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EXECUTIVE SUMMARY

FirstLight Hydro Generating Company (FirstLight) is the current licensee of the Northfield Mountain
Pumped Storage Project (Northfield Mountain Project, FERC No. 2485) andTtiners Falls
Hydroelectric Project (Turners Falls Project, FERC No. 1889). FirstLight has initiated with the Federal
Energy Regulatory Commission (FERC, the Commission) the process of relicensing the Northfield
Mountain and Turners Falls Projectsush& RC0s | ntegrated Licensing Proce
for the Northfield Mountain and Turners Falls Projects were issued on May 14, 1968 and May 5, 1980,
respectively, with both set to expire on April 30, 2018. This report documents the réssitslp No.
3.3.13Impacts of the Turners Falls Project and Northfield Mountain Project on Littoral E@teHabitat

and Spawning HabitafThe study evaluates thmpacts of the Turners Falls and Northfield Mountain

Projects on littoral zone fish spawniagd spawning habitats

The studywas conducteth the spring of 208 inthe Connecticut River from Vernon DamVernon, VT,
to the Turners FallsDam in Gill and Turners Falls, MAPrior to conducting the field investigation, a
desktop literature reviewetdermined when residespecies known to occur in thedfect area typically
spawn Thelittoral zone was considered to extend from the edge of the wattatittee shore to a depth
of approximately six feet to the extent that observable charactedstius littoral zonecould be viewed.

The littoral zone of the entir€urners Falls ImpoundmenTFEl) was traversedia boat and/or wading
parallel to shordo visually identify fish nests, egg masses/deposits, ampdiantialspawning habitat.
Major tributaries (sch as the Ashuelot and Millersiiers, Pachaug Brook,etc) were investigated
upstream to a point corresponding to the normal high water elekatibeachspawningsite, survegrs
collecied data,recorded observationand to the extent posde, attempedto identify the spawning fish
speciesThe positiorand elevatiorof nests wersurveyed using RTK-GPS unit

With the use of the hydraulic model developed for the TFI as part of Study Report No. 13.212/\sis

was conducted to deternaiiif the elevation of the spawning habitat or nest location could become exposed
based on how the TFI coule operatetiand how the TFI was historicaflpperatedrom 2000 to 2014

The hydraulic model simulated steady state conditions whereby flowgthtbe TFI were held constant

over a range of flows and downstream starting WSELSs at the Turners Fallgaddngfrom 176 feet to

185 ft (the licensed operating range of the TFI). In addition, the hydraulic model simulated unsteady state
conditions wherey hourly flows(Vernon discharges, Northfield Mountain pump/generation flcans)

hourly varying downstream starting WSELSs at the Turners Falls Dam varied at it did historically between
2000 and 204 From these steady and unsteady state hydraulic mgdstienariosan analysis was
conducted at each early and late spawning site to deteifniveespawning habitat or nest location could
have been exposed under FERC licenseperating range of the TFI (176 to 185 feet at the dam, based
on the steady ate model) and unddristorical operations between 2000 and 20Edom the modeling
results, thepercentage of timduring eactearly and late springeriod that spawning habitat nest site

would be suitably inundated to support spawning was estimased loahydraulic modeling results.

A total of 21 spawning sites were locatetlidenced bgxtruded egg masses, cleared patches in submerged
substrate®r dug nestsln somecasespotential for spawning was inferrdry the abundancef suitable

L For purposes of this study, edge of the water line was identified via bankside indicators of inundation, such as a
horizontal break in terrestrial vegetation and the adjacent shoreline of thenisinpert.

2 For purposes of this study, normal high water in tributaries was identified as the elevation corresponding to bankside
indicators of inundation, such as a horizontal break in terrestrial vegetétiog the adjacent shoreline of the
impoundmentThe study explored upstream from this point to the first riffle

3The license for the Turners Falls Project provides for the TFI to be operated between elevation 176 and 185 at the
Turners Falls Dam.

4 Historically refers to how the TFI was actually opechbn an hourly basis.
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emergent osubmerged/egetation that could be used by perax®wcids. Some spawning sitesere
individual nests, but othersspecially in late spring, had clustersagll-definedindividual nests, so that
multiple spawning bed elevations were obtained acrdssit®@s. Early spring spawning sitegere
distributed throughout the uppeniddle, and lowersections of the TFand consisted of unguarded egg
extrusions, reddsor submerged suitable habitat where no evidence of spawning could be conclusively
determiné. Late spring spawning was concentrated in the upper and lower extremeslél ted was
dominated by dug centrarchids nests with guardian adult males predent.isolated nests occurred in
tributaries, most notably lamprey redds in riffles upstré@m theTFI.

Littoral zonespawning suitability showed a range of responsenddeledTFI| water level fluctuations,
depending on the species and locations. In getter®VSEL duration analysis shows that most late spring
spawning nests are suitably sudnged about 8800 % of the times, but that early spring spawners (such

as yellow perch) relying on emergent riparian vegetation sites such as cattail benches were suitably
submerged for shorter durations.
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1 INTRODUCTION

FirstLight Hydro Generating Company (FirstLight} the current licensee of the Northfield Mountain

Pumped Storagkroject (FERC No. 2485) and the Turners Falls Hydroelectric Project (FERC No. 1889)
FirstLight has initiated with the Federal Energy Regulatory Commission (FERC, the Commission) the
process of relicensing the t wansingProcess @LP)sTheicurrentg t he
licenses for Northfield Mountain and Turners Falls Projects were issued on May 14, 1968 and May 5, 1980,
respectively, with both set to expire on April 30, 2018

As part of the ILP, FERC conducted a public scoping prodesag which various resource issues were
identified. On October 31, 2012, FirstLight filed its fApeplication Document (PAD) and Notice of Intent

withthe FERCT he PAD included FirstLight.OsDepemiget2l,2012yar y |
FERC issued Scoping Document 1 (SD1) and preliminarily identified resource issues and cdbaerns
January 30 and 31, 2013, FERC held scoping meetings for the two Pr&ERE issued Scoping
Document 2 (SD2) on April 15, 2013.

FirstLight filed its Propose8tudy Plan (PSP) on April 15, 2013 and, per the Commission regulations, held
a PSP meeting at the Northfield Visitors Center on May 14, .ZlH&eafter, FirstLight held tenesource
specific study plan meetings to allow for more detailed discussionaabnRSP and on studies not being
proposed On June 28, 2013, FirstLight filed with the Commission an Updated PSP to reflect further
changes to the PSP based on comments received at the méatirmgbefore July 15, 2013, stakeholders
filed written commets on the Updated PSPirstLight filed a Revised Study Plan (RSP) on August 14,
2013 with FERC addressing stakeholder comments

On August 27, 2013 Entergy Corp. announced that the Vermont Yankee Nuclear Power Plant (VY), located
on the downstream end tife Vernon Impoundment on the Connecticut River and upstream of the two
Projects, will be closing no later than December 29, 20dith the closure of VY, certain environmental
baseline conditions will change during the relicensing study pebindgepteméer 13, 2013, FERC issued

its first Study Plan Determination Letter (SPDL) in which many of the studies were approved or approved
with FERC modificationHowever, due to the impending closure of VY, FERC did not act on 19 proposed
or requested studies périmg to aquatic resourceshe SPDL for these 19 studies was deferred until after
FERC held a technical meeting with stakeholders on November 25, 2013 regarding any necessary
adjustments to the proposed and requested study designs and/or scheduliéedomending VY closure

FERC issued its second SPDL on the remaining 19 studies on February 21, 2014, appro\@iyhit R
onemodificationas follows

9 FirstLight should deploy water level loggers, set to record ahitiite intervals, and correlate
observed field measurements such as depth of fish nests, egg masses, and suitable habitat to
reservoir elevatiorDuring the 2015 study season, FirstLight should deploy water level loggers at
the same locations utilized during the 2014 field season for $tad$.2.2Hydraulic study of the
Turners Falls Impoundment, Bypass Reach, and below Galwaipture the entire spawning and
egg development period of target fish species.

This report documents the resultsSttidy No. 3.3.13mpacts of the Turners FalRroject and Northfield
Mountain Project on Littoral ZonEish Habitat and Spawning Habitat

Note that tables, figures and photo referenced in the sections below appear at the end of the section.
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1.1 Study Goals and Objectives

The goal of this study is toollect information to determine Froject operations negatively impafish
species so that appropriate mitigation measures may be developed, if warranted, to protect and conserve

the species utilizing project watefidhe studyobjectivesare to:
1 Assess tinmg and location of fish spawning in the littoral zone.

1 Delineate, qualitatively describe.{.substrate composition, vegetation type and relative abundance),
and map shallow water habitat types subject to inundation and exposure due to project speration

1 Evaluate potential impacts of impoundment fluctuation on nest abandonment, spawning fish
displacement and egg dewatering.

1-2
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2 STUDY AREA

The study area included the Connecticut River from Vernon iDarernon, VT,to theTurners Fallam

in Gill and Tuners Falls, MA(the Turners Falls Impoundment, JFlseeFigure 21. The entirelittoral
zonewas surveyed To the extent practical, the sungegought todocument potential spawning habitat
across the full range dicensedwata surface elevatiah(WSEL) of 176.0to 185.0 ft NGVD29 as
measured at the Turners Fall Dafhe target survey zoneas a general guideline, as the observable
characteristics of the littoral zone can vary with water clarity, water level, time of datheapdevailing
weather conditions. The areas typically wetted whenTtfes at theupper range oits WSEL (185.0ft
werealso observetb evaluate potential spawning hahitat

Major tributaries (gch as the Ashuelot and Millersvers, Pachaug Brookgtc.) were also investigated
upstream to a point corresponding to fingt riffle/area of gradient

5 All vertical elevations in this report are in relation to the National Geodetic Vertical Datum (NGVD) of 1929.

2-1
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3 FIELD METHODS AND HYDRAULIC MODEL

3.1 Field Methods

The study was conducted in the spring26fl5. Prior to conducting the field investigation, a desktop
literature review determined when residspecies known to occur in thedfectarea typically spawrhe
early spawning survetargeted a period when water temperature ranged from approximately 7G@ad 4
capturebroadcast spawning species such as pike, yellow parahwalleye A second survey was
scheduled to coincide with weat temperatures ranging from approximately2P8°C to capture nest
building specis. Field work was scheduleto occur during times wheiver flow through the TFivas less
than 25,000 cfs for safety, and targkteater temperature prevaildgecause watdemperature was a likely
spawning event trigger, ambient water temperature was moniaredaily basisto determire when to
mobilize field surveys.

