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1. INTRODUCTION

This Study of Fish Passage Barriers in the Middle and Upper Susitna River and Susitha
Tributaries, Section 9.12 of the Revised Study Plan (RSP) approvedeblyetderal Energy
Regulatory Commission (FERG)r the SusitnaVatana Hydroelectric ProjecdFERC Project

No. 142417 focuses on the potential effects of Projecuced changes in flow and water surface
elevation on free access of fish into, within, and olusuitable habitats in the Upper Susitna
River (inundation zone above the Watana Dam site) and the Middle Susitna River (Watana Dam
site to the confluence of Chulitna and Talkeetna rivers).

A summary of the development of this study, together with thea’s k a Ener gy Aut
(AEA) implementation of it through the 2013 study season, appears in Part A, Section 1 of the

I ni ti al Study Report (I SR) filed with FERC in
for the Integrated Licensing Process (ILP) t h e | SR describes AEAOGsS
implementing the study plan and schedule and the data collected, including an explanation of any
variance from the study pl a®n@ctolker 15,2014, AEA €. 0
held an ISR meeting fahe Fish Passage Barriers in the Middle and Upper Susitna River and
Susitna TributarieStudy covering the material presented in the June 2014 ISR.

Since filing the ISR in June 2014, AEA has continued to implement the fpRf@ved plan for
the Study of Fish Passage Barriers in the Middle and Upper Susitna River and Susitna
Tributaries For example:

1 A technical memorandumTi) was prepared in November 2014 that presented a
proposed final list of fish species to be included in the fish barrier analysiela as
depth, leaping and velocity passage criteria for selected fish sfie2i@914)

1 During 2014,additional field surveys included evaluationpatential vertical geologic
barriersin six tributaries in the Middle and Upper Susitna River aime tributary mouth
thalweg surveysn Middle Susitna River All 2014 surveysfollowed the approach
described in the ISR Section 4.5 (AEA 2014) and in the Fish Passage Barrier Assessment
Implementation Plan (HDR 2013) using species and passage criéscabed in the
November 2014 TM(R2 2014) Additional field data in support of this studyas
collected at modeling sitetSR Section 4.3.pAEA 2014) by other studie¢see ISRs for
Study 6.6 Sections 4.1.2.9.2 and..2.93. and Study 8.5 Section 4&hd 4.6; AEA
2014).

I n furtherance of 't he nex tStudydlamDetermihatioltSBIR me et i
expected in 2016, this report descr$Stldeed AEAOG:
Fish Passage Barriers in the Middle and Upper Sus$tinar and Susitna TributarieStudy

9.12 during calendar year 2014. Rather than a comprehensive reporting of all field work, data
coll ection, and data analysis since the begin
to supplement and updatee information presented in Part A of the ISR forah&ish Passage

Barriers in the Middle and Upper Susitna River and Susitna Tribu@iuely through the end of

calendar year 2014. It describes the methods and results of the 2014 effort, anesiaclud
discussion of the results achieved.

Susitna-Watana Hydroelectric Project Alaska Energy Authority
FERC Project No. 14241 Page 1 October 2015
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2. STUDY OBJECTIVES

Theoverallgoal of Study 9.12is to evaluate the potential effects of Projectuced changes in

flow and water surface elevation on free access of fish into, within, and out of suitable habitats i
the Upper Susitna River (inundation zone above the Watana Dam site) and the Middle Susitna
River (Watana Dam site to tle®nfluence of Chulitna and Talkeetna riverd)his goal is being
achieved by meeting the following objectives:

1. Locate and categorizdl existing fish passage barriers (e.g., falls, cas;ddaver das)
road or railroad crossings) located in selected tributaries in the Middle and Upper Susitna
River.

2. Locate the barriers using a global positioning system (GPS), identify the type(@ernm
temporary, seasonal, partial), and characterize the physical nature of any existing fish
barriers | ocat ezdne of hydrblogic influénexHB.r oj ect 0 s

3. Evaluate the potential changes to existing fish barriers (both natural andaazn
located within the Projectds ZHI

4. Evaluate the potential creation of fish passage barriers within existing habitats
(tributaries, sloughs, side channels;dffinnel habitats) related to future flow conditions,
water surface elevations, and sediment tramspo

Field activities during 2014 were designed to help meet objectives (1) aaad(dill supply the
baseline condition for future evaluations of barrigation under Objectives 3 aAd

3. STUDY AREA

The study area includes the mainstem and selechedaries in the Upper and Middle segments
of the Susitna River that would be affected by construction and operation of the Pfaject.
purposes of this study, the study area has been dividethreEsegments:

1 Upper Rived Susitna River and selectéibutaries within this segment extend from the
Proposed Watana Dam site (RM 184 [PRM 187.1]) to the upper extent of the Proposed
Watana Reservoir Maximum Pool (PRM 232.5)n tributaries known to support
Chinook Salmon barriers were surveyed to,0B0 ft elevation unless a permanent
impassable barrier existed between 2,200 and 3,000 ft elevation. If a barrier existed
within this range, surveys stopped at the barrier.

1 Middle Rivel® Susitna River and selected tributaries within this segment extend feom th
Proposed Watana Dam site to the lower extent of Devils CaRM 153.9. In all
tributaries, barriers were surveyed tgO@ ft elevation or to the firstpermanent
anadromous barrier.

1 Middle River below Devils Canyod Passage stydsitesin the mainstem Middle River
included sloughs, upland sloughs, side channels, and tributary m&absage studies in
tributaries to the Middle River included select tributaries and extended from the mouth to
includethe upper limit of the ZHI for eactributary, The ZHI is defined as a iygar
recurrence flow interval (38,500 cubic feet per second)[atsGold Creek.

Susitna-Watana Hydroelectric Project Alaska Energy Authority
FERC Project No. 14241 Page 2 October 2015
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4, METHODS

Methodsof 2014 activities included the finalization of proposed target fish species and passage
criteria, followup field asessment at six geologic barriers and field surveys of nine tributary
mouths in the Middle Susitna River.

4.1. Fish Species Identification

The methods for selecting the 11 target fish species were detailedis R2Fi sh Passage
Technical Memorandum (R2 2014, http://www.susitnavatanahydro.org/wp
content/uploads/2014/11/BarriBassag€riteria TM-20141110.pdf

4.2. Passage Criteria for Identified Fish Species

The methods for developing passage criteria for selected target fish species were detailed in R2
(2014; http://www.susithawatanahydro.org/wgontent/uploads/2014/11/BarriBassage
CriteriaTM-20141110.pdf

4.3. Site Selection

As described in 9.12 ISR Section 4.3 (AEA 2014), site seleftiohoth geologic and tributary
mouth field surveys was completed in 2013 for field surveys conducted over &813014
study seasons

4.4. Field Methods

Study methods for field surveys conducted during 2014 varied primarily depending on the type
of barrier being assessed. Depth barriers wertuateal at the mouths of tributaries whereas
geologic barriers (cascades and waterfalls) were assessed within tributary streams. All surveys
were conducted during a low flow window in late September to early October, just prior to
freeze up.

