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EXECUTIVE SUMMARY

As the Campbell River Water Use PMAJP) process reached completion, a number of
uncertainties remained regardiog-habitat relationships in the Campbell River watershed. These
uncertainties hindered assessment of teetwdfih from the WUPrecommended operations

The JHTMONG6 Campbell Watershed Riverine Fish Production Assessment was designed to
resolve thesencertainties with three separate stutles.Year Reportrelates to thérst of these

studes FlowHabitat Relationships in Diversion. Skteanabjective, management questions,
hypotheses and current status of the hdlmtatcomponent of JHTMOM is summarised below

in Tablei.

Tablei. Status of the habitafflow component of JHTMON-6 after Year 1.

Study Objective Management Questions Management Hypotheses Year 1 (2015/2016) status

1. What is the relationship between habite Hol: Over the range controlled by the diviyear 1 of this three-year study has been comp
and flow in the Quinsam River diversion rcdoes not affect the quantity and quality of Year 1 involved developing a recommended
through Miller Creek, and Salmon River approach to complete the remainder of this
mainstem downstream of the diversion for Hy2: The empirically derived flow-habitat component of JHTMON-6.

salmonid species during their fry, juvenile relationships for each diversion stream dc

Reduce uncertaint) Lo L o . .
-spawning life stages? significantly from the predictions made by A review was completed of instream flow

about habitat-flow

relationships in and Hatfield (in progress) meta-analysis nassessment methods that identified appropriat
diversion ch)Jnor 2. Are these empirical flow-habitat methods to resolve uncertainty regarding flow-
streams relationships consistent with meta-analysiyy 3. The frequency and duration of flow ¢ habitat relationships. Reconnaissance site visi
results? outside the range considered to be optim:We'® completed to identify study sites and con

that proposed methods are appropriate. A
recommended approach is presented to compl
further fieldwork and analysis during Year 2 ar
to address the management questions.

3. If the expected gains in fish abundance optimal for maximum habitat availability a
not been fully realized, what factors if any sufficient to cause measurable long term |
masking the response and are they influejimpacts as indicated by fish abundance a
by BC Hydro operations?

This Year 1 Reporprovides context and details for work that will be undertaken during the
remaining two years of the study to collect and analyze data from the two studyMséiezams:

Creek and Salmon River. Miller Creek flows into Lower Campbell Lake reservoir eysd conv
diverted water from the Quinsam River when sufficient flow is available. The study section of the
Salmon River is downstream of the Salmon River Diversion Dam and therefore experiences reduced
flows wherflow diversion occurs.

This studywill developspecies and life stage specific-Hahitat relationships ftine two study
streamsind hencompare them witrelationshipsisedduringWUP developmentSpecifically, the
study will address the following two Management Questions:

1. What is the relationshigetween habitat and flow in the Quinsam River diversion route
through Miller Creek, and Salmon River mainstem downstream of the diversion for all
salmonid species during their fry, juvenile and spawning life stages?

2. Are these empirical fleabitat reladinships consistent with metaalysis results?

The study design is based on recommendations of an earlier rengeaoh flow assessment
methods (Healey and Hatfield 204ppendixA). For both rivers, we propose ¢ollect data to
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calibrate hydraulic habitat models to simulate depth and welth@tgtudy reacheser a range of
flows.

For Miller Creek, we wilonduct monitoring at 15 transediging three flow conditions to
configure a -timensional hydraulicabitat model (PHABSIM). In addition, two hydrometric
gauges will be installed to monitor discharge during the monitoringt@exotiess uncertainty
regarding flow conditions downsireaf Gooseneck Lake. Additional fish habitat information will
be obtained fronmresults ofa Level 1 Fish Habitat Assessment that was previously completed
(AMEC 200).

For the Salmon River, we wiiinduct monitoring &0 transectsluring three flow condbins to

configure a -tlimensional hydraulic habitat model that will be applied to the ~18 km section
downstream of the dam where the river is predominantly confined to a single channel. In addition,
we will collect detailed microhabitat data from a repatige lkm section on the ~6 km reach

between Kay Creek and Memekay River confluences where the river is braided. These data will be
used to configure ad2mensional hydraulic habitat mo@et)., Rive2D). Data will be primarily

collected using an uamnmed aerial vehicle (UAV), with additional field data edliecugment

and validate data collected with the UAV.

Hydraulic habitat models will then be used to simulate depth and velocity for a range of flow
conditions. These predictions will be coexdbiwith establishdish habitat suitability criteria

derive species and life stage specific -flabitat relationship®r each streanfManagement
Question 1) Theserelationshipsvill then be quantitativelfcompared to the megaalysis curves
thatwere used in the WU® evaluate any differen¢dnagement Question 2he effects of any
differences on the WUP fish habpatformance measuéll be assessed by simulathepitat

time series under the WUP flow scenanmscompang the results ith the earlier results from

WUP developmentrinally, the results from this study will be used to support analysis that will be
undertaken as part of JHTM@\to examine whether habitat limits juvenile fish abundance in the
Salmon and Quinsam rivers, dmerefore assess the biological significance of uncertainty in the
metaanalysis curves that were used in the. WUP

Interim results will be presented in an annual data report submitted at the end of Year 2. A final
report will then be submitted at the ehd¥ear 3 thaincludes the outcomes of analysis to address
the management questions.
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1. INTRODUCTION

1.1. Background to JHTMOMN

Wat er Use Plans (WUPs) were developed for al |
consultative process involving local stakeholders, government agencies and First Nations. The
framework for water use planning requires that a WUP be revieavpdradic basis and there is
expected to be monitoring to address outstanding management questions in the years following the
implementation of a WUP.

As the Campbell River Water Use Plan (BC Hydro 2012) process reached completion, a number of
uncertaities remained regarding flbabitat relationships in the Campbell River watershed. These
uncertainties hindered assessment of how the outcomes of the WUP would benefit fish populations.
Habitat study work that was originally planned to address thedaintiesercould not be
completed within the time and budget constraints of the WUP process; consequently,-a less data
intensive and dedlased approach was adopted to predict how changes to flow would affect fish
habitat. This approach was based on aamatisis of instream flow studieslertakerelsewhere

to predict flowhabitat relationships (Hatfield and Bruce 2000, Bruce and Hatff@ieparatjon

This approach was untested, and its acceptance by the Fish Technical Committee was contingent on
resdving three key uncertainties (BC Hydro 2013):

1. habitatflow relationships in diversion donor streams;
2. physical barriers to upstream migration in diversion donor sardms;
3. conflicting results of two hydrological models applied to the Lower Camphell River

The JHTMONG6 Campbell Watershed Riverine Fish Production Assessment was designed to
resolve these uncertainties by addressing the following four management questions (BC Hydro
2013):

1. What is the relationship between habitat and flow in the QuinsandiRvsion route
through Miller Creek, and Salmon River mainstem downstream of the diversion for all
salmonid species during their fry, juvenile and spawning life stages?

2. Are these empirical fleabitat relationships consistent with raetysis results?

3. At what range of flows do migrating fish successfully navigafesite barriers on the
Quinsam and Salmon Rivers, and is its frequency/duration sufficient to ensure successful
migration?

4. What are the key differences between and twedimensionalhydraulic modeling
approaches to habitat assessment of streams? What are their strengths and weaknesses anc
what method should be used to model hydraulic/habitat conditions in lower Campbell
River?

These questions are designed to be addressed byitestilidngpotheses.
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1.2. Flow-Habitat Relationshigsr Diversion Rivers

Three independent studies have been designed to separately address the three areas of uncertaint
listed aboveThis reportrepresents the Year 1 annual report that is part of aydarestudy

designed to resolve thest area of uncertaintflowhabitat relationships for Miller Creek and Salmon
RiverSpecifically, there is uncertainty regarding the potential for diversion af twvat@uinsam
RiverDiversion Danto affect fish hahats in Miller Creefvhich conveys diverted water) and in

the Salmon River mainstem, downstream of the Salmon River Diversipmapa)nPlans for the

other twostudies have been, or will be, presented in separate documents.

This study will primarily address Management Queedtiand 2Threeof the six null hypotheses
relate to thse managemerguestios (BC Hydro 2013)hese are

H,1: Over the rangetrolled by the diversion, flow does not affect the quantity and quality of fish I

H,2: The empirically derivbadbitat relationships for each diversion stream do not differ significant
from the predictions made by the Bruce angdrbigitéist) fantdysis model.

H,3: The frequency and duration of flow events outside the range considered to be optimal or n
maximum habitat availability are not sufficient to cause measurable long term population impac
indicated tish abundance assessments.

