this
section as they are relevant to the assessmenpterital exposure and effects.

On August 6 and 7, surface water samples wereatetlefrom a total of ten locations in the
Cheakamus River, and the Squamish River Estuatydimg Mamquam Blind Channel. On
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August 17, surface water samples were collectad fxdotal of nine locations in the Cheakamus
River and the Squamish River Estuary and on Au@sturface water samples were collected
from one sample location upstream of the spill Gtigure 4-1).

Water samples were analyzed by ALS Environmentatie following parameters (Tables 4-5
and 4-6):

* pH;

* Total sodium,;

» Total organic carbon (TOC) and dissolved organib@a (DOC);
* Total alkalinity; and,

» Conductivity;

pH and total sodium were considered the main indisaof the presence of NaOH. It is
important to note higher sodium concentrations otegk in the Squamish River Estuary are
reflective of saltwater intrusion from Howe Sound.

In addition to the collection of analytical samplessitu multi-parameter probes recorded pH,
temperature and conductivity in the Cheakamus Ramproximately every 15 minutes from

August 15 to August 27, 2005 and from SeptembeaonZ3ctober 28, 2005. Probes were located
at the derailment site, and approximately 500 rsetlewnstream of the derailment site Triton
(2006a).

Sampling and analytical results (Tables 4-5 and dedfirm sodium hydroxide traveled down

the river as a pulse and its effect on water quabithough acute, was of short duration.
Measured parameters showed values in the rangatafah background on August 6, 2005, one
day after the spill. One sample obtained direathnt “foam” in the Squamish Estuary at the
Mamquam River Blind Channel location showed eledyd®el of sodium, conductivity and total

organic carbon. However, the pH of this sample near neutral (7.42) thus the high level of
sodium, conductivity and total organic carbon carbedirectly linked to the sodium hydroxide

spill.
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421  pH

Monitoring conducted on August 5, 2005, showed pitles had returned to background levels
in the Cheakamus River within five to seven houosterailment. pH measured in the
Cheakamus River mainstem at the North Vancouvedd@utSchool was 7.8 at 12:30 on August
5, 2005 (McCubbingt al., 2006). Similarly, monitoring by the District &quamish on August
5, 2005 did not record pH exceeding the BC ApproVédter Quality Guidelines for the
protection of freshwater aquatic life (6.5 to 9a@er 14:20 (District of Squamish, pers. comm.,
2005).

Analytical samples collected on August 6 and thiteeashowed pH values (6.63 — 7.54) within
the range of approved values for the protectiofreshwater aquatic life and livestock water
supply (Table 4-4).

pH values recorded by tha situ probes during site cleanup activities from Augil@tand 27
were within the remediation targets prescribed leplTSolution (5.8 to 9.0) except for some
localized departure due to the addition of acetid &down to 5.24). pH values recorded by the
in-situ probes between September 23 and October 28, 2@38 within the federal and
provincial guidelines for the protection of fresttar@aquatic life (6.5 to 9.0). The only exception
was on October 14 at the spill site 20m downstre&the bridge where pH reached a value of
6.2 and only for 10 minutes. This lower pH valuesvedtributed to rainfall washing off acetic
acid residue from site remediation activities. Tphid value was higher than a previously
documented pH of 6.0 recorded in the CheakamusrRweath of Garibaldi (MOE, 2003). No
corresponding low pH value was recorded at the dtn@am location. Additional rainfall events
did not result in pH values outside of the recomdeehrange for the protection of freshwater
aguatic life.

Additional information on pH monitoring completedrthg remediation activities is provided in
the two following reports:

* Teal Solutions. 2005. Draft Environmental EmergerRgmediation Plan, CN Rail
Derailment Garibaldi Mile 58.5, August'@005. 16pp.

e Triton Environmental Consultants. 2006a. Sodium tdydle Derailment Mile 56.6
Water Quality Assessment. Draft Summary Report gnesgh for CN. September 2006.

15pp.

4.2.2 Total Sodium

Fifteen of the sixteen samples collected in theakRhmus and Squamish rivers showed total
sodium concentrations below the detection limiRdf mg/L. The only detectable concentration
was measured at 2.1 mg/L. The seven samples @l@cithe Squamish River Estuary showed
total sodium concentrations ranging from 2.9 mg/l1720 mg/L. The concentrations observed
in the Cheakamus and Squamish rivers are in therloange of sodium concentrations reported
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for 75 rivers by UNEP in 1995 where the™percentile, mean and ®@ercentile were 1.5, 28
and 68 mg/L, respectively.

There are no Canadian or provincial water qualitydglines for the protection of freshwater
aquatic life for sodium. Similarly, the U.S. EPAshaot published an Ambient Water Quality
Criterion for sodium. Ecotoxicity data for sodiunemg not found in the reviewed literature. The
literature indicates the toxicity of sodium salte @ue to the anions rather than to the sodium
cation. This and the analytical results indicate direct impact of the spill on aquatic resources
was due to the pH effect rather than direct ioncibxfrom sodium.

4.2.3 TOC and DOC

TOC and DOC were selected as indicators of poteatgal decomposition following NaOH
exposure in response to anecdotal comments inagcadam had been observed in the Squamish
River. All samples collected in the Cheakamus amaagish rivers showed TOC concentrations
below the limit of the laboratory method of detenti(0.5 mg/L) except for two samples
collected directly at the spill site which showexhcentration of 0.66 mg/L and 0.89 mg/L. Note
these values were in the range of the backgrowra (6.78 mg/L) obtained upstream of the spill
site. Out of the seven samples collected in thea®dgh River Estuary, six showed
concentrations ranging from below the laboratoryhoe detection limit of 0.5 to a high of 0.68
mg/L. The sample collected at the Mamquam Blindr®@lealocation on August 6, 2005 showed
the highest TOC level at 24.9 mg/L.

DOC levels obtained in Cheakamus and Squamishsriwere below the limit of the laboratory
method of detection (0.5 mg/L) in all samples exdef collected downstream and upstream of
the spill site. These samples showed DOC concemsatof 0.65 mg/L and 0.57 mg/L,
respectively. DOC concentrations in the SquamisleREstuary ranged from less than the
detection limit of the laboratory method to 0.57/Indor six samples. Consistent with TOC
results, the highest DOC concentration (1.05 mg/ay obtained from the sample collected at
the sand bar in the Mamquam Blind Channel on Augu&005. While no TOC or DOC data
specific to the Cheakamus and Squamish rivers i@rad in the reviewed literature, the
Ministry of Environment indicates existing data fBritish Columbia lakes and rivers show
median total and dissolved organic carbon leveleegdly less than 5 mg/L except for waters
having high natural or anthropogenic sources (Mob®88).

The BC Approved Water Quality Criteria for TOC aB®C for the protection of freshwater

aquatic life and wildlife specify the 30-day”5f)ercentile shall be within 20% above or below
seasonally-adjusted median background levels assureh historically or at appropriate

reference sites (MWLAP, 1998). As calculationswdtidbe conducted at a minimum of five

weekly samples taken over a period of 30 days tigemot enough information available to

compare the obtained results with the criteria.r&éhe no Canadian water quality guideline for
the protection of freshwater and marine aquateflir TOC and DOC.

Results obtained from the Squamish River and CheakeRiver were low and in the range of
values generally observed in surface water in BErsi.
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424 Alkalinity and Hardness

Alkalinity is a measure of the buffering capacifywater, or the capacity of bases to neutralize
acids. Alkalinity does not refer directly to pH,tla the ability of water to resist pH change.
Alkalinity results (11.0 to 12.1 mg/L) confirmedetitheakamus River has low alkalinity and is
susceptible to changes in pH. Hardness is a mea$uaegions (mainly calcium and magnesium)
in water. Waters with hardness values greater i28nmg/L CaC®are considered hard, while
waters with values less than 60 mg/L are soft (Ress Inventory Committd®IC], 1998)
Hardness results also confirm the river watersafeand thus more susceptible to fluctuations
in pH.

Table 4-5. Analytical results for samples collectedugust 6 and 7, 2005

Water Sampling Sodium | Conductivity TOC DOC
. Date pH
Location (mg/L) (uS/cm) (mg/L) | (mg/L)
Squamish River Estuary atthel s a0 05 | 7.21 757.0 4830.0 0.68 0.57
Terminals
ggi‘:am'Sh River Estuary atthe, g a .05 | 7.08 15.8 117.0 <050  <0.50
ggi‘:am'Sh River Estuary atthe, g a0.05 |  6.82 8.9 705 056| <050
ggi‘:am'Sh River Estuary atthe, 7 a,q.05 |  6.91 2.9 26.4 <050 <050

Squamish River Estuary at Sand

bar Mamguam Blind Channel 06-Aug-05 7.42 1720.0 10200.0 24.90 1.05

S ish Ri 06-Aug-05 7.31 <2 31.3 <0.50 <0.50
quamish River 07-Aug-05 | 6.85 <2 22.6 <0.50 <0.50
Cheakamus River at confluenge 06-Aug-05 797 21 53.4 <0.50 <050

with Squamish River

Squamish River downstream af

; 06-Aug-05 7.17 <2 37.6 <0.50 <0.50
Cheakamus River
Squamish River mid channel | 06-Aug-05 6.63 <2 19.0 <0.50 <0.50
upstream of Mamquam River 07-Aug-05 6.67 <2 15.2 <0.50 <0.50
Squamish River mid channel
downstream of Mamquam 06-Aug-05 6.63 <2 19.5 <0.50 <0.50
River
Cheakamus River ~300m
upstream of confluence with 07-Aug-05 7.12 <2 52.0 <0.50 <0.50
Squamish River
Squamish River Estuary atthel s a0 05 | 7.21 757.0 4830.0 0.68 0.57
Terminals
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Table 4-6. Analytical results for samples collectedugust 17 and 19, 2005

Water

Sampling Date H Sodium |Conductivity | TOC DOC |Alkalinity | Hardness

Location P (mg/L) (uS/cm) (mg/L) | (mg/L) | (total) (CaCoOs,)
/Description
Squamish River 17-Aug-
Estuary at the 05 9 1 721| 586.0 3860.0 1.09 0.64 16.9 365.0
Terminals
Squamish River 17-Aug-
Estuary at the 05 9 7.29 7.4 54.9 <0.50 <0.50 55 18.5
Spit
Squamish River 17-Aua-
at Eagle Island 059 6.90 <2 15.0 <0.50 <0.50 4.4 14.0
Site
Squamish River
atconfluence | 17-Aug- | 7 45| 5 46.2 067| 063 12.6 17.2
with Mamquam 05
River
Cheakamus
Riverat | 17-Aug- | 55, | 40.2 <0.50| <0.50 13.2 16.9
confluence with 05
Squamish River
400 m 17-Aug-
downstream of 059 7.20 <2 36.7 <0.50 - - 14.0
spill site
Spill site
downstream |+ V9" | 6.06| <2 36.2 0.89| 0.5 12.1 14.0
station
Spill site middle | 17-Aug- | 7 45| o 35.2 066 | <050 11.2 14.0
station 05
Spill site most | 17-Aug- | 4 55| _; 35.1 <0.50| <0.50 11.0 14.1
upstream station 05
Upstream of
spill site 19-Aug- | 7971 < 33.2 078| 057 12.0 145
downstream of 05
Chance Creek

4.2.5 Modelled NaOH Transport

Nomograms provided by Environment Canada (1984)ewesed to estimate maximum
concentrations of sodium hydroxide in the CheakaRiusr following the derailment.

Sodium hydroxide in concentrations higher than &@ent transported at normal temperature is
highly viscous or solid which means it will not dradby gravity unless temperatures are above
62°C. Nexen Chemicals estimated the product was & 90%n released from the railway car
which would have allowed it to drain out by gravity

At the time the nomograms were used, it was estichd6,000 litres of 73% sodium hydroxide
had been released onto the right bank of the Chneag&iver (Teal Solution2005). Although
it was estimated at a later date 45,000 litresoafitsn hydroxide had entered the Cheakamus
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River, 46,000 remained the value selected whengu&® nomograms. Based on these
nomograms and using a burst manhole of 400 mmzm, $i was estimated all 46,000 litres
exited the car in the first minute. Given the ektehthe spray zone it was also hypothesized a
large volume would have sprayed through the manpote to flowing out. The nomograms
were used based on a worst case scenario assurbi@@litres remained on the bank and 44,500
litres entered the Cheakamus River. This would dpgivalent to 56.2 tonnes of 73% sodium
hydroxide.

As discussed in Section 4.1.2. sodium hydroxideal®s rapidly and completely in water and
mixing can be described using classical diffusiaquations (Environment Canada, 1984).
Environment Canada (1984) uses turbulent diffusiequations to estimate pollutant
concentration in a river downstream of a spill. Emvment Canada (1984) indicates in the case
of sodium hydroxide, as it is denser than wateg,ttaximum concentration would be expected
near the bottom of the river.

The following average river characteristics wereedusto estimate sodium hydroxide
concentrations five, ten and fifteen kilometres detream of the spill site (Table 4-7):

*  Wetted width =20 m
e Depth=15m

« Velocity = 1 m&

* Manning’s n =0.03

The concentration of sodium and hydroxyl ions carcalculated from the estimated maximum
concentration of NaOH, and the pH extrapolated (@ 4bv).

Table 4-7. Model results for sodium hydroxide cona#ration and pH downstream of the
derailment

Distance downstream
5 km 10 km 15 km
Time post spill to reach the given distance 1h23 2h47 4h10
NaOH (mg/L) 2000 1400 1000
Na" (mg/L) 1015 805 575
OH (mg/L) 850 595 425
pH 12.7 12.5 12.4

As the buffering capacity in the Cheakamus Rivdows, adjustments to the pH derived from the
model are no greater than +/-0.05 based on caicaotafrom De Groott al., (2001) (De Groot
et al.,, 2001 in UNEP, 2002). Limitations of the model include no inclusion ofolecular
diffusion and an assumed low turbulent diffusionManning’s coefficient. For the Cheakamus
River, Manning’'sn is variable although greater than the defaultealsed in the model. Mixing
in the river would be expected to be greater thatng estimated by the model, thus reducing
the maximum concentration.

FINAL REPORT Page 28
Prepared by Triton Environmental Consultants Ltd.



Screening Level Assessment of Ecological Effects June 2007

As the product was carried down the river the pH Wigh enough to cause mortalities to fish
and benthic invertebrates in the river (McCublehgl. 2006; Triton, 2007).

