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1. INTRODUCTION

This Characterization and Mapping of Aquatic Habite&ection 9.9 of the Revised Study Plan
(RSP) approved by the Federal Energy Regulatory Commission (FERC or Commission) for the
SusitnaWatana Hydroelectric Project, FERC Project No. 14241, focuses on describing the
aguatic habitats of the Susitna River using a specific hierarchical and naswafication system
based on historic and current data.

A summary of the devel opment of this study,
(AEA) implementation of it through the 2013 study season, appears in Part A, Section 1 of the
Initial StudyReport (I SR) filed with FERC in June 201
for the Integrated Licensing Process (I1LP),
implementing the study plan and schedule and the data collected, including an explairaty
variance from the study plan and schedule. 0 (

Since filing the ISR in June 2014, AEA has continued to implement the FpRved plan for
the Characterization and Mapping of Aquatic Habitator example:

1 AEA completed groudrtruthing surveys in mainstem habitats of the Upper River and

Middle River including 100 percent coverage of mesohabitat mapping within Focus

Areas.

AEA completed ground surveys of selected Upper and Middle River tributaries.

AEA collected habitat infornteon for the 12 lakes identified within the potential

reservoir inundation zone.

1 On September 17, 2014, AEA filed tB613 and 2014 Aquatic Habitat Mapping Field
Season Completion Progress Technical Memorandum.

1 OnOctober 15, 2014AEA held an ISR meetinfpr the Characterization and Mapping of
Aquatic Habitats

1 On November 14, 2014, AEA filedrata to Initial Study Report Part AAppendix A,
Remote Line Mapping, 201Zhis map bookeplacel the version published on June 3,
2014 with the Study 9.9 Inétl Study Report

I n furtherance of the next round of | SR meet:i
contains a comprehensive discussion of results o€treacterization and Mapping of Aquatic

Habitatsf r om t he beginning of AEA6s study program
2014. It describes the methods and results ofCharacterization and Mapping of Aquatic

Habitats and explains how all Study Objectives set forth in the Commisgproved Study

Plan have been met. Accordingly, with this report, AEA has now completed all field work, data
collection, data analysis, and reporting for this study.

= =4

2. STUDY OBJECTIVES

The study objectivewere established in the StudBlan RSP Section9.9.2 andare described
below.

Susitna-Watana Hydroelectric Project Alaska Energy Authority
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Upper River Habitats:

1. Characterize and map Upper River tributary and lake haliitathe purpose of
evaluating the potential loss or gain in available fluaiadl lacustrindabitat that
may result from daronstructiorand irundation by the reservoir.

2. Characterize and map Upper River tributary and leMaitas for the purposes of
informing other studies including Fish Distribution and Abundance in the Upper
SusitnaRiver (Study 9.5) and River ProductivitySudy 9.8).

3. Characterize and map thdgpper River mainstem (understood hereafter to
encompass both main channel and-abfdinnel habitatsupstream from the
Watana dam site to the confluence with the Oshetna River:

i.  To provide baseline data for the purpose of evaludhiegotential loss
or gain in accessible available fluviahd lacustrinehabitat that may
result from dantonstructiorand inundation by the reservoir.

ii.  To inform other studies including Fish Distribution and Abundance in
the UpperSusitnaRiver (Study9.5), River Productivity $tudy9.8), and
Future Watana Reservoir Fish Community and Risk of Entrainment
(Study9.10).

Middle River Habitats:

1. Characterize and map thiddle River mainstenfrom the Chulitna River confluence
to the proposed Watana Dam sitgcluding tributaries within the zone of hydrologic
influence(ZHI) andthe Focus Area

i.  To provide baseline dafar the purpose of evaluating the potential loss
or gain in accessiblavailable fluvial habitat that may result froifow
regulation belovthe proposed Watana Dam

li.  To inform other studies includingish Distribution andAbundancen
the Middle and LowelSusitnaRiver (Study 9.6), River Productivity
(Study9.8), and Instream Flows{udy8.5).

Lower River Habitats:

1. Characterize and map tHeower River mainstemfrom the upper extent of tidal
influenceupstreanto the Three Rivers Confluence:
i. To provide baseline datar the purpose of evaluating the potential loss or
gain in available fluvial habitat that may result from flow regulation below the
proposed Watana Dam.

ii. To inform other studies includingish Distribution andAbundancein the
Middle and LowelSusitnaRiver (Study9.6), River Productivity (Study9.8),
and Instream FlowStudy8.5).

Susitna-Watana Hydroelectric Project Alaska Energy Authority
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3. STUDY AREA

As established by the Study Pl&&SPSection9.9.4 and modified as describdxtlow, the study
area encompasses the mainstem Susitna Romrthe Oshetna River nfluence aPRM 235.1
downstream to thapper extent of tidal influenc&@he mainstem study area is divided according
to geomorphithydrologic river segments; the Upper River, Middle River, and Ldwieer (see
Figure 3-1). The study area also encompadgsinitaries in the Upper and Middle RiveNote
that the study area for selectdgdper Rivertributaries has been modified in accordance with the
Characterization and Mapping of Aquatic Habitats Technical Memoramchiah was reviewed

by the agencies arfiled with FERC onJuly 16, 2013(HDR 2013.

The study area fdrabitat mapping and characterizatisras follows

1 Upper River

o Tributaries: For selectedstreams in watersheds known to support Chinook
salmon the habitat mappingtudy area extends up tg080 ft elevation, unless a
permanent impassable barrier exists between 2,200 and 3,0@0dticed. If a
barrier exists within this rangeurveys will stop at the barrier. In watersheds not
known to support Chinook salmon, the habitat mapping study area will terminate
at 2,200 ft elevationegardless of the presence of a barrier below this elevation

o Mainstem:Mainstem habitats fromhé Oshetna River confluence at PREB5.1
to the proposed dam site at PRM 187.1 and focused on habitats within the
inundation zone of the proposed reservoir.

0 Lakes: Lakes within thgoroposedeservoir inundatiozone
1 Middle River:

o For selectedributariesabose Devils Canyorknown to support Chinook salmon
the study area extends up to 3,000 ft elevatiorthe first impassable barrier,
whichever is less.

o For all other selected tributaries in the Middle Rjtbe study area extends from
the confluence with # mainstenor off-channelup to the upper limit of the zone
of hydrologic influencéZHI).

0 Mainstem habitats of the Susitna River from PRM 187.1 downstream to the
Chulitna River confluence at PRM 102.4

1 Lower River:
0 ThelLowerSusitnaRiver from PRM 1024 totheupper extent of tidal influence

! The Study PlanRSP Section 9.9)4rovided that AEA wouldtonsider the study area for the
Lower River segment to extend downstream to the upper extent of tidal influeBéeadjusted

the study area for the Lower River segment to extend downstream to PRM 3.3. Mapping and
characterization in the Lower River segrmhéhas been completedee Section 4.4lsing

Susitna-Watana Hydroelectric Project Alaska Energy Authority
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4. METHODS

This section provides an updated descriptbthe methods relied upon to meet the Study Plan
objectives. These methods are cumulative for 2012 through 2014 and include methods reported
in the ISR Section 4To the extent that the methods have varied from the method described in
the Study Plan, those variances are described below.

4.1. General Overview of Habitat Mapping Methods

Habitat mappingmethodswere consistentduring study activities 2013 and 2014 This
overview islargelyunchangedrom ISR Section 4.1 with the exception of Section 4.1\@hch
has been updated to describe the flow conditions dafag field surveys

The Susitna Rivefrom the Oshetna River to its moufUpper, Middle and LowerRiver
segments combined) includes 235 miles of river and substantially more sistgancevhen the
lengths of side channels, braided channels, andtstoaige included Groundbased habitat data
collectionalongthe entire rivenis impractical due to the complexity of channel pfarm, the

linear extent, and the remoteness of the river. For these reasoasalysis of aerial imagery
was combined witlygroundbased habitat data collection covering a representative proportion of
river habitats to form a habitat characterization of the riveraddition, theenFocus Areathat

were identified and described the Technical Memorandum: Adjustments toiddle River
Focus Area (R2 Resource Consultar2913) weretargetedfor 100 percentmapping coverage
using bothaerial imagery and groudshsedsurveys. This combination of methods allowed for
optimum spatial coverage of river habitats in concert with efficient collection of detailed data at
selected habitats. Habitat characterization methods were tailored to accommodate variations in
channel size and oxadl stream length.This approach sedvarious mapping methods and tools

to meet multiple study objectivesdprovides the best possible coverage and characterization of
river habitats in a large, complex river basin.

Because potentidroject effects ge differentamonggeomorphic segments of the rivegbitat
mapping methods were differentiated within the study area first by major geomorphic segment
(Upper River, Middle River,and Lower River). Methods were further differentiateoly
tributary, mainchanne] off-channeland lake habitato accommodatehe major differences in
morphology and hydrologgmongthese habitats Habitat data collecteth this studyused the
SusitnaWatana Hydroelectric Project habitat classificatiosystem (Table4.1-1) developed
during the 2012 study design apthming processand modified by FERE épril 2013 SPD
recommendationas well asstandard protocols outlined in théSFS Aquatic Habitat Surveys
Protocol (USFS 2001). When flow levels were too low to evaluate sobBabitat type,
mesohabitat units were characterized by the flow levels described in Section 4.&.2d8y(
puddled).

information from the Geomorphology Stu@i$R 6.5). This change in study area boundaries for
the Lower River will allow AEA to better meet the objective of mapping and characterizing
habitat in this river segemt by aligning boundary descriptions between these studies.

Susitna-Watana Hydroelectric Project Alaska Energy Authority
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4.1.1. Remote line mapping using Aerial Imagery

During the 2012 remotdine mapping effort, dta derived from aerial imagery were
supplementedvith information from video mapping to generate a geospatial database within a
GIS (geographic information systems) frameworkhe remote line mapping effort usadyh
resolution elevation data and aerial imagery f@88 square miles of th®latanuskaSusitna
Borough(MSB) collected as part of the MSB LIDAR and Imagery Projéetrial imagery was
obtained ovefive days between May 25, 2011 and August 16, 2(Hlbws for the majority of
these flights as measured at the Gold Crdé8GSgage(PRM 140) i ranged between 16,700
and 18,300 cfs with one day occurring at a high flow of 30,600videography wagollected

from September-11, 2012. During the video collection, mean daily discharge from Gold Creek
steadily declined from 16,500 ct September 7 to 10,800 cfs on Septenider2012 The
methods for video surveys are comprehensively describB&mPSection9.9.5.4and technical
memorand (HDR Alaska, Inc.2013; R2 Resource Consultants, Inc. 2013pemoteline
mapping of habitats1 the study arewascompletedusinga hierarchicallynested habitat typing
system that was adapted to the identification levels deemed feasible based on the available aerial
imagery (Table 4.1-1). The habitat classification hierarchyas composed of four levels
representing: (1) major hydrologic segment; (2) geomom#ach(RSPSection6.5.4.1.2.2 and

RSP Table 648); (3) macrohabitattype (Table 4.1-1); and (4) mesohabitdype (Mainstem,
Table4.1-1; Tributary, Tablet.1-2).

For remote line mappinm the mainstem of the riveall mainchannelhabitats were identified
to Level 4 mesohabitat type (riffle, pool, run, etdff-channel habitat (which includes side and
upland sloughs) and most tributaries welessified toLevel 3 (macrohabitat). These units were
not classified into mesohabitats in the remote-timappng due to the lack of resolution of aerial
imagery and the confounding presence of shadows or riparian doueing the 2012and 2014
field efforts, off-chanrel habitats were specifically targeted to characterisebsample ahese
habitats to the level ahesohabitat (Sections 4.2.2 and 4.3.2).subset ofl0 primary and3
secondary tributaries wetebitat typed to Level 4 (mesohabitat) using the results of the 2012
videography as discussénl Section 4.1.12 and further described irAppendix 2 ofthe Fish
Distribution and Abundance Implementation PI@R2 Resource Consultant0230). An
additional 15 smaller primary and secondaryributaries were identifieénd ground surveyed
following the FERCApril 1 SPD and inconsultation with the&f'WG via agency review of the
Technical MemorandunCharacterization and Mapping of Aquatic Habif@®R 2013 during
July of 2013

The methods used to compare remote (2012) and field mapping data(@{2IB 4) are
presented in sections 4.2.2.1 and 4.3.2.1 and the results of that verification of aerial imagery and
video typing are presented in sections 5.2aAd 5.3.2.1.

A mapbook presenting the 2012 remote line mapping effort was included as Appendix A to Part
A of the ISR. During the ISR meeting, it wadentified that he data query used to build the
maps inadvertently did not include side slough halnitahe reaches between MRand UR5
andside sloughs were not depicted on Appendix A maps 1 througBr2November 14, 2014,

AEA filed erratawith an updated mapbook thats corrected byisng the same GIS files to
produce mapwith all layers turned grthus includhg side sloughshroughout the study area
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41.1.1. GIS Habitat Mapping

As described in ISR Section 4.1.1i%,2012a linear network was created in GIS by drawing
vectorlines (segments) along the stream charuegiter lineas viewed by aerialmagery or
LiDAR. Mainstemhabitats were uniquely identified and delineated into segmebigided
channels were assigned multiple segmeniBhe lengths of the segments were based on
mesohabitat classifications for the main channel and macrohabitsifick®ons for offchannel
habitatgTable4.1-1). Eachindividual vector line segmeim the GISwas thus associated with
length and a hierarchictiered habitat classification. Not all linegere connected into a
contiguous or flowbased network Note that since thereould bemultiple macrohabitat types
laterally distributed within théoodplain the totallengthof habitat identifed during remote line
mappingcould have beeoonsiderablyongerthan the length of each geomorphic reach.

While mapping the mainstem in GlSikutariesalsowere delineated in the aerial imagery up to
0.5 mifrom the centerline of the maichannelor off-channelconfluence. Tributaries were
differentiated from upland sloughs based on their gradient characteasticsvhether they

originated above the floodplain. The exact locations of some tributary segments were difficult to

determine using thavailableimagery in heavily forested area¥heselocations were estimated
based on visual cues in the canopy. Taby mouths were mapped using a single line segment

showing the length of the wetted area of the tributary mouth that extended from the vegetation
line out to the edge of the gravel bank. In some of the larger tributaries, the mouth habitat was
extendednland beyond the vegetation line based on visible habitat breaks between the tributary

channel and the alluvial gravel areas at the mouth.

Within the Upper River ributaies, macrohabitatasvere mapped from aerial imagewhere
possible MatanuskaSusitna BorougliiDAR and imagery were available for the lower extent

of many tributaries. However, overhanging vegetation, shadows and other environmental

conditions limited characterization of mesohabitats from these soulcebigher elevaons
within tributariesor within small secondary or tertiary tributariesesohabitat characterization
was not possible from aerial imagery dueatack of high resolution photographyA subset of
17 tributaries was thus selected for mesohabitat typyngideography as described $ection
41.1.2

Aerial imagerywas used to further classify mainstem habitat into mesohalitatisle 4.1.7).
Aerial still imagerywas viewed at a range of scales from 1:1,000 to 1:12,800 2012
videography was referenced as needédl. habitat units were identified using a mathannel
line, which was measured to provide habitat lefgDR Alaska, Inc2013, ISR Appendix B.

In channels that were only partially inundated or whereevags present in sloughs, the line
segments followed the wet areaSEA has estimatedhacre andmesohabitat frequency within
main channel off-channeland tributary study aredsased on these dafllDR Alaska2013,
ISR Appendix B.

Main channelmacrdabitatsin the Susitna Rivewere classified asingle main channel when
only a single dominant channel was present; split mhannels when the flow was dispersed
into two relatively evenly sized channeidere the bar or iand separating the channelss
typically not vegetatedand multiple split main chanrsalvhen the mairchannelsplit into three

or more separate channels each carrying a significant portion of the flow.
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Side channels were completely inundated with turbid w@ercontained portins that held
turbid wate}, connected at both upstream and downstream ends to the main chadriEwing
around a permanently vegetated island carried less than p@rcentof the main channel flow

The dry portions of the channel were delineatesbtaonsubstrateanda lack of any vegetatign
indicating that water periodically inundated the channel during higher flow periods. The
distance that the side channel line segments extended into the main ehasdeiermined by

an estimation of the canuation of the vegetated or high water shoreline on either side of the
mouth of the side channelhe presence of clear or turbid water was used as a main indicator to
differentiate between sloughs and side channels.

Side sloughs had clear water andrevenly connected at the top of the channel to rieen
channelat high flows These areas could be partially dry but showed evidence that they were
inundated regularly during high flowsy lack of permanentvegetation. Upland sloughs had
similar characteristics in that the water was relatively clear, but these were not open to the main
channel at both ends as indicated by the presence of vegetatienarea between the upstream

end of the slough and the main channel.

Mesohabitats were clas&fl from interpretation of both the GIS imagery and aerial video.
Mapping main channel habitats to the mesohabitat level from remote imagery was challenging
for certain habitat types that included differentiating run and glide habitat and identifying pool
habitat. Riffles were distinguished from areas of wind waves or standing waves by the presence
of white water and protruding boulders in the area that indi¢chewatemwas relatively shallow

and passgover cobbles and boulders. Whitewateaireachwas classified as a ruhonly one

or two protruding boulders were producing isolated areas of turbulBoceand glide habitat

was closely examined through aerial stills and videography to make a professional judgment of
the habitat type; however, wintlaves and glare can confound the typing of these habitats. Pool
habitat required identifying a hydraulic control and was only found in the Devils Canyon area,
where the control was very obvious. Small, less obvious pools may have not been identified
from this methodology.

The exact location of habitat boundarisach as the boundary between a riffle andgiiofe,

often required professional judgment on the part of the mapper. Due to lack of resolution in the
aerial imagery and shadows along the leeink of the river, some habitat features such as
tributary mouths were confirmed bysing aerial video as a secondargference(Section
4.11.2). Aerial video was also used to confiime extent of vegetation omore permanent
gravel bars thiashowed sme vegetation, which was sometimes not evident ia¢nalimagery.

If the aerial video indicated a bar had vegetation on it, but vegetation was not evident in the
aerialimagery, the island was considered vegetatedtaadriteria was used to aid separating

the main channel line segmento a main channel segmerdntaining the dominant portion of

flow and a side channel segmenntaining less than ten percent of flavound the island

Additional details on methods associated with the creation of the remote line mapping habitat
characterizations are available previously filedtechnicalmemos(HDR Alaska, Inc. 2013
ISR Appendix B.

41.1.2. Aerial Video Data Collection and Analysis

As descibbed in ISR Section 4.1.1.20W altitude aerial video was collectéd 2012 for the
Upper River from PRM 187.1 to PREB5.4 theMiddle Riverfrom PRM 102.4 to PRM 187.1,

Susitna-Watana Hydroelectric Project Alaska Energy Authority
FERC Project No. 14241 Page 7 October 2015



STuDY COMPLETION REPORT CHARACTERIZATION AND MAPPING OF AQUATIC HABITATS (STUDY 9.9)

and a short sectmoof the Lower River from PRM 68.0 to PRM 83.Fhe study area for the
tributary component of the 2012 Aerial Video Habitat MappiHPR Alaska, Inc. 2013bR2
Resource Consultants, Inc. 20} &tcluded 16tributary streamsbove Devils Canyon upstream
to and includingthe Oshetna River All tributaries almve Devils Canyon with documented
Chinook salmon presence were included within the videography siedyTables 4.1-3 and
4.1-4).

