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1. INTRODUCTION

The Fish and Aquatics Instredflow Study (IFS), Section 8&f the Revised Study Plan (RSP)
approved by the Federal Energy Regulatory Commission (FERC) for the Si&itana
Hydroelectric Projec{FERC Project No. 14242focuses orunderstandingmportant aquatic
communities and ass@ated habitats and the hydrologic, physical, and chemical processes in the
Susitna River that directly influencéhose resources. Operation of the SusitAé/atana
Hydroelectric Project (Projectyill cause seasonal, daily, and hourly changes in Susitver Ri
flows compared to existing conditions. The potential alteration in flows will influence
downstream resources/processes, including fish and aquatic biota and their habitats, channel
form and function including sediment transport, water quality, groateh{GW)/surface water

(SW) interactions, ice dynamics, and riparian and wildlife communities. The gabhedFS
(Study 8.5 andits component study efforts is to provide quantitative indices of existing aquatic
habitats that enable a determinationihaf effects of alternative Project operational scenarios.

One element othe IFS GStudy 8.5 pertains to the completion of winter studies desigteed
assess patterns of fish habitat use under winter conditions including under ice as well as in open
water leads influenced bysW inflow (RSP Section8.5.4.5.1.2.1\AEA 2012) Companion

winter studies were also specified in the RSP as part of the Fish Distribution and Abundance
the Middle and Lower River Studf*DAML ; Study 9.6 under the Fish Program (RSection
9.6.4.5)and under th&W Study Study 7.5,RSP Section 7.5.4. TAEA 2012). The winter

period is an ecologically important time for salmonids in that streamflows are typically at their
lowest, relegating fish to areas suitable as overwintdraimtats. The winter period is also the

time when salmonid embryos are developing and alevins hatch and remain within the protective
confines of the gravel until emergence occulrtergravel flow andsW upwelling are critical

for egg incubation and engeEnt fry survival, whileSW characteristics (e.g., temperature, depth,
and velocity) can be important aspects of winter habitat for juvenile and adulfTighwinter
studies, in conjunction with the Ice Processes StGtlydy7.6) are designed to pro@dlata and
information that will be used to first characterize existing conditions that occur during the winter
period and then, via modeling and data analysis, evaluatétayact operations may influence
those conditions and associated fish and fisht&izb

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 Study Report (ISR) filed with FERC in June 2014sr equi red under FERCSO
for the I ntegrated Licensing Process (I1LP),
implementing theFERGapproved Study Plaand schedule and the data collected, including an
explanatiorof any variance fromthe Styd@ an and scheduledo (18 CFR 5

The RSPidentified an initial pilot effort during winter 2022013 (i.e., FebruaryApril 2013),

followed by an expanded effort during winter 2414 and an additional winter surveyfort

as neededAEA 2012) Detailed results ofvinter studiesconducted during 2032013 and
20132014 were distributed independently by each resource group (ilES [Study 8.5]
FDAML [ Study 9.6, andGW [Study 7.%) aspart of thelSR and agechnicalMemorandgqTM)

and are listd below

1 ISR SusitnaWatana Hydroelectric Project FERC N@l241(AEA 2014g)

Susitna-Watana Hydroelectric Project Alaska Energy Authority
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o IFS Study 8.5 PartC, Appendix L 20122013 Instream FlowWinter Pilot Studies
submitted to the FERC June 3, 2qR2 2014)

o FDAML Study 9.6 Part A Appendix C: 20122013 Winter Sampling Report
submitted to the FERC June 3, 2qR2 andLGL 2014a)

o GW Study 7.5 Part A, Sections 4.8, 5.8, 6.8, and ParSéxtion 7.8 Winter
Groundwater / Surfae@/ater Interaction$AEA 2014a)

1 TM: IFS Study 8.5,20132014 Instream FlowWinter Studiessubmitted to the FERC
September 17, 201(4R2 2015)

1 TM: FDAML Study 9.6,20132014 Winter Fish Studysubmitted to the FERC
September 17, 2014R2 and LGL 2014b)

1 TM: GW Study 7.5,Preliminary Groundwater and Surfad¥ater Rel@ionships in
Lateral Aquatic Habitats within Focus Areas HAR8 (Slough 8A) and FA38 (Gold
Creek) in the Middle Susitna Rivesubmitted to the FERC September 30, 20G¥VS
andR2 2014)

Since filing the ISR in June 2014, AEA has continued to implenenEERCGapprovedStudy
Planfor IFS winterstudies. For example,

M The results of 2022014 IFS winter studies were summarizedainM distributedin
September 201R2 2014b)

91 During September 2014, IFS winter studiestrumentation deployeduring 20132014
ice-covered and opewater periodgi.e., September 2013 throu@eptember 2014) to
continuously record water level and water quality (surface and intergravel temperature
and intergravel dissolved oxygen) conditions was maintained and downloaded.
Instrumentation waalsoreinstalledat existing sites and at new locaisoat this time to
collect additional physical data in representative habitats and in areas of salmon
spawning.

1 On 17 October 2014, AEA held an ISR meeting that included a discussion on IFS winter
studies (AEA 2014b).

91 During September 2015vater level ad water qualityinstrumentation deployed during
20142015 icecovered and opewater periods (i.e., September 2ahdoughSeptember
2015) weremaintained and downloadedinstruments aselectedFS winter studies sites
wereredeployedo recordwater lexel and water qualitgonditions during winter 2015

2016.
In furtherance of the next round of ISR meetingsand FERCr e ct or 6 s St,uhtsy Det e
report describes AEAG6s overall p rsiocg Jue&dHL. i n i m

Ratherthan a comprehensive reporting of all field work, data collection, and data analysis since
the beginning of AEA6s study progr am, this r
information presented in Part A of the ISR for IFS winter studias$ theSeptember 2014 TM

(R2 2014b) It describes the methods and results of shbsequeneffort and includes a
discussion of theverallresults achievetb date

Susitna-Watana Hydroelectric Project Alaska Energy Authority
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2. STUDY OBJECTIVES

IFS winter studies wernaitiatedduring the 2012013 winter periodi.e., February- April 2013)

as a pilot efforto test the feasibility of using different instruments, methods, and approaches for
winter data collectionresults were reported ISR Study 8.5 Part C,Appendix L (R2 2014a)
Thewinter 20132014 efforts werethenbased on methods developauating the pilot efforand
analyses completed as dtily 2014 were reported in &eptember 2014 M (R2 2014b).
Additional winter 20132014 data were retrieved in September 2014 and analysis of these data
are reported her¢o supplement the September 2014 TM (R2 2014Bhe two primary
objectives of the IFS winter studieareto 1) evaluate potential relationships between mainstem
Susitna River stage and the quality and quantity of winter aquatic habitats that support
embryonic, juvenile and adult life stages of fish specgiesd 2) to record fish behavior and
habitat utilization in support of &bitat Suitability Criteria (I8C)/Habitat Suitability Indices

(HSI) development. Specific taskstbie IFS winter studiesvere adollows:

1 Compare water level (stage) responses in representative habitat types relative to
Susitna River main channel stage through the period of salmon egg incubation.

1 Monitor surface and intergravel water temperatures in representative habitat types, at
salmon spawning sites and in areas with and witl@& influence through the
period of salmon egg incubation.

1 Evaluate potential relationships between Susitna Rivgestad water temperature
recorded in ofichannel and main channel habitats.

1 Monitor intergravel dissolved oxygen at two salmon spawning sites {ohafinel
habitats withGW influence.

1 Describe juvenile and adult fish behavior in representative habitigitsgdday and
night conditions to discern potential patterns in habitat use.

9 Obtain site-specific habitat utilization data for juvenile and adult fish species in
support of HSZHSI development.

IFS data collection during 2012D15consisted of stage andater quality (i.e., temperature and
dissolved oxygen) monitoring in representative habitat types and at known salmon spawning
locations through the periedof salmon egg incubatigrnice-breakup and opewater (i.e.,
September 201throughSeptember 2015)No aurveys of fish behavior and habitat utilization
were conductedduring winter 20142015 Data collected during 2012015 and recovered
during September 201ave not yet been analyzed and are not reported in this document.