4.3 Ecological Receptors

The assessment area supports a wide range of ttiedresnd aquatic species including
invertebrates, amphibians, reptiles, birds, mamraatsfish. A preliminary list of 233 potential
receptors identified as being present in the CheakaRiver watershed has been compiled based
on biogeoclimatic zones and general habitat tyfpernmation obtained for the assessment area
(Section 3.1). The preliminary list of receptorsdaorresponding references are provided in
Appendix I. The receptors were divided into respecanimal communities based on trophic
level (carnivores, omnivores, herbivores, insectgo herbivore/insectivores and piscivores) as
sourced from the BC Conservation Data Centre (20@@neral definitions of each animal
community are provided below. Details specific tee tselected site-specific receptors are
provided in Section 6.0.

43.1 Carnivore

“Carnivore” for the purposes of this report inclsdeaammal, bird, amphibian and reptile species
potentially found in the Cheakamus watershed conmsgiiaquatic and terrestrial vertebrates, fish
(but not exclusively) and large invertebrates @stmial and aquatic). The general foraging
habitat of the carnivore community occurs in woodlgthe river's edge and open areas.

Carnivorous mammal species identified in the Chealsawatershed are of small to medium
body size, the majority of prey items include snmallmedium sized vertebrates such as deer,
rabbits, mice, squirrels and voles, with the exicepof the mink Mustela vison) and northern
river otter Lontra canadensis) which prey mostly upon aquatic vertebrates andesterrestrial
vertebrates. Generally, the carnivorous mammsiedido not hibernate over the winter, many
are chiefly nocturnal but can be seen hunting duthe day. Home ranges vary from small
hunting areasdg., long-tailed weaselMustela frenata) ranges 12-16 ha] to the coug&ufna
concolor), and coyote Canis latrans) which can range up to 120 km (Burt and Grossel@ngi
1980).

Carnivorous bird species occurring in the Cheakamatgrshed include birds of prey (eagles,
hawks, kestrels, falcons and owls). These birdsoatarger body size and take prey including:
small mammals, small to medium sized birds, fisht (bot exclusively), carrion and some
insects. Most of the birds of prey are diurnalntmg during the day and the majority are
migratory, with northern breeding populations mayvisouth for the winterelg., American
kestrel Falco sparverius), Cooper’s hawkAccipiter cooperiiy, Peregrine falco(F. peregrinus)].
The owl species are generally sedentary with eweesf some southward movemeneyy],
Northern saw-whet owlAgegolius acadicus)], with most activity occurring at night (Campbell
al., 1990).

There are few carnivorous amphibians and reptiteshe region, with only one amphibian
species identified, the coastal giant salamand&ica(ptodon tenebrosus), although the
Cheakamus River may be just out of its range, &neletreptile species (Appendix Il). The
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coastal giant salamander’'s main diet consists roéseial and aquatic invertebrates and small
snakes and mammals. The diet of the identifiedlespincludes salamanders, frogs and large
invertebrates €g., slugs, worms, snails, leeches). Little is known populations and
movements of these species in the study area.

4.3.2 Omnivore

“Omnivore” includes generalist mammal, bird andtitepspecies likely to be found in the
Cheakamus River watershed, which consume a vasfdtgrbaceous materials, including fruits,
nuts, seeds, as well as invertebrates and vergsbiag., black bear rsus americanus),
Steller’s jay Cyanocitta stelleri), Northern pintail Anas acuta)] (Appendix Il). The omnivorous
group is diverse ranging from large mammalg.| grizzly bear (rsus arctos)] to small rodents
[e.g., deer mouseReromyscus maniculatus )], aquatic and terrestrial bird speciesgy], mallard
(Anas platyrhynchos), common raven Gorvus corax ) respectively], reptiles and a few fish
species. This group includes species which argiugaduring the coldest winter monthsg,
black bear, grizzly bear), scavengezg. common raccoorPfocyon lotor)] and smaller species
which are active year round and have adaptive feads red fox {/ulpes vulpes), striped skunk
(Mephitis mephitis), yellow-pine chipmunk Neotamias amoenus)]. The group is diverse and
tend to be opportunists, consuming seasonally amnindoods, including berries, other
vegetation, insects, fish and some will feed oreotarnivore’s kills (Eder and Pattie, 2001).

433 Herbivore

The herbivores consume plant material almost ekalls with some seasonal insect
supplementation. Also included in this group ar@ngrores ¢.g., Pacific jumping mouseZépus
trinotatus)]. The Cheakamus River watershed has both hedargomammal and bird species
inhabiting the areae|g., American beaver Qastor canadensis), mule deer @docoileus
hemionus), Canada gooseBfanta Canadensis), blue grouse endragapus obscurus)]
(Appendix II). The mammals vary from larger undelaxclusive browser®.(., mule deer) to
smaller grazerselg., snowshoe hard€pus americanus)] and rodents which consume a variety
of seeds, nuts, some berries and furmgl.| long-tailed vole licrotus longicaudus), northern
flying squirrel Glaucomys sabrinus), southern red-backed vol€léthrionomys gapperi)]. They
generally remain active year round, adapting thests to woody vegetation and evergreens in
the winter, to succulent shoots and leaves in timanser. Bird species vary from smaller
woodland birds ¢.g., American goldfinchCarduelis tristis)] to larger marshland speciesd,
Canada goose). Herbivorous birds eat a varieseefls, buds, grasses, flowers and grains with
occasional berries and some insects. Seasonalmeote occur in all of the herbivorous bird
species (Campbedt al., 1990).

4.3.4 Insectivore

The insectivorous group is one of the larger anicmshmunities represented in the Cheakamus
River watershed. It includes the consumption afah@nd ground dwelling insects, terrestrial
invertebrates and aquatic invertebrates, and ieesepted in the region by mammals, birds,
amphibians and reptile®.§., common water shrewSgrex palustris), western long-eared bat
(Myotis evotis), American dipper Cinclus mexicanus), pileated woodpecker Dfyocopus
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pileatus), red-legged frogRana aurora), northern alligator lizarde|garia coerulea)] (Appendix

1.

Insectivorous mammals are generally of smaller beidg with high metabolic rates and must
consume up to their body weight in food every d&¢ (Conservation Data Centre, 2006) they
can be nocturnale(@., all of the bat species), whereas the shrews tenke diurnal. The
majority of the insectivorous mammals feed on &ennal terrestrial invertebrates; however the
common water shrewSgrex palustris) relies on aquatic insects and some small fish and
amphibians for its diet.

The insectivorous bird group is large and diversauding smaller woodland species feeding on
aerial, terrestrial and wood boring insecsg)| Brown creeper(erthia americana), olive-sided
flycatcher Contopus cooperi), pileated woodpecker, yellow warbldddndroica petechia)] to
semi-aquatic species of both small and large bodgssfeeding on freshwater aquatic
invertebratesd.g., American dipper, harlequin ducHi@trionicus histrionicus)].

Insectivorous amphibians likely to use the ChealsaRiver watershed include salamanders and
frogs (Appendix Il). These species rely on frestenédr at least part of their life cycle, and eat a
variety of terrestrial and aquatic invertebrateshwarval stages relying on zooplanktaag,
long-toed salamanderinbystoma macrodactylum), red-legged frog]. The northern alligator
lizard (Elgaria coerulea) is the only reptile identified in this group andf@ind in cool, moist
woodlands often along stream margins (Behler amdjK1995).

4.35 Herbivore/lnsectivore

Many bird species show no preference for eithentptaaterial €.9., seeds, berries, nuts, fruits)
or insects and may consume both seasonally or ymard [.g., black-capped chickadee
(Poecile atricapillus), Swainson’s thrush Gatharus ustulatus), Rufous hummingbird
(Selasphorus rufus)]. These birds are generally woodland speciel wite waterbird, trumpeter
swan Cygnus buccinator) (Appendix 1l). The woodland species are gengrafl smaller body
size, ranging from very smale.§., Rufous hummingbird and black-capped chickadee&xifey

on a variety of aerial insects, gall producing tctseand nectar, to slightly larger species; feeding
on a variety of small fruits and insectg], cedar waxwing Bombycilla cedrorum), downy
woodpecker Ricoides pubescens)].

Some fish species also fall into this category ifeg@dn microscopic plant and animal material,
for example, the western brook lampréyarfipetra richardsoni) larval stage filter feeds while
the adult stage does not feed at all (BC Consemddata Centre, 2006).

4.3.6 Piscivore

Piscivores feed almost exclusively on fish and socnestaceans, molluscs and aquatic
invertebrates, and include mainly bird and fishcgg®ein the Cheakamus River watershed.|
belted kingfisherCeryle alcyon), osprey Pandion haliaetus), green heronButorides virescens),
and chinook salmonQncorhynchus tshawytscha)] with potential for a few mammal species in
the lower reacheslg., harbour sealRhoca vitulina)]. The bird species are generally of larger
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body size and either forage on the water’s e@gg, @reen heron) or actively dive for their prey
[e.g., common loon Gavia immer)], and includes both fresh and saltwater specisasonal
movements occur for the majority of species.

The harbour seal and northern sea liBangetopias jubatus) are the only piscivorous mammals
listed for the area as both are recorded for Hoaen8. The harbour seal has been observed
occasionally in or near the lower Cheakamus Rikel. Wilson, pers. comm. Canadian Outback
Adventures, 2006).

The remaining piscivorous species are fish, whichnarily feed on other fish species at various
stages of their development, in either fresh dmsder.

4.4 Provincially Listed Species

Most of the wildlife species in British Columbiavebeen assessed against a “ranking” system
by the Ministry of Sustainable Resource Managen(®$BRM) to establish the degree of
conservation risk for each species assessed badely sn its status in British Columbia
(MSRM, 2002). The listings sort species into gmwpth similar conservation risks. There are
three lists; Red (species at risk), Blue (specfespecial concern) and Yellow (species not at
risk). These rankings provide biologists, managerd interested public with a framework
which is easy to understand, yet it deals with demponservation needs for all species. For the
purpose of this report only Red and Blue listedcase will be identified and given special
consideration. Table 4-8 lists receptor species$ tlzawe been identified as potentially being
present in the Cheakamus River watershed with ammial Red or Blue listing.
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Table 4-8. Potential receptors in the Cheakamus Rer watershed with provincial listing

BC Provincial Listing

Animal Red* Blue
Class
Mammals Keen’s long-eared badyotis keenii)  Fisher Martes pennanti)

Pacific water shrew3prex bendirii) Grizzly bear
Wolverine Gulo gulo luscus)
Pacific jumping mouse
American beaver
Townsend’s chipmun{Neotamias townsendii)
Townsend’s big-eared badgrynorhinus

townsendii)
Trowbridge’s shrewSorex trowbridgii)
Birds Brandt's cormoranthal acrocorax Great blue heronAfdea herodias fannini)
penicillatus)
Pelagic cormoran® pelagicus Green heron
pelagicus)
Marbled murreletBrachyramphus Double-crested cormorarflfal acrocorax
mar mor atus) auritus)
Spotted owl rix occidentalis) Trumpeter swan
Surf scoterNielanitta perspicillata)
Sandhill craneGrus canadensis)
Band-tailed pigeonPatagioenas fasciata)
Western screech-owMggascops kennicottii
kennicottii)
Barn swallow Kirundo rustica)
Amphibians  Coastal giant salamander Red-legged frog
Spotted frogRana pretiosa) Tailed frog (coastal)Xscaphus truei)
Reptiles Painted turtleChrysemys picta)
Fish Cutthroat trout@ncorhynchus clarkii clarkia)

Bull trout (Salvelinus confluentus)
Dolly Varden & malma)

'Red List: List of ecological communities, and indigenousdaps and subspecies that are extirpated, endahgere
or threatened in British Columbia. Red listed spe@nd sub-species have or are candidates forabffixtirpated,
Endangered or Threatened Status in BC. Not all IRged taxa will necessarily become formally desigal.
Placing taxa on these lists flags them as beimiglatind requiring investigation.

Blue List: List of ecological communities, and indigenopeaies and subspecies of special concern (formerly
vulnerable) in British Columbia.

4.5 Conceptual models

The information on the stressor and the potentialogical receptors (aquatic and terrestrial
communities) was integrated into the developmera wisual description, or conceptual model,
outlining how NaOH could have affected these pagémeceptors. The conceptual model was
then used to refine the list of preliminary receptand confirm which receptors would be
evaluated during the subsequent analysis phase @sisessment.
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The first conceptual model built was a generic nhaaguding fish, birds and mammals (Figure
4-2). This model shows all potential exposure palysvfrom the stressor to the receptors as
follows:

* Fine arrows indicate an incomplete or implausildthpay;
» Dashed arrows indicate short term potential patisyapd,
* Bold arrows shows relevant direct or indirect paikisv

A pathway was considered incomplete or not plaadiblthe absence of interaction between the
stressor and potential receptors. Identified indeteppathways included those relevant to the
terrestrial portion of the spill site including testrial plant, insects and wildlife ultimately
consuming them. It is recognized that, in the absesf vegetationglg., grass, shrubs, forbs,
trees) such as at the spill site, there is no axgo® terrestrial birds or wildlife (MELP, 1998).
Additionally, the terrestrial area affected by thgill was limited to a small localized area
covered with boulders, thus any potential effectssoil invertebrates were considered to be
locally restricted and unlikely to affect the abande of other species feeding on them. These
pathways were not included in the assessment ddgical effects.

A pathway was considered complete but ecologica$ygnificant when the exposure would
have occurred only for a short period of tinegy( less than 1 hour for one individual present in
the river at one location while the pulse of insexh pH traveled downstream) and where
avoidance reactions would have been the main respafi the potential receptors. Such
pathways included dermal contact or ingestion ofase water by potential wildlife receptors.
As mentioned in the methodology, the effects assestis being completed at the population
level, thus it was considered unlikely all mobikganisms belonging to the same species would
have had a similar spatial and temporal distribusoch that the resulting mortalities would have
put the persistence of this population at stakees&€hpathways were not included in the
assessment of ecological effects.

A pathway was considered complete and potentialging to adverse ecological effects when
direct exposure of a given receptor resulted indieffects €.g., fish kill) or indirect effects to a
subsequent receptoe.d., reduction in abundance of a fish-eating commumitie to the
reduction of fish abundance). These pathways wensidered in the assessment and included
direct effects to aquatic receptors such as figh l@@nthic invertebrates and potential indirect
effects to subsequent receptors such as piscivavivdise.