1.3.Objectives
The objectives of thiéear Ireport are to:

1. Summarize the work completed during the WUP to quantifipdlovat relationships

2. ldentify outstanding data negeds

3. Summarize the outcomes of reconnaissance sitendsiteaken to select transect locations
4

. Present aacommended approafdr fieldwork activities, including rationale for selection of
transect locationand

5. Describe proposed data analysis methods

A separate memo was completed dufesy 1that provide areviewof alternativenstream flow
assessment methods that could be applied during JHBNtOEsolve uncertainty regarding flow
habitat relationship@ealey and Hatfield 2019his memo is presented Appendix A and
outcomes of the review are summarized in S@ction
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Map 1
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2. OVERVIEW OF WORK COMPLETED DURING WUP DEVELOPMENT

During WUP developmentegeral difficulties arose during collection amalyses of stream
transect datdor the Quinsam and Salmoivers Thesepreventedanalysis of flo@habitat
relationships using streapecific data to be completedthin the timeframe of WUP
developmentTo proceed with the WUP, assessmainfisw-related effects on fish habitat instead
relied onmetaanalysi®f other instream flow studies in the Pacific North¢#field and Bruce
2000, and Bruce and Hatfield, in progresg)ported byrofessional pigmentto reflect site
specific consideratians

These metanalysis approaches are described in Healey and HatfieldAfp@nslix A). In

summary, Hatfield and Beu(2000) examined habitatv relationships from 127 hydraulic habitat
modelling studies in western North America to derive a relationship between mean annual discharge
(MAD) and the optimum discharge that corresponded to maximum fish habitat avSiqaifiye
relationships were derived for four l'i fe sta
speciesO6 category. Thi s wor k inpeeparafidh generakze t e nd e
whole habitatiow relationships. For each oéthabitaflow relationships used in the study, they
extracted the flows corresponding to 50%, 60%, 75%, and 90% of the optimal habitat (on both
ascending and descending portions of the hbWtatelationship). Statistical analysis of these data
pointsrevealed that the habiteiw relationships follow a kegrmal relationship. A risk function

was defined as the inverdette habitaflow relationship anché optimal flows in Hatfield and

Bruce (2000) were also revigdek results of Bruce and Hdtién preparatjomere incorporated

into a computer tooko generate habitflbw relationships based on udefined stream
information. The purposef this toolareto aid in project scoping (e.g., determine if a detailed

study is necessary), assist in design of detailed studies (e.g., determine flow rates for sampling), anc
aid decisions in adaptive management (e.g., flow rates for testing). This tool wakuksd tbeca

rearing habitat performance measure in the Campbell River WUP.

Healey and Hatfield (20¥&ppendixA) alsorevieved six alternative approaches, with glative
advantages and disadvantages of each approach reviewed in the context of their applicability to
resolving uncertainties surrounding hafd@at relationships in th8HTMON-6 studystreams.

This reviewconcluded that applicationaither a dimersional(1D) or 2-dimensional2D; budget

permitting) physical habitat model is recommended to address the applicable management questions.
Data analysis methods are discussed further in $e2tion

3. BACKGROUND TO STUDY STREAMS

3.1.Miller Creek

3.1.1. Watershed Description
The Quinsam River diversion roagnveys diverted water from the Quinsam River to Lower
Campbell Lake reservoir, where the diverted wétenissed fotydroelectricity generation at the
Ladore and John Hart faciliti@$e diversion dam is located 47.4 km from the mouth of the
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Quinsam River and was constructed in T8% diversion routBfows from the point of diversion
at the Quinsam River Diversioram throughGooseneck Laké.78 krf) and Snakehead Lake
(0.20kn), and intaMiller Bayin the southern side of Lower Campbell Lake resaviapiy.

Consistent with thierms of referendq@ OR; BC Hydro 2013), we refer here to the entire diversion
route as OIMS theretore indudes ¢h& 61.8 km canal that conveys water from the
diversion dam to Gooseneck Lake (Burt 2003), as well agutsd channels downstream that
convey water to Lower Campbell Lake reservoir via Snakehead Lake.

3.1.2.Hydrology and Diversions
3.1.2.1Diversion Conditions

The Quinsam River Diversion has a design capacity of*&%ihcha total of 100 million®s

licensed to be diverted annually (BC Hydro 2012). The WUP stipulates minimum flows (when
naturally availabl@able) and maximum dowramping ratesTéble) in the Quinsam River
downstream of the diversion dam.

Table L Minimum permitted discharge in the Quinsam River (BC Hydro 2012).
Applies to hydrometric gauge 08HDO021 (se®lap 2).

Date Minimum discharge in Quinsam River (m3/s)
Jan 1 to Apr 30 2.0
May 1 to Oct 31 1.0
Nov 1 to Dec 31 0.6
Table 2. Quinsam River maximum permitted down ramping rates (BC Hydro 2012).
Stream Discharge (mS/S) Maximum down ramping rate
(m¥s/h)
Quinsam River >4.0 8.5
O 4.0 1.0
Quinsam Diversio >2.0 N/A
O 2.0 1.0

3.1.2.2Historic Discharge Data

The Water Survey of Candd¢SC)maintaing hydrometricaugeat one site in th@uinsam River
diversionroute immediately downstream of the diversion ddap 2, WSC 2015). Historically
(19982013), MAD in the diversion canal was £/2 (imstantaneous range = 02® ni/s), with
discharge typically lowest during July through October (mean 6.8.#its; Figurel; Table3).
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Figure 1

Historic discharge data for the Quinsam River Diversion (WSC gauge
08HDO026; WSC 2015).

QUINSAM DIVERSION NEAR CAMPBELL RIVER 08HDO026, 1997 to 2013 (n=17 years
10.0

904 ——d———d— 4. APREES SRS S SR D" A S S

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

10th %tile —Average —— 90th %tile

Table 3. Monthly flow statistics for the Quinsam River Diversion near Campbell River
199162013,7= 13 years (WSC gauge 08HD026; WSC 2015).
Month Discharge (m?3s)
Mean Min Max
Jan 1.8 0.01 9
Feb 1.3 0.01 9
Mar 1.4 0.01 7.0
Apr 20 001 51
May 22 001 65
Jun 1.4 0.00 5.5
Jul 0.3 0.00 15
Aug 0.2 0.00 11
Sep 0.2 0.00 1.1
Oct 0.2 0.00 1.3
Nov 1.2 0.00 9
Dec 1.7 0.00 9
Annual 1.2 0.00 9
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3.1.3. FishSpecies and Periodicity
Fish species present in Miller Creek include Cutthroat Toabrbiychus c)adad resident
Rainbow Trout@. myki¥gLough 2000Hatfieldet al 201§. Dolly VardenSalvelinus malraie
present in Lower Campbell Lakservoir (Michalski 2014) and therefore this species may also use
habitats in Miller Creek in the reach upstream of Lower Campbell Lake resgrvduring
spawningCoastrange Sculpi@dttus aleutjcarsd Threespine SticklebaGlagterosteus acglast
also present in Miller Creek (AMEC 2004).

Miller Creek is inaccessible to anadromous salmonids: the Quinsam River Diversion Dam lies
upstream of the upstream limit to anadromous salmonid distribution on the Quinsam River (Burt
2003), while anadromm® salmonids are impeded from migrating upstream to Lower Campbell Lake
reservoir by John Haahd Ladore @ivs.

Periodicity information for Cutthroat Trout, Rainbow Trout and Dolly Varden is preséragle in
4,

Table 4. Spawning and incubation periods for salmonids present/potentially present
in Miller Creek. Based on Effective Spawning Habitat model applied to
Lower Campbell Lake reservoir (Hatfieldet al 2016).

Species Period Start End Peak

Cutthroat Troul Spawning 01-Mar 30-Apr 22-Mar
Incubation 01-Mar 15-Jul

Rainbow Trout Spawning 15-May 31-Jul 08-Jun
Incubation 15-May 15-Aug

Dolly Varden  Spawning 08-Oct 08-Dec 01-Nov
Incubation 08-Oct 15-Apr

3.1.4.Fish Habitat
Habitat data pertaining to Miller Creekeneailected in 2000 by AMEC (2004), based on a Level 1
Fish Habitat Assessmagmbcedure (Johnson and Slaney 19%@)..each breaks defined irath
study are broadly consistent with those defined during the reconnaissance site vis#), (Section
shown @ (Map4).

Miller Creek is 9.7 km longpmprising 2.1 km lake habitat, 1.5 km wetland and 6.1 km stream
habitat. Upstream of Lower Campbell Lake reservoir, there is a 400 m section of criegjo€onsist

slow flowing pool habitahat flows through a wetlandpstream, there is a 5.3 km sectiat

comprises three reaches downstream of Snakehead Lake. This section predominantly consists of
riffle habitats and includes a high gradient (9.0%) section localed Hn2 upstream of the
reservoir. Small falls (0.5 m) present a partial barriés set¢tion and it is unlikely that fish in

Lower Campbell Lake reservoir migrate through this reach to spawn upstiéarhabitat
downstream is used for spawning by adfluvial populations of Cutthroat Trout and Rainbow Trout
(Lough and Hay 200Iyhere ee four defined reaches between Gooseneck Lake and Snakehead
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Lake; these include low gradient pool habitats, g podd 600 m reach that predominantly
includes riffle and glide habitats. Upstream of Gooseneck Lake, there is a 200 m reach that has
mainlygravel substratdhis providespawning habitdor resident salmonids in the lake (Lough

and Hay 2001)There are cascades ~200 m upstream of Gooseneck Lake that are a barrier to
upstream fish migration. The diversion canal extends for ~1.6 km upé$tiiease cascades. The

canal conveys diverted water from the diversion dam to Gooseneck Lake, and primarily consists of
uniform glide habitat with limited cover for fish.