4.4.1. Geologic Barriers to Fish Passage

The 2014 surveys of potential geologic barriers coedisfa follow-up to surveys conducted
during 2012 and 2018sing the methods described $itudy 9.12 Implementation Plan (AEA
2013;  http://www.susitnavatanahydro.org/wjgontent/uploads/2013/06/2008-17-Barrier
ImplementatiorAPlanFiling.pdf)

Six geologic barriers that had been previously visited apdrted as potential barriergere
revisited duringall low flow conditionsto se if access for measurement woulddxeesible and

if not, to photo document and further describe each barferial surveys were caucted from
October4 to Octoberl0, 2014 and no safe landing zones were located in the vicinity of barriers
even under low flow conditionsConditions at hie following six potential barriers and were
assessed

1 Upper River

Susitna-Watana Hydroelectric Project Alaska Energy Authority
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0 PB201.8A and 201.8B in Unnamed Tributary 204.5
T Middle River

0 PB152.4A in Cheechako Creek

0 PB155.3Cin Unnamed Tributary58.7

o PB161.5C inanUnnamed Tributary to Devil Creek

0 PB165.6A in Unnamed Tributar69.1

4.4.2. Beaver Dams

As repored in the ISR (Section 4.4.2)field survey datacollection on beaver dams in Focus
Areas wasompletedn 2013for Study 6.6 Section 4.1.2.9.2 (AEA 20laf)daerial surveys of
activebea\er lodges were completed by the Aquatic Furbe&@ardy(Study10.11Section 5.

In 2014, AEAcompletedremote mappin®@f beaver damas part ofthe riparian surveys being
conductedby the Riparian Vegetation Study Downstream of the Proposed SWgitena Dam
(Study 11.6) All potential beaver damicated between PRM 187.2 and @@re identified
using the methods detailecelbw. Dams were assigned to one of fourustural integrity
categoriesintact, partial, undetermined, or not intact.

The remote mapping of beaver dams was conducted within the study area for Study 11.6 (PRM
187 29) by a GIS analyst escreen inArcGIS. Beaver dams were phetoterpreted from and
digitized over 1) 4and Digital Mapping Camera aerial imagery dbat resolution (haHoot

for selected areas), and 2) Bare Earth DEM Hillshade from LIiDAR. The aerial imagery and
LiDAR were both acquired atultiple dates in 2011 by Aerometric (now Quantum Spatial) for
the Matanusk&usitna Borough Imagery and LiDAR project. The Integrated Terrain Unit (ITU)
mapping prepared for Study 11.6 (ISR 11.6, Part A, Section 4.3.2) and the beaver colony
locations fran Study 10.11 (Aquatic Furbearer Abundance & Habitat Use, ISR 10.11, Part A,
Section 4.1) were also used as base layers in the mapping of beaver dams.

Beaver dam mapping occurred in two steps. First, to acquire an image library of known beaver
structuresand the experience to identify beaver structures across the full study area, the analyst
assessed the imagery at a scale of 1:3,000 to 1:5,000 in areas with known beaver activity. Areas
with known beaver structures were identified based on the beaver dotmiions from Study

10.11, beaver dams observed by field personnel working on the Geomorphology Study (Study
6.5) and reported in ISR 6.5 (Table #)1 and from those aquatic geomorphic units in the Study
11.6 ITU mapping with a high likelihood of beavpresence (e.g., Shallow Connected Beaver
Pond). Beaver dams were usually found at the 1:3,000 to 1:5,000 scale by finding deep, clear
water impoundments or linear features in waterways. LIDAR was used to evaluate the
geomorphology of questionable argagere water impoundments were observed but surface
features were difficult to distinguish). Second, the analyst zoomed in (1:1,000 scale) to each area
where potential beaver dams were identified during Step 1 and mapped potential beaver dams as
line featues. Following the initial mapping, the biologist that completed the beaver colony
surveys for Study 10.11 reviewed each of the digitized line features. Each digitized line feature
was assigned two data attributes, including 1) the likelihood that thgzedyiline actually
represents a beaver dam, and 2) for those digitized lines determined to be a beaver dam, whether
or not the dam appeared to be intact or not based on review of the imagery

Susitna-Watana Hydroelectric Project Alaska Energy Authority
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4.4.3. Passage Conditions in Tributary Mouths

Thalweg profilesurveyswereconductedrom the confluencavith the Susitna Rivenpstreanto
include the tributary mouthfor nine Middle River tributariesising methods described in ISR
Section 4.4.3 In summary, longitudinal profiles were collected, along with depth and tgloci
measurements and stream substrate assessments, at each thalweg surveyheoiRQ14
surveyscovered the extent of the tributary delta for all tributari€seld surveys began with
Susitna flows just above0,6 cfs on Septembe30 (at the USGS Gold Creek gat5292000)
and concluded with flows belo®420 cfs onOctober4, 2014

Nine Middle River tributary mouths were surveyed for passage conditions and evaluation of
current and/or future potential barriers.

1 Middle River
0 Tsusena Gek (PRM 184.6)
o Fog Creek (PRM 179.3)
o Devil Creek (PRM 164.8)
o Chinook Creek (PRM 160.5)
o Cheechako Creek (PRM 155.9)
Middle River below Devils Canyon
o Jack Long Creek (PRM 148.3)
o Little Portage Creek (PRM 121.4)
0 McKenzie Creek (PRM 120.2)
o Lower McKenzie Crele/Slough(PRM 119.7)

444, Variances

There were neariances for 2014 beyond those described in theP&RC (AEA 2014).

5. RESULTS

Results of 2014ctivities include the finalization of proposed target fish species and passage
criteria, follow-up field assessme at six geologic barriers and field sun®gf nine tributary
mouths in the Middle Susitna River.

5.1. Fish species and passage criteria selection

Species and, where appropriate, lifstagespecific criteria have been developed for a list of
target speciesThe criteriawill be used to evaluate the potential for these barrier features to
impede free passage of fish®ongeach of the aforementioned habitdish species selection

Susitna-Watana Hydroelectric Project Alaska Energy Authority
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and passage criteria were reportedha Fish Passage Criteria Technical Meamolumfiled
with FERC Novembet4, 2014(R2 2014) Theresults of the TM are summarizbdlow.

5.1.1. Fish Species Selection

Some fish speciem the Susitna Riveexhibit life history patterns that rely on multiple habitats
during freshwater rearing, and theved, theymay be more sensitive to changes in access to side
channels, sloughs, and/or tributary habitalarget species fdish passage barrier analysigs

based on passage sensitivity, presence in thedl®iand Upper Susitna, arndcations of
potental barriers Table 5.11). Following the technical team meeting on March 19, 2014,
additional species were recommended by licensing participants including Actiprey,
Bering Ciscq Eulachon Northern kke, and Humpback Whitefish AEA examined the
distribution of these additional species, and it was determinedbtitat Arctic Lamprey and
Humpback Whitefistare present in the Middle River. Thus, these two species were added to the
target species ligTable 5.11).