Details of the aquatic environment conceptual medelshown in the second conceptual model
(Figure 4-3). Results are visually shown in Figdi+é.
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Figure 4-2. Potential aquatic and terrestrial NaOHexposure pathways
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Figure 4-3. Details of potential aquatic NaOH expase pathway; See Figure 4-2 for potential overall quatic and terrestrial

NaOH exposure pathway
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Figure 4-4. Results of exposure pathways
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4.6 Selected Semi-Aquatic and Terrestrial Receptor s

Since it was not practical to complete a detailsdeasment of all identified preliminary
receptors, receptors of concern (ROC) were seldotegpresent the actual ecological resources
further addressed in the assessment. To do satisaleriteria were applied to the preliminary
receptor list. The species scoring the highestK'rarere then chosen as representative receptors
for the assessment. Table 4-9 shows the selectitaria applied to the preliminary receptors
while the detailed scores obtained for each spegcegrovided in Appendix .

Table 4-9. Receptor selection criteria

Criteria Description
Listed species Classified as an endangered species of concernqReldie listed
species).

Ecological significance | The species/community helpstain the natural structure, function,
and biodiversity of an ecosystem or its componantsy contribute
to the food basee(g., primary production), provide habitatd., for
food or reproduction); the loss or reduction of theeptor may
result in a potential cascade of adverse effeloésreceptor uses the
assessment area for an important ecological fumé¢gig.,
spawning, feeding).

Social significance The receptor has cultural,eattonal or commercial importance.
Good indicator or As all species cannot be assessed in detail, theeahreceptor will
surrogate species represent other speciesq., benthic invertebrate community instead

of a specific species of aquatic invertebrate;larronay represent
insectivorous songbirds, the dusky shrew may repites
insectivorous small mammals).

Plausibility of effect The receptor is sensitivedirect or indirect effects from NaOH and
direct or indirect exposure to NaOH may have oarr

Adapted from MELP (1998) and U.S. EPA (1998)

As described in the methodology, only receptorswshg the highest score were considered
(refer to Tables 1I-3 to 1I-5 in appendix). For exale, “social significance” is not sufficient in
itself for a receptor to be selected, but using triterion ensures all potential receptors are
considered. Note, following the same principle, CENL998) recognizes “aesthetic value to
local residents” as one of the criteria used tedeleceptors of concern while completing an
ecological risk assessment.

The resulting eleven selected terrestrial rece@odisted in Table 4-10, while additional details
on the selection of each receptor are providecenti&n 4.6.1.
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Table 4-10. Terrestrial and semi-aquatic receptorselected for the assessment

Animal Community Animal Class Selected Species
Carnivore Mammal Mink
Bird Bald eagle
Omnivore Mammal Black bear
Bird *Common merganser
Herbivore Mammal American beaver
Bird *Canada goose
Insectivore Mammal Common water shrew
Bird American dipper
Amphibian Tailed frog (coastal)
Piscivore Bird Great blue heron

Belted Kingfisher

*observed by Mcintosh and Robertson (2001) on ither with young

46.1 Selected Semi-Aquatic and Terrestrial Receptors

Mink (Mustela vison)

Carnivorous mammals observed on a regular basigdlee Cheakamus River include cougar,
wolf and coyote (Mcintosh and Robertson, 2001).alfan furbearers including mink, river otter
and beaver have also been documented for the Ld&erakamus River (Mcintosh and
Robertson, 2001). Cougar, wolf and coyote feedenrestrial species including; squirrels, rats,
mice, voles and birds. These prey items are umlitee be affected by the NaOH event, thus
adverse ecological effects on the larger carniv@@es lack of prey) are therefore not plausible.
Beavers were not considered due to their dietg$eénial vegetation), low numbers in the region
and preference for slower moving backwaters. Algiothe mink and river otter are rarely
sighted along the Cheakamus River the mink is tedoas a ‘common resident’ and the river
otter as an ‘uncommon resident’ (Mcintosh and Risioer, 2001). Based on life history
information it was considered plausible the rivéelomay utilize the marine foreshores of Howe
Sound for foraging more so than the Cheakamus RBased on the above, and on the selection
criteria applied, the mink was considered an apaitgsurrogate for the river otter.

The mink Mustela vison) is widely distributed in BC and is found in wedirnes in coniferous or
hardwood forests along streamsides (Eder and Pafi@l) and has been observed along the
lower Cheakamus River by McIntosh and Robertso®120The mink relies on muskrats, frogs,
fish, waterfowl and their eggs for its diet (BC Gervation Data Centre, 2006). Mink typically
den in a burrow close to water and their home ramgeude a linear 5 km stretch following the
river (Eder and Pattie, 2001).

The mink was considered a representative site-Bpeeceptor for the Cheakamus River based
on the following:

* One of the few terrestrial species relying on flerrfor its diet and nesting sites;

» Has social significance, being readily recognizald has in the past been highly valued
for its fur;
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* A good indicator or surrogate species, represerdthgr species such as the river otter
and the blue listed fisheM@rtes pennanti); and,

» The mink is potentially sensitive to direct (usitige river at the time of the spill) and
indirect effects (reduction in food source) frone thaOH event.

Bald Eagle (Haliaeetus leucocephalus)

There are many birds of prey listed for the Chealkamiver area including eagles, falcons,
raptors, hawks, harriers, and owls (Appendix Ihe Thajority of these species rely on terrestrial
food items such as squirrels, rabbits, voles, nriats and other bird species. The bald eagle
(Haliaeetus leucocephalus) is opportunistic and feeds on fish, injured watetf seabirds,
various mammals and carrion (BC Conservation Datati@, 2006) and congregates on the
Cheakamus River during the late fall and wintertaie advantage of spawning salmon
(Mcintosh and Robertson, 2001). The osprfegnflion haliaetus) is another large bird of prey
using the Cheakamus River, it is piscivorous asdasonal visitor to the assessment area and for
the purposes of this assessment was representide Ipglted kingfisherGeryle alcyon) as they
occupy the same food niche (see below).

The bald eagle is one of the most conspicuous birgsey along the Cheakamus River and was
considered an appropriate receptor because:

» It has high social and cultural significance;

» It is potentially sensitive to indirect effects finathe NaOH event from fish kills and the
potential for reduced salmon runs in the futurel,an

* Local information is available, including histoaad current bird counts.

Black Bear (Ursus americanus)

The omnivorous species found along the Cheakamuer Rre diverse, broadly ranging in body
size from mice to some of the largest mammals faor8C (e.g., grizzly bear). The black bear
(Ursus americanus) is widely distributed in BC’s forested areas (Eded Pattie, 2001). As with
many of the other omnivores listed for the regidpendix 1) the black bear is an opportunistic
feeder {.e, its diet is determined by seasonal food avditghi consuming plant and animal
material, more specifically; leaves, buds, flowdssysries, fruits and roots as well as animal
material including young ungulates, other smallteferates, carrion and a variety of insects.
Additionally, on the BC coast, salmon runs are gomsource of food (Eder and Pattie, 2001).
The black bear is one of the only omnivorous mamspakies relying on fish as a component of
its diet in the region. The black bear can alsediesidered a surrogate species to the blue listed
grizzly bear, which was once common in the studgaafMcintosh and Robertson, 2001;
Robertson Environmental Ltd. 2003).

The black bear is one of the most conspicuous laggéebrates in the study area and was
considered an appropriate receptor because:

* It has ecological significance relying on salmongdor an important component of its
diet;

* It has high social significance;
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* It is an appropriate indicator for other omnivoronammals and a surrogate species for
the blue listed grizzly bear;

» It is potentially sensitive to indirect effects iincfish kills and potentially reduced future
populations of salmonids; and,

* Itis a well-studied species and is known to wilike area.

Common Merganser (Mergus merganser)

The common merganseMérgus merganser) is a widely distributed omnivorous diving duck
that mainly feeds on fish, amphibians, invertelwaed some plant material (BC Conservation
Data Centre, 2006). The common merganser reqgieagl| bars, logs or dry spits for roosting
and nests along riverbanks in either tree cavitiesn the ground (Mcintosh and Robertson,
2001). The terrestrial omnivorous bird speciesntbin the area are unlikely to be affected by
the sodium hydroxide and therefore were not comsdl@s potential receptors [e.g., common
raven Corvus corax), ruffed grouseBonasa umbellus), Steller’s jay]. The common merganser
is a year-round resident known to frequent the Kfeais River and has been observed on the
river with young (Mclintosh and Robertson, 2001f)isIcharacteristic of the area (Mcintosh and
Robertson, 2001) and represents other diving dpotentially utilizing the river [e.g., Barrow’s
goldeneye Bucephala islandica), bufflehead B. albeola), ring-necked duckAythya collaris),
harlequin duckHlistrionicus histrionicus)]. The blue listed sandhill cran&r(us canadensis) is
also omnivorous but relies less on fish and aquasiects in its diet, and therefore is less likely
to be exposed to the affects of the NaOH spill.e Tiarlequin duck is also found along the
Cheakamus River, and mostly feeds on aquatic ielbeates €.9., crustaceans and molluscs)
insects and some small fish (BC Conservation Daati@, 2006) and is represented by the
common merganser for the purposes of this assessmen

The common merganser was considered an appropeiaptor because it:
» Uses the area for a food source and has been elderveding in the area,;
* Represents other diving ducks in the region; and,
» |s sensitive to potential direct and indirect efefe.g., loss of food source).

American Beaver (Castor canadensis)

The assessment of ecological effect has found nmosexe pathway between terrestrial
herbivores, feeding on terrestrial vegetation, @odential effects from NaOH. Terrestrial
herbivores in the areae.§., mule deer, snowshoe hare, southern red-backés) feed on
terrestrial grasses, seeds and roots with no comsatireceptor pathway. However, the
American beaverGastor canadensis) is one of the few herbivorous mammals adapteajtatic

life in the region. It does not rely on fish ancuatic invertebrates for its diet, but eats the bark
and cambium of alder, birch and willow and in thensner it takes advantage of succulent
aguatic pond vegetation (Eder and Pattie, 2001¢. @dnaver is a blue listed species in BC and
has been recorded in the area of the North VancoDuédoor School property (Mcintosh and
Robertson, 2001). Beavers tend to use slower myaséations of rivers to build their lodges of
mud and sticks. The adult males generally do netil the lodges but dig burrows in the river’s
bank, with the entrances below the water (EderRattle, 2001). Although the American beaver
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is a North American icon it was not consideredhis tassessment, its diet, low numbers in the
region and preference for slower moving backwateake it an unlikely candidate for effect
from either direct or indirect impacts.

Canada Goose (Branta canadensis)

Unlike the herbivorous American beaver feeding emeistrial vegetation, a potential exposure
pathway is recognized for terrestrial/semi-aquatpecies who feed on aquatic plants. The
Canada goosd(anta canadensis) is an herbivore adapted to life on the water eaml represent
other herbivorous or partly herbivorous waterfowizing the Cheakamus Rivee.p., American
wigeon @Anas americana), common goldeneyeB(icephala clangula), trumpeter swanGygnus
buccinator)]. These waterfowl generally feed on aquatic plaaterial including seeds, tubers,
sedges, bulrush, pondweeds and some aquatic ibxaes. Waterfowl are one of the most
conspicuous wildlife commonly seen using the ChealaRiver. The Canada goose is a year-
round resident (although some components of thal lpopulation may be migratory) and has
been observed with young on the Cheakamus Rivelntilsh and Robertson, 2001). The
Canada goose has also been observed in high nurohetse Mamquam Channel, having
accounted for over 50% of water birds observed ah &nd winter months (Robertson
Environmental Ltd., 2003).

The Canada goose was considered an appropriafgaoebecause it:

» Has ecological significance to the region, using tiver for feeding, breeding and is a
year round resident;

* Has social significance;

» Can be used as a surrogate species for other besbs/or partly herbivorous waterfowl,
and,

» Is potentially sensitive to indirect effects froma@®H if there is a substantial die off of
aguatic plants.

Common Water Shrew (Sorex palustris)

The common water shrevédrex palustris) is widely distributed in BC and is one of two eshs
adapted to aquatic life, the other being the retkdi Pacific water shrevsgrex bendirii). The
common water shrew is found along the CheakamusrKiwiton, 2007) where it actively feeds
on aguatic insects, spiders, snails, other inveateb and small fish (Eder and Pattie, 2001).
They are fierce predators, hunting in a frenziechmea for insect nymphs and small figg],
sticklebacks Gasterosteus spp.)] (Eder and Pattie, 2001). This species sgms other
insectivorous mammal species, although most okthes terrestrialg., common shrewSprex
cinereus), dusky shrew$ monticolus), Trowbridge’s shrew§ trowbridgii), vagrant shrew§
vagrans)] and less likely to be potentially exposed aeptors. The common water shrew also
acts as a surrogate species for the red listedi®a@ter shrewwhose range is not documented
for the assessment area (Ross Vennesland, pers.c@006).

Other insectivorous mammal species occupying tgemeare bats. Although terrestrial, most
bat species are found near water, which they uselrfoking and catching aerial prey at the
surface. The majority of bats likely to be fourndthe Cheakamus River region are nocturnal
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hunters and feed on moths, flies, beetles, plappéis and agricultural pestsd., western long-
eared batNlyotis evotis), little brown bat K. lucifugus), long-legged bat\. volans), hoary bat
(Lasiurus cinereus), silver-haired bat L{asionycteris noctivagans), big brown bat Eptesicus
fuscus), Townsend’s batGorynorhinus townsendii )]. However, two other species found in the
region, California bat Nlyotis californicus) and Yuma batNl. yumanensis) mainly feed on
emerging adult caddisflies and mayflies which regdiieshwater for their larval stages and are
found in the Cheakamus River (Perrin, 2001; Tri@B07). There is potential for these species to
incur indirect exposure through reduced food saurEaally, the red listed Keen’s bafiotis
keenii) distribution encompasses the Cheakamus water3ihedKeen’s bat feeds on high-flying
insects along forest edges and over ponds andiragsafEder and Pattie, 2001). As with the
species listed above, due to its feeding stratdgyKeen’s bat is unlikely to be exposed to the
effects of NaOH.

The common water shrew was considered an apprepaaeptor based on the following:

* Although not provincially listed it has similar difhistory strategies to the red-listed
Pacific water shrew, for which the area is justdrayits known range;

* Itis an important link in the food chain, consumimenthic invertebrates and it is preyed
upon by carnivorous mammals and bird species;

* It is a good surrogate species for other inseatrermammals, including other shrew’s
and bats; and,

* It is potentially sensitive to direct exposurey#ing the river at the time of the spill) and
indirect effects (loss of food source) from the Nthévent.