Because habitat delineatiavithin tributarieswas not always possible from remote imagery, a
mesohabitat frequency analysvas completed for a subset of habitat in 16 videotaped tributaries
(Table 4.13) using a systematic random sample of the video recording as descrthedSitudy

Plan RSPSection9.95.3.1). Videographycollectedin the Upper and Middle River mainstem
was used as supplemental information in support of habitat characterization from remote
imagery.

Aerial video was collected over a periodsat days from September 7 to September 12, 2012
during optimal conditionthatpreceded a major flooding of the Susitna River in-®&btember.
Videotaping of mairchanneland offchannel habitats of thBusitna River and tributaries was
scheduled in early September 2012 to coincide with late summeiflaseonditions, high

water clarity, leaf drop and the possibility of a sustained high pressure, clear weather window.
These conditions were achievétdR Alaska, Inc. 2018).

Aerial video coverage within the study tributaries generally extended from the conflughce w
the Susitna Riveror with the primary tributaryupstream to an elevation of approximately 3,000
ft. In tributariesin the Upper Rivemot known to support Chinook salmon, video mapping
terminated aapproximately2,200 ft elevation. For ne@hinook tributariesn the Middle River
above Devis Canyon video mapping terminated at the first anadromous barlewil Creek a
Middle River tributaryin Devils Canyon upstream of Impedimenigs videotaped upstream to
the impassable barrier at approximately RM 2.2

Within each tributary reach, (as delineated®action 4.1.2.1.2)mesohabitat frequency analysis
from video wasused to identify primary mesohabitat types, definethase comprising more
than 10 percentf the total frequency of mesohabitat types observed by readfle(.1-5).
These primary mesohabitats were thesed to set sampling targets for the greomapping
exercise within identified tributarig¢Section 4.2.1)

Additional details of videogrdyy methods, analysis and interpretation are includekhpimendix

2 of theFish Distribution and Abundance Implementation Péatitled Initial Results Aerial
Video Habitat Mapping of Susitna River Tributaries from the Upper Extent of Devils Canyon to
the Oshetna Rive(R2 Resource Consultants, 112013).

4.1.2. Overview of Ground Mapping Survey Protocols

Ground mapping survey protocols were consistently applied in 2013 and 3014. As described in
ISR Section 4.1.2he intent of the ground mapping effort waptovide mesohabitat

classifications in habitats that were difficult to survey using remote line mapping methods (e.g.
tributariesand offchannel habitajsto provide detailed habitat characterizatiof-otus Area,

and to groundruth a random sample afacro and mesohabitat classifications froeémote
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line mapping databasEield surveys used the same hierarchicagted habitat typing system
developed for use during the remote line mapping exercise €léaé and4.1-2). This
overviewdescrilesthe general methodgplied to habitat mapping and surveys overliver
segmenispecific variations in methods are presented in Sections 4.2, 4.3, and 4.4 for the Upper
River, Middle River and Lower River, respectively.

The methods used to compaeenote (2012) angroundmapping data (2018nd2014) are
presentd in sections 4.2.2.1 and 4.3.214d the results of that verification of aerial imagery and
video typing are presented in secdn2.2.1 and 5.3.2.1.

41.2.1. Geomorphic Reach Delineation
41.2.1.1. Mainstem Susitna River

The Susitna River was categorized into Geomorphic Reaches as part of the Geomorphology
Study Study 6.5 and consisted of siseachedor the Upper River Segme(iR-1 through UR

6), eightreachs for the Middle River SegmeR-1 throughMR-8), and sixreachs for the

Lower River SegmenfLR-1 through LR6) (Section5.1.2 in ISR Study 6.&and Figure 3-1).

The geomorphic reach breaks were based in part on the following five factplanfbym type

(single channel, island/side channel, braid2j;onstraints; Bconfinement (approximate extent

of floodplain, oftchannel features}) gradient;and 5 bed materials. Details of geomorphic

reach delineation are provided in tlieomorphicReach Delineation and Characterization,
Upper, Middle, and Lower Susitha River Segmed®5 Updated TechnicaMemorandum
(TetraTech 209)

41.2.1.2. Tributaries

As described in ISR Section 4.1.2.1t/#hutaries were segmented into geomorphic reaubieg)
desktoptools including IFSAR topographic contour data, U.S. Geological Survey (USGS)
topographic maps, aerial video, and information from reconnaissance.fliRg#sh breaks were
identifiedin 2013using the following criteria:

1. Gradientreach breaka significant transition in slope of valley or channel,

2. Confinementreach breaka significant transition inbankfull widthvalley width or
wetted bankfull widthratios;

3. Hydrologc reach breakatributary confluence where the tributaappeaedto contribute
morethan 10 percent of total flow to the mathannel or parent tributaryA segment
boundary vas not placed where downstream channel characterisi@e primarily
controlled by bedrock rather than fluvial processes.

41.2.2. Field Methods

Field methods described ISR Section 4.1.2.2 were implemented during surveys in both 2013
and 2014.Habitat metrics were collected using a modifi€dS. Department of Agriculture,
Forest Service (USFSJier | through Tier Ill stream habitat survey protocol (USFS 2001).
Some ofthe habitaimetricslisted in the USFS protocol assume that the stream being surveyed is
wadeable however,many of the tributaries and mainstem habitat units selected for ground
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surveys were only wadeable along stream margMsdifications were made taccommodate
nonwadeable stream reaches.

The following habitat metrics were collected for eaeltected tributargeomorphic reaghand
for eachmainstem habitainit:

Habitat Metrics

Mesohabitat unit type (Takdd.1.1and4.1.2

GPS location of channaeteasurements

Measured or estimated gradient

Measured unit length (range finder or remote using GIS)

Measured or estimated bankfull width (BF\#hree measurements per unit)
Measured average wetted width (three measurements per unit)
Measuredankfull deph (BFD) of unit (three measurements per unit)
Measured or estimated wetted maximum depth (thalweg) (three measurements per unit)
Estimated percent substrate composition within wetted width of unit

If pool, estimated or measured maximum depth

If pool, estimated or measured pool crest depth

If pool, identified structural feature forming the pool

Large woody debri. WD) count within wetted width of unit

Estimated percent undercut, each bank in unit

Estimated percent erosion, each bank in unit

Type and percent istream cover in unit

Estimated percent riparian vegetation cover in unit

Dominant riparian vegetation type for each unit

Photograph of each unit

=4 =4 =4 4 -4 -4 4 -4 -4 A -a -a - a8 s s e

Field surveyswereconducted by twoor threeperson survey crews=ach survey crew caisied

of a qualified lead biologisandfield techniciairfs). To the extent possible, field surveys were
conducted at flows similar to those recorded during the capture of aerial video and reference
photographgFigure 4.11).

Mainstemsurvey starand endpoints for the randomly selected macemd mesohabitat units
were determined from GIS waypointbtained fromthe GIS database prior to field efforts
commencing(Sections 4.2.2 and 4.3.2Habitat units within mainstem and tributary surveys
weresequentially numbered as encountered from downstream to upstream.

Tributary ground survey start and end points were based on those detailed femaj@ng in
tributaries Section4.1.1.9. Accordingly, tibutary ground survey reaches originated the
lowest geomorphic reachf the tributaryjust upstream of the ordinary high water line of the
mainstem Susitnand progressed in arpstream direction.In Upper Rivertributaries ground
surveys endect 3000 ft orif a permanent impassable barneas encountered upstream of the
2,2001t elevation point(Table 4.13). Permanent impassable barrierscounteredlownstream
from the 2,206t elevation point were documented and barrier measurements were tiaken.
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Middle River tributariesabove DevilsCanyon,ground surveysalso endedat 3,000 ft orif a
permanent impassable barrier was encountevddchever came firs{(Table 4.13) where
permanent impassable barriensere encounteredthese were documented and barrier
measurements were takand the survey continuedf no Chinook presence was documented,
surveys ended at the upper extent of the zone of hydrologic influence (ZHI) of potential project
operations.For tributary surveysn the Middle Riverbelow Devils Canyonsurveys were
conducted within the length of stream within thell (Table4.1-4).

When glit or multiple split main channelsvere encounteresh mairstemsurveys, the channel
identified by the remote line was surveyed andestamated percent of flow ithatchannelwas
recorded. When split main channels were encounteréad tributaries, both channels were
surveyedwith the channel containing an estimated majority of flow categorized as primary, and
the other categorized as secondakesohabitat units in the primachannel were categorized

as primary units and were numbered sequentially as part of the main tributary channel survey.
Mesohabitats within secondary charmnefere recordedeparately When multiple split main
channelsvere encountered in tributariésore thantwo dominant channelsgach channel was
photographed; however, only the primary and secondary channels were surveyed.

The Susitna River mean daily discharge was obtained from the nearest downstream USGS
streamgagefor each field survey dateln addition, elative flow levelsin each nesdabitaton
the day of the survey were estimated using the following qualitative categories:

91 Dry: No surface water visible,

1 Puddled: Series of isolated pools connected by surface trickle or visible subsurface flow
(e.g., wetted substrates),

1 Low Flow: Surface water flowing aoss 50 to 75 percent of the BEW

1 Moderate Flow: Surface water flowing across 75 to 90 percent of the BFW,

1 High Flow: Stream flowing completely across BFWyt not at BFW

4.1.2.3. Special Habitat Features

In the RSP special habitat features were defined as tributaries, ,se@plssprings that
contribute tributary or groundwater to the mainsteand temporary (e.g.subsurface flow,
perched debris jams, perched culverts) or permanent barriers to upstream fish migration

Backwater habitatspeaver complexes andlearwater plumes were considerécevel 3
macrohabitats during the development of the study plarwere sibsequentlyre-assigred as

Level 4 mesohabitatyfollowing the directive in the April 12013 SPD). Accordingly,
backwaters, beaver complexes atehrwater plumes were also treated as special habitat features
and along with the features describablove (Section 4.1.2.2) were specificallynoted and
characterizedvhen encountereth the courseof generalfield survey effortan 2013 and 2014
Additional data pertinent to these features (e.g. width of the feature in addition to channel wetted
width) were mted on field forms. A GPS waypoint was recorded and a photograph taken of
each special feature.

For features classified as stream barrien$y cursory information was collected under the
Habitat Mapping study, as most of the formalized barrier sutatgy are being collected under
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the Fish Passage Barrier Styd$R Study9.12).When a barrier was encounterduk following
information was recorded:

Barrier type (beaver dam, debris dam, vertical falls, chute/cascade, boulder, other)
Temporal nature (femeral or permanent)

Maximum height of falls or biggest single step if cascading

Maximum depth of plunge pool

Chute/cascade gradient and length

Length of feature.

=A =4 =4 4 -4 A

4.1.2.4. Mapping near reference flows

AEA implemented the methods as described in the Study Rith the exception of the
variances described in ISR Part A Sed$idr?.4.3and 4.3.3.3 and below in Sections 4.2.4.2 and
4.3.3.2. Flows in the Susitna River as measured at the Gold Creek gagegevenallyhigher
than those recorded during videography and imagery used for remote line nelgfmagh they
were within target upper flows established during operational planning to guide field efforts
(Figure 4.1-1). Field surveys in 201&nd 2014were conducte in a roughly downstreano t
upstream manner throughout the diedeason. During 2013lows during surveys in Middle
Riverreachesvere closer to target or reference flows than the Upper Ruwrgeys conducted in
the laer portion of the fieldeffort (Figure 4.1-1). Flows occurringduring 2014field surveys
were less variable than during the previous yeamging from17,930to 23,800cfs over the
majority of thesurvey periodFigure4.1-1).

4.2. Upper River Habitat Mapping

AEA implemented the methods as described in the Study Plan with the exception of the
variances described iiSR Part A Section 4.2.4 and below Bection 4.2.4. Following
completion of the 2012 remote line mapping eff@ction 4.1.1)field surveysvere conducted
to groundtruth Upper River habitato the mesohabitat levéh both 2013 and 2014Section
4.1.2) Due to the vast extent of the Upper Riveubsamplingduring grounetruthing was
required. Ground surveyswere planned fora total of 42 randomly selected mainstem
macrdiabitat unitga target of 7 of each macrohabitat typE) single main channel mesohabitat
units, 25 tributaries within the proposed reservoir inundation za@meal three tributaries (two
primary, one secondary)ocatedupsteam ofthe inundation zoneThe Upper River inundation
zone tributaries targeted for field surveying included gtimary tributaries that were also
selected for fish distribution and abundance sammimghad been previously video surveyed
(Section 4.1.1.2and 15 additional small primary and secondary tributasekectedn response
to the FERC Aprik013SPD and consultation with the TWGllowing review of the Technical
Memorandum:Characterization and Mapping of Aquatic HabitgttOR 2013. The Upper
River tributarieselected and thoseirveyedduring the 201&nd 2014ield seasosare listed in
Table 41-1.
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4.2.1. Tributaries in the Upper River
42.1.1. Primary Tributaries

During 2012, selecUpper River tributaries were mapped usegombination otow-altitude
aerial video(10 tributaries, Table 4-1) and onthe-groundfield surveys ina subsebf those
videographed tributarieggaches of Watana &gk, Jay Creek and Kosina Creel)etails of
methods and the results of thds®d surveys were presented in 2012 Upper Susitna River Fish
Distribution and Habitat Study Habitat Report IDR Alaska, Inc. 2013b Select reaches of
thesetributaries, together withdalitional tributaries that were not conducive to aerial video
mapping(Section 4.2.1.1wereground surveyeduring the 2013nd 2014field efforts (Figure
4.1-2).

Continuous habitat surveys were conduatgthin eachdelineatedgeomorphic reacliSection
4.1.2.12) of eachselectedributary. Habitat surveys were conducted over a distance equivalent
to at least 2@onsecutivehannel widths, with the goal of sampling at least five units of each of
the primary mesohabitat types occurring in the geomorphic reBomary mesohabitats were
determned from the video frequency analygireviously describedTable 4.13 and Section
4.1.1.2. In tributaries that had not previously been surveyed by videography, primary
mesohabitats were determined by first surveying a completh&thel width segmentnd
assessing the relative dominance of each mesohabitat type within that survey sdgraezi.
channelwidth section within eachtributary geomorphic reactwas selected based on
accessibilityand the presence ofiultiple and varied mesohabitat typeSuvey distance was
extended, either contiguously or at another location in the geomorphit te@nsure inclusion

of five replicatesper primary habitat typeIf accessible by foot or helicoptand within the 20
channel width survey lengtte.g. not inthe bottom of a gorge, neprimary habitats were also
surveyed to the extent possible.

Access by helicopter or cressuntry to poing along the stream was problematiecause many
tributarieswere heavily forested The starting and ending points foelfl surveys were largely
dependent on accessibility and could not be randomly selebtady streams were accessed by
helicopter via a landing zone along the Susitna River near the mouth of the tributary. In the
lowest geomorphic reaabf each primaryrtbutary, surveyors started the mapping section just
upstream of the ordinary high water line of the mainstem Susitna River. Upstream geomorphic
reaches were surveyed if access and maneuverability within or along the stream was determined
to be safe. Saehess of landing zones was determined by the helicopter pilot. Reasonableness of
conducting the survey was determined by the field crew lead and was dependent on the distance
and difficulty of cross country travel from the helicopter landing zone tottbars section to be
mapped. Conditions preventing access were documented.

During the 2013 and 2014 field seasons, all of the previously selected large and primary
tributaries were groundurveyed and mapped to the mesohabttate(Table 41-1).
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4.2.1.2. Smaller and secondary tributaries within the Upper River inundation
zone

Most small tributaries in the Upper River inundation zone are obscured from overhead view due
to a closed canopy of riparian vegetation and thus weremaqpped usingaerial imagery.
Fifteenof these tributariesvereaddedto thoseinitially selected fogroundsurveys in response

to the FERC April2013SPD and consultation with the TWGable 4.1-3). Survey protocols

for thesesmallertributariesarethe same as thosesed in largetributariesin the Upper River
(Section 4.2.11).

4.2.2. Mainstem habitats in the Upper River

Upper River mainstem habitat was remtitee-mapped using a hierarchicalhested habitat
typing methodology based on assessment of aerial still imagery, LiDARyeauad videography
as describeth Section 41.1. Reaches UR and UR2 were classifiedolelyasmainstem inain
channel, offchanne), or tributary habitat UR-3 through UR6 were classified tothe
mesohabitatlevel using the availableremote imagery Section 4.1.1.1) with supplemental
information provided from videographgéction 4.1.1.2).

Upper Rivermainstentield surveyswere conducteth accordance with the methods outlined in
Section 4.1.2 The random selection of habitat units for growndhing proceeded in two ways.
For single main channel habitatiich lacked obvious survey start and epointg sevenunits

of eachmesohabitatype (or all if less than seven were availablegre targetedat randomfor
groundtruthing of theremote line mappingnesohabitat call and collection b&bitat metrics
(Section 4.1.2.2) In all otherhabitat typesmacrohabitat lengthould be determined prior to the
field effort and soeven units (or all ifess than seveavailable) ofthesemaingem macrohabitat
types(split main channel, muftie split main channel, side channg&ibutary moth, side slough,
upland slough were targetedat randomfor groundtruthing of bothmacro and nesdabitat
(Level 3 and Level 4and collection ohabitatmetrics Altogether field surveys to grounttuth
habitatthat had been previously typed by remote imagesye planned for a total of 42 single
main channel mesohabitat ungad 42 randomly selected mainstem macrohabitat umitisin
the Upper River.However, hefinal selection ohabitat unitsvas drawn from habitat units that
both existed and were accessjliteus,the pool of available habitatgas less than the targeted
selection andncluded only 17 available mesohabitats within single main chamand 35
macrohabitatnits of other typegTable 42-1).

Within single main channehacrdabitat, alltargetedand existing mesohabitats were mapfd
riffles, 9 run/glide units). Poolswere not present withigingle main channehabitats of the
Upper River. While rapids did occyrthe consensus of field crew leaders and boat drivers was
that these habitats could not be safely surveybthcrohabitat units other thasingle main
channelwere selected to be surveyed to the extbat they were present on the riverscape
(Table4.2-1). Multiple split main channehabitatswere onlylocatedwithin the Upper Rivem a
single reachat two sites. Among habitats that were both targeted and available, field crews
surveyed? split main channelunits and7 side channels, howevetwo side channeal were
reclassifiedin the fieldand confirmedas split main channdiabitat (seeSection 5.13) and a
multi-split main channeftesulting in a final count of macrohabitairgeys of 8 split main
channel and side channel segmentSield crews surveyed all 6 known upland sloughs in the
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Upper River as welhs7 tributary mouthgTable 4.21). A total of 8 side sloughs were surveyed
in the Upper Riverdue to the inclusion ofa backwater habitafformerly considered a
macrohabitat clasghat was reclassified as a side slougth backwater mesohabitédllowing
the April 1, 2013 SPD recommendations.