For the purpose of this investigation, the littoral zone was considered as a general guideline trdee th
extending from the edge of the water line at the skaréthe time of the surveyut to a depth of
approximately six feet to the extent that observable characteristics of the littoral zone varies with water
clarity, water level, time of day, andedhprevailing weather condition&fforts were made to make
observations on days with relatively clear observation conditions such as good daylight, minimal wind and
reasonable water clarity. Survey periods were conducted between 08:00 and 17:00 toedswverhead
lighting.

Field sampling was conducted by systematically traversing the littoral zone (depth < 6 feet) of the entire
TFI via boat and/or foot (wading) parallel to shore, to visually identify any fish nests, egg masses/deposits,
and/or spawningabitat Equipment and data collection was aided by:

9 adigital camera for photdocumentation of habitat types, egg deposits, and identified nests;

1 aRealTime Kinematie Global Positioning System or RF&PSwas used tgeoreference the
locationsand eévations(all elevations are reported as NGVD?26f identified habitats, egg
deposits, and nestd-igures 3.11 and 31-2). Point elevations were collected on individual
spawning sitehoweverin some cases wheseverahests were clustered a seriesggresentative
elevations were obtaingd

9 a handheld water quality meter to measarsituwater temperature;

1 a MarshMcBirney flow meter tocollect spotmean columrvelocity measurementst identified
spawning habitats, egg deposits, and nests;

1 a secchi bk to estimate water clarity;

9 a stadia rod and/or depth meter for recording depth of identified spawning habitats, egg deposits,
and nests; and

1 data sheets for recording water quality parameters, general observations, weather conditions, and
other relevat descriptive informatione(g, substrate sizes associated with nests, approximate
diameter of identified nests, presence of fish at nests, presence of aquatic vegetation, nest
abandonmentgtc).

3-3
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As required by FERC in itstudy plammodification, Firstight installedwaterlevel loggers ©nset HOBO
Water Level Logger Model U2t the onset of the survey periodrepresentative locations throughout
the TFIl. Thewater level loggemonitoring sites are listed ifiable 3.11 andshown inFigure3.1-3. When
installed, bhe elevation of eactvaterlevel logger was surveyagsing a RTKGPS relative to NGVD29
datum The loggers were set to record ¥WSEL every 15 minutesDates of installation and retrievate
shown inTable 3.11.

During the early springvhere the search wasdused on areas where broadcastédesive eggs could

occur, locations such as gravel shoals, point barsvete scrutinized by boat and alsodivay whee safe

and practical. Atdcations where eggs could be embedded in gravel interstices, substrates were inspected
using underwater surveillance such as an Aquascope viewing tube. Aquatic and riparian vegetation was
also examined for evidence of extruded etasseDuring the late spring winghe search was focused on

areas where nest construction could occur, the crew sought evidence of either nest construction, redd
formation or spawning aggregations of adult fish.

In most cases the species of fish wesially determined, but in some cases (centrarchids) where the
spawning adults could not be identified precisely to species, an attempt was made to collect the guardian
male through angling. If that was not possible fish were identified to the genlevel based on body
form or | isted as fAunknown

At eachspawningsite, various field data wrecollectedand spawning fish species identified, if possible
Speciesdentificationwasconductedn some cases by direct observatioapture of guarding aduthales
(e.g.centrarchids), or by examination of extruded egg masse®me casewhere no nest guardianship
was occurring such as a cleared gravel spawning site (ied@s not possible tpositively confirm the
identity of the species that ma@deedd. The position and elevation of nestsd/or potential habitatere
surveyed to the NGVD29 datum using a RGRS unit.

Data were recorded on waterproof field data sheets. Upon completion of the field survey, all data sheets
were reviewed for quality assanceand therelectronically transcribed he field data sheets are included

in Appendix A (note the elevation data on the data sheets NAND 88 datum; the elevations were
converted to NGVD29 datum for this report)

3.2 Hydraulic Model

In addition to the water level data collected in 2015 for this studlystLight developed a hydraulic model

of the TFI as part of Study No. 32Hydraulic Study of Turners Falls Impoundment, Bypass Reach and
below CabatAs explained in th&tudy No. 3.2.2 Bport filed withFERC on 331/2015,severalvater level
loggersinstalled specifically for the hydraulic modeling stusgre placedn the TFIfrom approximately
April to mid-November 2014 WSELs were collected every -Ihinutes The hydraulic model was
calibrated to the masured WSELs throughout the Téter the study periodModel inputs needed to
calibrate the hydraulic model during the period when the loggers were ingtaliedied:

1 Known Vernon Hydroelectric Project discharges (including spill)
1 Known Northfield Mounain Project flows used for pumping and generating
1 Known tributary inflows from théshuelot and Millers River; and,

Known WSEL at the Turners Falls Dam (this elevation is needed to set the downstream boundary condition
in the hydraulic model)

As describd in the Study 3.2.Report, he calibration was excellent as modeled WSELSs closely matched
observed WSELsThe calibrated hydraulic model wasad to simulate steady state conditions, whereby
themodel inputs listed in thabovebulletswere held constanin addition, the calibrated model was used
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to simulate unsteadytage conditions, whereby thmodel inputs listed in thabovebullets varied on an
hourly time stefor the periodlanuary 1, 2000 through September 30, 2@ftér(filing the Study No. 3.2
Report, it wadater updated @ include up toSeptember 30, 2015Fhus, hourly WSELs are available at
transects in the hydraulic model for the period January 1, 2000 through September 30, 2015.

3.3 Use of Hydraulic Model in Littoral Zone Study

To supplemst the WSEL data collected in 2015 for this studig hydraulic model was used to evaluate
how the operation of the Vernon Hydroelectric Project, Northfield Mountain Project and Turners Falls
Hydroelectric Project could impact spawning locatioiis notedabove, he vertical elevation of each
nesting site was surveyed as part oflithe@ral zonestudy With that information, the hydraulic model was
usedin both steadyflow constantiand unstead{flow varying overtime) modedo determine the potential

for exposing thepawning sitelocated in 201%&s described below.

Readers need toe mindful that he 2015 fieldassessment represents a snapshot in &sgentially the
spawning locations surveyed in 2015 are being evaluatied) theWSEL data and thbydraulic model
relative to a) actual conditions during the spawning periods in 2@)5how the Projects (Vernon,
Northfield Mountain and Turners Fallsjstoricallyoperated over the period January 1, 2000 to September
30, 2015(focusing on the monthaf April-June); and c) how FirstLight could have operated the WSEL at
the Turners Falls Dam under its FERC licensed operating range of 176 to liadiered range of inflows
(steady state model)There are many issues to considgifollows

1 Spawning leations(horizontal and vertical positionyithin the TFI may varyfrom yearto-year
andaredrivenby many factors

1 One factor influencing where spawning occurs is the magnitufievofindthe WSEL of the TFI
at the time of spawning-or exampleif the water levels were high, the vertical position of the
spawning location may have been highidternatively, if the water levels were low, the vertical
position of the spawning location mhgvebeen lower

1 The WSEL and flows that occurred in 2015 are ioted not only by the operation of the Vernon
Hydroelectric Project, Northfield Mountain Project and Turners Falls Hydroelectric Project, but
also bymagnitude of flow andhydraulics in the TEIAs noted in Study Report No. 3.2.2, when
flows exceed approxiately 20,000 cfs (which is beyond the hydraulic capacity of Vernon,
Northfield or Turners Falls), WSELabove the French King Gorge are controlled by the natural
constriction at the gorge

3.3.1 Unsteady State Model

The hydraulic model was used in an unsteathteswhereby the model inputs known Vernon
Hydroelectric Project discharge, the Ashuelot River flow, the amount of water used for pumping or
generating at the Northfield Mountain Project, the Millers River flow and the WSEL at the Turners Falls
Dam (toset the downstream boundary condition in the hydraulic mddedre used to simulate WSEL
throughout the TFI on an hourly basis for the period January 1, 2000 to September 3@g2ii5as

noted above, the location of each spawning site was matched téhsect from the hydraulic modah
analysisvas subsequentlyonducted to determine if, undaensteadystate conditions over the last 15 years,

the spawning sites established in 2015 could have been dewatered.
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3.3.2 Steady State Model

The steady state hydric model wasalsoused to determine if the spawning locations identified in 2015
could have been exposed if FirstLight had operated the TFI over its FERC licensed operatingX¥@fige of
to 185 feetand under different flowsThe steady state model runene conducted under three different
downstream boundagonditionsat the Turners Falls Dam of 176, 1&1a8d 185 feet

For these steady state scenarios the flow through the TFI (referred to by FirstLight as the naturally routed
flow) was held constanhut included intervening inflow from the Ashuelot and Millers Rivéteurly

flow data from May 131 and June-BO were obtained for the Vernon discharge, Ashuelot River USGS
Gage flow and Millers River USGS Gage flow for the years 2000k From this, tle 5, B, 25, 50, 7585

and 9%6 exceedance flowkr May and Junavere computed at each locatidfor example, the median

May flow -- based on hourly data for the period 2RIl 5-- at Vernon, Ashuelot River and Millers River

flows was 14,437, 885, and §2fs, respectivelyThus in the steady state model, the Vernon discharge
would be set at 14,437 cfs, and additional inflow from the Ashuelot (885 cfs) and Millers (738 cfs) would
be added for a total flow at the Turners Falls Dafni6,060 cfsIf the spavning site was located just
downstream of the confluence of the Ashuelot River the steady state flow would equal the Vernon discharge
plus the Ashuelot River flowf the spawning site was located downstream of the confluence of the Millers
Rivers, the s#ady state flow would equal the Vernon discharge plus the Ashuelot River plus the Millers
River flow.