American Dipper (Cinclus mexicanus)

This species is characteristic of the study areal & is one of the few passerine species
potentially effected by the NaOH spill. The Amarcdipper Cinclus mexicanus) forages in
swift mountain streams (Mcintosh and Robertson,1200 search of adult insects and their
larvae €.g., caddisflies, mayflies, stone flies, mosquitogater beetles) (BC Conservation Data
Centre, 2006). It winters along streams that hawes of salmon and steelhead or contain
resident trout (Campbeét al., 1990) and is commonly seen along the Cheakanmer.R It
breeds along streams with minimal human disturbdrmea March to August (Campbedt al.,
1990). The majority of other passerines in thearegre terrestrial and feed mainly on terrestrial
insects €.g., woodpeckersRicoides sp.), American pipit Anthus rubescens), Bewick's wren
(Thryomanes bewickii), bushtit Psaltriparus minimus), warbling vireo Vireo gilvus)].

No direct significant exposure pathway was recogphifor these terrestrial species during this
assessment (See Section 4.5); however the Amedgaper was considered an appropriate
receptor based on the following:

* |t relies on benthic invertebrates for its diet;

* Itis a surrogate species for the spotted sandguitis macularius) also characteristic
of the area (McIntosh and Robertson 2001); and,

* It is potentially sensitive to indirect effects fifoNaOH in reduced benthic invertebrate
communities.
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Coastal Tailed Frog (Ascaphus truei)

The coastal tailed frogAécaphus truel) is a blue-listed species found in the region loé t
Cheakamus River (Corkran and Thoms, 1996; WahbeBamshell, 2003). It occurs in cold,
fast-flowing streams with cobble to large bouldebbstrate (Corkran and Thoms, 1996). It is the
only amphibian in the Pacific Northwest to haveeintl egg fertilization, an adaptation to
prevent sperm from being washed away while breedinéast-flowing rivers (Corkran and
Thoms, 1996). It breeds from May to October wigig® laid mostly in July and hatching from
August to September (BC Data Conservation Cent®®6f Eggs are laid in fast-flowing
sections of the river attached under cobble ordemsized rocks (BC Data Conservation Centre,
2006). Tadpoles can metamorphose anywhere fronb3/éars (Corkran and Thoms, 1996).

Other amphibians found in the area and near wattude the blue-listed red-legged frdgpfa
aurora), western toadBufo boreas), northwestern salamandeknfbystoma gracile), long-toed
salamander A. macrodactylum) and the roughskinned newfgficha granulosa). While the
tailed frog’'s habitat consists of clear mountaimeains the habitats used by these other
amphibians include open wood, forest margins arest banks (Green and Campbell, 1984).

The coastal tailed frog was considered an appri@priaceptor based on the following
information:

* ltis a blue-listed species;

» Potentially utilizes the river for egg-laying;

* Feeds on terrestrial and aquatic insects;

» Tadpoles and adults are potential food sourcestfar species;

* An appropriate surrogate species for other amphsgbissing the river in the area;
* Eggs, tadpoles and adults, are potentially seesitiwdirect exposure from NaOH.

Great Blue Heron (Ardea herodias)

Herons, grebes, egrets and cormorants are medidarge wading birds with long necks and
spear-like beaks and occupy a variety of aquatisr@mments including marine, bays, inlets,
harbours, lagoons, estuaries and inland riverdaltes (Campbelkét al., 1990). These birds eat
a variety of aquatic life including fish, crabs,righps, marine worms, molluscs and some
terrestrial vertebrates (BC Conservation Data @en2006). The great blue heroArdea
herodias) is a blue-listed species and is a year-rounddeesi (Robertson Environmental
Services, 2003). A great blue heron colony wasiesl by Robertson Environmental Services
(2003) at the south end of Squamish River Estuargss from the marina. Although no
colonies are reported along the Cheakamus Rivegnkeare frequently observed in the area
(Mcintosh and Robertson, 2001; Robertson Envirorieteédervices, 2003). The great blue heron
mainly feeds on fish, insects, crustaceans, amgmsbhireptiles, mice, shrews and other animals,
and mostly forages standing in the water and ild$i¢BC Conservation Data Centre, 2006). It
has been observed feeding in the lower Cheakamues Riited Mcintosh and Robertson, 2001).
The green herorB(torides striatus) is also a blue-listed species but is seldom $ed¢he area
(Robertson Environmental Services, 2003).
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Other wading birds potentially represented by theag blue heron include; eared grebe
(Podiceps nigricallis), horned grebeR auritus), red-necked grebeP( grisegana) and pied-
billed grebe Podilymbus podiceps). The majority of grebes observed in the areapairearily
winter residents, with the double-crested cormorépitalacrocorax auritus) and pelagic
cormorant P. pelagicus) being year round residents (Robertson Environalesgrvices, 2003).
The double-crested cormorant has been observedfeen runs of small fish in the lower
Cheakamus River (cited in Mcintosh and Roberts00,12.

The great blue heron was considered an appropeaaptor species for the Cheakamus River
based on the following information:

* ltis a blue listed species occupying the area,
* It uses the area for feeding and breeding in nearbss;
* Has social significance;

» Surrogate species for other large piscivorous Wat#s using the area as part of their life
history; and,

» Potentially sensitive to indirect exposure effdoten the NaOH event in the form of the
potential loss of food sources.

Belted Kingfisher (Ceryle alcyon)

The belted kingfisher(Qeryle alcyon) is a year-round breeding resident characterstithe
Cheakamus River (McIntosh and Robertson, 2001).

Although also a piscivorous species, the beltedfisher has a different life history strategy to
the larger wading piscivores already mentioned abolhe belted kingfisher is of much smaller
body size, nests in cutbanks and uses elevatetigzenscluding shrubs, trees and snhags to dive
for its prey E.g., mainly small fish (average length of 9 cm) buaissects] (Campbebt al.
1990; BC Conservation Data Centre 2006). The kahgfi does not wade along the waters edge.
The belted kingfishers feed in freshwater (lakegers and shallow wetlands) and marine
environments.

The osprey is another piscivorous bird species tisals the Cheakamus River, and like the
kingfisher it eats fish almost exclusively althougimay occasionally complement its diet with
ducks, amphibians, crabs and carrion (Robertsorir&mmental Services, 2003). The osprey
hunts from flight and perch (BC Conservation Daentte, 2006). The osprey is a summer
resident to the area and has been noted as nedting the Cheakamus River on BC Hydro
transmission lines (Robertson Environmental Sesyi@®03). The osprey starts its southward
migration in August and is completely gone in Segier to November (BC Conservation Data
Centre, 2006). Although a raptor, for the purpokéhis assessment the osprey was considered
to be represented by the kingfisher as they octiupygame food niche.

The belted kingfisher was considered an appropreteptor species for the Cheakamus River
based on the following information:

» Itis a year round resident and characteristitefarea;
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» Uses the area for feeding and breeding;
» Has social significance; and,

» Potentially sensitive to indirect exposure effeatghe NaOH event through the loss of
food sources.

4.7 Selected Aquatic Receptors

Similarly to the process used to select terresteakeptors, the same selection criteria were
applied to the preliminary list of aquatic receptdiable 4-11 and Appendix Il) and species
which gained the highest “rank” were chosen asabigtreceptors for the effects assessment. In
addition to the selection criteria for terrestn@teptors (Table 4-9), fish were also selecteddase
on their use of the assessment area, that is sfislld be residing or using the habitat as part of
their life cycle at the time of the spill (Augus0@5)”. The B.C. Conservation Data Centre
(2006), Fish Information Summary System (FISS) bewis and Guy (1996) were consulted to
compilethe fish species list. The selected aquatic receme listed in Table 4-11 while the
rationale supporting their selection is furtheratdsed in Section 4.7.1.

Table 4-11. Aquatic Receptors selected for the assenent

Animal Animal Class Selected Species
Community
Primary Consumer Invertebrate Benthic Invertebrates
Omnivore Fish Pacific Lamprey
Insectivore Fish Coastrange Sculpin
Piscivore Mammal Harbour Seal
Fish Steelhead Trout
Chinook Salmon
Coho Salmon

4.7.1 Additional Rationale for Selected Agquatic Receptors

Benthic Invertebrate Community

The benthic invertebrate assemblage of the Cheakd®iter comprises a number of species,
however, for the purposes of this assessment leemhertebrates will be assessed at the
community level. Benthic macroinvertebrates resid the stream substrate and include aquatic
insects, crustaceans, annelids, molluscs, nematsda#s and planarians. Benthic invertebrates
provide an important food source for many speciegisth, amphibians, birds, reptiles and
mammals in either the larval or adult phases.

The benthic invertebrate community was consideradappropriate receptor group for the
Cheakamus River based on the following information:

* It has high ecological significance, contributirmgthe food base for a number of species,
with the loss of this receptor group having theeptil to cause a cascade of adverse
effects;

* The benthic invertebrate community will represelhtspecies of benthic invertebrates
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found in the river; and,
* The receptor is sensitive to direct effects from NaOH event.

A detailed assessment of the direct effects ofsihi# on benthic invertebrates is available in
Triton, 2007 thus direct effects are not treatedhie present report. Conclusions of the Triton
2007 report have been used to assess the abilidgrahic invertebrate to serve as food resource
for subsequent receptors.

Pacific Lamprey (Lampetra tridentata)

There are two species of lamprey recorded in theakéimus River, the Pacific lamprey
(Lampetra tridentata) and western brook lamprely. (richardsoni) (McCubbinget al., 2006).

The Pacific lamprey are anadromous and can rensaamanocoetes.€., juveniles) in shallow,
usually silty backwaters for up to five years befaretamorphosing into adults and migrating to
the ocean (Beamish, 1980). Once at sea, they lepanasitic to other fish for at least one year
before returning to freshwater in the spring tovapavhere they die soon after (Beamish, 1980).
Adults are parasitic on fish in the marine phaskilethe ammocoetes filter feed on plant and
animal materials (BC Conservation Data Centre, 2008e adults have been observed to feed
on chinook salmon, coho salmon, steelhead troutvaridus other species of marine fish as well
as some cetaceans (Beamish, 1980).

Lamprey eggs and young ammocoetes are preyed upatudpins and salmonids, with an
experiment on western brook lamprey showing thellsstaeammocoetes were readily eaten by
coho salmon fry (Scott and Crossman, 1973). Howehaeger ammocoetes and adults are
thought to secrete a distasteful fluid and are sglbently rejected by predators. Ammocoetes
are however used as bait therefore this reaction andy be exhibited by certain species (Scott
and Crossman, 1973).

The Pacific and western brook lamprey were botbnaed as “severely impacted” by the NaOH
event (McCubbinget al., 2006). They were using the river at the timethef event with an
estimate upward of 5,000 individuals thought toéhbeen killed (McCubbingt al., 2006).

The Pacific lamprey is considered an appropriateptor for the Cheakamus River based on the
following information:

* Lamprey were using the river at the time of thdl sipi adult and ammocoete stages;

» It has ecological significance with eggs and yoangnocoetes providing a food source
for salmonids and other species (Scott and Crosshoa3);

» Can be used as an indicator species for the lestgdied western brook lamprey also
found in the river;

» Sensitive to direct exposure effects from NaOH;,and

* Information is available for this species from otlageas in BC €g., Fraser River)
(Beamish and Levings, 1991).
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Coastrange Sculpin (Cottus aleuticus)

Two species of sculpin inhabit the Cheakamus Rithex,coastrange sculpilCdttus aleuticus)
and prickly sculpin €. asper). The coastrange sculpin is found in swift rifleeas, over gravel
bottoms, in streams and rivers, and they make anamownstream migration to the estuary to
spawn (Ministry of Fisheries, 1999). Spawning oscftom February to mid-June, with larger
females laying up to 800 eggs (Ministry of Fishgri#999). The adults move back upstream
after spawning and live from four to seven yearsn(ddry of Fisheries, 1999). The coastrange
sculpin feeds mainly on benthic invertebrates amdesaquatic invertebratead., snails, clams)
and they will also eat salmonid eggs when avail@(@ Conservation Data Centre, 2006).

Sculpins were reported to be “severely impacted”’tbg NaOH spill, with over 178,500
estimated as having been lost from the Cheakamees R¥icCubbinget al., 2006).

The coastrange sculpin was considered an apprepgaeptor species for the Cheakamus River
based on the following information:

» It was using the river at the time of the spill asdecorded as being “severely impacted”
(McCubbinget al., 2006);

» Has ecological significance as a food source fémaaids, it is preyed upon by coho
salmon Oncorhynchus kisutch) and cutthroat troutd. clarkii) (BC Conservation Data
Centre, 2006);

» Surrogate species for the prickly sculpin; and,

» Sensitive to direct exposure effects from NaOH.

Steelhead Trout (Oncorhynchus mykiss)

Some stocks of steelhead tro@n¢orhynchus mykiss) are of “conservation concern” in British
Columbia (Lill, 2002) however, they are not a praxvally listed species (BC Conservation Data
Centre, 2006). Steelhead trout have a complexhlgory with differing freshwater and ocean
residency, and unlike other salmonids they do rnetays die after spawning (Lill, 2002).
Typically there are two runs of steelhead entefiaghwater to spawn, the “summer run” and the
“winter run”. The summer run enters freshwater legtw spring and late summer where the fish
remain until they spawn the following spring whilee winter run enters rivers in late fall or
winter, and spawns at approximately the same tisnth@ summer run fish (Lill, 2002). In the
Cheakamus River, adult steelhead typically enteritrer between January and May. Steelhead
spawn between April and June, and although the nihajaf fish do not return to spawn again, a
portion of fish (typically 10-30%) can survive tpasvn in subsequent years. Eggs are deposited
in the gravel, and free-swimming fry emerge froma giavel approximately three to four months
later in July and August. Juvenile steelhead medreshwater and feed opportunistically on
terrestrial and aquatic insects or salmon eggs whey are available. Steelhead juveniles
migrate to the ocean, typically in their secondhord year as “smolts” at approximately 180 mm
in length and weighing 50 g, although some progieosn sea-going parents may also remain
naturally in fresh water. Ocean residency time dtmelhead is variable with adults typically
spending between two and three years in the oce#orebreturning to their natal stream to
spawn as adults between 4 and 10 kg (Triton, 2006b)
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Juvenile steelhead trout were reported to be sivienpacted by the derailment with mortalities
estimated at 90% for the spring 2004 brood yea¥p & the spring 2005 brood year and 70%
for the spring 2003 brood year impacted by thd gigitCubbinget al., 2006).