The specialmesdabitat feature backwates, beaver compless and clearwater pumes, were

scarce in the Upper Rivealthoughclearwater plume habitatas present in B-3 and UR4

(ISR Part AAppendix B. These mesohabitat units did not occur within single main channel
habitat andthus werenot targeted during the random selection procedtiedd crews identified

and mapped these special features as they encountered them and although clearwater plumes and
beaver complexes were not encountered, a total of 5 backwater habitats were idantified
mapped during Upper River field surveys

4.2.2.1 Comparisons between remote and field habitat characterizations in the
Upper River

Determining whether grounualuthing at the range of flows encountered during field surveys was
adequate to meet theudy objectives is dependent on the degree and magnitude of difference in
the resulting habitatlassificationdetween remote and field habitat characterizatidriss is of
particular concern since target flows were not universally achieved during gsoumelys
(Section4.2.4 and Table 4-2).

Remote line mapping was completed in 2012, using aerial imagery collected during 2011. Some
of that imagery was obtained outside the optimal flow range. Particularly during the 2013 field
season, survey teanecountered some unavoidably high flow conditions; every effort was
made to avoid these flows or to survey only the least-femsitive habitats, however these flow
variations were considered a factor in the assessment of field calls that differeddroemtte

line mapping designation. Additional aerial imagery from 2013 is available that was flown over a
range of flows between approximately 12,000 an@0d® cfsi this imagery was referret as
supplementary informatioto aid in the evaluation dfabitat classification differences that-co
occurred with high flows during either the remote line mapping or the field assessment.

Over the 2013and 2014field seasos survey crews classifiethesdabitats in a total 085
macrdiabitat segments the UpperRiver and for 16 mesohabitat segments of single main
channel habitafTable4.2-1). Field habitatclassificationdor these segments were subsequently
compared with the classifications made during the remote line mapping exercise to identify
possible varigons. An initial desktop assessment was made using a sirtgdebased
comparison in the datababetween the n@ohabitatclassificationfrom the 2012 remote line
mapping and the macrohabitatlassificationmade by field survey crews. Differences that
resulted from either typographical variation (differences in naming conventions) or which arose
due tochangesto macrohabitat categoriesere excludedFor example,backwaterhabitats
beaver complex and clearwater pkeihabitat wereconsidered Leel 3 macrohabitats in the RSP

but were reassigned to Level 4 mesdhtat following FERG $Study Plan DeterminatiorAll
remaining discrepancies were flagged for subsequent visual review within the GIS environment.
Senior staff determined whether a differenteategorization arose from the documentation of a
new featurea difference based @tream channejeometryor changeor a difference generated

by different flow levels duringbservation.
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4.2.3. Lakes within the Upper River Inundation Zone

There are 12 lakesugrently known to be within the zone of reservoir inundation, according to
the National Hydrography Database (NHDOese lakesvere located, mapped, and identified in
the Project GIS databag€able 42-3); devation, surface areand perimeter,were céculated

and thepresenceor absencef surface water connection to the Susitha Rwasnoted The
lakes identifiedare shown by number Figure 4.21 andin Table4.2-3.

The 12lakes in the proposed reservoir inundation zone were surveyed during July and August,
2014 (Figure4.2-2). The lakes ranged in elevation between 1,750 and 2,042 ft. msl. The lakes
were numbered from to 12, from the upstreaimost location neaPRM 214, downstream to

near PRM 195. Only Lakes (Sally Lake) was a named lake in the National Hydrography
Database (NHD) databas€aple4.2-3). The 2014 survey intent was to gather basic limnology
information includhg water depthswater quality (tempeture, dissolved oxygen, pH, and
conductivity) and light penetration data at multiple locations throughout the |Akeg-person

field crew with the aid of an inflatable kayak performed measurements along perpendicular and
longitudinal transects in eathke. Distances from the shoreline starting point for each transect
were calculated fronthe GPS track line as validated with data from a laser rinder where
horizontal distances were measured at each of the water quality stations described foelow.
lakes varied in size ranging between 0.16 ha to 23.0 hai((b8@ acres) and shape (simple to
complex). The number of transects used to provide representative data sivaiteaty by the

size and shape of each lake.

Depths were collected usingard-held sonar (Hawkeye Model H22PX) at routine distances
along both perpendicular and longitudinal transects to generate sufficient soundings to construct
a bathymetric contour map of the lakes. Haetl sonar depths were validated frequently using

a meteed lead line or in shallow watea meter stickWater quality measurements were taken at
select intervals along each perpendicular transects at stations representing 25, 50, and 75 percent
of the horizontal distance across the lake. Water quality mexasuts were colleetl with an

YSI Model 556MPS, with the exception of Lakel-3 wherean YSI ProPlusModel was used
Calibration for both YSI mo d e | A eathostatiom wated ma n u
temperature®C) anddissolved oxygeroncentrations (mg/L) were recorded at the surface and at
every 0.5 m depth for lakes with a maximum depth of less than <5 m and at every 1.0 m depth
for | akes with a maxi mum depth of greater th
station were allected typically 0.1 m to 0.5 m above the lake bottom to avoid the influence of
bottom sediments on YSI readings. Sampling in this manner allowed the generation of vertical
temperature and DO profiles to document summer stratification conditions. ydiog

Activity (pH units) and conductivity(s/cm) were recorded at the lake surface and bottom at
each water quality station. The depth of light penetration (water transparency) was collected
using a standard 20 cm black and white Secchi disk. The maxoiisappearing and subsequent
reappearing depths were recorded at each water quality station along the perpendicular transects.
The Secchi depth was calculated as the average of these two readings. Notes of visual
observations regarding the occurrenceagfiatic vegetation (macrophytes and algae) and other
organic matter, the relative tannic color of the water, observations of potential groundwater
influx and fish use were made in each lake where appropriate
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4.2.4. Variances from the Study Plan

AEA fully implemented the FERC approved study methods with the exception of the following
threevariances.

424.1. Access Limitations

The Study Plarprovided that AEA would characterize and maelection of smaller and
secondary tributariess discussed in the July 2013 techaliomemo Characterization and
Mapping of Aquatic Habitat§HDR 20139. A subset of these tributaries are on Cook Inlet
Regional Working Group (CIRWG) lands that could not be accessed in 2013 (ISR Section
4.2.4.1.2); these tributaries were surveyed in 20htontrollable access limitations due to high
velocity water, rapids, canyons or other physical barrresylted inminimal surveysor two

small Upper Rivertributaries, both withigeomorphic reacltyR-3 (tributary 1D: H230.822H

and H226.22H, see Tale 4.1-1). Instead, thestibutaries werebriefly surveyed by hetopter

to estimate dominartabitat typesnd metricsuch as geomorphic reach length and gradient

4.2.4.2. Ground Survey Flow Conditions

The Study PlanRSPsectiors 9.9.5.3.2and 9.9.5.4 Jlprovided that ground mapping for Upper
River tributaries would be done aiw to moderate flowsimilar to thosewhich occurred during
aerial videographynd mapping of Upper River mainstem habitats would be done at flows near
the range of the referenamageryto allow for similar habitat calls for the two methods. Instead
the study teammapped habitats in bothbutariesandmainstemhabitatsduring all windows of
accessibility in terms of both flow levels and weather condit{®astion 4.1.2.4)flow levels at

the Gold Creek gage during the 2Gir&1 2014ield mapping seasaare shown irFigure4.1-1.

This variance from thepprovedstudy methods was a consequence of unpredictable flow
throughout the seas@mdcould not be avoided even witlareful planning.AEA realized that it
would be very difficult to map the large amount of habitat within the short time window where
Susitna River flowsvere within the targeted ran@€igure 41-1). Accordingly, AEA prioritized
mappingof habitats mordikely to be altered by high flow conditionsSide sloughs wergiven
highest priorityfor low flow mapping in order to minimize mapping during potential breaching
flows; the target upper flow for mapping in side sloughs agsoximatelyl8,000 cfs. Dung

field efforts in 2013 and 20145 percentof Upper Riverside sloughs were mapped at flows less
than 25,000 cf$ 2 side sloughs were mappedflaws greater than 25,00(s (Table 4.23). A

total of 83 percentof Upper Riverupland slough habitats were mapped at flows less2bA90

cfs with just 1 uplard slough mappedat flows greater than 25,000 c{able 4.2-3). . This
prioritization strategy was effective and resulted in very few differences in habitat classifications
between ground surveys and remote line mapping despite variable flow conditions (Section
5.1.3).

4.3. Middle River Habitat Mapping

AEA implemented the methods as described in the Study Plan with the exception of the
variances described i8R Part A Section 4.3 and below inSection 43.3. As describedn
Section4.1.2.11, the Middle River was divided inteightgeomorphic reachedn 2012, remote
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line mapping was applied to the entire Middle Rigeigmentas per the methodsdescribed in
Section4.11. In 2013and 2014field surveys were conduct&d selected tributarieable 4.1
4) of the Middle River segmerandin randomly selectedhainstem habitat unit§rable 4.21)
following the same selection procedure described for the Upper Feetiqn 42.2).

4.3.1. Tributaries in the Middle River

MatanuskaSusitna BoroughiDAR and aerialimagery were available for the lower extent of
many tributaries within the study area, however, overhanging vegetation, shadows and other
environmental conditions limited characterization of mesohabitats from these sources in 2012.
At higher elevations whin tributaries, mesohabitat characterization was not possible from aerial
imagery due to lack of high resolution photograpBubsequently, aubset okeventributaries

in the Middle River segmentithin or above Devils Canyowas selected for mesohéddityping

by videography as described in Section 4.1.1.2 (Tahld)4

A total of six tributariesoutside ofFocus Area within and upstream of Devils Canyoin the
Middle Riverwere selected for ground mappir{@susena CreekJnnamed184.0, Fog Creek,
Devil Creek, Chinook Creeland Cheechako Creek)These tributaries were also amahgse
that werevideographedn 2012.Two additional tributaries are locatedFA-173 (Stephan Lake
Complex) in the Middle River above Devils Canyoithese tributarieswvere divided into
geomorphic reaches based on tributary basin drainage area and stream gadigtihg to
criteria described in Section 4.1.2.1.Habitat classifications within these tributaries were
groundtruthed according to the sanmmethods described for Upper River tributaries (Section
4.2.1). Devil Creek and one of the tributarieshe Stephan Lake Complekiinamedl74.3)
were not fully surveyed due to safety constraints associated with access.

An additional20 tributarieghatwereknown to contain populations of anadromous and resident
fisheswere selectedithin the zone of hydrologic influence (ZHdf the proposedBjectbelow
Devils Canyon9 occuredwithin Focus Area andl1 wereoutside ofFocus Area. In 2013and
2014 reaches that were withthe zone of hydrologic influenda these tributaries werground
mapped following field protocoldescribed irSection4.2.1 However, Lower McKenzie Creek
joins the mainstem Susitna in affiannel habitat, so the suygeof the confluence of Lower
Mckenzie Creek with the main channel are included in mainstem habitat results.

4.3.2. Mainstem Habitats in the Middle River

In 2012, emote line mapping fohe Middle River mainsteraccurredin anidenticalfashionas
the Upper River mainstenmabitatsas described irSection4.1.1 In addition to the remote
mapping, field surveys were conducted in 20BBd 2014in accordance with the methods
outlined in Section 4.1.2The remotelymapped linesegmentsere used as a starting point to
guidefield samplingandunmapped features weseded as encountered.

Outside ofFocus Areas Middle River mainstemhabitatwas grounemappedby selecting a
randomsubset ofemote linemapped macroand mesohabitats ugj the methods and selection
criteriadescribed inSection4.2.2. As in the Upper Riverthe pool ofavailableand accessible
habitats was less than the targeted siele@nd included 6 mesohabitat segmenisthin single
main channels an8i7 units of other macrohabitat typetn addition, privatelands limited AEA
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access to somtargetedhabitat unitsduring 2013 (ISR Section4.3.3.1) these habitats were
subsequently surveyed during the 2014 field seabtabitat units grounanappedn the Middle
River mainstemduring the 2012nd 2014ield seasorare presented in Table 412

In the April 2013 SPD, FERC directed AEA to identify backwater habitat and give this feature
specific consideration (SPD-BL2). The 10 Focus Area includel a diversity of side channels,
side sloughs, and tributary mouths, which often contamedriety of backwater habitats at-off
channel and tributary mouths in the Middle Riv&rtotal of 26 backwaters were identified and
mapped within Middle River Foculreas. An additional13 backwaters were identified and
mapped during random survey segments outside of Focus Areas in the Middle Nrneer.
clearwater plumes antd beaver complexes wergentified along random survey segments with

a further28 beaver complexes ar8iclearwater plumes located within Focus Arghgsse were
mappedn the same manner as in the Upper Rigecfiors4.1.2.3 andt.2.2).

4.3.2.1. Comparisons between remote and field habitat characterizations in
the Middle River

As for the Uppe River, flow variations were considered a factor in the assessment of field
classificationghat differed from the remote line mappidgsignation. Ovethe 2013 and 2014
field seasons, survey crews classified habitats in a totaR®fmacrohabitat segmeés in the
Middle River and for 39 mesohabitat segments of single main channel habitat (Fabl@).

Inside Focus Areassurvey crewsclassified habitats in 97 macrohabitat segments ifh
mesohabitat segments of single main channel haPiiable4.2-1). As described for the Upper
River (Section 4.2.4.2)jdld habitat calls for these segments were subsequently compared with
the classifications made during the remote tirapping

4.3.3. Variances from the Study Plan

AEA fully implemented the FERC approved study methods with the exception of the following
threevariances.

4.3.3.1. Access Limitations

The Study PlanKSP Sections 9.9.5.3.2 and 9.9)%+bvided that AEA would characterize and
map a random subsample of mainstemi tributary habitats assuming full access to the Susitna
drainage basin. Additional selection of smaller and secondary tributaries was discussed in the
July 2013 technical mem@haracterization and Mapping of Aquatic Habit@#DR 201d).

This was not capleted ina single yeard013 due to limited private land accestowever, &er

land access was permitted, additional field surveys occurred in 2014llalatgeted habitats
were surveyed. All mainstem habitat features identified for survey were stidyesnapped
during the 2013 and 2014 field mapping effotisicontrollable access limitations due to high
velocity water, rapids, canyons or other physical barrresylted inminimal surveydor two
Middle River tributaries Devil Creek andUnnamed 14.3, see Table 4:4). Insteadof foot
surveys these tributariesvere surveyed by helicopter to estimate dominant habitat types and
metrics such as geomorphic reach length and gradient.
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4.3.3.2. Ground Survey Flow Conditions

The Study PlanRSP Section 9.9.5.3.2rovided that ground mapping the Middle River
would be done at low to moderate flows similar to those which oegtuduring aerial
videography to allow for similar habitaiassificationfrom the two methods. Insteastudy
teams mapped habitats in Bottributaries and mainstem habitats during all windows of
accessibility in terms of both flow levels and weather conditions (Section 4.1.2.4); flow levels at
the Gold Creek gage durirtige 2013and 2014ield mapping season are shown in Figure}.1

This variance from the proposed study methods was a consequence of unpredictable flow
throughout the season that could maive beeravoided even with careful planningAEA
realized that it would be very difficult to map the large amount of habitat, particuh the
Middle River, within the short time window where Susitna River flows watein the targeted
range(Figure 4.11). AEA prioritized mappingof habitats more likely to be altered by high flow
conditions. Side sloughs were prioritized for lowo¥v mapping in order to minimize mapping
during potential breaching flows; the target upper flow for mapping in side sloughs was
approximatelyl 8,000 cfs.During the field effort11 side sloughe/ere mapped at flowsieeting

this criteria with a further4 side sloughs mapped at floless than approximateB5,000 cfs; 3

side sloughs were mapped at a high flow of 30,700 T&ble 4.23). Main channelhabitats

were prioritized for mapping at flows below 25,000 cfs aete consistently mapped s
discharge levelwith 12.9 percent of habitats mapped fadws above this targgfTable 4.22).
Upland slough habitateere considered lowest priority for low flow mapping and were to be
mapped under flow conditions of 30,0063 or less; these wermmost entirely mappetb this
criteriawith just 3 (of 39) upland sloughs the Middle Rivemrmappedabove 30,00@fs (Table
4.2-2).

4.4. Lower River Habitat Mapping

AEA implemented the methods as described in the Study Plan with no variances. The
Geomorphology study team (Study 6.5, see RSP section 6.5.4.4.2.2 and ISR Part A Section
4.4.2.4) used existing LIDAR and aerial imagery from the MatanGsisitna Borough IDAR

and Imagery Project to map the Lower River. Beptember 2014 technical memorandum
Mapping of Geomorphic Features and Turnover within the Middle and Lower Susitna River
Segments from 1950s, 1980s, and Current Aefiadsra Tech, Inc. 2014) was ustxdelineate
different geomorphic features in the mainstem Lower Susitna River. As part of that study, aerial
photographs from the 1950s, 1980s and 2012 were reviewed to delineate all geomorphic features
within the Lower River floodplain. For the Lower Stna River Segment, geomorphic feature
mapping classifications were adapted and modified from the habitat types in Ashton and Trihey
(1985). These included: vegetated areas, exposed substrate, and aquatic macrohabitat types (main
channel, side channelsds sloughs, tributaries, and upland sloughs). Features such as the side
channel complex (SCC), bar island complex (BIC), bar/attached bar (BAB), tributary delta, and
additional open water were added to the set of geomorphic features.

As described in thestudy Plan (RSP 9.9.5.4.3), it was impractical to map the entire river
segment beyond Level 3 (macrohabitat) because of the very large size and channel complexity of
the Lower River (Figure 4:4). The result of the test videography completed for a skgrhent

of the Lower River showed that a height of 400 ft or lower with three to five flight paths would
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be necessary to visually differentiate mesohabitat types in the Lower Susitna River segment.
Further, several parallel paths would be extremely diffito track even with the use of GPS and
would be very difficult to follow during review of the video. In summary, the review of the test
section concluded that aerial videotaping was not a practical method for habitat mapping the
Lower River.

5. RESULTS

This section providea detaileddescriptionof the cumulativeresults of the Study Plan by major

river segment. Within each river segment the outcomes of both remote line mapping and ground
surveys in both mainstem and tributary habitatspaoeided.Theseresults are cumulative and
supersedéhe preliminary results of 2013 surveys presented in thdPESRASection 5.

5.1. Upper River

The results of both remote line mapping and ground surveys in mainstem habitat units, tributary
reaches and lakes withiha Upper River inundation zone are described in this section using a
combination of habitat distribution and frequenasswell as the presentation of mean values for
habitat metrics within each mesohabitat unit tygoed aregrouped byboth macrohabitat
designatiorand geomorphic reach.