To determine if spawning locations observed in 2015 coulddveateredby operating ovethe FERC
licensed operating rangand range of flows described @ake, several steady state model runs were
simulated as described Trable 3.32-1. Note that for these steady state scenati@sNorthfield Mountain
Project was held idle

As shown inFigure 3.1-3, the location of eaclarly and latespawning sitevas mapped and compared
against the transects in the hydraulic moBektause of the density of transects, a transect was in very close
proximity to each spawning location was usedan analysis could lmnducted to determine if under
steady state conditionshetherthe spawning siteestablished ir2015 could have been dewatered.

Elevation 181.3 feet is the median WSEL at the Turners Falls Dam based on observed hourly data for the period
20062009

7 As described in Section 3.3.2, the unsteady state hydraulic model runs were based on actual conditions that occurred
from January 1, 2000 to September 30, 2015, which reflects Northfield Mountain pumping and generating flows.
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Table 3.1-1: Water Level Logger Monitoring Locations and Names

Logger Description Monitoring Period
Stebbins Island Located just below Stebbins Island 6/13/20157/24/2015
SN 10486576
Mill Brook Located at the confluence of Mill Brook near t 5/4/20157/24/2015
SN 10486588 Northfield Golf Club
Cattails Located near the confluence of Merriam Brook, j 5/5/20157/24/2015
SN 10486367 upgream of Kidds Island
Kidds Island Located on the east side of Kidds Island 5/5/20157/24/2015
SN 10486366
French King Bridge Located at the French King Bridge 6/12/20158/6/2015
SN 10486572
Below French King Bridge Located just downstream of the French King Bridge | 5/6/20158/6/2015
SN 10486595
Turners Falls Dam Located at the Turners Falls Dam All of 2015
(permanent gage)
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Table 3.32-1: Steady State Hydraulic Modeling Scenarios

*TFI Elevation at the *** Northfield Mountain
Scenario | Turners Falls Dam ** Steady State Flow Project Operation

1-7 176 feet 5, 15, 25, 50, 75, 85 and 95% Idle
exceedance flow for May

8-14 176 feet 5, 15, 25, 50, 75, 85 and 95% Idle
exceedance flow for June

15-21 181.3 feet 5, 15, 25, 50, 75, 85 an®% Idle
exceedance flow for May

22-28 181.3 feet 5, 15, 25, 50, 75, 85 and 95% Idle
exceedance flow for June

29-35 185 feet 5, 15, 25, 50, 75, 85 and 95% Idle
exceedance flow for May

36-42 185 feet 5, 15, 25, 50, 75, 85 and 95% Idle
exceedance flow for June

Notes:
*This elevation was used to set the downstream boundary condition in the steady state hydraulic modeling runs.

** For these steady state scenarios the flow through the TFI (referred to by FirstLight as the naturally routed flow)
was held consaint, but included intervening inflow from the Ashuelot and Millers Riv&arly flow data from May

1-31 and June-B0 were obtained for the Vernon discharge, Ashuelot River USGS Gage flow and Millers River USGS
Gage flow for the years 20015 From this, the 5, 15, 25, 50, 75, 85 and 95% exceedance flows for May and June
were computed at each location

***Eor purposes of this assessment, the Northfield Mountain Project was heldltibeunsteady state model runs
simulatedNorthfield Mountain Projectri a generating, pumping and idle mode.
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Figure 3.1-1: Typical Geo-positioning and Bed Elevation [&ta Collection

3-9





http://gse-share04:1490/SharedDocuments/2016%20Study%20Report%203_3_13/Figure%203.1-3.pdf

Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (Np. 1889

IMPACTS OF THE TURNRS FALLS PROJECT ANINORTHFIELD MOUNTAIN PROJECT ON LITTORAL
ZONE FISH HABITAT AND SPAWNING HABITAT

4 RESULTS

4.1 Literature Review

Literature indicated that most fish species spawning could be classified am@hdyring {.e. gererally

ambient temperatures ofI2 °C) and late springi.€., ambient temperatures of B2 °C) (Table 4.11).
Early-spawning fish were generally species that either broadcast spawn or those that deposited eggs on or
in substragés with no guardianship; late spawning species generally spawned ipregadked nests and
typically guaded incubating eggSpawning strategies for common littoral zone fish species in the TFI are
summarized imable 4.12.

4.2 Field Survey

Early spring srveys were conductdtcbm May 4-6,2015 and late spring surveygere generallgonducted
from June 1-13,2015 An initial attempt to commence the late spring survey on June 1 was adoded
delayed to mielune due to the onset heavy rain and unsafe high flolvsvater temperature and river
flow were monitored daily to detect the onset of both suitable spawning thermal and safe boating conditions.
Table 4.21 summarizes ambient daily water temperetuthe daily water temperatures were based on
instantaneous spot measurements obtained at various locations in theéd fbw shown inTable 4.21
representshe meanVernon dischargdor the day based on averaging the 15uténflow data Water
temperature durinthe early spring survesanged from 10.@o 14.1 T, except in the lower reaches of
tributaries such as Behaug Brook and Millers River which were warm@6-16.7 ). Water temperatures
during thelate spring survg rangedfrom 16.0 to 21.5°C. Water clarity during survey dates generally
exceeded 6 ft., although on a few occasions during Jwi8 Idater claritydecreasedo 4 ft Shown in
AppendixA are the data sheets recorded dutireggearly and late spring surveys

AppendixB includesweekly plotsof the WSELs recorded at the water level loggers listedable 3.11

along with the Vernon Hydroelectric Project dischargetaed\orthfield Mountain Project flows used for
pumping and generatingo put the flows and WSELs experienced during the 2015 spawning surveys into
perspective, it was compared to a longer period of re&pdcifically, the hourly Vernon discharge and
TFI WSEL as measured at the Turners Falls Dam were used to develop duration curves for two periods of
record a) May and June of 2015 and b) May and June for the perioc2@0@®hown inFigure 4.21 are

the Vernon discharge durati curves There ardour duration curves representidday and Junedr the

two periods (2015 and 20#D14) The dashed lines represent 2015 while the solid lines represent 2000
2014 The flows in May 2015 were considerably lower than historically (ZADI%) The maximum
Vernon discharge in May 2015 wa98,843 cfs, slightly higher than the hydraulic capacity of ternon
Hydroelectric Project of 17,130 cfSimilarly, the flows in June 2015 were also lower than historically
(20062014) The maximum Verno discharge in June 2015 was 26,956 cfs.

Shown inFigure 4.22 are the WSEL as measured at the Turners Falls Daere are fouWWSEL duration
curves representing May and June for the two periods (2015 ane22@) The dashedines represent
2015 while the solid lines represent 2e@l4 The WSELs at the Turners Falls Dam in Mayd June
2015 were considerably lower than historically (2@00.4)

4.3 Littoral Zone Spawning

Shown in Figure8.1-3 are the locations where spawnisites were located in the early and late spring
total of 32 spawning site§17 in the early spring and 15 in the late spriwgfediscoveredhroughout the
survey a sitenumber was assigned to each location as shoviigures 3.1-3. The majority of the late

8 When naturally routeddws exceeded approximately 25,000 cfs, boating conditions were deemed unsafe for this
study. In this case, the weather forecast was for increased iiaifect flows exceeded 30,000 cfs days after June 1.
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springsites were located in Barton Cowpte that within the 32 sites thesere individual spawning nests
or redds, and in other casesaltitudeof nestsThus, n total 113bed elevations were obtained acribes
32 spawninggites

4.3.1 Early SpringSpawners

Table 4.3.11 lists the spawning Site ID numBgthe hydraulic modeling transect at (or very close to) the
spawning site, the identified species, the elevadiwh depth of the potentigpawning habitaat the time

of the field surveyand any comment$Spawning sitesvere evidenced by extruded egg masses, and by
cleared patches in submerged substréttesome cases there were no egg masses diegtgnt,but the
potential for spawimg was inferredfor example by the abundancef suitable riparian vegetation that
could be used by percids, such as partially submerged cattail falksg the course of the early spring
survey, observed potential spawning bed depths were as dédpfaseveralkites consisting dfiparian

cattail stalks that could provide potential spawning substrates were as much as 1.6 ft above tlat WSEL
the time of survey

Most of theearly springsites were concentrated in three arasagFigure3.1-3):
1 the upper TFI abovBauchauddrook (sites 001002, and 01p

1 middle TFIfrom Pauchaug Brook to the French King Gofsjees003-006,008, 009
1 lower TFIfrom below theFrench King Gorge to Turners Falls Désites 011017)

The sping spawning sites can be further classified into three habitat types:
9 gravel/cobble barssites 001002,004-007)

9 emergent vegetation on the edges of the $i&$003, 010, 012, 013, and 01R.7), and
9 submerged aquatic vegetati@it¢s008, 009, 011lmad 019
4.3.2 Hydraulic Modeling Analysis of Early Spring Spawners

Unsteady Flow Hydraulic Model

The unsteady state modeling is essentially presenting the historical conditions, as the WSELs at a given
transect are based on the flows and operating conditiah®e¢hurred on an hourly basis durivigy and

Junefor the years 2000 to 261Thus, each figure includes one WSEL plot along with the same horizontal
lines to denote the spawning locatioNste that at sites where multiple bed elevations were colldtied,
highest and lowest elevations are shown on the figures

Steady Flow Hydraulic Model

As described in Section 3.3.1, the hydraulic model simulated steady state conditions under three different
downstream boundary conditions at the Turners Falls Dami&f181.3 and 185 feet; whereby 176 to 185
feetrepresents the FERC licensed operating range of the TFI as measured at the Turners Falls Dam
addition, various flows conditions were simulated as describ&dbie 3.32-1. The hydraulic model was
simulated for each of the scenarioslable 3.32-1 resulting in a WSE at each transect in the TFI. The
transect location relative to the spawning location is showigitre 31-1; thetransechumber associated

with each spawning location is shownTiable 4.3.11. As Table 4.3.11 shows in some casese transect

9 Site IDs were given a number of 6017 for theMay survey and 16115 for the June Survey.
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was used to represent several spawning locations leetheg were clumped in close proximityor
example Site Ne. 011, 012, 013 ahO14 are represented by hydraulic model transect number. T3&3
hydraulic model results were coupled with #exly springspawning sites to determine if tetential
spawnig locations could be exposed under various operating conditions

Evaluation
Below are the figures developed for each spawning site

Site | HEC-RAS Transect
Figure No. | No. No.
Upper TFI
4.3.21 001 103987
4.3.22 002 78954
4.3.23 010 70732
Middle TFI
4.3.24 003 46939
4.3.25 004 44165
4.3.26 009 40702
4.3.27 008 40702
4.3.28 005 40702
4.3.29 006 28182
4.3.210 007 19634
Lower TFI
4.3.211 017 7353
4.3.212 016 7353
4.3.213 015 7353
4.3.214 014 7353
4.3.215 011 7353
4.3.216 013 7353
4.3.217 012 7353

Each figure contains three plofBhe topplot shows thespawning elevatioifsee spawning elevation is
always shown as a horizontal line on all three plots and is shown in Tabld¥a8ahg with theWSEL

data either collged or modeled from the nearest transect ApriMly, 2015 The middleplot shows the
unsteady state (historical from 26@015) WSELSs for April and May in relation to trspawningelevation

The bottomplot showsthe steady statelitensedrange of TFI fuctuation) WSELSs for April and May in
relation to the spawning elevatioh description of potential early spring spawning habitat evaluated using
the 2015 WSEL data and hydraulic model follows.