3.2.Salmon River

3.2.1. Watershed Description
The Salmon River is located in central Vancdsiserd with headwaters originating in the
Vancouver Island Ranges in the north end of Strathcona(NPapk3). The river flows
approximately northwest, entering tbeam near the town of Sayward on eastern Vancouver Island
(Map 3). The watershed area of the Salmon River is approximately ¥,20@ khe MAD is
63.3m%s at themouth (Burt 2010). Major tributaries of the Salmon River include Grilse Creek,
Memekay River and White River. Approximately 80 km of the Salmon River is accessible to
anadromous salmonids (Lill 2002).

BC Hydro owns and operates a diversion dam and t&skoaizal, located 54.2 km upstream of the
mouth.The Salmon River Diversion infrastructure was initially constructed in 1958. The diversion
dam is a 69 #ong rockfilled timber crib dam that diverts water into the Campbell River watershed.
Water is divéed from the mainstem of the Salmon River via an intake channel, through a radial
gate and into a concrditged canal that conveys water through a series o{Bagester, Gray,
Whymper, and Fry lakes) to Lower Campbell Lake Reservoir, where tsauseddior generation

at the Ladore and John Hart hydroelectric projéatsdiverted water is returned to the mainstem
downstream, either via the main spillway, an undersluice, a trimming weir, or theTfishway.
diversion canal is 7.8 km long withgacay of 42.5 ifs.

A smolt screen was installed B0Below the diversion canal intake in 1986 to return outmigrating
smolts entering the canal to the Salmon River. Additionally, a fishway was constructed at the
diversion dam in 1992 to provide improupstream passage for Coho Salmon and steelhead (Burt
and Robert 2001)here have been issues with the performance of both the fish screen and the fish
way (Burt 2010BC Hydro is currently examining options to address these issues, which include
upgradag the fishway or decommissioning the fagitynont, pers. comra016).

3.2.2. Hydrology and Diversions
3.2.2.1Diversion Conditions

The Salmon River Diversion Canal has a maximum design discharge capacity aridia total

of 493.4millionm® is licensed to bdiverted annually (BC Hydro 2012). The WUP stipulates
maximum down ramping rates for the Salmon River and the diversiofmatza), (maximum
diversion flows to enhance fish screen efficieralyle(6), and minimum flows that must be
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maintained in the Salmon River downstream of the diversion dam when sufficient flows are
naturally available (4f¥s; BC Hydro 2012).

Table 5. Salmon River maximum permitted down ramping rates (BC Hydro 2012).
Stream Salmon River Salmon River maximum down
discharge (mg/s) ramping rate (m3/s/h)
Salmon River <8.0 1.0
8.0t010.0 2.0
>10.0 10.0
Salmon River Diversio 0to43.0 10.0
Canal
Table 6. Salmon River maximum permitted diversion flows (BC Hydro 2012).
Date Maximum diversion (m3/s) Fish screen operatior
Jan 1 to Mar 31 43 N/A
Apr 1 to Dec 31 15 On

3.2.2.2Historic Discharge Data

The WSCmaintains hydrometric gauges at three mainstem sites and one site in the diversion canal,
immediately downstream of the diversion damMsge3 for mainstem gauge locations; WSC
2015). Historic data are summarized below for the diversion canal, and the two mainstem locations
that are sited furthestumsta m. These data have not been oOnat
diversions.

Historically (199%2010), MAD in the diversion canal has beem*sginstantaneous range = 0 to
42 ni/s), with discharge typically lowest during July through Septerebar<r.1 to 1.1 s;
Table7). Monthly mean discharge is highest in April (&Y amd May (10.3 #s; Table?).

Historic (19832012) MAD upstream of the diversion is 13/8, mith monthly mean discharge
ranging from 2.4 ffs (August) to 24.2 fts (November;Figure3; Table8). Downstream of the
diversion, historic (1982012) annual mean discharge at the site upsifdhe Memekay River
confluence is 14.1%m, with monthly mean discharge ranging from 29tm26.8m*s (Figure4;
Table9). Maximum monthly mean discharge at this site ranges franV83August) to 385%s
(January); minimum monthly mean discharge ranges from¥6.88eptember) to 2.6i%s
(March).
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Figure 2. Historic discharge data for the Salmon River Diversion (WSC gauge
08HDO020; WSC 2015).
Salmon River diversion near Campbell River 08HD020, 1993 to 2010 (n=18 ye
40.0
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Table 7. Monthly flow statistics for the Salmon River Diversion 1962010,7= 18 years
(WSC gauge 08HDO020; WSC Z9)1
Month Discharge (m3/s)
Mean Min Max
Jan 5.3 0.00 42
Feb 3.8 0.00 36
Mar 5.6 0.00 395
Apr 8.7 0.00 324
May 10.3 0.00 394
Jun 6.1 0.00 22.3
Jul 1.1 0.00 11.5
Aug 0.1 0.00 12.2
Sep 0.2 0.00 94
Oct 2.8 0.00 34.6
Nov 6.0 0.00 41
Dec 5.0 0.00 41
Annual 4.6 0.00 42
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Figure 3. Historic discharge data for the Salmon River, above the Salmon River
Diversion (WSC gauge 08HDO015; WSC 2015).

Salmon River above Campbell Lake Diversion 08HDO015, 1981 to 2012 (n=32 ye
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Table 8. Monthly flow statistics for the Salmon River, above the Salmon River

Diversion 1982012 /7= 32 years (WSC gauge 08HD015; WSC 2015).

Month Discharge (m3/s)
Mean Min Max

Jan 19.3 1.00 306
Feb 13.0 2.32 135
Mar 13.6 255 166.0
Apr 17.3 3.69 193.0
May 21.2 451 91.1
Jun 15.4 2.62 116.0
Jul 6.2 0.63 64.4
Aug 2.4 0.16 48.5
Sep 3.1 0.24 111.0
Oct 15.0 0.37 210.0
Nov 24.2 0.68 273
Dec 15.7 0.71 175

Annual 13.8 0.16 306
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Figure 4. Historic discharge data for the Salmon River, upstream of the Memekay River
confluence (WSC gauge 08HD007; WSC 2015).
Salmon River above Memekay River 08HDO007, 1960 to 2012 (n=53 ye
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Table 9. Monthly flow statistics for the Salmon River, upstream of the Memekay River
confluence 19682012 /7= 53 years (WSC gauge 08HD0O07; WSC 2015).
Month Discharge (m3/s)
Mean Min Max
Jan 23.8 2.33 385
Feb 17.1 150 275
Mar 15.2 2.61 214.0
Apr 13.1 2.53 209.0
May 12.2 1.83 88.2
Jun 9.0 0.81 957
Jul 50 0.74 722
Aug 29 031 334
Sep 3.8 0.30 142.0
Oct 16.6 0.67 314.0
Nov 26.8 0.87 382
Dec 23.7 1.80 320
Annual 14.1 0.30 385
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3.2.3.Fish Species and Periodicity
The Salmon River supports a variety of anadromous and resident fish. Fikmepeciesnhabit
the Salmon River include: Pink Salif@ngorbush@oho SalmofO. kisutghChum Salmo(O.
ketd, Chinook SalmoKO. tshawytschHaockeye Salmd@®. nerkjow abundance)steelheadO.
mykigs Kokanee(O. nerka Rainbow Trout, Ctitroat Trout (anadromous and resident), Dolly
Varden, Coastrange Sculpin, Slimy Sculphincggnatusthreespine Stickleback and lamprey
(Lampetra sp(Burtand Roberf001 Burt 201D Atlantic SalmorSalmo salaron indigenous) has
also been noted in the Salmon River (&t Rober2001 Burt 2010 A summary of the life
history periodicity for fish species in the Salmon River is providdzahO,

The JHTMON®G assessment of fldvabitat relationships focuses on the Salmon River mainstem
from the diversion dam to the confluence with the Memekay Rame8)( Based on information
presented in Burt (2010), this reach is upstream of the limits to distribulbnrnfo6Salmoand

Pink Salmon while Coho Salmon, steelhead and anadronbmily Vardenare distributed
throughout the reach. The upstream limit to distribution for Chinook Salmon reported by Burt
(2010) is the Memekay River confluence, although work proposed in fall 2016 and 2017 as part of
the JHTMON®G fish passage assessment will seekfiom this.
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Table 10Q Periodicity of important fish species found in the Salmon River (from BC
Hydro files for Campbell River Water Use Plan, dated 2001).

Species Life History Stage Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Chinook Salmon  Adult migration
Spawning
Incubation
Emergence
Rearing
Juvenile migration
Chum Salmon  Adult migration
Spawning
Incubation
Emergence
Juvenile migration|
Coho Salmon  Adult migration
Spawning
Incubation
Emergence
Rearing
Juvenile migration
Pink Salmon Adult migration
Spawning
Incubation
Emergence

Juvenile migration
Rainbow Trout  Spawning

Incubation
Emergence
Rearing
Steelhead Adult migration
(winter rur) Spawning
Incubation
Rearing
Juvenile migration

F = fry migration begins, S = smolt migration begins, P = peak spawning

' There are no summer run Steelhead in the JHTMON-6 study reach of the Salmon River.