5.1.1. Tributaries in the Upper River

The results presented for tributaries in the Upper River include information previously
summarized in technicainemorandafor remote line mappindHDR 20133 R2 Resource
Consultants, Inc. 2083 1SR Appendix B; summaries of habitat distributions and metrics from
ground surveys conducted during 20#2DR Alaska, Inc. 2013f and results from ground
surveys conducted during 2048d 2014

5.1.1.1. Tributary Habitat Distribution from Remote Line Mapping (Aerial and
Video)

Tributary geomorphiaeachclasses were established using aerial video and contour raps.
primary product of video mapping was a mesohabitat frequency estimathefaselected
tributaries. Preliminaryresults of the habitat frequency analysis from videography for selected
Upper River tributariesvere presented in Appendix 2 of thésh Distribution and Abundance
Implementation PlarfR2 Resource Consultants, Inc. 20L3d hose esultswere presented by
study area tributary and inclutlenesohabitat frequency analysis, distribution of mesohabitat
types by rivermile and tributary geomorphic reach; and photograiblas provide a visual
referencefor some of the more prominent habitat types and gbeeral baracter ofeach
tributary (R2 Resource Consultants, Inc. 201L3An updated frequency analysis of mesohabitats
by tributary geomorphic reach is presented in Figurel5.1

5.1.1.2. Tributary Habitat Distribution from Ground Surveys

During 2012, preliminary grounthappingwas conducted in several reaches of Jay, Kosina and
Watanacreeks The relative frequency of each mesohabitat unit type based on length was
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calculated. Details and summary statistics for mesohabitat units within this preliminary effort
were presated in 2012 Upper Susitna River Fish Distribution and Habitat Study: Habitat
Report(HDR Alaska, Inc. 2013b

During the 2013&nd 2014groundsurvey effors, a total of 3 tributariesin the Upper River were
ground mapped including 1that had beenmesdabitat mapped using videograph$eétion
4.1.1.2,Table 41-1). One small tributary in the UR that had been identified for ground mapping

T Unnamed230.8 7 was not surveyed because safe access via either helicopter or jetboat could
not be locatedThe totl length surveyed withitheseUpper River tributaries waS0, 189 m

(31.2 mi) with an average survey length @5 m (0.60 mi) within each tributary geomorphic
reach(Table 5.11).

Mesohabitat in these tributariesvere largely composed ofun/glide, riffle, andboulder riffle
mesohabita representindl percent,27 percent and 19 percentof the total length of tributary
habitat surveyed respectively (Table-8)1 The mesohabitat composition estimated using the
ground survey protocol vgasimilar to the estimates made from the videographic analysis

(Figures5.11 and5.122). I n general, the ground surveys est
watero habitat types than the video analysis

chamel habitatghat were not captured by the ground survey subsam(@igg the beaver pond

in Geomorphic Reach 2 of the Oshetrid)is apparent discrepancy is likely related to the size of
the Oshetna River prohibiting full access by wading crews whilevile channeland open
canopy provides excellent coverage of the full channel in the remotes imagery.

Descriptive summary statistics fall habitat metrics by mesohabitat within Upper River
tributaries surveyed during t#912,2013 and 2014ield efforts are presented in Tabl&sl-2
through 5.1-18. Average habitat characteristics included mean gradients (outside of alcoves,
which had a mean gradient of 0 pergemainging from B percentin pools t010.4 percentin
cascadesOverall mean bankfull widthn all mesohabitats surveyed wa8 m (21 yd) with a
range from 4 m (1.5 yd) in alcoves ta22.7 m (248 yd) in riffles; overall mean wetted width
was16.1 m (176 yd) and ranged from..1 m (1 yd) in alcoves and percolation channetis 19.6

m (214 yd) in riffle mesohabitats Overall mean bankfull depth was80m (0.9 yd) and ranged
from 0.4m (1.3 f) in alcovesto 12 m (1.3 yd) in pool and beaver dammesohabitats; overall
mean thalweg depth w&s5 m (0.5 ft) and ranged from 0.&h (0.7 ft) in chutemesohabitat$o
0.6 m in run/glides, boulder riffles, beaver ponds and rapids

Additional habitat characteristics naportel in the ISR include average niawum pool depth
which ranged from 1.3 m (4.3 ft) in beaver ponds to 1rt (1.2 yd) in pool mesohdats; average
pool crest depth of all pool mesohabitatsveyedwas 0.4 m (1.3 ft). The overall mean percent
bankerosion was 7.1 percent and ranged from O percent in aleowkefalk to 56.3 percent in
chute mesohabitats; overall mean percent undebartk was 47 percent and ranged from O
percent in alcoveand chutes to 17.1 percent in pool mesohabitatshd ptal count of large
woody debris (LWD) observed was229 pieces, with O pieces observed ahutesand
percolation channeland 359 pieces observed inun/glide mesohabitats. The most common
riparian vegetation surveyed was nonforested shrub wilbiserved along9 percent (2462

m (15.1 mi)) ofthe surveyedstreamlength while the least common riparian vegetation was
broadleaf foest closedpbserved along onl9.66 percent (3 m (0.2 mi)) of stream margins.
Only 13 percent (646 m (706 yd) ¢ifie habitats surveyed @venonvegetated.
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Substrate type were classified into sixcategoriesbedrock boulders, cobble, gravel, sandisil
and organic material. Boulder was the dominant substrate type observed followed by cobble.
The overall mean bedrogbercentagevas 0.5 percent and ranged from O percent in akove
beaver pongl and percolation channels to 10 percent in chute mesatgbdverall mean
boulder cover was 32.9 percent and ranged from O percent in hEawds to100 percent in
falls; overall mean cobble cover was 32.2 percent and ranged from O percent in beaver ponds to
39.7 percent in riffle mesohabitats; overall meaawp cover was 22.percent and ranged from

3.3 percent ilalcoves to 301 percent in pool mesohabitats; overall mean sand/silt cover was 9.9
percent and ranged froth5 percent inrapids to 76.7 percent in alcove mesohabitats; and overall
mean organicgover was 2.2 percent and ranged from O percent in aldové3.3 percent in
beaver pond mesohabitats.

5.1.2. Mainstem Habitats in the Upper River

The results presented below for mainstem habitats in the Upper River include information
previously summarized imechnical memoraradfor remote line mappingHDR 2013, R2
Resource Consultants, Inc. 2013BR Appendix B; summaries of habitat distributions and
metrics from ground surveys conducted during 2HR2R Alaska, Inc. 2013k and results from
ground surveysonducted during 2018nd 2014

5.1.2.1. Habitat Distribution from Remote Line Mapping (Aerial and Video)

An assessment of the remote imapping habitat characterization through videography in the
Upper River indicated that channel type was similar aggeesnorphic reachesApproximately

70 percent of theiverine habitatwas classified amain channelO to 11 percenasoff-channel
habitat, androughly 25 percenas lower reaches of tributarigdSR Appendix B. Detailed
methods, analysis and resultsrh the 2012 remote line mapping exercise in the Upper River are
presented in the technical memorandUlpper Susitna River Segment Remote Line Habitat
Mapping(ISR Appendix B.

5.1.2.2. Habitat Distribution from Ground Surveys

The total length ohabitatground suveyed within the Upper River mainstem w24429 m

(21.2 mi) composed ofL7,168 m of main bannel, 5793 m of 8.6 mi) of split main &xannel,
2,7739 m (1.7 mi) of muksplit main channell842m (1.1 mi) of side channel3,344 m (2.1mi)

of side $ough, 2878 m (1.8 mi) of uplandslough and320 m (0.2 mi) of tributary mouth habitat
(Table4.2-1). The most commorUpper River mainstem habitatassingle main channelwhich

represented0 percentof the total measured habitat by length (Table1®).

Descriptive statistics for seleatesdabitat metrics summarized by macrohabitat within Upper
River mainstem habitat units surveyed are present@a@bites 5.419 through 5.129. Gradient
was lowest ifrmain channelmacrohabitat with a mean gradient of & percent and wakighest
in tributary mouthswvhere the mean gradient wagercent. Bankfull width ranged frof.7m
(11.7yd) in uplandsloughs to 198.1m (216.6 yd) in single main channe$; wetted widthganged
from 6.4 m (7.0 yd) in upland sloughs to 169.2m (185 yd) in single main channel Average
thalweg depth ranged from3m (1 ft) in tributary mouthsto 2.9 m (9.5 ff) in single main
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channel; bankfull deptlaveraged).9 m (3 ft) in uplandand sideslougls to 2.7 m (8.9 ft) in
single main channel macrohabitat

Mesohabitatin the Upper River mainstemesedominated by run/glide and riffleabitats which
formedO percentof the total length of habitat survey€thble 5.119). Beavercomplexeswere

not encountered during mainstem surveythaUpper RiverA total of 5 backwaters 428.9m

(0.27 mi) of habitati were surveyed in the Upper River, all were located at the downstream
confluenceof side sloughsvith mainstem habitats

5.1.3. Comparisons between remote and field habitat characterizations in the
Upper River

Discrepanciebetween remoténe mapping and groursurvey habitat calls were infrequer@®f

52 macrohabitatomparisongincluding 17 mesohabitat segments within single main channel
habitat) theravere twoinstancs wherethe field-basedchabitatclassificatiors were judged more

valid than the original line mappirgassification In both casa, the segmerd wereidentified as

a side channetluring remoteline mapping whilesurvey data classifiedne as a split main
channelandone as a muksplit main channelA desktop review othis variationconcludedthat

the field survey assessment was made closer to target flows than occurred with the imagery
underlying the original line mapping macrohabititssification Additional varations occurred

either because of changes to the classification system (backwaters, beaver complexes and
clearwater plumes categorized as/kl3 macrohabitats at the time of 2012 remote line mapping
prior to FERCO6s SPD) a berausggeew segmentshoe featuiese weeer ¢ h y
identified and mapped during field surveys.

Single main channel habitats were selected separately from other mainstem macrohabitat types to
adjust forindeterminay of practical survey start and end points in these habiRitcrepancies
between 2012 remote line mapping mesohalbiasificationsand those made by field crews

were almost exclusivelgn artifact of field crews using finacalehabitat divisions resulting in

the identification of sequences of riffles and swvithin segmentsvhere remote line mapping

had identified a single mesohabitatwherea glide and a riffleveredetermined by field crews

to be a riffle and a glide, respectively. AEA judged this kind of habitat difference between
remote line mappingral field calls to be due to the inherent subjectivity of distinctions between
these mesohabitat types in combination with flow variation. Thus, no revisions to line mapping
were needed.

Ground truthing surveys, even at slightly higher flows, resulteeiin few habitat classification
changes. UppdRiver macrohabitat classifications were not sensitive to the range of flows during
survey conditions.The infrequency otlassificationdifferences despite greater than planned for
disparites betweemappingflows allowedAEA to successfully complete tlggoundtruthing of
remoteline mapping habitaind fully meet Objecives 1-3 in the Upper River.

5.1.4. Lakes Within the Upper River Inundation Zone

Elevatiors of the 12 lakes within the Project inundation zone ranged #8vm (1598 ft) to
622 m (2042 ft), the average perimeter and area wg28 m (2043 ft) and 2.78 hectarg$.87
acres)respectively Fivelakes had a surface water connection to the Suslimer visible from
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the GIS layer Table 4.2-2). The maximum depth of lakes ranged from 1.1 to 10.1 m while
average depths ranged between ®.6and 4.6 m. Average transparency in these lakes was
determined by the mean secchi depth and ranged betweand3/5 m. Surface and bottom pH
was5.8-7.8 while conductivity varied between surface and bottom on the orde6ek/cnt to
247¢gs/ent i details of these characteristics for each surveyed lake are summarized in Table 4.2
2. Temperature and dissolved ygen depth profiles for each lake surveyed are presented in
Figures5.1-3 and5.1-4.

5.2. Middle River

The results of both remote line mapping and ground surveys in mainstem habitat units and
tributary reaches within the Middle River are described in this seaBorg a combination of
habitat distribution and frequencies as well as the presentation ofvaleas for habitat metrics
within each mesohabitat unit type and are grouped by both macrohtgpéatnd geomorphic
reach.

5.2.1. Tributaries in the Middle River

The results presented for tributaries in the Middle River include information previously
summarizd in technical memorandum for remote line mappittPR 2013, R2 Resource
Consultants, Inc. 20138, HDR Alaska, Inc. 2018 and results from ground surveys conducted
during 2013.

5.2.1.1. Tributary Habitat Distribution from Remote Line Mapping (Aerial and
Video)

Preliminary geomorphic classes and the results of mesohabitat frequency analysis for
videography within Middle River segmeriributaries upstream of Devils Canyon are
summarized in Table 43 and further detaileth Appendix 2 ofthe Fish Distribution and
Abundance Implementation PI§R2 Resource Consultants, Inc. 20L3Results are presented

by study area tributary and include mesohabiiequency analysis, distribution of mesohabitat
types by rivemile and tributary geomorphic reach; and photograpbsiding a visual reference

of some of the more prominent habitat types and the general character of each tributary.

5.2.1.2. Tributary Habitat Distribution from Ground Surveys

During the2012,2013 and 2014field efforts, habitat surveys were conductedtiventy-five
Middle River tributariesas described in Section 4.3.1. tétal of 13,772m (8.6 mi) were
surveyed(Table 5.11). Overall mesohabitatin these25 Middle River tributariesverelargely
composed ofast water habitats.The total length of all tributaries combined, by type \#4s
percentriffle, 21 percentboulder riffle and 18 percentrun/iglide (Table 52-1). Descriptive
summary statistics fomll habitat metrics by mesohabitat within Middle River tributaries
surveyed dring the2012,2013 and 2014ield efforts are presented in Tablé-2 through 52-

18.

Average habitat characteristics included mean gradients ranging foencéntin beave ponds
to 10 percentin chute mesohabita the overall mean gradient in these tributaries Ww&s
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percent. @erall mean bankfull width in all mesohabitats surveyed a8 m (11.8yd) with a
range from2.7 m (3 yd) in alcove mesohabitats t@8.5 m (20.3 yd) in beaver pond
mesohabitat Overall mean wetted width we&1 m (8.9yd) and ranged from.6 m (1.7 yd) in
a percolation channel mesohabitat 8.5 m (14.8 yd) in boulder riffle mesohabita The
overall mean bankfull depth was8am (2.6 ft) and ranged from 8.m (1 ft) in run/glidesto 1.3
m (1.4 yd) in chutemesohabitats; overall mean thalweg depth wésr(2 ft) and ranged from
0.2m (0.7 ft) in alcovesto 1.1 m (1.1 yd) in a chutemesohabitat.

Additional summary of habitat characteristics not found in the ISR ingladerage marmum

pool depth which rangd from 12 m (1.3 yd) in pook to 10 m (1.1 yd) in beaver pond
mesohabita average pool crest depth of all pool mesohabgatseyedwas 0.3 m (1 ft). The
overall mean percent erosion wapercent and ranged fro0 percent in alcowe beaver pong
chutes, and percolation channels to 8%ercent in pool mesohabitats; overall mean percent
undercut was 5.7 percent and ranged from O percent insclaute percolation channels to 14.2
percent in pool mesohabitatsThe btal amount of large woody debris (LWD) observed was
1,229 pieces, with O pieces observed in percolation channels and chutdS%ridces observed

in run/glide mesohabitats The most common riparian vegetation surveyed was nonforested
shrub Alder covering 22 percen2(985m [1.9 mi) of stream, while the least common riparian
vegetation waglosed canopyroadleafforest,covering3 percent 886 m [0.2 mi]) of the total
streamlength surveyed. Only 0.7 percent (99 [h08 yd]) of the total survey length was
nonvegetated.

Substrate typge were classified into six types including bed rock, boulders, cobble, gravel,
sand/silt, or organic material. The overall mean bed rock covet pacent and ranged from O
percent in alcove beaver pongl dry habitats percolation channels, and riffléo 40 percent in
chute mesohabitats; overall mean boulder cover2&ak percent and ranged from 0 percent in
beaver ponslto 57.3 percent in the cascade mesohabit&@verall mean cobble cover wag4.5
percentand ranged from O percent in alcevand beaver ponds t88.1 percent inrun/glide
mesohabitats; overall mean gravel cover was 28 percent and ranged from O percent sn alcove
and beaver pounds to 37.2 percent in riffle mesohabitgrall mean sand/sitover wasl2.9
percent and ranged from O percent in cascades, chutes, and dry halif@tpeéacent in beaver
pond mesohabitatsOwerall mean organics cover wa® percent and ranged from 0 percent in
alcoves to33 percent in beaver pond mesohabitats

5.2.2. Mainstem Habitats in the Middle River

The results presented for mainstem habitat in the Middle River include information previously
summarized in technical memorantbr remote line mappingR2 Resource Consultants, Inc.
2013a, HDR Alaska, Inc. 20&Band results from ground surveys conducted during 20d.3
2014

5.2.2.1. Habitat Distribution from Remote Line Mapping (Aerial and Video)

Analysis of macrohabitat distribution from the 2012 remote line mapping indicated that
mainstem habitat varied by geomorphic aeaand generally increased in complexity from
upstream to downstream locatiotdDR Alaska, Inc. 2018. Single main channel represented
the majority of habitat from the proposed dam site {})Rhrough Devils Canyon (MB).
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Downstream of Devils Canyon.€., MR-6 to MR-8), channel types were broadly distributed
across channel categoriesingle main channel habitat was not the majority in any of those
reaches. Downstream reaches contained multiple split main channel habitat and many side
channels

Mesohabitats in the main channel assessed from the 2012 remote line mapping wereygenerall
dominated by run/glide habitaClearwater plume habitats were located in reache2MRR-3,

MR-5, and MR7, with the most being in reach MR beaver dams were raygbresent in side

slough habitat, and slightly more prevalent in upland sloughs and were only observed in reaches
MR-6 and MR7. Backwater habitat was also relatively rare and primarily present in the lower
reaches from MF5 through MR8. Additional detdls of methods, analysis and resuti§
macrohabitat distribution assessed during 2012 remote line mapping are presevitddien
Susitna River Segment Remote Line Habitat Mapping Technical Memorghti Alaska,

Inc. 2013%).

5.2.2.2. Habitat Distribution from Ground Surveys

The total length of macrohabitat units surveyathin the Middle River mainstem both inside
and outsideFocus Area (FAs) was 141,474m (87.9 mi). This wascomposed 051,682 m
(32.1mi) of single main channes, 17,693 m (11 mi) of split main channel,13,180m (8.2 mi) of
multiple split main channes, 20,258m (12.6 mi) of side channes$, 18,842m (11.7mi) of upland
sloughs, and1,261m (0.8 mi) of tributary mouth habitat

Descriptive statistics fomesdabitat metrics summarized byacrohabitat withinall Middle
River mainstem habitat units surveyed are presented in Tatld® Birough 51-29. Gradient
was lowest inmain channal where the mean gradient wagl @ercentwhereas gradient was
highestin tributary mouthmacrohabiteg where the mean gradient wd9 percent. Bankfull
widths ranged fron10.7 m (11.7 yd) in upland sloughto 198.1m (216.6yd) in single main
channes. Wetted widths ranged fro.4 m (7 yd) in upland slough macrohabitatto 169.2 m
(184.8yd) in single main channes. The averge thalweg depttranged from @B m (1 ft) in side
slougls to 2.9 m (3.2 yd in single main channes; average bankfull depths ranged frort th
(1.3 ft) in uplandsloughmacrohabitagto 2.7 m (3 ft) in single main channelmacrohabitas.

