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EXECUTIVE SUMMARY

The need to develop Environmental Flow Needs (EFNs) for Okastigams wagrioritized with the
implementation of the British ColumbM/ater Sustainability Adn 2016. Subsequently, the Okanagan

Basin Water Board (OBWB), Okanagan Nation Alliance (ONA) and B.C. Ministry of Forests, Lands, Natural
Resource Operations ad Rural Development (FLNRORD) implemented anrs&ffiNg project for the
Okanagan. Phase | consistedaotollaborative process thateveloped a robust methodlogy for EFN

setting specific to Okanagan streams, and the acquisition of information needecustomize the
methods foreach stream. Thiseport, representing Phase Il of tii@kanagarEFNproject, describeghe

process ofleterminingEFN regimes for 18 tributaries in the Okanagan Basin using the methods developed

in Phase I.

Section 1.0 of thiseport provides a description of the project and study area, and also describes how
streams were prioritized for EFtlevelopment. The mthodologes appliedare presented in Section 2.0.

EFNs wereecommended foreach stream using the deskto 8 SR ah{FylF 3Ly ¢Syyly
additionally the fieldoaseda h { F y I 3ty 2 SA3IKGSR ! alofS 2AR0GK 62! 20
refine EFNs for ten of the Ereams In addition to the methods outlined in Phase |, this report evaluated

the utility of an alternative moded 8 SR YSGiK2R OFft SR a{eadsSy T2N 9y d,
Critical flows werealso recommendedor eachstream using either desktop or fieldbased method

depending on data availability

The Okanagan Tennamethodis a modification of the widelysed Tennant method, which sets EFNs as
a proportion of theLongterm Mean Annual Discharge (LTMABQuired to sustain a given species and
life stage (flow standardh a specific time period (periodicityDkanaga Tennant EFNs are the lower of
the flow standardandthe median naturalized flom® ensure that EFNs arealistic and attainable in the
context of the natural hydrographThe fieldbased Okanagan WUW methatilizes standard WUW
approaches that integratthe effect of changes in flow on wetted width, depth, and velocitthwabitat
suitability indicego calculate the weighted quantity of habitat available for a given species and life stage
of fish The Okanagan WUWiethod focusesthe assessment of flowelated habitatchangeswithin the
range of historical or expected flovietweenthe critical flows at the lower and the median naturalized
flows at the upper endOkanagan WUW Analysissfound to be wsefulfor EFN settingparticulaty in
streams with musual flow patterns or heavily modified channelhe method characterizes local
variations in channel and flow conditions that influence fish habitat in greater depth than the Okanagan
Tennant method.

Critical flows represent the streamflow below whichtastrophic consequences to fish populations may
occur. In the absence of field data, critical flows were recommended as a proportion of LTMAD. Where
WUW data was available, critical riffle analysis was completed to recommend critical flows that maintain
certain minimum depths or widths.

A summary ofrelevant backgroundnformation as well assrecommendedEFNs and critical flows are
providedfor each streanin Sectiois 3.1 to 3.18 Further streamspecific data such as maps, descriptions

of field sites, hytbmetric and water temperature data, WUW curves, detailed weekly EFNs, and
percentile flow data are located in AppendicesHI8. EFNs varied widely between streams depending

on stream size, local fish populatiocbanneland flow conditionsEFNs for spmg-spawning species such

as Rainbow and Steelhead were generally achievable in most streams due to naturally high flows during
freshet that produce near optimum conditions. However, EFNs for most other species that rear or spawn
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in the summer and fall ssan were constrained by naturally low flowwdost affected are streannearing

juvenile fish such as Rainbow, Steelhead and Chinook, as well as early fall spawning species including
spring Chinook and some Kokanee stocks. Spring Chinook in particulatrareedx vulnerable to low

flows due to their large body size, msdmmer migration timing and long holding period. Key spring
Chinook tributaries in the southern Okanagan routinely experience very low flows or even dry streambed,
likely totally preventinggpawner access or success. Later fall spawning species such as Sockeye generally
benefit from slightly increased flows following fall rain events, but EFNs are heavily constrained by
naturally low flows nonetheles#ll of those species and life stages \wbbenefit from flows greater than

the EFN which provide increased WUW.

Streamflow datasets required for the EFN analyses were developed for this project by Associated (2019).
The EFN setting approach relies heavily on estimated naturalized streamflow data, which is inherently
uncertain due to a scarcity of historic and currégdrologic data. Estimation of naturalized and residual
(after water use and management) flows is complicated by a lack of accurate water use and diversion
information. Most of the study streams&ave naturally low flows during summer and winter low flow
periods.Water use during the summer has noticeable impactsto@amflows in many streams and is an
obstacle to meeting EFNand in some cases, critical flowkwater storage and releases as well as water

use were maximized under current licences, rdéanumber of the study streams would dry up entirely

for a large part of the summer. This owatocation should baddressed in the future.

Section 40 contains a review of EFN setting methods and data sources; a summary of EFN and critical flow
setting approaches, uncertainties, and recommendations for each stream; as well as a complete list and
summary of EFNs and critical flows for all streams. Further, recommendations are made for EFN setting
in the Okanagan and in general, and knowledge gaps artifiged. The report codludes with an outline

of next steps. Key recommendations aaiggeneral call for increasdyydrometric monitoringor improved
naturalized flowestimation, monitoring of EFN implementation, atmddevelop a better understanding

of flow regulation andwater use impactsfield confirmation of several specific EFNs; analysis of existing
stream temperaturedata to inform EFN settingievelopment ohabitat suitability indexcurves for spring
Chinook spawning in small streanasid develpment of EFNs for anadromous salmonids in Okanagan
Lake tributaries with the recent establishment of fish passage.
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OKANAGAN TRANSLATIONS

Okanagan Place Names and other translations (OkarBgglish Translation)

18] Fyd Inkaneep Creek

ako*minal Shingle Creek

b adl AGT Naswhito Creek

neeAy G 1 AdY Columbia River

y FefAayidey Mclintyre Damarea

1 O égaAEd 1. Okanagan Lake

iF & A0 Okanagan River

&veAn Skaha Lake

sl lj I B A ek Vaseux Creek

SUWFS Osoyoos Lake

sEREPNikY Okanagarfralls

siwol . Water
Collection of teachings abo@&yilx/Okanagataws, customs,
values, governance structures and principlestttiogether, define

captik’l and informSyilx/Okanagarnights and responsibilities to the land
and culture. These storiggovide instruction on how to relate to
and live on the land

Okanagan Species Names (Okandgaglish Translation)

kAkni or k&kni KokaneeSalmon

kist- Coho Salmon

sk@wist Summeror fall ChinookSalmon
ntitiyx or ntytyix Spring Chinookalmon
a"Ayqay oH Steelheadrrout

Aa0vAYy Sockeyesalmon

X"uminak Rainbow Trout

mimaAlt Whitefish

Translationgprovided by Richard Armstrong, Penticton Indian Band. Indigenous Peoples of the Okanagan
are the exclusive owners of their cultural and intellectual properties.
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ACRONYMS

Acronym | Description

ANOVA | Analysis of Variance

BMI Benthic Macroinvertebrate

BCIFN B.Clnstream FlowMethodology

CABIN Canadian Aquatic Biomonitoring Network
CEFI Canadian Ecological Flow Index

CCT Colville Confederated Tribes

CH Chinook Salmon

EFN Environmental Flow Need

FLNRORIL Ministry of Forests, Lands, NatuRésource Operations and Rubavelopment
GVW Greater Vernon Water

HSI Habitat Suitability Index

KO Kokanee Salmon

LTMAD | Longterm Mean Annual Dischardeaturalized)
MOE Ministry of Environment

OBMEP | Okanagan Basin Monitoring and Evaluation Program (ORAl¢ille Confederated Tribe
OBWB Okanagan Basin Water Board

ONA Okanagan Nation Alliance

OWDM | Okanagan Water Demand Model

PTAGIS | Columbia BasiRIT (Passive Integrated Transpond&ginformation System
Q Discharge

RB Rainbow Trout

SEFA System for Environmental Flow Analysis

SK Sockeye Salmon

ST Steelhead Trout

TEK Traditional Ecological Knowledge

VDS Vertical Drop Structure

WSA Water Sustainability Act

WSC Water Survey o€anada

WFN Westbank First Nation

WUW Weighted Usable Width
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DEFINITIONS

Term used Definition for the purpose of this report
Bankfull Dominant channel forming flowstream discharge thatould fill the main channel to an elevation
discharge equal tothat of the active flood plain.

Bankfull width

Stream width during bankfull discharge.

Critical Flow

Defined in Section 1 of the Water Sustainability @ESA) the Critical Environmental Flohreshold
(Critical Flow) id 1 KS @2t dzyS 2F 61 GSNI Ft2¢ o0St26 HKA
SO02aeaiasSy 2% GKS aGNBILY Aa tA1Ste G2 200daN

Environmental Flow

Defined in Section 1 of tH&SA aln rélation to a stream, mess the volume and timing of water

Needs(EFN) flow required for the proper functioning of the aquatic ecosystem of the str@am
EFN poinbf- The location where streamflows are estimated for establishing EFNs (i.e., the furthest downstre
interest transect).

Flowsensitive

Sreams prone to natural flows below 20@6ngterm Mean Annual DischardeTMAD are
O2yaARSNBR WFi2pg aSyairirosSa

Glide

Shallow sections with little to no surface turbulence, specifically with intermediate wetted width:
mean depth ratios 0£1-49.

Habitat Suitability

HSIdModelsweight locations relative to one another considering key criteria. Fisheries HSIs typi
relate velocity and depth to spawning or rearing habitats of fish using preferences for different

Index (HSI) "

conditions.

Theinstream presumptive flow standarf@low standard) refers to theortion of LTMAD required to
Flowstandard . : ; .

sustain a given species and life stage.
Left Bank The bank of a stream to an obser@left when facing downstream.

Longterm Mean
AnnualDischarge
(LTMAD)

The arithmetic mean of individual naturalized mean annual discharge values at a specific point
stream over a multyear period.

Maximum Licensed
Flow

Streamflow assuming water withdrawals astbragemanagement are maximized undexisting
water licences.

Naturalized Flow

The flow that would occur naturally in the absence of flow regulation including storage reservoir
water withdrawals.

Percentile(Pn)

The value below which a given percentage (n) of observations occurs.

Percentile Flow

The flow represented by the nth percentile of a range of flows at a specific point on a stream.

Periodicity

Timing and duration of species and Kfiages present in a given creek.

Pool

Deep sections with low flow velocity compared teanby riffles, specifically with wetted width: mea
depth ratios <20

Rapid Habitat
Assessment

Instream survey of fluvial habitat types

Rating Curve

Relationship of discharge versus stage at a given point on a stream. Developed by collecting fr
discharge measurements and water surface elevations.

Residual Flow

Streamflow assuming current water withdrawals and management (net streamflow)

Shallowstreamsections where the water approaching the riffle must rise upwards and converge

Riffle water near the surface, creating a turbulent surfaspecifically with a wetted width: mean depth
ratio of >50

Right Bank The bank of a stream to @ 6 & S NighSviti&hdacing downstream.

Weighted Usable The estimated width of a stream that is suitable for a specific life stage or species. Calculated u

Width (WUW) depth and velocity measurements along designated transects in conjunctiorH8iturves

Wetted width Actual measured stream width.
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1.1 Background

Syilx/OkanagaO2 YYdzy A i A S& KIF @S I fgteda NBO23IyAT SR FyR Y dzNJ

(water). The importance of water iByilx/Okanagarcommunities and governance is related through
captik’l and the natural laws.Syilx/Okanagangovernance systems have alwagsastainably and
respectfully managed watdgsyilx water declaratiomwww.syilx.org.

Implementation of the Btish ColumbiaWater Sustainability AGWVSA) on Februai39,2016createdthe
needto developregulatoryenvironmentalflow needs (EFNsThe WSAdefinesEFN asthe ¢the volume

and timing of stream flow required for propéunctioning of the aquatic ecosystémAccording to
Sectionl5 of the WSA, water managers must consider EFNs in newdgmestic water licensing
decisions for surface and groundwaiéthe aquiferis reasonably likely to be hydraulically connected to

a steam The WSAlefines thecritical environmentalflow threshold ¢ O NR& { A)@d-dthe v@lume &f ¢
stream flow below which significant or irreversible harm to the aquatic ecosystem is likely té. occur
Sections86-88 of the WSAgive the province thability to restrict water withdrawals gtreamflowdrops
below the EFN or to completely stop withdrawals altogether if flows drop beldke critical flow
(WSA2016) The concept of EFNs not new however, theconsiderationof EFNs in water management
decisions has recently increased throughout North America, along gviglater recognition of the
importance of ecological, cultural, and social values of rivers, and an increased demand on water
resources.

The Okanagan Valley is an important farming and §rowing region. Water demand for irrigation and
domestic purposes during the naturally dry summer climate competes witlstieamflowneeds ofthe
aquaticecosystem Considerablesfforts to define EFNs in the Okanagan have been ongoing since the
1970s. However,EFN development has been hampered by a lack of stg@enific available information

to describe an appropriate EFN flow reginfesgociated?016). While various terms have been used to
NEO2YYSYR AYAYAYdzy Ft2¢6aé Ay hilbtylF3aly &aiGNBlFYas
critical flows as defined by the WSKoshinsky (1972) first defined minimum flow requirements for
Okanagan streams that caihedsuitableflow regimes to support a fishery, using substrate and stream
channel morphology dat&hepherd &tolemy(1999) outlined the importance of developing an efficient
method for setting EFNs in the Okanagan, based on the compilaticommenmlations from previous
studies conductedince the 1970s. In 2001, Northwest Hydra@ansultantsNNHG definedEFNSs for 21
tributaries of| O dz& E @kahagdn Laldy using theB.C.modified TennanMethod. Their proposed
values ranged fror20% othe longterm mean annual dischargeTMADfor winter (OctMarch)to 200%

in May (NHC2001). These targets are currently being used to set default EFNs in the Okanagan by
provincial fisheries staff. ESSA and Solander (2009) defined instream flow needs (@d\E[ERls) for the
Okanagan Basin Water Board (OBWB) supply and demand project using.Ghinstream Flow
Methodology(BCIFN)which is based on percentile flows. This methadi bt provide any comparison
between flows and fishresence jjeriodicity) or habitat function, and routinely provided EFNs higher than
median flowsoutside of thefreshet period. The more detailed, fielthsedweighted usible width WUW)
method has previously been used in the Okanagan for wager planmg in Trout Creek NHC2005;

Water Management Consultants 2005) and Mission Creek (Epp 2008, 2009, 2010; Water Management
Consultants 2010).
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Previously recommended EFNs have often been considerably higher than possible naturally, particularly
in dry years. This project aint® derive sciencéased EFN flow regimeand to study the relationship
between flows and habitat function more closely. Defining robust and defen&BMs within the
Okanagan Basiis necessary to avoid water allocation conflicts with fish and aquatisystems. The
semtarid climate and hydrology regime of the Okanagan Basin can stress local indigenous fish populations
even with their unique coping strategies. High water demand for both agriculture and domestic
consumption exacerbatethe stress on aquat species, in particular during the summer when water
usage is high and natursireamflowis low. Pressure on water resources in the Okanagan will continue

to increase due to a growing population, an increasingly variable flow regime, and a longerggseason

due to climate change (R2805).

Accordingly,OBWB the Okanagan Nation Alliance (ONA), and the Ministryooédts, Lands, Natural
ResourceOperations and Rural Development (FLNRORD) implemented aseEiRy project for the
Okanagan.The EFNPhasd report (Associated?016) developedand recommendedmethods for
determining the EFNs @kanagarstreams, and provided informatiofor cusomized EFMsetting plans
for 18 specific tribtaries in the Okanagan Basin. The development of methods hiedate 2015 by the
consulting team from Associated Environmental Consultéfssociatedl and was supplemented with
input by technical experts within tharoject team (OBWB, ONA, and FLNRORD), as well as other external
experts.Implementation of the metbds anddevelopment of EFN flow regimasd critical flowdor 18
Okanagan streams is described in this report (Phids&FNdevelopmenthas beena collaborative
process contributionsfrom steering committee membemsnd contributors to this report andfosupport
in collecting the data ardescribednTablel-1.

Tablel-1: Contributors tothis report

Name Organization Contribution
Elinor McGrath ONA Fisheries Study.de.s;lgn anq |mplerr_1entat|oWU_\N analysis
reporting; Technical Advisory committee
Joe Enns ONA Fisheriespast employee Study _de5|gn and implementatipiechnical Advisory
committee
Natasha Neumann FLNRORD, formei®BWB Hydrol_og|st QA_/QC of Aquarlus dqta; percentile flow
consultant analysisTechnical Advisory committee
Rich McCleary FLNRORB Stewardship Steering committee and flow sensitivity assessment
Ministry of Environmenand Technical Advisory committesnd EFN setting
Ron Ptolemy . .
Climate Change Strategy guidance
Ryan Whitehouse | FLNRORBEcosystems SEFA analysis, Technical Advisory committee
Molly Teather ONA Fisheriesrow atFLNRORI Field data collection; reporting
SamanthaDavis ONA Fisheries Report drafting and critical flow analysis
I RI'Y h Q5 9 ONA Fisheriesow at DFO WUW analysis
Karilyn Alex ONA Fisheries Report review and Tennant analysis
Field technicians ONA Fisherieand the Nations Field datecollection and guidance
member Bands
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1.2 Objectives

The goal of te Okanagan EFNdject wasto produce defensible, transparent and robust EFN values for
Okanagan streamsThe scopewas limited to providing technical recommendation§he specific
objectives ofPhasdl of the EFN projeatereto;

1. accumulate and assess previously collected data from parallel studiemtnabe applicable to
the study

2. establish hydrometric stations, where applicable, to gather adequate hydrometric data to inform
the EFN development

3. determine the level of field intensity required and delineate study sites t@dmapled for the
streams chosen

collect field dataon fish habitat characteristics over a range of flpws

5 LY & GKS ah{lFyl3ly ¢Sy ylloysé recoBrdride RENs ®roali ¥8A y SR
tributaries;

6. ' LILX & GKS ahi1lyl 3y 2! 2toaebracknnierdedEBNs forteh Sffe A Yy t K
18 tributaries; and

7. recommendcritical flows for each species and l#gage of concern iall 18tributaries.

1.3 StudyArea

TheOkanagan Basin is a transboundary basin, spanning the Gah8dbhorder. The watershed runs from
north to south, starting near Vernon, B.Eg(re 1-1) and crossing theborder at Osoyoos, B.QThe
Okanagan Riveflows into the nit Ay (i | (Cdluinbia Riverat Brewster, Washington State. The
Canadian portion of the Okanag&asinspans8,000km?, andis long and narrovand deeply incised in
the interior plateau 6 southean B.C. (Merritt et al2006). Elevation ranges from 2iteters above sea
level in the southern valley to 2100eters above sea level on the plateaus (Merritt e28I06). The main
tributaries generally originate from elevations around 1%08ters, and dop steeply through narrow
valleys before crossinglluvialfans and entering O dz& E @®iahagdn Laleor ljl ¢ & A(@kanagan
Rive).

The study area covers a diverse set of ecosystems from three broad types including basins, plateaus and
mountains andhas been classified based on the British Columbia Ecoregion Classification System
(DeMarchi2011). The main valley is split né#rg Q(8kgha Lakento the NorthernOkanogarBasin and
Southern Okaogan Basin Ecosection§he watersheds on the east sidéthe Okanagan valley originate

in the Northern Okanagan Highland EcosectiOn. the west side of valley, and north of Trout Creek,
headwaters lie within the Western Okanagan Upland Ecosection, whereas those watersheds south of
Trout Creek originate withithe Okanagan Range Ecosection.

The Okanagan Basin has a sanml continental climate, consisting of a dry and hot summer with colder
winters. Annual precipitation shows a bimodal distributidhere isa winter peak driven by storms from

the Pacific Ogan, and another caused by convective summer storms (Merritt et al. 2006). The
hydrological regime is snowmatiominated, with about three quarters of the annual runoff occurring
from April to July NHC2001), and low flows occurring from late summer to mter. Flow in most
tributaries isregulatedfor water storage or flood contropurposes
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The OkanagaBasin is currently the most northern and upstream extent that is accessible by anadromous
salmon populations in the Columbia River systéwcording toTraditional Ecological KnowledgeEK),
the Okanagamasin once supported Pacific salmon specietutting (Ra2005):

a 0 g¢/sgtkeye Salmomhcorhynchus nerkg currently present

ntitiyx ¢ spring Chinook Salmo@ticorhynchus tshawytschacurrently present

a jwidt¢ summer Chinook Salmof@Gcorhynchus tshawytschacurrently present
o"Ayq'Aa 6h Steelhead @ncorhynchus mykiss currently presentand

kistib¢ Coho SalmonQncorhynchus kisutyh extirpated but lownumbers have keen returning.

=A =4 =4 =8 =4

TheBasinalso supports native neanadromoussalmonid species including (R2@05):

1 kAkni¢ Kokanee SalmorOnhcorhynchus nerl@ currently present
T x*uminalq Rainbow Trout@ncrorhynchus mykiss currently present
T mimAlt ¢ Whitefish¢currently present

0 Mountain Whitefish Prosopium williamsohiand

o Pygmy WhitefishRrosopium coultei

In addition there have been 14 native nesalmonid species recorded and at least 14 Hmative fish
species introduced and observadthe Okanagan watershed (R2@05;Basok 2000; NPCC 20(8everal
native species are listed as threatened or endangered in Canada and the United G&SEWIC 2008;
FWS2008).