The distribution oBering Ciscoand Eulachonwere determinedo beoutside ofthe study aga.
In addition, the life history and distribution of these fishes indicate a reliance mamstem
habitat and/or very large tributaries duritigeir limited time in the Susitna Rivdrasin
Consequently, neithétulachonnor BeringCiscowere aded to the target species list tbis
study.

Northern Pikeinitially was excluded from thedarget speciedist for Study 912 due to
distribution outside th&tudy Area; however, based on consultation during the November 2014
Fish Barriers Teahical Team Meeting, AEA will evaluatorthern Pike under the modeling
component of this study as related to potérgféects of Project operation on mainstem flows
and migratory conditions, i,eelimination of mainstem velocity barriers. This modeling will
occur with the use of mainstem velocity data collected under Study 8.6 (AEA 2014).

5.1.2. Passage Criteria for the Selected Fish Species

A literature review of passage criteria was conductedheradult and juvenile life stages of
targetfish speciesdentifiedin Table 5.21. Salmonid passage criteria are well researched and
some criteria exist for all speciesPassag criteria for many nosalmonids have not been
extensively researched, and in some cases, criteria do not currently \&hste criteria for
selected species were not availabbeiteria forc | os el y rel at ed Asurrog
substituted.Basic @tegories of fish passage critegnaluatedor use in this study include water
depth, fish swimming ability (as related to velocity criteria), and fish leaping ability. Depth
criteria will be used to assess fish passage into, within, and out of sideetd)asloughs, and
tributaries. Leaping criteria will be used to evaluate the vertical and horizontal distances fish
must leg to pass an isoladegeologicbarrier. The velocity component of passage at a physical
or depth barriealsowill be applied wiere velocity may influence successful passage.

5.1.2.1. Depth Criteria for Adult Upstream Migration and Downstream Migration

Minimum depth criteria for fish passageviedeen reported for many fish spegidshoughthe
majority of studieshavefocused on the deign of fish passage structure3he criteria used to
assess minimum depth requirememisevariedby study with fish size and life stageA range

Susitna-Watana Hydroelectric Project Alaska Energy Authority
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of minimum depth criteria from thigerature for targetish species and life stages are presented
in Table 5.12.

5.1.2.2. Leaping Criteria for Adult Upstream Migration

The ability of a fish to pass a vertical barrier is determined by speuieslife stagespecific
endogenous factors such as burst speed, swimming form, and leaping capability. Exogenous
factors include water depth, stream flow, and barrier geoméitapble 5.13 presentghe leaping

criteria from source documents.

Leaping curves and jumping equations assume that the depth of tha figiolleas from is
adequatdor achieving maximum speed #te initiation of the jump Both a minimum pool
depth and the ratio of barrier height to pool ddmlie been suggested as appropriate metrics by
which to evaluate potential for succesgbalssageThese general guidelines weareorporated

into the USFS2001 Aquatic habitat management handbook for the Alaska Regiorarand
presented iMable 5.14.

5.1.2.3.  Velocity and Gradient Criteria

Velocity can becoman effective barrier wheftow is concentrated, tHhength and velocityf

the flow field combine tovet o me t he f i shods s wi mmiofthg chanbel | i t vy,
does not allowthe fish to leap over or otherwise avoid the velocity barRerResource

Consultantsinc 2007).In addition to a critical velocity barrier, upstream passage can be limited

by the channel gradient over an extended reach if no resting areas are present. Fish passage may
occur at steeper gradients over shorter reaches (e.g. > 50 patc2digradient for Chinook,
CohoandSockeye Salmgnbut the gradient for successfulspage decreases with increasing

reach length (

Susitna-Watana Hydroelectric Project Alaska Energy Authority
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Table5.314). Pr ol onged swi mming is an indication of
whereas burst swimmingrovides an indication of the ability of fish to traverse discrete high
velocity areas We recommend thahe high-endof prolonged speed and burst speed are

applicable to fish passage in higher velocity and gradient reaches found in Susitna River
tributaries. Known gecies and lifestagespecific prolonged and burst speadues were

obtained from the literatur@re reported iTable 5.15.

5.2. Geologic Barriers
5.2.1. Cheechako Creek, PB152.4-A

Cheechako Creekgcated on the right bank of the 8na River at PRML55.9was flownfrom
helicopteron October 10, 2014 There was no safe landing site within the vicinity of the
potential barriesitethatwas located approximategnemile upstream from the moutiThe site
containedhree waterfallsdllowed by ahigh gradient reach of boulder dominated cascadlbe
waterfall located at the upstream end of the reaels estimated dive fed in heightand was
preceded by a 40 fong cascadeRigure 5.21; upper left) The height ofmiddle waterfdlwas
estimated at 10 find below thisvaterfall the stream dropped into a turbulent p€bure 5.21,
upper right) The lowermost waterfall was estimated8afeet in height. Downstream of this
lowermost waterfall was a high gradidrdulder cascadestimated at 200 ft lon@rigure 5.21;
lower righ). The 2012barrier classificationof Potential Fixed Permane@ompoundbarrier
wasconfirmed This site could not be confirmed or disproved as a complete barrier to upstream
passage of fishesebauset could not be measured due to lack of acceBie high gradient
nature of theéhabitat downstream of élower falls indicateshatpassagdor adultsalmon at this
siteis unlikely.

5.2.2. Unnamed Tributary 158.7 (RB), PB155.3-C

The potential barriewas locagd in an unnamed tributarthat flows intothe Susita River at
PRM 158.70on river right Thebarrier survey was flowon October 4, 2014The stream section
surveyed contained continuous steep cascade estimatecktgrbater than 250 ft lorandwith
a gradient estimated ahore than 45 degreegFigure 5.22). The site was relassified, asa
Fixed Permanent Boulder Cascduterier to upstream fish passage duexcessivegradient

5.2.3. Unnamed Tributary to Devil Creek, PB161.5-C

The potential barriewas located iran unnamed tributary t®evil Creekapproximately 200 ft

from thetributary confluence with Devil Creek, and approximately one mile from the mouth of
Devil Creek This sitecontained three waterfalls estimated otem feetin height with few

resting places between waterfalllgure 5.23). Although a plunge pool was observed below

the downstream waterfall, high gradient boulder cascades were observed above and below the
multiple waterfallsthat would preclude fish passageThe site wage-classified asa Fixed
PermanenCompound barrier

Susitna-Watana Hydroelectric Project Alaska Energy Authority
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5.2.4. Unnamed Tributary 169.1, PB165.6-A

This potential barriewas located on Unnamedributary 169.1 entering the Susitna River on
river left The barrier was approximateB,000 ft from thetributary mouth The survey,
conducted on October 10, 20ldstimatedthe waterfall waggreater than 12 ft with boulder
cascades above and below the waterfallhe gradient of the downstream cascade was 17
percent. The site classification was maintatheFixed RermanentCompound(Figure 52-4);
because n@round measurements were possible the site is considered a potential barrier to
upstream fish passage