Habitat metrics collected iFocus Area were generally similar to those the Middle River
outsideof FocusAreas Groundsurveyed macrohabitats consisted primarilynwdin channel
habitats which formed 2Bercent andt1 percent bylength respectively of the total length of
habitat surveyeavithin and outside of Focus Areas. Upland sloughs, tributary mouths, and split
main channel macrohabitats were also surveyed in similar proporfibuls -split main channel
habitats were a higi proportion of surveyed area outside Focus Areas (17 percent versus 9
percent)whereadongersurveysof side channels and side sloughs were completed within Focus
Areas.

5.2.3. Comparisons between remote and field habitat characterizations in the
Middle River

Discrepanciebetween remoténe mapping or videoed habitalassificationsand grounesurvey
habitatclassificationswere infrequent. O192 macrohabitatomparisonsn the Middle River
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(including 41 mesohabitats within single main channel segmetitsje were6 survey lines
where field crew habitatlassificationswvere judged more valithan the original line mapping.

All of these differences wergde channels that field crews assessed as side slduglesktop
review of these variations concludeltat these represented instances where the field survey
assessment was made closer to target flows than occurred with the imagery underlying the
original line mapping macrohabitatassifications Thus, 6 variations out 0f1l92 macrohabitat
classificationsrepresent the curremhisclassificationrate associated with the comprehensive
remote line mappingn the Middle River Additional variations occurred either because of
changes to the classification system (backwaters, beaver complexes and clearwatsr plum
categorized asdvel 3 macrohabitats at the time of 2012 remote line mapping) or because new
segments or features were identified and mapped during field surveys.

Single main channel habitats were selected separately from other mainstem macrohabitat typ
adjust for indeterminacy of practical survey start and end points in these habitats. Discrepancies
between 2012 remote line mapping mesohaliasificationsand those made by field crews

were almost exclusively an artifact of field crews usimgifiscale habitat divisions resulting in

the identification of sequences of riffles and runs within segments where remote line mapping
had identified a singlenesohabitat. In somi@stances, a glide and a riffle were determined by
field crews to be a rifé and a glide, respectively. AEA judged this kind of habitat difference
between remote line mapping and fieldssificationsto be due to the inherent subjectivity of
distinctions between these mesohabitat types in combination with flow variation. Adus,
revisions to line mapping were needed.

Ground truthing surveys, even at slightly higher flows, resulted in very few habitat classification
changesMiddle River macrohabitat classifications were not sensitive to the range of flows
during survey conditins. The infrequency of these differences despite greater than planned for

di sparity in mapping flows support s-truhiBgAOS coO
remoteline mapping habitatlassificationgas been met.

5.3. Lower River

The September 24 technical memoranduiMapping of Geomorphic Features and Turnover
within the Middle and Lower Susitna River Segments from 1950s, 1980s, and Current Aerials
(Tetra Tech, Inc. 2014Hummarizegeomorphic features in the mainstem Lower Susitna River
Secton 5.1.1 withcorrespondingnapsin Appendix H

6. DISCUSSION

The objectives of this study were twofold: to establish a baseline against which to evaluate
potential habitat loss or gain causedApgject operations and to provide a habitat template for the
design of coordinatedquaticstudies. The specifics of baseline data objectives varied by river
segmentto reflect the nature opotential Project effects onaquatic habitas and included
mainsem, tributary and lake habitat dat&®®emote line mapping results were combined with
2013 2014 groundtruthing to developed accurate and detailed maps of the baseline habitat
condition with the Upper and Middle River segmen@Geomorphic assaments in he Lower
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River (Sudy 6.5) provide a baseline of macrohabitat mapping that has also supported
coordinated study efforand will be adequate for any future impact analysis

The results of the remote line mapping and videography components of the sividie @n

index of the frequency and proportion of mainstem and tributary hatiihin the Upper and
Middle Susitna River segments. The resolution of the data varied based on the size and visibility
of each habitat unit and relied upon the professiontatpretation of biologists In tributaries,

the comparison of habitat frequencies estimate@@}2 videography an®?0132014 ground
surveys revealed that the analysis of still images from the videography tended to underestimate
water velocities and tis pool habitats were estimated to be more frequent whereas ground
surveys characterized the same habitats as run/glkiesethelessvideographyprovided a tool

that allowed informed decisions and planning for representingtisé&na basirfor instream

flow (Study 8.5) and fish distribution studies (Studies 9.5 and 9.6) during 2013 and a basis for
developing a survey protocol for field confirmation of habitat callBhe interpretation of
videography represented only a small portion of habitat mappilcly sictivity. Significant on
the-ground activity was conducted in 2028d 2014that expanded the resolution and working
knowledge of available habitat in the Susitna River and surrounding tribut&tidsre analysis

of habitats in tributaries shoulge the more comprehensive and accurate ground survey data.

Ground truthing of the remote line mapping effort revealed relatively femonsistencies
betweengroundsurveys and the remote line mapping. The robust nature ebthprehensive
line mappingproductsupports its use as a baselioefuture analyses. Ground surveys provided
more detailed attributes of macrohabitat typesticularly in oftchannel and tributary habitats
where visibility from theair was limited.

6.1. Study Coordination and Updates

Multiple studiesused the Auatic HabitatStudy datato inform their effortancluding: Instream
Flow (Study 8.5)Fish Distribution and Abundance in the Up@arsitnaRiver (Study9.5), Fish
Distribution and Abundance in the Middle and Lower Susitn&eRi(Study 9.6), River
Productivity (Study 9.8)This data will also be considered within theture Watana Reservoir
Fish Community and Risk of Entrainmer8tgdy 9.10)As described irthe ISR for Studys.5,
the 2D model framework developed for the Iretm Flow Study will model all ofthannel and
tributary confluences where backwater habitats are generally formea further directed
sampling of this habitat type is proposed. The data on backwater habitats generated by the 100
percent coverage dfocus Area during ground surveys will be used in fhish and Aquatics
Instream Flow StudyISR Study 8.5)0 specifically include these habitat types in Middle River
Focus Are&D modeling

7. CONCLUSION

From 2012 to 2014, AEA completedmote line mapping, videography and ground surveys to
map and characterize aquatic habitats in the Upper and Middle Susitna ®aamorphological
mapping provides baseé data for the Lower River (Study 6.5)he field work, data collection,
data anbysis, and reportindor this Characterization and Mapping of Aquatic Habit&isidy
successfully met all study objectives in the FE&fproved Study Plan. The results of this
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Characterization and Mapping of Aquatic Habit&tadyare reported herein amdrlier by AEA
(2014. With this report, AEA has now completed Bearacterization and Mapping of Aquatic
HabitatsStudy.
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Table 4.1.1 Nested and tiered habitat mapping units and categories for macrohabitats and mainstem channel mesohabitats

Level | Unit Grouping | Category Definitions
Maior Upper Upper RivérPRM 187.71 261.3
J . bPer, (habitat mapping extended up to mainstem PRM 235.1 and included the Oshetna River.
1 Hydrologic | Segments | Middle, Lowg , .. le Ri X )
Segment River Middle RivePRM 102.4' 187.1
Lower RiveiPRM (G 102.4
Upper Rive 6 reaches
Segment
Geomorphiq Middle Rive Geomorphic reactieat uniquely divide the Major Hydrologic Segments based on geomorphic characts
2 8 reaches
Reach Segment
Lower Rive 6 reaches
Segmeht
Single Main| Single dominant main channel.
Channel
Split Mail Two dominant channels.
Main Channel
Channel Multiple Spl| Three or more distributed dominant channels.
Habitat Main Chann
Side Channeg Channehat is turbid and connected to the active main channel but rejpl@sémshoroportion offlow
Tributary Clear water areas that exist where tributaries flow into Susitna River main channel or side channe
3 Macrohabitz Mouth Tributarpabitat will be mapped as a separate effort).
ofich . Side Slough| Overflow channel contained in the floodplain, but disconnected from the main channel
anne
Habitat ' Upland Similar to a side slough, but contains a vegetated bar shahéshaaely overtopped by mainstem flow. H
Slough watet-
Single . .
- Channel Single dominant channel
T”bl.ﬂary Split Channg Two dominant channels
Habitat
Channel Three or more distributed dominant channels
complex
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Level

Unit

Grouping

Mesohabitat

Definitions

Fast water

Rapid

Swift, turbulent flow including small chutes and some hydraulic jumps swirling around boulders.
composed of individual boulders, boulder clusters, and partial bars. Lawdelegsadérge concentrati
boulders and white water than Cascade. Moderate gradient speilediGslope.

Riffle

A fast water habitat with turbulent, shallow flow over submerged or partially submerged gravel an
Generally broad, uniform «®stson. Low gradient; usuaiB.@3ercent slope.

Run/Glide

A habitat area with minimal surface turbulence with generally uniform depth that is greater t
substrate size. Velocities are on bdadtraoid slow water. Gradients are approximately O to less thg
Generally deeper than riffles with few major flow obstructions and low habitat complexity.

Mesohabita|

Slow Water

Pool

Slow water habitat with minimal turbulence and deeper duéydraslioogntrol.

Pool
subtypes

Straight Scour Pool: Formed byhaniahel scour. Generally with a broad scour hole and symmsddtiahg

Plunge Pool: Formed by scour below a complete or nearly complete channel distidetionofidzegrod
Pool must be Substrate is highly variable. Frequently, but not always, shorter than the active chan

Lateral Scour Pool: Formed by flow impinging against one stream bank or partial obstruction
bedrock). Asymmetrical eses8on. Includes corner pools in meandering lowland or valley bottom str

Backwater Pool: Found along channel margins; created by eddies around obstructions such as |
or woody debris. Part of active channel at most flows; scoured at high flow. Substrate typically
cobble. Generally not asdsrtge full channel width.

Isolated Pool: Areas of puddled or stranded water

Special
Habitat
Feature

Clearwater
Plume

Discharge from a tributary that forms a pronounced area of clearwater, in contrast to the turbid
channel, along the main channel shoreline. The length, breadth, and depth of the clearwater pl
relative discharge betweentributary and the main channel, relative turbidity, and on mixing condil
shoreline. A clear water plume will be mapped as if it were a separate mesohabitat type.

Backwater

Found along channel margins and generally within the influence of the active main channel w
source of inflow. Water is not clear. A backwater will be mapped as if it were a separate mesoha

Beaver
Complex

Complexyonded water body created by beaver dams. A beaver dam will be mapped as if it
mesohabitat type.

Tributary

Mesohabita

Tributary mesohabitats were typed using the classification systenTdbkdrthed in
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Table 4.1.2 Nested andiered habitat mapping units and hydraulic categories used for tributary mesohabitats

Macrohabitat Groupin Mesohabitat Definition
(# of channels) ping Type
Falls Steep near vertical drop in water surface elevation greater than approximately 5 feet over a permand
bedrock.
A fast water habitat with turbulent flow; many hydraulic jurtipstestramgl eddies and betwe80 Bércer
Cascade white water. High gradient; usually greater than 4 percent slope. Much of the exposed substrate cg
organized into clusters, partial bars-poatspquences.
An area where mosthef flow is constricted to a channel much narrower than the average channel
_ Chute concentrated flow is generally created by a channel impingement or a laterally asymmetric bathym
Main channel fast and turbulent.
(1 channel) . . . - -
Swift, turtbent flow including small chutes and some hydraulic jumps swirling around boulders. E
Fast Water . S . .
Split main chan Rapid composed of mdmdual boulders, boulder cluste_rs, and partial bars. Lower gradle_nt and less den
(2 channels) boulders and white water than Caddlmdierate gradient; usualg.@.percent slope, occasional8; (¥ fiercent,
.| Same flow and gradient as Riffle but with numerous boulders that eanitcsezgd pabls or pocket water ¢
. . Boulder Riffl¢
Multiple split ma by scour.
c:?anr;el h | Riffle A fast watdrabitat with turbulent, shallow flow over submerged or partially submerged gravel and ¢
(3 or > channels Generally broad, uniform eestsonLow gradient; usually®percent slope, rarely up to 6 percent.
A habitat area with malisurface turbulence with generally uniform depth that is greater than the ma
Run/Glide | size.Velocities are on border of fast and slow water. Gradients are approximately 0 to les&¢nanafl
deeper than riffles with few majabiitnwctions and low habitat complexity.
Pool A slow water habitat with a flat surface slope and low water velocity that is deeper than the aver

Substrate is highly variable. For pool subtypes, refdr.td.Table

Beaver Pond

Water impounded by the creation of a beavequisaient to a Beaver Complex.

Slow Water Alcove An ofthannel habitat that is laterally displaced from the general bounds of the active channel g
extreme flow events or by beatigity; not scoured during typical high flows. Substrate is typically san
matter. Generally not as long as the full channel width. An alcove is differentiated from a bac
protected and not scoured at high flows wherkast@bagart of the active channel and is scoured at hig

Percolation A slough characterized by groundvx_/ater percolation tﬁtmmbiaihethat comes from m_ain stream (

Offchannel channel Upstream surface connection to active claroféldue to accumulation of sediment/debris at the ups

Upstream surface water connection to the active channel present only during high flows.
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Table 4.12-1. Upper River tributary table showing all tributary geomorphic reaches,gradient, basin area, and survey status

Mainstem . Tributary Tributary Project End of Approx. Approx. | Total
. . Selection . : Survey| Drainage Ground
Geomorphic | Tributary Name Category Category| Geomorphic River Elev Area Length | Grad. survey
5 ) . . 0
Reach Reach SitelD Mile (f0) (kn?) (km) (%)
Above Oshetnd 2013
UR2 Oshetna River| '"undation) Oshetn@ | 2351 | 3000 | 885.1 | 89.48 2013
Zone 2013
Oshetn&?
Above Blackl 2013
UR2 Black River | 'nundation| Black 12.6 (LB)| 3000 | NI NI 2013
Zone 2013
Black3?
Above Goosel 2013
UR3 Goose Creek | 'Mundation) Goose 232.8 | 3000 | 167.2 | 40.56 2013
Zone 2013
Gooses?
Proposed reservoir full pool (20506 NAVI
UR3 Unnamed 230.| small primary 1 H230.822H 230.8 2200 1 2.19 11 2014
UR3 Unnamed 230., small primar 1 H230.22H 230.2 2200 0.4 0.72 19 2014
UR3 Unnamed 230.| small primar 1 H230.22H 230.1 2200 4.3 5.39 7 2014
URS3 Unnamed 228.| small primar 1 H228.22H 228.5 2200 75.1 25.39 5 2014
UR3 Unnamed 226.| small primar 1 H226.22H 226.2 2200 5.9 4.50 10 2014
UR4 Unnamed 219.| small primar 1 H219.@2H 219.6 2200 8.4 7.28 8 2014
UR4 Unnamed 214.] small primar 1 H214.22H 214.4 2200 1.7 2.44 23 2014
Jayl 2012, 2013
Inundation Jay2 2012, 2013
UR4 Jay Creék Zone 1 Jay3 211.0 3000 99.5 31.54 2012, 2013
Jay43 2013
| dat Kosindl 2012
UR4 Kosina Creek ””Zr;ni“on 1 Kosine 209.1 | 3000 | 644.1 | 63.57 2012, 2013
Kosine8 2012
- Inundation Tsisil3 2013
UR4 Tsisi Creék Zone 2 Tsisiz? 7.2 (LB)| 3000 NI NI 5013
UR4 Unnamed 208.| small primar H208.@2H 208.6 2200 5.0 7.52 8 2014
URS5 Unnamed 207.| small primar H207.44W1 207.4 HW 1.1 2.50 14 2014
URS U””"ggeld 207 small primar] 2 H207.44W2 | 207.4 | HW NI 2014
Inundation 206.31 2013
URS5 Unnamed 206. Zone 1 206.33 206.3 3000 49.9 11.96 5013
Inundation 204.51 2014
URS5 Unnamed 204. Zone 1 204 204.5 3000 49.9 9.98 5014
URG Unnamed 198.| small primar 1 H198.22H 198.9 2200 1.2 3.36 13 2014
UR6 U””igid 198) small primary 2 H198.40W | 1984 | HW NI 2014
. 197.71 2014
URG Unnamed 197. '””Zr(‘)‘:fg'on 1 197.2 197.7 | 3000 | 49.9 8.69 2014
197.73 2014
URG U””i{”éeld 1970 small primary 2 H197.22T | 197.7 | 2200 NI 2014
. Watand 2012, 2013
Inundation
UR6 Watana Crekk Zone 1 Watan® 196.9 3000 281.3 43.29 2012, 2013
Watan#? 2013
URG Watana RB | small primary 2 H196.HW1 196.9 HW NI 2014
UR6 Watana L8.1.1| small primary 4 H196.HW2 196.9 HW NI 2014
Watana Inundation Watana TH3 2013
UR6 Tributaty Zone 2 Watana THP 8.7 (RB)| 3000 NI NI 2013
. 194.81 2014
UR6 Unnamed 194. '”“Zr;‘:]ae“o” 1 194.83 1948 | HW | 1996 | 11.43 2013
194.&4 2013
Deadmat 2014
. Deadmaf3 2013, 2014
Inundation
UR6 Deadman Crée Zone 1 Deadma#d 189.4 3000 281.8 67.43 2013
Deadmab 2013
Deadmab 2013

ITributary mapped using aerial videography.
Tributary category indicates ranked distance from the mainstem Susitna River (i.e. 1 = primary tributar\2te thibiSasittma&Rivenber 1 tributary

3Tributary Geomorphic Reaclparilglly videnapped or not video mapped. See T&bferdpatial range of videography survey.
NI: No information available at this time.
* private land CIRWG
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Table 4.1-2. Middle River tributary geomorphic reaches selected foground survey, gradient, basin area, and survey year(s).