3.2.4.Fish Habitat
A detailed review of fish habitats in the Salmon River is provided (B0BQ)t which provides an
update to a review conducted by Burt and Robert (2001). This updated review summarizes the
findings of numerous studies, including detailed field assssandartaken in 199876 by
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Ptolemyet al (1977), and data collection undertaken in 2006 and 2007 by Silvestri and Gaboury
(2008), based on Level 1 and 2 Fish Habitat Assessment procedures (Johnson and Slaney 1996).

The JHTMON®G assessment of fldvabitt relationships focuses on the Salmon River mainstem

from the diversion dam to the confluence with the Memekay RRae8)( Based on Burt (2010),

this section premminantly comprises two reaches. The first extends upfiregt kmfrom the

Memekay River confluence to the confluence with Kay Gea&h(3Map5). The channel is
unconfined and braided, with an average width of 130 m. The average gradient is 0.4% and habitats
consist of poatiffle sequences with medium complexity and substratesatémiroy cobble and

gravel. The second rea(fReach 4Map 5) extendsl16.6 kmupstream from the Kay Creek
confluence to Paterson Creek, which joinmttiestem ~1.5 krdownstream of the diversion dam.

In this reach, the channel is meandering with point bars, has an average widthaafl 5#hm

average gradient of 0.8%. This reach includes a canyon situated 2 km upstream from the Kay Creek
confluence; blasting was unaleen here in the late 1970s to improve fish passage. Based on
Ptolemyet al(1977) dominant habitats are riffles and pools downstream of the canyon, riffles and
rapids in the canyon, and riffles and glides upstream of the canyon. Substrates inaitd@s reach
dominated by cobbles and gravels, except in the canyon where boulders and bedrock dominate.

The mid reaches of the Salmon River provide valuable rearing habitat for juvenile Coho Salmon
(Anderson 2009and steelhead (Pellett 2012, 20BHmpling of uvenile Coho Salmon and
steelhead is currently being undertaken as part of JHBMIN program includes multiple sites

in this section of the river and continues sampling that was historically undertaken by DFO and
BCCF, respectively.

4. RECONNAISSANCE SITE VISITS

4.1.Purpose
Reconnaissance site visits were conducted to each of the two study streams to collect data to assist
with developing theecommended approackhe purpose of the site visits was to select study sites
and confirm that study reaches were suitable for proposed methods. This was primarily based on
evaluatingstream habitat characteristics such as mesohabitat type, channel width, and channel
braidirg. Any access limitations were also considered.

4.2 .Reconnaissance Site Visit Methods

Prior to conducting the field site visits, a desktop review was undertaken to identify reach breaks and
identify suitable areas for conducting an instream flow study GiE®)volved reviewing previous

fish habitat assessments (AMEC 2@&WMestri and Gaboury 2008), maps, hydrological data
maintained by WSC (2015), and additional studies (e.g., Burt 2010).

One to three sites were visited imigsach of the target reashen Miller Creek and the Salmon
River. At each site, information collected included: site photos, GPS coordinates)itaespe,
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gradient, fish cover, bafikl width, channel type (multiple/single), IFS suitability (high, medium,
low), and accesstdis.

4.3.Reconnaissance Site Visit Outcomes

A total of 14 sites within 7 reaches of Miller Creek and 13 sites within 3 reaches of the Salmon River
were visited from February 9 to 11, 2016. The locations of the sites visited and previously
established reachelaks (AMEC 2004, Silvestri and Gaboury 2008) are shapéandMap5.

4.3.1. Miller Creek
A summary of information collected during site visits to Miller Grpetvided inTable11
Representative photos of each site visited are providpdendixB. The following descriptions
summarizedditional information for each reabht is relevant tdSdesign.

Table 11 Summary of habitat data collected during reconmssance site visits to Miller
Creek, February 811, 2016.
Date Site Name UTM Easting Northing Habitat Gradient Covert Bankfull Channel Suitabilty Access
Zone (m) (m) (%) (D/SD) 2 Width for IFS
(m) Transects

9-Feb-2016 MIL-REO2B 10U 324376 5539060 Riffle 1.5-2.0 Co/oV 9.0 Single High Moderate
9-Feb-2016 MIL-REO2A 10U 324339 5539367 Riffle 1.5 OV/LWD 11.0 Mulitple Moderate  Moderate
9-Feb-2016 MLR-REO3A 10U 324122 5538633 Cascade/Riffle 5.0 BO/OV 11.0 Single Low Good
9-Feb-2016 MLR-REO04A 10U 323017 5538185 Riffle 1.5 OV/BO 8.5 Single High Good
9-Feb-2016 MLR-RE04B 10U 322415 5538120 Riffle 1.0 DP/LWD 12.0 Single Low Good
9-Feb-2016 MLR-REO4C 10U 322191 5537857 Glide 0.5 OV/LWD - Single High Good
11-Feb-2016 MLR-RE04D 10U 320870 5537910 Glide 0.5 DP/ IV 20.0 Single High Good
9-Feb-2016 MLR-REO7A 10U 320242 5537361 Riffle 1.5 BO/LWD 10.3 Single High Good
9-Feb-2016 MLR-RE09A 10U 319913 5537362 Glide - OoVIIV - Multiple Low Moderate
11-Feb-2016 MLR-RE09C 10U 319630 5537202 Riffle/Glide 0.5 OoVIIV - Multiple Low Moderate
11-Feb-2016 MLR-RE09D 10U 319604 5537129 Riffle 0.5 OV/LWD 5.0 Multiple Low Moderate
11-Feb-2016 MLR-RE09B 10U 319721 5537156 Riffle/Glide 1.5 Co/ov 8.0 Multiple  Moderate Moderate
9-Feb-2016 MLR-RE11A 10U 318876 5535356 Riffle 2.0 SWD/CO 115 Single  Moderate Good
9-Feb-2016 MLR-RE12A 10U 318930 5534768 Ditch-Run - OoVIIV 7.2 Single  Moderate Good
9-Feb-2016 MLR-RE12B 10U 318919 5534724 Flume-Run - NO - Single - Good

! Cover type: BO-boulder; CO-cobble; DP-deep pool; IV-instream vegetation; LWD-large woody debris; NO-none; OV-overhanging vegetation; SWD-sm
2 D-Dominant; SD-Subdominant

Reach 1 is a 400long section immediately upstredmower Campbell Lak&he reach primarily
comprises low velocity glide and pool hal#tdEC 2004)This reach was not investigated during
the site visitsbecauseavater levels in the reach aftected by reservoir elevatiemd therefore
habitats exhibit limited sensitivityct@mnges in flonelated taliversioroperations

Reach 2 is a 800Iong section of riffle habitat that is accesstadfluviatalmonid$rom Upper
Campbell LakeMultiple channelare present in some sectiavisich may require additional field
effort to collect IFS datalative to sections where the stream is confined to a single. &wass!
was rated as maaée, with a single egress point afdhest serviceoad bridge crossing near the
top of the reach.

Reach 3 is a 500-long section comprisingteep gradient rifieand cascadeThe substrate is
primarily bedrocklhe reach was considered to be ppatityfish habitat and less susceptible to
flow change due to narrow channel widlthere is a series of cascades and small falls (0.5 m)
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located 500 m from the downstream end of this reach. AMEC (2004) concluded that it is unlikely
that adfluvial troutrdém Lower Campbell Lake migrate upstream past this barrier.

Reah 4 is a 4 kAongsection downstream of Snakehead Lake. The habitat largely ssmglése
channel riffle, with occasional braided sectArtess is good &ighway 28s locatedwithin
500m throughoutthe reach. This reach contains ggaalityfish habitat, as substantiated by high
catches of Cutthroat Trout during minnow samplingn 2004 (AMEQ004)

Reach 5 consists of Snakehead. lalas excluded from the reconnaissance site visits ithie to
poor suitability for IFghabitat is largely invariant with flow)

Reach 6 is a 500long section of deep pool habitat that meanders through a wetland immediately
upstream of Snakehead Lake (AMEBO4). It was not considered to be highly sensitive to flow
changes, and wiereforenot inspected during the site reconnaissance Visits.

Reach 7 is a 60Glong moderate gradient, single channel reach between Snakehead and Gooseneck
lakes. The reactas a highkmindance of riffle habitat and sedm have goodualityfish habitat,
as supported by high catches of Cutthroat Trout by AMEC (2004).

Reach 8 is a short, 108lang section of wetland located about 500 m downstream of Gooseneck
Lake. This reaicwas excluded from the reconnaissance site visits due to poor suitability for IFS
(habitat is largely invariant with flow)

Reach 9 is a 400long section at the outlet of Gooseneck Lake. The upper portion of this reach
contains a high abundance ofeifiabitat, and contains gampehlityfish habitat, as supported by

fish sampling by AMEC (2004). The majority of the flowassingleehannel, although there are
smaller braids at the outlet of Gooseneck Lake that appear to offer some fish hadpitaglokerin

flow periods. Access to this section is moderate with road access within 400 m of the stream.