Steelhead trout was considered an appropriate tacgpecies for the Cheakamus River based
on the following information:

e 2003-2005 brood years were heavily impacted,;

» Steelhead use the Cheakamus River for spawningeamishg habitat;

» Have high social significance of recreational aothmercial importance,;

» Have ecological significance as a food source feeiporous and omnivorous receptors;
* They are well studied in the Cheakamus River; and,

» Steelhead juveniles were sensitive to direct exygostiects from NaOH.

Chinook Salmon (Oncorhynchus tshawytscha)

Chinook salmon®@ncorhynchus tshawytscha) are anadromous fish migrating to natal streams in
the spring, summer and fall (BC Conservation Dagmtf2, 2006). Eggs hatch within two
months and the young remain in the gravel for tavthtee weeks, and can remain in freshwater
for up to three years (BC Conservation Data Ce20086). Adults die soon after spawning. In
freshwater the juveniles feed opportunistically terrestrial and aquatic insects, while adults
mainly eat fish (BC Conservation Data Centre, 2008) the Cheakamus River, adult chinook
typically enter the river between mid July and $®egter, and spawning occurs between
September and October. Eggs are deposited in #welgand free-swimming fry emerge from
the gravel approximately five months later betw&ebruary and March. Migration studies in
the Cheakamus River have shown approximately 90%aveiile chinook leave the river soon
after emergence (within 90 days). Chinook juvenit@®wing this type of life history cycle are
generally referred to as “ocean type” chinook. Ehgsveniles move directly from the
Cheakamus and Squamish rivers to the ocean, amdutspected these fry spend a considerable
amount of time in estuarine and tidal freshwatdiitia#és before moving off shore into the marine
waters of Howe Sound. Approximately 10% of theejole chinook will remain in freshwater
and rear for one year feeding typically on teriaband aquatic insects before leaving the river
the following spring as one year old “smolts”. Gk juveniles following this type of life
history cycle are generally referred to as “stretgpe” chinook. Ocean residency time for
chinook salmon can be highly variable with adufisreling between 1 and 6 years in the ocean,
and migrating vast distances before returning éar thatal stream to spawn (Triton, 2006b).

It was reported an estimated 50% of the 2005 axthiftook run may have been in the river at the
time of the derailment (McCubbireg al., 2006).

Chinook salmon was considered an appropriate recspecies for the Cheakamus River based
on the following information:

*  50% of the 2005 adult chinook run was estimatebtee been impacted by the spill;
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* Chinook use the Cheakamus River for spawning aswdng habitat;
» Have high social significance for recreational, coencial and First Nation fisheries;

» Have ecological significance as a food source fsciporous and omnivorous receptors;
and,

» Chinook adults and parr were sensitive to direpiosyre effects from NaOH.

Coho Salmon (Oncorhynchus kisutch)

Coho salmon@ncorhynchus kisutch) are anadromous. Adults migrate upstream in sunamer

fall to spawn, and eggs are deposited at the héaidfles in several redds constructed by the
female (BC Conservation Data Centre, 2006). Yosipgnd anywhere from two weeks to two
years in freshwater before migrating to sea. Thefep pools with a large amount of woody
debris (BC Conservation Data Centre, 2006). Feg fen a variety of aquatic invertebrates; parr
feed on aquatic insects and their larvae, tereddgtrsects and some small fishes and at sea they
primarily feed on other fishes and some invertas@BC Conservation Data Centre, 2006).

Coho salmon were affected by the NaOH event witkestimated 50% of the juveniles from the
2004 brood year and 10% from the 2003 brood yeampabeen killed (McCubbingt al.,
2006). Minimal impact was estimated for adultigeat sea at the time of the spill (McCubbing
et al., 2006).

Coho salmon was considered an appropriate recepémies for the Cheakamus River based on
the following:

* Juveniles were heavily impacted by the spill;
» Coho salmon use the Cheakamus River for spawnidgearing habitat;
» Have high social significance for recreational, coancial and First Nation fisheries;

» Have ecological significance as a food source fstiporous and omnivorous receptors;
and,

» Coho juveniles were sensitive to direct exposufeces from NaOH.

Harbour Seal (Phoca vitulina)

Although not a resident of the Cheakamus River,h#sdour sealRhoca vitulina) is a species
that frequents Howe Sound. Harbour seals are afsnvik to follow fish several hundred
kilometres up major rivers, and some inland lakaghpermanent populations (Eder and Pattie,
2001). Harbour seals primarily feed on fish, imthg salmon and to a lesser degree molluscs,
cephalopods and crustaceans (Eder and Pattie,.Zl0tdy belong to the “true seal” family; they
cannot rotate their rear hind flippers or suppbeirt weight with their fore flippers as do “eared
seals” €.g., Northern sea liorEumetopias jubatus). Harbour seals are occasionally observed in
the lower reaches of the Cheakamus River (L.J. jl©utback Adventures, Squamish, pers.
comm. 2006). The harbour seal is not a listedispehowever it represents species at the top of
the food chain that could be exposed to indirefetot$ of reduced fish populations.
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Detailed population studies are available for tlaebbur seal from the Strait of Georgia, BC.
The population of harbour seals has shown a steexgase with a growth rate of 11.5 % per
annum occurring during the 1970’'s and 1980’s, whibidgan to slow in the 1990’s and
populations were reported to have stabilized inléte 1990’s (Olesiuk, 1999). The stabilizing
of populations is thought to reflect historic numge

The harbour seal was considered an appropriatptagcgpecies for the Cheakamus River based
on the following information:

» Has ecological significance as a “top order” predabh the marine food chain, using
Howe Sound as a feeding area;

» High social significance;
» Surrogate species for other “top order” predatorthe marine food chain; and,

» Potential for indirect exposure to the NaOH evenmbugh reduced food source.

4.8 Aspects/Values used in Characterizing the Effec  t

For each selected receptor, the aspects/valuesdeosd in characterizing the effect were
identified based on the exposure and stressornv#tion obtained during the analysis phase of
the assessment. The aspects/values identifieshfalthe following categories:

« Avalilability of food resource for a given receptor;
« Ability of a given receptor to serve as a food tese for subsequent receptor(s); and,

» Direct effect of the spill on a given receptor.

The availability of food resources for a given ngtoe was considered in the context of allowing
the receptor to maintain its population size witmatural variability and persist within the
assessment area. As mentioned in the methodolafipsedue to the absence of baseline data
for most of the selected receptors, the assessaiegffect consists of a qualitative judgment
(using qualitative matrices) identifying potentiegd flags” rather than a quantitative description
of effects. The aspects considered for each seleeteptor are summarized in Table 4-12.
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Table 4-12. Selected aspects/values considered imaacterizing the ecological effect for

each receptor

Receptors

Availability of food
resource

Ability to serve as
food resource

Direct effect

Mink

X

X

Bald eagle

Black bear

Common merganser

Canada goose

Common water shrew

American dipper

Xl |||

Tailed frog

Great blue heron

Belted kingfisher

x

Benthic invertebrates

*%*

Pacific lamprey

*%*

Coastrange sculpin

*%

Harbour seal

Steelhead trout

*%*

Chinook salmon

*%*

Coho salmon

X[ X |

*%*

*Direct effects were considered possible but nghiicant thus the assessment was based on the

indirect effect as described in Section 4.5.

**Mortalities of fish and benthic invertebrates sad by direct exposure to NaOH were assessed
in McCubbinget al., 2006 and Triton, 2007, respectively, and thugehaot been analyzed as
part of this report. In the context of this assemsinof effects, only the ability of fish and bemthi
invertebrates to serve as food resource for sulesggeaceptor(s) has been assessed.
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5.0 Exposure and Effects Analysis

The exposure analysis described how the seleciszpbt@s were potentially exposed to the
stressor either directly or indirectly. The exp@swas characterized in terms of (Table 5-1):

» Extent: extent of the effect. Geographic extent couldgeafirom local to regional to
provincial.

* Frequency: recurrence interval of effects. Frequency cowdddmlated (specified period),
periodic (intermittent) or continuous.

* Duration: how long an effect (direct and indirect) mayurcc

The potential effects were analysed in terms obl@ &-1):

* Magnitude: absolute or relative change in the size or fumctof the considered
aspect/value of the receptor within the assessraed, in relation to the state of the
receptor in the study area. Magnitude could be higbderate, low or nil.gg., % of
change in the dietary resource of a predator).

* Revershility: extent to which the effect could be naturallyeesed.

The effect was qualitatively characterized as higloderate, low or nil using a linear table
approach subsuming the above criteria (Table 542¢. likelihood of occurrence of effects was
also determined (Table 5-3). Finally, narrativeolarations were provided for each ranking
including an indication of the level of confidenassociated with each effects characterization
(Table 5-4). Note within the scope of this highdegcreening assessment only adverse effects
were identified. Beneficial effects for a partiautpecies€.g., decline in predator species) were
not considered.

Site-specific information on ecological interacso@.g., predation) among the receptors selected
was limited, thus the scientific literature was iesved to obtain information on diet and
behaviour to identify and characterize these pakmiteractions.
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Table 5-1. Effect and exposure criteria definitions

—

Criteria Criteria Rating and Definition
Magnitude Nil No change from background conditions
Low Some individuals are affected but not the paijpan or ecosysten
functions.
Moderate The population/ecosystem structure ect#tl but not the ecosyste
functions.
High Ecosystem functions are affected.
Extent of effect Local Effects occurring mainly it the spill site (at location of
derailment).
Regional Effects occurring in the assessment @eath of Daisy Lake dam
to Squamish River Estuary).
Provincial Effects extend outside of the regiosakroundings, but withir
provincial setting.
Frequency of effect Continuous Effects occurringtocwally.
Periodic Effects occurring intermittently, bupeatedly over the year.
Isolated Effects confined to a specified period.
Duration of effect Short-term Effects occurring litit a month of the spill.
Long-term Effects occurring after the spill buindliishing with time (within 5
years).
Residual Effects persisting indefinitely.
Reversibility Reversible Effects are reversible and diministhwiine.
(Ability to recover)
Irreversible Effects are not reversible and dodiotinish with time.

m

Source: Adapted from Bico Environmental Consulting(2001) and Triton (2005)

Table 5-2. Effect rating table

Magnitude | Extent Frequency | Duration Reversibility Effect
High Any Any Any Any High
Moderate Any Any Residual Any
Moderate Regional | Any Long-term, Reversible Moderate
or Local short-term
Low Any Any Long-term, Irreversible
residual
Moderate Local Isolated grShort term Reversible Low
Periodic
Low Regional, | Any Short term Reversible
or Local
Nil Any Any Any Any Nil

The magnitude, extent, frequency, duration andredvidity criteria shown in the five first columrae summed in
this table to obtain an effect rating ranging frhigh to low. The obtained effect rating is showntia last column

(six).
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Table 5-3. Likelihood of effect criteria definitions

Criteria

Criteria Rating and Definition

of occurrence)

Likelihood (probability| Nil

Will not occur.

Unlikely | Could occur at some time or only in exceptionatwmnstances (<30%).
Possible | Will probably occur at some time (30% to 70%).
Certain

Is expected or probably will occur in most circuamtes (>70%).

Source: Adapted from MHS & MWLAP, 2005

Table 5-4. Confidence rating criteria definitions

j -

Criteria Criteria Rating and Definition
Confidence rating Low Based on incomplete understanding of causestefédationships an
incomplete data pertinent to study area.

Moderate Based on good understanding of causeteféationships using
data from elsewhere or incomplete understandingaafse-effec
relationship using data pertinent to study area.

High Based on good understanding of cause-eftdationships and data

pertinent to study.

Source: Adapted from Bico Environmental Consulting(2001) and Triton (2005)

The rankings obtained for each selected recepéopravided in Section 6.0.
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6.0 Effect Characterization

The effect and likelihood ranking obtained durihg analysis phase of the assessment was used
to characterize the potential overall ecologic&efof the derailment on each selected receptor.
The potentiabverall ecological effectwas qualitatively characterized by multiplying thigect

by thelikelihood of occurrence (Table 6-1).

Table 6-1. Qualitative overall ecological effect aaysis matrix

Effect Likelihood

Certain Possible Unlikely Nil
High Very High High Moderate Nil
Moderate High Moderate Low Nil
Low Moderate Low Low Nil
Nil Nil Nil Nil Nil

The ecological effect was characterized for theesten selected receptors (Table 6-2). The
resulting overall ecological effect ranking wad@®ws:

* 1 Very high,
e 1 High,

* 7 Moderate,
* 7 Low, and
« 1Nil

Very high and high overall ecological effect rargsnwere obtained for coastrange sculpin and
steelhead trout. The value assessed for thesetoesapas their capacity to serve as a food
source for subsequent aquatic and/or terrestrz@pters. Moderate overall ecological effect
rankings were also obtained for some of these aquateptors (same value considered). The
difference between very high, high and moderat&ings was mainly due to a difference in life-
cycle and presence in the assessment area atrtbetithe derailment as well as results of the
emergency impact assessment completed by McCulabialg (2006). Most semi-aquatic and
aquatic piscivores scored moderate rankings. Lawkings were generally obtained for
receptors either contributing to a small percentsfgbe food resource of their predator(s), or for
receptors having a varied and opportunistic didtréhkings were obtained in cases where the
magnitude of effect and/or the likelihood of effagere ranked as nil. Narratives for each
receptor analyzed are provided below with a rate@ad indication of the level of confidence
associated with each effects characterization. IReswe presented in ascending order in the
trophic chain.
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Table 6-2. Summary of ecological effect for each ceptor

Receptors \ Effect | Likelihood Ecological Effect
Aquatic primary consumer
Benthic Invertebrate}s Low | Unlikely Low
Aquatic insectivore
Coastrange sculpih High | Certain Very High
Aquatic omnivore
Pacific Lamprey{ Moderate | Possible Moderate
Aquatic piscivore
Steelhead Trout High Possible High
Chinook Salmonn  Moderate Possible Moderate
Coho Salmonq  Moderate Possible Moderate
Harbour Sea Low Unlikely Low
Terrestrial piscivore
Great blue heron  Moderate Unlikely Low
Belted Kingfisher Moderate Possible Moderate
Aquatic insectivore
Common water shrey Low Unlikely Low
American dippery  Moderate Possible Moderate
Tailed Frog Moderate Possible Moderate
Terrestrial herbivore
Canada goosé Nil | Nil Nil
Terrestrial carnivore
Mink Low Unlikely Low
Bald eagle Moderate Unlikely Low
Terrestrial omnivore
Common merganser Moderate Possible Moderate
Black bear Moderate Unlikely Low
6.1 Aquatic Receptors

6.1.1

Primary consumers

Benthic Invertebrates

Effect Ranking: Low
Likelihood: Unlikely
Ecological Effect: Low

Benthic macroinvertebrate samples have been cetldotmeasure the status and recovery of the
river in the weeks and months after the spill. Ame and interpretation of benthic

macroinvertebrate results followed the Canadian aNguBiomonitoring Network (CABIN)

assessments protocols and the Reference CondifogmoAch (RCA). Results indicate rapid
recovery in the community structure, abundance lainchass and affected areas returning to

reference conditions within weeks of the spill {&n, 2007).
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Based on the above information the effect was rrée low based on a low magnitude, a
regional extent, an isolated frequency and a dleont-duration. The effect was characterized as
reversible with effects diminishing with time. Tlikelihood of there being an effect to the

ecosystem from reduced benthic invertebrate popuktwas ranked as unlikely due to the
observed rapid recovery within weeks of the spill.