5.2.5. Unnamed Tributary 204.5, PB201.8-A and PB201.8-B

These potential barriersane located on an unnamed tributary entetimegSusitna River on river
left. The lowermost barrier wagpproximately 500 ft upstreamfrom the creek mouth.The
survey occurred on October 6, 201%he barriers were approximately 500 ft apdonder the
low flow conditions, the gtimated height fothe downstream waterfalPB-204.5A) was P ft,
while the estimated height for upstream waterfall (P@&4.5B)was 10 ft Figure 52-5). Both of
the estimated heights were greater than the previous survey at higher Tl ssitewas re-
classified as a Fixed Seasonal Compound barrier

5.3. Beaver Dam Survey

Review of remote imagy for approximately 89miles of the Middle River identified 433
potential beaver dams (Figure BB The assessment of structurategrity of the dams
identified 164 intact dams, 34 partial dams, and ddfintact dams. The integrity of 8&ams

could not be determined froremote imagery. The dam locat®are presented in 19 of the 43
reach maps depicting the results of the review (Appendix A) and these detailed maps also
indicate the dams within Focus Areatere field verification occurreds part of Study 6.6.

Dam. Heiglts and status of the field verified dams is reported in Tabl&¢.5.3

5.4. Tributary Mouth Surveys
5.4.1. Lower McKenzie Creek/Slough (PRM 119.7)

Lower McKenzie CreelSloughenters into the mastemSusitna Riveon the left bankat PRM
1197. The stream channefassurveyed for a distance of 343.70ft September 32014 At
theupstreanmend of the survey, upstreasha culvert under the Alaska Railrqate stream was
flooded by a beaver dam partially blocking the culyEigure5.4-1).

Downstreamof the culvert,the stream traversedlarge pool &t thalweg station 275.1 fthen
spedup overa shallow riffle Figure 54-2). Overall, substrate downstream of the culvert was
dominated by a mixturef cobble, gravel and silt with depths between 0.2 and 3Tafilé 5.4

1). A mainstemgrawel bar extende@dcross the creek mouth and separated the dreskthe
mainstenSusitna Riveat the low flow condition during surveys (meadeily flow at Gold Creek
was 10,609 cfs)

Susitna-Watana Hydroelectric Project Alaska Energy Authority
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During the surveysurveystaff wereaccompanied by personnel from the Alaska RailroBhey
indicatedthat the beaver would be-lecated from this location prior to freem@. The geometry
and composition of Lower McKenzie Cré8lough likely will change after removal of the
beaver(s)

5.4.2. McKenzie Creek (PRM 120.2)

McKenzie Creelenteredhe Susitna Riveon riverleft at PRM 120.2 The stream chamel was
surveyedfor a distance of 348.8 fin September 30, 20iffom downstream of the railroad
culvert to the mouth This section ofcreek was contained withira defined channelas it
meandeed through a mixed cottonwood and birch stéiRgure 54-3). Downstream of the
hardwood stand|dw spread out acrosssmall boulder aprojust before reaching the Susitha
River (Figure 54-4). Duringlow SusitnaRiver flow conditions(meandaily flow at Gold Creek
USGS gage was 10,609 cft)e creek mouth was separated from the mainstem flow by a gravel
bar. Thalweg substrateeasdominatedoy cobbles andravel withwaterdepths between 0.3 and
1.0ft and water velocities averaging Iekt per secondis) with a maximum of 2.8 fpgTable
5.4-2).

5.4.3. Little Portage Creek (PRM 121.4)

Little Portage Creekvas surveyed over a distance of B48.on September 30, 2014. The
stream flowedhrougha moderate gradient channel and dispemass aleltabefore reacimg

a shallowside channetiffle adjacent to théeft bank of theSusitnaRiver. While this riffle was
comprised solely of creek flow during thiew flow survey conditions it kely becomes
submergedby mainstem flowsat higher SusitneRiver flows (Figure 54-5, Figure 54-6).
Substrate were dominated by cobble and gravel astdeamdepth ranged from 0.25 to D.1t
(Table 5.43). Water velocity was generally low with an average of 0.8 fps and range of 0.4 to
1.9 fps.

5.4.4. Jack Long Creek (PRM 148.3)

Jack Long Creekntered the Susitna River on river right at PRM 148.3. The stream chamel
surveyed over a distance of 297.7 ft on October 1, 2@t4he upstream end of the survey, the
channel was distinct withidgsh gradients up to 7.3 percent and large boulderifes 5.4-7 and
Figure 54-8). The streamthen dispersed over a large dafiaminatedby boulde and cobble
substratgFigure 54-7) and nodefined thalwegvas present Nevertheless, the deepest channel
with the majority of the flow was surveyed and this channel extended in the downstream
direction of the mainstem Susitraiver. Substrate along the entire thalweg survey was
dominated by boulder and cobble and channgttderanged from 0.9 to 2.1 ffT@ble 5.44).

Water velocity averaged 2.8 fps with a maximund g fps.

5.4.5. Cheechako Creek (PRM 155.9)

Cheechako Cregpinedwith the Susitna River on river left at PRM 155.8pproximately 130
ft of the lower portion of tis streamwas surveyed on October 2, 2014The mouth of
Cheechako Creek was a high gradient rapid with numerous pools andtlmpgh a large
boulder cascad@-igure5.4-9). Substrate was dominated by boulders and cobblesawgitbater
proportion of bedrock at the upper survey statidfl®w deptls rangedrom 13 to 23 ft (Table

Susitna-Watana Hydroelectric Project Alaska Energy Authority
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5.4-5). Velocities were consistently high, ranging fror8 th 5.0fps with a mean velocity &.7
fps The channel was incised through an unconsolidated gravel and boulder Gaekall
gradien for the 138.3fed-long thalweg profile wa%.1 percentwith a maximum of 19.3 percent
(Figure 54-10).

5.4.6. Chinook Creek (PRM 160.5)

Chinook Creek joiad the Susitna River on river left at PRM 160.9.he lower sectiorof
Chinook Creekwas suveyedfor 157 fton October 2, 2014and consised of a high gradient
rapid with numerous pools and dropsong large boulder§Figure 5.411). Substrate was
dominated by bedrock, boulders and cobbles with flow depihging from 1.0 to 2.1 ft
Velocities were consistently high, ranging from 1.8 to f§§'with a mean velocity of 4.8s
(Table 5.46). The channel was incised through an unconsolidated geacelboulder bank
Overall gradient for théhalweg profile wagl.3 percent(Figure 5.412).