Malnstem. Tributary Name Tributary Trlbutary. Prgject End of Survey Approx. Approx.
Geomorphic (ID) Category Geomorphic River Elev. (ft Drainage Length Focus Area Ground survey
Reach g Reach or SitelD Mile ' Area (kn?) (km)
Tsusenal upDer extent of NA 2014
MR-2 Tsusena Creék 1 184.6 PP 145.3 49.41 Outside of study
Tsusen& ZHI NA
bounds (ZHI)
184.01 Lover extent of NA 2014
MR-2 Unnamed 184.5 1 1840 | PP <31 16.74 Outsideof study
184.02 ZHI NA
bounds (ZHI)
Fogl NA 2014
Fog2 NA 2014
MR2 Fog Creek 1 179.3 3000 147.2 44.74
Fog3 NA 2014
Fog4® NA 2013, 2014
upper extent of FAL73 ns
MR-2 Unnamed 174.3 1 H174.3ZHI 174.3 PP ZHI NI NI (Stephan Lake
Complex)
upper extent of FAL73 2013
MR-2 Unnamed 173.8 1 H173.8ZHI 173.8 PP ZHl NI NI (Stephan Lake
Complex)
Devils Canyon upper extent
MR-4 Devil Creek 1 Devitl 164.8 ”pperzeglte"t off 748 25.43 NA 2014
. Chinookl NA 2013
MR-4 Chinook Creék 1 - 160.5 3000 24.7 17.06
Chinook23 NA 2013
. 2014
MR-4 Cheechako Creék 1 Cheechakel 155.9 barrier 36.4 17.22 NA
Devils Canyon lower extent
. upper extent of FA151 2014
MR-5 Portage Creek 1 H152.3ZHI 152.3 ZHI 178.6 0.31 (Portage Cr)
2014
MR6 Jack Long Creek 1 H148.3ZHI 1483 “pperzeﬁltem of NI 0.05 NA
upper extent of FAl44 2014
MR6 Unnamed 144.6 1 H144.6ZHI 144.6 o NI 0.02 (Slough 21)
2013
MR6 Indian River 1 H142.1ZHI 1421 | Upperextentof| o, 0.23 FAlal
ZHI (Indian River)
201
MR6 Gold Creek 1 H140.1ZHI 140.1 ”pperzeﬁltem off 237 0.24 NA 013
2014
MR-6 Fourth of July 1 H134.3ZHI 1343 | upperextentof NI 0.19 NA
Creek ZHI
2014
MR-6 Sherman Creek 1 H134.1ZHI 134.1 “pperzeﬁltem of NI 0.03 NA
g upperextent of FA128 2014
MR6 Skull Creek 1 H128.1ZHI 128.1 o NI 0.06 (Slough BA)
2014
MR-6 Fifth of July Creek 1 H127.3ZHI 1273 ”pperzeﬁltem of NI 0.02 NA
2014
MR6 Deadhorse Creek 1 H124.4ZHI 124.4 “pperzeﬁltem of 6.5 0.29 NA 0
i 2012, 2014
MR-7 Little Portage 1 H121. 4ZHI 1214 upper extent of 24 019 NA )
Creek ZHI
2014
MR-7 McKenzie Creek 1 H120.2ZHI 120.2 “pperzeﬁlte”t off 53 0.03 NA
' 2012, 2014
MR.7 Lower McKenzie 1 H119.7ZHI 119.7 upper extent of NI 0.26 NA f
Creek ZHI
2014
MR-7 Lane Creek 1 H117.2ZHI 117.2 uPperZeSItemOf 10.4 0.18 NA 0
g upper extent of FA115 2013
MR7 Unnamed 115.4 1 H115.4ZHI 115.4 o NI 0.19 (Slough 64)
2012, 2014
MR-7 Gash Creek 1 H115.0ZHI 1150 | upperextentof NI 0.02 FAL13
ZHI (Oxbow 1)
2012, 2014
MR-7 Slash Creek 1 H114.9ZHI 1149 | Upperextentof NI 0.03 FAL13 ’
ZHI (Oxbow 1)
2014
MR7 Unnamed 113.7 1 H113.7ZHI 1137 | UPperextentof NI NI FALLS 0
ZHI (Oxbow 1)
2013
MR7 Chase Creek 1 H110.5ZHI 110.5 ”pperzeﬁltem of NI 0.27 NA
upperextent of FA104 2013
MR8 Whiskers Creek 1 H105.1ZHI 1051 | YPP i 17.2 0.53 (Whiskers
Slough)

1 Tributary mapped using aerial videography

2 Tributary category indicates ranked distance from the mainstem Susitna River (i.e. 1 = primary tributary to the Sasitda Ributary to a number ttibutary)

3 Tributary geomorphic reach only partially videapped or not videanapped. See Table 43lfor spatial range of videography survey

NI: No information available at this time

* private land: CIRW® private land: ARRC
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STuDY COMPLETION REPORT CHARACTERIZATION AND MAPPING OF AQUATIC HABITATS (STUDY 9.9)

Table 4.1-3. Tributary geomorphic reach mesohabitat frequency and compositioderived from videography 2012.

Tributar Geomorohic Reach Alcove Beaver Pond Boulder Riffle Cascade Chute Falls Percolation Pool Rapid Riffle Run/Glide Split Outof-view All Units
Y P n [ Percent | n | Percent | n | Percent| n | Percent | n [ Percent | n | Percent [ n [ Percent | n | Percent| n | Percent| n | Percent| n | Percent] n | Percent| n [ Percent n
Upper River
Oshetna River Oshetnd 0 0 0 0 86 42 0 0 1 0 0 0 0 0 4 2 15 7 50 25 46 23 2 1 4 NA 208
Oshetn2 0 0 16 25 21 33 0 0 0 0 0 0 0 0 0 0 1 2 9 14 1 2 15 24 9 NA 72
Oshetn&t 0 0 0 0 36 18 0 0 0 0 0 0 0 0 7 4 3 2 38 19 67 34 44 23 25 NA 220
Black River BlackL 0 0 0 0 7 12 0 0 0 0 0 0 0 0 1 2 0 0 1 2 20 34 29 50 0 NA 58
Black2 0 0 0 0 15 42 0 0 0 0 0 0 0 0 3 8 1 3 3 8 8 22 6 17 0 NA 36
Black3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 NA 0
Goose Creek Goosel 0 0 0 0 43 28 1 1 0 0 0 0 0 0 3 2 37 24 1 1 39 25 32 21 2 NA 158
Goose& 0 0 0 0 31 34 0 0 0 0 0 0 0 0 2 2 9 10 1 1 33 36 16 17 0 NA 92
Goose3 Not Surveyed
Proposed reservoir full pool
Jay Creek Jayl 0 0 0 0 11 21 0 0 0 0 0 0 0 0 2 4 5 9 8 15 13 25 14 26 0 NA 53
Jay2 0 0 0 0 52 34 3 2 4 3 0 0 0 0 6 4 26 17 16 11 32 21 13 9 4 NA 156
Jay3 0 0 0 0 20 12 0 0 0 0 0 0 0 0 16 9 9 5 13 8 84 49 28 16 5 NA 175
Jay4 0 0 0 0 4 5 0 0 0 0 0 0 0 0 11 13 2 2 13 16 44 53 9 11 1 NA 84
Kosina Creek Kosinal 0 0 0 0 18 8 0 0 0 0 0 0 0 0 4 2 104 49 0 0 27 13 59 28 21 NA 233
Kosin& 0 0 0 0 18 8 0 0 0 0 0 0 0 0 4 2 104 49 0 0 27 13 59 28 21 NA 233
Kosiné3 0 0 0 0 60 28 0 0 0 0 0 0 0 0 3 1 3 1 16 7 61 28 75 34 0 NA 218
Tsisi Creek Tsisil? 0 0 0 0 50 38 4 3 0 0 0 0 0 0 0 0 56 43 0 0 2 2 18 14 0 NA 130
Tsisi2® 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 NA 0
Unnamed 206.3 206.3L Not Surveyed
206.2 Not Surveyed
206.38 Not Surveyed
Unname@d04.3 204.31 Not Surveyed
204.2 Not Surveyed
Unnamed 197.7 197.71 Not Surveyed
197.R2 Not Surveyed
197.83 Not Surveyed
Watana Creek Watand 0 0 0 0 20 5 0 0 0 0 0 0 0 0 14 4 30 8 30 8 208 55 75 20 7 NA 384
Watan& 0 0 0 0 11 6 1 1 2 1 0 0 0 0 7 4 66 35 6 3 57 30 37 20 3 NA 190
Watans* 0 0 0 0 9 13 0 0 0 0 0 0 0 0 0 0 3 4 5 7 10 14 43 61 2 NA 72
Watana Trib Watana Trlp 0 0 0 0 10 10 0 0 0 0 0 0 0 0 1 1 3 3 1 1 78 74 12 11 0 NA 105
Unnamed 194.8 194.81 Not Surveyed
194.2 Not Surveyed
194.83 Not Surveyed
194.%4 Not Surveyed
Deadman Creek Deadmafi 0 0 0 0 1 13 0 0 0 0 0 0 0 0 1 13 6 75 0 0 0 0 0 0 0 NA 8
Deadmad 0 0 0 0 0 0 14 50 6 21 2 7 0 0 3 11 3 11 0 0 0 0 0 0 1 NA 29
Deadmaf 0 0 0 0 21 30 2 3 0 0 0 0 0 0 5 7 32 46 0 0 0 0 10 14 0 NA 70
Deadma#d 0 0 0 0 28 22 0 0 0 0 0 0 0 0 6 5 21 16 12 9 34 26 29 22 1 NA 131
Deadmab 0 0 0 0 19 31 0 0 0 0 0 0 0 0 2 3 25 40 0 0 13 21 3 5 1 NA 63
Upper River Total 0 0 16 0 591 19 25 2 13 1 2 0 0 0 105 4 564 18 223 6 904 23 628 18 107 NA 3,178
Middle River
Tsusena Creek Tsusend 0 0 0 0 2 3 1 1 0 0 0 0 0 0 1 1 37 50 0 0 18 24 15 20 0 NA 74
Tsusen? 0 0 0 0 0 0 8 16 4 8 0 0 0 0 6 12 18 35 0 0 12 24 3 6 1 NA 52
Unnamed 184.0 184.a1 0 0 0 0 2 6 5 14 0 0 0 0 0 0 1 3 21 60 0 0 5 14 1 3 0 NA 35
184.2 0 0 0 0 0 0 12 26 2 4 1 2 0 0 0 0 24 52 0 0 7 15 0 0 3 NA 49
Fog Creek Fogl 0 0 0 0 3 8 0 0 0 0 0 0 0 0 2 5 3 8 2 5 2 5 27 69 0 NA 39
Fog2 0 0 0 0 25 21 11 9 5 4 0 0 0 0 15 13 51 43 7 6 1 1 5 4 1 NA 121
Fog3 0 0 0 0 83 15 0 0 0 0 0 0 0 0 53 10 18 3 164 30 125 23 106 19 34 NA 583
Fog4s 0 0 0 0 5 26 0 0 0 0 0 0 0 0 1 5 7 37 2 11 0 0 4 21 2 NA 21
Fog Trib Fog Trild” 0 0 0 0 2 1 46 18 6 2 0 0 0 0 5 2 105 41 1 0 41 16 51 20 5 NA 262
Upper extent of Devils Canyon
Chinook Creek Chinoo#t 0 0 0 0 2 2 20 17 14 12 0 0 0 0 5 4 63 54 0 0 12 10 0 0 21 NA 137
Chinoofz® 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 22 42 2 4 11 21 16 31 7 NA 59
Cheechako Creek | Cheechakb 0 0 0 0 4 5 19 26 9 12 3 4 0 0 11 15 21 28 0 0 7 9 0 0 8 NA 82
Lower extent of Devils Canyon
| Middle River Total | 0 | o | o | 0 | 134 ] 7 | 136 ] 11 | 50 | 4 | 4] o | o] 0 | 100 | 5 | 431 ] 39 | 178 | 4 | 247 13 [ 233] 15 | 82 | NA | 1595

ideowentto TRM 15.6 but reach extends to TRM 25.6

2Video stops at RM 2.7 so habitat frequencies in table above only go from RM 0.1 to RM 2.7 (not full reach [@ijth of

3No video, channel form is assumed based on topography and location within the watershed.

4Video stops at RM 17.25, habitat frequencies in table above orftpg RM 14.41 to RM 17.25 (not full reach length of 21.5). The helicopter video only extends to RM 17.25 but it is #esuestdf the reach continues in the same character.

SVideo stops at RM 2.95, habitat frequencies in table above orflpigoRM 0.1 to RM 2.95 (not full reach length of 10.7). After the helicopter video ends, it is assumed the channel aotiiesasie character to RM 4.6, where it splits. The main channel is assumed to go to the right through the broatm vegley ug
drainage break into Butte Creek.

Helicopter did not extend to 3,0@0elevation but same character is inferred and stream just gets smaller. This reach was only mapped to RM 17.97&tsavhahitapoint is not included.

Video mappingonly goes to RM 7.38, habitat units after RM 7.38 not included.

8video mapping only goes to RM 7.1 habitat units above RM 7.1 are not included.
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Table 4.21. Number of randomly selected Upper and Middle River mainstenmacrohabitats survyed and total number of Focus Area mainstem macrohabtiats surveyeduring 100 percentground survey coverage

Main Channgl

Special Habitat Features

MultiSplit Main  Split Main . . Tributar
_ Rgn/ Riffle Pool Ch§nnel Cphannel Side Channel  Side Slough  Upland Slougf Mouthy Backwater Beaver Clearwater
Geomorphic Reach | Glide Complex Plume
Upper River UR3 4 5 1 3
UR4 2 3 5 2 5 5 1 4
UR5 1 1 2
URG6 2 1 2 2 2 1 1 1
Upper River To 8 38 1 8 5 8 6 7 5
Middle River MR2 1 1 1 1 2 1 2
MR3 1 1 1 2 2 1
MR4*
MR5 1
MR6 3 1 4 4 3 7 7 2 6 6 4
MR7 5 1 2 1 3 3 1 2 4 2
MR8 2 6 1 1 1 4
Middle River To] 12 4 10 9 7 11 12 7 13 10 9
Focus Are@urveys MR1 1 2
MR2 1 3 6 3 1 1 4
MR5 1 1 1 1
MR6 6 3 1 12 21 6 16 2 16 16
MR7 1 16 1 4 8 2 4 7
MR8 1 12 7 3 4 2 2
Focus AreaTol 11 3 1 12 16 39 23 30 6 26 28 3

Notes:

1 Main Channel macrohabitatssekreted and survepgdvailablenesohabigtsee section £%or discussion

2 Asrequested by FERC (SPD 2013) Beaver Complex is a mesohabitat designation that represents a single pool er potidtiotinusd thysheaint may represent multiple ponds within a single Macrohabitat feature

*  All habitat units in Middier geomorphic reach 4 are within or near Devils Canyon, were deemestemsiagecamd wurveyed
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Table 4.22. Lakes in the Upper River located within the inundation zone, and habitat metrics obtained from the Project Gl@atabaseor measured in the field

Surface % of pH Conducti vi
Perimeter Elevatior Area water Littoral Avg. Max deptt  Secchi max

Lake ID (m) (ft) (ha) connectior area % depth (m) (m) depth (m) depth Surface Bottom  Surface  Bottom
Lakel 260 1752  0.23 Yes 55.6 0.9 1.8 1.0 54.2 7.0 na 247.0 na
Lake 2 543 1750 0.68 Yes 55.9 1.0 2.0 1.0 50.0 7.0 na 116.0 na
Lake 3 1001 1796  3.37 Yes 53.1 4.1 8.3 3.4 41.1 7.6 na 311.0 na
Lake 4 441 2042 1.15 No 62.5 2.6 4.2 2.0 47.1 6.0 5.8 8.6 9.3
Lakes 3009 2034 22.99 Yes 46.4 3.0 8.0 2.7 34.3 7.8 7.5 110.4 108.8
Lake 6 399 2008 0.89 No 53.6 4.6 10.1 35 34.9 7.6 7.5 98.9 110.4
Lake 7 467 1598  1.48 Indeterminate  57.7 3.1 6.4 15 22.7 7.0 6.6 51.9 68.4
Lake 8 211 2030 0.3 No 43.8 2.0 3.1 1.6 52.8 6.8 6.3 49.8 55.7
Lake 9 419 1782 1.15 Yes 59.1 0.6 1.4 0.7 49.2 6.9 6.8 93.1 106.4
Lake 10 144 1958 0.16 No 57.1 0.8 1.4 1.1 79.6 6.7 6.7 53.2 52.8
Lake 11 198 2038 0.2 No 62.5 0.6 1.1 0.9 78.8 6.2 6.2 29.8 29.7
Lake12 391 2008 0.72 No 62.5 1.0 2.5 15 60.8 6.6 6.7 43.9 42.1

Note: Lakes are ordered from most upstream to most downstream.
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Table 4.23. Range of mean daily flows at the USGS 15292000 Susitna River at Gold Creek real time streamflow gage
during ground surveys.

Susitna River at Gold Creek Discharge

Vel Macrohabitat Type  ~<18,000 18,0001 2500010 >30,000 oran.
egment ' ' ' ' Total
cfs 25,000 cfs 30,000 cfs cfs
Single Main Channel 1 2 11 14
MultiSplit Main Channt 2 2
Side Channel 3 1 6
Upper River Splitviain Channel 1 3 8
Tributary Mouth 5 2 7
Side Slough 4 2 2 8
Upland Slough 2 3 1 6
Upper River Subto 16 16 20 51
Single Main Channel 10 20 7 2 39
MultSplit Main Chann 1 21 22
Side Channel 19 24 1 2 46
Middle Rivel Splitviain Channel 20 2 25
Tributary Mouth 2 7 4 13
Side Slough 16 14 2 2 34
Upland Slough 11 24 8 43
Middle River Subtot 79 6 113 24 222
Grand Tota 79 26 129 39 273
Notes:

INo date or flow information available from field data.

*Side Sloughs in the Upper River were evaluated prior to surveys to ensure that the head of the unit waslowsbreb;0660 during f
cfsasmeasuredt the Susitna River at Gold Creek gage.
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Table 5.1-1. Sum of length (m) surveyed, and comgition by length of mesohabitats in Upper River tributaries.