This ecological effect rating was determined withhigh level of confidence as there is
information on the actual level of natural recovierghe assessment area.

6.1.2 Insectivores

Coastrange Sculpin

Effect Ranking: High
Likelihood: Certain
Ecological Effect: Very high

Coastrange sculpin are known to inhabit the CheakaRiver as well as the Squamish River
Estuary during their early life stage (Triton, 20paVicCubbing estimated 90% of the adult, parr
and fry population of sculpins present in the rigéthe time of the derailment were impacted
(McCubbinget al., 2006). During the emergency impact assessmeavdadgtobserved coastrange
sculpins were more numerous among dead sculpinge\er, the reason behind this difference
has not been identified to dateq;, habitat, selective mortality and/or life histpr{friton,
2006b). Subsequent post-spill monitoring also iatlid a 94% reduction in observed sculpin
abundance (McCubbingt al., 2006). Surveys conducted in May 2006 have redotte
presence of sculpins in the Cheakamus River; homwvelstribution was limited to its lower 3
kilometres (Triton, 2006b).

Based on the above information, the overall ecclgeffect was ranked as high; the assessment
found the derailment likely affected the coastrasgdpins capacity to serve as a food source for
aguatic and/or terrestrial piscivores and omnivofée effect ranking was described as high and
was based on a high magnitude, a regional exteconainuous frequency, a potential residual
effect persisting indefinitely, and an unknown nmeiality. The likelihood of an effect on the
ecological function of coastrange sculpin was ragdertain.

This ecological effect rating was determined witmaderate level of confidence as there is no
information on actual level of natural recovery dttite information on the coastrange sculpin
life-history in the assessment area.

6.1.3 Omnivore

Pacific Lamprey

Effect: Moderate
Likelihood: Possible
Ecological Effect: Moderate
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Ecological effects for the Pacific lamprey was eltéerized based on the species ability (at the
egg and early ammocoete stage) to serve as a fmadesfor salmonids and other species.
McCubbinget al. (2006) indicated the magnitude of the impact efghill on lamprey was likely
large affecting multiple cohorts of lamprey, indlgl young of the year, untransformed
ammocoetes, newly transformed sub-adults and nmesidi adults. However, surveys conducted
in May 2006 targeted at lamprey have documentedptbsence of a variety of age classes of
lamprey in suitable habitats, and within the saifected portion of the Cheakamus River. The
results of early 2006 sampling efforts suggest atibytfor lamprey was not as widespread as
other species, since lamprey have been capturedseying a variety of size ranges. More
information on the impact to Pacific lamprey carfdnend in Triton (2006b).

Based on the above information, the overall ecclgeffect of the derailment on the Pacific

lamprey’s capacity to serve as a food source faratiq and/or terrestrial piscivores and

omnivores was rated as moderate. The effect wdeedans moderate based on an unknown
magnitude, a regional extent, a periodic frequeand a possible long-term duration. The

reversibility nature of the effect was charactetizs unknown. The likelihood of there being an
effect to the lamprey ecological function was cdesed as possible, in that it will probably

occur (30-70%).

A low level of confidence was applied to this assesnt as some of the effect rankings could
not be determined due to an incomplete understgndinthe life history of the lamprey
population in the assessment area and the lackradrd abundance and distribution information.

6.1.4 Piscivore

Steelhead Trout

Effect Ranking: High
Likelihood: Possible
Ecological Effect: High

Adult steelhead enter the Cheakamus River betwaenmaly and May and spawn between April
and June thus it was estimated no adults weretaffday the derailment (McCubbire al.,
2006). Free-swimming fry emerge after three or fouanths (July and August) and juveniles
migrate to the ocean in their second to third y@aiton, 2006b). McCubbingt al. estimated
90% of the juvenile rainbow trout, including stemdld were impacted with effects to future
populations from 2008 — 2010 and unknown effectddhl (McCubbingt al., 2006). Reduced
adult steelhead returns are expected for 2008 tft@m2004 brood year and 2009 returns are
predicted at less than 10% of recent escapemeilistie combined 2003 and 2004 affected
brood years (McCubbing al., 2006).

Based on the above information, the overall ecclageffect of the derailment on steelhead’s
capacity to serve as a food source for aquaticoardfrestrial piscivores and omnivores was
rated as high. The effect was ranked as high baseal high magnitude, a regional extent, an
either unknown or continuous frequency, a residiughtion and an unknown reversibility. The
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likelihood of there being an effect to the steetheaological function was rated as possible, in
that it will probably occur (30-70%).

The rating was determined with a high level of cderice, as McCubbingt al. (2006) gave a
high level of confidence to their estimate obtaideding the emergency impact assessment and
pre-spill data are available for the assessmeat are

Chinook Salmon

Effect Ranking: Moderate
Likelihood: Possible
Ecological Effect: Moderate

Adult chinook salmon enter the Cheakamus River betwJuly and September and spawn
between September and October with fry emergingidet February and March. (McCubbing
et al., 2006). McCubbingt al. (2006) estimated 50% of the 2005 chinook adultutetmpn, and
90% of parr juveniles had been impacted by theildeeat. The majority of juvenile salmon
have been observed to migrate out of the Cheak&ives within 90 days of emergence (Triton,
2006b). McCubbingst al. (2006) indicated adult returns in 2009 may beuced by as much as
50%.

Based on the above information, the overall ecclugeffect of the derailment on chinook’s
capacity to serve as a food source for aquaticoartdfrestrial piscivores and omnivores was
rated as moderate. The effect was ranked as medssiaed on a moderate magnitude of effect,
a regional extent, a possibly continuous frequearay a long-term duration. The magnitude of
effect was considered moderate as the timing afadi’'s fry presence in the system overlap
with those of fry from pink, coho and chum proviglia wider food basis to predators. The effect
was also characterized as reversible and dimirgsivith time. The likelihood of there being an
effect to the ecological function of the chinookswanked as possible, in that it will probably
occur (30-70%).

A moderate level of confidence was associated i®ahsessment as McCubbiegal. (2006)
rated the level of confidence associated with numbé chinook killed as “medium” for adults
and ‘high’ for juveniles, but the full effect tottening adults is not fully understood.

Coho Salmon

Effect Ranking: Moderate
Likelihood: Possible
Ecological Effect: Moderate

Adult coho salmon enter the Cheakamus River betw@etober and December and spawn
between November and December with fry emergingiéen March and April (McCubbing

al., 2006). Juveniles remain in freshwater for one .y&dult coho were not impacted by the spill
as they had not yet entered the river to spawnwast estimated 90% of juvenile coho residing in
the mainstem at the time of the spill were killdeffects were less severe in off-channel habitats
and some of the constructed side channels, whigtestimated to provide 50% of the annual
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smolt production (McCubbingt al., 2006). In general McCubbing al. (2006) estimated the
spill would reduce the 2006 smolt production by 5@%ich is expected to impact returns in
2006 and 2007.

Based on the above information, the overall ecclgeffect of the derailment on the capacity
for coho to serve as a food source for aquaticanefrestrial piscivores and omnivores was
rated as moderate. The effect was ranked as medesaed on a moderate magnitude, a regional
extent, a continuous frequency and a long-termtoiuraThe effect was also characterized as
reversible and diminishing with time. The likeldw of there being an effect to the coho
ecological function was ranked as possible, inithatll probably occur (30-70%).

This ecological effect rating was determined withigh level of confidence, based on a good
understanding of cause-effect relationships and plattinent to the study area.

Harbour Seal

Effect Ranking: Low
Likelihood: Unlikely
Ecological Effect: Low

The harbour seal is an infrequent visitor to the&@damus River. It has a highly adaptable and
opportunistic diet and can travel vast distancesearch of food. The harbour seals have an at
sea foraging area of 267 kror adults and 385 kfrfor sub-adults, additionally, it can forage up
to 10 km offshore (BC Conservation Data Centre,6200n 1999, the number of harbour seals
counted was 37,257 individuals in the Straight @ofgia and their abundance had reached a
plateau suggesting the population had stabilizezhatying capacity (Olesiuk, 1999). There are
isolated reports of resident freshwater harboulss@aCanada (BC Conservation Data Centre,
2006) however, there is no indication there aredezd harbour seals in the Cheakamus River.
They are however reported in Howe Sound with nushesually increasing in October to
November to approximately 40-50 individuals (citedlesiuket al., 1990).

There will be reduced salmonid escapements fromCiheakamus River into Howe Sound in
future populations, although this affect is expddi® decline over time. Survivorship data has
indicated, “multiple brood years of the majoritysslmonid and all non-salmonid species will be
depressed in the future” (McCubbiegal., 2006). A detailed analysis of the compositiorihea
harbour seal diet is available for the Strait ob@ga. Their diet was dominated by Pacific hake
(Merluccius productus) and herring Clupea sp.) (42.6% and 32.4% respectively) with salmonids
comprising 4% of the overall diet (Olesiudt,al., 1990). Olesiulet al. (1990) report an increase
in predation on salmon in estuaries during July4gsigand peak in September-November. The
Squamish River estuary was sampled by Olestudd. (1990) but only one scat was analysed
and it was comprised of 96.4% hake and 3.3% herri@tgsiuket al. (1990) estimated during
the entire year (83-95%) of harbour seals residsidel of estuaries, but do move into estuaries
as salmon concentrate en route to spawning.

The Strait of Georgia data indicate the harbout mean opportunistic predator in that, diets
varied regionally and seasonally depending on dwmallavailability of prey (Olesiulet al.,
1990). The effect of reduced salmon escapemenktsmtioour seals in the assessment area is
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unknown however, based on the low overall compmsitif salmonids in their diet, their ability
to forage over vast distances and the opportumstiare of their feeding it is considered to have
an overall low adverse ecological effect on théobar seal population using Howe Sound.

In using a worst case scenario for the assessmdntansidering the harbour seal does consume
salmonids as a portion of its diet, the effect lmgkwas low and determined based on the
magnitude of effects ranked as low and a likelihobdheir being an effect to the harbour seal
ranked as unlikely that is it could occur at sonmeetor only in exceptional circumstances
(<30%).

The ecological effect rating was determined witlhigh level of confidence based on data
pertinent to the study area.

6.2 Semi-Aquatic and Terrestrial Receptors

6.2.1 Piscivore

Great Blue Heron

Effect Ranking: Moderate
Likelihood: Unlikely
Ecological Effect: Low

The great blue heron is a year round resident efaksessment area. However, population
estimates for the area were not found thus the iitapoe of the assessment area to the overall
population of great blue herons along the coastnknown. Great blue herons are usually
observed to nest in colonies in woodlands withifew kilometres of their main feeding area
(Canadian Wildlife Service, 2002). The coastal gagpon of great blue herons, for the Strait of
Georgia, is estimated between 3000 and 6000 bizébguer and Moul, 2001). More accurate
population estimates are not available as grea bkrons readily abandon colonies and move
frequently making accurate estimates difficult (&aér and Moul, 2001).

Great blue herons mainly eat small fish (less thalhthe length of its bill), although they have
also been observed to complement their diet witlesjoamphibians (mostly frogs), shellfish,
insects, reptiles and small birds (Gebauer and M201). Eggs are laid in April, incubation
lasts for a little more than a month and fledgingcess depends upon parents providing a
sufficient food source when nestlings are 2-6 wesdlls(Gebauer and Moul, 2001). The effect
of “changes in fish stocks in prime feeding grounds on the number of heron” is unknown and has
been identified as an information gap by Gebauer Mioul (2001). For the purpose of this
assessment, it has been assumed reduced fish rumbgrpotentially impact the blue heron
population present in the assessment area.

Bald eagles are a well known predator of great bles®n colonies (eggs and young) and there
has been concerns raised over increasing bald eaghders on the west coast of BC and its
implications to the reproductive success and olsusitainability of local blue heron populations
(Gebauer and Moul, 2001). For the purposes ofdbsessment, it has been assumed predators
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such as the bald eagle may be supplementing thegg @ith blue heron eggs and young where
fish numbers have been reduced.

The great blue heron is a highly mobile speciesaltimbugh their diet largely consists of various
fish species it is also commonly observed feedmgpgland areas on voles, which highlights the
opportunistic nature of its feeding (Gebauer andiM®001). Based on movements, potential for
an opportunistic diet and the unknown importanae Gheakamus River area has to the overall
population of the great blue heron the overall egimlal effect was ranked as low. The effect was
ranked as moderate based on a moderate magnitwedtedf with some individuals affected but
not the population or ecosystem functions. Therexté effect was described as regional with
periodic frequency and long-term duration. The affeas also described as reversible and
diminishing with time. The likelihood of there bgiran effect to the overall population of the
great blue heron in the region was ranked as uUglikehat it could occur at some time (<30%).

The ecological effect rating was determined witmaderate level of confidence based on an
understanding of cause-effect relationships but wit data pertinent to the study area.