5.4.7. Devil Creek (PRM 164.8)

Devil Creek joiredthe Susitna River on river right at PRM 164.8he mouth of Devil Creek
was surveyed on October 3, 20d¢er a distace of 141.9 ft This section of the creedonsisted
of a high gradient rapid with a distinct thalweg that ran auljato a bedrock wallFigure 5.4
13). The depth and swiftness of the thalweg prevestedeystaff from measuring flow ithe
deepesthannel As a resultwater velocityand depthmeasurementsiay underestimatealues
atthe thalwedgor some stationsOverall gradient for the thalweg profile wa® percenand the
substrate was dominated by bedrock and bouldegsire 5.414). Theflow depth ranged from
1.4 to 5.0 ft, and flow velocities were between 1.8 addps with a mean of 4.1 fpéTable 5.4
7).

5.4.8. Fog Creek (PRM 179.3)

Fog Creekjoined the Susitna River on river left at PRM 179.3 distance of 370 fivas
surveyed on October3, 2014. In the mouth of Fog Creelow split into two channelsacross a
broad debris farfFigure 5.415). The majority of flow(estimated >9@ercent\was contained in
the north channel where the survey was conducidée substraten this channelvasdominated
by bedrock and cobble witlvaterdepths between 1.1 and Zt4and velocities between 2.7 and
7.4 fps with an average of 5.0 fBable 5.48). Overall gradient for ththalweg profilewas 25
percent with a maximum of 12.6 percéhRigure 54-16).

5.4.9. Tsusena Creek (PRM 184.6)

Tsusena Creejoined the Susitna River on river riglat PRM184.6 The mouth of Tsusena
Creekwas surveyedn October 4, 21Q%ver a distance of 374f8 The streanilowed across a
broad alluvial fan consisting of shallow flow over a large extent of the fan as welthas a
well-defined thalweg channeFigure 54-17). The substrate was dominated by bedrock and
cobble withwaterdepths between 0.95 and 2.8Table 54-9). Average watecolumnvelocity
ranged from 1.1 to 6.fpsand the overall gradieaiong thethalweg length wa%.5 percentwith

a maximum of 91 percent(Figure 54-18).
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6. DISCUSSION

To date, the Study of Fish Passage Barriers in the Middle and Upper Susitna River and Susitha
Tributaries has identified target fish species to be evaluated with input frenticensing
participants and has proposed velocity, leaping, and depth criteria to use in evaluating
species/lifestage specific passage potential. In 2012 through 2014, AEA configletedrveys
conducted under this study, includiagrial surveys foreplogic barriers in all major tributaries

in the Upper and Middle River arnldalweg surveys of tributary mouths within the Middle River.

In addition, field data collectioncharacterization of existingphysical barriers within FAs
including beaver dams, drfor additional selected trilbary mouthsoutside of FAs has been
completed by th&seomorphology Study (Study 6.8nhd Instream Flow Study (Study 8&nd

will be used to developed hydraulic and fkisabitat models

In addition, he Salmon Escapement 8yuis evaluating the upstream passage of adult salmon
through Devils Canyon (Study 9.7). Impacts of changes to barriers will be evaluated in
coordination with results from ti@eomorphology Modeling Study (Study 8F$h and Aquatic
Instream Flow Study ¢8dy 8.5), the Upper and Middle River Fish Distribution and Abundance
Studies (Studies 9.5 and 9.6), and the Habitat Characterization and Mapping Study (Study 9.9).
Both data collection and model development activitiesaardrack to evaluate the potemtia
effects of Projecinduced changes in flow and geomorphology on free access of fish into, within,
and out of suitable habitats in the Upper River and the Middle River.

7. CONCLUSION

The Study of Fish Passage Barriers in the Middle and Upper Susitna d&ideSsitna
Tributaries hasl) documentecxistingbarriers preserin Middle and Upper Riversibutaries

2) characterized the thalweg depths and velocities within selected Middle River Tributary
mouths, 3) characterized beaver dams within FAs, 4) ateduconsultation with licensing
participants on target fish species and passage criteria, and 5) coordinated with interrelated
modeling studies. Thigeld data collection efforts for characterizing existing barrier conditions
are complete. To evaluateetipotential for Project Operations to alter barrier conditions in these
areas outputs from modeling efforts will be integrated with the data collected to fully achieve the
approved study objectives.

7.1. Decision Points from Study Plan

No decision points beyonthosedescribed in Study 9.12 ISR Part C (AEA 20héve been
established

7.2. Modifications to Study Plan

No modifications to the Study Plan are needed to complete the study and meet Study Plan
objectives.
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9. TABLES

Table 5.12-1. Target species lisfor fish passage barrier evaluationfollowing consultation with licensingparticipants.

Target Species

Chinook Salmon

Chum Salmon

Coho Salmon

Pink Salmon

Sockeye Salmon

Arctic Grayling

Arctic Lamprey!

Burbot

Dolly Varden

Humpback Whitefish

Northern Piké?

Rainbow Trout

1Target species suggested for consideration by licensing participants.
2Northern Pike will be evaluated for mainstem velocity barrier.
3Bering Cisco and Eulachon were suggested but not added due to distribution and life history characteristics.
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Table 5.1-2. Depth criteria required for fish passage aseported in the literature for targeted fish species and adult and
juvenile life stages

Species Lifestage Depth(f(t.;rlterla References

adult 0.6 ADF&G (2001)
Arctic Grayling

juvenile | 0.4 ADF&G (2001)

adult 0.2-1.0 ADF&G (2001)
Dolly Varden

juvenile | 0.2 Bugert et al. (1991)

adult 0.8-0.9 CDFG (2013), Thompson (1972)
Chinook Salmon

juvenile | 0.3 CDFG (2013)

adult 0.6-0.7 CDFG (2013), Thompsofl972)
Coho Salmon

juvenile | 0.3 CDFG (2013)

adult 0.6-0.8 CDFG (2013), Thompson (1972),
Chum Salmon

juvenile | 0.3 CDFG (2013)

adult 0.6-0.8 CDFG (2013), Thompson (1972),
Pink Salmon

juvenile | 0.3 NMFS (2008)

adult 0.67 0.7 Bates et al(2003)
Sockeye Salmon

juvenile | 0.3 CDFG (2013)

adult 0.5-0.7 Snider (1985), CDFG (2013)
Rainbow Trout

juvenile | 0.3 CDFG (2013)

Note: Northern Pike are being evaluated for velocity and not depth
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Table 5.12:3. Pacific Salmon leapingheight capabilities from three sources.

Leaping Height (feet)
Species -
Poweruz.l%réclla )?rsborn Relser(zliggslz)’eacock USFES (2001)
Dolly Varden - - 6.0
ChinookSalmon | 7.5 7.9 11.0
ChumSalmon 3.5 4.0 4.0
CohoSalmon 7.5 7.3 11.0
Pink Salmon 3.5 4.0 4.0
SockeyeSalmon | 7.5 6.9 10.0

Note:Assumes a trajectory 8fa8h a condition factor of M&ximum leaping height is less at a lower trajectory and lower fish condition
factor.
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Table 5.1:4. Pool depth andchannelgradient fish passagecriteria for target Salmonidsadapted from the Forest Service
Handbook 2090.21Adult Salmonid Migration Blockage Table.