Thefish species oprimaryinterest in this reporincludesalmonids tlat use the tributaries for spawning

and rearingMany ofthese speciesre culturally important to the Okanagan NatidBpecies assessed in
the South Okanagan includétbkanee Rainbow Sockeye, Steelhead, and Chinook. The Okanagan Lake
Dam at the outlet 6 Okanagan Lakwasthe final migration barrier for anadromous salmonidstil
summer 2019 therefore, only noranadromous specieKpkaneeand Rainbovw) were assessed in the
north Okanagan for the purpose of this report; however, the data collectetbe used to develop EFNs

for other anadromous salmonid specidisat traditionally accessed and may once again occupy that
portion of the watershed

' O0O2NRAY3 (2 ¢9YZX aiKS NROGSNI OKI yy St dKindgzeCBindok)i 2 06 S
SaV2 y ¢  ®&9IVNAARED0). O | LJG @rddiéichal legends)teach us that the natural laws of the
Okanagan Basin included anadromous salmben coyote broughtthem to the head ofOkanagarake
(ONA2020). Fish passage was impeded as easi94.0 withchanges to the outlet of Okanagan Lake, and

in 1914 with a log weir at the site §f | & f(Mchitiiré Damarea)(Erns 1999).Subsequently, dams on

the Okanagan River were constructed at the outlets of Okanagan Lake (Penticton Dam), Skaha Lake
(Okanagartalls Dam), Vaseux Lake (Mcintyre Dam), and Osoyoos Lake (Zosel Dam in the U.S., does not
impede passage) and anadromous fish populations declined drastigallyermanent fish passage was
re-established at McIntyre Dam in 2009 asiSkaha Lake Controbin at sEBaEFNiK” (Okanagan Falls) in

2014 anadromous salmon have #established themselves back into their territory up to the Okanagan

Lake outlet dam (in Penticton). Fish passage into Okanaganwaekestablished in 201But for the

purposes of thiseport, EFNs foanadromous salmon were not included in tributary streams of Okanagan
Lake.
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Eighteen Okanagan streams weneluded inthis project(Figure 1-1) and were chosen in collaboration
between FLNRORD, OBWB and ORESource limitations necessitatedranking process to prioritize
watersheds for field investigation$hefollowing aiteria were usedin the rankingprocess:

1 Fishhabitat valuec fish habitat vale was determined from information contained in the stream
specific appendices of tHehase report (Associate@016)as well as other literature resources
andtraditional andlocal knowledgef the project partners.

1 Current Water Use Pressurewater usepressure was determinelly calculating the proportion
of licensed water use to discharge on an annual basis as weflam®nallyduring the summer
baseflow period LTMADvaluesused for the calculationaere taken fromSummit (2009knd
from Ministry of Environment (MOE; Ptolemy2019. Estimated summer baseflows were
provided by FLNRORD (2016) and estimated annual use and licensed baseflow use were
contained in Associated (2016) ardopson2008), respectivelyUpdated estimates of LTMAD
and summer basadlvs were later provided by Associated (2019); however, the data was not yet
available at the time of the prioritization exercise.

1 Future Water Demandg since EFNsre considered in the review of future water licem
applications, those watersheds with pattial for further allocation were prioritizedhe number
of pending licese applications(indicating high future demandas well as any licensing
restrictions(indicating that no or limited further liceses would be granted) were considered.
Only Equesis Creek, Shorts Creek and Vaseux Creek had no licensing restrictions on file.

Further considerations includetthe presence or absence operatingWater Survey of Canada (WSC)
stationsas well as existing Water Use Plangperating PlanéTable1-2). Watersheds witANVater Use
Plansor Operating Planis place werenot ranked and were considered Iqwiority for field investigations
as they had previously gotierough an extensive planning procelswever, Mission Creek was included
regardlesdn the Okanagan WUW Analyslise to its very high fisheries valueowerVernonCreek was
initially included as one of thkey tributaries; but waslater omitted due tothe complexity ofits flow
regime andwater management which complicated naturalized streamflow developmefttis report
organizes the tributaries based on the EFN setting method used, then from North to South.
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Figure1-1: Map ofthe 18study streams(Associated2016)
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Tablel-2: Citeria usedfor fieldwork prioritization andmethodsselectionfor EFN setting il8 Okanagarstreams

Active Water | Operating Pending
Stream Use Plgd WSC _ Fish_/Fish Water Use Water EFN Setting
Operating hydrometric | Habitat Valug Pressure Licerce
Plan station Applications
Coldstream Creek No Yes Very High High 4 Tennant& WUW
Equesis Creek No No Very High High 1 Tennant& WUW
NaswhitoCreek No No Medium High 0 Tennant& WUW
Whiteman Creek No Yes High Low 0 Tennant& WUW
Mission Creek Yes Yes a a a Tennant& WUW
McDougall Creek No No Medium High 5 Tennant& WUW
Shingle Creek No Yes VeryHigh High 3 Tennant& WUW
(upper and lower)
Shuttleworth Creek No No Medium High 2 Tennant& WUW
Vaseux Creek No Yes Very High Low 0 Tennant& WUW
Inkaneep Creek No Yes Very High High 0 Tennant& WUW
Shorts Creek No No Medium Low 0 Tennant
Mill Creek No No High High 1 Tennant
Powers Creek No No b b b Tennant
Trepanier Creek Yes No a a a Tennant
Naramata Creek No No Medium High 0 Tennant
Trout Creek Yes No a a a Tennant
Penticton Creek No No Low Medium 0 Tennant
McLean Creek No No High N/A 1 Tennant
a notassessed due to existing Water Use Ria@perating Plaim place
b not assessed
N/A insufficient data available to support estimate
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This report documents the process of applying the methods outlined in Phakssbdiate®016).

Methods forestablishing Okanagan EFNs were developed through a comprehensive effort that included
extensive collaboration with stakeholders and experts, as well as a thorough literature review of EFN
setting approaches used locally and elsewhere in North Amefiba resulting EFN Phaseaeport
(Associated®016)outlined two primary methodgo recommend EFNSs for the study streamas office

ol &SR SESNDA &S Okalngal RaNGR mainddwhica is d ardatioa of the.C Modified

Tennant method that wasuecessfully used in the Okanagan in the pastl a fieldbased, streanspecific

YSGK2R NBIljdzA NAy3 KeéRNERYS i NAORanagghRVUW indth@ddK | LoyA GH RIR ARG Al
this report evaluates the utility of an alternative modeised approachcdalSR a{ @8adSY F2NJ 9y @
cCt2g !ylrtearaed o{9C! 0 F2NJAGa loAftAdGe G2 LINRPOARS
data exist $ection3.1.1and Appendix X Further, a concurrent study obiological indicators (benthic
macroinvertebrates) in relation to streamflow conditiom®vided another alternative approach that was

compared to the methods employed in this rep@®ectiord.3).

Initially, EFNs weréetermined for alll8 selectedstreams using thdesktopOkanagan Tennant method.
EFNs were further refined for 10 of the 18 streansingOkanagan WUVdnalyseof field data(Table

1-2). Critical flows were recommended for all streams based on a proportion of flow and further refined,
where possible, usinfield transect data collected for the EFN analy$he followingsectiors describe

the methods for tydrometric data collectionOkanagan Tennant analysiSkanaganWUW analysis,
critical flow analysisand fow sensitivity assessments.

2.1 Hydrometric Data Cltection

Hydrometric data is required for stream reaches of interest to establish relationships bestreeamflow

and fish habitat conditionsTenof the 18 study streams had active WSC hydrometric stations but only

four were located in areas coinciding with prime fish bearing reachesoffated2016). Consequently
hydrometric stations were installed in stream reaches lacking hydrometric data. In18taydrometric

stations were installed throughout seven North Okanagan (upstream of Okanagan Lake dam) EFN streams
in late 2016. In theouth Okanagan (tributaries to Okanagan River), three streams had previously installed
hydrometric stations maintained by ONA atwb new stations were installed for this projeétssistance

in hydrometric station installation and training in hydrometric data col@ciprocedures was provided

by Associated

Hydrometric stations were located in critical reaches identified for WIi8ld sampling basedn the
following considerations

9 high fish habitat value and accessibility (typically lower reachesymiigrationbarriers)
1 high wateruse activities (and corresponding recgrinent for management decisiongind
1 paired top and botbm of alluvial fan locations to estimate losses to groundwater alondeathe

Within these critical reaches, hydrometric station locations were selected based on (1) their proximity to
a WUW transect for discharge measurements, (2) the presence of apghidle to prevent dewatering
during low flows, and (3) a stable large tree or boulder to anchor the station in place. Water level was
recorded using HOBO U204 Water Level loggers, collecting temperature and pressure data-at 15
minute intervals. Addionally, 12atmospheric pressure stations were installed with the same equipment
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in proximity to the water level logger. Th&.C.Resources Information Standards Committee (RISC)
methods were adopted in this project (RISTL8).

The water level loggers wesuspended imetal stilling wells andsingaircraft cable anchored talocked

cap. The stilling wells were anchored to boulders or trees using bolt hangers and hose clamps. A minimum
of two lag bolt benchmarks were installed into nearby trees or baglde serve as referensdor water

level surveys. Stafflateswere installed at some stations by mounting the plate on a board and bolting it

to a tree or boulder at the stilling well.

At each station, discharge and water level measurements were tadleturing 810 field visits ranging

from high postfreshet flows to summer low flows. Standardized field data forms, developed i
collaboration with OBWB and Associategre used to ensure consistency between field crews and visits.
During each visit, hydrometric stations and hydrometric cross sections were checked for damage and
disturbance such as floating debris or sediment infilling, which was remedied where possilrietadd

in the field records. Discharge measurements were typically collected at a nearby transect, which was
carefully selected to possess characteristics conducive to high quality flow measurements, such as laminar
flow, relatively uniform depth and veldgi stable banks without undercuts and little vegetation, and no

in- or outflows between the station and the transect.

Two types oflow meters were used: the Soal FlowTracker (model and2) and the Swoffer Current
Velocity Meter (modeR100). The preferred instrument was the FlowTracker, which determines water
velocity by measuring the change in acoustic frequersiggreflections from moving particles in the flow.
Measurements were conducted over 46cond intervals with aop-settingwading rod (Sordk 2007).

This meter possesses btiilt quality control checks that were conducted prior to each measurement. A
A0KSYIFIGAO 27 0 KSctiehfdBohatgd qD&tich Nskpeovide¥dkigure2-1. The Swoffer

meter was used as a secondary meter when the FlowTracker was unavailable. It collects velocity
measurements using a propeller that converts rotation frequency into velocity ovee@&ihds with a 2n
top-setting rod (Swoffer Instruments Ine.d.). Discharge data collection adhered tostard procedures,
including B.CRISC 2018/S015):

1 depth and velocity measurements at a minimum of 20 panels across the wetted channel;
1 panel locations weremaced 1/2@' or less of the stream width apart but no less thanch@,

i each crossectional panel accounted for less than 10% of the total discharge in the measurement
and

1 velocity was measured at 60% depth from the surfacenater depthsbelow 0.75m and at 20%
and 80% depth from the surface at depths above @75

During field visits, water level measurements were collected at the hydrometric stations using one of two
methods: (1) reading the water level off a staff plate (if present) or (2) surgdiie water level relative

to the benchmarks. Closed loop surveys were conducted with an eye level and stadia rod at an accuracy
of 5mm or less. Where water levels fluctuated notably (e.g., during high flow conditions), the stage was
surveyed in twice, mce upon arrival and then prior to leaving the sif@ata from vater level and
atmospheric pressure loggers were uploaded to a portable device periodically. A field audit of data
collection procedures was conducted by Associaded included review of hydmetric transect selection

and set up, hydrometric measurement procedures, flow meter operation, and water level survey
techniques.
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All field data (water and atmospheric pressure and temperature logger data, measured discharge and
water level data) were checked for errors and then entered into the OBWB AQUARIUS database.
Continuous water depth records were then calculated from tlaer and atmospheric pressure logger

data. Data correction procedures in AQUARIUS included the deletigumestionable water level records

(e.g., flat lines, large spikes, frozen conditions) as well as drift correction based on water level field surveys.
Rating curves relating water level and field discharge measurements were developed in AQUARIUS and
then used to produce an estimated continuous discharge record from the water level logger data. Data
corrections and rating curve development were completadcollaboration with an OBWB database
manager who produced the rating curves and providadlity assurance anduality control.

2.2 Okanagan Tennant Analysis

One of the most common desktop methods used worldwideset EFNs is the Tennant Method
(Tennant1976; Tharme 2003Annear et al. 2004 This hydrologicallgased method assigns EFNs based

on a portion of LTMAD that has been shown to sustain the biological integrity of river ecosystems in
seweral western LS states (Linnansaari et al. 2013). Tipertion of LTMAD required to sustain a given
ALISOASA | YR f A Fisstrean pre3Bnptivesflowistumibg §lew siarfd&d) Biologists from

the B.C Fisheries Branch have modified the Tennant method to incorporate local biological and physical
information for application inB.Gp ¢ BG Modified-¢ Sy y I yi aStiK2Ré¢ KlFa S@2t0
30years and continues to be updated (Ptole®@yewis 2002). Th@®kanagan Tennant methaod an

adaptation of theB.C.Modified Tennant method that was previdysused in the OkanagaihKC2001,

2003, 2005).

The Tennant method has been criticized for being overly simpligtielying on percentages of a single

flow statistic (LTMAD). Rather than relying solely on flow standards, the Okanagan Tennant method
defaults to the lower of the median naturalized flow fargiventime period and the applicable flow
standard. This adjustment is based on the premise that local aquatic populations and ecological processes
have become adapted to the historic natural flow iregs, which are characterized by low and highly
variable flows Associate®016). Defaulting tdhe median naturalized flows whethey arelower than

the flow standards means that the EFN varies from stream to stream in relation to its specific hydrology.
Factors like groundwatesurface water interactions, freshet timing, bedrock influences on magnitude of
base flows, and weather pattern differences are reflected in the observed streamflow patterns and are
inherent in theresultingEFN values.
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A flowchartoutlining the steps for setting Okanagan Tennant EFNs is prowvidgapendixA. Thegeneral
steps below were implemented during Phdkef this project. Remaining steps, including the comparison
of percentile flows under various water abstraction scéosrwill beimplemented in a futurgphase of
this projectwhen the production of the underlying data is comple@kanaganTennant EFNs were
developed for all 18 studstreams.

1. Literature review ¢ relevant information issummarizedin the results section for eaclstream
(Section3.1to 3.18.

2. Define area and reach dhterest ¢ information on stream prioritizatioris provided inSectionl.3
(B1to B18.

3. Adopt fish periodicity¢ detailed fish periodicity information was compiled for the study streams
based orthe literature and local knowledgesgction2.2.7).

4. Calculate LTMALR estimates ofnaturalized LTMAD andeekly flows were developed for tHeFN
point-of-interest in eachstudy stream byAssociatedand are providedin a separate report
(Associate®019).

5. Choose time stepg monthly time steps from November to March and weekly time steps from April
to October were chosen by the project team

6. Flow Standardg; flow standards were reviewed and adjusted by the project team to reflect local
conditions.How standards used to s€kanagaennantEFNs are provideid Sectim 2.2.2

7. SetOkanaganTennant EFNg EFNs for each time step were set as the lower of the highest flow
stardard or the mediamaturalized weekly flow for a given time stefNote in some strears the
residual flow was useihstead of the naturalized flowf there is a history oflow augmenation.
OkanaganTennant EFNs are provided in Sectidristo 3.18 and AppendiceB1to B18 (stream
specificAppendices)

8. Compare to previous studies OkanaganTemant EFNs were compared tprevious EFN
recommendations as well as fish, fish habitat anchaturalized flow data, where avaiable, and
adjustedwhere needed(Sections3.1to 3.18.

2.2.1 Fish Periodicity

Periodicity information consists of identifying whiebosystemspecies and life stagese of interest in a

given creek, as well as their timing and duration. Fish paritydnformation for the studytseams was
compiled from leal knowledge as well abe literature. For some species and life stages, timing is
relatively rigid and the requirement for suitable flows extends to a specific set of weeks in a given year
(e.g, Kokanee spawning). For others, providing suitable flows for a specific duration within a general time
window is sufficient. This allows the timing of EFNs to vary as a result of hydrological variation between
years(e.g. channel maintenance freshet floyv

The timing of species and life stages was reviewed and agreed upon by the project team. Fish species and

life stages of interest in the study streams are presentefable2-16 K SNBE &, ¢ RSy 2(iSa &Sa
of expected fish specie§eneral timing information is provided iFable2-2 and streamspecificfish

periodicity information ifound in Appendice®1to B18 Periodicity information contained within this

report represents the most comprehensive collection of peridgiassembled for the Okanagan, and
supersedes that of which is contained in the Phiasport.
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Additional explanations fdhe periodicity tables include:

T

Key toRainbowparr rearing is the optimization of riffles for insect productidherefore the
periodicity for riffle optimization and insect productionégual to thatfor Rainbow rearingReiser
& Bjornn 1979; Stalnakek Arnette 1976).

Anadromous salmon have not been included in tributaries of Okanagan Lake pending
confirmation of reintroduction past Okanagan Lake dam.

Kokanee spawn timing varies by stream and strespcific information is provided ifable2-3.

Although notassessedn the COSEWI@R017)report on OkanaganSummerChinook Salmon,
spring Chinookisetributariesfor spawning according to TEK assessmésisst & Vedan 2000
and recentfield observations and Pi&g detectionsand havetherefore been includedn this
assessmenturther,ONAefforts to rebuild the stock are underwa$pring Chinook return to the
Okanagan valley earlier than summer/fall Chinook and therefore have edtrawily long holding
periods.

Shortterm durations are provided for juvenile fish migration as well as ecosystem flows. For
example, juvenile Sockeye require add&y mean duration at freshet flows for 75% emergence,
as determined through Sockeye emergerrecords over the past 18 years (CNATS8).

Rampingup and down of flows areimportantto ecosystem and fish functicat all times of the
year. These rampinfjows are not determined within the EFNs but tha&lyouldbe setstream
specificwithin licensing allocations.

The timing and duration for flows after fresheeakis based on the needs of endangered
Cottonwood ecosystemas prescribed bRRichter& Richter (200Q)

Additional flowdependent ecosystem processes, such as wetland inumgaside channel
linkage, sediment flushing and channel mainterenere also incorporatedased on &opold et
al. (1964). Thisccurs during high flow freshet periodand timing is based on the freshet as
determined in the naturalized flow assessmentqdaated2019).

The duration times provided ifable2-2 do not take into account changes to hydrographs
resulting fromof climate change

Note for the purpose of thigeport that

1
1
1

Rairbow Trout parr rearing is refezd to as Rainbow rearing,
Chinook Salmon fry rearing is referred to as Chinook reaaimd

Rainbow and Steelhealtoutjuvenilesare referred to a®. mykissvhere they ceoccur as they
have similar juvenile rearing requirements and timing in tributary streams
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Table2-1: Ecosystem anéxpectedfish speciesandlife stagesin the studystreams

E c = g g £ =3 <
2L c o x 0|88 S| c
Specks |Life stagé 2lgle|ele|22|2|2|3|8|El=|e|5|8|5|8|8
system specifics 3|z A 81Li2i2|8 §|2|3 % g|S E g | g |Comments
= = [ = e =
8 L g 'g = § _% E E > = 0 o = g g'_’ =
w|n|?
. . Need rain events to
gdzlltwr]r;rl]gratlon trigger migrations and
In[():ubatiogl parr rearing is a sensitiv
Rainbow Rearing YIYIYlYlY|lYlYylYylyl|lyl|lylylYylylYyl|lyYy]|Yy]|y]|yY |lifestage.Large bodied
Juvenile miaration andsmaller resident
Overvvinteria sized Rainbowexist in all
9 tributaries.
N Need rain events to
gd::}v?i:]gratlon trigger migrations into
Kokanee In?:ubatio?] YyIvyIYy|lY|lY|Y]|Y yIy|lYylYyl|lYy|yYyly]|y [the tribute‘irie_s_. Body siz€
Juvenile migration canvarysignificantly by
stock.
Adult migration Not included in
Spawning tributaries of Okanagan
Steelhea Incubation Lake until re
Rearing YAy y|yy Y lintroductions are
Juvenile migration confirmed and TEK
Overwintering consulted.
SummerChinook spawn
Chinook in the mairstem
(summer) Rearing y ylyly y |Okanagan Rivéiut use
the tributaries for
rearing.
Culturally sensitive
L speciedo the Syibas it is
gggl/tv:i]gatlon one of the 4 food Chiefs
Chinook |Incubation npt |nc|_uded n
(spring) Rearing ylylyly|y tnbutarle_s of Okanagan
Juvenile migration _Lake unt!l e
Overwintering introductionsare
confirmed and TEK
consulted.
Adult migration N.Ot |ncI‘uded n
Spawning tributaries of Okanagan
Sockeye Incubation y yly Lake until re
Juvenile migration mtroducuons are
confirmed
Flowramping Important ecosystem
Cottonwood functions for all streams
Ecologial |ecosystem flows Flow ramping up and
Flows Wetland, side chann YAY Y Y Yy Yy Yy Yy Yy Y Y Y Y Y 1Y 1Y | down needsto oceur for
linkage, flushing and all flow changes
channel maintenanc throughout the year.
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Table2-2: Generaltiming and duration(periodicity) of species and life stagdsr all study streams