Tributary Name Geomorphic Alcove Beaver Pond Boulder Riffle Cascade Chute Dry Percolation Channel Pool Rapid Riffle Run/Glide All Unit8
i e o | S o [ SmeE [ [ e o [ e [ | O [ | O [ [ e | [ e [ o [ S [ o [ eanmepeen] o | o
Oshetna River Oshetna 5 616 | 16% 2 590 15% | 8 921 23% | 15 1,809 46% | 30 3,936
Oshetn& 8 792 3% | 2 171 16% | 1 115 11% | 6 1,078
Oshetnd 5 483 | 12% 2 228 6% 5 1,744 | 45% | 5 1,413 37% | 17 3,868
Black River Black3 5 207 | 15% 2 69 5% 5 586 43% | 5 506 37% | 17 1,368
Black? 7 593 | 54% 1 60 5% 3 187 17% | 6 263 24% | 17 1,103
Blackl 4 494 | 24% 1 34 2% 5 1,105 | 53% | 5 456 22% | 15 2,089
Goose Creek Goose3 5 247 | 41% 1 118 19% | 6 243 40% | 12 609
Goose 5 675 | 58% | 3 317 27% 5) 167 14% | 13 1,158
Goosel 7 1,056 | 75% | 1 58 4% 5 164 12% 5 129 9% 18 1,407
Proposed reservoir full pool
Unnamed 230.2 NA 1 54 100% 1 54
Unnamed 230.1 NA 3 115 75% 3 17 11% | 1 22 14% 7 154
Unnamed 228.5 NA 3 143 30% 5) 252 52% | 1 27 6% 3 63 13% | 12 485
Unnamed 226.2 NA 1 50 100% 1 50
Unnamed 219.6 NA 4 193 100% 4 193
Unnamed 214.4 NA 1 224 100% 1 224
Jay Creek Jay4 7 1% 5 102 | 20% 5 187 37% 6 208 41% | 17 503
Jay3 5 300 | 28% 3 39 4% 2 35 3% 7 691 65% | 17 1,065
Jay2 5 302 | 17% 6 640 37% | 4 183 11% 5) 607 35% | 20 1,732
Jayl 3 325 | 30% | 1 9 1% 1 10 1% 2 22 2% 1 37 3% 11 343 32% 15 331 31% | 34 1,077
Tsisi Creek Tsisi2 5 381 62% 5 236 38% | 10 617
Tsisil 8 469 | 46% 6 407 40% 1 140 14% | 15 1,016
Kosina Creek Kosing8 2 - - 2 - - 4 395 17% 26 1,909 83% | 34 2,304
Kosine 1 81 2% 2 134 3% 1 26 1% 5] 428 10% | 17 2,452 | 60% 16 970 24% | 42 4,091
Kosindl 2 37 3% 14 858 59% 13 566 39% | 29 1,461
Unnamed 208.6 NA 1 61 100% 1 61
Unnamed 207.4&B 207.4RB 80 100% 1 80
Unnamed 207.4 NA 6 128 100% 6 128
Unnamed 206.3 206.3 1 3 16% 2 10 50% 1 7 34% | 4 20
206.31 4 69 28% | 6 119 48% 1 40 16% 1 18 7% 12 246
Unnamed 204.5 204.82 1 146 | 100% 1 146
204.51 3 93 22% | 7 315 74% 1 7 2% 1 9 2% 12 423
Unnamed 198.9 NA 1 63 100% 1 63
Unnamed 198.4-1B NA 46 100% 1 46
Unnamed 197.7 197.73 2 27 35% 2 49 65% | 4 76
197.2 3 120 90% 1 14 10% 4 134
197.71 2 54 12% | 3 75 17% 2 19 4% 3 236 53% | 1 43 10% 1 17 4% 12 443
Unnamed 197.7 &B NA 3 286 93% 1 21 7% 4 307
Watana Creek Trib Watana THb 3 26 18% 2 44 31% 5 72 51% | 10 142
Watana Trb 1 18 3% 1 22 4% 2 65 12% | 2 151 27% 8 293 53% | 14 549
Watana Cr. kB1.1 NA 1 141 | 41% 2 96 28% 2 108 31% | 5 345
Watana Creek RB NA 3 38 20% 31 16% 1 23 12% 4 46 24% 4 50 26% | 13 188
Watana Creek Watans8 29 3% 13 470 | 48% 3 59 6% 4 143 15% 7 269 28% | 29 969
Watan& 2 81 7% 2 128 11% 1 22 2% 2 35 3% 6 586 48% 5) 368 30% | 18 1,219
Watand 47 2% 1 98 4% 2 46 2% 6 201 7% 17 1,659 | 60% 12 731 26% | 39 2,782
Unnamed 194.8 194.84 6 71 44% 4 89 56% | 10 159
194.83 148 | 22% 2 20 3% 2 22 3% 9 255 | 38% | 3 39 6% 1 5 1% 6 178 27% | 25 667
194.81 2 365 | 96% 1 17 4% 3 382
Deadman Creek Deadmab 6 868 43% 5) 1,155 57% | 11 2,022
Deadmab 5) 623 | 52% 5) 567 48% 10 1,190
Deadma# 5 1,282 | 44% 5 469 16% 5 1,139 39% | 15 2,890
DeadmaB 6 428 | 18% | 5 | 1,090 | 46% 39 2% 6 755 32% 2 58 2% 20 2,368
Deadmadt 1 124 25% 1 28 6% 1 352 70% 3 504
Total 36 | 0.07% 195 | 0.39%| 112 | 9,375| 19% | 60 | 3,667 | 7% 85 0.17% 111 | 0.22% | 10 | 336 1% 48 | 1,074 2% | 72 | 6,329 | 13% | 144 | 13,551 | 27% | 221 15,431 31% | 677 | 50,189
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STuDY COMPLETION REPORT CHARACTERIZATION AND MAPPING OF AQUATIC HABITATS (STUDY 9.9)

Table 5.1-2. Mean (xSD) percent gradient of mesohabitats in Upper River tributaries.

Tributary Name Geomorphic Alcove Beaver Pond Boulder Riffle Cascade Chute Dry Percolation Channel Pool Rapid Riffle Run/Glide All Unitg
Reach n Mean | SD | n Mean SD n Mean SD n Mean SD n Mean SD n| Mean| SD| n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD
Oshetna River Oshetnd 5 0.4 0.1 1 2.0 - 8 0.6 0.6 15 0.6 0.5 29 0.6 0.5
Oshetn@ 3 1.5 0.5 2 1.5 0.7 1 1.0 - 6 1.4 0.5
Oshetnd 5 1.0 0.0 2 2.5 0.7 5 1.0 0.6 5 0.9 0.7 17 1.2 0.7
Black River Black3 5 1.8 0.8 2 2.3 0.4 5 1.1 04 5 0.6 0.4 17 1.3 0.8
Black2 7 2.5 0.6 1 3.0 - 3 1.2 0.8 6 0.4 0.3 17 1.6 1.1
BlackL 4 2.5 1.2 1 0.0 - 5 0.9 0.4 5 0.7 0.3 15 1.2 1.0
Goose Creek Goose3 5 0.9 0.2 1 1.0 - 6 0.4 0.2 12 0.6 0.3
Goose2 5 1.8 0.6 2 17.0 | 184 5 0.4 0.4 12 3.7 8.4
Goosel 7 2.9 1.2 1 4.0 - 5 4.0 1.7 5 1.0 1.1 18 2.7 1.7
Proposed reservoir full pool
Unnamed 230.2 NA 1 27.0 - 1 27.0 -
Unnamed 230.1 NA 2 243 | 7.4 1 0.0 - 1 6.0 - 4 13.6 13.2
Unnamed 228.5 NA 3 6.2 1.8 5 5.4 0.9 1 4.0 - 3 1.3 0.8 12 4.5 2.2
Unnamed 226.2 NA
Unnamed 219.6 NA 1 5.5 - 1 5.5 -
Unnamed 214.4 NA 1 15.0 - 1 15.0 -
Jay Creek Jay4 5 0.5 0.0 5 1.5 0.5 6 0.8 0.3 16 0.9 0.5
Jay3 5 2.2 0.6 2 - - 2 1.5 0.7 7 1.2 0.6 16 1.6 0.7
Jay2 5 1.7 0.6 6 3.3 1.4 4 1.4 0.5 5 1.7 0.4 20 2.1 1.2
Jayl S 3.5 0.5 1 - - 1 - - 1 5.0 - 9 1.0 0.0 11 1.7 1.2 26 2.5 1.5
Tsisi Creek Tsisi2 5 1.0 0.6 5 0.4 0.2 10 0.7 0.5
Tsisil 8 2.0 0.5 6 2.3 0.9 1 0.5 - 15 2.0 0.8
Kosina Creek Kosing 3 1.3 0.6 14 1.0 0.0 17 1.1 0.3
Kosing 1 5.0 - 2 1.0 - 1 1.0 - 5 3.3 1.0 15 1.0 0.0 i5 1.0 0.0 39 1.4 1.1
Kosinal 2 1.0 0.0 14 1.0 0.0 13 1.0 0.0 29 1.0 0.0
Unnamed 208.6 NA 1 27.5 - 1 27.5 -
Unnamed 207.4RB | 207.4 RR
Unnamed 207.4 NA 3 196 | 1.3 3 19.6 1.3
Unnamed 206.3 206.83
206.3L 2 6.8 0.4 6 112 | 1.8 1 6.0 - 9 9.6 2.7
Unnamed 204.5 204.2 1 10.0 - 1 10.0 -
204.51 6 8.4 2.2 6 8.4 2.2
Unnamed 198.9 NA 1 12.0 - 1 12.0 -
Unnamed 198.4-1B | NA 1| 12.0 - 1 12.0 -
Unnamed 197.7 197.733 2 3.5 0.7 2 1.5 0.7 4 2.5 1.3
197.R 3 4.1 0.9 1 4.0 - 4 4.1 0.7
197.4 2 3.5 0.7 3 5.7 0.6 1 0.0 - 3 4.0 0.0 1 3.0 - 1 0.0 - 11 3.5 2.0
Unnamed 197.7RB | NA 3 4.7 2.1 1 3.0 - 4 4.3 1.9
Watana Creek Trib | Watana THD 1 25 - 2 3.0 0.0 2 1.3 0.4 5 2.2 0.9
Watana Trb 1 0.0 - 1 0.0 - 2 2.3 0.4 2 1.8 04 8 0.9 0.5 14 1.1 0.8
Watana Cr. £B1.1 NA 1 0.5 - 2 2.0 0.0 1 2.0 - 4 1.6 0.8
Watana Cr. RB NA 2 19.0 | 85 1| 500 - 1 1.0 - 1 2.5 - 1 1.0 - 6 15.4 19.4
Watana Creek Watans 1 0 = 12 1.9 0.3 3 2.8 0.3 4 1.5 0.7 6 1.3 0.8 26 1.7 0.8
Watan® 2 2.0 0.0 2 1.0 0.0 1 0.0 - 2 35 2.1 6 1.1 0.2 5 0.9 0.3 18 1.4 1.1
Watand 1 1 - 1 1.5 - 2 1.0 0.0 5 0.7 0.4 17 1.1 0.3 12 1.0 0.0 38 1.0 0.3
Unnamed 194.8 194.84 4 0.0 0.0 3 1.8 0.8 7 0.8 1.1
194.83 2 0 0 2 5.0 0.0 1 4.0 - 9 0.0 00 | 2 4.0 0.0 6 1.8 0.3 22 1.5 1.8
194.81 2 3.3 1.1 1 1.0 - 3 2.5 1.5
Deadman Creek Deadmaf 6 0.3 0.2 4 0.1 0.1 10 0.2 0.2
Deadmab 5 1.8 0.4 5 1.9 1.0 10 1.9 0.7
Deadma# 5 1.0 0.4 5 2.0 0.4 5 0.3 0.2 15 1.1 0.8
Deadmafl 6 1.9 1.0 3 4.4 09 |1 4.0 - 6 2.6 0.5 2 0.3 0.4 18 2.5 1.4
Deadmai 1 3.5 - 1 0.5 - 1 2.4 - 3 2.1 1.5
Totat 1 0 - | 3 0.33 058 | 104| 21 1.2 47| 104 | 7.7 | 2 8.0 57 11| 500 | - 8 0.8 0.4 38 0.3 04 | 70 3.1 1.3 129| 1.2 0.9 191| 0.9 0.6 594 | 2.3 4.0
Susitna-Watana Hydroelectric Project Alaska Energy Authority

FERC Project No. 14241 Page 44 October 2015



STUDY COMPLETION REPORT

CHARACTERIZATION AND MAPPING OF AQUATIC HABITATS (STUDY 9.9)

Table 5.1-3. Mean (xSD) bankfull width (m) of mesohabitats in Upper River tributaries.

Tributary Name Geomorphic Alcove Beaver Pond Boulder Riffle Cascade Chute Dry Percolation Channel Pool Rapid Riffle Run/Glide All Unitg
Reach n| Mean | SD|n| Mean | SD| n Mean | SD | n Mean SD Mean | SD Mean | SD | n Mean SD n | Mean| SD n Mean SD n Mean SD n Mean SD n Mean SD
Oshetna River Oshetna 5 33.7 9.6 2 60.2 0.3 8 27.7 104 | 15 36.0 20.8 | 30 35.0 17.5
Oshetn& 3 51.4 2.8 2 66.4 7.6 1 56.9 - 6 57.3 8.3
Oshetnd 5 37.8 4.5 2 54.1 6.8 5 55.9 4.6 5 49.0 6.1 17 48.3 8.9
Black River Black3 5 28.0 1.3 2 20.9 2.2 5 26.4 5.1 5 26.6 3.3 17 26.3 3.8
Black2 7 22.4 6.8 1 23.1 - 3 15.4 9.2 6 18.8 5.4 17 19.9 6.7
BlackL 4 21.6 7.0 1 | 256 - 5 36.7 35.1 5 23.7 7.8 15 27.6 20.6
Goose Creek G00se3 5 13.8 3.7 1 16.7 - 6 134 5.0 12 13.9 4.1
Goose2 5 22.2 41 | 3 23.1 8.5 5 16.4 1.5 13 20.2 5.3
Goosel 7 18.0 29 | 1 18.6 - 5 14.3 3.5 5 14.9 3.0 18 16.1 3.3
Proposed reservoir full pool
Unnamed 230.2 NA 1 1.3 - 1 1.3 -
Unnamed 230.1 NA 3 4.6 0.8 3 4.2 1.2 1 3.7 - 7 4.3 0.9
Unnamed 228.5 NA 3 11.5 0.3 5 11.2 1.0 1 11.6 - 3 8.0 1.8 12 10.5 1.8
Unnamed 226.2 NA
Unnamed 219.6 NA 4 6.2 1.9 4 6.2 1.9
Unnamed 214.4 NA 1 9.4 - 1 9.4 -
Jay Creek Jay4 1 0.9 - 5 6.3 0.8 5 8.1 1.5 6 6.1 1.9 17 6.4 2.2
Jay3 5 12.1 2.9 3 6.0 6.1 2 6.5 6.4 7 8.8 5.6 17 9.0 5.1
Jay2 5 14.3 6.3 6 12.1 3.6 4 13.0 0.9 5 12.7 2.8 20 13.0 3.8
Jayl 3 9.7 48 | 1 11.0 - 1 5.0 - 2 8.5 0.7 1 9.0 - 11 10.3 3.1 15 11.1 3.4 34 10.3 3.3
Tsisi Creek Tsisi2 5 16.9 3.2 5 16.1 2.4 10 16.5 2.7
Tsisil 8 14.7 6.2 6 15.4 4.3 1 5.2 - 15 14.3 5.7
Kosina Creek Kosine3 3 62.0 53.1 14 69.0 40.0 | 17 67.8 40.7
Kosin& 1 56.0 - 2 3.3 1.1 1| 16.0 - 5 34.7 9.3 | 17 34.2 16.5 | 16 254 15.7 | 42 29.5 16.7
Kosinal 2| 160| 14 14 24.0 135 | 13 20.5 9.8 29 21.9 11.4
Unnamed 208.6 NA 1 2.7 - 1 2.7 -
Unnamed 207.4RB 207.4 RB
Unnamed 207.4 NA 6 1.9 1.2 6 1.9 1.2
Unnamed 206.3 206.83 1 2.3 - 2 7.1 1.1 1 2.9 - 4 4.8 2.7
206.31 4 5.1 03| 6 4.5 1.1 1 4.0 - 1 4.7 - 12 4.6 0.9
Unnamed 204.5 204.2 1 6.6 - 1 6.6 -
204.51 3 5.1 12 | 7 5.5 2.3 1 1.6 - 1 3.2 - 12 4.9 2.2
Unnamed 198.9 NA 1 2.0 - 1 2.0 -
Unnamed 198.4-1B NA 2.1 - 1 2.1 -
Unnamed 197.7 197.713 2 3.4 0.9 2 3.1 0.1 4 3.2 0.5
197.R2 3 4.5 0.8 1 4.2 - 4 4.4 0.7
197.71 2 8.8 06 | 3 8.4 1.7 2 4.9 40 | 3 9.6 4.4 1 8.9 - 1 4.9 - 12 7.9 3.0
Unnamed 197.7 RB NA 3 4.9 1.7 1 6.7 - 4 5.3 1.6
Watana Creek Trib Watana THb 8 2.2 0.5 2 2.4 0.2 5 2.4 0.5 10 2.3 0.4
Watana Trb 1 2.8 - 1| 154 - 2 18.0 1.9 2 16.5 3.9 8 12.4 2.0 14 13.3 4.2
Watana Creek{lBl.1 | NA 1 5.2 - 2 1.3 0.2 2 1.6 1.0 5 2.2 1.7
Watana Creek RB NA 3 1.8 1.0 1 5.9 - 4 1.8 0.3 4 2.3 1.0 12 2.3 1.4
Watana Creek Watang8 2 1.7 0.2 13 12.8 5.6 3 9.9 0.9 4 13.7 6.0 7 10.2 3.8 29 11.2 5.4
Watan&@ 2 14.6 0.7 2 2.8 0.4 1 | 105 - 2 14.9 4.3 6 10.2 4.1 5 14.9 1.8 18 11.7 4.7
Watand 1| 16.0 - 1 19.3 - 2 1.6 0.3 6 | 16.0| 16.2 17 21.4 11.9 12 17.4 7.1 39 18.1 11.3
Unnamed 194.8 194.84 6 4.3 1.1 4 4.4 1.1 10 4.3 1.1
194.83 2 75 | 07| 2 4.8 16 | 2 6.8 0.7 9 6.1 1.0 | 3 4.6 0.7 1 7.5 - 6 5.7 1.2 25 6.0 1.2
194.81 2 8.7 0.4 1 8.6 - 3 8.7 0.3
Deadman Creek Deadmaf 6 37.5 9.8 5 42.8 17.1 11 39.9 13.1
Deadmab 5 31.5 3.0 5 27.2 1.5 10 29.4 3.2
Deadma#d 5 37.3 9.4 5 27.4 2.9 5 38.6 4.1 15 34.4 7.7
Deadmafl 6 29.6 46 | 5 26.8 4.7 24.3 - 6 24.9 3.8 2 22.2 0.9 20 26.5 4.5
Deadmat 1 22.6 - 1| 273 - 1 26.9 - 3 25.6 2.6
Total 3 1.4 05| 3| 103 | 5.0]| 112| 19.2 | 11.0| 59 9.2 10.3 13.2 | 15.7 8 2.9 12 | 46| 9.0 81 | 72| 212 | 144 | 143| 227 19.1 | 209 | 21.6 214 | 657 | 19.0 17.6
1Total number of measurements (n) and group mean (SD) for each mesohabitat type per River Segment.
2Total number of measurement (n) and group mean (SD) for each geomorphic reach.
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Table 5.1-4. Mean (xSD) wetted width (m) of mesohabitatsn Upper River tributaries.