A blockage may be
presumed ipool
depth is less than
the following, and
the pool is
unobstructed by
boulders or be
bedrock:

(a)<4 feet (1.10) in the case o€ohoandSteelheadand

(b)<2 feet (0.6m) in the caf other anadromous fish species.

Species
Criterion Chinook Coho Sockeye Pink/Chum Dolly Varden
Pool depth 1.25 x jump height, except that there is no minimum pool depth for f

Steep channel

A blockage may bg
presumed if
channel steepness
is greater than the
following without
resting places for
fish:

>225 feet (68.6m) @ 12% gradien
>100 feet (30.5m) @ 16% gradien

>50 feet (15.2m) @ 20%radient

>100 feet| >50 feet
(30.5m) @ 9%
gradient (152m) @

30% gradient
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Table 5.15. Swimming capabilities and velocity criteriafor fish passagebasedliterature valuesfor selected fish specieand life stages.

Prolonged Speed Burst Speed
Life
Species stage ft/s References ft/s References
Arctic Grayling Adult 1.4-4.1 | Katapodis (1992) 6.9-13.9 | Bell (1991)
Juvenile | 0.5-0.8 | Deegan et al. (2005) NR NR
2 Robinson and Bayer (2005), @ 2 Mesa et al. (2003)? Keefer
Arctic Lamprey Adult 0.2- 0.8 | Clemenset al.(2012) 2.5-10 et al.(2010)
Juvenile | 0.3-0.6 | ®Sutphin and Hueth (2010) 1.0-2.5 | 2Sutphin and Hueth (2010)
Jones et al. (1974), Schwalme et
Burbot Adult 1.3-2.6 | (1985) 1.1-4.0 Bell (1991)
Juvenile | 1.1-1.3 | Jones et al. (1974) NR NR
Adult 2.0- 3.3 | PBeamish (1980) 4.2-7.5 | PMesaet al.(2004)
Dolly Varden -
Juvenile | 0.51.6 | °“Mesaet al.(2004) NR NR
Humpback Adult 1.0- 2.3 | Jones et al. (1974Beamish (1980) 3.0-4.0 Bell (1991)
Whitefish Juvenile | 0.2-1.3 | Jones et al. (1974) NR NR
. Adult 1.97 2.0 | Peake (2008} 5.71 17.# | Peake (2008)
Northern Pike Juvenile | 0.471 1.2 | Peake (2008) NR NR
2.9 - 11.0 -
Chinook Salmon | Adult 11.0 Bell (1991) 22.1 Bell (1991)
Juvenile | 0.5-0.9 | Furniss et al. (2008) 2.0-2.3 | Randall et al. (1987)
3.1 - 11.7 -
Coho Salmon Adult 10.9 Lee et al. (2003) 21.0 Bell (1991)
Juvenile | 0.4-2.1 | Bell (1991) NR NR
Chum Salmon Adult 1.7-5.1 | Aaserude and Orsborn (1985) 6.0- 12.6 | Powers and Orsborn (1985)
Juvenile | 0.4-0.6 | Smith and Carpenter (1987) NR NR
2.9 - 11.0 i
Pink Salmon Adult 11.0 Lee et al. (2003), Bell (1991) 21.0 Bell (1991)
Juvenile | 0.4-0.5 | SmithandCarpentef1987) 7.71 11.0 | PowersandOrsborn (1985)
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STUDY IMPLEMENTATION REPORT

FISH PASSAGE BARRIERS (STUDY 9.12)

Prolonged Speed Burst Speed
Life
Species stage ft/s References ft/s References
10.0 - | Bell (1991), Bainbridge
Sockeye Salmon | Adult 4.07 8.8 | Bell (1991) 21.9 (1960)
Juvenile | 1.4-2.1 | Bell (1991) NR NR
14.0 -
Rainbow Trout Adult 2.1- 2.6 | Furnisset al.(2008) 20.3 Bell (1991)
Juvenile | 1.0-2.0 | Bainbridge(1960) 24-7.2 Bainbridge (1960)

apacific Lampreyis used as a surrogateArctic Char is used as a surrogat®ull Trout is used as a surrogateConverted from
metric UCrit speeds at temperature greater than ;122V@ximum swimming speed f&0.7 to 35.8 cm Northern Pike at 15°%r
Bull Trout, NR = no reference available
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STUDY IMPLEMENTATION REPORT

FISH PASSAGE BARRIERS (STUDY 9.12)

Table 5.3 1. Data from field verification of beaver dams in Focus Areas.

Focus

Dam ID | Survey Date | Area Status Height (ft) Comments
Large beaver dam in uplar

1 9/14/13 FA-104 | Active 5.5 slough

2 9/ 14/13 FA-104 | Undetermined ND Beaver pond

3 9/15/13 FA-113 | Inactive ND Old beaver dam
Abandoned beaver dam th
was partially filled in. Raise

4 9/16/13 FA-113 | Inactive ND water table.

Old beaver dam was inta
but doesn't appear to

5 9/16/13 FA-113 | Inactive ND active.

6 9/16/13 FA-115 | Active ND Beaverdam in upland sloug|
Two dam structures locate
at stream end of sa

8 8/26/13 FA-128 | Active ND slough.

Old abandoned, breachg

7 9/20/13 FA-115 | Inactive 5 beaver dam.

Two points associated wit
one beaver pond andolwn

9 8/15/13 FA-138 | Inactive ND* out beaver dam
Two points associated wit
one keaver dam acrossside

11 8/14/2013 FA-138 | Active 15 channel
Beaver dam at head

12 8/14/2013 FA-138 | Active 2 coarse riffle
Downstream end of beav

14 8/15/2013 FA-138 | Active 3 dam
Beaver dam across upla

15 9/21/13 FA-141 | Active 3 slough; status uncertain.
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STUDY IMPLEMENTATION REPORT

FISH PASSAGE BARRIERS (STUDY 9.12)

Focus
DamID | Survey Date | Area Status Height (ft) Comments
Beaver dam in uplan
16 9/21/13 FA-141 | Active 4.5 slough.
Beaver dam at confluence
17 8/17/2013 FA-144 | Active ND side slough and side chann
Old beaver dam at moutl
Flow backed up from beavs
18 8/18/2013 FA-144 | Inactive 0 dam1l7.
*ND = no data
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STUDY IMPLEMENTATION REPORT FISH PASSAGE BARRIERS (STUDY 9.12)

Table 5.41. Lower McKenzie Creek/Sloughthalweg characteristics.