Species/ | Life stage/ Timing Duration
o Reference
system specifics Start End (days)
Adult migration 15Apr | 10-Jul entire Wightman (1975)
Spawning 20-May | 10-Jul Roberge et al. 2002; Wightman (1975)
Incubation 1-Jun 15-Jul | entire Ptolemypers. comm2017; CNAT 2018; Becker & Neitzel 1983
Rainbow | Rearing 1-Apr 31-Oct | entire Ptolemypers. comm?2017; based on water temperatures
Juvenile migration | 1-May | 15-Jul 15 Ptolemypers. comm2017; CNAT 2018 (15 days mean for 75% emerg
at freshet flows)
Overwintering 1-Nov | 31-Mar | entire Ptolemypers comm.2017
Adult migration 25-Aug | 8-Oct entire Webster 2015 and 2015b
Webster 2008 to 2016; Dill 1991; Long & Tonasket 200flsh &\Veins
2006; Wodchyc et a2007; Mathieu & Kozlova 2009; Mathieu & Squaki
Spawning 1-Sep | 20-0ct |entire 2009; Louie & Benson 2011; Bussanich et al. 2013; Bensar261i 3} _
Kokanee Ben_son & Bussanich 2014; _Benson et al. 2016; Ber_]son & Bussa_nlch
Yaniw & Benson 2017; Yaniw & Benson 2018; Yaniw & Benson in pre
2019a; Yamw & Benson in prep 2019b; ONA12
Incubation 1-Sep | 31-Mar | entire Webster 206
Juvenile migration | 1-Apr 31May |15 McGrath et al. 2012; ®Grath et al. 2014; Webster 20185 days mean
for 75% emergence at freshet flows (CNAT 2018)
Ptolemypers. comm2017; Long et al. 2006; Folks et al. 2009; Be&son
Adult migration 1-Apr 25-Jun | entire Squakin 2008; Arterburn et al. 2007; UppehiSgle Creek specific based
on mid elevation freshet (April6lto June 2%
Spawning 1-Apr 25.3un | entire Arterburn 2913; Uppert8ngle Creek specific based on mid elevation
freshet (Aprill6 to June 2b
Steelhead Incubati | . Ptolemypers. comm2017; Long et al. 2006; Folks et al. 2009; Bed&son
neubation L-Apr 15Ju entire Squakin 2008; Arterburn et al. 2007
Rearing 1-Apr 31-Oct | entire Ptolemypers. comm2017; Arterburn et al. 2007
Juvenile migration | 8-Apr 20-Jun |15 Arterburn 2013
Overwintering 1-Nov 31-Mar | entire Ptolemypers. comm2017
éﬁ';%):r) Rearing 1-Apr 29-Apr | entire Davis 2010; Davis 200Davis et al 2008; Davis et al. 2007
N . PIT tag recoveries (http://www.ptagis.or@pckeye enumeration
Adult migration 1-Jul 17-Sep | entire unpublished data 2002017
. . Peven (2003); DFgers. commcited in Epp, 2014; Davis 2010; Davis
Spawning 27-Aug | 30-Sep | entire | 5509, Davis et aR008; Davis et al. 2007; CCT 2004; Snow et al. 2018
Chinook . . Peven (2003); DF@ers. commcited in Epp, 2014; Davis 2010; Davis
(spring) Incubation 27-Aug | &Mar | entire 2009; D(avis gml. 2(?(1)38; Davis et al. 2007?p
Rearing 1-Apr 31-Oct | entire Ptolemypers. comm2017; based on water temperatures
. N Davis 2010; Davis 2009; Davis e28D8; Davis et al. 2007; COSEWIC
Juvenile migration | 14-Apr | 30-Jun | 15 2006: CNAT 2018
Overwintering 1-Nov 31-Mar | entire Ptolemypers. comm2017
S ) PIT tag recoveries (http://www.ptagis.org); CNAT 2@ayis et al. 2009;
Adult migration 1-Jul 15Sep | entire Audy g Benson 20:(Ll; FI)Bens&mlltjjd)?2013;)Bussanich et al. 2012
. . CNAT 2018 (18wrs of data); Davis et al. 2009; Audy et al. 2011; Beng
Sockeye | SPAWNIng 16Sep | 31-Oct |entre | gn gy 2012(; Bucsanich et)al. 2012 y
Incubation 16-Sep | 31-Mar | entire CNAT 2018 (1gearsof data); SECL 2002; Lawrence 2003; Lawrence 2
Juvenile migration | 31-Mar | 25-May | 15 g(;“O’?THZS;t? é:tlyzal.a;sooggd;aéae)r,‘sL;]Wngrige 2003; Lawrence 2004; Tonask
(I?:Vr\?nplng up and Jan Dec all year | Flow ramping should occur at all times of the year.
Cottonwood _ Richter &Richter 2000; Scott et al. 1996; Amlin & Rood 2001; Mahone
_ Ecosystem flows freshet | 31-Jul entire Rood 1998, general ecosystem floislC2001. S_tart date determined
Ecological from the end of freshet dates sétom the naturalizedhydrograph
Flows Wetland, side
channel linkage,
flushing and 1-Apr 30-Jun |15 Jones et al 2015, Leopold et al. 1964;
channel
maintenance flow

1 General period for all streams, with any strespecific information presented ifiable2-3
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Table2-3: Streamspecific pawning time period refinements for Okanagan Kokanee stocks

McDougall Creek

WestbankFirst Natiomnotes Kokal

nee were once

there, none recently enumerated, default to

average dates (Septto 20-Oct)

Stream Start date End date Z:taek SPAWNINg| peferences

Coldstream Creek 22-Sep 23-Oct 9-Oct

Equesis Creek 10-Sep 10-Oct 26-Sep

NaswhitoCreek 12-Sep 7-Oct 23-Sep

Whiteman Creek | 8-Sep >-Oct 20-Sep Webster 2008 t®017 Dill 1991
Mission Creek 31-Aug 5-Oct 18-Sep

Long & Tonasket 2005Walsh & Weins
2006; Wodchyc et aR007; Mathieu &

McLean Creek

cut off by culverts, nokokaneeobservedn recent
years, default to average dates-§eptto 20-Oct)

LowerShingle Creek | 25-Sep 1-Nov 15-Oct Kozlova 2009; Mathieu &Bakin 2009;
Louie & BensoR2011; Bensowet al.2013;
ONA2012

Upper Shingle Creek| none

Shuttleworth Creek | none RivardSirois et al. 2012; Riva®irois &

Vaseux Creek none Audy 2010

Inkaneep Creek none

Shorts Creek 18-Sep 26-Oct unknown

Mill Creek 17-Sep 13-Oct 30-Sep

PowersCreek 4-Sep 3-Oct 17-Sep

Trepanier Creek 4-Sep 4-Oct 21-Sep .
Webster2008 to 2016; Dill 199Mard

Naramata Creek 17-Sep 10-Oct unknown
2018 perscomm. (FLNR@&D)

Trout Creek 1-Sep 20 Oct unknown

Penticton Creek 6-Sep 7-Oct 23-Sep

Okanagan Nation Alliance
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2.2.2 Flow Standards

How standards for use in this project were based on information supplied by FRDERDf as well as the
literature and arelistedin Table2-4. Notably, flow standards for ecological flows wedded with the
intention to preserve key ecological functions suchiparian recruitment Richter& Richter 2000; Scott
et al. 1996; Amlin & Rood 2001; Mahoney & Rood 1988)andinundation, floodplain connections, side
channel linkage, invertebraterit, gravel bed flushing, and channel maintenance (Hynes ;19&6wld
et al. 1964. Flow standards represernthe portion of LTMAD required to sustain a giverosystem,
species and life stage ame presentedas percent of LTMAR6LTMAD)

Additionalexplanationsfor flow standard tables include:

1 How standarddor large bodiedsalmonids werealculated for eacktream(Table2-5) according
to the followingformula (Ptolemy& Lewis 2002; Annear et al. 2002

large bodiedsalmonidflow standard= 148*L TMAD?-%6

1 EndangeredCottonwoodare the key species in Okanagan riparian ecosystem=2(1G8). Ramp
down rates of 2.£m per day Mahoney & Rod 199§ are needed for maintenance and
recruitment of Cottonwoods post freshéRichter& Richter 2000; Scott al. 1996; Amlin & Rood
2001). The ecosystem flow standard of 100% describediH(C (2001) along with the flow
standard for channel maintemce met these ramp down rates However, more research is
needed to confirm the validity of this flow standard specifically for Cottonwood needgaand
monitor itseffectiveness

1 In stream channels running through erodible materials, general geometryaesiips known as
regime equations haveeen derived that describe the relationships between chatfioghing
discharge, slope and cross section (Levia®9kp). The flood stage where the stream reaches
bankfull discharge is the dominant channel formingvfliiNewbury 2010, Leopold et al. 1964).
This bankfull discharge is described as the annual flood discf@jgand occurs at the
66" percentile(Qss2) from a flood exceedance assessment (Leopold et al. 1964; Kellerhals &
Church 1989galso known as the 1-Bear freshet flow These bankfull discharges alsmintain
average rates of sediment transport, bafill widths and depths, podiffle ratios, and the
average rates of bank migration, (Leopold etl&i64)thus stable bed and bank erosiocAnnual
flood flowswere calculated for each creek and tend to vamypractisedue to water storageor
diversion.How standardswere calculated from the LTMAD determinedAssociated2019) and
the streamspecificQssw.annual flood(Table2-6). Freshetflow standards, by desigmay not be
met every year, and are not expected to occur at the same time each year.

1 For all Okanagan tributaries it is important to note that rain evemesate significant pulses in
flows that many species (e,gpawning Kokanee and spawning Rainbow) key into for entering
the stream and use for particular lifstage needsln most cases rain events cat be controlled
but in highly regulated systems theged to be allowed.
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Table2-4: How standardsusedfor calculating theOkanaganTennant EFhl

How standards

Species Life stage (% LTMAD Reference
Adult migration- large bodied 14{_3;:;;:\2 Aégose Ptolemy& Lewis 2002; Annear et al. 2002
Adult migration- small bodied 100% Ptolemypers. comm2019
. Spawning 40% NHC 2001
Rainbow Incubation 20% Ptolemy& Lewis 2002
Rearing 20% Ptolemy& Lewis 2002;
Juvenile migration 50% NHC 2001
Overwintering 20% Ptolemy& Lewis 2002; NHC 2001
Adult migration 20% Ptolemy& Lewis 2002
Kokanee Spawning 20% Ptolemy& Lewis 2002; NHC 2001
Incubation 20% Ptolemy& Lewis 2002; NHC 2001
Juvenile migration 50% Ptolemy& Lewis 2002; Ptolemgers.comm.2019
Adult migration 14&}:;‘;:\2 A;go‘% Ptolemy& Lewis 2002; Annear et al. 2002
Spawning 143% Ptolemypers. comm2019
Steelhead Incubation 20% Ptolemy&Lewis 2002
Rearing 20% Ptolemypers. comm2019
Juvenile migration 50% Ptolemy& Lewis 2002
Overwintering 20% Ptolemy& Lewis 2002
Chinook (summer)| Rearing 20% Ptolemypers. comm2019
Adult migration 14?;::\2 '220‘36 Ptolemy& Lewis 2002; Ptolemgers. comm2019
. Spawning 143% Ptolemypers. comm2019
C(:;'):?]ZI; Incubation 20% Ptolemy& Lewis 2002
Rearing 20% Ptolemy& Lewis 2002
Juvenile migration 50% Ptolemy& Lewis 2002
Overwintering 20% Ptolemy& Lewis 2002
Adult migration 25% Bast_ecbn Coho similar sized bodiePtolemy&
Lewis 2002
Sockeye Spawning 20% Ei\s,v?g ;gogho similar sizethodies. Ptolemy&
Incubation 20% Ptolemy& Lewis 2002
Juvenile migration 50% Ptolemy& Lewis 2002

Freshet ramp up

ramp up of 2.5cm/hr

Knight Piesold Ltd. 2005

CottonwoodEcosystem

Richter& Richter 2000; Scott et al. 1996; Amlin &
Rood 2001; Mahoney & Rood 1998 (ramp down

0,
. freshet ramp down flows 100% of 2.5cm per day), general ecosystem flows NH
Ecological Flows
2001 met ramp down rates
Wetland, S'de. channel ONA floodexceedancdased on @xchannel
linkage, flushing and Table2-6 .
; maintenance flows (Leopold et 41964).
channel maintenance flow
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Table2-5: Large bodied salmoniddult migrationflow standards

Stream LTMAl_)Jsed in How standards
analysis(m?/s) (%LTMAD)
Coldstream Creek 0.748 164
Equesis Creek 0.700 168
NaswhitoCreek 0.363 213
Whiteman Creek 1.092 143
Mission Creek 6.352 76
McDougall Creek 0.132 307
Shingle (lower) Creek 0.641 174
Shingle (upper) Creek 0.272 236
Shuttleworth Creek 0.436 200
Vaseux Creek 1.285 135
Inkaneep Creek 0.362 213
Shorts Creek 1.014 147
Mill Creek 0.744 165
Powers Creek 0.643 174
TrepanierCreek 1.283 135
NaramataCreek 0.157 288
TroutCreek 2.174 112
PentictonCreek 1.159 140
McLeanCreek 0.167 282

1 based on the formula 148*LTMABS (Ptolemy & Lewis 2002

Table2-6: Freshet flowstandards calculated foreachstream

How

Stream \gvrif(rlf::%d (%27;/; L(mg? standard | Source

(YTMAD
Coldstream Creek 206 5.4 0.748 730% 08NM142 (60.6km?)
Equesis Creek 204 7.7 0.700 1100% Lukey & Alex 2018
NaswhitoCreek 87 3.3 0.363 910% Lukey & Alex 2018
Whiteman Creek 203 7.7 1.092 710% Lukey & Alex 2018
Mission Creek 831 55.4 6.352 870% 08NM116 (795kn?)
McDougall Creek 54 1.0 0.132 730% no peak flow data, scaled based on Trout Cree
Shingle (lower) Creek 299 9.7 0.641 1510% RivardSirois 2013
Shingle (upperLreek 118 3.8 0.272 1410% scaled from Loweghingle results
Shuttleworth Creek 90 2.6 0.436 600% Burge 2011
Vaseux Creek 294 11.2 1.285 870% recordtoo short, scaledrom Whiteman Creek
Inkaneep Creek 227 8.6 0.362 2380% recordtoo short, scaledrom Whiteman Creek
Shorts Creek 186 7.1 1.014 700% recordtoo short, scaledrom Whiteman Creek
Mill Creek 224 14.9 0.744 2000% based on mission 08VI116 (795kn¥?)
Powers Creek 145 6.4 0.643 990% no peak flow data, scalegdom Trepanier Creek
TrepanierCreek 260 11.4 1.283 890% based on stn 08NM041 (182 Rm
Naramata Creek 42 0.76 0.157 480% no hydrometricrecords, scaleffom Trout Qreek
Trout Creek 747 135 2.174 620% Eyjolfson & Alex 2018
Penticton Creek 180 11.0 1.159 950% Mould 2017; highlynodified flood regime
McLean Creek 63 11 0.167 680% no peak flow datascaledfrom Trout Qeek
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2.2.3 PercentileHow Analysis

Methods recommended inPhasd of this project required the development of seveitteamflow
datasets, including naturalized, residual and maxiniigensed flowsNaturalized flows arehte flow that
would occur naturally in the absence of flow regulation including storage reservoirs and water
withdrawals. Residual flows are the actual flothatoccurat a specific point on atreamasrecorded by
streamflow measurementsand reflect water withdrawals and managemeat the time Maximum
licensed flows refer tolte flowsthat would occur at a specific point on a stream ifvedter withdrawals
and dorage management were maximized under existing water licenbesuralized, residual and
maximum licensed flow atasets for the study streams were provided Bgsociated2019) The
naturalized flow datasets are completel of 18 residual flowdatasetswere provided anchine of 18
maximumlicensedflow datasetswere provided The naturalized flows are an integral component of the
Okanagan Tennant Analys&egtion2.2) and are also used in the WUW analySisdtion2.3).

Calculation of percentile flows from the flow datasets was required for two tasks described in thel Phase
report: assessing the impact of flows below the EFN, and allowing EFNSs to vaajiyduring drier years.
Percentileof most interest to FLNRORD were thab year low flow (P20) and theih-2 year low flow
(P50). These percentiles, along with thedian,minimum and maximum flowsyere calculated in excel
andare plotted and als providedin Tableformat in the streamspecific Appendiced@1to B18) Values

are shownin units ofm®s as well a9d_TMAD Further information on how percentile flow data is used
for each task is provided below:

1 Assess impacts of flows below E&Nhe Phase | report recommendpbvidinga means of assessing
the impact of flows below the recommended EFNSs, resulting either from existing or proposed water
licences. WUW curvegienerated for the Okanagan WUW Analysis can provide this information. For
streams where only Okanagan Tennant Analysis was compdetedVUW curves are not availaple
percentile flowsare used for omparingthe %LTMARvailablebetweenthe naturalized and residual
(current or future)hydrograplts at a given return periodThis provides a basic understanding of the
impact of current or future allocated water use stieamflows and particularlyhe frequency of low
streanflows.

1 Adjusting EFNSs for natural flow variatiof.he Phase | report recommended that EBRsllowed b
vary naturally with weather conditions for retine operational management purposésot water
licensing purposes)Thus, he EFNwould become the lower of the EFN valuderived fromthe
methods describedn Sections 8 and 23, or the naturalized reatime flow. Tables of natralized
flow percentiles indicate at which percentile theNEould be met and also providguidance on
naturally lower EFNs during drier yea®dmilarly this approach could be used to adjust EFNs upwards
during wetter years tancreasehabitat availability and fish producticthat may be associated with
higher than normal flowéReiser & Bjornn 1979particularly for those species and {geages that are
constrained by naturally low flows (e.g. summer juvenile reariimgplementation of this approach
requires caution as reatime naturalzed hydrometric station data is scarcand requires careful
analysis to properly characterize flow conditions in a given.year

Okanagan Nation Alliance 19 March 2020



2.3 Okanagan Weighted Usable Width Analysis

Tenof the 18 study streams were selected for WUW analysis based on the prioritization exercise described
in Sectionl.3 and budget and time constraints. WUW analysisistandard technique that has been
widely used throughout B. and elsewhere (Thompson 1972)he method integrates the effect of
changes in flow on wetted width, depth, and velocity with habitat suitability indigk}o calculate the
weighted quantity of habitat available for a given species and life stage of fish (Pt&lemyis 2002).

The Okanagan WUW methoid a fieldbased approach that constitutes a variation of a WUW method
previously used in the Okanagan. WWUs\talculated using depth and velocity measurements at panels
along transects located in the appropriate habitat units for the species and life stage of interest, in
conjunction withHSIcurves. Repeating the measurements and calculations at each transsch oange

of flows and then plotting WUW vdischargedemonstrates changes in habitat with flow.

WUW values demonstrate the greatest usable width (optimal flow) at flows that produce the preferred
depth and velocity conditions for the species/life sa@ptimal flowsare often higher tharmedian
naturalizedflows andnot realistic and attainable in the context of the natural hydrografie Okanagan
WUW methodaddresses the tendency to recommend optimal flowddusng theassessment of flow
related habitat changeswithin the range of historical or expected flolwsund by the critical flows at the
lower and the median naturalized flows at the upper ebttimately, EFN recommendations were made
based on the Okanagan Tennant and WUWaislnd in sone casesinder consideration of additional
AVF2NXYIFGAZ2Y (2 Ay E gsée¥PhadeS EdpistNAssoctatxk ZDEB¥rGdl (steps for
implementation of the method are provided isppendixA (Associate®016) Further information on
determination ofcritical flows is found in Sectidgh4.

2.3.1 Transect Selection

Stream reaches of interest were identified through extensive review of available literatgreata such

as fish habitat inventories, Sensitive Habitat Inventory and Mapping (SHIM) maps, fish enumeration
reports, inventories of fish barriers, as well as B'€ Stream MacreReach spatial dataset, which supplied
reach gradient information forhe study streamsknowledge of local fisheries experts and TEK were used
where available to guide selection of stream reaches of interest.

Transectdor assessment of spawning habitat were located in glides and pooluts] whereas transects

for assesment of juvenile fish rearing and insect production were located in riffles. Instream habitat
surveys were completed in 2016 during the summer low flow season in all stream reaches of interest to
ensure that study transects would be representative of teagnditions Rapid Habitat Assessmdata

type of instream survey that involves mapping fluvial habitat features with the usehafraaccuracy
handheld GPS uniT(imble GeoXTTrimble, Inc.). While walking the stream, geographical limits of pools,
glides and riffles were mapped and the maximum water depth, bankfull width, and wetted width were
recorded for each. Further relevant information, such as stream modifications, fish barriers, and water
diversions were noted as well. Mapping a segment of strég habitat type (riffle, pool, glide, etc.) allows

for stratified sampling by habitat type. Each habitat type is mapped for the entire reach and the
proportionsare calculated by length. Cresections are then chosen by habitgpe (Jowett& Richardson
2008).The following habitat types were identified:

1 Riffles shallow sectiong/here the water approaching the riffle must rise upwards and converge with
water near the surface, creating a turbulent surfaspecifically with avetted width: mean depth
ratio of >50(Dunne & Leopold 1978
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1 Pools deep sections with low flow veliig compared to nearby rifflesspecifically withV: D ratios
<20(Dunne & Leopold 1978

9 Glides shallow sections witlittle to no surface turbulencespecifically withintermediate W Dratios
of 21-49 (Dunne & Leopold 1978

Postfieldwork data processing involvedividing the streams into reaches based on the habitat type
length proportions and average conditions during the rapid assessment. Habitat types evaluttisd in
approach were limited to glides and riffles to correspond with available HSI curves. The mean wetted
widths and depths were calculated for riffles and glides by reach, along with a 95% confidence interval for
each. Subsequently, riffles and glides thaere representative of average reach conditions (i.e., had
widths and depths within the 95% confidence interval) wergisited to further assess their suitability as
WUW transects. The following considerations were made inAtu/Ntransect selection mcess:

9 Accesstransects with reasonable and consistent access were prioritized to ensure efficient use
of time.

i Safety:site conditions are safe under all flow conditions and no other hazards (e.g., livestock,
dogs, leaning trees) exist.

I Habitat type: Transects of a suitable habitat unit for the species and life stage of interest were
selected (i.e., glides for spawning, riffles for rearing). Substrate conditions in the transect were
alsovisually assessed to ensure they appeared suittlife stagéspecies needsi.e. spawning
sized gravel for Kokaned) was attempted to locatéffle and glide transects in close proximity
to allow simultaneous measurement. Where known, documentedwsiing locations were
selected

1 Bank and site stabilitystable &iannels were prioritized to ensure consistent transect conditions
over the course of the study. Transects with active bank erosioshowing signs of livestock
activity or high public use were avoided.

9 Discharge measuremengor glides,d the transect gitable for discharge measurement under a
range of flows (i.e., relatively uniform, laminar, homogenous flow conditions, no debris, boulders
or undercut banks, stable perpendicular flow angle)?

1 Hydrometric monitoring Is there a suitable spot for a hydroirie station nearby?

The number of transects antie requiredfield intensity level for each creakere determined bythe

quality of the habitat and fish production from a given stream, the total length of stream reaches of
interest, uniformity of stream habitat conditions, budget, as well as the necessity to be able to complete
a full round of measurements on a given creelone day. The number of transects instalfes stream
ranged betweentwo and six At almost all of the measurement locatigrtsydraulically linked riffle
(rearing) and glide (spawning) transects were installed. The selected transects were marked by
hammaeing flagged rebar pins into the banks above the high water mark. For each transect set, a minimum
of two benchmarks were installed in nearby trees and boulders with lag bolts and anchor bolts to enable
surveying of the transect. otal, 63 WUW transectsvere installed.