3. STUDY AREA

IFS winter stulieswere conducted in the Middle River Segment of the Susitna River betiaeen
Three RiversConfluence(Project River Mile [RM] 102.4) and PRM 181 The winter 2012
2013 pilot effort was performeduring February to April 2018rimarily in Focus Area (R)
FA-104 (Whiskers Slough), with some work in 28 (Slough 8A) (Figur8-1 and Figure3-2).
During winter 20122014, IFS dta collection primarily occurcewithin three Focus Area&A-

Susitna-Watana Hydroelectric Project Alaska Energy Authority
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104 (Whisker Slough), FA28 (Slough 8A)and FA138 (Gold Creek)however, opportunistic
samplingalso occurred witin FA-141 (Indian River) Figure 3-1, Figure3-2 and Figure3-3).
These Bcus Areasnere selected for the 202914 study because they contain a diversity of
habitat types wittGW influence,they have documented fish utilization by multiple fish species
and life stages, artiey could be safely accessduaringthewinter. Continuous \ater level and
water quality monitoring sitethat operated during winter 2032015 were located iRFA-104
(Whisker Slough FA-128 (Slough 8A), FAL38 (Gold Creek)and FA144 (Side Channel 21)
(Figure3-1, Figure3-2, Figure3-3 and Figure3-4).

4, METHODS

The IFS winter studies were comprised of two primary componentsiohjtoring of water

level, water quality and ice conditions and) Zish behavior ad habitat use observations.
Surface water level and surface and intergravel watelitguvere continuously monitoreat
various monitoring stationsvhile instantaneous measurements of depth, water quality and ice
thickness were also recordddring field visits Site specific observations babitat utilization

by fish specieswvere recorded during electrofighlg and underwater video surveysMethods
utilized during the 201:2014 studywere initially developed during theinter 2012 2013 pibt

effort andaredescribed in detaih R2 2014 andR2 2014¢. Winter studiesvere coordinated

with the study leads for IFS (Study 8.5), FMA (Study 9.6),GW (Study 7.5) Geomorphology
(Study 6.5)BaselineWater Quality (Study 5.5and Ice ProcesseStldy 7.6).

The ontinuation of winter studies during 202015wasspecified in ISR Study 8.8FS), Part

C, Section 7.5.58ndISR Study 9.6(FDAML), Part C,Section 7.land primarily consisted of the
second season ofanitoring of water level and wateuality conditionswithin selected Focus
Areas. For thisstudy, 25 continuous water levelbggersand 108 water quality (surface and
intergravel water temperature and intergravel dissolved oxygen loggers) instrumenégaiere
installed during Septemb@014 in representative habitats and in salmon spawning areas in FA
104 (Whiskers Slough), FA28 (Slough 8A), and FA38 (Gold CreekfTable4-1, Figure3-1,
Figure3-2, and Figure3-3). Instruments were also installed within side channel habitats in FA
144 (Slough 21)n areaswith substantiaGW influence and observeshimon spawning (Tabke

1 and Figure3-4). Configuration and deployment ahstrumentation followed methods
previously describeth R2 2014 and R2 2014. No biological monitoring osampling was
completed durig the 2014015 winter period.Water level and water quality loggetseployed
during the winter 2AL4-2015 period were maintained and downloaded during September 2015.
A total of 18 water level andb3 water quality mstrumentsvere alsoredeployed atelectsites
during this effort to collect additional data through winter 262816 in the Susitna River main
channel and in salmon spawning habitit$-A-104 (Whiskers Slough), FA28 (Slough 8A),
FA-138 (Gold Creek)FA-141 (Indan River) and FAL44 (Slough 21) Prominent spawning
habitats and areas in which limited data have been collected were prioritized fe2 @Bl Bata
collection.

Susitna-Watana Hydroelectric Project Alaska Energy Authority
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5. RESULTS

Results 020122013 and 201-20141FS winter studiesverereportedin ISR Study 8.5Part C,
Appendix L R2 2014) andin a September 2014M (R2 2014¢). Water level and water
temperature data retrieved frdi@S instruments during September 20epresent late winter,
ice-breakup and open water conditiong.( March- September 2014jut ths informationwas
collectedtoo lateto beincludedin the September 2018M. Therefore, theitne series plots
originally contained withinthat TM have beerrevisedand are now presented this report
(Figure 51 throughFigure5-15). Continuous data collected during the 2@D15 winter period
were downloaded during September 2015 additional time will be necessary to complete
analysis of theseata Data associatewith IFS winter studiehave been compiled and were
deliveredas acomprehensive s¢SIR Study 8.5, Table-%). Data associated with IFS winter
fish capturs have beerconsolidated within the HSC databased are discussed BIR Study
8.5, Appendix D, Habitat Suitability Criteria Developmensubmitted to the FERC Newnber
2015(R2 2015, while FDAML winter fish results aresummarized in AEA 2015

The sections below describe theerall results and findings of the 262013 and 201-2014
winter studies, in terms of water surface elevations, measurements of water quality, and fish
observations.

5.1. Water Surface Elevations

Water leves at main channel and various othewntinuousmonitoring sites within FAL104
(Whiskers Slough), FA28 (Slough 8A) and FA38 (Gold Creek) varied widely over the
20122013 and20132014 winter perioslin response to ice formation and staging (Figute 5
Figure5-2, and Figures-3) (R2 2014; R2 2014). In general, water levelieclined during late
September and October 2013 asderal monitoring locatiorigkely becamedewatered prior to

main channel staging iNovember and early DecembeWater levelsat many sites increased
markedly in response toain channel staging and/or ice jamming eventdn ice jam
downstream of FALO4 (Whiskers Slough) in November 2013 caused many habitats to become
inundated by backwatered main channel flow, while a main channel ice jam neB28FA
(Slough 8A) was likelythe cause for a side channel to become breached by main channel flow in
January 2014. Most habitats experienced minor stage fluctsatoimgthe icecovera period

(i.e., January April 2014)just prior to breakup whenstreamflow and water levett most sites
increased substantially.

Water levet at side channeinonitoring sitesgenerallyclosely resembled main channel stage
records, while water level conditionmside side slough, upland slough and tributary habitats
were lesgesponsivao main channel fluctuations (Figurel5Figure5-2, and Figures-3) (R2
2014 andR2 2014). Though nearly all areas were either breached or backwatered by main
channel streamflow during staging and/or ice brgpkthe magnitude and duration of thagst
response to these events was lessida slough, upland slough atributary habitats relative to
side channel sitesln addition,these areawere generally less susceptible to dewateduring
winter than side channel areas, though this appearetet dependent upon stpecific
conditions (e.g.GW upwelling) (Figure 51, Figure5-2, and Figures-3).

Susitna-Watana Hydroelectric Project Alaska Energy Authority
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5.2. Water Quality

Water temperatussat each main channel monitoring sitere approximately -8°C at the time

of deployment in September 2013 andrdased during the fall to nearly®@at the time of ice
freezeup in November and December 2013 (Figbig Figure5-9, and Figures-12) (R2 2014,

R2 2014¢). Recorded values were negative at each site immediately prior to-frpeaben
SusitnaRiver flow was low and staging had not yet occurreldlain channel surface and
intergravel temperatusevere nearly OC during ice covered perigd(e.g., January/February
April) in each season of study. In geneYdhiskers Creek (18¥/C-10) and SkullCreek (128
SC05) tributary monitoring sites most closely resembled the main channel temperature regime
duringthewinter studies as temperatures at each of these sites ranged betwdé@ @r ice-
coveredperiods €.g., Figure 5-7 and Figure 5-11). Suface water conectivity between side
channelsand the main channel varied among sites and thmughonitoring periodsand the
thermal characteristics of side channel habitats appeared to reflect these clsdgehannels

in FA-104 (Whiskers Slough)vere breached or backwatered by main channel flow in
association with freezep and staging during November 2013, while Side Channel 8A was
breached during January 2014 likely due tam@hannel ice jamming (Figure4 Figure5-5,
Figure 5-6, Figure5-8). Although surface and intergravel temperatures in side channels were
typically below EC during breaching obackwater episodesmtergravel temperatures at some
sites were nearly°€ following such events (e.g., 104SL-30). Side slougland upland slogh
habitats were generally characterized by consistently warmer sudade intergravel
temperatures {2°C) compared to other macrohabitat typés. several side slough and upland
slough monitoring sites, water temperatures were the low&g P during November and
December 2013 when main channel flow was low and frapzgad not yet occurred.