Reach 10s Gooseneck Lake, and was excluded from the reconnaissance site visits due to poor
suitability for IFShabitat is largely invariant with flow)

Reach 11 is a 200lamg accessible length of stream upstream of Gooseneck Lake, and downstream
of an impassable falls. This section contains a high abundance of riffle habitat, but it is highly
braided and appears unstable. It appeared to offer mayplextitie fish habitat, and low catches

were recorded IAMEC (2004).

Reach 12 consists of a diversion camditoncrete flumalownstream of thdiversion dam. It
contains homogenous habitat and is considered to bguadit/fish habitat.

4.3.2.Salmon River
A summary of information collected during site visits to the Salmon River is provaddeli
Representative photos of each site visited are providpdendixB. The following descriptions
sunmarize additional information for each reach that is relevant to IFS lodsigration is
presented for reached3based oBilvestri and Gaboury 200&hich encompass the JHTM@N
study section.
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Table 12 Summary of habitat @ta collected during reconnaissance site visits to the
Salmon River, February 11, 2016.

Date Site Name UTM  Easting Northing Habitat Gradient Cover Bankfull Channel Suitabilty ~ Access
Zone (m) (m) (%) (D/SD) 2 Width (m) for IFS
Transects
10-Feb-2016 = SAM-REO3A 10U 302609 5567494 Riffle/Glide 1.0 CO/LWD 79.0 Multiple Moderate Good
11-Feb-2016 SAM-RE03B 10U 303054 5566708 Riffle/Glide/Pool 1.0 CO/DP 140.0 Single High Moderate
11-Feb-2016 SAM-REO3D 10U 304110 5564194 Riffle/Glide 1.0 CO/BO 45.0 Single High Good
11-Feb-2016 SAM-REO3C 10U 3037255564989 Riffle/Glide 1.3 CO/LWD 75.0 Multiple Moderate Good
10-Feb-2016 SAM-RE04D 10U 309300 5556583 Riffle/Glide 1.0 BO/CO 23.3 Single High Good
10-Feb-2016 SAM-RE04C 10U 306869 5559680 Riffle/Pool 1.5 BO/CO 78.7 Multiple Moderate Good
10-Feb-2016 SAM-RE04B 10U 306758 5559738 Glide/Riffle 1.0 BO/CO 37.0 Single High Good
10-Feb-2016 SAM-RE04CYN 10U 305777 5562294 Riffle/Glide 2.0 CO/DP 34.0 Single High Poor
11-Feb-2016 SAM-REO04A 10U 304341 5564139 Riffle/Glide 1.3 CO/BO 45.0 Single High Good
10-Feb-2016 SAM-REO5D 10U 308923 5552475 Riffle/Glide 1.5 BO/DP 24.2 Single High Good
10-Feb-2016 SAM-REO5C 10U 309061 5552559  Riffle/Pool 1.0 DP/BO 25.0 Single High Good
10-Feb-2016 SAM-REO5B 10U 309484 5553022 Riffle/Glide 1.5 BO/CO 42.0 Single High Moderate
10-Feb-2016 =~ SAM-REO5A 10U 309691 5553221 Riffle/Glide 1.0 BO/DP 40.0 Multiple Moderate Moderate

! Cover type: BO-boulder; CO-cobble; DP-deep pool; IV-instream vegetation; LWD-large woody debris; NO-none; OV-overhanging vegetation; SWD-smal
“ D-Dominant; SD-Subdominant

Reach 3 is a 6 km sectithrat extends from the Memekey River confluence upstream to the
confluence with Kay CredBased on Burt (2010), this reach is accessible to adult steelhead and
Coho Salmon, which access the upper watershed upstream of the diversion dam. The upstream limit
of distribution for Chinook Salmon is recorded by Burt (2010) as the downstream smdaatfthi

although it is possible that adult individuals of this species migrate into the reach during some years,
depending on flow conditioriBhis section largely compssifle and glide habitat. The channel

width is typically50 m, with extensivdwlial bars and channel braids. There is evidence of recent
channel erosion and bank destabilization. Fish habitat quality is variable, with some areas offering
suitable depth and velocity with instream cover, and other areasvatewed, shallow haduit

with minimal cover. Access to this reach is generally good, with one bridge crossing (Big Tree
Mainline), and logging road spurs that provide access to within 200 m in a few locations.

Reach 4 is a 16.6 km secttbat extends from the Kay Creek coeflue upstream to the
confluence with Paterson Creek. This section of stream is primarily single channel, with bankfull
widths typicallpf 30340 m. There is one 2.5 #omg section that is heavily braided with an over
widened channel, located near Norligrgek confluence (SAREO04C). This section is more

typical of Reach 3. Fish habitat appears to be of moderate quality, with a high abundance of riffle
and glide habitat. The channel appears generally more condirgdbée than in Reach 3
consequent)yt may offer better rearing habitat for juvenile salmonids under low flow conditions.
Access is limited in large sections of this reach, with good access at twa Meatiekey

Mainline Bridge crossing, aindm the Memekey Mainline logging road dowastrof Norberg

Creek. Good access to the lower portion of Reach 5 and the upper portion of Reach 4 could also be
obtained by drifting in a raft from Menzies Mainline down to Memekey Mainline. This would only
be advisable under moderate flow conditionisgd®at would have to be pulled over shallow riffle
areas when flows~5 n/s.
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Reach 5 is a 2.5 Wong sectiorthatextends from the Paterson Creek confluence upstream to the
Diversion Dam. Reach 5 is predominantly single channel riffle/glide feadultdtas similar
characteristics to Reach 4. Fish habitat is moderate quality, and is fairly similar taltReagh 4,

there ismore bedrock substratearticularly in the upper 1 km. Access is good in the 1 km section
between theiversiondam and thé/enzies Mainline Bridge crossing. Below the Menzies Mainline,
there is moderate access adjacent to the diveasiahwhichis locatedwvithin ~100 m of the

Salmon River for500 m before ilows to the easaway from the river. Access to areas from this
point dowrstreamto Patterson Creek confluence reguaréike ofup to 500m through mature

second growth forest. Good access to the lower portion of Reach 5 could also be obtained by
drifting in a raft dowfrom the Menzies MainlimBzidge (see Reach 4 above).

5. RECOMMENDED APPROACH & DATA COLLECTION

5.1.0verview

Based on recommendatioinem our review ofpotentialmethod (Healey and Hatfield 2015;
AppendixA), we propose tase habitatating methods to address the management questions. We
will collect data to calibrate hydraulic habitat models to simulate depth and velocity over a range of
flows. Model predictions will then be analyzed in associatiGpedibspecific information about

habitat suitabilityo predict how flow changes affda farea of fish habitat in each stream. Further
details about data analysis are provided in S&@tion

The following data for each stream are required for alysizn
1 depth, velocity and substrate data collected at transects during a range of flow conditions;
1 stream discharge estimates for the study penidd;

1 areaestimate of mesohabitats, e.qg., riffle, glide, pool.

For bothMiller Creek and Salmon Rivtemnsect surveys will be conducted at sites identified during

the reconnaissance site visits (Sed}ioigsing standard methods consistent with the BC Instream
Flow Methodology (Lewet al 2004) Consistent with th€ OR (BC Hydro 2013), surveys will be
conducted at a minimum of 15 transects on Miler Creek and 20 transects on the Salmon River. We
propose @ measureeach transect three flow conditionsThe proposed number of target flow
conditions is less thdhat specified in thOR (a minimum of five; BC Hydro 2018ut the
methoddescribedn the TOR to derive flowwabitat relationships is basedatatistical method to

fit an empirical relationship between flows) and habitat (e.g., weighted usable area), whereas we
have proposed to use 1D or 2D physical habitat models to simulate velocity and depth
characteristics for a range of flows (sego86.2. Such models use hydraulic principles to derive
these relationships and can be configured based on fewer measurements than empirical approaches
further discussion ofFS methodologies is presented in Healey and Hatfield Aiji&ndixA).

The adoption of this approach was reviewed and accepted by BCAHydrake) in 2015
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For Miller Creek, discharge is currently only monitored in the diversion canal, upstream of
Goosenek Lake Map 2). Therefore, there is uncertainty about flow conditions in Miller Creek in
the section between Gooseneck and Snakehead lakes, and downstream of Bakdxehead
especially when the diversion is not opera&owprdindy, we propose to install tiagdrometric

gauges in these sections of the stream to improve understanding of how dischapgeiailyies

the streamFor the Salmon River, we expectgsh#tcient information about flow conditions in the
study section will be available from existing WSC gisages3. (

For Miller Creek, mesohabitat information wilbblEained from results of the Level 1 Fish Habitat
Assessment that was previously completed (AMEQ. ZafF the Salmon River, mesohabitat
informationfor the braided sectiamill be obtainegrimarilyfrom analysis of aerial imageviiich

will be validatd with field measurements. Mesohabitat information for the shorter unbraided
section will be obtained from Level 1 Fish Habitat Assessment (Silvestri and Gaboury 2008)
previously completed upstream of Kay Cidek 3).