Upper TFI (Vernon Dam to Pauchaug BrooR

Site OQL is a riprg and cobble shoreline aceofom the tailwater of the Veon Project. Although no
spawning was detected it appears to have characteristics suitable for walleye spawning. Walleye broadcast
fertilized eggs that are negatively buoyant, and become adhesitkng into interstitial spaces of
unembedded geologic materidlhe critical minimum depth was assumed to be that which begins to
dewater the submerged substrate to which eggs could lodge Witinime 4.3.21 (top plots)demonstrates

that this elevation corresponds to 18f.8nd was consistently submerged throughout Aprtit became
inconsistently submergetdroughout May 2018Vlodeling of historicWSELs(middle plot) demonstrates

that these substrate elevations woulda@ sufficiently submerged approximately 90% of the time in April

and 60% of the time in May
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The steady state model analysis (lowhat) shows that the substrate at this site would remain wetted at
flows of approximately 20,0 cfs when the WSEL atéhTurners Falls Dam is at its minimum of 176 ft,
and would remain wetted at flow®,900 cfs when the WSEL at the Turners Falls Dam is at its median of
181.3 ft

Site O@ is asubmerged migthannel gravel bar shasuitable for walleye spawning. Althougb spawning
was detected, the site exhibited highly suitable characteritiescritical minimum depth was assumed to
be that which begins to dewater the submerged substrate to which eggs couldrigherel.3.22 (top
plot) showsthat this elevation corresponds80.9 ft.and was consistently submerged throughout April
and most of Maybut became briefly dewatered in late MBodeling of historic TFWSELsdemonstrates
that these substrate elevations would remain seiffity submergeaearly100% of the time in April and
May.

The steady state model analysis (lowkat) shows that the substrate at this site would remain wetted at
flows of approximately >3,000 cfs when the WSEL at the Turners Falls Dam is at its miniofu#6 ft,
and would remain wetted all flows when the WSEL at the Turners Falls Dam is at its median of 181.3 ft

Site 010 A second significant spawning feature is an emergent stand of cattail stubs along the shoreline in
the vicinity of Pauchaug Baok. Emergent vegetation substrate at this site has characsessitable for
spawning Thevegetation provides a substrate to which eggs could adtiguee 4.3.23 demonstrates that

these elevations correspond to 18@8.&nd aboveThis elevation was consistently submerged during the
first three weeks of Aprjlbut not thereafteiModeling of historic TFIWSELs showghat the elevation
(middle plot)was submerged 70% of the time on lhpnd 40 % of the time in May

The deady state model analysis (lowgot) shows that the emergent habitat at this site would remain
wetted at flows of approximately24,000 cfs when the WSEL at the Turners Falls Dam is at its minimum
of 176 ft, and would remain wetted at flow$73500 cfswhen the WSEL at the Turners Falls Dam is at its
median of 181.3 ft

Mid TFI (Pauchaug Brook toFrench King Gorge)

Littoral zone spawning habitat in this area includegsof emergent riparian vegetation along the river
edge(Sites 003, 008 and 008id also shoreline and submerged gravel patentiallysuitable for walleye
spawningSites 004005 and 008.

Site 003is anemergent stand of cattail stubs along the shoreline just upstream of Kidds &flandgh

no spawning was detected, vegetaBubstrates have characteristics suitable for yellow perch spawning
The critical minimum depth was assumed to be that which dewaters the submerged vegetation to which
eggs could adheretigure 4.3.24 demonstrates that this ebgion corresponds to 182ff and was
consistently submiged throughout most of Aprihowever during most of May was frequently dewatered
Modeling of historic TFIWSELsdemonstrates that these substrate elevations would remain sufficiently
submerged appximately 90% of the time in April antb% in May.

The steady state model analysis (loywéot) shows that the emergent habitat at this site would remain
wetted at flows of approximately23,000 cfs when the WSEL at the Turners Falls Dam is at its mmimu
of 176 ft, and would remain wetted at flow$15000 cfs when the WSEL at the Turners Falls Dam is at its
median of 181.3 ft

Site 004is a gravel bar at the mouth of Mem&rook, which appears to be potentially suitable for walleye
spawning Althoughno spawning was detected, substrates have characteristics suitable for spawning. The
critical minimum depth was assumed to be that which dewaters the submerged substrate to which eggs
could adhereEigure 4.3.25 demonstratedhat this elevation corresponds to 17ff.&nd was consistently
submerged throughout April aday. Modeling of historic TFI WSELslemonstrates that these substrate
elevations would remain sufficiently submerdei0% of the time in April antfay.
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The stedy state model analysis shows that the substrate at this site would remain wetted at flows of
approximately 8,000 cfs when the WSEL at the Turners Falls Dam is at its minimum of 176 ft, and would
remain wetted at flowall flows when the WSEL at the TurreeFalls Dam is at its median of 181.3 ft

Sites 0@ and 0B are strips of submerged aquatic vegetation that varies in depth but appears suitable for
yellow perch spawnindpue to their close proximity, these two sites were analyzed tog&tieshallowst

and deepest extreme elevations of vegetation were assumed to be that substrate to which eggs could adhere.
Figures 4.3.% and 4.3.27 demonstrate that these elevatiaasmge from to 182.0 to 182 ft. Both

elevations were consistently submerged throughout most of April but only intermittently during May
Modeling of historic TFWSELSs demonstrates that thige3)08 elevation was submerged 90% of the time

on April and 80 % of th time in May; 8e 009 remains sufficiently submerged 90% of the time in April
and70% of the time May

The steady state model analysis (lower plot) shows that the emergent habitat at Site 8 and 9 would remain
wetted at flows of approximately >24,000 cfs and >25,500 cfemtively when the WSEL at the Turners

Falls Dam is at its minimum of 176 ft, and would remain wetted at flows >10,000 cfs and >13,000 cfs
respectively when the WSEL at the Turners Falls Dam is at its median of 181.3 ft

Site 005containsshorelinerip-rap substratedhatappeas to be potentially suitable for walleye spawning.

The critical minimum depth was assumed to be that which dewaters the submerged substrate to which eggs
could adhereEigure 4.3.28 demonstrates that thelevation corresponds to 177.0and was consistently
submerged throughout April and Maviodeling of historic TFWSELsdemonstrates that these substrate
elevations would remain sufficiently submerged 100% of the time in April and May.

The steady statmodel analysis shows that the substrate at this site would remain atetbedst all flow
and WSEL scenarios

Site 006is an extensive gravel bar at the mouth of Fourmile Brook; although no spawning was detected,
this site appears to be potentiallyitable for walleye spawnindgrhe shallowest and deepest elevations
were assumed to be that submerged substrate to which eggs could Eidoeeel.3.29 demonstrateat

these elevations range fralii9.4 to 181.6 ftThe higlest substrate elevation was consistently submerged
throughout most of Apribut only intermittently during Maylhe lower substrate elevation was submerged

at all times. Modeling of historic TFWSELs demonstrates that the upper substrate elevation was
sulbmergedd0% of the time on April and 80 of the time in May; the lower elevation remains sufficiently
submerged 100% of the time in April and May

The steady state model analysis shows that the lower elevation substrate at this site would remain wetted at
flows of approximately >18,000 cfs when the WSEL at the Turners Falls Dam is at its minimum of 176 ft,
and would remain wetted at flows >6,000 cfs when the WSEL at the Turners Falls Dam is at its median of
181.3 ft The upper substrate elevation remainstekat most inflows when the WSEL at Turners Falls

Dam is at its median.

Millers River

Site 007 consisted of gravel bedn the riffles of the Millers River upstream from tl€l confluenceno
spawning was detected but potential@lleye spawning wasvident. The ktical minimum depthoccurs
at elevatioril82.0ft. Figure 4.3.210 shows the WSELSs at theearest model transdotthe TFL however,
because these nests were in the Millers River upstream from tlwefitlerce, they would remain wetted
regardless of the TFI elevation, assuming adequate inflow from the Millers River.

Lower TFI - Below French King Gorgeto Barton Cove

This segment ithe eastvest reach below the sharp bend below the French King Bridge. Altmoogiof
the shoreline in this segment is vertical, bedrock controlled walls with little or no littoral zone, there are a
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few scattered pockets of littoral spawning habitat suitable for yellow perch, including a submerged aquatic
vegetation (SAV) bed anemergent aquatic vegetation( EAV) cattail stubs (sites 011514

Site 017is also aremergent stand of cattails although at a higher elevation compared to Site{iiré
4.3.211 demonstrates that this elevation correglomo 1828 ft. This elevation was occasionally
submeged, but frequently dewaterédring the entire April through May monitoring periddodeling of
historic TFIWSELsdemonstrates that the elevation was submerged 2béutof the time in April and
aboutl7% of the time in May

The steady state model analysis (lower plot) showstlieatspawning habitadtecomesexposedat the
median TFI WSEL of 181.3 ft

Site (L6 is anemergent stand of cattaiprovidinga substrate to which eggs could adHémure 4.3.212
demonstrates that thielevation corresponds to 180.6 This elevation was mostly submerged, but
occasionally dewatered at brief frequencies during the entire April through May monitoring. period
Modeling of historic FI WSELsdemonstrates that the elevation was submerged about 85% of the time i
April and in May.