2.3.2 WUWHeld Data Gollection

Field data collection commenced in late summer of 2016 and continued to spring of 2018. In general, 8
10 measurements were taken at each transect. The esestional profile of transects can change
consideraby from year to year, especially after a sizeable freshet as observed in 2017. Transect changes
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often lead to changes in the WUW vs. floslationship, whichreduces consistency in muliear studies.
Therefore, the bulk of the data was collected betweeneland September of 2017. Field visits were
timed to commence immediately po$teshet, when channel forming flows had receded and the stieam
were wadeable, and continued through the lowest flows of the 2017 summer se@sorerally in early
September)Information from realtime hydrometric stations was used to determine the most beneficial
timing of field measurements over a representative rangstofamflons. A small number of transects
experienced such major channel changes dutteg?017freshet tha they had to be abandoned and new
transects were installed in June 2017 to replace them.

During each measurement, a GDtape was stretched across the stream and anchored to the rebar pins
used to flag the transect. Measurement locations were alwayeroed from the left bank headpin to
provide consistency between visits. Field measurement of WUW data is similar to discharge measurement
described irSection2.1and consists of measuring depth and velocity at over 20 panels at each transect.
The SonTek FlowTracker was used for measurement in the glide transects to concurrently produce high
guality discharge measurements. A Swoffer velocity meter wad fm@emneasurement in riffle transects.

It has a larger sample volume than the FlowTracker, and was deemed more suitable for determining
average panel velocities in highly variable and sometimes turbulent riffle conditigmish should be
avoided while usig the FlowTracker (SonT2@16) As describedn Section2.1, velocityreadings were

taken at 60% of the water depth from the surface for depths below th7&nd at 20% and 80% for depths
above 0.75m (WSQ015). General information was gathered at eatdansect, including changes in
channel condition that would affect the transdrydraulics Transect photos looking up and downstream
from the center of the transect were taken during each visit to provide a vieaatd

The timing of visits proved chenging in several streamshere high freshet flowswvere immediately
followed by very low flows (e.g., Vaseux Creek, Shuttleworth Creek). Where data gaps were identified,
additional visits were conducted pifieeshet in 2018 to reduce the likelihood of freect changes during

the subsequent freshet. However, in Inkaneep Creek, a large landslide occurred on April 9, 2018 upstream
of the sampled reach rendering it inaccessible. This left an incomplete data set for the entirecteek

the shape of the WUWasbe difficult to discern. An effort was made to model the shape of the curves
with availabletransect surveyThe modeling effort included combining all field data collected to create
depth and velocity profiles for &n wide crossectional cells. As wefior each cell, profiles were created

for calculated crossectional area and discharge. Surveying and depth data were used to cnediega

curve and crossectional bed profile. The trajectories of each telincrease in crossectional area and
discharge were plotted by total crossectional area and total discharge calculated per visit. These
relationships were used to calculate hypothetical depth and velocities for discharge ranges using simple
discharge and area formulas. Outputs were then cirefsrenced with theavailable rating curve points
Modeled outputs for depths and velocities were overlaid on measured WUW values. This method was
only used on glide transects as depth data and surveyed water surface elevations proved difficult to
reconcie in riffle transectgnonlaminar flow).

2.3.3 Analytical Methods

The relationship between WUW arstteamflowillustrates how the amount of useable habitat changes
over a range of flows. This information is then used to further refreOkanagaiennant EFNand to
recommendstreamspecific EFNs. Streamflow information at the transects was collected as part of each
measurement. The following sections describe how WUW eadsulated $ection2.3.3.1) and how the
WUW vs. flow relationships were establish&#ction2.3.3.29.
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2.3.3.1 Calculationof WUW

The depth and velocity field data from each transect measuremane transferred to a series of Excel
workbooks. The WUW at each pandj) is calculated bymultiplying the width ofthe panel by the
probability of usdp)for a given fish species and l$eage. The WUW of a transect at a given discharge is
the sum of all panel WUWsvheren = the total number of panels:

Yo & R RAL RV e X XY

The probability of use is provided BySlcurves for eals species and life stage. The curves define
probability of usevalues(0 to 1) separately for water depth and velocity, which are then multiplied to
produce a composite probabilifpr each panelj):

h n zn

While it is ideal tareate HSI curves specificagpecies and region, the timeline and budgetro$ project
did not allow fora complete Okanagan HSI curve studiie following HSI curveslid for B.C.were
supplied bythe B.C. Ministry of Environment and Climate Chasgategy(Ptolemypers. comm2017):

JuvenileRainbowrearing (fry and parr life stages);

Juvenile Steelhead rearing;

Juvenile Salmon rearing (Coho and Chinook);

Generic insect production for use in rearing (riffle) transects;
Kokanee spawning;

Rainbowspawning;

Chinook spawning;

Coho spawning; and

Steelhead spawning.

= =4 =4 =4 4 A -8 8 -4

The supplied HSI curves werpdginally developed forWater Use Planby a team ofB.C.specialists.
Informal validation of the curves was based on spawner enumerations in the contextszfhabitat
conditions over several years of reaevel surveys in otheB.C watersheds. Review of the supplied HSI
curves by the project team led to several adjustments of the cuirethe Okanagardiscussed in greater
detail below. The final HSI m@s used in this project are provided AppendixD. No further field
validation of the HSI curves was possible due to the extensive field effort that would be required.

Adjustment of the HSI curve for Chinook spawning were made to reflect the smadtlgrdize of the
springrun Chinook found in Okanagan River tributaries compared to the Kogdied summeirun
Chinook that the initial HSI curves were provided for. Further, summmeiChinook typically spawn in
large river mainstems where depths andaoaties differ substantially from those in the smaller streams
typically used by springun Chinook. For this project, HSI curves developed for spuimghinook in the
Nicola River (approximately 16@&n from the study area) were used (Tritd809). Whilghe Nicola River

is larger than our study streams, it was considered the best available information.

Okanagan Nation Alliance 23 March 2020



The initial set of HSI curves did not include curves for Sockeye spawning and none were readily available
from the literature. As a result, HSI curves this project were constructed from habitat data collected

during Sockeye spawner enumerations in the Okanagan River over several years. The mainstem Okanagan
River is larger than the study streams and generally has greater water depths, which resualitsein
uncertainty regarding the suitability of HSI curves in smaller streams. Howevéhckeye spawning

habitat data was available from smaller tributaries and this information was considered the best available
data.

Due to extensive spawning habitatsk from diking and channelization of the Okanagan Roekeye
spawning areas become saturated quickly in high run years. Preferences for depth and velocity for
Sockeye redd locations are difficult to determine if the choice of locations is dedspgndent.
Therefore, only data from 2001, 2002, and 2003 were included because these were not years of high
spawner abundance.

Only data from the two most natural reached the Okanagan Rivewere includedin HSI curve
developmenY | &y I (i dzNJ f Kicintyd Damkandah® éigh®&y Bridgenear Oliver; and a

G & SYWIAG dzNI £ ¢ NB I OK S E (i F Briddgedbdnstiean®torVertickl Srop Stratirg (VBS)

13 just north of Oliver. The reaches were chosen because they exhibited varieties of daptiedaanities

with higher heterogeneity of habitat types, and they had a larger quantity of spawning area meaning that
locations were not confined by other factors.

Frequency analysis of depth and velocity measurements at observed Sockeye redds wasecdotoduct
determine preference. Data was analyzed in Excel by performing the following steps (Bovee & Cochnauer
1977):

1. The depth and velocity data was split into bins of @.Jand 0.1m/s, respectively, over the
observed range of data.

The number of individual redds in each kiastallied.

For each parameter, the bin with the highest tallied number of redds (greatest frequency) was
considered the optimum and assigned a probability of mde0.

4. The probability of use for all other bimgas calculated by dividing the humber of redds in the bin
08 GKS ydzyoSNJ 2F NBRR&a Ay GKS da2LIAYdzYé O0AYy D
The probabilities of use were plotted for each of the bins.

Probability of use was then calculated for each Gr0br 0.01m/s increment by straighline
interpolation between bins. This produced continuous probability of use curves for depth and
velocity over a range of 0 to 4r0 or m/s, respectively, corresponding to those providedhsy

B.C. Ministry of Environment and Climate Change Strategy

Therange, shape, and optimuoonditionsof the resulting Sockeye H&irves werecompared to the only
available reference curveshich arefrom Sockeye ithe Cedar River, WA (WDFX04), as well as the
initially provided spawning curves for Kokanee (sanmecigs though smallebodied) and Coho (similar
body size). Following discussion withire project team, the Sockeydepth HSI curve was finalized
without further adjustments; the Sockeye velocity HSI curve was finalized after the ascending limb was
adjusted slightly to match that of the Coho HSI cuAlEHSI curveadopted for the Okanagan EFN project

are provided imPAppendixD.
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2.3.3.2 WUW Curve Fitting

Definition of the WUW vs. flow relationships for each applicable species / life stage involved fitting
nonlinear regression models to the combined transect data from the appropriate habitat units. In riffle
transects, flow iften turbulent and is obstructed by substrate resulting in an inaccurate tataltated
discharge. Therefordlow values from adjacent glide transects were usedlinfthe WUW analysis.

All spawning assessments utilized data from glide transdatgenile rearing assessments utilized data
from riffle and glide transects but separaféUWcurves were fit to each. Insect production assessments
utilized data from riffle transects. Curve fitting was completed in the software R (R Core Team 2015) using
the packageslstools(Baty et al. 2015) anthvestr (Greenwell and Schubert Kabban 2014). Plots were
produced in base R and with the packagplot2 (Wickham2016) The following procedure was followed

for each species / life stage and stream:

1. Visually inpect datafor each transect by plotting WUW vs. flow
2. Fit curve to each transedeparately to assess likely WUW peaks, data gaps, or curve fitting problems

3. Standardize WUW between transect®/UW valuesvere standardizedetween transects of a given
strean to account for betweensite differences in channel size (Booldf16). Standardization
significantly removd scatter from the composite WUW curve fitted to all transearsd better
illustrated the relative decline of WUW with decreasing flows (the shapé slope of the V\UW
curve) Standardization procedures were automated in R and involved scaling each WUW observation
as a proportion of the peak WUW value &machtransect:

® Yo

0 Q@Y w

The resultant % Maximum WUW valuesde&ween 0% and 100%Vhere transect curves fit to the

data in stepwo revealed that no measured data points coincided with the peak, the WUW values for

a given transect were scaled relative to the peakhef fitted curve. This was necessary for Rainbow
spawning WUW analysis in Naswhito and Whiteman creeks, Sockeye spawning in Shuttleworth Creek,
andO. mykisparr and Chinook fry rearing in Inkaneep Creek.

4. Fit composite curve A composite curve wathen fit to all transecs in a given streanwith the
Y%Maximum WUW values as dependent variable and discharge as the independent variable. Curves
were nonlinear and had to posssesgertain characteristicanitial rise followed by a pealtypically,
decay of WUW at higher flows; no negative vali&$)W=0 at Richarge=0Review of the habitat
flow and general ecological modelling literature (BolR@808) resulted in the selection of lognormal
curves and Ricker curves as the most suitable curves to model the WUW vs. flow relationship. Both
are defined over the nage of positive values, are righkkewed and show initial exponential growth
followed by decay at higher valuestbé independent variableExample applications of the lognormal
function to habitatflow relationship modelling can be found in Lewis et(2004) and Turner et al.
(2016).

For some species and life stages with higher flow requirements (e.g., Steelhead spawning), WUW
values were zero in the lower range of flows; therefore, the curve had to be offset from the origin and
shifted to the right.For that reason, the additional option of using the Ricker functi@sexplored.

The Ricker curve typically goes through the origin but was modified to allow for an offset from the
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origin by adding the term b, a constant that is subtracted from the inddpatvariable (discharge).
The origins of the Ricker function lie in staekruitment modelling for fisheries management
purposes (Ricker958). It has since become a standard choice for hehaped ecological patterns
that are skewed to the right (Bolk@008) as typically observed in habifiaw relationships. Example
applications of a standard and an adjusted Ricker curve for defining hdloitatrelationships are
found in Lamouroux and Jowett (2005) and Booker (2016).

WUW vsflow relationdipsfor each study stream and each species/life stage of interest were thus
estimatedusing one of the following forms:

Lognormal curve: P 0 & @ Yo —7z'Q

Ricker curve: P 0 ¢ @& Yo OO0 O zQ

Where Q =discharggm?s) and
a, b, ¢, and d are nelinear regression parameters estimated by the software

5. Plat results and select best fitBoth curvetypeswere fit to the data and the best was selected based
on standard model selection procedures such asalisspection of the fit (e.g., peak coincides with
data, offset from origin is properly represented, plot of fitted vs. observed values shows good
agreement)Jow residual sum of squares, and lack of pattern and normality of the residuals. Further,
an Andysis of VarianceANOW) was applied to the model fits to indicate whether one warranted
selection over the other. Curve fitting procedures and goodness of fit assessment outputs were
automated through the use of functions in R to ensure consistent pnoesdbetween streams and
analysts.

Upon inspection of the fittedVUWcurves jt became evident that WUW peaks for Rainbow fry rearing
often aligned with flows below the lowest measured data point due to the shallow depth and low
velocity preferences of yt This resulted in difficulty in defining the lower end of the WUW curve or
prevented fitting of the curves entirely. As a result, final EFNs were not recommended for Rainbow
fry rearing. Rainbow fry rearing habitat is not as limited by low flows asath@&inbow parr, which

have higher depth and velocity preferences (see HSI curvieggandixD). This is supported by life
history information for Okanagan Lake tributary streams, which indicates that phitat is limiting

with respect to Rainbow prodition (Andrusak et al. Z&). Thus, Rainbow fry flow needs are likely
sufficiently met by EFNs recommended for Rainbow parr rearing.

6. Recommend-inal EFNLChanges iWwUWwith flow were examinedvith a focus on thdlow range
betweencritical flows and theDkanagan TennafFNFinal recommende&FNs were either reduced
from the Okanagan Tennant EFNhere changes in habitat (indicated by WUW) were deemed
acceptable or lefunchangedwhere they were notln a small number otases Okanagan Tennant
EFN producedvery lowWUWSs (i.e., <10%Jespitethe documentedpresence ofish populations.
Frequently,the underlying naturalized flovestimatesused to set Okanagan Tennant EFNs were
considered uncertaiin those cases. As a resulhal recommendedFNsvere adjusted upward as
informed by the WUW cunsand additionaktreamspecificinformation.

Additionalinformation consideredto recommend EFNs includedpaial availability of habitatthe
relative importance of a watershed to fish populations or systeradpctivity, fish population
estimates and their temporal variatipepawner enumerations and kéycations water temperature
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and temperature related issuepresence of barriers to fish passage sashfallsor culverts;the
effects of previous habitat tdration on stream productivity; r@d history of water management and
flow augmentation.

Summer water temperatures were an additional consideration for EFN setting for juvenile fish rearing
EFNsas well as spring Chinookignation and spawning3oth occur during the summer and coincide
with peak water temperaturedt has been well documented that temperatures of approximately 21
22°C present migration barriers to most adult salmonids (McCullod§®9). Upper lethal
temperatures for mostjuvenile salmonids faWithin the rangeof 21-26°Cbut juvenilesare generally
limited in distribution to reaches with temperatures below-22°C Optimum temperatures at which
maximum growth is achieved are muldwer, around 15°C (McCullgh1999). Thus, temperatures
below 20°C were considered favouralde juvenile salmonidearing(Koshinsky9723.

Final EFN®r a given periodvererecommendedunder consideration of fish periodicity for all species

of interest. Priority was given to the species and life stage with the highest flow requirements, as
higher flows than required for some spedilife stages are on balance usually better than lowert
required flows for others Associate®016). Further details on the specific method used to
recommend EFNs for each stream are provided in Seclidrte 3.18

The Phase | report (Associated 2016) recommended calculativgy/ Index that scaledthe WUW
between the critical flow Iadex =0, see Section 2.4) and the OkanaganTennant EFNlow (median
naturalized flow or flow standard)ndex =1). The WUW Indexthus shows the change in WUW over a
range of flow conditions that are typical fdrd time period When examining changes in WUW between
critical and median naturalized flows it became apparent that WeW Index would frequently scale
WUW over a very small range (e.g1@%6 WUW), particularly during the summer and fall low flow season.
Calculation of th&VUWIndex was not considered particularly informative for EFN setting in those cases,
particularly wherehe range would fall within the confidence bands of the WUW curve. It was considered
more informative to view the absolute changeWUW than to produce a scaled index over such a small
WUW range. WUWSs had already been scaled relative to their peak to standardize between transects
during WUW curve fitting. The resulting WUWSs between 0% and 100% made it easy to assess relative
changedetween two points on the WUW curve without calculation of iN&JWIndex.

Nonetheless, the WUW Index is useful for comparison of impacts between naturalized, residual and
maximum licensed hydrographs. Residual and maximum licensed datasets are not yet available for all
streams and the WUW Index percentile plots, as describ#tiPhase | report, should be prepared when

all datasets are completén example plot is provided in Section 4.1 (Figuig.4

2.4 CriticalHow Analysis

The EFN setting procedures descrilvedbectior2.3 require evaluation of habitat changéetweenthe
critical flow and the final recommendedEFNSs. Critical flovg defined in the WSASectionl.1). For our
study,critical flowswere generally intended to represent a point below which catastrophic consequences
to fish populations may occur.

In the absence dftreamspecifidnformation, a conmon approach employed regionaisto apply avalue

of 5% LTMAD as a critical flow for juvenile fish rearing and 10% LTMAD for Kokanee spawning (McCleary
pers comm 2019. Habitat information collectedor WUW analysis in some streamsring this study
(Table1-2) was used to further refinghe critical flowswhere possibleCritical flow aalytical methods

were based on th&tandard Operating Procedure for Critical Riffle Analysis for Fish Passalifoinig;
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California Department of Fish and Wildlife [CDFW] (2@ Thompson (1972)This methodology
involves choosing critical riffles that are shallow and sensitive to changaseamflowthat may limit

stream connectivity and impede fish migratioand are within reaches that are typically used for
spawning. The method was applied to the riffle transects surveyed for WUW analysis, as well as few
additional wide and shallow riffles at the mouth of streams that were deemed as possible barriers to
migration during low flows. Most of the WUW transects are located-til T Ff ST LINR GA RA Yy 3
conditions, as opposed to conditions at the most shallow or sensitive portion of each riffle.

2.4.1 Critical Flow Criteria

Critical flows were determined bgpecies and life stage based amumber of criteria related toiffle
width retention for rearing life stages and minimupassage depthfor adult life stage. Criteria were
developed through review of literature and discussion within the project tedaamparr rearing and insect
production from riffles, itwvas recommended thatt least60% of theriffle area remain wettedPtolemy
pers. comm2016 Thompson 1972Neuman & Newcombe 1977). The wetted proportioneathriffle
was calculated relative to thevetted width at a flow of 100% LTMALDN orderto provide a point of
reference and facilitate comparison between strearRsr adult migration, gssage deptleriteria were
defined based on minimum passage depths in riffladich are typically the most shalv areas of a
stream(Reisei& Bjornn 1979). A minimum of 25% of the wetted transect width (relativeated width
at 100% LTMADmust meet minimum depth requirementbat vary depending on body size of the fish
(Table2-7; CDFW 201 7Thompson 1972

In Tennantonly streams where no WUW data was collected, critical flows were set according to the
%LTMAEbased approach described abouesings% LTMAD as a critical fléar juvenile fish rearing and

10% LTMAD for Kokanee spawniRgrther, case studies of Rainbow spawning success in Mission Creek
(Wightman1975) and 83 Mile Creek (Cartwrigl68) indicate that critical flows of 50% LTMAD are
appropriatefor Okanagan st@ms {Table2-7). This approach was also applied in some WUW streams
wherethe critical riffle analysis criteri@ould not be applied for a variety of reasons (edgpth criteria
produced implausibly highdivs, no data points at or near critical flowd)etailedinformation on the
approach taken is discussémt each streanin sections3.1to 3.18

Table2-7: Critical flow setting criteria for Okanagan tribaties

Critical flow criteria

Species/Life stage

Where WUW data available Tennant only stream’s
Juvenilerearing wetted width >60%width at 100% LTMAD 5% LTMAD
Insect production from riffles wetted width >60%width at 100% LTMAL 5% LTMAD

20% LTMAD (adult migration)

SpringChinook spawning >25% of transect width >=P4 m depth 10% LTMAD (spawning)
Steelheadk adfluvial Rainbow spawning >25% of transect width >=0.18 m depth 50% LTMAD
Sockeyespawning >25% of transect width >=0.18 m depth 10% LTMAD
Kokanee spawning >25% of transect width >=02Im depth 10% LTMAD
Juvenile overwintering n/a 5% LTMAD

*SeeTablel-2 for EFNsettingmethods used for each stream.

Okanagan Nation Alliance 28 March 2020

al



2.4.2 Critical RiffleAnalytical Methods

Criticalriffle analysidor streamswith WUW datavas completed for each riffle transect in Exaetording

to the steps belowThe resultant critical flows were then averaged for each criterion for all study riffles
in a stream to produce streanor eachspecific critical flow recommendations.

1 Determine wetted width at100% LTMARprovided byAssociated®2019).Wetted width was plotted
against discharge and a curve was fit to the data, from which wetted widt0@%LTMAD was
calculated.

91 Parr rearing and insect productiohe proportion of vetted width, relative to thatat 100% LTMAD
was calculatedor each neasured discharge (i) as

PO QO AMMO

The %wetted width was plotted against discharge and a curve fit to the data. The dischangpcht
wetted width declined belov60% was then calculated by inverse prediction.

1 Chinook spawningFor each transect measurement, the proportion of the transedth meetingthe
minimum passage depthf 0.24m was calculated according to the following equation:

B ot Q@0 & @ QQMNO
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The % transect 0.24m was plotted against discharge and a curve fit to the data. The discharge at
which the % transect > 0.24 m depth declined beR&b6 was then calculated by inverse prediction
Where the resultingcritical flowwas implausibly high (i.e., much greater than naturalized flows),
critical flow waseither setbased ora proportion ofLTMAD 0% LTMARIuring migrationand 10%
LTMADduring spawninyor to the weekly naturalizeflows if the passage depth analysis indicated
that no passage was possible at the %LTMAD critical .fi@weamspecific information and
uncertainty in the naturalizé flow estimates were carefully considered and are discussed in the
results, where applicable.