5.2.Miller Creek

Consistent with the TOBC Hydro 2013), we proposectanduct monitoring at 15 transeicts

Miller Creek Table13). Data will be collected to apply a 1D hydraulic habitat model, which is
appropriatdor this channel morphology.rdnsects will be sited in four reaches that contain good
quality fish habita that are relatively sensitive to flow changes. These four reaches comprise a total
length of 6.2 km, ~55% of the length of Miller Creek. We proposeagureach transeet three

flow conditions: 1) summer baseflolivérsion flow <0.5 is); 2)modeate flow (diversion flow
~1.0m%¥s); 3) high flow (diversion flow ~5.0%s). Flow ranges are approximate and the actual
flows sampled will depend on the hydrologic characteristics of the study period. This is particularly
the case for the highest tarfletv: this value has been selected to be representative of high
diversion flows yetot be too high to prohibit safe collection of transect measurements.

Transect surveys will be conducted basedidelines (Lewet al2004)whichprescribanethods

in detail Briefly, 14 transect locations will be selected using a stredifiédm approach by
randomly selecting sites within predetermined reaches that have been identified based on biological
(good fish habitat) and physical (sensitivityotw @hage criteria(Table 13. One additional
transec(for a total of 15yill be selected to represent the best available spawning habitat in Reach
2, as this reach iscassibl¢o adfluvial trout fronLowerCampbell Lakéransects will beamed,

marked and georeferenceohs will be installed at the end of each transetheametevation of the

pins will be recorded relative tdenchmarkWater level sensorSqlinstLeveloggejswill be

installed at each transect location to monitor how stagesuiedaiges tadischargever the course

of the studyStreambed topography data wilcblected during the first sampling bipusinga

rod and level to take measurements at a minimum of 20 verticals at eacWedes@githand

velocity willbe measured during each survey, wghibstrate size and instream cover will be
recorded for each vertical on one sampling Degeh and velcity measurements will be collected

at a minimum fol5 verticals at each transect, using equipment and proacthordsedn RISC
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(2009) Specifically, velocity measurements wiblectedusing a Prict/pe velocity metet 60%

depth from the watesurface to estimate average water column velocity if depth < .d&ptin

O 0 ., Aadditiomal measurements will be made at 20% and 80% of the water column depth to
obtain more precise estimates of average water column.\Wlaitgtyvelocity willssd berecorded

at multiple depths (i.e., 20%, 60%, and 80% of column depth) if the velocity profile is irregular due
to instream obstruction€omplete depth and velocity surveys will be collected at each transect
during the two lowest target flowsVe expect that it will be necessary to only collect depth
measurements during the highest target #titnough this will be confirmed following initial
analysis of the distribution of velocity data collected at lowerSidwssraterad cover data will be
recorded based on classifications definBdSE (2001)Coverage of substrate classes (e.g., gravel)
will be estimated and recorded as a percentage; fisteapy@verhanging vegetatwithin each

cell will be recorded. For braided chandels wi be collected for a maximum of tvansects

per siteThe bed elevation, water surface elevation, and sensor elelidb@surveyed at each
transect location.

Depth and velocity measurements at transects will be used to estimate idisa@rgach on

each sample data.addition, wo hydrometric gaugeSdlinst Leveloggémsill be installed at sites

in Reach 4 (downstream of both diversion lakes) and in Reach 7 (in between Gooseneck and
Snakehead lakes) monitor dischargduring the monitonig period(Table 13. Four discharge
measurements will be required at dagfrometric gauge site to develop a slizghargeating
curve The discharge transects will be conducted in the most suitable toaditain an accurate
estimate of stream flow, atereforetheymay be situated in a different locatmiFS transest

The discharge time series from each ngdicprovide informatioron spatial distribution dlow
corditions in Miller Creedowrstream of the diversion canal and how conditions vary with flow
diversion at the dam, including during periods when no diversion locaddition, wo water

level loggers will be installed at side channels near the outlet of Goosendokringkéhe
reconnaissance site gigifectiord), these were identified as areas of modargkequality fish
habitat thatare particularly sensitive to dewaterilmgtalling water level loggers will help to
understand how the extent of these habitats changes with flow.
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Table 13 Proposed distribution of transects in Miller Creek by reaciMap 4).
Reach River km Habitat # of Transects Rationale Comments
Downstream Upstream
1 0.0 0.4 Pool and glide Excluded because habitat is highly dependent on
reservoir stage, rather than flow conditions
2 0.4 1.2 Pool-riffle-glide sequence Good quality fish habitat including spawning habit
for adfluvial fish populations; flow sensitive
3 1.2 1.7 Cascades and small falls Narrow channel; insensitive to flow; poor fish habitat.
4 1.7 5.7 Pool-riffle-glide sequence Good quality fish habitat; primary reach d/s of Hydrometric gauge tc
diversion lakes; flow sensitive be installed
5 5.7 5.9 Snakehead Lake Not suitable for transect surveys
6 5.9 6.4 Slow meandering pool hab Insensitive to flow; not suitable for transect surveys
in wetland
7 6.4 7.0 Pool-riffle-glide sequence 3 Good quality fish habitat; flow sensitive Hydrometric gauge tc
be installed
8 7.0 7.1 Low velocity marshy habitat 0 Insensitive to flow; not suitable for transect surveys
9 7.1 7.9 Short braided reach below 3 Good quality fish habitat, potentially including ~ Two water level
Gooseneck Lake; majority spawning habitat; flow sensitive; abundant fish  loggers to be installe
flow conveyed through one observed at side channels nea
channel at outlet; transitiot outlet to measure
into glide habitat upstream change in habitat are
Reach 7
10 7.9 9.5 Gooseneck Lake 0 Not suitable for transect surveys
11 9.5 9.7 Short reach d/s of falls anc 0 Short reach; fish habitat value uncertain
u/s of lake
12 9.7 11.3 Diversion canal; relatively 0 Poor quality fish habitat

uniform glide habitat

5.3.Salmon River

5.3.1.Overview
We propose to collect data to configure both 1D and 2D hydraulic habitat(seattsaley and
Hatfield 2015AppendixA) to derive flowhabitat relationships for the JHTM&@i\study section,
which extends downstream from the diversion dam to the confluence with the MemekégpRiver (
3). Onedimensional hydraulic habitat modelling will be used to derivélzabaat relationship
for the upper ~18 km of this study section where the igvareandering angredominantly
conprises aingle channel. Twadimensional hydraulic habitat modelling will be used to derive a
flowdhabitat relationship for the lower ~6 km of this study section where thes tiwvarded,
downstream of the Kay Creek conflueug proposed study desigmrtends thescope of data
collection outlined in the TOR, which specifies that a minimum of 20 transects should be surveyed
throughout the study section. Instead, we propose to collect2{atardects in the upper area of
the study section where the river is unbraided. In the braided section, we propose to collect detailed
information throughout a 1 km survey reach usingaanned aerial vehicle (UAVhis will be
supplemented by additioriedldwork to address data gaps and validate data collected using the
UAYV, to support development of a digital surface model (DSM) of the stream channel.

In both sections, water level and velocity data will be collected in the field at three target flow
conditions: summer base flow (< 4.6/syp 4.0 n¥/s (the minimum discharge that must be
maintained during diversion; Sec8¢h2 and at high flow (>10¥s).
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5.3.2. DataCollection for 1D Model
Microhabitat data to support 1D modelling will be colleeastream of the diversion dam
Reach and5 (Map5). Reach 4 extends 16.6 km upstream from the Kay Creek confluence to the
Paterson Creek confluence. Reach 5 extends ~1.5 km upstream from the Paterson Creek confluence
to the diversion dam. @ether, these two reaches comphiseipper ~18 km of the study section
where the rivgeredominantlgonsists of a single channel.

Tentransects will bestablished throughout Redchnda furtherlO transects will be established
throughout Reach 5,tvisites selected randomiyhin representativeesohabitalypes Although

Reach 4 (16.6 km) is much longer than Reach 5 (~1.5 km), we plan to sample the same number of
transects in each reach because access is easier to Reach 4 and habitatsleaeatieradly
consistent between reaches.

Water level sensors (Solinst Leveloggers) will be installed at each transect site to provide near
continuous records of stage for the study pefioel existing hydrometric gauge (Salmon River

below Campbell Lak&iversion, 08HD032¥lap 3) will be used to determine discharge during field
sampling and to derive relationships between discharge and stage measured at each transect.
Transect surveys will be completed during tkee target flow conditiomescribed abovét the

two lower flow conditionstansect surveys will be undertaken in accordance with guidelines (Lewis

et al2004), as described above for Miller Creek (Se@&idduring high flows, depth and velocity

data will be collected during transect surveys using an acoustic Doppler current profileagADCP)

flow conditions are expected to be unsuitable to collect dpthysafading across the full width of

the channelAdditional fsh habitat informatignncluding measurements of the relative distribution

of mesohabitat types, will be obtained fagrevious fish habitat assessment conducieattiof

this reach by S8iestri and Gaboury (2008) addition, we will review orthorectified aerial
photographsto estimateareas ofmesohabitatin areas that were not previously sampleglse

images have already been compiled; preliminary analysis has been completed, which will be extendec
during Year ZThese data will be validated conducting &ield-basedish habitat assessmeiita

~4 km section that was not previously assessgitVbgtri and Gaboury (2008)

5.3.3.Data Collection for 2D Model
Microhabitat data to support 2D modelling will be colleetitnih a section oReach 3, which
consists of braided habitat tkeatends 6.0km downstream of thiéay Creek confluende the
Memekay River confluen@@lap 5). Within Reach 3, detailed data will be collected from a
representative Kin section. Detailed habitat data l collected primarily by analyzing high
resolution aerial imagery collected using a UAV. Additional field data will be collected to resolve
gaps in survey coverage and validate measurements.