The steady state model analysis (loplet) shows that the emergent habitat at this site woelldewatered
under allflows when the WSEL at the Turners Balbam is at its minimum of 176. it would be wetted
underall flows when the WSEL at the Turners Falls Dam is at its median of 181.3 ft

Lower TFI -Barton Coveand Lower TFI

This segment ithe most downstream segmen@#l. It is lacustrine, with extesive embayment dominated
by fine sediments, and expansive littoral zone arBasing early spring, spawning was evidenced by
scattered gelatinous strings of egg masses in the EAV and riparian vegetation fringing parts of the shoreline

Site 015is an emment stand of cattail near which an extruded egg mass was. feignue 4.3.213
demonstrates that this elevation corresponds to I8 Bibnilar to Site 014 His elevation was about equally
submerged and dewatered at bffefjuencies during the April through May monitoring perigldeling

of historic TFIWSELsdemonstrates that tledevation was submerged about 60% of the time in April and
68% of the time in May

The steady state model analysis (lower plot) shows thtite anedian TFI WSEL of 181.3 ft, the emergent
habitat remains wetted and below the median TFI WSEL, the habitat becomes exposed

Site 014contained a submerged bed of aquatic vegetation which may provide spawning habitat for yellow
perch and some esosidrigure 4.3.214 demonstrates that thielevation corresponds to 180.9 This
elevation was about equally submerged and dewatered at brief frequencies during the April through May
monitoring periodModeling of historic TFWSELsdemonstrates that the elevation was submerged about
70% of the time in April and 60% of the time in May

The steady state model analysis (lower plot) shows that, at the median TFI WSEL of 181.3 ft, the spawning
habitat remains wetted and at flowsddow that, the spawning habitat becomes exposed

Site 011contained a submerged bed of aquatic vegetation which may provide spawning habitat for yellow
perch and some esocidsgure 4.3.215 demonstrates that these elevasiaorrespond to 180.ft. This
elevation was intermittently dewatered for brief periods during the April through 204% period
Modeling of historic TFI operation demonstrates that the elevation was submerge@@Baeo of the

time in April and May.

The steady state model analysis (lowkat) shows that, at the medidifrl WSEL of 181.3 ft, the spawning
habitat remains wettednd at flows slightly below the median (less than a foot WSEL), the habitat becomes
exposed
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Site 013is an emergent stand céttail and other vegetation near which an extruded egg mass was found
Thelowest and highestlevations of vegetation were assumed to be substrate to which eggs could adhere.
Figure 4.3.216 demonstratethat these elevatigtorrespond to 181.1 to 182fR2 The higherelevation

was infrequently submerged throughout the monitoring period, and the lower elevation was about equally
submerged and dewatered at brief frequencies during the April through May monitoring ldedeting

of historic TFI WSELs demonstrates that the upper elevation was only submerged about 55% of the time
in April and 65% of the time in May; the lower elevatimas submerged about 80% of the time in April

and in 85% in May

The steady state model arsily/(lower plot) shows that, at the median TFI WSEL of 181.3 ft, the emergent
habitat remains partially inundatest flows below the median, the spawning habitat becomes exposed

Site 012is an emergent stand of cattail and other vegetation near widaxanded egg mass was found
Thelowest and highestlevations of vegetation were assumed to be substrate to which eggs could adhere.
Figure 4.3.217 demonstrates that thee®levations correspond to 180.4 to 182.4 fie higher elevation

was infrequently submerged throughout the monitoring period, and the lower elevation was intermittently
dewatered for brief periods during the April through May monitoring petetieling of historic TFI
WSELsdemonstrates that the uppes\etion was only submerged about 20% of the time in April and 10%

of the time in May; the lower elevation was submerged abc858®of the time in April and in May

The steady state model analysis (lopiert) shows that, at the medidirl WSEL of 181.3 {, the emergent
habitat remains partially inundatest flows below the median, the spawning habitat becomes exposed

4.3.3 LateSpring Spawners

Shown inTable 4.3.31 are15 spawning site$91 bed elevationdpcatedduring late sgng survey The

TFI elevationsvererecordedbetween 179.9 and 184.6 ft (at Stebbins Island) during the course of the late
spring survey, resulting in observed spawning bed depths ranging as degft.&3ne nesat a single site

in Barton Covewasobsrved to be dewateredll were nests (both guarded and unguarded). These were
evidenced by cleared patches in submerged substrates afidrmeltl centrarchids nests. Such nests were
located both singly and also in clusters

Mostlate springspawning loations were concentrated in two areas:

1 The far upper reach of the TFI between Stebbins Island and the unnamed island below the mouth of
the Ashuelot River, as well as the Ashuelot Rivete(Ros. 101, and114-115)

9 The far lower reach of the TFI betweere thrench King Gorge and Turners Falls Damithin or
immediatey upstream from Barton Co\Site Nos. 10205 and 107113

Ambient spawning substrate depths ranged f0rift'° to 45 ft submergence at the time of the survey
Figure 4.3.31 shows a histogram afentrarchidnest depths observed in Barton Cawever TFI during
the June 2015 survey

4.3.4 Hydraulic Modeling Analysis dfate Spring Spawners

The same analysis described above for early spring spawners was repeatethfersiiring spawners to
evaluatdf the late spring spawning locations identified in 2015 could be dewaf@ueithg the late spring
spawning surveys, the primary species identified included sunfish, smallmouth bass, largemouth bass,
unknown centrarchid ral either lamprey or suckeAll of these fish are nest buildermnd all but
lamprey/sucker guard their nesls the analysis of whether the nest elevation would be expiissds
assumed that the nest would be abandoned if the WSEL dropped to |e3Stfesat above the nefsir all

0 0One nest site (at Site 015) was dewatered/abandoned on the date of the of field survey.
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species except sea lamprey and white sucker (they do not guard fr@sesdample, if a sunfish nest was
surveyedat elevation 179.4 feet, it was assumed that if the W&Hite dropped ttess than 179.9 feet
(1794+05t), the nest would no |l onger be guarded

Table 4.3.31 lists thesite numberthe hydraulic model closest to the spawning location, the species, the

nest elevation, the depth at thendi of survey and any commenits addition, the nest elevation plus 0.5
feet was calculated for only those nests guarded; this elevation represemtitithe point where
abandonmenmay occur

Again, the hydraulic model simulated steady state conditiorder three different downstream boundary
conditions at the Turners Falls Dam (176, 181.3 and 185 feet) and range of flows as desdriieel in
3.3.21. The hydraulic transect closest to each spawning site is shokigure 3.13 and listed inTable
4.3.31. A description ofate spring spawning locatioesaluated using th2015 WSEL data and hydraulic
model follows

Evaluation

Below are the figures developed for eaplawning site

Site HEC-RAS
Figure No. No. Transect No.
Upper TFI
4.3.41 115 94223
4.3.42 114 94223
4.3.43 101 92458
Millers River
4.3.44 106 19634
Lower TFI
4.3.45 107 7353
4.3.46 108 7353
4.3.47 109 7353
4.3.48 110 7353
4.3.49 111 7353
4.3.410 112 7353
4.3.411 113 7353
4.3.412 105 7353
4.3.413 104 7353
4.3.414 103 7353
4.3.415 102 7353

Upper TFI (Stebbins Islandto Ashuelot River)

Three types of nest spawning sites were observed in this reach. Site 115 was awgmbakss nest behind
object cover near the shorelirféite 114 was a pair of sunfish (species undetermined) ne#ts lower
reachof the Ashuelot River, anflite 101 was a cleared patch of gravel atitbadof the uanamed island
just offshore of thenouth of the AshueldRiver.

Sites 156 and 114 consisted othreesurveyedcentrarchichests with critical abandonment elevations (i.e.
6 inches or less wateanging from 182.5 to 182.7.fEigures 4.3.41 (Site 156) and 4.34-2 (Site 114)
demonstrates that all nests were inadequately submerged during Jurier29i5 periods after the June
11-13, 2015 survey dateModeling of historicWSELs demonstrates that these nests elevations would
remain sufficiently submerged appimately 70 to 75% of the timéBased on the steady state model
analysis (lower plot) the WSELSs at this site are driven by inflow conditidresmodel shows that the nests
at these two sites would remain suitably deep at flows of approximatz§08icfswhen the WSEL at the
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Turners Falls Dam is at its minimum of 176 ft, and would remain wetted at flow80>&fs when the
WSEL at the Turners Falls Dam is at its median of 18118dte that Site 114 was found in the Ashuelot
River in a location that imffluenced by the TFI, however, flows in the Ashuelot River will also influence
this site, but these tributary influences are outside of the capabilities the hydraulic model for the TFI

At Site 101 four bed elevations were collectednging from 181.80 1822 ft. Figure 4.3.43 demonstrates

thatthis potential site was nabntinuously submerged during June, but experienced brief periods when
water levels dropped ta point that woulddewater the substraté should be not that no fish were
observed at this site; spawning was inferred based on suitable velocity and substrate conditions found at the
time of the surveyModeling of historicWSELs(middle plot) demonstrates thdlhe substrate at thiste

would remain suffiently submerged approximately 80% of the tifibe steady state model analysis

(lower plot) shows that the substrate at this site would remain wetted at flows of approxinit€0

cfs when the WSEL at the Turners Falls Dam is at its miniméh76 ft and would remain wetted at

flows >6,000 cfs when the WSEL at the Turners Falls Dam is at its median of 181.3 ft

Millers River

Site 106consisted ofwo surveyed lamprey nests in the riffles of the Millers River upstream fromRhe
confluence. These amnguarded reddsso rather than show treitical abandonment elevations (i.e. 6
inches or less water depthihe actual bed elevatisof the nests are showhRigure4.3.44 demorstrates

that, based on the nearest model ®ahsind 2015 water level datalogger in the TFI, these redds were
submerged during June 2015. Modeling of historic WRBELs demonstrates that the shallowest nest
elevation at this site would remain sufficiently submerged approximately 95% of the timenaarnie
deepest nest remaiadequately submerged approximatel9% of the timehowever, because these nests
were in the Millers River upstream from the Tdéinfluence they would remain wetted regardless of the
TFI elevation, assuming adequate inflowrfrthe Millers River.