- =
S |93 1 2 Lo | T~ S~ @4~ BT~ 2~ o~
Fo8awg & | S| aS| aS| S| 62| €| 68
0.0 489.2 |14 0.7 0 0 0 0 100 0

22.4 489.6 | 1.6 1.2 0 0 60 0 40 0

52.9 |490.4 (0.6 0.9 0 0 20 0 80 0

81.3 4904 |05 11 0 0 90 10 0 0
1355 (4909 |04 1.4 0 0 20 70 10 0
161.1 | 491.3 |0.3 1.6 0 0 10 90 0 0
1935 (4922 |0.2 1.7 0 0 90 0 10 0
217.8 [492.2 |0.7 0.9 0 0 20 60 20 0
235.3 4924 |0.5 1.2 0 0 10 80 10 0
252.1 4920 |1.0 0.6 0 0 0 70 30 0
275.1 4916 |15 0.7 0 0 10 70 20 0
343.7 |494.7 | 3.2 0.1 NRD | NRD | NRD NRD | NRD NRD
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STUDY IMPLEMENTATION REPORT

FISH PASSAGE BARRIERS (STUDY 9.12)

Table 5.42. McKenzie Creek thalweg characteristics.

=
g S g | s -%‘Tg g g E [ 0 %
ST | B8 8= 28| 32| Be| Ec| BEe| 8| Pe
F0nE mwE| QL > & (08 IS m o (ORSD) L < (@RS
00 4936 065 |10 |0 0 0 0 90 10
21.4 495.3 045 (11 0 0 40 50 10 0

415 |4958 |035 [11 |0 0 60 |30 |oO 10
80.7 |4955 085 |07 |0 0 40 |50 |10 0
1014 |4958 |065 |19 |0 10 |60 |20 |10 0
1188 |497.2 |045 |18 |0 0 70 |20 |10 0
1348 |497.7 |040 |28 |0 10 |50 |30 |10 0
1508 |4993 |060 |14 |0 10 |40 |40 |10 0
1762 4996 |1.00 |12 |0 20 |40 |40 |oO 0
2048 |502.4 030 |13 |0 10 |50 |40 |o 0
2200 |502.2 |040 |14 |0 0 30 |60 |10 0
265.7 |503.2 |045 |13 |0 0 40 |40 |20 0
3488 |506.0 |0.60 |24 |0 10 |50 |40 |o 0
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STUDY IMPLEMENTATION REPORT

FISH PASSAGE BARRIERS (STUDY 9.12)

Table 5.43. Little Portage Creek thalweg characteristics.

B
8- 88- & | 22| 8| 3s| 8g| Eg| Eg| Pg
0NN oou s (@) > mn S m o (OR=D L o<
0.0 503.8 0.30 [0.3 0 0 20 70 10 0

27.1 503.8 0.55 [ 0.6 0 0 30 60 0 10
60.5 504.0 0.45 |0.9 0 0 30 50 10 10
113.0 | 504.5 0.40 |0.8 0 0 60 20 10 10
147.7 504.8 0.25 |0.7 0 0 30 70 0 0
180.2 | 505.3 0.30 | 0.9 0 0 70 30 0 0
210.9 506.0 0.25 | 0.6 0 0 60 30 0 10
247.3 506.2 0.40 1.0 0 0 70 20 0 10
292.5 506.2 0.45 (04 0 0 30 50 10 10
327.4 |506.1 0.80 (0.5 0 0 20 60 10 10
363.8 506.5 0.50 [0.9 0 0 60 30 0 10
420.0 |506.3 0.80 (0.4 0 0 70 20 0 10
475.3 506.2 0.80 |0.6 0 0 50 40 0 10
522.9 |506.5 0.40 |0.6 0 0 50 40 0 10
584.8 506.1 1.10 | 0.9 0 0 40 40 10 10
609.3 | 506.6 0.65 | 0.7 0 0 30 70 0 0
643.7 508.4 045 (11 0 0 70 30 0 0
745.6 | 512.3 0.65 1.9 0 10 30 60 0 0
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STUDY IMPLEMENTATION REPORT FISH PASSAGE BARRIERS (STUDY 9.12)

Table 5.44. Jack Long Creekthalweg characteristics.

— =
8- 88- 8| 82| 3g| 3g| 8g| Eg| £g| 28
FnEl owE| O > mne | S| OS| OS] LS o<
0.0 789.2 12 |0.2 0 70 20 10 0 0
28.3 790.5 1.0 |0.9 0 60 20 10 10 0
41.1 791.5 09 |30 0 70 20 10 0 0
60.1 791.9 1.3 1.2 0 80 20 0 0 0
85.5 792.7 09 |21 0 80 20 0 0 0
101.7 | 792.9 09 |37 0 90 10 0 0 0
124.4 | 793.5 1.1 (4.7 0 80 10 10 0 0
149.3 | 793.9 1.0 |33 0 70 20 10 0 0
168.6 | 793.8 21 |44 0 90 10 0 0 0
186.2 | 794.8 1.0 |37 0 90 10 0 0 0
208.8 | 795.2 11 1.8 0 70 20 10 0 0
2271 |796.0 11 |41 0 70 20 10 0 0
250.1 | 796.5 1.3 (3.9 0 60 20 10 10 0
2746 |796.8 1.3 |27 0 60 20 10 10 0
297.7 | 796.1 21 |26 0 50 20 20 10 0
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STUDY IMPLEMENTATION REPORT FISH PASSAGE BARRIERS (STUDY 9.12)

Table 5.45. Cheechako Creek thalwegharacteristics.

— =
8- 88- 8| 82| 3g| 3g| 8g| Eg| £g| 28
FnE owE| O > ne | S| OS | OS] LS o<
0.0 968.9 220 | 1.8 0 90 10 0 0 0
12.6 970.1 1.80 | 1.3 0 90 7 3 0 0
25.0 970.5 230 | 1.3 0 100 0 0 0 0
39.2 972.9 1.75 | 3.7 0 90 10 0 0 0
60.7 974.2 1.25 | 5.0 0 95 5 0 0 0
69.1 975.1 1.30 | 4.6 0 60 35 5 0 0
83.0 974.8 1.70 | 2.5 0 75 20 5 0 0
94.0 974.8 1.80 | 2.5 50 40 10 0 0 0
108.9 |975.3 190 (1.8 0 60 30 10 0 0
129.7 | 976.7 2.00 34 30 60 10 0 0 0
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STUDY IMPLEMENTATION REPORT FISH PASSAGE BARRIERS (STUDY 9.12)

Table 5.46. Chinook Creek thalweg characteristics.

— —
8- 82- 8| 82| 3g| 3g| 8¢| Eg| £g| 28
FonEl owE| O > me | oS | OS| OS] LS o<
0.0 1069.0 (1.7 |21 0 70 25 5 0 0

8.6 10699 |1.0 |43 0 50 40 10 0 0

22.6 10704 |11 1.8 0 60 30 10 0 0

34.5 1072.2 |12 |52 0 90 10 0 0 0

52.7 10729 (2.1 |27 10 70 15 5 0 0

59.1 10736 |18 |57 10 80 10 0 0 0

65.5 10741 (14 |49 10 80 10 0 0 0

72.9 10753 [1.7 |51 20 75 5 0 0 0

79.0 1076.1 |12 |6.7 50 40 10 0 0 0

85.7 1076.6 |19 |41 0 95 5 0 0 0

95.9 10775 |13 |3.8 0 50 40 10 0 0
1054 |1077.8 |13 |53 0 50 40 10 0 0
1118 |10775 |15 |64 0 70 20 10 0 0
122.3 |1078.7 |14 |5.0 0 80 15 5 0 0
138.5 |1079.7 |13 |49 0 75 20 5 0 0
157.0 |1080.0 |1.7 |29 40 30 20 10 0 0
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STUDY IMPLEMENTATION REPORT

FISH PASSAGE BARRIERS (STUDY 9.12)

Table 54-7. Devil Creek thalweg characteristics.