The UAV will bedeployed over a twaay period to produdgghresolution orthorectified images

of the 1 km survey readrhe UAV will be deployed whdischargés ~4.0 n¥'s. Multiple ground

control points (GCPs) will be established along the survey reach and coordinates will be recorded
for each GCP using a GPS.slinformation will be usedth photogrammetry methottsderive a
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DSM of the survey readhat includes the channel bed aadkful width. The maximum depth

that can be surveyed using the UAV will depend on water clarity; uncertainty regardingageeper are
will be addressed by collecting additional field measurements (see below). The UAV will also be
used to collect detailed imagerglassify substrate composititims will be accomplished by flying

at low elevatiortlose to the streambed

Further mesurements of elevation will be collected in the field using a total station. These will be
used to collect data for areas not surveyed by the UAV and to validate data derived from imagery.
Specifically, total station surveys will be conducted to suredgvtiteon of: GCPs; water surface

along the shoreline; the thalwssgjsurface beneath overhanging vegetation, and; deep and/or fast
areas of the river that cannot be surveyed using theThA\&levation of wetted areas will be
surveyed during each bétthree target floeonditions

Water level sensors (Solinst Leveloggers) will be installed at the upstream and downstream ends of
thel km surveyeach In addition sensors will be deploygustream, downstreaand in the centre

of sections where thghannel bifurcateBased on the reconnaissance site visits (Sécaod

inspection of aerial imagery, we anticipate that the survey reach will conside aharsied that

bifurcates at the upstream éhdn convergsat the downstream end. Depending on the specific
location within Reach B,is possible that the braided channels may join and then bifurcate once
within the reach. Accordingly, we expectithaill be necessary to depl@y 4vater level sensors

to provide neacontinuous records of stage throughout the study period.

Current velocityand deptimeasurements will be collected at sites throughout the survey reach to
validate velocity predictiomerived using the 2D modednd to determine stage/discharge
relationships for individual channel braiEpth and elocity measurements will be collected at
each of the three target flow conditiddata willbe collected using a Prtgpe velocity mete
deployedhlong transecthat areperpendicular to braided channels to measure lateral differences in
current velocity across the riveand to calculate stream dischai@epth and elocity
measurements will bésocollected in the thalwege anticiga that this will require deploying an
ADCP during the highest flow condition.

Coverage of substrate classes (e.g., gravel) will be estimated and recorded as a percentage at six sit
close to GCPs. These data will be used to validate estinuaesnaint substrate classes derived
from analysis of imagery collected using the UAV.
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5.4.Fieldwork Summary Table
Table 14

Summary of proposed fieldwork. Reach locations are shownMeap 4 and Map 5.

Stream Target Flows Reach Methods Data Requirements
1. Summer baseflow 2 Transectr(=4) surveys; Leveloggers (temporavgsohabitat type; depth and veloci
(diversion flow <0.5 ifs)

O 20 pointsacrosschannelsubstrat

4 Transectr(=5) surveys; Leveloggers (temporary) _ )

_ 2. Moderate flow (diversic size; spawning habitat presenct
Miller flow ~1.0 ni/s) instreamcover; near-continuoustagt
Creek 7 Transectr(=3) surveys; Leveloggers (temporagsta collected using Levelogger;4

3. High flow (diversion flo dischargemeasurementso develof

~5.0 n/s) 9  Transectr(=3) surveys; Leveloggers (tempora¥{de/discharge relationship
1. Summer base flow (<4 3 Deploy UAV to collect aerial photography; Orthorectifiedimagesgdigital surfac
m3/s) collect field data to augment/validate model (basedon images);substrat
photography; Leveloggers (temporary) composition; elevation; velocity
2 ~4.01Ws profiles;  near-continuous stage
records;stage/dischargeelationship

SSil\Ta(rm 3. High flow (>10 fis) for bifurcated channels

4 Transectr(=10) surveys; Leveloggers (tempordegohabitat type; depth and veloci
O 20 points acrosschannelsubstrat
size, spawning habitat presenct
5  Transectr(=10) surveys; Leveloggers (tempoliagtyeamcover; near-continuoustagt

data collected using Leveloggers
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6. RECOMMENDED APPROACH & DATA ANALYSIS AND RE PORTING

6.1. Data Management

All data will be entered, quality assured and managed through aatebase. Data will be
available for export in any format necessary to support the data analysis, or requested by BC Hydro.
Hydrologicalime series data will be managed through the AQUARIUSSEnee software and
database.

6.2.Data Analysis
6.2.1. Development of Habitdlow Relationshipg$l,1)
6.2.1.10neDimensional Hydraulic Habitat Model

A 1-D model will be used to simulate physical habitat variables throughout study reaches that
predominantly comprise a single (i.e., unbraided) channel; theser &@eebkllendReacht and5

of the Salmon River, downstream of the diversion(dam5). A 1D hydraulic habitat model will

be calibrated to simulate water depth amnditseht each transeatrossa range of flow conditions.

The flow rates that can be reasonably simulated will depend on the flow rates sampled in the field,
which are targeted to capture the ranflews expected in each diversion donor stream.

First, transect elevation, velocity, and substrate data will be screened for quality and imported into a
1D physical habitat simulation (PHABSIM) m@edehley and Hatfield 2015)

Second, a water surface model will be developed for each transechyyealatiohships between

water surface elevation and discharge. These relationships will consider both discrete water surface
elevation/discharge measurements and continuous water surface elevation/discharge data that are
recordedisingdata loggers. Thesdationships will be tdin the AQUARIUS rating curve toolkit

or usingnonlinear regression in a statistical software package and entered into the PHABSIM
model. Relationships between transect wetted width, average depth, and average velocity will be
simulated and compared to the discrete field measurements tdheisieemodel reasonably
reproduces the measured transect hydraulics.

Third, the PHABSIM software will be used to configeetecity models for each transect using the
velocity measurentsrcollected at each transect. One velocity model will be configured for each of
thethreesets of velocity dataeasured.

Finally, habitat simulations (depth and velocity) will be conducted over the range of flow conditions
that are expected in eachlod tliversion donor streams. Flows will be selected for modelling such
that the shape of the habiiaw relationship can be well resolved, i.e., resolution will be finer at
low flows (where the rate of habitat change with flow is typically high) aedcaedliser at higher

flows (where the rate of habitat change with flow is typically less). This resolution will minimize the
likelihood that KL will be erroneously retained as a result pborlydefined habitaflow
relationship
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6.2.1.2Two-Dimensional Hydraigl Habitat Model

Two-dimensional modellingill be used to simulate physical habitat variables in the beditieal

of the Salmon Rivahat extends 6.0 km downstream of the Kay Creek confluetacehe

Memekay River confluen@®g¢ap 5). Within thissection a2-D modelhydraulic habitat mod@.g.,
usingRiver2D)will be completed for i km longrepresentative reach. First, a DSM for this reach

will be constructk by processing the UAV aerial photographs with photogrammetry software
(Pix4Dmapper Pro) following the methodology of TamneihgH2015). Elevation data collected

using the total station will be used to supplement the DSM in locations where the aerial
photography cannot adequately resolve the bed topography (e.g., undercut banks, sections of deep
or rough water, stream thalweg).

Second, @D hydrodynamic model will be developed using the-@8iMed stream channel
topography. The model will be catibdafor surveyed flow conditions to reproduce the observed
longitudinal water surface profile, wetted extents, and flow distribution in the-chaltip&s
sections of the study reach.

Third, the model will be used to simulate the two other flow coadiiowhich water surface and

flow distribution data were collected. The purpose of these simulations is to validate ;the model
however, if large departures from observed conditions are noted, the model will be adjusted to
better reproduce the field measuents at all flow conditions sampled. At the locations where
discrete transect measurements were taken, the measured transect depth and velocity data will be
compared to the simulated depth and velocity data to é¢hattbe model hydraulicare

reasoniale

Finally, hydrodynamic simulations will be run for a minimum of 10 flow conditions spanning the
range of rearing and spawning flows that are expected in the Salmon River. Where possible, these
simulations will be validated by comparing the watereseléa@tion at specific model points to

water surface data collected by the corresponding water level recorders under similar flow
conditions.