Barton Coveand Lower TFI

Spawning in this reach was entirely composed of largemouth bass, and centrarchididumfésious nests

were observed in littoral zormmbaymentsoften in clusters but also individual and/or widely spaaedsn

Bass nests were frequently associated with object cover such as submerged logs, boulders, or submerged
or emergent vegetation clumpsmong these sites there wereer 100observed nesi#\t the time of the
surveysmost ofthe nest depths generatignged from 2.583.5 feet deep

Site 107consisted ofour surveyed nests with critical abandonment elevations ranging from 171778 .tb

ft. Figure 4.3.45 demonstrates that all nests were adequately submerged during Jendaagling of
historic TFI WSELsdemonstrates that the shallowest nest at this site would remain sufficiently submerged
approximately 96% of the time, and that the deepeswaadtl alwaysemain adequately submergddhe

steady state model analysis (lewplot) shows that the nests would be exposed under all flows when the
WSEL at the Turners Falls Dam is at its minimum of 176 ft, and would remain wetted at all flows when the
WSEL at the Turners Falls Dam is at its median of 181.3 ft

Site 108consistedf eightsurveyed nests with critical abandonment elevations §iiaches or less water
depth) ranging from 1792 to 18Q0 ft. Figure 4.3.46 demonstrates that all but one nests adequately
submerged during June 2Q1the shallowest net was briefly too shallow on two occasions in late. June
Modeling of historic TFWSELsdemonstrates that the shallowest nest at this site would remain sufficiently
submerged approximately 92% of the time, and that the deepest nestsranumately submerged
approximately 8% of the time The steady state model analysis (lower plot) shows that the nests would be
exposed under all flows when the WSEL at the Turners Falls Dam is at its minimum of 176 ft, and would
remain wetted at all flows whehe WSEL at the Turners Falls Dam is at its median of 181.3 ft
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Site 109consisted ofsevensurveyed nests with critical abandonment elevatranging from178.5 to

179.7 ft Figure 4.3.47 demonstrates that alflests, excdpone,were adequately submerged during June
2015. Modeling of historic TFWSELs demonstrates that the shallowest nest at this site would remain
sufficiently submerged approximately 95% of the time, and that the deepest nest remain adequately
submerged gpoximately ®% of the time The steady state model analysis (lower plot) shows that the
nests would be exposed under all flows when the WSEL at the Turners Falls Dam is at its minimum of 176
ft, and would remain wetted at all flows when the WSEL at thredrs Falls Dam is at its median of 181.3

ft.

Site 110consisted obix surveyed nests withritical abandonment elevationgnging from 178l to 179.7

ft. Figure 4.3.48 demonstrates that atlests, except on&ere adequatelgubmerged during June 2015.
Modeling of historic TFWSELsdemonstrates that the shallowest nest at this site would remain sufficiently
submerged approximately 95% of the time, and that the deepest nest remain adequately submerged
approximately 9% of thetime. The steady state model analysis (lower plot) shows that the nests would be
exposed under all flows when the WSEL at the Turners Falls Dam is at its minimum of 176 ft, and would
remain wetted at all flows when the WSEL at the Turners Falls Danitésragdian of 181.3 ft

Site 111consistedof approximately 35 centrarchid nesigth critical abandonment elevations ranging
from 177.6 to 179.5 fitNest depths at this site ranged from-2.6 feet deepFigure 4.3.49 shows the
highest and lowesgtritical abandonment elevatioasd reveals that all nests at this sitere adequately
submerged during June 2015. Modeling of historic WSS ELsdemonstrates that the shallowest nest at
this site would remain sufficiently subnged approximately 95% of the time, and that the deepest nest
would remain adequately submerged approximately 100% of the Tihee steady state model analysis
(lower plot) shows that the nests would be exposed under all flows when the WSEL at the Haltaers
Dam is at its minimum of 176 ft, and would remain wetted at all flows when the WSEL at the Turners Falls
Dam is at its median of 181.3 fThe steady state model analysis (lower plot) shows that the nests would
be exposed under all flows when the B{Sat the Turners Falls Dam is at its minimum of 176 ft, and would
remain wetted at all flows when the WSEL at the Turners Falls Dam is at its median of 181.3 ft

Site 112consisted ohinesurveyed nests wittritical abandonment elevatiorenging fron 1790to 180.2

ft. Figure 4.3.410 demonstrates that all but the shallowest nest were adequately submerged during June
2015. Modeling of historic TFI operation demonstrates that the shallowest nest at this site would remain
sufficiently submerged approximately 89% of the time, and that the deepest nestsrademjnately
submerged approximatel\8% of the time.The steady state model analysis (lower plot) shows that the
nests would be exposed under all flows when the WSHEieaturners Falls Dam is at its minimum of 176

ft, and would remain wetted at all flows when the WSEL at the Turners Falls Dam is at its median of 181.3
ft.

Site 113consisted o8ix surveyed nests with critical abandonment elevations ranging from tb7979.8

ft. Figure 4.3.411 demonstrates that all but two of the shallowest nest were adequately submerged during
June 2015The two shallowest nests were marginadlg shallowfor a brief period inate JuneModeling

of historic TFl WSELs demonstrates that the neatsthis site would remain sufficiently submerged
approximately 986% of the timeThe steady state model analysis (lower plot) shows that the nests would
be exposed under all flows when the WSEL at the TuFedis Dam is at its minimum of 176 ft, and would
remain wetted at all flows when the WSEL at the Turners Falls Dam is at its median of 181.3 ft

Site 105consisted ofour surveyed nests wittritical abandonment elevatiorenging from179.7 to 181.6

ft. Figure 4.3.412 demonstrates that most nests were not consistently submerged during June 2015 with
the exception of the deepest néstind at this siteModeling of historic TFIWSELs showghat the
shallowest nest at thite wouldnot remain sufficiently submergeth fact, this nest was observed to be
abandoned/dewatered during the field survBye deepest nestt this sites wouldemain adequately
submerged approximately 95% of the tifikhe steady state model anatygiower plot) shows that the
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nests would be exposed under all flows when the WSEL at the Turners Falls Dam is at its minimum of 176
ft. The upper nest elevation is exposed at the median TFI WSEL of 181.3 ft. The degree of exposure for all
other nests vargt all flows when the WSEL at the Turners Falls Dam is at its median of 181.3 ft

Site 104also exhibited a similar overall trend; it consistediagsurveyed nests with critical abandonment
elevations ranging fron178.7 to 179.8 ftFigure 4.3.413 showsthat most nests were adequately
submerged continuously during June 2015 with the exception of the shallowest nest which was
instantaneously too alow on two dates in late Junglodeling of historic TFWSELsdemonstrags that

the shallowest nest at this site would remain sufficiently submerged approximately 95% of the time, and
that the deepest nest remain adequatelynsoiped approximately 98% of thiene. The steady state model
analysis (lower plot) shows that the tsewould be exposed under all flows when the WSEL at the Turners
Falls Dam is at its minimum of 176 ft, and would remain wetted at all flows when the WSEL at the Turners
Falls Dam is at its median of 181.3 ft

Site 103exhibited a similar overall trend; @onsisted othreesurveyed nests with critical abandonment
elevations ranging from78.6 to 180.1 ftFigure 4.3.414 demonstrates that most nests were adequately
submerged continuously during June 2015 with the exceptitreahallowest nest which was marginally

too shallow on several dates throughout June, likely long enough to induce nest failure. Modeling of historic
TFI WSELs demonstrates that the shallowest nest at this site would remain sufficiently submerged
approxmately 90% of the time, and that the deepest nest remad@guately submerged approximately 98%

of the time The steady state model analysis (lower plot) shows that the nests would be exposed under all
flows when the WSEL at the Turners Falls Dam isatitnimum of 176 ft, and would remain wetted at

all flows when the WSEL at the Turners Falls Dam is at its median of 181.3 ft

Site 102consisted of 18 surveyed nests with critical abandonment elevations (i.e. 6 inches or less water
depth) ranging fronl780 to 179.9 ft Figure 4.3.415 demonstrates that most nests were adequately
submerged continuously during June 2015 with the exception of the four shallowest nestmayhictve

beentoo shallowperiodically on June 228. Modeling of historic TFMWSELs(middle plot) demonstrates

that the shallowest nest at this site would remain sufficiently submerged approximately 95% of the time,
and that the deepest nest remain adequately submerged at a(b&sed on June 20015 dta) The

steady state model analysis (lower plot) shows that the nests would be exposed under all flows when the
WSEL at the Turners Falls Dam is at its minimum of 176 ft, and would remain wetted at all flows when the
WSEL at the Turners Falls Dam is t median of 181.3 ft
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Table 4.1:1: Summary of Spawning Temperaturesfor Common Littoral Fish species ofthe Turners Falls Impoundment
Common name Temperature (°C)

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Black crappie

Bluegill

Brown bullhead

Chain pickerel

Fallfish

Golden shiner

Largemouth bss

Pumpkinseed

Rock bass

Smallmouth bass

Spottail shiner

Walleye

White perch

White sucker

Yellow perch

Source: Scott, WB. and E.J. Crossman, 1&r8shwater fishes of Canada. Fish. Res Bd. Canada, OttawB@l&tin 194 966 pp.
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Table 4.1-2. Spawning Strategies for Common Littoral Fish Species of the Turners Falls Impoundment.