1 Sockeye, SteelheadRainbow spawning For each transect measurement, the proportion of the
transect width meetingthe minimum pasage depthof 0.18m was calculated according to the
following equation:

B we QWO ™ ¢ QQIRO
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The % transect 0.18m was plotted against discharge and a curve fit to the data. The dopetzdr
25% transect width was then calculated by inverse predictidinere this critical flow was implausibly
high (i.e., much greater than naturalized flows)tical flow wassetto 10% LTMAD

1 Kokanee spawningFor each transect measurement, the proport of the transectwidth meeting
the minimum passage deptbf 0.12m was calculated according to the following equation:

Bn w&@O@o m @@ QQNO
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The % transect 0.12m was plotted against discharge and a curve fit to the data. The discharge at
25% transect width was then calculated by inverse predictidre average of that discharge for all
study transects in a given stream produced the depéised critical flowAWWhere this critical flow was
implausibly high (i.e., much greater than naturalized flowsiical flow wassetto 10% LTMAD

A summary of the critical flow methods are give able2-7. The above metrics were calculated for each

riffle transect on a stream, where applicable (e.g., Chinook spawning was only assessed in those streams
where Chinook occur). The results were then compared between transects and foraimended critical

flows for each species/life stage were developed under careful consideration of the following:

i transect geometry (e.g., was the transect wide and shallow or narrow and deep);

9 transect location relative tthe reaches of interest for given species/life stage (e.g., a transect near
the mouth typically received higher priority than one located at the upstream extent of the spawning
area);

plausibility of the critical flows compared to naturalized flow conditions;

streamspecific knowlede of fish populations (e.g., streams with a greater proportion of Huagied
Kokanee may require higher critical flows for passage);

comparison to the WUW curveand

comparison tosummer 30Gday naturalized low flows at 1year, 1:10year, and 1:2§ear return
periods(AppendixBl to B18§ critical flows)

2.5 Flow &nsitivity Assessment

From an extensive review of habitdbw studies that had been completed in British Columbia, it was
evident that flows of 20% LTMAD are required to conserve adequate summer and winter rearing flows
for juvenile fishand to maintain insect production in ffle habitats (Ptolemy& Lewis 2002). Water
extractions from streams prone to natural flows below this 20% LTMAD thresholdhmpetential to
interfere with EFNgPtolemy& Lewis 2002) and as a resudtreams that experience flows below this
thresholdare consideredffow sensitivé€n the EFN PolicfFLNRORD & MOE 201®his concept was
applied in a project to identify and map the flow sensitivity status of land unitsgections) for both the
summer and winter seasong/hite & Ptolemy 2011a2011b). Standard low flow frequency analyses that
utilize a30-dayor 60 day duration are well suited for assessing seasonal flow quantities for the purpose
of environmental flow assessment (e.g., Beecher et al. 2010) and for establingensitivéxstatus

For this Okanagan EFN study,--P year30-day (4week)duration was used for determining summer
andwinter flow sensitive statusTime periods for summer flows adellyl to SeptembeB0 and winter

flows run fromNovemberl to March31. The specifiecnethodology for calculating the-ih-2 year30-day

flow is described in the methods section of the report on the development of the streamflow datasets
(Associate®019). During the process of developing OkanadafNsthe Province began developing
guidelnes and processes for determining flow sensitivity in streams. The purpose of adding this
assessment, which is outside of the Okanagan Tennant and WUW metHod comparing results and
processes.
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This section presents recommended EFNs fdrQkanagan streams developed using the methods
described in Sectio®.0. Each subsectiasutlineswatershed characteristics relevant to EFN settingl
summarizes available literatur&treamspecific data considered in the EFN setting process is described
and the recommended EFNs are presented in summary tables and figures. Additieaahspecific
informationis provided imMppendcesBl to B18, including:

transect locatios, descriptionsand photos;

habitat mapping

discharge and water temperaturecords

streamspecific flowsand periodicityinformation;

detailed weeklyOkanagaiennant, WUW ané@inal recommended EFNs
WUWocurves

critical flow assessmentand

percentile flow data.

=4 =4 =4 =4 -4 -8 -8 -9

3.1 Coldstream Creek

Coldstream Creek is a tributary of Kalamadlkétie, which then flows into Okanagan Lake through Vernon
Creek. Coldstream Creek flows from the east side of the Okaragamto its confluence with Kalamalka
Lake in the District of Coldstream just east of VernBrC The Coldstream Creek watershed is
approximately206 km? (Associated®016).Coldstream Creek flows from its relatively steep headwaters
onto the valley floor near the community of Lavington. It traverses the low gradient valley floor for a
considerable distance before discharging into Kaléea LakeAn alluvial aquifer (3266) underlies the
valley floor from Lavington to the Kalamalka Lake confluedssaciated?017). A summary of creek
characteristics is provided fable3-1 and additionaktreamspecificdata is providedn AppendixB1.

The lower reaches of Coldstream Creek flow through agricultural and urban areas and common impacts
such as bank modifications, bank erasifsom livestock access, riparian clearing, and water quality
problems have been identifiedE€oscape 21D, LarrattAquatic2011).Nonetheless, its low gradient, peol

riffle morphology, suitable spawning substrate, and relatively abundant riparian vegetation observed
during habitat surveygTableB1-1, AppendixB1) contribute to its status as one of the most prolific
Kokaneespawning streams in the Okanagan (Aqua Resource Management Inc. 2001). The creek is
accessible to Kokanee amhinbowspawners from Kalamalka Lake Wwetn the mouth and a barrier
posed by an old spillway weir at Coldstream Raagiproximately &km upstream. A further barrier, the
culverts below the Highway 6 crossing immediately upstream of ColdstRearoh, were replaced in 2012

by wider culverts thatllow for fish passage. The stream is further knowsupport residentRainbow
andnon-salmonidfish species (Associat@®16).

Study transects in Coldstream Creek were located downstream of the fish barrier at Coldstream Ranch.
All four paired riffleand glide transecte{ghttotal) were situated in the section of the creek that contains
nearly all Kokanee spawning activity on an annual l&gigireB1-2, AppendixB1l). Thissection extends
between the mouth of the creek to several enhancement weirs installed in Coldstream Park
(Webster2014).

Coldstream Creekalong with Mill Creekhasthe highest base flows of any of the study streaamsl
experiences significant groundveatinflows in the valleypottom reachegAssociated®?019) Past reports
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have indicated the favorable flow regime to be the greatest asset of fish production in the creek
(Wightman& Taylor 1978). One hydrometric station was installed in 2016 to collecbmgtric data for

this project. The station is situated at McClounie Road and has collected data since 2016 to the present.
Further information on the Coldstream Creek hydrometric station is providégoendixBLl

At present,there are 4 points of dversionin the watershedandfour pending water licence applications
(Associated®019) and thestreamis currently fully recorded for irrigation unless supported by storage
(FLNRORD 2016). Greater Vernon Water (GVW) is the main water supplier with deéveddpestorage

at King Edward Lake Reservoir. There are no known-lratein water transfers to or from Coldstream
Creek Associatec®016). Under natural conditions Coldstream Creek is ndHow sensitiv€during
summer and wintewith naturalized flows above 20% LTMARbIe3-2).

Table3-1: Coldstream Creek description

Drainage Area 206 kn?
MedianElevation 1040 m
WSC station 08NM142(Active)q Coldstream above Municipal Intake (19pi&sent)

08NM124 (Historicy Coldstream near Lavington (199979)
08NM154 (Historicy Coldstream at the Mouth (1962970)
08NM 179 (Historic), Coldstream abov&alavista Diversion (1971982)

ONA station 08NM589¢ Coldstream Creek near McClounie Road (220868)

LTMAD 0.748 ni/s (Associated 2019)

Fish species expected | Rainbow, Kokane@&on-salmonidfish (MOE 1982)

Land use Agriculture and urban developmerih lower reaches. Forestry and recreation

upper reaches (Associate2D16)

OkanagarTennant EFNs for Coldstream Creek were developed in accordance with the methods outlined
in Sectior2.2. Naturalized flow data was provided Bgsociated2019)with an estimated data quality

rating of B (data error between 10% and 258%idual @ad maximum licensed flow estimat@gere not
available at the time of reportindgdsh periodicity and flow standards describedliable2-2 to Table2-6

were used. Weekl@kanagamennant EFNs were set to the lower of the natwediflow or flow standard.
Contrary to most other study streams, naturalized flaw€oldstream Creek are much greater than flow
standardsduring the nonrfreshet period, as were residual flows measured during this progewt
historically Therefore, WUWNformation from the study transects was used to adjtist Okanagan
Tennant EFNs upward. The recommended EFNs are intended to maintain current levels of fish production
in Coldstream Creek by protecting flow conditions that local populations have becdapged to. A
summary ofthe reconmendedEFNSs is provided ifable3-3, including the median EFN atite range of
weekly EFNsyith weekly details irFigure3-1, Figure3-2, and AppendiB1, andlow sensitives inrable

3-2. Critical flows werecalculated as describeidh Section2.4. Further information regarding EFN and
critical flow setting in Coldstream Creek is provided at the end of this section
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Table3-2: Flow sensitivities in Coldstream Creek

Species & life stage

1-in-2 yr 30day
summer low flow

Flow(m3/s) % LTMAD

1-in-2 yr 30day
winter low flow

Flow(m3/s) % LTMAD

Rainbowrearing

Insect production 0.380 48%
Kokanee spawning
Rainbow overwintering
- - 0.248 33%
Kokanee eggcubation
Source: Associated (2019)
Table3-3: EFN summary table for Coldstream Creek
. . . . Okanagan g "
Species & life stag Time period Tennant EEN WUW Recommended EF{in%/s) Critical flow
g EFN |
Median % (m3/s) . % . Flow %
(m¥s) | LTMAD Median)| tpag Min | MaX | ae) | LTMAD
Rainbow rearing & | i1 ocr31 | 0150 | 20% | 0.250 | 0.250 | 33% | 0.250 | 0.543 | 0.075 | 10%
insect production
Rainbowspawning | 20-May¢ 10-Jul 1.06 142% 1.00 0.100 | 133% | 0.704 | 1.00 | 0.419 56%
Kokanee spawning| 22-Sepg23-Oct | 0.150 | 20% 0.250 | 0.250| 33% | 0.250| 0.250 | 0.164 22%
Rainbow Nov 1c March 31| 0.150 | 20% nfa | 0.250| 33% | 0.250 | 0.295| 0.075 | 10%
overwintering

a while EFNs apply to the entire period, median values are presented for the summer low flow period frorSédpt 35.
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Figure3-1: Weekly EFNs, critical flow and streamflows in Coldstrearagk
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Figure3-2: Weekly EFNs, critical flow and streamflows during the summer and fall period in Coldstream Creek

Rainbowparr rearing

The recommended EFN for Rainbow Parr Rearing isOM¥5 (33% LTMAD)which maintains
approximately 80% of maximum WUW in glides and 40% in riffegireB1-5 Appendi81). The
recommended EFN is near the lowest late summer flows observed at the ONA hydrometric station
between 20162018 (FigureB1-3, Appendk B1), indicating that the EFN is generally acleiewnder
current water use conditions even during dry years (2017 and 2(8)tos of habitat conditions in
ColdstreantCreek at the recommeratl EFN floware provided irPlate3-1.

The recommended critical flow for Rainbow parr rearing is 0r@¥5 (10% LTMADTableB1-3,
AppendixB1).While riffle analysis indicates th&0% of maxnumwetted widthis maintained atlbws of
approximately @M55m3s (7% LTMAD), no measurements were collected below®n2¥%s and there is
considerable uncertainty in this estimate. 10% LTMAD is recommeastbd criticd flow as opposed to
the 5% LTMAD routinely applied by FLNRORI[Rflect the naturally high baseflows in Coldstream Creek
andconsistency wittthe results of the riffle analysi&oshinsky (1972) recommended 0:10.20m%/s as

a minimum flow for incubation, rearing and fry migration, which is lower than the EFiNdher than the
critical flow recommendation.

The recommended EFRdlapproximately equal to the lowest median weekly flow observed at WSC station
08NM179 (Coldstream Creek above Kalavista Diversion, operational fronrl282pfor the summer and

fall low flow period (midJuly to late September). The recommended EFN also maintains approximately
45% of maximum insect production WUWIdureB1-6, AppendixBl)and is likely sufficient to maintain

the relatively cool water temperatures (daily maximum <16°Ceples] at the ONAydrometricstation
between 2016 and 2018, which are favorableRainbowrearing(FigureB1-4, Appendix81).
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Rainbowspawning

The recommended EFN f&ainbowspawning isl.00m?¥s (134% LTMADFigureB1-7, AppendixB1)
which maintains maximum (~100®ainbowspawning WUW while also maximiziRginbowparr rearing
WUW during freshet. The recommended EFN is slightly lowerttfemedian naturalized fiws during
the spawning perioéndresidual flows are generally abotree EFN from late April to midune(Appendix
B1, Figure BB), indicating that the EFslanbe met during most year$hotos of habitat conditions in
Coldstream Cree#tt the recommended EFN flovase provided irPlate3-2.

The recommended critical flow for Rainbow spawning is 0.419m%s (56% LTMAD,TableB1-3,
AppendixBl) based orthe passage depth criteriofTable2-7).

Kokanee spawning

Coldstream Creek is one of the pamgKokanee producing streams in the Okanagan Valley and therefore
protecting spawning flows in this stream vw#al. The recommended EFNr Kokanee spawning is
0.250 m¥s (33% LTMADhich maintains near maximum WUW (~90@RgureB1-8, AppendixB1). Flows
observed at the ONA hydrometric 202618 during the Kokanee spawning period were between 0.3 and
0.5m%s FigureB1-3, AppendixB1) and indicate that the EFN is achievable under current water use
conditions even dung dry years (2017 and 2018)ediandailyflows observed at WSC station 08NM179
(Coldstream Creek above Kalavista Diversion, operational from1982) during the Kokanespawning
season ranged from 0.27.33m?/s, which is als@bovethe EFN Minimum passage depth for Kokanee
(0.12m over>25% of riffle width) was achieved at all riffle transects at the recommendedFEfetbs of
habitat conditions in Coldstream Creakthe recommended EFN flowae provided inPlate 3-1. The
recommended EFN is similar to the minimum spawning flow of 028 snggested by Koshiks(1972).

The recommendd critical flow for kkanee spawning is 064m%s (22% LTMAD TableB1-3,
AppendixB1l) based on the passagdepth criterion (Table 2-7). Although no measurements were
collected below 0.28 m®/s and there is some uncertainty related to this value, it is well below tinenser
1in 20-year return peria 30-dayNaturalized Lowrlown (TableB1-4, AppendixBl)and is thereforenighly
likely to be exceeded

Okanagan Nation Alliance 35 March 2020



Plate 3-1: Coldstream Creekabitat conditions at flows near theecommendedRainbowparr rearingand Kokanee spawning EFNs
(0.250 n¥/s)

- =

Riffle 2 at 0.308 Afs (41% LTMAD)

Plate3-2: Coldstream Creekabitat conditions at flows near theecommendedRainbowspawningEFN1.00m?3/s)
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7 e / : : gk
Glide 3 at 0.909 ffs (122% LTMAD) Glide 2 at 1.01 #fs (135 % LTMAD)
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3.1.1 SEFA analysis trial in Coldstream Creek

During this studyjt was identified that theSEFAprogram may provide utility inmodelling habitat
information for those streams where WUW field data was lackimgColdstream Creek, flows remained
high during the study season and low flow WUW data could not be obtaileedling to greater
uncertainty in the WUW curve at lower flokates ritical riffle analysis required extrapolation beyond

the range of observedata, whichled to increased uncertaintySEFA analysis was completed to assess
whether the model could providiirther information on habitat condition at lower flows. The SEFA model
requires fewer field transect measurements than WUW analysis, but incorporates detailed transect
elevation surveys and substrate data that are then used to model habitat condadimnsthe rangeof

flows.

The WUW analysis in Coldstre&@neekwas based oril field measurements of depth andelocity at
eighttransectsas described in Sectigh3.2 The SEFA analysisedthe station, velocity, and depth data

from two of the WUWfield measurementghigh and moderate flows) as well as detailed cremstional
elevationsurveys and substra¢ data from each transeclkdeally, a third flow measurement at low flows
would be incorporated but was unavailabier reasons mentioned abov&he modelling parameters
differed slightly between SEFA and WUW:Rainbowparr rearing EFNs, SEFA onlyzagdi information

on invertebrate production from riffles whereas WUW analysis also used parr rearing HSIs applied to
riffles and glides. Critical flow analysis used the same parameters between the two modelling approaches
(passage depth for Kokanee andlé@ffvidth for parr rearing)A description and full results of the SEFA
analysis completed for Coldstream Creek is presented in Appéndix

SEFA produced similar, though not identical, information on the hafbitat relationshis as the WUW
analysis Kokanee spawning WUW peaked at higher flows and declined slightly more rapidly than the
curve produced by the WUW analysis; however, differences in the lower flow range were veryiseall
SEFA model showed maximum habitat suitability at &2 (70% LTMADYith a rapid decrease below
0.15m%s (20% LTMAD). The WUW curve peaked at slightly lower flows of approximatelp’t37
(FigureB1-8, AppendixB1).The recommended EFN from the WUW analysis wa®025 (33% LTMAD)
and this value would also be supped by the SEFA analysiSor critical flowsthe SEFA model
recommended that 0.22n%s (30% LTMAD) should be the minimum flow to maintain at least 25% riffle
width deep enough for passage. In contrast, the critical riffle analysis recommended a doticalf f
0.164m%s (22% LTMADhough uncertainty was high for lack of low flow measureme@gerall, EFN
recommendations woulde similar in this cas¢hough critical flow recommendationsased on SEFA
would behigher.

Similarly for Rainbow parr rearingSEFA predicted a slightly more rapid decline in insect production with
dropping flows though EFN recommendations would likely be similar. @EHfitedthat wetted riffle
widths dropoff considerably below 0.1th%/s (15%.TMAD and declinego approximately50%of bankfull
wetted width at 0.02 m®/s (7%LTMALD; this isquite similar to the results of theritical riffle analysis
(TableB1-2, AppendixB1)which indicated tha60%of bankfullwetted width is maintained at 0.056%s.

As a resli, critical flow recommendations would be similar between the two models.

The SEFA modesa promisingprogram forEFN investigationisut like all models the relevance of the
outputs relies heavily on the selection of the data inputs.is possiblghat model results at low flows
would have been more informative if low flow field surveys had been obtalith.the data inputs listed
above, the SEFA model provitiemilarthough not identicainformationto support EFN and critical flows
setting Application of the SEFA model is most useful where field surveys can be obtained over the full
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range of flows (low, moderate, and high) but resource constrgimeventthe number of field visits
typically required for full WUW analysis-18).

Using SEFA textrapolate beyond the measured rantgefill in gaps in field data is less certalRunning
the SEFAanalysis for a dataset with a complete range of WUW observatiodexcluding the low flow
observation; then comparing SERAdelled habitat suitabilit at low flows and critical passage flows to
those derived from WUW and critical riffle anadyss 2 dzf R LINB A RS TFdzNIKSNJ Ay ¥F:
suitability for this purpose. However, extrapolation beyond the range of measured data generally
introduces a higldegree of uncertainty

Several advantages and disadvantagethe SEFA modebmpared to WUW analysis are listed below:

Advantages:

1 Lessfieldwork ¢ streams only need to be visited 3 timper season (high, medium and low flows)
This amplifies fidd planning andeduces the frequency of visits

1 Gathering moralata Gubstrate, surveying, gradiérdn the transect allows for more options in future
analysis such asanalyses in programs like HRBS, which could be used for stream engineering
projects WUW data is somewhdimitedto EFN analysisith few options for other uses.

Disadvantages:

1 More intensive fieldwork ¢ the requirement for detailed transect survey@nd substrate
measurements addsignificanttime andsome additionakxpertiserequired duringfield visits This
limits the number of transects that can be surveyed in one day.

T al yyAy3aQa w2 taaKkajageiniuerndéd dn daSdledlow velocities particularly at low
flows which are often most critical to EFN settingl Y Yy A ¥ 3 Qabs val@&dgaAnkt be adjusted
within the SEFA modeih SEFArials completed for several EFN strean8EFAnodeled velocities
were very different from measured velocitieShis results imiffering habitat suitability estimates
between SEFA anfUWanalysis Further comparison between modeled and measuvetbcitiesare
advisedbefore applyinghe SEFA modé&r EFN setting
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3.2 Equesis Creek

Equesis Creek is a tributary to Okanagan Lake, flowing from the west side of the Ok@asiganto the
northwest arm of Okanagan Lake south of Verri®ug over atotal length of 27km (Wildstone Resources

Ltd. 1997). The Equesis Creek watershed is approximatekr@Mssociate®016) and has several lakes

in its headwaters including Pinaus Lake, which had an outlet dam built in 1922 to control downstream
flows. A summary ofttreek characteristics is found able3-4 and additionalstreamspecificdata is
provided in AppendiB2

In the lower reachesEquesis Creek flovewer an alluvial fan that has merged with theswhitoCreek

fan. Water losses and gains across the fan adenomwvn.The lower reaches of Equesis Creek (downstream

of Westside Road) flow through agricultural fields and bank modificatiomd, dx@sion from unrestricted
livestock access, and riparian clearing were identified during habitat surveys for this pfjeeire
downcutting of the streambed and associated bank erosion was observed in the Idwer Rurther,
extensive flooding and sediment deposition during the 2017 and 2018 fresdmiked indredging work

near the mouth.Thelower reaches of Equesiségk have some impairment due to channelization, but
have medium to good quality riparian vegetation (Eyjolfson & Dunn 2016). The reach upstream of
Westside Road shows moderate development impacts and areas of erosion, with some unscreened water
intakes (Ejplfson & Dunn 2016). The intermediate and upper reaches of Equesis Creek mostly traverse
forested lands with some agricultural use.