Continuous mtergravel dissolved oxygetata recordedt two sites during winte20122013 and
20142015 seasos in FA-128 (Slough 8A were similar.  Median dissolved oxygen
concentration was 5.21gf. at 128SL8A-15 during MarckApril 2013 and 5.88 mg/L at 128
SL8A-40 during September 2043arch 2014 R2 2014; R2 2014). With the exception of two
periods, one in Novemb&013and one in Februar®014 dissolved oxygermoncentrationsvere
generally stableluring each monitoring pericahd ranged fronapproximately4.0 mg/L to 6.5
mg/L. During November2013 concentrations were betweenld mg/L and approximately 7
mg/L during one week in Heruary 2014 While it is not known whether Slough 8A was
breached during November 2013et devated intergravel dissolved oxygen levels during
February 2014were coincident with an observed breach eweithin Slough 8A by main
channel streamflowlintergravel watetemperaturgatthe Slough 8Amonitoringsites tended to
be stable aR.7°C at 128SL8A-15 and4.5°Cat 128SL8A-40 during eachmeasurement period
and temperaturegxhibited abrupt declines during periods coincident with apparent deskolv
oxygen fluctuabns. Intergravel dissolved oxygen at FI88 (Gold Creek) Site 138L11-04
fluctuated betweenia0 mg/L duringthe September 2013 through April 20@@bnitoring period
with some temporary excursions to valdess than 4 mg/L The nedian dissolved oxygen
concentration was 10.33 mg/L during the measurement pefi@ethperatures associated with
dissolved oxygen recorded at Site 434811-04 were stable and ranged betweeR°€.

Instantaneousneasurement®f SW temperature recordeduring September 201#hdicaed
coolerwater in side slough and upland slough habitats relative to the Susitha River main channel
and side channel areas (Tabld). Following freezeup, the inverse of this relationship was
observedwith slough habitatsypically warmer thammain channebnd side channel areéR2
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2014, R2 2014). Although specific conductance values generally differed between main
channel and ofthannel habitatduring winter the degree and manner in which values differed
was not consistent. In FA-104 Whiskers Slough and FA-128 (Slough 8A secific
conductanceneasuredluring February and March 2014 main channel and side chanisédks
tended to bdigher than ofichannel and tributary areashile conductanceneasured ifrA-138
(Gold Creek)side sbughswasoften equivalent to or higher than main channel $R252014h.
Instantaneous measurements in side channel habitats indicated highly variable thermal and
chemicalconditions (i.e., specific conductance and dissolved oxygen), particularly -38A
(Gold Creek) in whichmultiple GW sourcesvere apparent. At sites in which it was possible to
measure,GW upwelling often reflected higher temperature and lower disdolorygen
concentration than surface flow.

The majority of the main channel and side channel habitats were completetvered during

the studies, although opevater leads were present in certain locati(R® 2014; R2 2014d).

The @enleads in mainchannel areasvere likely related to highSW turbulence or velocity,

while open water in side channel, side slough and upland sloughdikedydinked to warner

water temperatuse as influenced byYsW. During February and March 2014, ice thickness
meastementsat instantaneous water quality sites was generally greater than 3 feet in the main
channel and ranged fron®i 2 feet at side channel siteg,10foot in side sloughs,i@ feet at
upland sloughsandQi 1.5 feet in tributarieéR2 2014b.

5.3. Fish Observations

A total of 59 electrofishing surveys were conducted duttred20122013and20132014winter

data collection efforts in FA04 (Whiskers Slough), FA28 (Slough 8A), FAL38 (Gold
Creek), and FAL41 (Indian River(R2 2014, R2 2014), 21 of which were conducted at night

Fish species captured during day and night electrofishing surveys consisted of Chinook
(Oncorhynchus tshawytschaockeyqO. nerkg, chum(O. ketg and coho salmo(0O. kisutch,
rainbow trout(O. mykis¥, Arctic grayling (Thymallus arcticuy Longnose suckerCatostomus
catostomuy lamprey ¢pecies undifferentiat¢d and sculpin Cottid sp). During an
opportunistic survey of a main channel site in AL (Indian River) in April 2014, one Chinook

and three coho salmon were captured.

A total of 248 fish were captured during 29 daytime electrofishing surveys conducted between
February April 2014, while 659 fish were captured during 16 nighttime surveys. Overall, a total
of 288 site specificHSC observations were recorded for eight fish species dthmginter
studies (Tablé-2). Most HSC observations were of coho salmon (120 observptgockeye

(68 observations), and chum (42 observatigdhsugh other observations were recorded for
Chinook salmon, rainbow trout, Arctic grayling, longnose suckelamgrey(Table 52).

Few fish were detecteduring underwater video survey® fish were observed aites in FA-
104 (Whiskers Creek) or FA28 (Slough 8A) during February, Mar@nd April 2014 and only
a few juvenile salmonufidentified 60-120 mm fork length) were observelliring nighttime
surveysat FA-138 (Gold Creek) abite 138SL11-22. As a result, o HSC observationwere
made based on underwater video sun{®&%and LGL 2014aR2 and LGL 2014p
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6. PRELIMINARY FINDINGS OF WINTER STUDIES RELATIVE TO
PROJECT OPERATIONS

Winter is a critical period for various life stages of Susitna River fish species and aquatic habitat
conditions can be severe. Susitna River areas that support spawning and egg incubation, juvenile
fish rearing and adult holding are critical winter hatsithatmay be altered by proposed Project
operations.In general, Project operations are anticipated to result in higher flows in the winter
than under current conditions. Flows at 8GSGold Creek gage station may range upwards

to 7,000 9,000 cfs dring the wintemperiod (NovembérApril) depending on Project operations,
compared with existing winter flows that range from around 1,3®00 cfs (based on average
monthly flows) during those month$Stfeam Flow AssessmeiiiM submitted to the FERC
March 1, 2013 Tetra Tech 2013. In addition, unlike current conditions in which the winter

time represents a stable, bdksv condition, the Project winteime flows may vary both hourly

and daily due to loatbllowing demands.

The provision of higher éiws in the winter will mearthat although some areas will be
unaffected, othehabitats that are normally dewatered and/or disconnected from the main
channel may either remain continuously wetted by Susitna River (if wetted during lower
load-following range) becomeperiodically wetted if within the active range of lefadlowing,

or be inundated episodically in response to staging or ice jam evemntl also mean thasome
lateral habitats (side channels and side sloughs) that under curreitibosrare fed mostly by
clear, stable, and comparatively wai@W flow would be subjected to daily/hourly flow
increases from the much colder Susitna River. The frequency and magnitude of these flows into
these areawill depend on the specific breachitgnditions of each habitat featumehich can be
determinedthrough application of various hydrologic models including the Qpater Flow
Routing Model (Study 8.55RH-2D hydraulic model (Study 6.6), and the RiverlD and River2D
Ice Processes models (Syudl6).

The objectives of the IFS winter studies were to evaluate potential relationships between
mainstem Susitna River stage and the quality and quantity of winter aquatic habitats that support
embryonic, juvenileand adult life stages of fish specesd to record fish behavior and habitat
utilization in support of HSESI development This information, along with datanformation

and modelingprovided from other resource studiesy(,lce ProcesseStudy 7.6, GW [Study

7.5], BaselineWater Quality [Study 5.5] andFDAML [Study 9.4) will be usal for assessing
potential impacts of wintetime Project operations on aquatic habitats and biota.

The results of the winter studiesmpletedto date, along with information from the 1980s and
from other more recent winter inviggations provideuseful insight regardingsome of the
potentialeffects ofwinter time Project operations on aquatic habitats.