Common Name Strategy Notes Period
Yellow perch Spawning in shallow weedy Broadgast spawn, eggs are; April and May
areas adhesive, no guardianship

Pumpkinseed

Nest soured in sand/fines

Male adult guardianship

late spring to mid

summer
Smallmouth bass | Sand/gravel nest near obje Male adult guardianship late spring to early
cover summer
Largemouth bass Sand/fines nest near objec Male adult guardianship mid sping to early
cover summer
Bluegill Sand/fines nest Male adult guardianship mid May to mid
summer

Spottail shiner

Scatter eggs on sandy botto
at mouths of streams

Broadcast spawn, no
guardianship

May to midJune

White sucker

Gravel bars in tributary or shig
areas

no guardianship

Mid-April to May

Broadcast spawn, no

Walleye Cobble riffle or shoals guardianship April
Golden shiner Submerged vegetation in Broadcast spawn, eggs are May to August
shallow water

adhesive, no guardianship

Black crappie

Nest scoted in sand/fines

Male adult guardianship

mid spring to early

cover

summer
White perch Broadcast spawn Eggs are planktonic Mid spring
Rock bass Sand/gravel nest near objeq Male adult guardianship June

Brown bullhead

Sand/fines nest

Male adult guardiarmp

late May through Jun

Chain pickerel

Strings of eggs in marshy are

Broadcast spawn, eggs are
adhesive, no guardianship

March to May

Fallfish

Gravel in low velocity strean

margins

nest builder, no guardianshig

late April through May

Sources

Scott WB. and E.J. Crossman, 19F3eshwater fishes of Canada. Fish. Res Bd. Canada, OttawB@latin 194

966 pp;

Hartel, K.E., D.B. Halliwell and A.E. Launer. 20d8land Fishes of Massachusett$assachusetts Audubon

Society 328 pp.
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Table 4.21: Summary of Ambient Field Conditions during Littoral Zone Spawning Surveys, May-June 2015

*Average
Water Vernon
Temperature Discharge Water
Date °O Weather (cfs) Clarity Notes

4-May-15 10.0 sunny breezy 13,873 clear
4-May-15 10.0 sunny breezy 13,873 clear
4-May-15 16 scattered clouds 13,873 clear Pauchaug Brook
5-May-15 16.7 hazy sun 12,122 clear Millers River
5-May-15 11.7 hazy sun 12,122 6 +ft
5-May-15 11.3 hazy sun 12,122 6+ ft
5-May-15 11.2 bright overcast 12,122 6+ ft
5-May-15 14.1 sunnycalm 12,122 7.5 ft
5-May-15 10.1 sunny windy 12,122 6+ ft
5-May-15 10.9 partly cloudywindy 12,122 6+ ft
5-May-15 11.4 partly cloudybreezy 12,122 6+ ft
6-May-15 115 sunny calm 11,175 7.51t
6-May-15 11.4 sunny calm 11,175 7.5t
6-May-15 11.3 sunny calm 11,175 7.5t
6-May-15 14.1 sunny calm 11,175 7.5t
6-May-15 11.3 sunny breezy 11,175 7.5t
6-May-15 11.7 sunny breezy 11,175 7.5t
** 1.Jun15 16 rain ***]12,353 clear
11-Junis 18.5 sunny 22,952 6 ft
11-Junis 19 sunny calm 22,92 6 ft
11-Junis 18 sunny breezy 22,952 6 ft
11-Junil5 21 sunny breezy 22,952 6 ft
11-Juni15 21 sunny windy 22,952 4 ft
11-Juni15 21 sunny windy 22,952 6 ft
11-Junls 20.5 sunny 22,952 5.5ft
11-Junls 21 sunny windy 22,952 51t
11-Junis 21 sunny breezy 22,952 4 ft
11-Junils 21.5 sunny breezy 22,952 4 ft
12-Junil5 18.0 sunny 16,790 6 ft
12-Junis 19.0 sunny 16,790 NA
13-Junls 21.3 sunny 16,500 6 ft
13-Junil5 17 sunny breezy 13,383 5 ft Stebbinds. gravel bar
13-Junis 18.5 sunnybreezy 13,383 6+ ft

*The average Vernon discharge was computed from average the 15 minute discharge data over the day.
** TheJune 1 survey was aborted and delayed toJuite due to the onset of heavy rain and unsafe high flows.

***By |ate this day, Vimon discharges exceede8,@00 cfs and continued to rise the next couple of dagseding
30,000 cfs
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Table 4.22: Minimum and Maximum Elevations Recorded at Water Level Loggers

Logger Description Monitoring Period Min Elev. | Max Elev.
Stebbins Island Located just below Stebbins | 6/13/20157/24/2015 181.01 ft 190.03 ft
SN 10486576 Island
Mill Brook Lc_>cated at the confluence_ of | 5/4/20157/24/2015 179.26 ft 187.65 ft
SN 10486588 Mill Brook near the Northfield

Golf Club
Located neathe confluence of| 5/5/20157/24/2015 179.26 ft 186.62 ft

Cattails

SN 10486367 Merriam Brook, just upstream

of Kidds Island

Kidds Island Located on the east side of | 5/5/20157/24/2015 179.13 ft 186.40 ft
SN 10486366 Kidds Island

French King Located athie French King 6/12/20158/6/2015 178.96 ft 184.26 ft
Bridge Bridge

SN 10486572

Below French Located just downstream of thh 5/6/20158/6/2015 178.82 ft 184.04 ft
King Bridge SN French King Bridge

10486595

Turners Falls Dam Located at the Turners Falls | 5/5/20157/24/2015 179.10ft 183.941t

(permanent gage)| Dam
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Table 4.3.11: Summary of Spawning/Habitat Observations in theTFI during May 2015

Hydraulic Model Spawning | *Depth at
Transect No. near Elevation Time of
Site ID number site location Species (ft) Survey (ft) Commerts

Site 001 Below 103987 walleye 1855 10 _potentlal for spawning wa

Vernon inferred from conditions

Site 002 main channe 78954 walleye 1809 21 _potentlal for spawning wa

gravelbar inferred from conditions

Site 010near : : potential for spawning wa

Pauchaug Brook erez E50e BRI o inferred from conditions

. . : potential for spawning wa

Site 003 @ttails 46939 yellow perch 182.1 1.6 S A .

Site 004near Merriam potential for spawning ws

Brook (gravel bar) il wrEllEe U &l inferred from conditions

: . potential for spawning wa

Site 005Kidds Island 40702 walleye 177.0 4.4 inferred from conditions

Site 006 near Fourmi

Brooki bed 1 walleye 180.6 1.1

=i 096 e [P walleye 180.9 0.8 potential for spawning wa

Brooki bed 2 U .

Site 006 near Eourmi 28182 inferred from conditions

Brooki bed 3 walleye 181.6 0.1 (gravel/cobble br)

Site 006 near Fourmi

Brooki bed 4 walleye 179.4 2.3

Site 008SAV bed 40702 yellow perch 182.0 1.4 _potentlal for spawning wa
inferred from conditions

Site 009SAV bed 40702 yellow perch|  182.3 05 | Ppotential for spawning w3
inferred from conditions
Upstream of TFI

Site 007 Millers River backwater

gravel bar 19634 unknown spp 182.0 0.5 observed redd formation;
no species identifid¢en

Site011SAV bed 7353 esocid 180.4 2.1 extruded egg mass

Site 012 emergent be

(high point) 7353 182.4 0.2 extruded egg mass

Site012 emergent be .

(low point) 7353 esocid 180.4 2.2 extruded egg mass

Site013 emergent be

(low point) 7353 yellow perch 181.1 1.4 extruded egg mass

Site013 emergent be

(high point) 7353 yellow perch 182.2 0.3 extruded egg mass

Site014 SAV Bed 7353 yellow perch 180.9 1.7 extruded egg mass

Site015emergent bec 7353 yellow perch 181.0 15 extruded egg mass

Site 016 emergent bec 13641 yellow perch 180.6 1.9 extruded egg mass

Site 017emergent bec 17455 yellow perch 182.8 -0.2 oSl o) Speli) i

inferred from conditions

* Negative numbers indicate dewatered substfabpve ambient water level at timesoirvey.

[ ] Upper iImpoundment
[ ] Middle Impoundment

[ 1 Lower Impoundmen
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Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (Np. 1889

IMPACTS OF THE TURNRS FALLS PROJECT ANINORTHFIELD MOUNTAIN PROJECT ON LITTORAL
ZONE FISH HABITAT AND SPAWNING HABITAT

Table 4.33-1: Summary of Spawning Observations in the Turners Falls Impoundmentduring June 2015.

Site ID No.| Hydraulic Model Species Nest Elev.| Nest Elev.| Depth at Time Comments
Transect No. near (ft) +0.5% | of Survey (ft)
spawning location

SITE 101 D 92458 lamprey or suckg 182.2 182.2 1.8

SITE101 A 92458 lamprey or suckg 182.2 182.2 1.8

SITE 101 B 92458 lamprey or suckg 182.0 182.0 2.0

SITE101C 92458 lamprey or suckg 181.8 181.8 2.2

SITE114 A 94223 unkn. Centrarchij 182.2 182.7 1.6 Ashuelot River

SITE114 B 94223 unkn. Centrarchi{ 182.0 182.5 1.8 Ashuelot River

SITE 115 94223 Smallmouth bas| 182.1 182.6 2.0

SITE102L 7353 sunfish 179.4 179.9 1.0

Ao 7353 sunfish 1793 | 179.8 11

SITE102H 7353 sunfish 179.1 179.6 1.3

SITE102G 7353 sunfish 179.1 179.6 1.3

SITE102B 7353 sunfish 178.8 179.3 1.6

SITE102M 7353 sunfish 178.7 179.2 1.7

SITE102C 7353 sunfish 178.6 179.1 1.8

SITE102N 7353 sunfish 1785 179.0 1.9

SITE102A 7353 sunfish 178.4 178.9 2.0

SITE102E 7353 sunfish 178.1 178.6 2.3

SITE102D 7353 sunfish 178.1 178.6 2.3

SITE102K 7353 sunfish 178.0 178.5 24

SITE102F 7353 sunfish 178.0 178.5 2.4

SITE102J 7353 sunfish 178.0 178.5 24

SITE102P 7353 sunfish 177.8 178.3 2.6

SITE102Q 7353 sunfish 177.6 178.1 2.8

SITE1020 7353 sunfish 177.6 178.1 2.8

She 02! 7353 sunfish 1775 | 1780 2.9

SHALLY 7353 sunfish 179.6 | 180.1 0.8

SHEL038 7353 sunfish 1788 | 1793 1.6

SITE103A 7353 sunfish 178.1 178.6 2.3

SITE104A 7353 sunfish 179.3 179.8 1.8

SITE104C 7353 sunfish 179.0 179.5 2.1

SITE104F 7353 sunfish 178.8 179.3 2.3

SITE104G 7353 sunfish 178.8 179.3 2.3

SITE104B 7353 sunfish 178.8 179.3 2.3

SITE104D 7353 sunfish 178.8 179.3 2.3

S o 7353 sunfish 1787 | 1792 2.4

SITE104E 7353 sunfish 178.7 179.2 2.4

4-17




Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (Np. 1889

IMPACTS OF THE TURNRS FALLS PROJECT ANINORTHFIELD MOUNTAIN PROJECT ON LITTORAL
ZONE FISH HABITAT AND SPAWNING HABITAT

Site ID No.| Hydraulic Model Species Nest Elev.| Nest Elev.| Depth at Time Comments
Transect No. near (ft) + 0.5t | of Survey (ft)
spawning location