Belted Kingfisher

Effect Ranking: Moderate
Likelihood: Possible
Ecological Effect: Moderate

The belted kingfisher is a year round breedingdessi in the assessment area (Robertson
Environmental Services, 2003.). Belted kingfishames piscivores, mainly preying on fish up to 9
cm in length swimming near the surface or in shallsater (BC Conservation Data Centre,
2006; U.S. EPA, 1993). They catch their prey byirdjfrom a perch overhanging the water or
after hovering above the water (U.S. EPA, 1993\vef#d studies have reported the belted
kingfisher generally fish for the prey which is mawailable and thus can have varying diets
among different waterbodies and/or seasons (U.&, HP93). Stomach content analysis of
belted kingfisher found in riparian areas in Noweot®& indicated one-year old salmon and
sticklebacks were consumed in the highest percerftapwed by trout and salmon fry (42, 30,
15 and 11 percent respectively). Belted kingfisHease also been observed to feed on crabs,
mussels, frogs, toads, insects, salamanders, yomdg, mice and berries when their favoured
food become scarce (U.S. EPA, 1993). Food avaitphbias also been linked as one of the
factors influencing the belted kingfisher reprodmatlocation (Kelly and Van Horne, 1997).
Belted kingfisher need clear water to see theiy jared are rarely observed in areas where water
becomes turbid (U.S. EPA, 1993).

Based on the above information, the overall ecchigeffect was ranked as moderate as the
derailment had the potential to affect the kingfisfood resources in the assessment area. The
effect was ranked as moderate based on a modegggitode, a regional extent, a periodic
frequency and a long-term duration. The effect va#éso characterized as reversible and
diminishing with time. The likelihood of there begian effect to the food resource supporting
the population of belted kingfisher in the regiomsacharacterized as possible in that it will
probably occur at some time (30-70%).
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This ecological effect rating was determined wittmaderate confidence level, based on an
understanding of cause-effect relationship witldata pertinent to the study area.

6.2.2 Insectivores

Common Water Shrew

Effect Ranking: Low
Likelihood: Unlikely
Ecological Effect: Low

The common water shrew is widely distributed in B8d has been observed along the
restoration channels of the North Vancouver OutdBohool (Triton, 2006b). The common
water shrew is adapted to aquatic life. Although mhajority of the common water shrews diet
consists of aquatic insects it is described as @omrunistic predator also consuming slugs,
earthworms, spiders and other small terrestria@dtss small fishes, salamander larvae, fish eggs,
planarians, snails and even some plant materiafiargl (BC Conservation Data Centre, 2006).
The common water shrew has two main active periods) sunset to four hours past sunset and
just before sunrise (BC Conservation Data Cent@§62 Common water shrew predators
include fish (mainly trout), mink, weasels, snaketsers and occasionally hawks and owls (BC
Conservation Data Centre, 2006).

Based on the ecosystem aspect/value charactenzatithe shrews’ ability to provide a food
source for its predators in the Cheakamus River gu8, the overall ecological effect was rated
as low. The effect ranking was low based on a loagmitude, a regional extent, an isolated
frequency and a short-term duration. The effect ebegacterized as reversible and diminishing
with time. The likelihood of there being an efféotthe common water shrew predators post
spill was characterized as unlikelye(, it could occur at some time <30%). The lifettwig of
this species supports the assessment findingseasotimmon water shrew was unlikely to be
using the river at the time of the spill, and beiag opportunistic predator itself it could
potentially substitute its own food source. A varief predators prey upon the common water
shrew and while the assessment has not ruled eupdtential for the spill to have impacted
individuals, effects to the ecosystem function assallt was considered low.

A low level of confidence was applied to this assesnt. Although there is an understanding of
a cause-effect relationship, there is no data mnti to the study area.d., abundance, life
history).

American Dipper

Effect Ranking: Moderate
Likelihood: Possible
Ecological Effect: Moderate

The American dipper is a passerine species comnuirggrved in the assessment area. While no
information specific to the assessment area waseavifrom the literature reviewed, Morrissey
et al. (2004a) studied the migratory pattern of the Aonaar dipper on the Chilliwack River, BC
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and indicated peak density occurring in early Nowem The population in November was
observed to be five times higher than the popuiatiom July. The author also reported the
majority (79-90%) of the population migrated seadlynwith the remaining (10-16%) staying
on the river year round (Morrissey al., 2004a). Should the American dipper show a simila
migratory pattern in the assessment area, it doeldssumed the winter migrants were not using
the river at the time of the spill while river rdsnts may have been present.

Feck and Hall (2004) indicated in drainages of Wiider and Wyoming, USA, the American
dipper abundance was correlated to the abundan@ertdin benthic macroinvertebrate taxa
(Drunella sp. andHeptageniidae) rather than the total invertebrate abundancet-§nk benthic
macroinvertebrate data indicate the presence ofagepiidae in sites upstream and downstream
of the derailment site (Triton, 2007). Other genafr&leptageniidae (e.g., Cinygmula, Epeorus)
were observed to be well represented throughouartda (Triton, 2007) Drunella sp. was also
observed in the Cheakamus River but not in highhdhnce (up to 5% of species estimates)
(Mike McArthur, Triton, pers. comm., 2006). The Antan dippers’ diet also includes fish fry
and salmonid eggs (Morrisseyal., 2004a, 2004b). Morrissey al. (2004a) observed resident
American dippers eating a higher percentage of @2% + 7%) than migrants (22% + 6%).
Additionally, American dippers foraging in salmoireams in southeastern Alaska were
observed to consume 1.8 eggs/minute versus O.6tévates/minute in non-spawning reaches
(Obermeyeet al., 1999).

As indicated in the information above fish fry caecount for a relatively high proportion of the
American dipper diet, and especially in residentdsi Although the benthic invertebrate
communities in the Cheakamus River experiencedpal neecovery, considering the potential
fish component in the American dipper diet, the ralleecological effect was ranked as
moderate, in that the assessment found it waskdedsie spill would affect the American dipper
food resources in the assessment area. The eftectamked as moderate based on a moderate
magnitude, a regional extent, a periodic frequearay a long-term duration. The effect was also
characterized as being reversible and diminishiith wwme. The likelihood of there being an
effect to the American dipper population in theegssnent area was ranked as possible.

The level of confidence associated with this assess was ranked as moderate as it is based on
an understanding of cause-effect relationshipsgudata from studies on another geographical
area. No data on American dipper populations,adyepreferences and migratory status is
available for the Cheakamus River watershed.

Coastal Tailed Frog

Effect Ranking: Moderate
Likelihood: Possible
Ecological Effect: Moderate

There are no population estimates for the coaailaldt frog in BC, however 40 to 60 percent of
the creeks surveyed on the coast of BC reportencanrrence of the species (cited in Ministry
of Water, Land and Air Protection, 2004). Therhtere reviewed did not indicate the coastal
tailed frog was found in the Cheakamus River, haweits habitat requirements (streams less
than 15 meter wide, fast flowing water, low percehtsand cover, low temperatures, cobble
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substrate) and studies conducted on populatiodgwnorder streams in nearby stream basins
(e.g., Squamish, Elaho and Mamqguam rivers) (Wahbe amahéll, 2003) indicate the coastal

tailed frog may be present in some areas alongtteakamus River. Coastal tailed frogs tend,
however, to prefer streams with few or no fish pregMinistry of Forests and Range, 2003) and
breed in streams draining basin areas less thaknB@ith larval abundance observed to be
highest in creeks draining basins between 0.3 tonrf0(Ascaphus Consulting, 2003).

At the time of the spill, eggs, tadpoles and/orlsdmay have been present in the Cheakamus
River as the coastal tailed frog breeds from Mayptwober with eggs laid mostly in July and
hatching from August to September (BC Conservatizata Centre, 2006). Tadpoles can
metamorphose anywhere from 2 to 5 years (CorkrdriT@oms, 1996). Adults generally remain
in the water which they leave only at night andyaat| time of high humidity (Ministry of Forest
and Range, 2003). Recent studies have found newhamorphosed tailed frogs a hundred
metres away from the nearest stream indicatingy eage-classes were capable of upland
movements (Wahbet al., 2000).

Adult coastal tailed frogs feed mostly on food iteabtained on land within a hundred metres of
the creek€.g., arthropods, spiders, ants, ticks, mites) wlatipbles eat diatoms from submerged
rocks as well as algae (Ministry of Forests andgeag003).

The coastal tailed frog is preyed upon by Ameridgpers, garter snakes, trout, western toads
and coastal giant salamanders (Morrissey and (Me8@04). However, as mentioned above, in
the assessment area these predators do not fdediegly on the coastal tailed frog.

The above information indicates the Cheakamus R#/ékely not part of the preferred habitat
of the coastal tailed frogs, as they prefer stredmaging smaller basins and containing few to
no fish, however, based on the “worst case scenhariociple it was assumed tailed frogs could
be present in the Cheakamus River. Based on theeabfmrmation, the overall ecological effect
of the derailment on the coastal tailed frog (eggdpoles and adult stages) capacity to serve as
food source for aquatic and terrestrial predatesding in the assessment area was rated as
moderate. The effect was ranked as moderate baseal moderate magnitude of effect, a
regional extent, an isolated frequency and a deom- duration. The effect was rated as
moderate since none of the identified aquatic anekstrial predators are feeding exclusively on
tailed frog. The effect was characterized as by and diminishing with time. The likelihood

of there being an associated effect to the ecasyftem effects of the NaOH spill to the tailed
frog was ranked as possible.

This ecological effect rating was determined witHoa level of confidence, based on an

understanding of cause-effect relationships butthe absence of site-specific datag(
occurrence, abundance).

6.2.3 Herbivore

Canada Goose
Effect Ranking: Nil
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Likelihood: Nil
Ecological Effect: Nil

The Canada goose is a year-round resident of esasent area (although some components of
the local population may be migratory). Canadasgdeed on terrestrial and aquatic vegetation
and grains and concentrate in areas where foodhusdant (U.S. EPA, 1993). They prefer
certain foods but have been observed to changedigiin function of the availability of a food
type. For example they consume green ceap,(winter wheat) during the fall but switch to food
richer in energy during the wintee.§., corn) or they have been observed to forage momes

of Potamogeton richardsonii at low water level and switch to other plants whies water levels
increase. Canada geese favour eating the bladeotipsany plants as these have a higher
nitrogen and protein content such as marsh grgdSpagtina spp.) and rushesJ(ncus gerardi)

(U.S EPA, 1993).

There is limited information on the aquatic vegetatof the assessment area. Aquatic plants
have been observed to have a wide pH tolerancesam@ authors have indicated they should
not be impacted by shifts of 2-3 pH units (see iBa&t.2).

Based on the above information, the overall ecolageffect was ranked as nil. Some aquatic
plants in the assessment area may have been dffegtde derailment; however it is unlikely
plant mortality significantly reduced the Canadagm diet. The effect was ranked as nil based
on a magnitude described as nil, a regional exértt,an isolated frequency. The effect was also
described as having a short-term duration and beweysible and diminishing with time.

A moderate level of confidence was applied to thssessment as it was based on some
understanding of cause-effect relationships but wit data pertinent to the study area.

6.2.4 Carnivores

Two terrestrial carnivores, one mammal (mink) ame dird (bald eagle) were selected as
surrogate species for this animal group. The divecalogical effect was ranked as low for the
mink and low for the bald eagle, as detailed below.

Mink

Effect: Low
Likelihood: Unlikely
Ecological Effect: Low

Mink are opportunistic carnivores preying on whateprey is more abundarg.d., muskrats,
frogs, birds, waterfowl, insects, crustaceans asit) {U.S. EPA, 1993). The literature does not
always agree on the mink food type consumption. Th8. EPA indicates mammals are
considered the mink’'s most important prey year-adowith fish supplementing their diet in
winter (U.S. EPA, 1993). On the other hand, theBi@istry of Environment indicates aquatic
organisms make up almost 100% of the mink diet viigh contributing up to 50% (MELP,
1996). Mink have been observed returning contizuédl specific locations where prey is
concentrated (Hatler and Beal, 2003). Mink arevkmdo be sensitive to chemicals which
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bioaccumulate within the food chain such as PCEON does not adsorb on particulate matter,
surface or living tissue and does not bioaccumutatbe food chain. Consumption of fish killed
subsequent to NaOH exposure would not have hadhearse effect on the mink. Additionally,
mink are predominantly nocturnal hunters, thusafiexposure to the NaOH plume is unlikely to
have occurred as the derailment occurred at 7:0@urgnits effect on the rivers water quality
lasted for approximately 6 hours. Mink are alsocdegd as solitary with the same gender home
range not overlapping (U.S. EPA, 1993). Note, i@ tontext of this assessment, direct contact
such as dermal absorption or surface water ingestias not considered a plausible pathway
(Refer to Section 4.5). The fact that no mink casea were observed along the foreshore of the
Cheakamus River during the Emergency Assessmeipioaspthe validity of this assumption.
Note, average longevity for wild mink has been r&gub to be about three years (Hatler and
Beal, 2003).

In characterizing the overall ecological effectrmimk a “worst case scenario” assumption was
made in that it was assumed the mink diet consistaihly of aquatic organisms. The overall
ecological effect was ranked as low with effectseptially occurring at the individual level but
not at the population level. The effect was chamotd as low based on a low magnitude, a
regional extent and a periodic frequency. The tinmeof the effect was considered to be short-
term and reversible with any potential effect dirsiving with time.

A moderate level of confidence was associated whik effect ranking as no site-specific
population figures or information is available tbrs species.

Bald Eagle

Effect: Moderate
Likelihood: Unlikely
Ecological Effect: Low

The Cheakamus River is a recognized valuable arewiftering bald eagles, with numbers in
the Squamish Valley reported to exceed other wimgeaireas in the U.S. as well as other areas in
south western BC (Booth and Merkens, 2000). Of3B@00 bald eagles estimated in Canada,
28,500 were estimated to be in BC, (Blood and Ateweil994). In the Brackendale area
population numbers have been recorded each Jasuay 1986. The total number of eagles
ranged from 537 in 1986 to 3769 in 1994 (Brackemdat Gallery, 2006). During the last 21
years, the average number of total eagles was 245%0164.43 for adults, 528.81 for juveniles
and 57 for unclassified eagles). In 2006 a total@B84 eagles were observed including 1124
adults, 497 juveniles and 63 unclassifiable. In 7208 total of 1757 eagles were observed
including 1126 adults, 617 juveniles and 14 undi@éde. The total number of eagles was
slightly below the 20 year average in 2006 anchtlijgabove it in 2007. Eagles congregate in the
assessment area from mid November to mid Februatly,the highest densities recorded near
the Cheakamus and Squamish Rivers’ confluence (Bawotl Merkens, 2000). The eagles tend
to congregate in areas with extensive networksrabvej bars, where the highest deposition of
salmon carcasses occur (Booth and Merkens, 2000).