6.1. Winter-time Project Operational Effects on Water Surface
Elevations

Monitoring of water levels witim different lateral habitats revealed a hierarchy of responses
relative to stage changes in the mainstem chaointble Susitna Riveas follows:side channel

stage response side sloughs> upland sloughs This hierarchy is consistent with what was
found during the 1980s studies and is the inverse of the extent to which each of the habitats are
influenced byGW, i.e, side channel < side sloughs < upland sloughs.
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During the 2013014 monitoring period, changes in mainstem cha8ositna River stageane
observedn all of the continuous monitoring sisewithin lateral habitatsn FA-104 (Whiskers
Creek), FA128 (Slough 8A)and FA138 (Gold Creek]R2 2014). Water levelresponsei
side channel habitatgereclosely related to Susitna River main charstafefluctuations This
was evident by the stage responise8vhiskers Side Channel (184SC-10), Side Channel 8A
(128-SC8A-25), and Upper Side Channel 11 (2B&C1109) that were synchronous witage
changesat respective main channel sites (M€-40, 128MC-10,and138MC-50) (Figure5-4,
Figure5-8 and Figures-12). Stage changes side sloughwereless responsive to main channel
water level fluctuations, particularly when side slough inlets werdmatched by main channel
streamflow. Water levslin tributary and upland slough habitats (e.g.,-Y9&-10 and 104
SL3A-70) were theleast affected by main channel stage changdélecting water sources
exogenous to the mainstem riveHydrologic studiesconducted during the 1980s simijar
documentedthat side channels in the Middle Susitna River were generally more frequently
breached by main charlrgreamflow relative to other habitat typg3uane et al. 1984)When
not breachedside channel habitatvereobserved to be particularly susceptible dutimgl1980s
winter studies to dewatering and freezing due to a general laG\bfipwelling compared to
otheroff-channel habitats (e.g., side sloughs) (Vining et al. 1985).

Many of the 20132014 side chanel and side slough monitoring sitescame breached during
the winter monitoring period, particularly duringce formationand main channel staging
(November and December 2013) (R2 20014The duration obreacling eventswere typically
shortterm (e.g, 1-3 weekg as main channel water levels recededatively quickly within a
month following ice jarming and stagingevents An exception to thisccurred in Side Channel
8A (Site 128SC8A-25) in which breaching occurred January2014 andcontinuedfor the rest

of the winter period Similar breacing eventsin Slough 8A werereportedin the 1980s in
response tdreezeup eventsthough the duration of such events was not documented (Labelle
1984). Duringthe 1980s studies, breaching of side channel fidd slough habitateportedly
occured most frequently downstream of RM 13BRM 102 - PRM 134). Between Portage
Creek(PRM 153 and Gold CreekPRM 140),0bservedmain channel staging was minguring

the 1980sand few side channel and side slouglableevents were recorded relative to the lower
extent of the Middle Susitna (Labelle 1984).

Winter-time Project operations will result in higher flows than currently occur in the river and
when loadfollowing, these flows may fluctuate on an hourly basidlow adjustments are made

to meet energy demands (ISR Study &t A,Section 5.4.1).Higher Susitna River discharge
during winterperiodswill increase the frequena@nd magnitudehat side channgland side
sloughs are breached by cold main channel streanviloah would likely impact salmonid egg
incubation (i.e.embryo development is directly related to water temperature; colder water will
increase theincubation period) and possibly embryo survival.  Application of the
OWFRM/SRH-2D and RiverlRiver2D models for different Project operational scenarios will
determine the extent to which tHiseachingwill occur, and aitputs from these models linked
with the MODFLOW GW models will provide an indetion of the extent to whicBW fluxes

may change within side channel and side sloughgdrologic studies conducted in the 1980s
determined thatlischarge irsome of thenonbreached side slough habitats was related to main
channelstagevia intergraveflow through islands and gravel bassich that highemain channel
stage resulted in higher side slough dischafigarzaEbasco and R&M 19847Trihey &
Associates and Entrix 1985)These riverine dominated sources @¥ were found to vary
directly in respnse to main channel stage changes; emgefoot reductions in main channel
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stage resulted in changestweer0.3to 0.6 cfs innonbreachedide slough flow, depending on
the slough (Harz&basco and R&M 1984, Trihey & Associates and Entrix 1985).

Several side channel and side slough habitats that supported salmon spawning during September
2013 were observed to contain little surface flamdbr were dewatered and frozen during the
20132014 winter studies.Assuming higher winter baseflow condit®nhan what currently
occur,those habitatsay either remain continuously wetted or be subjected to periodic (in some
cases daily) fluctuations in flow during loéallowing operations.In both cases, the majority of

the source water would be from thesBoa River which during the winter time will be cold.
Some tempering of water temperatures may occur depending on the gaadtitgsidence time

of flow entering viariverine GW. In some casesyinter-time Project operations magreate
additional spawimg and incubation habitatsa maintaining flows in areas currently dewatered
during the winter.However, t is alsopossible thatoad-following operations woul@hcreasehe

risk of periodic dewaterig/freezingand changes in surface and intergravelewgemperature

that would negatively impact egg incubatiofhe extent of these types of effects, both positive
(e.g, potential creation of spawning and incubation habitats) and negative gergdic
dewatering/freezing and celdater introductionwill be determined via the combined modeling
efforts (SRH2D, River2D, MODFLOW, 2D PHABSIM Fish Habitat Model) as noted above.

In terms of dewatering effects on incubation and embryo survival, studies have indnzdted
dewatering tolerance varies byvaéépmental stageBoth Reiser and White (1983) and Becker

et al. (1982) found that salmonid eggs could withstand several weeks (1 to 5 weeks) of
dewatering provided they were maintained within a moist environment and temperatures
remained above freezingn contrast, salmonid alevins and fgmergent fry were vulnerable to
even short periods of dewatering (1 to 4 hours) (Becker et a2; Fadser and White 1981).

Fast and Stober (1@Bobserved that salmon alevins survived variable periodewatering (up

to 48 hours), but that alevin survival declined with duration of dewatering, and the length of time
that alevins tolerated dewatering declined with age from date of hatchmdiyiduals older than

30 days poshatch experienced low survivdrange: 018%) in response to two hours of
dewatering (Fast and Stober 1983). The degreeasfafity due towintertime dewatering of

eggs in redds within the Susitna River would likely vary widely depending on the ex@NY of
influence at the differdrredd locations. In areas wheBdV is prevalent, as may be the case in
side sloughs and upland sloughs, temperatures may remain above freezing in the redd (due to
warming of the intergravel environment from the wari@&Y below the redd) during shetgrm
periods of dewatering. In areas of no or litB&/ influence, any dewatering during the winter
periods would likely result in 100 percent mortality of the eggs due to freezing.

6.2. Winter-time Project Operational Effects on Water Quality

Continuous surfacand intergravel temperature data recorded at main chamaekributary
monitoring sites werat or near0°C for much of wintermonitoring periads, indicating these
areaswere stronglyinfluenced bySW with minimal GW input (R2 2014, R2 2014). In
contrast, various side slough and upland slough habitats exhibitecem@#AfC) surface and
intergravel water temperatwe Conditions atmonitoredside channel sites varieslich that
intergravel temperatuseanged from abouwt°C at some site¢e.g.,104-WSGC-30) to nearly0°C

at other sites (e.g., 104WSG10, 128SC8A25) (Figure 5-4, Figure 5-5, Figure 5-8).
Researchers durinipe 1980s studies similarly identifieal range of thermal conditions among
Susitna River habitats.Although intergravel watetemperature in most main chanresd
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tributary habitas werebelieved to be dominated by neZfC SW flow, the influence of localized
upwelling was apparent. Intergravel temperatueeorded at main channel spawning locations
exhibited GW influence and temperatures neaB8°Z during the icecovered period (January
March) (Seagrenand Wilkey 1985 Vining et al. 198k Side channels were generally
characterizedduring the 1980s studies as being thermallgriable (<@4°C) and particularly
prone to dewatering and freezidge tothe localized nature g&W upwelling in these habitats
(Vining et al. 1985).In contrast, side slough and upland sloughs exhibited relatively wa@h (4
and stable intergravel temperatudes tothe high contribuion of GW to intergravel and surface
flow (Vining et al. 1985).