g,:T,:ESl%?E 7353 sunfish 178.2 178.7 2.9

SITE105C 7353 sunfish 181.1 181.6 -0.1

SITE105D 7353 sunfish 180.8 181.3 0.2

SITE105A 7353 sunfish 180.0 180.5 1.0

SITE105B 7353 sunfish 179.2 179.7 1.8

107A 7353 LM Bass 177.9 178.4 3.0

107B 7353 LM Bass 178.4 178.9 2.5

107C 7353 sunfish 177.9 178.4 3.0

107D 7353 LM Bass 177.6 178.1 3.3

107E 7353 LM Bass 177.9 178.4 3.0

107F 7353 LM Bass 177.3 177.8 3.6

107G 7353 sunfish 178.1 178.6 2.8

107H 7353 sunfish 178.6 179.1 2.3

1071 7353 sunfish 178.9 179.4 2.0

107J 7353 sunfish 178.4 178.9 2.5

108A 7353 LM Bass 179.1 179.6 2.4

108B 7353 LM Bass 178.8 179.3 2.7

108C 7353 sunfish 179.0 179.5 2.5

108D 7353 sunfish 178.9 179.4 2.6

108E 7353 LM Bass 179.0 179.5 2.5

108F 7353 sunfish 179.2 179.7 2.3

108G 7353 sunfish 179.5 180.0 2.0

108H 7353 LMB and sunfisi  178.6 179.1 2.9

109A 7353 LM Bass 178.4 178.9 3.1

109B 7353 LM Bass 178.5 179.0 3.0

109C 7353 LMB and sunfish 178.7 179.2 2.8

écl)_?)STER 7353 LMB and sunfish 178.0 178.5 35

109D 7353 LM Bass 178.7 179.2 2.8

109E 7353 sunfish 179.2 179.7 2.3

109F 7353 sunfish 178.7 179.2 2.8

SITE110A 7353 LM Bass 178.6 179.1 2.9

SITE110D 7353 LM Bass 178.4 178.9 3.1

SITE110C 7353 LM Bass 178.2 178.7 3.3

SITE110B 7353 LM Bass 178.1 178.6 3.4

SITE110E 7353 sunfish 177.9 178.4 3.6

SITE110F 7353 sunfish 179.2 179.7 2.3

?rlglllolvtest 7353 LM bass 179.0 | 1795 2.6 e ”eStssiftoe“”d IS
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Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (Np. 1889

IMPACTS OF THE TURNRS FALLS PROJECT ANINORTHFIELD MOUNTAIN PROJECT ON LITTORAL
ZONE FISH HABITAT AND SPAWNING HABITAT

Site ID No.| Hydraulic Model Species Nest Elev.| Nest Elev.| Depth at Time Comments
Transect No. near (ft) + 0.5t | of Survey (ft)
spawning location
?gg;elslt 7353 LM bass 1771 | 1776 4.5
SITE112H 7353 sunfish 179.7 180.2 2.0
SITE 112 G 7353 LM bass 179.2 179.7 2.5
SITE112 A 7353 LM bass 179.1 179.6 2.6
SITE112 F 7353 sunfish 179.1 1796 2.6
SITE112B 7353 LM bass 179.0 179.5 2.7
SITE112 E 7353 sunfish 178.9 179.4 2.8
SITE 112 C 7353 LM bass 178.7 179.2 3.0
SITE112D 7353 LM bass 178.6 179.1 3.1
SITE 112 | 7353 sunfish 178.5 179.0 3.2
SITE 113 B 7353 sunfish 179.3 179.8 2.4
SITE 113 C 7353 undetermined | 179.3 179.8 2.4
SITE113D 7353 undetermined | 179.3 179.8 2.4
SITE 113 A 7353 LM bass 179.2 179.7 2.5
SITE 113 E 7353 LM bass 179.2 179.7 2.5
SITE 113 F 7353 LM bass 178.9 179.4 2.8
SITE106A 19634 sucker or lampng|  179.9 179.9 1.0 Millers River
SITE106B 19634 sucker or lampre|  179.2 179.2 1.7 Millers River
]

Upper Impoundment

[] Lower Impoundment
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Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (Np. 1889

IMPACTS OF THE TURNIRS FALLS PROJECT ANINORTHFIELD MOUNTAIN PROJECT ON LITTORALZONE FISH HABITAT AND SPAWNING
HABITAT

Figure 4.2-1: Vernon Discharge Duration Curves for Mayand June in 2015 andor the period 20062014
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Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (Np. 1889

IMPACTS OF THE TURNIRS FALLS PROJECT ANINORTHFIELD MOUNTAIN PROJECT ON LITTORALZONE FISH HABITAT AND SPAWNING

HABITAT

Figure 4.2-2: Turners Falls Impoundment Elevation Duration Curves as measured at Turners Fallfr May and June in 2015 and the period 200@014
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Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (Np. 1889

IMPACTS OF THE TURNIRS FALLS PROJECT ANINORTHFIELD MOUNTAIN PROJECT ON LITTORALZONE FISH HABITAT AND SPAWNING
HABITAT

Figure 4.3.21: Early Spring Spawn WSEL Analysis at Site 001 (HEERAS Transect 103987)

Site 001 (Below Vernon DaB¢d Elevation, April 26lay2015 WSEL Data
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Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (Np. 1889

IMPACTS OF THE TURNRS FALLS PROJECT ANINORTHFIELD MOUNTAIN PROJECT ON LITTORALZONE FISH HABITAT AND SPAWNING
HABITAT

Figure 4.3.22: Early Spring Spawn WSEL Analysis at Site 002 (HEERAS Transect 78954)

Site 002Bed Elevation, April t8lay 2015 WSEL Data
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Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (Np. 1889

IMPACTS OF THE TURNIRS FALLS PROJECT ANINORTHFIELD MOUNTAIN PROJECT ON LITTORALZONE FISH HABITAT AND SPAWNING
HABITAT

Figure 4.3.23: Early Spring Spawn WSEL Analysis at Site 010 (HEERAS Transect 70732)

Site 010 Emergeriabitat Elevations, April #8lay 2015 WSEL Data
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Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (Np. 1889

IMPACTS OF THE TURNRS FALLS PROJECT ANINORTHFIELD MOUNTAIN PROJECT ON LITTORALZONE FISH HABITAT AND SPAWNING
HABITAT

Figure 4.3.24: Early Spring Spawn WSEL Analysis at Site 08 (HEC-RAS Transect46939

Site 003 Emergeriabitat Elevations, April #8lay 2015 WSEL Data
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Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (Np. 1889

IMPACTS OF THE TURNRS FALLS PROJECT ANINORTHFIELD MOUNTAIN PROJECT ON LITTORALZONE FISH HABITAT AND SPAWNING
HABITAT

Figure 4.3.25: Early Spring Spawn WSEL Analysis at Site 04 (HEC-RAS Transect44165

Site 004Bed Elevation, April t8lay 2015 WSEL Data
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Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (Np. 1889

IMPACTS OF THE TURNRS FALLS PROJECT ANINORTHFIELD MOUNTAIN PROJECT ON LITTORALZONE FISH HABITAT AND SPAWNING
HABITAT

Figure 4.3.26: Early Spring Spawn WSEL Analysis at Site 09 (HEC-RAS Transect40702

Sites 008 and 009 Emergditabitat Elevations, April #8lay 2015 WSEL Data
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Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (Np. 1889

IMPACTS OF THE TURNRS FALLS PROJECT ANINORTHFIELD MOUNTAIN PROJECT ON LITTORALZONE FISH HABITAT AND SPAWNING
HABITAT

Figure 4.3.27: Early Spring Spawn WSEL Analysis at Site 08 (HEC-RAS Transect40702

Sites 008 and 009 Emergditabitat Elevations, April #8lay 2015 WSEL Data
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Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (Np. 1889

IMPACTS OF THE TURNRS FALLS PROJECT ANINORTHFIELD MOUNTAIN PROJECT ON LITTORALZONE FISH HABITAT AND SPAWNING
HABITAT

Figure 4.3.28: Early Spring Spawn WSEL Analysis at Site 05 (HEC-RAS Transect40702

Site 003ed Elevation, April t8lay 2015 WSEL Data
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Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (Np. 1889

IMPACTS OF THE TURNRS FALLS PROJECT ANINORTHFIELD MOUNTAIN PROJECT ON LITTORALZONE FISH HABITAT AND SPAWNING
HABITAT

Figure 4.3.29: Early Spring Spawn WSEL Analysis at Site 06 (HEC-RAS Transect28182

Site 006 Bedtlevations, April 3ay 2015 WSEL Data
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Figure 4.3.2-10: Early Spring Spawn WSEL Analysis at Site 07 (HEC-RAS Transect19639
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Figure 4.3.211: Early Spring Spawn WSEL Analysis at Sit®17 (HEC-RAS Transect 17455)
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Figure 4.3.212: Early Spring Spawn WSEL Analysis at Site 016 (HEGRAS Transect 13641)

Site 016 Emergeriabitat Elevations, April #8lay 2015 WSEL Data
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Figure 4.3.213: Early Spring Spawn WSEL Analysis at Sites 015 (HEEGRAS Transect 7353)

Site 015 Emergeriabitat Elevations, April #8lay 2015 WSEL Data
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Figure 4.3.214: Early Spring Spawn WSEL Analysis at Sites 014 (HEEGRAS Transect 7353)
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Figure 4.3.215: Early Spring Spawn WSEL Analysis at Site 011 (HEERAS Transect 7353)
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