Tributary Name Geomorphic Alcove Beaver Pond Boulder Riffle Cascade Chute Dry Percolation Channel Pool Rapid Riffle Run/Glide All Unit$
Reach n Mean | SD | n Mean | SD| n Mean SD n Mean SD | n| Mean| SD | n| Mean | SD| n Mean SD n Mean | SD | n Mean SD n Mean SD n Mean SD n Mean SD
Oshetna River Oshetnd 5 29.0 7.3 2 57.1 2.1 8 23.0 11.5 15 28.9 17.8 30 29.3 16.0
Oshetn& S 47.1 2.3 2 63.4 3.5 1 39.4 - 6 51.2 10.1
Oshetnd 5 34.0 5.3 2 38.4 16.5 5 51.6 3.9 5 41.9 3.4 17 42.0 9.0
Black River Black3 5 26.6 21 2 19.1 0.8 5 26.3 5.0 5 25.5 3.3 17 25.3 4.0
Black? 7 20.4 7.9 1 18.3 - 3 14.2 8.5 6 17.0 4.8 17 18.0 6.7
Blackl 4 21.5 7.0 1 17.9 - 5 33.6 35.3 5 18.8 4.0 15 24.4 20.4
Goose Creek Gooses 5 13.2 3.7 1 14.9 - 6 12.2 3.5 12 12.8 3.3
Goos& 5 17.6 2.7 3 19.0 5.2 5) 14.3 1.3 13 16.7 3.4
Goosel 7 14.9 2.9 1 11.2 - 5 11.4 1.9 5 11.9 2.4 18 12.9 2.8
Proposed reservoir full pool

Unnamed 230.2 NA 1 11 - 1 1.1 -
Unnamed 230.1 NA 3 2.7 0.5 3 2.2 05| 1 2.6 - 7 2.5 0.5
Unnamed 228.5 NA 3 9.2 12 5 8.0 0.5 1 9.9 - 3 6.4 0.9 12 8.0 1.4

Unnamed 226.2 NA 1 25 - 1 2.5 -
Unnamed 219.6 NA 4 3.1 0.9 4 3.1 0.9

Unnamed 214.4 NA 1 1.8 - 1 1.8 -
Jay Creek Jay4 1 0.9 - 5 5.2 0.5 5 7.9 1.7 6 5.3 1.8 17 5.8 2.2
Jay3 5 10.8 1.0 3 3.8 2.8 2 5.9 5.8 7 6.4 3.8 17 7.2 3.9
Jay?2 5 11.4 1.9 6 10.1 1.2 4 11.6 0.9 5 10.2 1.6 20 10.7 15
Jayl 8 8.0 4.4 1 5.0 - 1 1.0 - 2 4.0 14| 1 7.2 - 11 8.5 2.8 15 7.4 3.2 34 7.3 3.3
Tsisi Creek Tsisi2 5 16.1 3.1 5 14.1 2.7 10 15.1 3.0
Tsisil 8 14.1 6.4 6 14.4 4.1 1 4.7 - 15 13.6 5.7
Kosina Creek Kosing8 2 1.4 0.1 1 3.0 - 3 57.7 53.1 19 47.6 40.6 25 43.3 41.5
Kosin& 1 34.0 - 2 1.7 0.4 1 11.0 - 5 32.3 9.3 17 28.6 12.3 16 21.0 13.9 42 24.6 13.8
Kosind 2 115 | 35 14 20.8 13.6 13 16.9 8.6 29 18.4 11.2

Unnamed 208.6 NA 1 2.0 - 1 2.0 -

Unnamed 207.4-RB 207.4 RBR

Unnamed 207.4 NA 6 0.8 0.4 6 0.8 0.4
Unnamed 206.3 206.3 1 1.2 - 2 14 0.6 1 1.2 - 4 1.3 0.4
206.31 4 35 0.2 6 3.3 11 1 2.5 - 1 2.5 - 12 3.2 0.8

Unnamed 204.5 204.2 1 5.2 - 1 5.2 -
204.51 3 2.9 14 7 45 2.0 1 0.6 - 1 1.3 - 12 3.5 21

Unnamed 198.9 NA 1 2.0 - 1 2.0 -

Unnamed 198.4-1B NA 1 2.1 - 1 2.1 -
Unnamed 197.7 197.83 2 34 0.9 2 3.1 0.1 4 3.2 0.5
197.2 3 4.1 0.9 1 2.6 - 4 3.7 1.0
197.41 2 7.2 1.6 3 6.6 0.8 2 3.5 29| 3 6.9 0.6 1 6.0 - 1 4.8 - 12 6.0 1.8
Unnamed 197.7 BB NA 3 3.6 2.0 1 4.8 - 4 3.9 1.8
Watana Creek Trib Watana THD 8 2.1 0.5 2 2.2 0.1 5) 2.3 0.4 10 2.2 0.4
Watana Trb 1 0.8 - 1 9.1 - 2 5.0 1.0 2 14.2 5.0 8 10.6 2.1 14 9.5 4.2
Watana Creek41B..1 | NA 1 4.7 - 2 1.0 0.1 2 1.2 0.6 5 1.8 1.6
Watana Creek RB NA 2 1.2 0.8 1 0.9 - 4 0.9 0.3 4 0.9 0.4 11 0.9 0.4
Watana Creek Watans 2 1.2 0.2 13 11.6 5.9 3 8.5 1.6 4 12.8 5.8 7 7.8 2.5 29 9.8 5.4
Watan& 2 11.4 0.7 2 1.3 0.4 1 7.1 - 2 10.2 11 6 6.6 4.5 5) 10.4 1.3 18 8.0 4.0
Watand 1 14.0 - 1 14.7 - 2 1.4 0.2 6 7.7 3.6 17 16.2 7.1 12 12.7 5.1 39 13.0 6.8
Unnamed 194.8 194.84 6 3.1 0.9 4 2.6 0.5 10 2.9 0.8
194.8 2 5.1 05| 2 3.2 0.8 2 3.6 0.2 9 3.9 08| 3 2.6 0.5 1 2.6 - 6 3.2 0.7 25 3.5 0.9
194.81 2 5.9 0.2 1 7.4 - 3 6.4 0.9
Deadman Creek Deadma# 6 36.9 9.5 5) 42.6 17.4 11 39.5 13.2
Deadmab 5 29.7 3.2 5 24.6 2.8 10 27.1 3.9
Deadma# 5 36.3 9.1 5 25.4 2.4 5) 37.9 3.6 15 33.2 7.9
Deadmaf 6 28.0 4.6 5 23.3 50 [ 1| 183 - 6 24.0 4.2 2 18.2 1.0 20 24.2 5.1
Deadmat 1 18.0 - 1 15.7 - 1 21.0 - 3 18.3 2.7
Totat 3 11 02| 3 8.1 51| 112 | 17.2 | 10.6 | 59 6.9 79 | 2| 102 | 114 10 1.3 0.3 | 47 5.5 38| 72 18.2 13.6 | 143 | 19.6 18.0 | 214 | 18.0 19.5 | 665| 16.0 16.1
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Table 5.1-5. Mean (xSD) bankfull depth (m) of mesohabitats in Upper River tributaries.

Tributary Name Geomorphic Alcove Beaver Pond Boulder Riffle Cascade Chute Dry Percolation Channel Pool Rapid Riffle Run/Glide All Unitg
Reach n Mean | SD | n Mean | SD n Mean SD n Mean SD | n Mean SD | n Mean | SD | n Mean SD n Mean | SD | n Mean SD n Mean SD n Mean SD n Mean SD
Oshetna River Oshetnd 5 0.9 0.2 6 0.7 0.2 7 0.9 0.3 18 0.9 0.2
Oshetn&
Oshetnd 5 0.7 0.4 4 0.6 0.2 2 11 0.5 11 0.8 0.3
Black River Black3 5 0.7 0.4 2 0.8 0.2 5 0.8 0.1 5 0.7 0.2 17 0.7 0.2
Black? 7 0.7 0.2 1 0.2 - 3 0.6 0.2 6 1.0 0.4 17 0.8 0.4
Blacki 4 0.5 0.2 1 2.1 - 5 1.0 0.5 5 1.0 0.3 15 1.0 0.5
Goose Creek G0o0ose8 5 1.0 0.4 1 0.5 - 6 0.7 0.1 12 0.8 0.3
Goose2 5 0.6 0.3 3 0.7 0.1 5 1.0 0.1 13 0.7 0.3
Goosel 7 1.0 0.4 1 1.3 - 5 0.6 0.1 5 0.8 0.4 18 0.8 0.4
Proposed reservoir full pool
Unnamed 230.2 NA 1 0.5 - 1 0.5 -
Unnamed 230.1 NA 3 0.7 0.1 3 0.5 01| 1 0.5 - 7 0.6 0.1
Unnamed 228.5 NA 3 0.8 0.2 5 0.8 0.4 1 1.3 - 3 0.6 0.4 12 0.8 0.4
Unnamed 226.2 NA
Unnamed 219.6 NA 4 0.7 0.2 4 0.7 0.2
Unnamed 214.4 NA 1 0.9 - 1 0.9 -
Jay Creek Jay4 1 0.3 - 5 0.9 0.2 5 0.7 0.4 6 0.7 0.2 17 0.7 0.3
Jay3 5 0.6 0.2 2 0.9 0.4 7 0.7 0.3
Jay?2 5 0.7 0.2 6 0.6 0.3 2 0.6 0.1 2 0.5 0.1 15 0.6 0.2
Jayl 3 1.0 0.2 1 1.0 - 1 0.5 - 5 0.9 0.2
Tsisi Creek Tsisi2 5 0.8 0.3 5 0.7 0.1 10 0.8 0.2
Tsisil 8 0.7 0.3 6 0.6 0.1 1 0.6 - 15 0.6 0.2
Kosina Creek Kosineg8
Kosing 1 0.7 - 5 0.6 0.2 6 0.6 0.2
Kosindl 2 1.0 0.4 2 1.0 0.4
Unnamed 208.6 NA 1 0.6 - 1 0.6 -
Unnamed 207.4RB 207.4 RB
Unnamed 207.4 NA 6 0.4 0.1 6 0.4 0.1
Unnamed 206.3 206.8 1 1.0 - 2 1.0 0.2 1 1.2 - 4 1.1 0.1
206.31 4 0.8 0.1 6 1.0 0.2 1 0.8 - 1 1.2 - 12 0.9 0.2
Unnamed 204.5 204.2 1 1.0 - 1 1.0 -
204.51 3 0.6 0.0 7 1.2 1.0 1 0.3 - 1 0.4 - 12 0.9 0.8
Unnamed 198.9 NA 1 0.4 - 1 0.4 -
Unnamed 198.4-1B NA 1 0.3 - 1 0.3 -
Unnamed 197.7 197.73 2 0.9 0.4 2 0.6 0.1 4 0.8 0.3
197.R2 3 2.2 14 1 0.6 - 4 1.8 14
197.71 2 1.1 0.4 3 1.2 0.4 2 0.7 03] 3 0.7 0.1 1 0.4 - 1 1.2 - 12 0.9 0.4
Unnamed 197.7 BB NA 3 0.8 0.2 1 0.6 - 4 0.8 0.2
Watana Creek Trib Watana THbD 3 0.8 0.1 2 0.5 0.0 5 0.6 0.2 10 0.6 0.2
Watana Trb 1 0.8 - 1 1.3 - 2 0.5 0.4 2 0.4 0.3 8 0.9 0.3 14 0.8 0.4
Watana Cr. EB1.1 NA 1 1.0 - 2 0.6 0.2 2 0.6 0.0 5 0.7 0.2
Watana Cr. RB NA 2 0.3 0.0 1 0.3 - 4 0.2 0.1 4 0.3 0.2 11 0.3 0.1
Watana Creek Watans 2 0.4 0.2 13 0.6 0.2 3 0.7 0.1 4 0.5 0.1 7 0.6 0.3 29 0.6 0.2
Watan& 2 0.8 0.1 1 1.3 - 2 0.8 0.7 1 0.6 - 3 1.3 0.5 9 1.0 0.5
Watand 1 0.8 - 1 0.6 - 5 1.3 11 4 0.9 0.3 2 1.0 0.3 13 1.0 0.7
Unnamed 194.8 194.84 6 1.2 0.2 4 0.8 0.5 10 11 0.4
194.83 2 1.4 02| 2 0.9 0.2 2 1.7 0.0 9 1.7 02| 3 15 0.3 1 0.9 - 6 0.7 0.3 25 1.3 0.5
194.81 2 0.9 0.2 1 1.0 - 3 0.9 0.1
Deadman Creek Deadma# 6 0.8 0.4 5 0.9 0.1 11 0.9 0.3
Deadmab 5 0.5 0.2 5 0.9 0.3 10 0.7 0.3
Deadma# 5 0.7 0.3 5 0.6 0.1 5 1.0 0.1 15 0.8 0.2
Deadmafl 6 0.7 0.3 5 1.0 02 | 1 0.9 - 6 0.8 0.2 2 2.6 1.9 20 1.0 0.7
Deadmai 1 0.8 - 1 3.6 - 1 0.7 - 3 1.7 1.7
Totat 3 0.4 01| 3 1.2 04| 112 0.7 0.3 | 56 0.9 06 | 2 0.6 0.4 1 0.8 - 40 1.2 0.7 | 65 0.7 03 | 71 0.7 0.3 120 0.8 0.4 | 473 0.8 0.4
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Table 5.1-6. Mean (xSD) thalweg depth (m) of mesohabitats in Upper River tributaries.

Alcove Beaver Pond Boulder Riffle Cascade Chute Dry Percolation Channel Pool Rapid Riffle Run/Glide All Unit8
Tributary Name Geomorphic Reac!
n Mean | SD | n Mean SD n Mean SD n Mean SD n Mean | SD | n | Mean| SD | n Mean SD n Mean | SD n Mean SD n Mean SD n Mean SD n Mean SD
Oshetna River Oshetnd 5) 0.6 0.3 6 0.5 0.3 7 0.7 0.2 18 0.6 0.2
Oshetn@
Oshetnd 5) 0.5 0.3 4 0.5 0.3 2 0.5 0.1 11 0.5 0.3
Black River Black3 5) 0.6 0.3 2 0.8 0.2 5 0.6 0.2 5 0.7 0.3 17 0.7 0.2
Blaclk 7 0.7 0.2 1 0.2 - 3 0.6 0.3 6 0.6 0.3 17 0.6 0.3
BlackL 4 0.5 0.1 1 0.3 - 5 0.7 0.2 5 0.9 0.2 15 0.6 0.3
Goose Creek Goose3 5) 0.6 0.3 1 0.2 - 6 0.5 0.2 12 0.5 0.3
Goos& 5) 0.5 0.2 3 0.5 0.1 5 0.7 0.3 13 0.6 0.2
Goosel 7 0.7 0.4 1 0.7 - 5 0.5 0.2 5 0.5 0.3 18 0.6 0.3
Proposed reservoir full pool
Unnamed 230.2 NA 1 0.1 - 1 0.1 -
Unnamed 230.1 NA 3 0.3 0.0 3 0.3 00| 1 0.2 - 7 0.3 0.1
Unnamed 228.5 NA 3 0.5 0.0 5 0.5 0.2 1 1.3 - 3 0.5 0.4 12 0.6 0.3
Unnamed 226.2 NA
Unnamed 219.6 NA 4 0.4 0.3 4 0.4 0.3
Unnamed 214.4 NA 1 0.2 - 1 0.2 -
Jay Creek Jay4 1 0.3 - 5 0.9 0.3 5 0.4 0.2 6 0.5 04 | 17 0.6 0.4
Jay3 5) 0.6 0.2 3 0.5 0.4 2 0.4 0.0 | 10 0.5 0.2
Jay2 5) 0.5 0.3 6 0.5 0.3 2 0.4 0.3 2 0.4 0.3 15 0.5 0.3
Jayl 3 0.9 0.2 2 0.5 02| 1 0.7 - 1 0.5 - 7 0.7 0.2
Tsisi Creek Tsisi2 5 0.7 0.3 5 0.6 0.2 10 0.6 0.2
Tsisil 8 0.7 0.3 6 0.6 0.2 1 0.4 - 15 0.6 0.2
Kosina Creek Kosine 2 0.7 0.2 2 0.7 0.2
Kosing& 1 0.3 - 5 0.5 0.2 6 0.4 0.2
Kosinal 2 0.7 0.4 2 0.7 0.4
Unnamed 208.6 NA 1 0.2 - 1 0.2 -
Unnamed 207.4-RB 207.4RB
Unnamed 207.4 NA 6 0.1 0.0 6 0.1 0.0
Unnamed 206.3 206.33 1 0.3 - 2 0.4 0.5 1 0.5 - 4 0.4 0.3
206.31 4 0.4 0.1 6 0.4 0.2 1 0.2 - 1 0.5 - 12 0.4 0.2
Unnamed 204.5 204.82 1 0.6 - 1 0.6 -
204.51 3 0.3 0.2 7 0.7 0.6 1 0.3 - 1 0.4 - 12 0.5 0.5
Unnamed 198.9 NA 1 0.3 - 1 0.3 -
Unnamed 198.4-1B NA 1 0.2 - 1 0.2 -
Unnamed 197.7 197.43 2 0.7 0.1 2 0.6 0.1 4 0.7 0.1
197.72 3 1.0 0.6 1 0.6 - 4 0.9 0.5
197.741 2 0.7 0.1 3 0.5 0.2 2 0.3 01| 3 0.4 0.2 1 0.4 - 1 0.3 - 12 0.5 0.2
Unnamed 197.7 BB NA 3 0.6 0.1 1 0.6 - 4 0.6 0.1
Watana Creek Trib Watana THb 3 0.6 0.4 2 0.5 0.0 5 0.4 0.2 10 0.5 0.3
Watana Trib 1 0.4 - 1 0.4 - 2 0.5 04 | 2 0.3 0.4 8 0.6 0.3 14 0.5 0.3
Watana Cr. EB1.1 NA 1 0.3 - 2 0.6 0.2 2 0.5 0.2 5 0.5 0.2
Watana Cr. RB NA 2 0.2 0.0 1 0.1 - 4 0.2 0.1 4 0.2 0.1 11 0.2 0.1
Watana Creek Watan# 2 0.3 0.1 13 0.5 0.2 3 0.7 0.1 4 0.5 0.2 7 0.6 0.3 29 0.5 0.2
Watan& 2 0.8 0.1 1 0.6 - 2 0.4 0.2 1 0.4 - 3 0.6 0.2 9 0.6 0.2
Watand 1 0.8 - 1 0.5 - 6 0.6 0.3 4 0.9 0.3 2 0.7 0.0 14 0.7 0.3
Unnamed 194.8 194.84 6 0.4 0.2 4 0.5 0.3 10 0.5 0.3
194.83 2 0.5 0.5 2 0.6 0.0 2 0.9 0.1 9 0.6 04| 3 0.6 0.1 1 0.3 - 6 0.6 0.3 25 0.6 0.3
194.81 2 0.7 0.4 1 0.2 - 3 0.5 0.4
Deadman Creek Deadmab 6 0.5 0.2 5 0.6 0.3 11 0.6 0.3
Deadmab 5) 0.5 0.2 5 0.8 0.3 10 0.7 0.3
Deadmad 5) 0.6 0.2 5 0.6 0.1 5 0.8 0.2 15 0.7 0.2
Deadmaf 6 0.5 01| 5 0.7 03 |1 0.2 - 6 0.8 0.2 2 0.5 0.1 | 20 0.6 0.2
Deadmatt 1 0.3 - 1 0.2 - 1 0.7 - 3 0.4 0.3
Totat 3 0.3 01| 3 0.6 04| 112 0.6 0.3 | 56 0.5 04 | 2 0.2 0.0 1 0.4 - 48 0.5 0.3 | 65 0.6 02 | 71 0.5 0.3 120 0.6 0.3 | 481 0.5 0.3
1 Total number of measurements (n) and group mean (SD) for each mesohabitat type per River Segment.
2 Total number of measurements (n) and egoy®D) for each geomorphic. reach
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