Main channel surface flow was observed to breach and/or backwater side channel, side slough,
upland slough and tributary habitats during IFS winter studies in association with ice formation,
jamming or breakip events R2 2014; R2 2014). During these episodes, surface and
intergravel water temperatusg affected sites typically declined to nearRCO Exceptions to

this responseoccurred ata few side slough and upland slough habitats that exhilatstiong

GW influence and maintained comparativelyarm (4°C)and stable intergravel temperatsre
(e.g., 104SL3A-70, 138SL11-04) (Figure5-6, Figure 5-13). Side channel or side slough
breaching evestduring winter were recognized durirtige 1980s studies as being potentially
deleterious to salmon embryo development by causing a eapidsubstantial decrease in
intergravel temperature (Vining et al. 1985). Such a change mayaliteon eggncubaton by
prolonging developmeniming and could potentially cause egg mortality if it were to occur
during the early stages of incubatiprior to embryo developmerfCombs 1965Bailey and
Evans 1971Velsen 198pHoffman et & 1983)

In generalsalmonembryosdevelop faster at warmer water temperatuaéspugh the nature of

this relationship varies with species. At 5¢@nstant temperaturencubation time (fertilization

to hatching) was observed tange dramatically among col{®39 days), chun{161 days),
sockeyeand pink (173 days, each species) and Chinook (191 days) salmon (Murray and McPhail
1988 Quinn 2005). At 2°C, incubation time increased more than 60% for coho, sockeye and
Chinooksalmon(Murray and McPhail 1988uinn 2005). Extreme lowwater temperatusscan

limit salmon egg survival althoughthe effecton incubation success likelyepend upon the
timing of the onset of low temperature relativedevelopmental stage of the effjornn and
Reiser 1991 Salmon ggs may tolerate ne@®’C temperatures provided th#éte embryo
matures past a critical development stage @astrulationand epiboly prior to theoccurrence

of the low temperaturesCobmbs 1965Bailey and Evans 1971Bjornn and Reiser 1991 For

chum salmoreggs incubatd at 3.54.0°C, this critical developmental stage would likely occur
approximately35-45 days after fertilization\fining et al. 1985,Velsen 1987). The lower
temperature thresholduring initial egg development below whichegg survival would be
compromised,is estimated to beapproximately 23°C based on experimental eence
(Wangaard and Burger 1988elsen 198). The lower water temperature at which 50 percent of
embryos diedvas identifiedas TC for sockeye and coho, 26 for chum, 3C for Chinook and

3.5°C for evenyear pink salmo (Beacham and Murray 1990).

Intergraveldissolved oxygen valuggcordedn Slough 8A(FA-128) during IFS winter studies
were low(<6 mg/L)relative toSW conditions(>11 mg/L) while intergravel and surface wals
recorded irSlough 11 (FA138 [Gold Creek]) were simildR2 2014; R2 2014). These values
are consistent with data collected during the 198@sgrmntergravel dissolved oxygen in April
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1983 was 4.6 mg/L at FA28 (Slough 8A) and 8.5 mg/L at F¥88 (Gold Creek) (Hoffman et

al. 1983). The variation in dissolved oxygen concentration between sites may also tieflect
variable sources @g&W in the Susitna River and differing quality of such sourdesring 1980s
studies, he primarySusitna RiverGW source in side channel and side slough habitats was
reported to belerived from lateral infiltration from the Susitna River main chararel the

quality of such flow could vary depending upon the intergravel residence time of the subsurface
flow (Trihey & Associates and Entrix 1985). Warm intergravel temperaturéSGBand low
dissolved oxygen concentratemare generally associated with old&¥V that has traveletbnger
subsirface distances and has experienced greater subsurface residencéDtinseé 200%
Malcolm et al. 2005).

Although long-residenceGW sourcescan provide a stable upwelling source relativéstiy of

shorter subsurface patthe chemical properties (i.e., low dissolved oxygen) of these water
sources can be detrimental to salmon emtsyrvival 8jornn and Reiser 1991)uinn 2005.

Uptake of dissolved oxygen by salmon embryos may depend on various factors in addition to
dissolved oxygen concentration, including gravel permeabilityramparheicflow or exchange

rates, such that redutesubstrate porosity and flow can inhibit embryo development (Quinn
2005). Research with chum salmon embryos indicated that the amount of oxygen needed by the
embryo increases with development time and that embryo sensitivity to hypoxia was greatest
early in the incubatia period (Alderdice et al. 195&8jornn and Reiser 1991Salo 1991).
Although acute mortality in salmon embryos occurs at low dissolved oxygen concentratiens (2.0
2.5 mg/L), delayed or deformed development of the embryo and prematurmgaian occur at

levels above this critical minimurd\(derdice et al. 1958; Bjornn and Reiser 19QLinn 2005).
However, strong upwelling conditions with high hyporheic exchange rates can potentially
mitigate these negative effects (Quinn 2005).

The degree and extent of late@\V infiltration from the Susitna River to side channel and off
channel habitats may be affected by increased main channel streamflow and stage as part of
proposed Project operatiodsiring winter(see Section 6.1)Higher main channektagelevels

during wintermay increase the quantity and quality @¥ discharge to ofthannel habitats.

This possible effect may be most evident during late fall and early winter prior to-tneedeen
Susitna River flow igypically low and main channel staging has not yet occurred. At some side
slough habitats characterized by warriQ}intergravel temperature (e.g., 2388A-40, 138
SL13-05), surface and intergravel temperatures appear to decline during this period of extremely
low man channel flow and stagé.g., November 2013possibly due to low lateraGW
infiltration rates(Figure 5-9, Figure5-15). Consistentlyhigher Susitna River flow during the
winter period may create more stal@&V sources in some of these -gffiannel halats. In
addition, f the quantity ofGW discharge is increased, the rate of intergravel dissolved oxygen
exchange may also be increased, which may improve incubation conditions in areas of low
dissolved oxygen concentration (e.g., Slough @Ajing et d 1985)

Instantaneous measurementsSW temperature and specific conductance dutif§ winter
studiessupported the general trend indicated by continuous temperature data of \B&vier
off-channel (i.e., side slough and upland slough) areas relatiwain channel and side channel
habitats(R2 2014; R2 2014). Although instantaneous water temperature was variable at many
side channel sites, specific conductance within side channels typically edflleat of Susitna
River main channel. At side amael sites in Wich specific conductance varié@m that of the
adjacent main channel (e.g., 1838C1112 and 138JSC1116), surfaceflow may represent
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water that is ofa different source than the Susitha River main cha(R212014; R2 2014).
Instantaneous measurements at side slough and upland slough habitats typically exhibited higher
temperature and lower conductangalues than main channel and side channel areas
Exceptions to this trend were present in each Focus Area and may indatadepibrtion of the

GW source was derived from lateral subsurface flow from the Susitna River main channel.

Ice cover and thickness observations were recorded in each IFS winter BamissArea Ice
cover and thickness was generally greatemain dannel areas dfA-104 (Whiskers Slough

3.6 fee} relative to FA128 (Slough 8A 3.2 fee} and FA138 (Gold Creekl.5 fee}, andin

main channe(1.5-3.6 feet)and side chann€0-2.5 feet)habitats compadto side slough0-1.1

feet) and upland slougf0-2.1 feet)areas. Although ice measurements were recorded in each
macrohabitat, sample locations were associated with existing (i.e., continuous monitoring sites)
or opportunistic sites (i.e., spot measurements) and thus may not completely refleciatienv

in ice conditions. Thiperceived biasvas particularly evident in main channel and side channel
habitats in which ice appeared to be thicker in areas not sampldditional information on
SusitnaRiver ice conditions is found irice ProcessetSR Study 7.6(AEA 2014a) and SIR
Study 7.6(AEA 2015.

6.3. Winter-time Fish Observations

The relative distributiorof juvenile salmoncapturedduring winter studies indicated that fish
were associated with tributary and-offannel habitats. Althougtmore IFS winter electrofish
surveys were conducted in side ohals(n=18)relativeto side slough(n=12), upland slough
(n=11), main channel (n=2) and tributary (n=2) habitat tyfresmajority offish were captured

in side slough habitats (R2 2G4R2 20L4b). Fish capturesurveys associated withDAML

(Study 9.6)winter studiessimilarly indicated thatrelative abundancef juvenile salmonwas
greater in tributary and effhannel habitats relative to side chanm@sed ominnow trap fyke

net and elecofish samplingcatch per unit effort (CPUE) (R2 and LGL 2014Kuvenile oho
salmon werethe most abundant fish species and weaptured in all habitat types during
FDAML winter sampling. Juvenile cohaere observed most consistently atygically in
greatest abundance in tributary and side slough habkahong the three écus Areasampled
during winter 2012014, Chinook salmon were most closely associated with tributary and side
slough habitats, though capture rates were low iflE8 (Slough 8Apnd FA138 (Gold Creek)

(R2 and LGL 2014b).Although few juvenile chum and sockeye salmon were captured during
FDAML winter sampling, observed chum were typically located near spawning areas in side
channels and side sloughs, while sockeye were typitaligd in side slough habitatsMain
channel habitats were not sampled on a consistent basis due to physical limitations in these areas;
limited availability of operwater in main channels precluded electrofishing sampling, while
extensive thick (24 feet) ice cover conditions made largeale deployment of minnow traps
impractical.