Equesis Creek is an important spawning and rearing area for fluvial and adRaiddow and an
important producer of Kkanee (Wightman & Taylor 1978). The entire length of Equesis Creek is of
suitable gradient for spawning (Anongoms 1969), and it was ranked #3 for fisheries productiapacity

in tributaries to Okanagan Lake (Wightman & Taylor 1978). Several irrigatiohwere documented as
barriers to fish passage in previous reports (Anooym1969Wightmané& Taylor 1978). Habitat surveys

for this project revealed that several of them have either been removed, altered or deteriorated to a point
where they have become passable. The irrigation weir immediately below Westside Road has become
partially passable ahKokanee were documented to spawn in the reaches upstream (Louis 2012). The
largest of the barriers, an irrigation dam located K8 from the mouth (Eyjolfson & Dunn 2016), was
identified to block Kokanee ariRlainbowadult migrations. However, this damaw impacted by high flows
during the 2018 freshet and is now partially passable (4mers comm. 2019). Annual Kokanee spawner
enumerations generally find the majority of spawning activity occurs below Westside road. Annual
spawner reports make note offagher proportion of largéodied Kokanee in Equesis Creek than adjacent
Naswhitoand Whiteman Creeks during some years (L20I6). Rainbow spawning activity likely extends
much further upstream.

A total ofthree glide andthree riffle transects wereestablished in Equesis Creek in August of 2016
(FigureB2-3, AppendixB2). All transects were located downstream of the irrigation dam fish barrier
4.8km from the mouth and mostly within the documented Kokanee spawning reaches below Westside
Road One paied glide riffle transect was situated upstream of Westside Road. The lowermost transects
(1 and 2)near the mouthhad tobe moved followingthe 2017freshet due to extensive channel changes

at the original locations.

Equesis Creek has relatively highwis during the noffreshet period due to flow augmentation from
storage in Pinaus Lakégsociated?019). The Okanagan Indian Band holds several storagecbseon
Pinaus Lake that are managed for downstream irrigation usersededses aralso jointlymanaged with
FLNRORD to supplement natural streamflows for fish when needed (Dobson PI0&&).are no active
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WSC hydrometric stations on Equesis Cthelagh historical data exist3hree hydrometric stations were
installed in 2016 to collect hydrometritata for this projectFigureB2-3, AppendixB2). The station near
the mouth had to be moved further upstream ped17 freshet due to extensive flooding and sediment
deposition in the area. A redéilme station installed just downstream of Westside Roadtmues to
operate presently A third station was installed upstream of Westside Roadpr@sent,there are 67
points of diversiorwithin the watershedandtwo pending water licence applicatiofdssociated 209);
however, the actual volume extracted usknown. A conservation licee is in place but is very small
(0.002m%s) (Associate®019). Equesis Creek #ow sensitivé2during summer and wintewhen
naturalized flows are below 20% LTMATR§le3-5).

Table3-4: Equesis Creek description

Drainage Area 203.5 kn?
Median elevation 1173 m
WSC station There are no active WSC stations in the Equirsimiage area.

Historic records are available from:

08NM176¢ Ewer Creek near the Mouth (19-1D86)

08NMO024¢ Equesis Creek near Vernon (19926)

08NM161¢ Equesis Creek near the Mouth (196982)

ONA station 08NM707¢ Equesis Hydrometdlat VictoriaRoad (207-2018)
08NM161HDS; Equesis Hydromet 2 at Westside Road (2pdesen)
08NM585¢ Equesis Hydromet 3 at Bonneau Road (2PQ67)

LTMAD 0.700 n¥/s (Associated 2019)
Fish species expected | Rainbow, Kokane@rickly Sculpin, andYellow Perch (ESS& Solander 2009)
Land use Forestry, agriculture. Lower reach flows through Okanagan InBieserve No. ]

(Associated 2016)

Naturalized, residual and maximum licensed flow data were providedsspchated(2019) with an
estimated data quality rating d for naturalized flows (data error between 10% and 25%), and a rating
of D for residual and maximum licensed flows (data error greater than.90%)naturalized LTMAD and
summer low flow estimatesere consideredelativelylow for the watershed andhannelsize Estimated
maximum licesed flows indicate thathe stream would be dry from late July to rigptembeif licensed
withdrawal and storageolumeswere maximizedFigure3-4).

Okanagarirennant EFNs for Equesis Creek were developed in accordance with the methods outlined in
Section2.2. Fsh periodicity and flow standards describedTiable2-2 to Table2-6 were used Weekly
OkanagarTennant EFNs were set to the lower of the naturalized flow or flow standard. However, flows
in Equesis Creek are augmented by releases from Pinaus Lake and résidkiaté typically greater than

flow standards during the nefreshet period. bcal fish populations have adapted to this flow
augmentation and herefore, finalEFN setting in Equesis Creek was based on residual rather than
naturalized flows.Accordingly, WUW information from the study transects was used to adjumt
Okanagarirennant EFN# summay of the recommendedEFNS is provided ifiable3-5, including the
median EFN anthe range of weekly EFNsjth weekly details irFigure3-3, 34 and AppendiB2 and
naturalized flow sensitives ifiable3-5. The recommended EFNs are intended to maintain current levels
of fish production in Equesis Creek by protecting flow conditions that local populations have become
adapted to.Qritical flows wee calculated as describad Section2.4. Further information regarding EFN

and critical flow setting iequesisCreek is provided at the end of thiscgen.
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Table3-5: Flow sensitivities in Equesis Creek

Species & life stage 1-in-2 yr 30day 1-_|n-2 yr 3Gday
summer low flow winter low flow
Flow(m3/s) % LTMAD | Flow(m3/s) % LTMAD
Rainbowrearing
Insect production 0.059 8%
Kokanee spawning
Rainbow overwintering
- - 0.046 7%
Kokanee egg incubation
Source: Associated (2019)
Table3-6: EFN summary table for Equesis Creek
Species & life stag| Time period Okana%a:Lennant WUW Recommended EF{in%/s) Critical flow
EFN
Median % . % . Flow %
m?/s
(is) | Lmap | (T9) |Median| Ly o Min | Max | o0 | TvaD
Rainbow rearing 4 i1 ocra1 | 0140 | 20% | 047 | 0170 | 24% | 0.163 | 0505 | 0.035 | 5%
insect productiort
Rainbowspawning | May20¢ dul 10 1.18 168% | 1.100 | 1.10 | 157% | 0.706 | 3.39 0.380 54%
Kokanee spawning Sepl0¢ Oct 10 0.132 19% 0.177 | 0.177 | 25% | 0.170 | 0.198 | 0.070 10%
Rainbow NovicMarch31| 0121 | 17% | n/a | 0.137 | 20% | 0.134 | 0.173 | 0.035 | 5%
overwintering

a while EFNs apply to the entire period, median values are presented for the summer low flow period frorSédpt 35.
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Figure3-3: Weekly EFNgritical flow and streamflows irEquesis Creek
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Figure3-4: Weekly EFN, critical flow and streamflovaiiring the summer and fall perid in Equesis Creek

Rainbowparr rearing

Due to consistentlyhigh streamflows in Equesis Creek during the study period, no low flow WUW
measuremens could be obtained. Therefore, the low flow portion of the WUW curve has greater
uncertainty than in other streams, as indicated by the wider confidence bgfRtyureB2-11,
AppendixB2). The recommended EFN for Rainbow Parr rearing isO0#& (24% LTMB). While
naturalized flows indicate a slightly lowe&Dkanagan TennanEFN (~0.1@m?%s, Table 3-6), fish
populations in the creek have adapteddn augnented residual flow regime and any reductions would
lead to losses in productivity, as indicated by the rapid decline of the WUW curve. The recommended EFN
maintains approximately 45% of maximum Rainbow parr rearing Vifeij\ireB2-11, Appendixd2) and

25%o0f insect production WUWFigureB2-12, AppendixB2). It is near the lowest of the weekly residual
flow estimates provided byAssociated(2019), confirming that the recommended EFN is generally
achievable under residual flow conditions. Further, residual flows recorded at the hydrorsigiigns

from 20162018 were greater than 0.2n%s (FiguresB2-4 to B26, AppendixB2), indicatingthat the
recommended EFN can be met with relative certainty under current water use and release operations.
Historically, be lowest residual median weekly flows at the WSC hydrometric station 08NM161- (1969
1982) was slightly below the recommended EFN at 0.18%s, but discharge wagenerally above
~0.2m%s (FigureB27, AppendixB2) Photos of habitat conditions in Eque€iseek at the recommended

EFN flowsre providedn Plate3-3.

Historic EFN recommendations for Rainbow rearing in Equesis Creek have ranged from*& Q5%
LTMAD)Shepherd &tolemy 1999) to 0.75°/s (ESSA& Solander 2009) but were hdased onfield
observations WUW curves indicate that a flow of 0.0@8/s would provide <20% of maximum parr
rearing WUW Koshirsky (1972)recommended a minimum incubation flow of 0:0723 n¥/s, which is
similar to the recommended EFN.
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The recommended criticaloiv for Rainbow parr rearing is 0.08%/s (5% LTMADTable3-6). While riffle
analysis indicates that 60% of maximum wetted width is maintained at flows of approximat@gni®/s
(15% LTMADTableB22, AppendixB2), no measurements were collected below Dr2%s and there is
considerable uncertainty in this estimatBurther measurements at low flows should be obtained to
confirm the critical flow recommendation.

Water temperatures in Equesis Creek recorded at the ONA hydrometric stations were gdaecatiple
to Rainbow rearing (maximum 9®recordedin mid-July), which was likely aided by the relatively high
streamflows throughout the summer periqéfigiresB2-8 to B210, AppendixB2).

Rainbowspawning

The recommended EFNbr Rainbow Spawning is 1.ht¥/s (157% LTMAD)which is just below the
OkanagarTennantflow standard(168% LTMAD) and below the median weekly naturalized flows during
the Rainbow spawning periofFigureB2-13, AppendixB2). This EFN maintains high WUW (> 90% of
maximum) while also maintaining approximately 90% of Rainpawrearing WUW Plotos of habitat
conditions in EquesiSreek at the recommended EFN floave providedn Plate3-4.

The recommended critical flow foRainbow spawningis 0.380m%s (54% LTMAD;TableB2-2,
AppendixB2) based on the passage depth criteri@able2-7).

Kokanee spawning

The recommended EFN for Kokarspawning i€0.177 m®/s (25% LTMADTable3-6), which is equivalent

to the median estimated residual flows during the Kokanee spawning period (Assd2di@yd While
naturalized flowsare slightly lowerduring the same perio¢~0.132m%s, 19% LTMAD), fish populations

in Equesis Creek have adapted to the augmented flow regime and any reductions may result in losses in
productivity, as indicated by the rapid decline of the WUW cufivigureB2-14, Appendix82). The
recommended EFN mainta approximately 70% of Kokanee spawning WUW. Safe riffle passage
conditions for Kokanee are achievatd0.095m?/s (14% LTMADTableB2-2, Appendix82), thoughhigher

flows or channel modificationmay be neededb facilitate access during some yeé#rgravel aggradation
occurs at the mouthTherecommendedEFN is expected to provide sufficient flows for safe riffle passage
during most yearsPhotos of habitat conditions in Equesiseek at the recommended EFN flows
providedin Plate3-3.

Historic EFN recommendations for Kokanee spawning in Equesis Creek have ranged froffs 8o
LTMADDobson 1990b) to 0.81%/s (ESSA& Solander 2009). The recommended EFN is similar to that by
Shepherd &Ptolemy (1999 who recommendedan EFN of 0.16°%s but lower than that of Koshinsky
(1972) who recommended 0.2828 n¥/s.

The recommended critical flow for Kokanempawningis 0.070m%s (10% LTMAD, TabB-3,
AppendixB2) based on the LTMAD criterighable2-7). While riffle analysis indicates that safe riffle
passage is maintaineat flows of 0.095n%s (14% LTMAD; TabB®-2, AppendixB2), no measurements
were collected below 0.20n%/s and there is considerabl@ncertainty in this estimate.Further
measurements at low flows should be obtained to confirm the critical flow recommendation.

Recenly observed residual flows during the Kokanee spawning period are typically greater than those

estimated by Associated (2019). Daily flows during Kukanee spawning period recorded at the
hydrometric station near Westside Road (08NM161HDS) from 2016 to 2018 ranged from 0.25m1d/6.51
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(FigureB2-5, AppendixB2) Noticeably lower flowsvere recorded at the hydrometric station near the
mouth in 2017(approximately 0.2n%s) throughout the irrigation seasonfollowed by a sudden increase

in mid-October FigureB24, AppendixB2).The reaches below Westside Road rhayeflows below the

EFN during the summer and the Kokanee spawning period due to imrigatter withdrawals during
some yearsHistorical nedian weekly residual flowlsom the WSC 08NM161 hydrometric station (1969
1982, also near Westside Roachnged from 0.19 to 0.2%%s. Kokanee spawning EFbie likely to be

met during most yearwith continued supplementation from Pinaus Lakdaintaining spawning flows in

the 0.2505m?s range, when possible, would maximize Kokanee spawning habitat capacity (WUW
increase from 70% to 100%) and should be encouraged to nmxjmbduction from this cek.
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Plate 3-3: Equesis Creekabitat conditions at flows near therecommendedRainbow parr rearing (0170 m3/s) EFN and
Kokanee spawning EFQ.177 m3/s)
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Glide 2a at 1L4 m¥s (163% LTMAD) Glide 1a at 1.30 Afs (186% LTMAD)
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3.3 Y al &0 ljNaswhitb Greek

NaswhitoCreek is a tributary to Okanagan Lake, flowing from the west side of the OkaBagjainto
the northwest arm of Okanagan Lake near Verr®ig .over a length of approximately I3n (Eyjolfson
& Dunn 2016). ThilaswhitoCreek watershed is approximately 87 (Associate®016).NaswhitoCreek

is not lakeheaded and has no developed storageowever, several wetlands are located in the
headwaters A summary of creekharacteristics is found ihable3-7 and additionaktreamspecificdata

is provided in AppenaiB3

The lower reaches ddaswhitoCreek flow over an alluvial fan that has merged with the Equesis Creek fan.
Paired streamflow measurements indicas&reamflow losses to groundwatemn the fan Agricultural

fields arelocatedadjacent to the creek witBeveralunrestricted livestock access points. The lowest reach

of NaswhitoCreek below Westside Road has some minor channelization, and excellent to high quality
riparian vegetation (Eyjolfson & Dunn 2016). Instream habitat in this section is charadteyipeolriffle
morphology and good quality spawning gravel for KokaRee many yeardie most downstream barrier

to fish migrationwasan irrigation dam located below Westside Roadkr6from the mouth (Eyjolfson &

Dunn 2016)The dam was washed out during the 2018 freshet and is now passable easii€omm.

2019. Upstream of Westside Road, substrate size increases and the creek provides high quality Rainbow
spawning and rearing habitats.

NaswhitoCreek is known to suppopopulations of Kokanee spawning as welRasnbowspawning and
rearing (Associated016).Kokaneespawring was confined tthe reaches up to the irrigation dam barrier

at 2.6km (Loui2012)until it was washed out during the 2018 freshet; Kokanee wéiseored spawning

in the newly accessibleeaches above thevashed out dam in 2019 (Loyiers. comm. 20109 Spawner
enumeration reports indicate that low flows tend to create issues with Kokanee migration into the creek
and passage and spawning conditiamgrove athigher flows (e.g., Louis 2010yuis 2004).

A total ofthree riffle andtwo glide transects were established NaswhitoCreek. One particularly wide

and shallow riffle transect near the mouth was established to determine suitable passagjdarmnfor
migrating spawners. All transects were located downstream of the fish barrier &t2ffom the mouth

and within the documented Kokanee spawning reaches. The lowermost transect (1) had to be moved
followingthe 2017 freshet due to extensive ahnel changes at the original location.

At present there are 2 points of diversiorwithin the watershedhowever, the actual volume extracted

is unknown(Associated 20190kanagan Indian Band is the main water user.crbekis currently fully
recorded for irrigation unless supported by storage (FLNRORD 2016). One hydrometric station was
installed in 2016 and continues to opergieesently FigureB3-2, AppendixB3). NaswhitoCreek isflow
sensitiv€during summer and wintewhen naturalized flows are below 20% LTMARIfle3-8).

Estimated naturalized, residual and maximum lieshfiow data were provided by Associaté2D19).A
quality rating of C (data errastimatedbetween 25% and 50%)as assigned to the data. Howevdret
estimated naturalized flows during the late summer and early fall season emrsistentlybelow the
residualflows recorded at the ONA hydrometric statinear the mouthfrom 20162018. FurtherWUW
curves indicatethat Rainbow rearing, insect production and Kokanee spawmihdghe estimated
naturalized flowsvould be marginal (i.e., less than 20% of maximum WUW avail&bie)laswhitoCreek

is known tosupport a Kokanee population (Louis 268816) and spawning and rearing Rainbow
(Wightman& Taylor 1978 Therefore, the Associated (2019) naturalized flow estimates were considered
relatively uncertain and summer and fall EFNs were set based on WUW cmdecent hydrometric
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data. Estimated maximum licensed flows indicate that Naswhito Creek would be dry from early August to
mid-September if licensed withdrawals were maximizEid)(re3-6).

Table3-7: NaswhitoCreek description

Drainage Area 86.5 kn?

Median Elevation 1242 m

WSC station No active stations
08NMO047 (Historicy Naswhito/ NES{1 ySIFNJ 9¢gAy3Qa [ |

ONA station 08NM586 (2016resen) ¢ NaswhitoCreek near the Mouth

LTMAD 0.363m3/s (Associated?019)

Fish species expected Rainbow, Kokanee, Prickly Sculpin (E&SAlander2009)

Land use Forestry in upper watershed, agriculture in lower watershed. The Okanagan |
Band Reserve #1 is located on the alluvial fan of the confluendas#hitoCreek
with Okanagan Lake (Associated 2016)

Fsh periodicity and flow standards describedTiable2-2 to Table2-6 were used Weekly Okanagan
Tennant EFNs were set to thmver of the naturalized flow or flow standarBRecommended EFNs were
increased from the Okanagdrennant EFdlbased orWUW informationand recordedstreamflowdata
from 20162018. A summary of EFNSs is provide@able3-9 including the median EFN atite range of
weekly EFNswith weekly details inFigure3-5 and Figure 3-6, and AppendixB3. Critical flows were
calculated as described iBection2.4. Further iformation regarding EFN and critical flow setting in
NaswhitoCreek is provided at the end of this section

Table3-8: Flow sensitivities ifNaswhito Creek

1-in-2 yr 30day 1-in-2 yr 30day

Species & life stage summer lowflow winter low flow

Flow(m3/s) % LTMAD | Flow(m?¥s) % LTMAD

Rainbowrearing

Insect production 0.045 12%

Kokanee spawning

Rainbow overwintering

- - 0.038 10%
Kokanee egg incubation
Source: Associated (2019)
Table3-9: EFN summary table fakaswhitoCreek
Okanagarirennant . "
EEN WUW Recommended EF{n3/s) Critical flow
Species & life stagq Time period EFN
Median % (m3fs) : % . Flow %
(m¥s) | LTMAD Median| | ryag Min | Max | ey | LTMAD

Rainbow rearing &
insect productior?
Rainbowspawning | May20q l10 | 0.774 213% | 0.774 | 0.774 | 213% | 0.366 | 1.80 | 0.502 | 138%

Kokanee spawning| Sepl2¢Oct7 0.073 20% 0.090 | 0.090 | 25% | 0.090 | 0.090 | 0.060 17%

Rainbow
overwintering

a while EFNs apply to the entire period, median values are presented for the summer low flow period frorSépt 35.

April 1¢Oct 31 | 0.073 20% 0.090 | 0.090 | 25% | 0.090 | 0.259 | 0.031 9%

Nov 1¢ March 31| 0.073 20% n/a 0.054 | 15% | 0.048 | 0.071 | 0.031 9%
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Naswhito Creek
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Figure3-5: Weekly EFNand critical flons in Naswhito Creek
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Figure3-6: Weekly EFNand critical flows during the summer and fall period iNaswhitoCreek
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Rainbowparr rearing

The recommended EFN for Rainbow Rearing is 0.00 m¥s (25% LTMAD)which isgreater than the
OkanagarTennant EFN)(073m?/s, 20% LTMAD) he recommended ERNaintains appronately 45%

of maximum WUW in glides and 20% in rifEgureB3-5, AppendixB3) as well as approximately 13%
of maximum insect production WUMWFigureB3-6, AppendixB3) The EFN was set higher than the
Okanagarnrennant EFN because naturalizzdnmerflows provided by Associated (201 3hich define
the upper range of th@®kanagarennant EFN, wer@mplausibly low compared to measured flow data
from the mouth. Further, WUW increases rapidly in this flow rangéotos of habitat conditions in
NaswhitoCreek at the recommended EFN floave provided irPlate3-5. The recommended EFN is similar
to the minimum flow for Rainbow rearing recommended by Bi€ Fish and Wildlife Branch (Robertson
1983) of 0.085n%s and lower than that recommended by ESSA & Solander (2009) oflovd/s.

The recommended EFN value is lower than the median weekly residual flows recorded at the ONA
hydrometric station near the mouth in 2016 and 2018, and slightly higher than in 281i¢h was a
drought year (FiguréB3-3, AppendiB3). Water temperatures inNaswhito Creek recorded at the
hydrometric station were generally favorable to Rainbow rearing though approached the upper range of
suitable rearing temperatures (20) in late Jyl (FigureB3-4, AppendixB3). The recommended critical

flow for Rainbow rearing is 03a m%s (9% LTMAD, TabRB32, Appendix83) based on the riffle width
criterion (Table2-7).

Rainbowspawning

Therecommended EFN for Rainbepawning is 074 m?/s, which is equivalent to th®kanagari ennant
flow standard(213% LTMADRNd slightlybelow median naturalized flowdor the spawning period
(1.00m%s, 275% LTMAD)The EFNmaintains 80% of maximum spawning WUW (FigureB3-7,
AppendixB3)while also maintaining high (>90%8aring WUWHows were above the EFN for the entire
spawning period in 2017 and 201Bidure B33, Appendix B3)Photos of habitat conditions iNaswhito
Creek at the recommended EFN flows are providedPliate 3-6. A previous EFN of m¥s was
recommended byESSA& Solander(2009)

The recommendedcritical flow for Rainbow spawning is &02m’/s (138% LTMAD, Tab®B3-2,
AppendixB3) basedon the passage deptbriterion (Table2-7).