— =
8- 88- 8| 82| 3g| 3g| 8g| Eg| £g| 28
FnEl ouwE @) > £ m< mneS oS (O LS (ORD
0.0 1200.7 | 3.3 2.1 20 75 5 0 0 0
74 12002 |36 |18 |0 9 |10 |o 0 0
19.2 1200.7 | 3.5 2.7 20 75 5 0 0 0
471 |12012 [35 |43 |oO 9 |10 |o 0 0
64.2 1203.7 | 1.4 4.8 20 75 5 0 0 0
71.6 1202.3 | 2.7 2.2 15 85 0 0 0 0
88.1 1204.7 | 2.4 7.4 40 60 0 0 0 0
964 12048 |23 |59 |60 |40 |0 0 0 0
105.4 1205.7 | 2.3 4.3 0 85 10 5 0 0
117.7 1206.2 | 2.7 4.1 60 35 5 0 0 0
141.9 1206.4 | 2.3 4.9 40 50 10 0 0 0

Susitna-Watana Hydroelectric Project

FERC Project No. 14241

Page 30

Alaska Energy Authority
October 2015




STUDY IMPLEMENTATION REPORT

FISH PASSAGE BARRIERS (STUDY 9.12)

Table 5.48. Fog Creek thalweg characteristics.

— =
8- 88- 8| 82| 3g| 3g| 8g| Eg| £g| 28
FnEl ouwE @) > £ m< mneS oS (O LS (ORD
0.0 1372.1 | 1.2 4.0 0 40 50 10 0 0
18.1 13714 | 2.4 3.8 0 50 40 10 0 0
33.7 1372.2 |15 6.1 0 50 45 5 0 0
44 .4 1372.3 | 1.4 55 0 30 60 10 0 0
53.0 13725 | 1.3 7.4 0 40 50 10 0 0
61.6 1373.1 | 1.4 6.0 0 40 50 10 0 0
68.9 13735 |15 5.8 0 30 60 10 0 0
743 13736 |15 |69 |0 5 |70 |5 0 0
86.6 1373.7 | 2.3 3.8 0 60 35 5 0 0
95.1 1374.7 | 1.6 6.4 0 40 50 10 0 0
102.8 1374.3 | 2.2 3.2 0 60 35 5 0 0
113.4 1375.7 | 1.5 52 0 45 50 5 0 0
122.3 1376.1 | 1.1 6.0 0 40 55 5 0 0
1336 |13765 |13 |53 |0 30 |60 |10 |0 0
151.1 13769 | 1.4 3.9 0 20 70 10 0 0
1643 |13769 |16 |27 |0 20 |60 |20 |o 0
186.5 1377.2 | 1.4 4.4 0 10 70 20 0 0
222.4 1376.9 | 2.0 55 0 30 65 5 0 0
239.1 1376.8 | 2.2 3.9 0 40 55 5 0 0
330.4 1379.4 | 2.0 51 0 60 35 5 0 0
349.9 1380.0 | 1.4 4.8 0 50 45 5 0 0
370.0 |1380.5 |14 |40 |0 60 |40 |0 0 0
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STUDY IMPLEMENTATION REPORT

FISH PASSAGE BARRIERS (STUDY 9.12)

Table 54-9. Tsusena Creek thalwegharacteristics

o = ")
S85|3238-| 8 | 32 | 8| 35| 8 | Bs| e | P
0NN | s (@) > m mn < (ORY (ORSD) L & o<
0.0 1435.6 |1.80 | 3.2 0 50 40 10 0 0
14.5 1436.3 [ 1.20 | 3.4 0 20 70 10 0 0
28.4 1436.8 | 0.95 | 3.6 0 40 50 10 0 0
39.8 1436.7 |1.40 | 4.7 0 30 60 10 0 0
53.1 1437.1 |1.60 | 3.3 0 40 50 10 0 0
64.8 1437.3 |1.50 | 4.7 0 60 30 10 0 0
76.2 14379 [1.30 |54 0 70 25 0 0
87.1 1438.0 [1.70 | 2.8 0 80 20 0 0
100.2 1438.0 |1.60 |6.1 0 80 20 0 0
113.8 1439.2 [1.30 (4.1 0 75 20 0 0
123.7 14400 |1.50 |5.1 0 80 10 10 0 0
142.6 1440.1 |1.60 | 3.5 0 40 50 10 0 0
151.7 1440.3 |1.50 |5.0 0 70 25 5 0 0
174.8 14405 |1.40 (44 0 50 40 10 0 0
185.8 1440.6 |1.60 (4.9 0 40 55 0 0
196.1 14409 |1.50 | 3.6 0 50 45 0 0
207.5 1441.1 |1.70 | 3.6 0 70 20 10 0 0
219.9 1441.1 |1.80 | 1.8 0 40 50 10 0 0
235.4 1441.2 190 | 2.6 0 30 60 10 0 0
252.3 1440.8 |2.40 | 2.1 0 20 70 10 0 0
332.2 1441.2 |2.40 (1.1 0 70 20 10 0 0
351.0 1441.1 |2.45 |27 0 70 20 10 0 0
374.8 1441.1 |2.80 | 3.8 0 70 20 10 0 0
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STUDY IMPLEMENTATION REPORT FISH PASSAGE BARRIERS (STUDY 9.12)

10. FIGURES

Figure 5.21. Photos of PB152.4A, October 10, 2014 Clockwise from upper left: upper waterfall; middle waterfall;
lower waterfall, lower cascade
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Figure 52-2. Photos of PB155.3C, October 4, 2014 Clockwise from upper left: lower section of cascade; upper secticn
of cascade; full section of cascade view #1; full section of cascade view #2.
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Figure 5.2-3. Photos of PB161.5C, October 4, 2014 Left panel: view of three waterfalls and downstream cascade; right
panel: full waterfall and cascade view.
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Figure 5.2-4. Photo of PB165.6A, October 10, 2014
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STUDY IMPLEMENTATION REPORT FISH PASSAGE BARRIERS (STUDY 9.12)

Figure 52-5. Photos of PB201.8A and PB201.8, October 6, 2014 Clockwise from upper left: barrier PB-204.5A
waterfall; barrier PB -204.5A plunge pool; barrierPB204.5Bwide view, barrier PB204.5Bclose view.
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