Suitable winter habitats for fish in riverine environments allow fish to minimize energy
expenditure while providing a stable environment protected from physical extr€uegK

1996 Brown et al. 2011). Such habitatsre generallylocated indeepportions ofthe main
channel and side chanse&lnd in offchannel areathat provideprotecton from main channel

flow andor ice accumulationfartman 1965Brown and Mackay 995 Cunjak 1996 J&ober et

al. 1998). Comparison of salmonid abundance among macrohabitats in interior rivers located in
British Columbia during winter indicated that utilization of side channel andhaffinel habitats
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was greater than main channeéas (Swales et al. 1986). @ffiannel habitat such as side
sloughs and beaver ponds, are particularly important for juvenile salnoonby providing
refuge from extreme winter conditions (Bustard and Narver ;1B@trson 19825wales et al.
1986). During the 1980s studies in the Susitna Rivgwyenile coho salmon use@dW-fed side
sloughs and upland sloughs for winter habitat, in addition to natal tributaries, while primary
winter habitats for juvenile Chinook consisted of side slough and side chaneasl withGW
upwelling (Delaney et al. 1981Stratton 1986). Adult rainbow trout and Arctic grayling
migrated from spawning and feeding tributaries in late summer to main channel areas that were
typically downstream and proximal to the spawning tribytaithough some individals
exhibited long distance 20 miles) movements (Hoffman et al. 19&indet and Pechek 1985
Sundet 1986).

Winter fish sampling was conducted by the Aquatic Restoration and Research Institute (ARRI)
and National Marine Fishes Service (NMFS) in the Susitha and Talkeetna rivers during the
20122013 and 2012014 winter season® assess wintesampling methods, describe fish
distribution, and test for associatiobgetweencoho salmonabundance and physical habitat
characterists (Davis et al. 2013Davis et al. 2015).Sampling occurred at eight side channel,
side slough, upland slough and tributary mouth sites during the winter2ZBdB2season and at
nine side slough, upland slough and tributary mouth sites during wint8+2204. Fishspecies
capturel during the two winter sampling periodsonsisted primarily of Chinook and coho
salmon,although various other species were recorded in small numbemsng the icecovered
period (January, Februargnd/or March), apturetotalsof juvenile coho salmowerehighestin

side sbugh and upland sloughs relative to side channel and tributary mouth habhées
Chinook were most abundant side channel and tributary mouth habitats between the two
sampling seasons

Microhabita utilization (HSC) data by juvenile and adult fish species were recorded during IFS
winter studies inFA-104 (Whiskers Slough), FA28 (Slough 8A), FAL38 (Gold Creek), and
FA-141 (Indian River).A total of 288 HSC observations were recorded dur®electrofishing
surveys. Electrofish sampling was used for fish habitat utilization surveys bedguseideda

more direct andeffective means ofecording fish habitat useompared topassive trapping
methods(e.g., minnow trapping), which can introducapture biases related to fish sied
sampling area (Bryant 2000Extensive usef minnow trapsin Alaska has indicated that the
effective capture radiusan beat least 6.6 feet (2 meters) and the presence of current may
increase the extent of thisnge downstream, depending on flow and-spgecific conditions
(Bryant 2000). Consequentlihe use obaitedminnow traps to evaluate potential associations
between fish distribution and physical habitabfteninappropriate, particularly in complex én
varied habitats and at sites proximal to multiple habitat types (e.g., tributary moutrs)chin
situations,it cannot be reliably ascertained whether the captured fish was attracted from outside
the sampled habitat or which physical characteristicy mave influenced fish abundance.
Winter IFS habitat utilizationdata will be used to develop steecific HSC/HSI curves for
relevant fish specieand life stages to help evaluate how Project operatimags affect aquatic
habitat condition#n the Susitna Rive{SIR Study 8.5AppendixD [R2 2015).

The microhabitatcharacteristics of winter habitat and suitability of these features for fish vary
among species and life stages, lutgeneral consist of low velocity areas with physical
attributes that provide refuge from predators and environmental extremes (Brown et al. 2011).
Specific featureshat often characteriz@inter habitatncludelow current velocity, deep poogls
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off-channel areasGW upwelling structural complexitye.g., largewood) and coarse substrate
(Mubhlfeld et al. 200:1Mitro and Zale 2002Harper and Farag 200Brown et al. 2011).During
fall and winter,habitat preferences @livenile salmonids ofteshift to areaswith greater depth
and lower velocity relative thabtats used duringummey presumably for refuge from high
current velocitiegBustard and Narver 1973llen 200Q Baltz et al. 1991). These habitats are
frequently located in of€hannel areas that are protected fnoain channel flow fluctuations
and ice movement andre ofteninfluencal by GW upwelling (Peterson 1982Swalesand
Levings 1989Reynolds 199y Groundwateupwelling provides thermal refuge from frazil and
anchor ice and extreme low temperatures that otherwise freeze surface flow (Brown and
Mackay 1995 Reynolds 1997Harper and Farag 2004)Juvenile salmonids in various winter
settings have been observed to conceal themselves within the interstitial spaces in coarse
substrate (Meyer and Gregory Z0Muhlfeld et al. 2001Brown et al. 2011). Adult fisimay
also usdnterstitial habitatsn large substrates (e.g., rip rap), blubse too large to utilize these
areasoften seek deep pools in main chann&lwdleset al. 1986 Reynolds 1997).The speific
habitat features of Susitna River holding areas used by adult resident speciesheutBROs
winter telemetry studies were difficult to measuaithough GW upwelling, overhead cover
(depth and/or ice cover), lack of frazil and/or anchor ice,lawdwater velocity appeared to be
common characteristics of known holding habitats (Schmidt et al.; 19@&3det and Pechek
1985).

Fish presence was recordddring bothday and night periods in opevater areas during
electrofish surveygR2 2014 R2 2014; R2 and LGL 2014aR2 and LGL 201H). Diel
differences in fish behavior are common among fish species, particularly during winter, but
information specific to the Susitna River is sparse. In general, when day length is short and
water temperatureare low, fish activity oftershifts from diurnal to nocturnal periods, such that
individuals become inactive and/or hide during the day to minimize energy expenditure and
reduce predation risk (Roni and Fayram 20DQinn 200% Reeves et al. 2009). Theegence of

ice cover, however, may mitigate such behavioral shifts. During a winter study of the effect of
ice cover on fish behavior, greater fish activity and foraging was observed in the presence of ice
cover relative to its absence (Watizal.2013). High numbers of fish captured during IFS and
FDAML night surveys relative to daytime sampling likely indicates that nocturnal activity is
common among fish species in the Mid&irer Segment of th8usitna River duringhe winter

(R2 and LGL 2014aR2 ard LGL 2014). Sonar monitoring for continuous-Béur periods in
FA-104 (Whiskers Slough) and FE38 (Gold Creek) during winter 202914 indicated a
relatively high level of fish movement during periods of dawn and dusk relative to nighttime and
daytimeperiods R2 and LGL 2014aRk2 and LGL 2018).