Kokanee spawning

The recommended EFN for Kokanee spawning is ®f380(25% LTMAD) anchaintains 40% of the
maximumWUW (FigureB3-8, AppendixB3. The EFN was set higher than t@&anaganTennant EFN
(0.073m?¥s, 20% LTMAD) becausstimated naturalized flows which define the upper range of the
Okanagarmennant EFN, were implausibly low compared to measured flow data from the mouth. Further,
WUW increases rapidly in this flow ran@Recorded residual flows were greater than teeNn 2016and

2018 but lower in 201{FigureB3-3, AppendipB3) Photos of habitat conditions iNaswhitoCreek at the
recommended EFN flows are providedPiiate 3-5.

Passage issues for Kokanee spawners during low flows have been noted on occasion in the Kokanee
enumeration reports€.g., Louis 2010) and low flows have been identified as a limitingrfactéokanee
production by Wightmar& Taylor (1978). Therefore, KokaneeNaswhitoCreek likely benefit greatly

from flows higher than the recommended EFN when availaRtbertson (1983) suggestdeFNsof
approximately 0.14n%s, which may be more appropriate given higher WUW and better riffle passage,
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though probably not realistically achievable for the entire spawning period during all JES&A &
Solander (2009) recommended Gr6/s.

Critical passage flows for Kokaneeimsited from riffle analysis were 0.17i#/s (49% LTMAD; Tabis-

2, AppendixB3. Kokanee iffle passage is known to be a problem during low flows in this cfeelis
2010) Due to thee known passage issuedhe recommended critical flow for Kokanee spamg is
0.060 m¥s (17% LTMADTableB3-2, AppendixB3, which corresponds to the median naturalized flow
during the Kokanee spawning seasdihus, any water use during Kokanee spawning has the potential to
adversely impact Kokanee access and movemers. likely that fall rain eventplay a critical role for
Kokanee accesstmNaswhitoCreek.
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Plate 3-5: Naswhito Creekhabitat conditions at flows near theecommendedRainbowparr rearingand Kokaneespawning EFNs
(0.090 n¥/s)
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3.4 Whiteman Creek

Whiteman Creek is a tributary to the northwest arm of Okanagan Lake. It drains a gently sloping plateau
with several small lakes, then flows eastward through steep hillslopes and finally over a large alluvial fan
before entering Okanagan Lake. Its maihutary is BouleaCreek, whiclirains Bouleau Lake. Whiteman
Creek has no developed storage and flows are not regulated. The stream is approximadelyidtiy
(Eyjolfson & Dunn 2016) with watershed area of 20Bm? (Associated 2016)A summary of creek
characteristics is found ifiable3-10 and additionaktreamspecificdata is provided in AppendB4

Whiteman Creek supports a population of large adfluR@hbowfrom Okanagan Lake that migrate over
10km upstream to spawn, asell as a resident smaller bodied population (Agrodev 1986¢ lower
sections also provide important habitat for a population of approximately KOKaneespawners from
Okanagan Lak&lprthcote et al. 1972; Louis 2012he lower reaches of Whiteman @kebelow Westside

Road flow through a residential area and agricultural fields. The channel in this section was straightened
in the past for flood control purposes (Anongus 1969). Impacts of past channelization were observed
during habitat surveys for th project and the lower section remains characterized by a relatively straight
channel and a lack of habitat complexity. However, there is good riparian cover and suitable spawning
gravels throughout this section. Upstream of Westside Road, habitat beconoge complex and the
relatively coarse, cobbly substrate provides for ideal rearing habitat for juv&sdlabowwith high
numbers of parr observed during the habitat surveys for this project. Water temperatures in Whiteman
Creek remain relatively coldren during the summer low flow period (<20FXyureB4-5 AppendixB4),
contributing to excellenRainbowrearing conditions in the creek.

Wightman & Taylor (1978) identified a natural debris jam barrier approximatelkgd.Bom the mouth.
Habitat survgs for this project were limited to sections closer to the mouth and thus the barrier was not
confirmed. However, it is possible and likely that the obstruction has since been washed out by high
freshet flows. A previously documented irrigation dam Kn6from the mouth (Wightman & Taylor 1978)

has since been removed and no other barriers were identified.

A total of two glide andtwo riffle transects were established in Whiteman Creek in August 2016
(FigureB4-2, Appendix®4). All transects were located the lowest 1.Zm between Westside Road and
Okanagan Lake where the bdébkaneespawning habitat is located and where all spawning activity is
typically observedL(ouis 201)

The Okanagan Indian Band is the primary water supplier within the Whiteman Creek watershed (Dobson
2008) and there are 1@oints of diversiorwithin the watershed Associated 2019Past reports mention
serious impairment to fish production from low flowad high water use in Whiteman Creek (Wightman

& Taylor 1978)recent streamflow data from the mouth is very limited (20&aRd did reveal relatively

low late summer flows (9% LTMADYt it is unknown if flow impairment resulted from water use
Streamflowmeasurements indicated streamflow losses to groundwater on the alluvial fan but due to the
limited spatial extent of surveys and unclear seasonal variatiater losses and gains across the fan are
consideredunknown Recent field surveys completed by ®kevealed one diversion ditch upstream of
Westside Road (ONA unpublished data 2048)the diversion was not in use during the late fall survey
and its impacts on streamflowduring summeiis unknown Thestreamis currently fully recorded for
irrigationunless supported by storage (FLNRORD 2016). Whiteman CHesk sensitivéduring summer

and winter as naturalized flows are below 20%MAD Table3-11). One hydrometric station was installed
near the mouth in 2016 and continues to opergkégureB4-2, AppendixB4).
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Table3-10: Whiteman Creek description

Drainage Area 203 kn?t

Median Elevation 1340 m

WSC station 08NM174¢ Whiteman Creek above Bouleau Creek

ONA station 08NM587 (201&; presen) Whiteman Creek at Raven Road Bridge
LTMAD 1.092 n¥/s (Associated 2019)

Fish species expected Kokanee (Northcote et al. 1972; Louis 2012),

Rainbow (FIDQ 1996)

Land use Urban, transportation, agriculture, forestry (Associated 201f6lpws through
Okanagan Indian Band Nf the alluvial fan

Naturalized, residual and maximum licensed flow data were provided by Associated (@@1i3n
estimated dataquality rating of B (data error between 10% and 25stimated esidual flows indicate

near zero water withdrawalbut this should beverifiedin the future as at least one large diversion ditch
was documented recentlyEstimated maximum licensed flowddinate that flows would be below the

EFN throughout the summer and below critical flows during the Kokanee spawning period if licensed
withdrawak were maximized

OkanagarTennant EFNs for Whiteman Creek were developed in accordance with the methddsautl

in Sectior?.2. Ash periodicity and flow standards describedliable2-2 to Table2-6 were used Weekly
Okanagarmennant EFNs were set to the lower of the naturalized flow or flow standard. WUW information
from the study transects was then reviewed to determine whetfieal EFNrecommendations needed
adjustment from theOkanagarTennant EFNA summay ofthe recommendedEFNs is provided ifable

3-12, including the median EFN atiak range of weekly EFNsith weekly details ifrigure3-7, Figure3-8

and AppendixB4 and flow sensitives inable 3-11. Critical flows werecalculated as described in
Section2.4. Further information regardig EFN and critical flow setting\ihitemanCreek is provided at

the end of this section

Table3-11: Flow sensitivities in Whiteman Creek

1-in-2 yr 3Gday 1-in-2 yr30-day

Spedizs e iz Hege summer low flow winter low flow

Flow(m?s) | % LTMAD | Flow(m%s) | % LTMAD

Rainbowrearing
Insect production 0.108 10%
Kokanee spawning

Rainbow overwintering 0.098 9%
. 0

Kokanee egg incubation
Source: Associated (2019)
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Table3-12: EFN summary table for Whiteman Creek

Species & life . . OkanagarnTennant g -
stage Time period EEN WUW Recommended EF{n%/s) Critical flow
EFN
Median % (m3/s) . % . Flow %
(m¥s) | LTMAD Median| | ryjag Min | Max 1wy | LTMAD

Rainbow rearing
insect productior?

Rainbowspawning| May20¢ dul 10 1.56 143% 1.10 1.10 | 101% | 0.961 | 570 | 0.361 | 33%
Kokanee spawnin Sep8¢ Oct5 0.141 13% 0.141 | 0.141| 13% | 0.112| 0.146 | 0.109 | 10%

Rainbow
overwintering
a while EFNs apply to the entire period, median values are presented for the summer low flow period frorsédpt 35.

April 1¢Oct31 | 0.158 14% 0.158 | 0.158 | 14% | 0.112 | 0.659 | 0.052 5%

Nov 1¢ March 31| 0.138 13% n/a 0.138| 13% | 0.122 | 0.179 | 0.052 5%

Whiteman Creek
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Figure3-7: Weekly EFN, critical flowand streamflows inWhiteman Creek
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Whiteman Creek
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Figure3-8: Weekly EFN, critical flowand streamflowsduring the summer and fall in Whiteman Creek

Rainbowparr rearing

The recommended EFN for Rainbparr rearing is 0.158n%/s (14% LTMAD), which is equivalémtthe
medianOkanagariTennant EFN and median naturalized flows for the summer and fall low flow period
(mid-July from end of Rainbow spawning to end of September). This EFN maintains approximately 45% of
maximum WUW in glides and 25% in riffigdgureB4-6, AppendipB4), and 20% of maximum insect
production WUWFigureB47, AppendixB4). Estimated naturalized summer and fall flows in Whiteman
Creek are relatively low (the lowest weekly naturalized flow is 0m¥8 = 10% LTMAD in early
September) (Asxiated2019).WUW curves indicate that rearing conditions at those flows are marginal
with <20% parr rearing WUW and ~10% insect production WL, the weekly recommended EFNs
were set equal to the naturalized flows throughout the summer and fall pegoamaximize the naturally
limited rearing habitativailable(Figure3-8). Parr rearing WUW rapidly increases to s andjuvenile
Rainbowin WhitemanCreek would benefit from flows greater than the EFN whenever availBbl#os

of habitat conditions in Whiteman Creek at the recommended EFN flows are prawiéiate3-7. The
recommended EFN is greater than the minimum flow for Rainbow rearing recommended ByCtResh

and Wildlife Branch of 0.085%s (Robertson 1983) as well as those by Shep&eRtolemy(1999) and
Koshinsky (1972) of 0.08%s. The recommended critical flow for Rainbow parr is 0.68% (5% LTMAD,
TableB4-2, AppendixB4) based on the riffle width criterigfTable2-7).

Residual flows recorded at the hydrometric station near the mouth in 2017 (a drought year) were below
the recommended EFN from milgust to late September (FigurB43, AppendixB4). Water
temperatures recorded at the ation were generalljavorable to Rainbow rearing at the observed flows
(maximum 18°C in miduly) (Figur®4-5, AppendipB4).There is one known water diversion upstream of
the station (Ejolfson & Dunn 2016) but surveys were limited and it is unknowmvhat extent the
recorded flows were affected by water withdrawals. Median daily flows at the historic WSC hydrometric
station 0BNM046 (192Q1 and 194970) were generallygreater than the recommended EFN during the
summer and fall period (Figu44, AppendixB4), therefore the EFN is considered attainabligring
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most years Records from this station were likely heavily affected by irrigation withdrawals documented
in Wightman & Taylor (1978) artghlbraith& Taylor (1969)

Rainbowspawning

The recommendé EFN for Rainbowpawning is 1.10n%s (100% LTMAD)which is lower than the
Okanagarirennant EFN (143% LTMAD) and well below the median weekly naturalized flows during the
Rainbow spawning perio(Figue B4-8, AppendixB4). The recommended EFN maintaimgh Rainbow
spawning WUW (> 90% of maximum) while also maximizing Rainbow parr rearing WUW in riffles and
glides.Recent and historic residual streamflows indicate that the EFN is typically met for the duration of
the spawning period (Figures B4and B4, Appendix B4)Photos of habitat conditions in Whiteman
Creek at the recommended EFN flows are provide®late 3-8. The recommendedtritical flow for
Rainbow spawning is 0.361%/s (33% LTMAD, TakB#2, Appendixd4) basedon the passage depth
criterion (Table2-7).

Kokanee spawning

The recommended EFN for Kokanee spawning is Or41(13% LTMADyhich maintains 45% of
maximum WUWFigureB4-9, AppendixB4). The EFN corresponds to threedianOkanagarmennant EFN

and median naturalized flonduring the Kokanee spawning peridche rapidly increasing WUW curve up

to 0.5m%'s suggests that Kokanee in Whiteman Creek would greatly benefit from flows higher than the
recommended EFN when available. Minimuasgage depth for Kokanee was achieved at the lowermost
riffle transect at approximately 0.18%s (12% LTMAD), and any reduction in flows from the
recommended EFN may result in passage isstiesrecommended EFN is equal to that recommended
for Kokanee spwning in Whiteman Creek by Koshinsky (197Rbdtos of habitat conditions in Whiteman
Creek at the recommended EFN flows are providdelate3-7.

The recommended itical flow for Kokaneespawningis 0.109m%s (10% LTMAD, TalB2,
AppendixB4) based on th&d_TMAD criteriorfTable2-7). Riffle analysis indicatealveragecritical passage
flows of 0.180m%s (16% LTMAD)which isslightly greater than naturalized flows during the spawning
and migration period.

The recommende EFNs slightly higher than the residual flonecordedat the ONA hydrometric station
during 2017, which was a drought yeardicating that EFNs may not be met during some y@agsireB4

3, AppendixB4). Historically, nedian daily flows at the historic WSC hydrometric station 08NM046 (1920
21 and 194970)were generally greater than the recommended EFN duringdbkanee spawningeriod
(FigureB4-4, AppendixB4).
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Plate 3-7: Whiteman Creek habitat conditionat flows near the recommendedRainbowparr rearing EFN (0.1583/s) and
Kokaneespawning EFN (0.141 ¥s)

.18

4 Lo

Glide 2 at 0.904 fifs (

82% LTMAD) Glide 1 at 220m?%/s (110% LTMAD)
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3.5 Mission Creek

Mission Creek ithe largestributary to Okanagan Lake, flowing from the east side of the OkanBasin
throughKelownaB.CThe Mission Creek watershed is the largest in the OkanBasin at approximately
845kn?, and the main tributaries include Pearson, Joe Rich, Belgo, Hydraulic, andr&&k3
(Associate®016).1ts headwaters drain gently sloping plateaus before flowing through a steep canyon
and finally over a large alluvial fan in the Kelowna area befotering Okanagan LakBeveloped storage
exists in multiple headwater lakes and flows in Mission Creek are heavily reglasedamary of creek
characteristics is found ihable3-13 andadditionalstreamspecificdata is providedn AppendixB5

Mission Creek flows from its forested headwaters through agricultural and rural residential areas in its
mid-elevation reaches, prior to flowing through a canyamd through the City of Kelownd@he most
R26YyaliNBIY o0 NNASN (G2 TFAaK Yhrowd thel r@oythinitiie cabyord £ I3 K S|
(Eyjolfson & Dunn 2016]helower reaches within the city have been heavily straightened and diked in

the pastfor flood control.This has resulted in ongoing sediment deposition problems in the lower reaches,
requiring repeated dredging activities in the psstlleviate sediment buildup in the channel and reduce

the risk of flooding(Burge 2009). Many bridgescross the creek, with some urban and agricultural

influence, and low levels of pollution visible (Eyjolfson & Dunn 20M6re is some riparian cover

throughout this section but habitat complexity is lacking.

Despite the extensive fish habitat lossesttinesulted from channelization ardiking (Burge2009) the
majority of Kokanee spawning occurs in the lower reaches, primarily in the spawning channel that was
specifically constructed for this purpose 1988 (Webster 2016)Mission Creek once supportetie

largest strearrspawningKokaneepopulation in the Okanagan basin astll is the most important
Kokanee producing tributary to Okanagan Lake. Historic escapements on record reached a high of 380,000
in 1971 Wightmané& Taylor 1978 Escapementsover the past decadeare lowerbetween 7,000 and
32,000(Webster2010-2017). MissionCreekalsosupports a population of large adfluvidainbowfrom
Okanagan Lake that migraieto the upstreamreachesin andbelow the canyorto spawn, as well as a
resident snaller bodied populationThe majority of Rainbow spawning habitat is located approximately
13to 19km from the mouthin the mainstem as well as KLO and Hydraulic cr@&fightman & Taylor

1978. Summer vater temperatures irMissionCreektend to exceedsuitable rearing temperatures for
Rainbownear the mouth reaching up t®2°Cin the reaches below the canyon and up to 26°C near the
mouth (FigureB5-9 to B5-14, AppendixB5).

A total of six glide andfive riffle WUW transectsvere established in Missn Creek in August 2016
(FigureB5-1, AppendixB5). Transectswere locatedthroughout thefish accessible portion of the creek
0St 26 DI f f WBWKIStAERSPrevdListy tolledted in Mission Creek from 20089(Epp2008a;
Epp 2009Epp 201@) to aid withthe Mission CreekVater Use Plandevelopment(Water Management
Consultants 201nd assess the impacts of sediment dredgBgme transects in this study were in the
same reaches apreviouslymonitored (i.e., transects 1 and 3by Epp (2008aand Glide 3 was re
establishedat a transect locatiopreviously used by Epg{083.
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Table3-13; Mission Creek description

Drainage Area

845 knm?

Median Elevation

1345 m

WSC statios

08NM116 (ActiveMission Creek near E. Kelowna (19t8sent)
08NM232 (ActiveBelgo Creek Below Hilda Creek (1-présent)
Historic records include:

08NMO057 Mission Creek Rutland Diversion (32230)
08NMO016 Mission Creek near Rutland (19B216)

08NMO010 Hydraulic Creek near the Mouth (191982)
08NMO039 Hydraulic Creek Diversion near Kelowna (19968)
08NMO060 KLO Creek Diversion near Kelowna (1958)
08NMO040 Hydraulic Creek SE Kelowna Diversion £1930)
08NM226 KLO Creek at McCulloclaé (19761982)

08NMO004 KLO Creek near Kelowna (:2292)

08NM239 Mission Creek Below B.M.1.D. Intake (1P880)
08NM137 Daves Creek near Rutland (12686)

08NM207 Myra Ditch Below KLO Creek (12985)

08NM210 Pooley Creek Above Pooley Ditch (1B939)
08NM213 McCulloch Reservoir at McCulloch Dam (19986)
08NMO011 Hydraulic Creek at Outlet of McCulloch Res. (1988)
08NM215 Fish Lake at the Outlet (19¥377)

08NM217 Long Meadow Lk Reservoir Above the Dam (1973)
08NM216 Browne Lakeeservoir Above the Dam (1971377)
08NM129 Joe Rich Creek near Rutland (1B®37)

08NM225 Belgo Creek near the Mouth (19I/%82)

08NM172 Pearson Creek near the Mouth (19B®87)

08NM233 Mission Creek Above Pearson Creek (1982)
08NMO018 Hilda @ek near Rutland (1920920)

08NMO017 Belgo near Rutland (192®20)

08NM231 Ideal Lake near the Outlet (195330)

08NM229 Loch Katrine Cr at Outlet of Graystone Lake ¢1993)
08NM230 Graystone Lake at the Outlet (1905098)

ONA statios

08NM551Mission Creek above Gordon Drive (Hydromet 1) (20&8ent)
08NM552 Mission Creek at Casorso Road (Hydromet 2) {2018
08NM553 Mission Creek upstream of KLO Road (Hydrom203%-2017)
08NM554 Mission Creek at Ziprick Road (Hydromet 4) (2016)
08NM555 Mission Creek at Gerstmar R@egdromet 4a) (201:2017)
08NM556 Mission Creek at Hollywood Road (Hydrome2®)&2017)
08NM557 Mission Creek at 12 km Bridge (Hydrome2@1§2017)
08NM558 Mission Creek below KLO Creek (Hydrom@03)62017)
08NM559 Mission Creek above BMID Intake (Hydromet2@)&2017)

LTMAD

6.35 nt/s

Fish species expected

Rainbow, Kokanee, Eastern Brook Trout, Burbot, Mountain Whitefish, Re
Shiner, Northern Pikeminnow, Sucker (general), Longnose Dace, Prickly S
Sculpin (general), Peamouth Chub, and Slimy Sculpin &S&8ander 2009)

Land use

The lowemwatershed is dominated by urban development. The upper waters|
is used for agriculture, forestry, and livestock grazidgsmall reserve of the
Westbank First Nation sits alongside Mission Creek in its lowest reactte
larger reserves are located in G&  AIKSNRaA /Il yez2y |
Hydraulic Creek
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The Black Mountain Irrigation District and Southeast Kelowna Irrigation Distridhanmajor water
supplies within the MissionCreek watershe@nd operate nine storage reservoirs in the headwatén
addition, smaller providers include the Falconridge Water Utility, Benvoulin Water Users Community,
Mission Creek Water Users Community, Rutland Water Works, and South Kelowna Water Users
Community(Associated®?016). The Black Mountain Irrigation ¢ligt operates storage on Loch Long on
behalf of the Province of B.C. for instream flow requirements (Associated 28 LNRORD also holds
several conservation licences on Mission Creek. There are 426 points of diversion within the watershed
and 10 wate licence applications pendir{@ssociated 2019)nterbasin transfers into the watershed can
occur between Mission Creek and the West Kettle River, as well as, Mill Creek (Asitiséied

LY HnnnX aAhAadaarzy /[ NBS|T 6 & ain dQ@IgBRA BINGSh PRy RS NA K
Act (MOE2000). Particular concerns were a generally high water demand only partially supported by
storage, as well as low summer and fall flows during the Kokanee spawning season and during the winter,
leading to educed egg survivalhestreamis currently fully recorded for irrigation unless supported by

storage (FLNRORID16).MissionCreek islowa Sy aA i A 3SQ RdzZNAYy 3 &adzYYSNI I YR &
are below 20%.TMAD Table3-14). The Mission CreeWater Use Plamvas developed in 2008NVater

Management Consultants 2018hd specifies fisheries conservation flows fa& Bummer months based

on a proportion of LTMAD (July2.25m?%s, Augustg 2.25m%/s, Septemberg 1.9m?s, Octoberc

1.5m?%s). The plan allows fish flow releases to vary during wet and dry years by using a multiplier of
natural streamflows in the unregatied tributary of Pearson Creek to estimate what natural flows would

be in Mission CreekHowever, this component was never implemented because it requires re
establishment of a reaime hydrometric station on Pearson Creek.