The majority of the over-wintering population coegates in the assessment area to coincide
with the large chum salmon run occurring over thetev. Bald eagles, including the resident
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population, would likely also utilize other salmdsiin the assessment area as a food source
including chinook, whose peak spawning occurs frAugust to September and coho which
spawn in late summer to fall and into December. &mergency impact assessment conducted
by McCubbinget al. (2006) indicated the derailment occurred well dvance of the chum
salmon migration and spawning period. No adversauladion impacts occurred to the 2005
adult chum or juvenile population (Triton, 2006bhe emergency impact assessment indicated
both chinook and coho salmon were impacted. It @ssgnated 50% of the 2005 chinook adult
population and 90% of parr juveniles from the 2@@dod year were impacted. No adult coho
salmon from the 2005 brood year were reported ingoatowever, it was estimated that 50% of
fry juveniles present in the river at the time loé spill were impacted (McCubbirgal., 2006).

Bald eagles are known as opportunistic feederangawhatever food source (carrion, fish,
waterfowl, seabirds and mammals) is more abundaheasy to capture or scavenge (U.S. EPA,
1993). They have the ability to supplement thegt avith other fauna if the fish food resource
becomes limited. For example, bald eagles have beserved to steal food from hawks, osprey
and/or gulls or even other members of their owrcigsewhen one of their primary food sources
decreases (U.S. EPA, 1993). Additionally, bald esagWill move great distances to take
advantage of seasonal food resources. In BC, antpdpulations have been observed to move to
the coast when streams and lakes ice over, andmes also occur between Alaska, southern
U.S. states and Canada (Blood and Antweiler, 19%8Basonal food availability is the
determining factor for these migrations.

Bald eagles scavenge on dead or dying prey ankinasen to be vulnerable to biomagnification
of contaminants in the food chain (U.S. EPA, 1993).NaOH does not adsorb on particulate
matter, surface or living tissue and does not loawlate in the food chain, consumption of
dead or dying fish subsequent to the spill woult meove had an adverse effect on eagles. No
observations of eagles congregating to the Cheakdtiwer to feed on dead fish were reported
during the days following the spill.

Based on the above information, it was considerdikely the derailment affected bald eagle
food sources to such extent that it would not supsident or over wintering populations in the
assessment area within the range of natural véitjalihe effect was characterized as moderate
based on a moderate magnitude, a regional ext@eti@dic frequency and a long-term duration
with the potential for reduced food sources ocagrrfter the spill but diminishing with time.
The potential effects were also considered to berstle.

A moderate level of confidence was applied to tlifeceé ranking. Although bald eagle
population numbers are available there are no teng- post-derailment data to determine the
potential cause-effect relationship with confidence

Anecdotal discussions with at least one rafting gany operating on the river did not indicate
there had been a drop in bald eagle sightings eachtimber of raft trips had not noticeably
declined.
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6.2.5 Omnivores

Two terrestrial omnivores, black bear and commonrgargser, were selected as surrogate species
for this animal group. The overall ecological efféor the terrestrial species was ranked as low.

Common Merganser

Effect: Moderate
Likelihood: Possible
Ecological Effect: Moderate

The common merganser is a year-round residenechseessment area and has been observed to
frequent the Cheakamus River (Mcintosh and Robert2001). Note, common mergansers
frequent the coast of British Columbia year roumolvever, denser concentrations are observed
from November to March (Baron and Acorn, 1997). Tdmmmon merganser diet consists
mainly of fish, amphibians, crustaceans, invertesrand some plant material (BC Conservation
Data Centre, 2006). Adults mainly consume fishlevhiquatic insects are a primary source of
food for young birds. Common mergansers are knowrbdé active predators of juvenile
salmonids (Martel and Dill, 1995). The British Calbia Ministry of Environment estimated an
adult common merganser ingests approximately 3Gmgrof food per day, with 100%
consisting of aquatic organisms (MELP, 1996). AeotlCanadian study estimated young
mergansers could consume up to 200 grams of subageahinook per day, with a brood of ten
ducklings potentially ingesting 2 kilogram of figler day in the summer (BioAnalysts 2000 cited
in Hagar Environmental Science, 2002).

In characterizing the overall ecological effecthe common merganser a “worst case scenario”
assumption was made in that it was assumed the commerganser diet consists mainly of
aguatic organisms. The overall ecological effecs wanked as moderate. The effect was ranked
as moderate based on a moderate magnitude with sfieet potentially occurring at the
population level but not at the ecosystem levek €Rtent of effect was described as regional,
the frequency as periodic and the duration as g4bort and reversible with potential effects
diminishing with time. The likelihood of there begi an effect to the common merganser
population was ranked as possible.

A moderate level of confidence was applied to #isessment as the ranking was based on an
understanding of cause-effect relationships witldaia pertinent to the study area.

Black Bear

Effect: Moderate
Likelihood: Unlikely
Ecological Effect: Low

The black bear is an opportunistic feeder, feedim@ wide variety of berries, horsetails, catkins,
mammals, fish and carrion in function of their attance. Berries and spawning salmon are
described as key food resources during the falb@Rson Environmental Services Ltd., 2003).
The black bear has a large home range, with maheh@nges in western Canada reported
between 55 and 125 Kmand females between 10 and 1252k{Robertson Environmental
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Services, 2003). A proportion of the black beaded resource may have been affected in the
fall of 2005 following the NaOH spill and subsequéish kill. Following the spill, concerns
were expressed by some local residents regardmefthct of eating dead or dying fish on the
health of the bears. As NaOH does not adsorb aiicpkate matter, surface or living tissue and
does not bioaccumulate in the food chain, conswnpif dead or dying fish would not have had
an adverse effect on the black bear population.

Based on the above information, the overall ecoligeffect rating from this assessment for the
black bear was low indicating the potential for gomdividuals to have been affected, but an
unlikely rating of an effect to the black bear plgpion in the assessment area. The effect was
characterized as moderate based on a low magnduggjional extent, a periodic frequency and
a long-term duration with the potential for reduckmbd sources occurring post-spill but
diminishing with time. The potential effect was alsonsidered reversible. The low overall
ecological effect ranking reflects the adaptabld apportunistic nature of the black bears diet
and its ability to move large distances in seafdoad.

A moderate level of confidence was applied to #ssessment as no site-specific population
figures or information was available.

Table 6-3 summarizes the effect ranking and ovexalogical effect obtained for each selected
receptor.
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Table 6-3. Effect ranking obtained for each selectereceptor
Receptor Magnitude Frequency Duration Reversibility Effect Likelihood Overall

Effect
Benthic Unlikely LOW
Invertebrates Low Isolated Short-term Reversible wLo
Coastrange Certain VERY HIGH
Sculpin High Continuous Residual Unknown High
Pacific Lamprey Unknown Periodic Long-term Unknown Moderate Possible MODERATE
Steelhead High Continuous/ Residual Unknown High Possible HIGH

Unknown

Chinook Moderate Continuous Long-term Reversible dbfate Possible MODERATE
Coho Moderate Continuous Long-term Reversible Maider Possible MODERATE
Harbour Seal Low Isolated Unknown Reversible Low likérdy LOW
Great Blue Heron| Moderate Periodic Long-term Rebtes Moderate Unlikely LOW
Belted Kingfisher | Moderate Periodic Long-term Revilgle Moderate Possible MODERATE
Common Water Unlikely LOW
Shrew Low Isolated Short-term Reversible Low
American Dipper | Moderate Periodic Long-term Revdesi Moderate Possible MODERATE
Tailed Frog Moderate Isolated Short-term Reversible Moderate Possible MODERATE
Canada Goose Nil Isolated Short-term Reversible Nil Nil NIL
Mink Low Periodic Short-term Reversible Low Unlikel LOW
Bald Eagle Moderate Periodic Long-term Reversible odktate Unlikely LOW
Common Possible MODERATE
Merganser Moderate Periodic Short-term Reversible odéate
Black Bear Low Periodic Long-term Reversible Modera Unlikely LOW
Note: The extent of effect was rated as Regionmat&zh selected receptors.
FINAL REPORT Page 72

Prepared by Triton Environmental Consultants Ltd.



Screening Level Assessment of Ecological Effects June 2007

7.0 Assumptions and Uncertainties

Given the broad scope of the assessment and titedimount of available data, uncertainties
exist in numerous areas, including, but not limitedstressor concentrations, stressor toxicity to
the selected receptors and receptor site-speaiiicrnation such as occurrence, abundance and
diet composition. These uncertainties may resuleither over- or under-estimation in the
ranking of the overall ecological effect.

In the context of this assessment, where unceigaiekisted, a conservative approach was taken
in order to skew and, in the interest of safetygregtimate potential effects. The limitations and
sources of uncertainty in this assessment arenedtlbelow. While it is possible others may
exist, it is likely their impact on the charactedzecological effects would be comparatively
minor, and would likely only have minor influence the results and/or conclusions expressed in
this report.

* Based on the available physicochemical water qual#ta it was assumed the hyper
alkaline plume of sodium hydroxide traveled dowe #ssessment area within a 5 to 7
hour period.

* The potential effects are based on the hydroxyldond pH effect. It was assumed that
any exothermic effects would have been localizedtht® spill site at the point of
discharge.

* The seventeen selected receptors are consideratbdtaepresentative of the assessment
area and its trophic relationships as well as bapgropriate surrogates for their animal
community.

* The effect on benthic macroinvertebrates was asdeststhe community level, while all
other receptors were assessed at the populatieh lev

* Based on the lack of population specific informatfor most of the selected receptors,
expect fish, the method adopted is reflective dfigher level/red flag approach using
judgment and inference to identify plausible expesscenarios and potential effects to
populations.

* Where the scientific references provided differdiet compositions for a given receptor,
the information favouring a diet consisting of atiaorganisms was selectee.d.,
mink).

* Where no site-specific informatiore.§., life history, diet) was available for a given
receptor, information obtained from other studiempleted in similar environments in
North America was used.

» It was assumed receptors considered to be oppstitifeeders and having a varied diet
could substitute one food type for another in timnkeshortageseg., black bear and bald
eagle).

* When site-specific information was missing for &egi receptor, “worst case scenario”
assumptions were made in characterizing overallogamal effects. This conservative
approach may overestimate the potential effects.
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8.0 Conclusions

Based on the observations and information discuabede, the following conclusions can be
drawn:

* The derailment resulted in a hyper alkaline pulstudbance resulting in a one-time
direct effect on aquatic species present in therrig.g., benthic macroinvertebrates,
fish);

« Sampling and analytical results confirmed sodiundrbyide did not persist in the
environment;

» Direct effects in turn, lead to indirect effectstlwione receptor’'s response potentially
becoming a stressor to a subsequent receptor #iertgophic chain;

* As sodium hydroxide does not bioaccumulate in tbphic chain, the conceptual model
indicated the indirect effect could be describedniyaas the capacity of a given receptor
to serve as a food source for subsequent aquatioraterrestrial receptors;

» Seventeen (17) receptors were selected out of lamprary list including two hundred
and thirty three (233) receptors. The seventeereptecs were selected as most
representative of the assessment area as well rexgates for their specific animal
community;

* Overall ecological effects on the seventeen salecteeptors were characterized as: one
very high, one high, seven moderate, seven lowoaedil rankings;

* Very high and high overall ecological effects rargs were obtained for coastrange
sculpin and steelhead trout based on their capdoitgerve as a food source for
subsequent aquatic and/or terrestrial receptorshése cases, it was concluded the
structure and function of the population at thesgstem level had potentially been
affected. Most semi-aquatic and terrestrial pis@gog.g., belted kingfisher, common
merganser) scored moderate rankings based on @bt ifiect to their food resources. In
these cases, it was recognized, effects could caictine structure level but not at the
function level. Low rankings were generally ob&adrfor receptors either contributing to
a small percentage of the food resource of thedamor(s) (e.g., water shrew) or for
receptors having a varied and opportunistic desg.,(black bear and bald eagle. Nil
rankings were obtained in cases where it was esgahthe derailment did not have any
plausible effects to a given recepteg(, Canada goose);

* This screening assessment of effects indicate€heakamus River ecosystem seems to
be functioning and the spill has not had a defiagkerse effect on receptor populations.
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9.0 Recommendations

The assessment of ecological effects has led teraslexecommendations, which are presented
below. These recommendations are outlined at eh“la@gel” and represent potential next steps,
which may be necessary to refine and or developvesy strategies.

1.

Ongoing monitoring of the two species which scoredy high and high ratings (coastrange
sculpin and steelhead, respectively) should coatiMdonitoring results should be used to
confirm the assessment ratings, assess naturalemc@and develop or refine recovery
strategies if considered necessary. Ongoing mamgomprograms include the Non-

anadromous Reach Fish Sampling Program, the CheekRimer Resident Fish Abundance
Monitoring Program and the Char Adult Enumeratidnd$. Details on these monitoring

programs are available online at http://www.cegtpablications_maps.shtml

Monitoring of fish species which scored moderatenga(anadromous salmonids and Pacific
lamprey) should continue. Ongoing monitoring shdutdused to gauge longer-term effects,
confirm assessment ratings, assess natural recandryefine or develop recovery strategies,
if considered necessary. Ongoing monitoring programslude the Non-anadromous Reach
Fish Sampling Program, the Cheakamus River Residésit Abundance Monitoring
Program and the Char Adult Enumeration Study. Detm these monitoring programs are
available online at http://www.certc.ca/publicasomaps.shtml

A wildlife observation form should be developed argkd to record wildlife observations
occurring during the ongoing monitoring programs.

Monitoring programs for species other than fish alihiscored moderate rating (Belted
kingfisher, American dipper, common merganser aileéd frog) are being considered and
should be developed if deemed necessary. As nogbaakd information exists for these
species in the Cheakamus River watershed, it wiltlifficult to relate observations to pre-
spill conditions. Information collected could bensaered in the context of building a
baseline database and updating effects ratings.

The need to adjust the effect assessment ratingsldshbe reviewed as site-specific
information becomes available as part of ongoigvery plans and associated monitoring.

Findings of the ecological effects assessment shbal presented to the CERTC and the
Stakeholder Team.
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