7. CONCLUSION

The IFS winter studies were comprised of two primary componentsiohjtoring of water
level, water quality and ice conditions and 2sh behavior and habitat use observatioii$ie
RSP identifed an initial pilot effort during winter 2032013 (i.e., February- April 2013),
followed by an expanded effort during winter 2614, and an additional winter survey effort
as neededAEA 2012) EachIFS winter studiecomponent was addressed durihg tnitial
pilot winter effort (February April 2013) and during winter 2023014. Analysis and reporting
is complete for data collected through September 2@dditional continuous water level and
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water quality monitoring was completed duritige 20142015 ice-covered and opewater
periods {.e., September 201throughSeptember 2015) arithsbeenreinitiatedfor winter 2015

2016. As a result, a robust set of water level and water quality data have been and are continuing
to be collected that calme used as part of the modeling efforts noted abdwewever, fsh
behavior and habitat ussurveys were not performed during winter 2@DA5 and are not
proposed for winter 2023016. Because Project operational effects on flows will likely have
someof the greatest effects during the winter period, it will be important to understand the
distribution behavior and habitat usef fish under current wintezonditions from which to draw
conclusions regarding Project induced effedikerefore, a additonal winter period of IFS data
collection, consisting of both study components (i.e., water quality monitoring and fish surveys),
is neededto completethe objectivesof this study component
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9. TABLES

Table 4-1. Continuous surface water stage (i.e., pressureand barometric transducers), surface and intergravelwater
temperature and intergravel dissolved oxygen monitoring sites maintained in association with IFS winter studies during

each winter of 20122013, 20132014 and 2014015 with the periods of record for each site and instrumeirtype.

Focus Monitoring
Area Site Instrument Type Period of Record
FA104 104BARO Barometritansducer Feb 201B Sept 201 4%6ept 2014 Sept 2015
104CFSELO Temperature Feb 201B Apr 2013
104CFSELS Pressure transduce! July 201# Sept 2055
104MG40 Pressure transduce! Sept 2018 June 201&ept 2014 Sept 2055
104MG40 Temperature Sept 2018 June 2024Sept 2014 Sept 2055
104MG50 Pressure transduce! Feb 201B April 203 Feb 2014 April 2014
104MG50 Temperature Feb2013 April 2013
104SL3A20 Pressure transduce! Sept 201% Sept 2055
104SL3A20 Temperature Sept 201% Sept 2055
104SL3A70 Pressure transduce! Feb 2018 April 2014
104SL3A70 Temperature Feb 2018 April 2014
104SL3B08 Pressur&gansducer Sept 2014 Sept 2055
104SL3B08 Temperature Sept 2014 Sept 2055
104SL3BR08 Dissolved oxygen Sept 2014 April 2055
104SL3B10 Pressure transduce! Feb 2018 April 203; Sept 201BSept 2014
104SL3B10 Temperature Feb 2018 April 203; Sept 2018 March 2014
104SL3B10 Dissolved oxygen Feb 2018 April 202
104WGC10 Pressure transduce! Feb 2018 April 2013; Sept 201Rine 2014
104WG10 Temperature Feb 2018 April 2013; Sept 201Rine 2014
104WGC11 Pressur&ansducer Sept 201% Sept 2055
104WG11 Temperature Sept 201% Sept 2055
104WESEL0 Pressure transduce! Oct 2018 June 2014; July 2018ept 2014
104WESEL0 Temperature Sept 201B8March 2014
104WESCA2 Pressure transducel Sept 201% Sept 2055
104WESCA2 Temperature Mar 201% Not relocate8ept 2014 Sept 2055
104WSC10 Pressure transduce! Feb 2018 April 2013 Sept 2013June 2014
104WSGC10 Temperature Feb 2018 April 2013; Sept 201darch 2014
104WSE30 Pressure transduce! Feb 2018 April 203%ept 2018June 2014
Sept 201% Sept 2055
104WSC30 Temperature Feb 2018 Sept 2018ept 2014 Sept 2055
Feb 2018 Apr 201,3ept 2018June 2014
104WSI20 Pressure transduce! Seppt 201’4482p1201§
LOAWSL20 Temperature Feb 2018 Apr 201,Bept 2018June 2014
Sept 201% Sept 2055
104WSL35 Temperature Sept 2014 Sept 2055
104WSI=35 Dissolved oxygen Sept 201% April 2055
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Focus Monitoring
Area Site Instrument Type Period of Record
104WSI40 Pressure transduce! Feb 2018 Apr 2013Bept 2014 Sept 2055
104WSI40 Temperature Feb 2018 Apr 2013
FA128 128BARQ Barometritansducer March 2013Aug20BB
128BARQ Barometritansducer Sep0Bi Sept 2014
128MG09 Pressure transducel Sept 2014 Sept 2055
128MC09 Temperature Sept 2014 Sept 2055
128MC10 Pressure transduce! Sept 2018Mar 2014
128MGC10 Temperature Sept 201BNot Relocatéd
128SC8A15 Pressure transduce! Sept 2014 Sept 2055
128SC8A15 Temperature Sept 2014 Sept 2055
128SC8A15 Dissolved oxygen Sept 2014 Not Relocatéd
128SC8A24 Temperature Mar 2014 June 2085
128SC8A25 Pressure transduce! Sept 201BApril 2014
128SC8A25 Temperature Sept 201BApril 2014
128SC8A45 Pressure transduce! Sept 201% Sept 2055
128SC8A45 Temperature Sept 201% Sept 2055
1285C8AM5 Dissolved oxygen Sept 201% April 2055
128SL8A15 Pressure transducel March 201i3Aug 2013Bept 2014 Sept 2055
128SL8A15 Temperature Sept 2018 Sept 2014; Sept 201ept 2055
128SC8A15 Dissolved oxygen March 201i3April 2013
128SL8A40 Pressure transduce! Sept 2018 Sept 201 HBept 2014 Sept 2055
128SL8A40 Temperature Sept 2018 Sept 2018Bept 2014 Sept 2055
128SL8A40 Dissolved oxygen Sept2013 March 2014
128HMSI05 Pressure transduce! July 2017 Sept 2018ept 2014 Sept 2055
128HMS@1 Temperature Sept 201% Sept 2055
128SSC18 Pressure transduce! Sept 201% Sept 2055
128SSC18 Temperature Sept 201% Sept 2055
128SG05 Temperature Sept 201B8March 2014
128SG06 Pressure transducel Sept 201% Sept 2055
128SG06 Temperature Sept 2014 Sept 2055
128SLA20 Pressure transduce! Sept 201BSept 2014
128SLA20 Temperature Sept 2018 Sept 2014
128US110 Pressure transduce! Sept 2018March 2014
128US110 Temperature Sept 2018March 2014
128US210 Pressure transduce! March 2013Aug 2013
128US215 Pressure transduce! Sept 2018 March 201#arch 2014May 2055
128US215 Temperature Sept 2018March 2014
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FISH AND AQUATICS INSTREAM FLOW STUDY (STUDY 8.5)

Focus Monitoring
Area Site Instrument Type Period of Record
FA138 138BARO Barometrictansducer Sept 2018 Sept 201 HBept 2014 Sept 2055
138MG20 Pressure transducel Sept 201% Sept 2055
138MG20 Temperature Sept 2014 Sept 2055
138MG50 Pressure transduce! Sept 201BApril 2014
138MG50 Temperature Sept 2018Feb 2014
138SL1104 Pressure transduce! Sept 2018 Sept 2018ept 2014 Sept 2055
138SL1104 Temperature Sept 2018 Sept 201 8ept 2014 Sept 2055
138SL1104 Dissolved oxygen Sep2013 April 2014
138SL1106 Temperature Sept 2018 Mar 20LMar 2014 Not Relocatéd
138SL1108 Pressure transduce! Sept 2014 Sept 2055
138SL1108 Temperature Sept 2014 Sept 2055
138SL1120 Pressure transduce! Sept 201BSept 2014
138SL1120 Temperature Sept 2018 Sept 2014
138SL1155 Pressure transduce! July 201# Sept 2055
138SL1155 Temperature Sept 2014 Sept 2055
138SL1155 Dissolved oxygen Sept 2014 April 2055
138SL1210 Pressure transduce! Sept 201BSept 2014
138SL1210 Temperature Sept 2018 Sept 2014
138SL13204 Pressure transduce! Feb 2014 Sept 2018ept 2014 Sept 2055
138SL1304 Temperature March 2014Sept 201 %6ept 2014 Sept 2055
138SL1304 Dissolved oxygen Sept 201% April 2015
138SL1205 Pressure transduce! Sept 201BSept 2014
138SL1305 Temperature Sept 2018 Sept 2014
138USC1D9 Pressure transduce! Sept 201BSept 2014
138USC1D9 Temperature Sept 2018 Sept 2014
138USC1P5 Pressure transduce! July 2014 Sept 2055
138USC1P5 Temperature Sept 201% Sept 2055
138USC125 Dissolved oxygen Sept 201% Sept 2055
FAl44 144SC2120 Pressure transducel July 201B Sept 2055
144SC2160 Pressure transduce! July 201B Sept 2055
1445C2160 Temperature Sept 201% Sept 2055
Notes:

1 One or more instruments could not be relocated during data retrieval efforts due to high flow conditions and/or

loss of the instrument.
2 Data from instrument could either not be retrievedppeared erroneous and were not reported.
3 Datawere retrieved in September 2015 and are not summarized in this report
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FISH AND AQUATICS INSTREAM FLOW STUDY (STUDY 8.5)

Table 5-1.