Eighthydrometric statiors were installedthroughout the fish accessible portion of the creelRbil6for

the Mission Creek Groundwater and Surface Water Interaction project (Neumann 2018) and the data was
utilized for EFN development; the lowermost hydrometric station near Gordad Emtinues to operate
(FigureB5-1, AppendixB5). The project identified that Mission Creek gained water from groundwater in
the intermediate reaches where it flows through the canyon, but gaining and losing conditions were more
variable on the alluvidhn in the lower reaches.

Naturalized flow data were provided by Associated (2019)rasitlual flow data was obtained from the
active WSC hydrometric station 08NM116 (Mission Creek near east KelGlea)aturalized flows have
a data quality rating of B (estimated 1@25% error) and residual flows have a data quality rating of A
(estimated error <10%); maximum licensed flow estimates were not available at the time of reporting.

Okanagan Tennant EFfds Mission Creek were developed in accordance with the methods outlined in
Section2.2. Ash periodicity and flow standards describedTiable2-2 to Table2-6 were used.Weekly
Okanagan Tennant EFNs were set to the lower of the naturalized flow or flow standard. Hoaxgeper,

the Mission CreekVater UsePlan storage releases are used to augmdéotvs during thesummer and

fall and residual flows argherefore typically greater thamaturalized flowsduring Septemberand
October Local fish populations have adapted to augmeshflows therefore, finalEFN setting iiMission
Creek was based ancombination ofesidualand naturalized flowsinformed by WUWurves

A summary of the recommered EFNs iprovided inTable3-15, includingthe median and the range of
weekly EFNs, with weekly detaitsHigure3-9, Figure3-10 and AppendixB5. The recommended EFNs are
intended to maintain current levels of fish productionhitissionCreek by protecting flow conditions that
local populations have become adapted Naturalized flow sensitiveare listedin Table3-14. Critical
flows were calculated as described in Secfioh However, riffle data from riffle transect 4 andwére
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not considered for th critical flowanalysis as the range of flow datallected at these transects was
insufficient to complete the@alysisFurther information regarding EFN aadtical flow setting in Mission

Creek is provided at the end of this section.

Table3-14: Flow sensitivities in Mission Creek

. . 1-in-2 yr 30day
Species & life stage summer low flow

1-in-2 yr 30day
winter low flow

Flow(m3/s) | % LTMAD

Flow(m3/s) | % LTMAD

Rainbow rearing

Insect production 1.10 17%

Kokanee spawning

Rainbow overwintering

Kokanee egg incubation

0.702 11%

Source: Associated (2019)

Table3-15: EFN Summary table for Mission Creek

OkanagEal?"[lennant WUW Recommended EF{n/s) Critical flows
Species & life stage|  Time period EFN

Median % (m3/s) : % . Flow %

(m¥s) | LTMAD Median || rypap| Min | Max g6 | L TMAD
Rainbow rearing & . 0 o o
insect production April 1¢ Oct 31 1.26 20% 1.40 1.40 22% 1.40 4.8 | 0635 | 10%
Rainbow spawning | May 20¢July 10 | 6.35 | 100% | 4.83 4.83 76% 4.83 3238 | 1.12 18%
Kokanee spawning | Aug 31¢ Oct 5 1.1 17% | 1.40 | 1.40 22% | 1.40 1.40 | 0.635 | 10%
Rainbow Nov 1¢March 31| 0.925 | 15% | x | 0.925| 15% | 0.790 | 1.27 | 0.635 | 10%
overwintering
a while EFNs apply to the entire period, median values are presented for the summer low flow period frorsdpt B5.

March 2020
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Figure3-9: Weekly EFN, critical flow, and streamflows in Mission Creek
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Rainbow parr rearing

WUW transects for Rainbow parr rearing were situated throughoutethire fish accessible extent of
Mission CreekDue to thewide rangeof channel conditionwith varyinggradient, substrate size and levels
of channelization the resulting WUW cues shows a moderate amount of uncertainfiyigureB5-15,
AppendixB5) Parr rearingWUW peaked around 2m®/s similar to findings by Epp (2009The
recommended EFN for Rainbow parr rearing is ind8 (22%LTMAD) a value that idbetween the
median Okanagan Tennant EFN (In#6s, 20%LTMAD; based on naturalized flows) and median residual
flows (1.50 m¥s, 24% LTMADpr the summer and fall low flow period (mitily from end of Rainbow
spawning to end of Septembefhis EFN maintains approximat@6 of maximuniRainbow parr rearing
WUW in glides and0% in riffles, and50% of maximum insect production WUVFiqureB5-16,
AppendixB5). Though median residual flows are slightly higher than the recommended EFN|tieeof
1.40m3s strikes a balance between naturalized and residual flowsisaldoequal tothe recommended
Kokanee spawningFN, which eliminates the need for multiple EFN values through the suamddall

The Rainbow parr rearing EFNeipected b be met during most yeardue to extensive headwater
storage.Photos of habitat conditions iNissionCreek at the recommended EFN flows are provided in
Plate3-9.

The recommended critical flow for Rainbow parr is38.61%/s (10% LTMADTableB5-2, AppendixB5).
Critical riffle analysis indicated that riffle widths decline to <60% at flows of @i?80(12% LTMAD)
Channelization and dikingp Mission Creekave resulted in large variability in channel conditions ranging
from narrow and deep to wigl and shallowwhich led to higher uncertainty in the critical riffle analysis
thus, slightly lowercritical flows of 10%ATMAD are recommended to conform with thaseommended

for Kokanee spawning. Critical flows of 10% LTMAD rather than the defauliffMAD are further
recommendedbecause insect WUW declines from about 25% of maximum WUW to less than 10%
between thosedlows FigureB5-16, AppendixB5). Further, already highummerstream temperatures are

more likely to escalate under very low flows.

The recommended EFN is lower than flogpecified in theWater Use Plafior August (2.2%n%s) and
September (1.9n%s) (Water Management Consultants 2010). However, Rainbow parr would benefit
from some additional WUW available at those higher flovgther, greater flows may aid in moderating
high summer stream temperatures in the lower reachedigsion Creek, which are frequently beyond
the suitable range for Rainbow rearing reaching top26°C FigureB59 to B514, AppendiBb5).
Historically recommeneld EFNSs for parr rearing range frami3m?3/s (Shepherd & Ptolemy 1999; Dobson
1990)to 3 m¥s (ESSA and Solander 2009ptimal flow recommendations df42m3s (Tredger 1988;
Shepherd & Ptolemy 1998)e similar to our recommended EFN.

Residual flowsecorded at the hydrometric stati@mear the mouth irR016 fluctuated but were generally
greater than the recommended EFN2017 (a drought yearflows were at or belowhe recommended

EFN fromearly July throughout most of the summer and féfiguresB5-2 to B57, AppendixBs).
Historically, median flows at the WSC station 08NM116 (B1¥) arenear the recommended EFN
(Figure BBB, Appendix B5)However, summer and fall flows below the EFN have occurred periodically in
eightof the last 10 yeardespite significantly higher flows specified in tdéssion CreekVater Use Plan

Rainbow spawning

The recommended EFN for Rainbow spawning 8 4n&/s (76% LTMAD), which corresponds to the
Okanagan Tennant EfNw standardand the peak of the WUWurve.The EFN is well below the median
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weekly naturalized flows during the Rainbow spawrmiagod (23.79m%s, 375% LTMADFigure3-9) and

also below the residual fles. While WUW measurements at such flows were not possible because the
stream was not wadeable, WUW curves from other streaogggesthat the amount of WUW available
likely declines at such high flows. The recommended EFN mainkta@maaximumRainbow spaning
WUW(10(%)and relatively high (>80%ainbow parr reang WUW in riffles and glideBhotos of habitat
conditions inMissionCreek at the recommended EFN flows are providétlate3-10. The recommended
critic flow for Rainbow spawning is 2in®s (18% LTMADTableB5-2, AppendixB5) based on the
passage depth criteriofTable2-7). A previousRainbow spawnin@FN recommendation afm®/s was
madeby ESSA and Solander (2009).

Kokanee spawning

Therecommended EFN for Kokanee spawnint 49 m?®/s (22% LTMADyhich maintainsear 1006 of
maximum WUWFigureB5-18, AppendixB5). The EFN corresponds to the mediasidualweekly flows

during the Kokaee spawning period and is slightly higher than @leanagarirennant EFN (111m?/s;

17% LTMAD)which is based on median naturalized flowfie EFN was adjusted upward from the
OkanagarTennant EFN because flows in Mission Creek are specifically managed for Kokanee spawning
and maintaining maximum production of this important Kokanee stock is of high priority. Further,
previous studies also showed maximum habitat capacity ath#< (Tiedger198%). Very smal{<5%)

gains in WUW are made between our recommended EFN and Kokanee spawning flows stipulated by the
Water Use Plan (1:®%s). Photos of habitat conditions in Mission Creek at the recommended EFN flows
are provided inPlate3-9. The recommended critical flow for Kokanee spawning is3®r6%s (10%
LTMADYased on criticaliffle analysigTableB5-1, AppendixB5).

Residual flows duringhe 2016 Kokanee spawning seasomere fluctuating above and below the
recommendedEFN and in2017 were well belowwthe EFNand dropped below the critical flow on one
occasion(FigureB53 and B54, AppendixB5). Median daily flows at the WSC hydrometric station
08NM116 (19492017 were consistentlynear the EFN; however, flows below the EFN has®uoed
periodically in 8 of the last 10 yeatsspite significantly higher flows specified in the Mission Cvéater
Use Plan

Previous EFN recommendatidios Kokanee spawninginged from0.9 m%s (Houstonn.d.; Dobson 1990)

to 4 m3/s (ESSA & Soland2009) Overwinter incubation flow recommendations from previous studies
ranged from 0.6n°%s (Dobson 200%to 0.99m3%s (CBCOBA 1974; Houstord), which is in agreement
with the recommended overwintering EFN®@B25m?/s (Table3-15).
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Plate 3-9: MissionCreek habitat conditionst flows near therecommendedRainbowparr rearingand Kokaneespawning EFN
(1.40m3/s)

| 'y
%

Riffle3 at 140 m¥s (22% LTMAD) Riffle6 at 1.37 m¥s (22% LTMAD)

Plate 3-10: Mission Creekhabitat conditions at flows near theecommendedRainbowspawning EFN4.83 m3/s)

Glide 2 a##.40m¥s (69% LTMAD) Glide3 at 6.47m?s (102% LTMAD)
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3.6 McDougall Creek

McDougall Creek is a tributary to Okanagan Lake, flowing from the west side of the Ok&aagan
throughWest Kelowna, B. The watershed has an area of approximatelirf3(Associate®016) with

a total stream length of approximately kén (SummitL996). From the forested uplands, the creek flows
through an incised valley onto a gently sloped terrace hefflowing over an alluvial fan andhto
Okanagan Lake (Associat@iL7). A summary of creek characteristics is foundamble3-16 and additional
streamspecific data is provided ippendixB6.

The lower reaches of McDougall Creek flow tlglbbwrban areas in West Kelowna with related impacts
such as bank stabilization, stormwater outfalls, road crossings, and extensive chanigéltetiag and
armouring for flood control purposes in the lowermoskrh from the mouth. Riparian vegetation cover
is relatively good considering the location of the creek in an urban cegneept for the lowermost 5081,
whichare almost completely deva of riparian vegetation due to recent flood control modifications

No permanent barriers to fish migration have been reported for McDougall Creek (Ass&fid@d The
stream is known to support populations Rainbow(Associate®016 Summit1996) anl Rainbow fry and

parr were observed in the reaches above Westside Road during field visits for this project. McDougall
Creek may have historically supported a small Kokanee spawning population that was naturally
constrained by low summer and fall flows.tVincreasing irrigation water demand on the creek, the
amount of residual flow to accommodate Kokanee spawning had become almost negligible, which likely
resulted in the elimination of the population (Wightmah Taylor 1978). No Kokanee were observed
during the (very limited) enumeration visits over the past 20 years (Webster-2008). However, it is
possible that Kokanee spawners may use McDougall Creek in the future, particularly if sufficient flows
during the spawning period and during the winterubation period were maintained.

A total ofthree riffle and four glide transects were established in McDougall Creek in August of 2016
(FigureB6-3, AppendixB6). Transects were distributed between the mouth and the top of the alluvial fan
above the cityof West Kelowna.

At present there ar&3 points of diversiorwithin the watershedand 5 pending water licence applicatigons
however, the actual volume extracted annually is unkn@#ssociated 2019)rhe City of West Kelowna

and Westbank First Naticare the two main water users in the watershed, with developed storage at the
headwaters at Hidden and Hayman lakes (Associ2@ddéb). McDougall Creek is subject to numerous
points of diversion through West Kelowna, as documented during field surveys T 2Béstreamis
currently fully recorded for irrigation unless supported by storage (FLNROEE). During the summer

low flow season, the creek goes completely dry from just upstream of Shannon Lake Road downstream
to a large groundwater discharge areeldov Daimler Drivevherethe creek regains a substantial amount

of flow. StrandedRainbowparr were observed in the dry section below Shannon Lake Ratdr losses

and gains across thaluvialfan are unknowrand could not be&learlycharacterizedluring this study due

to the number and complexity of water diversions in the systarter-basin water transfersut of the
basinoccur when water is diverted from the headwater lakes to Shannon Lake. There is relatively little
historic hydrometric informatioravailable for McDougall Creek. Two hydrometric stations were installed
for this project: one at the top of the alluvial fan upstream of West Kelowna and most points of diversion;
and one at the mouttwhich continues to operatéFigureB6-3, AppendixB6). McDougall Creek iflow
sensitivéduring summer and winter as naturalized flows are below 20% LTViaie@-17).
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Table3-16: McDougall Creek description

Drainage Area 53.5 kn?

Median Elevation 1071 m

WSC station 08NMO014 (Historicy McDougall Creek near Westbank (194P6)

ONA station 08NM590¢ McDougall Creelit Jennens Road Bridgélydromet 1(2016presen)
08NM591¢ McDougall Creek at mouth of Canyghlydromet2 (20162018)

LTMAD 0.132 n¥/s (Associated 2019)

Fish species expected Rainbow (ESS®Solander 2009)

Land use The lower watershed contains irrigated agricultural lamad commercial ang
residential developments (Associated 2018he lowest reaches of McDoug
Creek flows through Westbank First Nation reserve.

Naturalized, residual and maximum licensed flow data were provided by Associated (@@1i3n
estimated d#a quality rating of C (data error between 25% and 50%guralized flow estimation in
McDougall Creek is complicatdetcause of numerous points-diversion,scant information onflow
regulation,and complicated groundwatesurface water interactions othe fan (water disappears and

then reeemerges in a large wetland are&laturalized flow estimatelsy Associated (2018)r the summer

and fall period were considered uncertain because they appeared extremely low. Residual flow estimates
by Associated (2®) indicate flow augmentationwhich is highly unlikelyn this creek and likely
underestimate the true magnitude of diversianghey are not shown in the EFN plots below for that
reason.Estimated maximum licensed flows indicate that the creek wouldrigefrom late July to mid
September if licensed withdrawal and storage volumes vmeagimized

OkanagarTennant EFNs for McDougall Creek were developed in accordance with the methods outlined
in Sectior?.2. Ash periodicity and flow standards describedliable2-2 to Table2-6 were used Weekly
Okanagarmennant EFNs were set to the lower of the naturalized flow or flow stan®atlV information

from the study transects was then reviewed to determine whetfieal EFNrecommendations needed
adjustment from the Okanagafennant EFNA summary of EFNs for McDougall Creek is provideakile
3-18including the median EF&hdthe range of weekly EFNsjth weekly detaildn Figure3-11, Figure

3-12 and AppendixB6, and flow sensitives ifable3-17. Critical flows werecalculated as described in
Section2.4. Further information regardig EFN and critical flow settinghfcDougallCreek is provided at

the end of this section

Table3-17: Flow sensitivities in McDougall Creek

1-in-2 yr 30day 1-in-2 yr30-day

Species & life stage summer low flow winter low flow

Flow(m3/s) | % LTMAD | Flow(m?s) | % LTMAD

Rainbowrearing
Insect production 0.024 18%

Kokanee spawning

Rainbow overwintering

0.023 17%

Kokanee egg incubation
Source: Associated (2019)
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Table3-18: EFN summary table for McDougall Creek

OkanagarnTennant

Recommended EFN

Critical flow

g g EFN WUW (m3/s)
Spe;:tlzsj iis Time period EFN

g Median % | (M) |vogian % | min | max | FOW | %

(m¥s) | LTMAD LTMAD (m¥s) | LTMAD

Rainbow rearing ¢ i1 ocr31 | 0026 | 20% | 0.026 | 0.0% | 20% | 0.026 | 0.659 | 0.010 | 8%
insect productiort
Rainbav spawningl May20cu110 | 0.373 | 281% | 0.373 | 0.363 | 274% | 0.128 | 0.659 | 0.161 | 122%
Kokanee spawnin| SeplcOct20 | 0026 | 20% | 0.028 | 0.028| 21% | 0.028| 0.028 | 0.013 | 10%
Rainbow Nov1cMarch31| 0.026 | 20% | n/a | 0.026| 20% | 0.025| 0.032 | 0.010 | 8%
OverWInterlng

a while EFNs apply to the entire period, median values are presented for the summer low flow period frorsédpt 35.
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Figure3-11: Weekly EFN, critical flowand streamflowsin McDougall Creek
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McDougall Creek
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Figure3-12. Weekly EFN, critical flowand streamflowsduring the summer and fall period in McDougall Creek

Note: the peak and subsequent declinenmaximum licensedlowsin late Septembeis an artifactresultingfrom assumptions about water use
and reservoir release schedules made in the streamflow estimation process

Rainbowparr rearing

The recommended EFN f@ainbowparr rearing is 0.02m%'s (20% LTMAD), which is equal to timedian
Okanagarirennant EFNThe EFN maintains approximately 25% of maximum WUW in glides and 20% in
riffles (FigureB6-8, AppendixB6) and approximately 10% of maximum insect production WUW from
riffles FigureB6-9, Appendx B6). This EFN value is near the average naturalized sui@@raaylow flow
(0.027m?%s; Associated 2019Photos of habitat conditions in McDougall Creek at the recommended EFN
flows are providedn Plate3-11. Historical EFN recommendations wexgbstantiallyhigherat 0.085m%/s
(Robertsor1983) and 0.2n%s (ESSA Solander 2009) but were not based on field observations in
McDougall CreelCriticd flows of 0.01m%/s (8% LTMAD) are recommended for Rainbow rearing as riffle
widths declire to <60%TableB6-2, AppendixB6) andinsect production from riffles becomes zdjftigure

B69, Appendix B6).

The recommended EFN value is approximately equiietéowest summer residual flows recorded at the
ONA hydrometric station on Bartley Road (at the top of #itlavialfan above all water diversions but
influenced byflow regulation from Hayman Lake) in 2017, which was a drought yeaur€fBg4,
AppendixB6). Flows recorded at the mouth, however, were much lower and nearly dry (minimum
0.007m?¥s in 2017 and 0.01&h%s in 2018). Between the two stations the creek has a section that goes
dry but then regains most of its flow in a large groundwater disahanga below Daimler Drivdhe
limited historical discharge data also indicates very low flows near the n{&ighreB6-5, AppendixB6)
Meeting the Rainbow rearing EFN is likely difficult during most years (Figdram®6B€e5, Appendix B6).

Water tenperatures in McDougall Creek recorded at the upper hydrometric statiddartley Roaevere
generally favorable to Rainbow rearing at tleeordedflows (maximum 17C in early AugusFigureB6-
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6, AppendixB6) but were unsuitableat the mouth with daily naximum temperatures above 20 from
late June to early September, and reaching ovéC2h late JulyRigureB6-7, AppendidB6).

Rainbowspawning

Therecommended EFfor Rainbowspawning is 0.3781%/s (283% LTMAD), which is equal to the median
naturalized weekly flows during the Rainbow spawning period. This EFN maintaispdnghingWuUw
(~90% of maximumi-igureB6-10, AppendixB6) while also maximizing Rainbow parr rearing WUW in
riffles and glide. Residual flows were above the EFN from late April to early June during recent years
(Figure B#&1, Appendix B6)Photos of habitat conditions in McDougall Creek at the recommended EFN
flows are providedn Plate 3-12. The recommeded critical flow for Rainbow spawning is 0.X6%s
(122% LTMAD, Tal6-3, AppendixB6) basedon the passage depthriterion (Table2-7). One historical

EFN recommendation of Or®/s was madeby ESSA& Solander (2009).

Kokanee spawning

The recommended EFNor Kokaneespawning is 0.028%s (21% LTMAD), which is the median
naturalized flow during the general Kokanee spawning period observed in twbarstreams (early
September to mieDctober). This EFN maintains appnoately 30% of maximunKokanee spawning
WUW FigureB6-11, AppendixB6) and is near the average naturalized summerD2y Low Flow
(0.027m%s; Associated 2019)Kokanee would benefit substantially from flows greater than the
recommended EFlls WUW increases rapidypawning flows near the mouth were substantially greater
than the recommended EFN in 2017 (0:08.10m?%s) and ranging from critical flows (0.8in%s) to
greater than the EFN (0.068%s) in 2018(FigureB6-4, AppendixB6). They were below the EFN during
the short period ofavailablehistorical records (FigarB65, Appendix B6)Given theextensive history of
low flows and water use in McDougall Creékkanee spawningFNs are uridely to be met during most
years.Photos of habitat conditions in McDougall Creek at the recommended EFN flows are priovided
Plate3-11.

The recommended critical flow for Kokanggawnirg is 0.013n%s (10% LTMAD; Tabg6-3) based on
the %LTMAD criterio(Table2-7). Safe riffle passagf.12m depth over>25% of riffle widthwould be
achievedat 0.046m%'s @35% LTMADTableB6-2, AppendixB6), whichis greater than naturalized flows
during the spawning and migration peripohdicating that riffle mssage mafrequentlybe problematic
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Plate3-11: McDougall Creekabitat conditions at flows near theecommendedRainbowparr rearing(0.026m3/s) and Kokanee
spawning EFNE.028 n¥/s)

9

Riffle 2 at 0.045 s (34% LTMAD)

By

Glide 4 at 0.377 ffs (286% LTMAD) Glide 1 at 0.448 &fs (339% LTMAD)
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