6.2.1.3Habitatflow Relationships

Habitat suitability criterfed SC)for each fish species and life stage will be applied to the water depth
and velocity data that are predicted by the hydraulic habitat Miéeleésxpect to model
relationships for Rainbow Trout and Cutthroat Trout in Miller Creek; and Coho, Chinook, and
Ranbow Trout/ seelhead in the Salmon River. The selection of species and life stages will depend
on the availability cdpproved or agreeghon HSC. Where possibldSC developed for WUP

projects using the Delphi process will be applied; WUP Delphi enite@gaailable for Coho
Salmon ChinookSalmonandsteelhead rearing and spawtiiiegstagedHabitat suitability at each

station will be calculated as the product of the water depth, velocity, and substrate/cover suitability
per Lewiset al(2004). As escribed abovéhe habitatlow relationshipvill be interpolatetb flow

conditions between and outside of shenpledlows usinga mechanistic, rather than empirical,
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model, i.e., interpolation will be based drwydraulic habitatnodel that is develed based on
physical principlesther tharfitting a statistical functida the measured habitat quantities

For thelD model, the combined habitat suitability values will be weighted by station width to derive
weighted usable width (WUW) versus flow relationships for each transect. For each habitat stratum,
an average WUW versus flow relationship will be derived, ancetagsnships will be multiplied

by the length of each stratum and summed across all strata to derive a weighted usable area (WUA)
versus flow relationship. Bootstrap analysis will be performed using 1000 replicates to estimate 80%,
90%, and 95% confidemintervals for the floM/UA curves.

For the2D model, flomMVUA curves will be derived for the model reach via interpolation of habitat
suitability between model nodes. This relationship will be assumed representative of the reach
betweerthe Kay Creeknal Memekay River confluencasd scaled by a multiplier to account for

the stream length that was not included in the modellDrhed 2D flow-WUA curves for the

Salmon River will be added together to obtain an overalVfllwcurve for this stream.

The flow-WUA relationships will be used to evalugfe by comparing the 95% confidence
intervals across flowalueslf the confidence intervals do not overlap to some extent at all flow
levels, then WUA oncluded to bsignificantly different betweenesdstwo flow conditions and

H,l is rejected.

6.2.2. Comparison to Metanalysis Results (&)
To test H2, the flomWUA curves derived from the hydraulic habitat modelling will be compared to
the metaanalysis curves that were used in the \WthREh we assumeill be provided by BC
Hydro. Each curve will be rescaled by dividing by the maximum value to obtain habitat values
between 0 and 1.0, which will be directly comparable to thenalgtis curves. Statistical analysis
will be completed to examine sintilsgiand differences between the two sets of curves, including a
regression analysis and a calculation of difference statistics. Key statistics for each will be
summarized to facilitafigrthercomparison between the curves; these include the dischgle of
habitat area (Ooptimum fl owd), rates of habit
suitable habitat is present (e.g., curve value > 0.75). THamahgtes curves will also be ovedain
the bootstrapped confidence intervals descebede to determine if differences between the
metaanalysis curves and hydraulic habitat curves may be explained by heterogeneity lo¢ habitat.
effect of theedifferences on the WUP fish habitat PM will be quantifiedaubingjitat time series
analys The two sets of flowWUA curves will be used to simulate habitat time series under the
WUP flow scenario¥YUP PM calculations will be repeatadd the WUP flow scenarios will be
ranked based on the PMs. The rankings obtained under the two sets\édAlawrves will be
compared to determine whether application of -apetfic floaWUA curve wouldchange the
fish habitat PM rankingd alternatives considergdthe WUP. Our approach assumes that BC
Hydro will provide the flow time series for therahtives considered in the WUP.
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6.2.3. Comparison to Fish Productivity Result8YH
H,3 will be tested within the scope of JHTM®BNalmon River and Quinsam River Smolt and Spawner
Abundance Assessi8patsfically, this null hypothesis will be tested in concert with ltg8tiofy
JHTMON-8:

Annual population abundance is not correlated with annual habitat availability as measured b
Usable ArsdVUA)

Juvenile fish population abundance datstdtiis hypothesis are being collected annually as part of
JHTMON-8. Fieldwork for this monitor commenced in 2014 and will continue to 2023 (JHTMON

8 Year 10). The fish sampling continues programs that were historically undertaken by other parties.
Analyss to test this hypothesis will initially examine data collected as part of H8Tsthbdugh,
depending on resources, we will consider incorporating earlier data into the analysis to increase
statistical poweFor both streams, the analysis will consider Coho Salmon and steelhead, which are
priority species of interest for JHTM@NFor the Quinsam River, the analysis will also consider
juvenile Chinook Salmon. The analysis will focus on spawning and eeataygesf

For the Quinsam River, the hypothesis will be tested using data collected in the river mainstem.
Population abundance data forgnile fishwill be obtained by sampling at the salmon counting
fence at the Quinsam River Hatchery. Habitat dihtaewderived using flehabitat relationships

that have already been derived for the mainstem of the Quinsam River during the WUP planning
process (BC Hydro 2013he hypothesis will not be examined for Miller Creek because juvenile
fish abundance dateeanot being collected for that stream.

For the Salmon Riveyvenile Coho Salmon abundance will be estimated at six individual sites,
based on sampling conducted in the early fall with beach and pole seine nets. Juvenile steelhead
abundance will be estited at ten sites based on electrofishing santbdibgat data will be

derived using flolwabitat relationships developed in this study.

Analysis will initially involve using scatterplots and correlation analysis to examine refationships
each stram betweerhabitat and fish abundance. Annual habitat availability will be quantified based

on WUA, calculated using metamilydischargand averaged over egahriod that is applicable to

the species and life stage of interest, based on periodicityatioforfar each rivelWhere
appropriate, the use of additional metrics will be considered in the analysis, e.g., caleddgtion of 7
minimum WUA to examine the potential influence of short periods of poor quality habitat, which
may be more directly redt® fish abundance than WUA based on mean dischaugelancef

individual species will be estimdtased on JHTMOMN sampling. For the Quinsam River, this will

be based on the abundance of downstream migrating juveniles of each species estamated at th
salmon counting fence, i.e., a single value per species, per year. For the Salmon River, this will be
based on the abundance of rearing juveniles measured each year at multiple sampling sites
distributed throughout the watershed. For each year, thetrgeonean abundance measured

across multiple sites on the Salmon River will be calculated to provide an overall annual metric of
abundance for each specldse Salmon River sampling sites are not all located in the JHTMON
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study reach and therefaitee pimary metric of abundance used for this analysis will be the
geometric meanf abundanceneasured at sites within the JHTM@®Ntudy reach However,
comparisons will be made between themgtric mean abundaneé sites upstream and
downstream of the ddvsion dam texamineany potential differencassociatedith the location

of sampling sites relative to the diversion.

For each stream, fish abundance metrics will be calculated for separate age classes to reflect that the
temporal focus of the anaysvill vary depending on fish age, e.g., the abundance of 0+ fish is
potentially dependent on the availability of spawning habitat during the most recent spawning
period, whereas the abundance of 1+ fish is potentially dependent on the availabilityngf spaw
habitat during the yeprior to that We will attempt to extend the analysis by standardizing juvenile
abundance based on the abundance of adult spawning fish (estimated using DFO escapement data).
This will help to remove the potential influence of variability in adult escapenjevnile
abundance; however, this will be dependent on successfully deriving robustespaitvmnent
relationships. This task is scheduled for JHTN3MNt it is yet to be determined whether data

quality is sufficient.

If initial correlation analysis indicatest there is relationship between juvenile fish abundance
and habitat (i.e., evidence that JHTM®N, 3 can be rejected), then further analysis will be
undertaken to quantify the influence of habitat availability on fish abundance relative to other
potential limiting factors that are being considaredHTMON-8 (e.g., food availability). This
analysis will involugsinggeneral linear modeb quantify thetatisticapower of different metrics

to predict fish abundance that reflect individual JHTM@Moothesises; see Alsdllal 2015 for

further detailsResults of this analysis will be used to evdheateiological significance arfy
differencesare between the flowabitat predictions from this study and rtietaanalysis curves

that were useid the WUP

The results of this analysis will be presented in JHT8/@Nortsnote thatYear 3 (final year) of

the flowhabitat component of JHTMOBN aligns with only Year 4 of JHTM&\i.e., JHTMON

8 (ten year study) will be less than 50% completetighénal report for this study is submitted.

The results of preliminary analysis to test this hypothesis will be presented during the interim
JHTMONS-8 presented at the end of JHTM@Nrear 5. The final results will be presented at the
end of JHTMONS Yea 10.

6.3.Reporting and Deliverables
A Year 2 Annual Data Report will be submitted by March 31, 2017. This report will:

9 describe the data collection methods;

1 Of the &n JHTMONS juvenile steelhead sampling sites, three are in the JHG B0y reach. Of the
six JHTMONS8 juvenile Coho Salmon sampling sites, three are located in tributaries that flow into the
JHTMON-6 study reach.
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1 summarize the data collected in each of the diversion streams;
1 summariz@rogress withydraulic habitat modéévelopmengnd

1 identify any outstanding data needs for collection in the following year.

A final report will then bgubmittedoy March 31, 201t the end of Year 3. This report will:
1 summarize all data collected to date;
1 describehe hydraulic habitat model calibration and validation
1 present all flow habitat relationships;

1 report the outcomes of hypothesis testing and use these outcomes to address the
management questioasd

1 discuss how results relat¢h® current B&ydro operations.
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Map 5. Salmon Riverreconnaissance sites

Map 5.
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