Instantaneous measurements of surfacevater and groundwater temperature, specific conductance, and

dissolved oxygen concentration in FALO4 (Whiskers Creek), FA128 (Slough 8A), FA138 (Gold Creek) andFA-144
(Slough 21)during September 2014. Surface water measurements were recorded at rddlumn water depth and
groundwater was measured approximately 20 cm below the substrate surface at intergrawifesand near the surface at
bank seep locations.

Water Specific  Dissolved
Habitat Temperatur Conductanct Oxygen

Sitel Water Body Typé Date (°C) (uS/cm) (mg/L)
FA104 (Whiskers Slough)
104MCG40 Main channel MC 9/10/14 9.7 150.2 12.51
104WESCA2 Whiskers East Side Channel SC 9/8/14 8.1 185.5 8.70
104WSG30 Whiskers Side Channel SC 9/11/14 9.5 151.5 12.62
104SL3B08 Slough 3B SC 9/8/14 6.4 101.3 8.91
104CFSELS Chicken Foot Slough SS 9/11/14 7.9 199.6 3.90
104WSI20 Whiskers Slough SS 9/9/14 9.3 33.7 11.07
104WSL35 Whiskers Slough SS 9/10/14 9.3 80.6 8.92
104WSI-35* Whiskers Slough intergravel site* ~ SSGW* 9/10/14 6.6* 52.1* 4.51*
104WSI40 Whiskers Slough SS 9/9/14 5.9 77.5 5.01
104SL3A20 Slough 3A us 9/8/14 6.6 102.4 8.79
104WC11 Whiskers Creek TR 9/9/14 8.2 31.7 11.77
FA128 (Slough 8A)
128MG09 Main channel MC 9/11/14 9.7 155.7 11.99
128SSC18 Skull Sid€hannel SC 9/15/14) 11.2 160.9 11.33
128HMS@1 Half Moon Side Channel SC 9/13/14) 10.3 166.8 11.40
128SCB8A15 Side Channel 8A SC 9/14/14) 10.2 169.3 11.51
128SCB8AlL5* Side Channel 8A intergravel site*  SGGW* 9/14/14 5.2* 248.0* 4.32*
128SC8A45 SideChannel 8A SC 9/14/14 9.6 173.2 11.80
128SC8A45* Side Channel 8A intergravel site* SCGW* 9/14/14 9.9* 195.9* 10.70*
128SL8A15 Slough 8A SS 9/14/14 7.9 130.6 10.55
128SL8AL5* Slough 8A intergravel site* SSGW* 9/14/14] 5.5* 123.9* 4.05*
128SL8A0 Slough 8A SS 9/14/14 9.7 117.0 10.25
128SL8A40* Slough 8A intergravel site* SSGW* 9/14/14  7.3* 49.2* 7.10*
128HMSILO5 Half Moon Slough us 9/15/14) 11.8 190.8 7.12
128SC06 Skull Creek TR 9/13/14 9.7 103.3 11.42
FA138 (Gold Creek)
138MG20 Main channel MC 9/11/14 9.9 163.7 12.39
138SL1104 Slough 11 SS 9/12/14 6.5 277.0 10.04
138SL1108 Slough 11 SS 9/12/14 7.5 291.0 10.25
138SL1108* Slough 11 intergravel site* SSGwW* 9/12/14]  7.1* 121.5* 3.68*
138SL1155 Slough 11 SS 9/13/14 6.3 243.0 11.42
138SL1155* Slough 11 intergravel site* SSGW* 9/13/14|  6.0* 250.0* 9.91*
138SL1204 Slough 13 us 9/12/14 7.2 259.0 10.33
138SL.1304* Slough 13 intergravel site* USGW* 9/12/14 5.3* 257.0* 6.43*
138USC125 Upper Side Chanbgl SC 9/13/14 9.3 174.5 11.58
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STUDY IMPLEMENTATION REPORT FISH AND AQUATICS INSTREAM FLOW STUDY (STUDY 8.5)

Water Specific  Dissolved
Habitat Temperatur Conductanci Oxygen
Sitel Water Body Typé Date (°C) (uS/cm) (mg/L)
138USC1R5* Upper Side Channel 11 intergravel SCGW* 9/13/14 5.0* 225.0* 8.39*
138USC1D5 Upper Side Channelriitthbank seep SGGW* 9/13/14 7.4* 236.0* 7.55*
FA144 (Slough 21)
144S5C2120 Side Channgl SC 9/15/14 9.2 163.1 10.92
144S5C2160 Side Channel 21 SC 9/15/14 5.4 185.9 8.03
144SC2160 Side Channel 21 intergravel site* ~ SGGW* 9/15/14| 4.7* 90.3* 7.26*
Notes:

1 Asterisks (*) indicate measurements of groundwater at intergravel dissobkaggen monitoring sites
(approximately 20 cm below the substrate surface) or bank seepage locations

2 MC = Main Channel, SC = Side Channel, SS = Side slough, US = Upland Slough TR = Tributary, GW =
Groundwater monitoring well; habitat designationstzased on 2012 Middle Susitna River remote line habitat
mapping Middle Susitna RiverégymentRemoteline Habitat Mapping TM submitted to the FERC January 31,
2013[HDR 2013).

Table 5-2. Total number of HSC observationsrecorded during eachwinter season of 20122013 and 2012014 and used
in HSC comparisons of seasonal habitat utilizatioty fish species and lifestagein the Susitna River (see R2 2015)

FA104 FA138 FA141 Non
Winter (Whiskers  FA128 (Gold (Indian Focus

Season Species Lifestagé Slough) Slough 8A)  Creek) River) Areas Total

20122013 Chinook Fry 1 2 0 0 0 3

salmon Juvenile 13 10 0 0 0 23

Fry 2 0 0 0 0 2

Coho salmon Juvenile 1 0 0 0 0 1

20132014 Chinook Fry 13 0 0 1 0 14

salmon Juvenile 2 2 1 0 0 5

Sockeye Fry 1 29 4 0 1 35

salmon Juvenile 0 0 33 0 0 33

Chum salmor Fry 0 13 24 0 5 42

Fry 25 4 2 1 2 34

Cohosaimon . enie| 47 6 32 2 0 87

Rainbow trou Juvenile 2 0 2 0 0 4

Arctic graylin¢ Juvenile 1 0 0 0 0 1

L‘S)Sgli‘gfe Fry 2 0 0 0 0 2

(unb?ﬁ”:ep;t?a{ o Juvenie| 2 0 0 0 0 2

20122013 Total 17 12 0 0 0 29
20132014 Total 95 54 98 4 8 259
Cumulative Total 112 66 98 4 8 288

Notes:
1 Fry consist of fish less than 60 mm fork length; juvenile dii@ge represents fish betweenné® and 150 mm
fork length.
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10. FIGURES
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Figure 3-1. Locations of IFS winter studies sitesused for continuous and instantaneous water quality monitoring, water level monitoring, and fisnh
sampling in FA-104 (Whiskers Slough)Xuring the winter seasons of 201:2013and 20132014 andcontinuouswater quality and water level monitoring
during 20142015.
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Figure 3-2. Locations of IFS winter studies sites usedfor continuous and instantaneous water quality monitoring, water levemonitoring, and fish
sampling in FA-128 (Slough 8A) duringthe winter seasons of 20:2013and 20132014 andcontinuouswater quality and water level monitoring during
20142015
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